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Q?)  A  black  and  white  silver  halide  photosensitive  material 
for  contact  copying  of  dot  (or  line)  images  comprises  a 
high-chloride  fine-grain  silver  halide  emulsion  reactively 
associated  with  a  compound  selected  from  the  group  of 
thiazolium  salt  compounds,  thiazole  compounds  and  pyra- 
zole  compounds.  Said  compounds  are  preferably  added  to 
the  silver  halide  emulsion  in  combination  with  a  mercap- 
totetrazole  compound.  The  photosensitive  material  allows, 
during  the  photomechanical  etching  process,  a  significant 
reduction  in  the  area  of  the  dots  without  causing  a  significant 

^   reduction  of  small  dots. 
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  A  black  and  white  silver  halide  photosensitive  material 
for  contact  copying  of  dot  (or  line)  images  comprises  a 
high-chloride  fine-grain  silver  halide  emulsion  reactively 
associated  with  a  compound  selected  from  the  group  of 
thiazolium  salt  compounds,  thiazole  compounds  and  pyra- 
zole  compounds.  Said  compounds  are  preferably  added  to 
the  silver  halide  emulsion  in  combination  with  a  mercap- 
totetrazole  compound.  The  photosensitive  material  allows, 
during  the  photomechanical  etching  process,  a  significant 
reduction  in  the  area  of  the  dots  without  causing  a  significant 
reduction  of  small  dots. 



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  method  for  e t c h i n g   h a l f - t o n e  

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

c o n t a c t   copying  of  h a l f - t o n e   (dot  and  l i ne )   i m a g e s .  

BACKGROUND  OF  THE  ART 

S i l v e r   h a l i d e   p h o t o s e n s i t i v e   m a t e r i a l s   are  commonly  used  in  t h e  

p h o t o - l i t h o g r a p h i c   i n d u s t r y   for  making  dot  or  l ine   images,  for  example  

for   use  as  co lo r   p r o o f i n g   f i lms   and  c o n t a c t   p a p e r s .  

I t   is  common  p r a c t i c e ,   for  the  purpose  of  a d j u s t i n g   the  hue  of  a  

l i t h o g r a p h i c   p r i n t ,   to  submit  the  dot  or  l i n e   image  (normal ly ,   t h e  

e x p r e s s i o n   "dot  image"  i n c l u d e s   a lso   the  meaning  of  " l ine   image")  to  a  

p roces s ,   c a l l e d   " d o t - e t c h i n g " ,   which  c o n s i s t s   of  a  t r e a t m e n t   with  a 

s o l u t i o n   of  mild  o x i d i z i n g   agents   to  p a r t i a l l y   d i s s o l v e   the  m e t a l l i c  

s i l v e r   of  dot  or  l i ne   images.  The  most  commonly  used  e t c h i n g   s o l u t i o n  

employs  a  mix ture   of  a  f e r r i c y a n i d e   and  a  t h i o s u l f a t e   and  is  known  a s  

Farmer ' s   s o l u t i o n ,   but  o ther   o x i d i z i n g   a g e n t s ,   such  as  p e r m a n g a n a t e s ,  

c e r i c   s a l t s ,   d i c h r o m a t e s ,   p e r s u l f a t e s ,   e tc .   may  be  u s e d .  

In  the  case  of  dot  images,  the  loss   of  s i l v e r   image  at  the  e d g e s  

of  the  dots  r e s u l t s   in  a  r e d u c t i o n   in  the  dot  p e r c e n t a g e ,   t ha t   is  t h e  

pe rcen tage   of  the   t o t a l   area  which  is  covered   by  the  h a l f - t o n e   dots  and  

v a r i e s   from  0%  to  100%.  The  degree  to  which  the  dots  can  be  e tched  i s  

l i m i t e d   by  the  loss   in  d e n s i t y   which  i n e v i t a b l y   occurs   at  the  c e n t e r   o f  

the  dots  du r ing   dot  e t c h i n g .   The  d e n s i t y   of  the  cen te r   of  the  d o t s  

should  not  f a l l   much  below  a  value  of  2,  o the rwi se   the  q u a l i t y   o f  

copies   or  p r i n t i n g   p l a t e s   produced  from  the  o r i g i n a l   d e t e r i o r a t e s .   The 

degree  to  which  a  f i lm  may  be  u s e f u l l y   e tched   is  a lso  l i m i t e d   by  t h e  



c o n s t r a i n t   t h a t   du r ing   the   e t c h i n g   p rocess   the  small  dots ,   i . e .   10%  t o  

20%  dots ,   should   not  be  comple te ly   l o s t   but  remain  s u f f i c i e n t l y   l a r g e  

and  dense  to  be  copied .   In  order   to  improve  the  dot  e t c h i n g  

c h a r a c t e r i s t i c s   of  s i l v e r   h a l i d e   f i lms   used  for  p h o t o l i t h o g r a p h y ,   i t   i s  

common  p r a c t i c e   to  i n c r e a s e   the  c o a t i n g   weight  of  s i l v e r   h a l i d e .   I n  

t h i s   way  the  d e n s i t y   l o s s  a t   the  dot  c e n t e r   dur ing   e t c h i n g   may  b e  

reduced.   However,  the   i n c r e a s e d   cost   of  the  f i lm  r e s u l t i n g   from  t h e  

i n c r e a s e d   coverage   of  s i l v e r   is  a  s e r i o u s   d rawback .   Also  a  very  t h i c k  

g e l a t i n   top  coat   over  the  s i l v e r   h a l i d e   emulsion  has  been  d i s c l o s e d   i n  

GB  2 ,108,693  as  a  method  for  improving  the  dot  e t c h i n g   c h a r a c t e r i s t i c s  

of  p h o t o l i t h o g r a p h i c   f i lms .   This  method,  however,  has  the  d i s a d v a n t a g e  

t h a t   any  s u b s t a n t i a l   i n c r e a s e   in  the  g e l a t i n   con ten t   l eads   to  an  

i n c r e a s e   in  the  time  r e q u i r e d   to  dry  the  f i lm  a f t e r   p r o c e s s i n g .  

SUMMARY  OF  THE  INVENTION 

We  have  found  a  method  for  improving  the  pho tomechan ica l   d o t  

e t c h i n g   of  a  b lack  and  white  s i l v e r   h a l i d e   p h o t o s e n s i t i v e   m a t e r i a l   f o r  

c o n t a c t   copying  of  dot  or  l ine   images,  wherein  the  image-wise   e x p o s e d  

s i l v e r   h a l i d e   emuls ion  is  developed  in  an  a l k a l i n e   deve lope r   s o l u t i o n  

and  the  s i l v e r   image  is  s u b j e c t e d   to  dot  e t c h i n g   by  means  of  a  s i l v e r  

ha l i de   o x i d i z i n g   s o l u t i o n ,   the  improvement  being  t h a t   a  h i g h - c h l o r i d e  

f i n e - g r a i n   s i l v e r   h a l i d e   emulsion  is  used  in  r e a c t i v e   a s s o c i a t i o n   w i t h  

at  l e a s t   one  compound  s e l e c t e d   from  the  group  of  t h i a z o l i u m   s a l t  

compounds,  t h i a z o l e   compounds  and  py razo l e   compounds  ( p r e f e r a b l y   i n  

combina t ion   with  a  m e r c a p t o t e t r a z o l e   compound),  said  at  l e a s t   one 

compound  be ing   in  an  amount  such  t h a t   the  dots   area  ( p a r t i c u l a r  

r e f e r e n c e   can  be  made  to  dots  of  mid  range  s i ze ,   such  as,  for  example ,  

50%  dots)   can  be  reduced  wi thout   caus ing   a  s i g n i f i c a n t   r e d u c t i o n   in  t h e  

dot  p e r c e n t a g e   of  the  small  dots  (the  e t c h i n g ,   in  f ac t ,   is  most  h a r m f u l  

to  small  do t s .   An  u n d e s i r a b l e   s i g n i f i c a n t   r e d u c t i o n   of  small   dots  would  

be  e t c h i n g   of  a  10  pe rcen t   dot  to  less   than  3  p e r c e n t ) .  



DETAILED  DESCRIPTION  OF  THE  INVENTION 

ihe  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  method  of  pho tomechan ica l   d o t  

e t c h i n g   wherein  an  image-wise   exposed  s i l v e r   h a l i d e   p h o t o s e n s i t i v e  

m a t e r i a l   for  c o n t a c t   copying  of  l ine   or  dot  images  is  developed  in  an  

a l k a l i n e   deve lope r   s o l u t i o n   and  the  s i l v e r   image  is  s u b j e c t e d   to  d o t  

e t c h i n g   by  means  of  a  s i l v e r   h a l i d e   o x i d i z i n g   s o l u t i o n ,   in  which  t h e  

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

g r a i n   s i l v e r   h a l i d e   emulsion  with  at  l e a s t   one  compound  s e l e c t e d   f rom 

the  group  of  t h i a z o l i u m   ( i n c l u d i n g   d i - t h i a z o l i u m )   s a l t   compounds,  

t h i a z o l e   ( i n c l u d i n g   d i - t h i a z o l e )   compounds  and  p y r a z o l e   compounds,  s a i d  

compound  being  used  in  an  amount  such  t h a t   the  area  r e d u c t i o n   of  t h e  

dots   is  a f f e c t e d   wi thou t   s i g n i f i c a n t l y   i m p a i r i n g   the  dot  pe rcen t   o f  

small   do t s .   The  term  " h i g h - c h l o r i d e " ,   as  used  in  the  p r e s e n t   i n v e n t i o n ,  

is  i n t e n d e d   to  r e f e r   to  a  s i l v e r   h a l i d e   having  at  l e a s t   60%  of  i t s  

molar  h a l i d e   c o n t e n t   in  c h l o r i d e   ions.  The  term  " f ine   g r a i n " ,   as  u s e d  

in  the  p r e s e n t   i n v e n t i o n ,   is  in tended   to  r e f e r   to  s i l v e r   h a l i d e   h a v i n g  

an  average   g ra in   s i ze   lower  than  0.15  m i c r o n s .  

P r e f e r a b l y ,   the  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  method  a s  

d e s c r i b e d   above,  in  which  the  s e l e c t e d   compound  is  a s s o c i a t e d   with  t h e  

h i g h - c h l o r i d e   f i n e - g r a i n   s i l v e r   h a l i d e   emulsion  in  combina t ion   with  a  

m e r c a p t o t e t r a z o l e   compound. 

The  f o l l o w i n g   formulas   ( I ) ,   ( I I ) ,   ( I I I ) ,   (IV)  and  (V)  are  g i v e n  

to  b e t t e r   u n d e r s t a n d   the  chemical   na tu re   of  the  compounds  of  t h e  

p r e s e n t   i n v e n t i o n .   Any  s u b s t i t u e n t s   a t t a c h e d   to  them  are  to  b e  

r e a s o n a b l e   in  s i ze   and  na tu re   as  not  to  impair   t h e i r   u s e f u l  

c h a r a c t e r i s t i c s   as  s t a b i l i z e r s ,   a n t i f o g g a n t s   or  t o n e r s   as  used  to  t h e  

purposes   of  the  i n v e n t i o n .  

In  gene ra l   the  t h i a z o l i u m   ( i n c l u d i n g   the  d i - t h i a z o l i u m )   s a l t  

compounds  of  the  method  of  the  p re sen t   i n v e n t i o n   may  co r r e spond   t o  

g e n e r a l   fo rmulas   I  or  I I :  



wherein  R  r e p r e s e n t s   hydrogen,  a  mercapto  group,  an  a l i p h a t i c   group  o r  

an  a romat i c   group;  Q  r e p r e s e n t s   the  atoms  s e l e c t e d   from  the  g r o u p  

c o n s i s t i n g   of  n i t r o g e n   and  carbon  atoms  n e c e s s a r y   to  complete  a  s i m p l e  

or  fused  5-membered  r ing;   R2  r e p r e s e n t s   an  a l i p h a t i c   group  or  an  

a romat ic   group,   R3  r e p r e s e n t s   a  d i v a l e n t   group  and  X  r e p r e s e n t s   an 

anion.   The  mercapto   group  r e p r e s e n t e d   by  R  i n c l u d e s   an  a l k y l m e r c a p t o  

group,  where in   the  a lky l   s u b s t i t u e n t   p r e f e r a b l y   compr ises   1  to  4  c a r b o n  

atoms,  such  as  me thy lmercap to ,   e t h y l m e r c a p t o ,   e tc .   The  a l i p h a t i c   g r o u p s  

r e p r e s e n t e d   by  R  and  R2  inc lude   a  s t r a i g h t   or  branched  chain  a l k y l  

group,  a  c y c l o a l k y l   group,  an  a lkeny l   group,  and  an  a lkynyl   g r o u p .  

Examples  of  s t r a i g h t   or  branched  chain   a lkyl   groups  are  a lkyl   g r o u p s  

having  from  1  to  10,  and  p r e f e r a b l y   from  1  to  5  carbon  atoms.  P r e f e r r e d  

examples  i nc lude   a  methyl  group,  an  e thy l   group,  a  propyl   group,  a 

bu ty l   group,  e tc .   Also,  the  c y c l o a l k y l   group  has  g e n e r a l l y   from  3  to  10 

carbon  atoms  and  p r e f e r r e d   examples  t h e r e o f   are  a  c y c l o p e n t y l   group,  a  

cyc lohexy l   an  adamantyl   group,  e tc .   Also,  examples  of  the  a lkeny l   g roup  

inc lude   an  a l l y l   group,  e t c . ,   and  examples  of  the  a lkynyl   group  i n c l u d e  

a  p r o p a r g y l   group,  e tc .   The  a l i p h a t i c   groups  r e p r e s e n t e d   by  R  a n d   R 2 

may  be  s u b s t i t u t e d .   Examples  of  the  s u b s t i t u e n t s   for  the  a l i p h a t i c  

groups  are  an  alkoxy  group  (e .g.   a  methoxy  group,  an  ethoxy  group,  a 

propoxy  group,  a  butoxy  group,  e t c . ) ,   one  or  more  halogen  atoms  ( e . g .  

c h l o r i n e ,   bromine,   f l u o r i n e ,   iod ine ,   e t c . ) ,   an  a l k o x y c a r b o n y l   group,  an  

aryl   group  (e .g .   a  phenyl  group,  a  h a l o g e n - s u b s t i t u t e d   phenyl  g r o u p ,  

e t c . ) ,   a  hydroxy  group,  a  cyano  group,  a  s u l f o n y l   group,  e t c .  

Examples  of  the  aromat ic   groups  shown  by  R  a n d   R2  inc lude   a  



phenyl  group,  a  naph thy l   group  b e a r i n g   or  not  s u b s t i t u e n t s   (e .g .   an  

a lky l   group,  an  alkoxy  group,  a  cyano  group,  a  d i a l k y l a m i n o   group,  an  

a l k o x y c a r b o n y l   group,  a  carboxy  group,  a  n i t r o   group,  an  a l k y l t h i o  

group,  a  hydroxy  group,  a  s u l f o n y l   group,  a  carbamoyl  group,  a  h a l o g e n  

atom,  e t c . ,   the  a lky l   groups  t h e r e o f   p r e f e r a b l y   i n c l u d i n g   1  to  5  c a r b o n  

a toms) .   P r e f e r r e d   examples  of  the  s u b s t i t u t e d   groups  are ,   for  example ,  

a  p -methoxyphenyl   group,  an  o-methoxyphenyl   group,  a  t o l y l   group,  a  

p - c h l o r o p h e n y l   group,  an  m- f luo ropheny l   group,  e tc .   The  d i v a l e n t   g roup  

r e p r e s e n t e d   by  R 3  i n c l u d e s   any  d i v a l e n t   group,  but  p r e f e r a b l y   a  c y c l i c  

hyd roca rbon   group  such  as  a n  a r y l e n e   group  having  6  to  12  carbon  a toms ,  

e .g .   an  m-phenylene  group,  e t c . ,   an  a c y c l i c   hydrocarbon   group  such  a s  

an  a l k y l e n e   group  having  1  to  12  carbon  atoms,  e .g .   a  methylene  g r o u p ,  

an  e t h y l e n e   group,  a  t r i m e t h y l e n e   group,  a  decamethy lene   group,  e t c .  

The  d i v a l e n t   group  r e p r e s e n t e d   by  R3  can  also  be  an  a r a l k y l e n e   g r o u p s  

hav ing   a  t o t a l   of  8  to  10  carbon  atoms.  One  to  t h r e e   of  the  c a r b o n  

atoms  of  the  group  de f ined   above  for  R 3  can  be  r e p l a c e d   by  a  h e t e r o  

atom  such  as  a  n i t r o g e n   atom,  a  s u l f u r   atom,  an  oxygen  atom,  e tc .   More 

p r e f e r a b l y ,   R 3  is  a  d i v a l e n t   branched  or  s t r a i g h t   chain  a lky lene   g roup  

hav ing   1  to  10  carbon  atoms.  Such  chain  can  be  s u b s t i t u t e d ,   f o r  

example,   with  one  or  more  of  an  alkoxy  group  having  1  to  4  c a r b o n  

atoms,  such  as  a  methoxy  group,  an  ethoxy  group,  e t c . ,   a  halogen  atom 

such  as  a  c h l o r i n e   atom,  a  bromine  atom,  e t c . ,   a  hydrogen  atom,  an  

ace thoxy   group,  and  the  l i k e .   The  simple  or  fused  5-membered  r i n g ,  

comple ted   by  Q  in  formula  (I)  above,  may  be  s u b s t i t u t e d   by  an  a l k y l  

group,   such  as  a  methyl  group,  an  e thy l   group,  e t c . ,   an  alkoxy  g r o u p ,  

such  as  a  methoxy  group,  an  ethoxy  group,  e t c . ,   an  aryl   group,  such  a s  

a  phenyl  group,  a  benzyl  group,  e t c . ,   a  halogen  atom,  such  as  c h l o r i n e ,  

bromine,   e t c . ,   an  a lkoxyca rbony l   group,  a  cyano  group,  an  amido  g r o u p ,  

e t c .   The  r i ng   fused  on  the  5-membered  r ing   may  be  a  simple  or  f u s e d  

6-membered  r i ng   i n c l u d i n g   or  not  in  i t s   s ke l e ton   one  or  more  n i t r o g e n  

atoms  such  as,  for  example,  benzene,   11,2-dl  or  | 2 , 1 - d |   or  | 2 , 3 - d | -  

n a p h t h a l e n e ,   1-  or  2-  or  3 - p y r i d i n e ,   p y r i d a z i n e ,   py r imid ine   and 



p y r a z i n e .  

Examples  of  X  i n c l u d e   c h l o r i n e ,   bromine,  iod ine ,   n i t r a t e ,  

s u l f a t e ,   p - t o l u e n s u l f o n a t e ,   e t c .  

S t i l l   in  g e n e r a l ,   the  t h i a z o l e   ( i n c l u d i n g   the  d i - t h i a z o l e )  

compounds  of  the   p r e s e n t   i n v e n t i o n   may  co r re spond   to  gene ra l   f o r m u l a  

( I I I ) :  

where in   Q 2  r e p r e s e n t s   the  atoms  s e l e c t e d   from  the  group  c o n s i s t i n g   o f  

n i t r o g e n   and  carbon  atoms  n e c e s s a r y   to  complete  a  simple  or  f u s e d  

5-membered  r ing   as  d e s c r i b e d   for  the  5-membered  r ing   of  formula  (I)  a n d  

R4  r e p r e s e n t s   hydrogen,   a  mercapto  group  and  an  a l i p h a t i c   or  a r o m a t i c  

group  as  d e s c r i b e d   for   R1  in  formulas   (I)  and  ( I I ) .  

S t i l l   in  g e n e r a l ,   the  py razo le   compounds  of  the  p r e s e n t   i n v e n t i o n  

may  co r r e spond   to  gene ra l   formula  ( I V ) :  

where in   Q3  r e p r e s e n t s   a  s imple  or  fused  r ing   as  d e s c r i b e d   for  t h e  

5-membered  r ing   of  formula  ( I ) .  

S t i l l   in  g e n e r a l ,   the  m e r c a p t o t e t r a z o l e   compounds  to  be  combined  

with  the   above  s e l e c t e d   compound  in  r e a c t i v e   a s s o c i a t i o n   with  t h e  

h i g h - c h l o r i d e   f i n e - g r a i n   s i l v e r   h a l i d e   emulsion  a cco rd ing   to  t h e  

p r e s e n t   i n v e n t i o n ,   may  cor respond   to  gene ra l   formula  (V): 

where in   R5  r e p r e s e n t s   an  a l i p h a t i c   or  an  a romat ic   g r o u p  a s   d e s c r i b e d  



for  R1  and  R2  in  formula  ( I ) .  

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

a c c o r d i n g   to  the  method  of  the  p r e s e n t   i n v e n t i o n   have  an  average   g r a i n  

s ize   lower  than  0.11  microns  (the  term  " g r a i n - s i z e " ,   as  used  h e r e i n ,  

r e f e r s   to  the  d i ame te r   of  a  c i r c l e   which  has  the  same  area  as  t h e  

average  p r o j e c t e d   area  of  the  s i l v e r   h a l i d e   c r y s t a l s   viewed  under  an  

e l e c t r o n   m i c r o s c o p e ) .   S t i l l   p r e f e r a b l y ,   the  h i g h - c h l o r i d e   f i n e - g r a i n  

s i l v e r   h a l i d e   emuls ions   a c c o r d i n g   to  the  method  of  the  p r e s e n t  

i n v e n t i o n   has  a  s i l v e r   c h l o r i d e   c o n t e n t   h igher   than  80  mole  p e r c e n t   and 

more  p r e f e r a b l y   h igher   than  90  p e r c e n t .   In  p a r t i c u l a r ,   the  p r e f e r r e d  

high  s i l v e r   c h l o r i d e   con t en t   emulsion  is  a  s i l v e r   c h l o r o - b r o m i d e   or  a 

s i l v e r   c h l o r o - i o d o - b r o m i d e   emuls ion .   S t i l l   p r e f e r a b l y ,   the  compounds 

s e l e c t e d   from  the  group  above  or  t h e i r   combina t ion   with  the  m e r c a p t o -  

t e t r a z o l e   compounds,  a c c o r d i n g   to  the  method  of  the  p r e s e n t   i n v e n t i o n ,  

are  a s s o c i a t e d   with  the  h i g h - c h l o r i d e   f i n e - g r a i n   s i l v e r   h a l i d e   e m u l s i o n  

in  q u a n t i t i e s   r ang ing   from  0.01  to  2  gram  per  mole  of  s i l v e r ,   more 

p r e f e r a b l y   from  0.05  to  0.5  gram  per  mole  of  s i l v e r .  

Accord ing   to  ano ther   a spec t ,   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 

black  and  white   s i l v e r   h a l i d e   p h o t o s e n s i t i v e   m a t e r i a l ,   for  c o n t a c t  

copying  of  l i n e   or  dot  images,  c o m p r i s i n g ,   coated   on  a  suppor t ,   one  o r  

more  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 ,   at  l e a s t   one  of  which  is  a  s i l v e r  

h a l i d e   emuls ion   l aye r ,   wherein  the  s i l v e r   h a l i d e   emulsion  is  a  

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

with  a  compound  s e l e c t e d   from  the  group  of  t h i a z o l i u m   s a l t   compounds,  

t h i a z o l e   compounds  and  py razo le   compounds.  P r e f e r a b l y ,   in  the  s i l v e r  

h a l i d e   p h o t o s e n s i t i v e   m a t e r i a l   of  the  p r e sen t   i n v e n t i o n ,   the  s e l e c t e d  

compound  is  a s s o c i a t e d   with  the  h i g h - c h l o r i d e   f i n e - g r a i n   s i l v e r   h a l i d e  

emulsion  in  combina t ion   with  a  m e r c a p t o t e t r a z o l e   compound. 

G e n e r a l l y ,   the  t h i a z o l i u m   ( i n c l u d i n g   the  d i - t h i a z o l i t u n )   s a l t  

compounds  u s e f u l   in  the  s i l v e r   h a l i d e   p h o t o 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   cor respond   to  the  formulas   (I)  and  ( I I )   d e s c r i b e d  

above.  S t i l l   in  genera l   the  t h i a z o l e   ( i n c l u d i n g   the  d i - t h i a z o l e )  



compounds  co r respond   to  the  formula  ( I I I )   d e s c r i b e d   above.  S t i l l   i n  

g e n e r a l ,   the  py razo le   compounds  c o r r e s p o n d   to  the  gene ra l   formula  ( IV)  

d e s c r i b e d   above.  Compounds  s e l e c t e d   w i th in   the  formulas   above  may  b e  

combined,  to  p repare   the  s i l v e r   h a l i d e   p h o t o 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 ,   with  m e r c a p t o t e t r a z o l e   compounds  c o r r e s p o n d i n g   t o  

the  gene ra l   formula  (V)  d e s c r i b e d   a b o v e .  

Such  compounds,  emuls ion  c o m p o s i t i o n s   and  g r a in   s i ze   a r e  

p a r t i c u l a r l y   chosen  in  a  way  as  to  reduce  more  than  10%,  p r e f e r a b l y   a t  

l e a s t   12%,  of  the  dot  pe r cen t age   of  a  50%  dot  wi thout   t h e r e b y   c a u s i n g  

e i t h e r   the  dot  pe rcen t age   of  a  10%  dot  to  f a l l   below  3%  or  the  d e n s i t y  

of  a  100%  dot  to  f a l l   below  2 . 0 .  

In  f a c t ,   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 ,   the  s i l v e r   c h l o r i d e  

c o n t e n t   of  the  s i l v e r   h a l i d e   emuls ion,   the   g r a i n - s i z e   of  the   s i l v e r  

h a l i d e   p a r t i c l e s   and  the  na tu re   and  a m o u n t ( s )  o f   the  compounds 

( s e l e c t e d   from  the  group  of  t h i a z o l i u m   s a l t   compounds,  t h i a z o l e  

compounds  and  py razo le   compounds  and  t h e i r   combina t ion   with  m e r c a p t o -  

t e t r a z o l e   compounds)  can  be  p r o p e r l y   chosen  to  ob t a in   the  bes t   r e s u l t s .  

P a r t i c u l a r l y ,   i t   has  been  found  t h a t   the  g r a i n - s i z e   has  a  s i g n i f i c a n t  

e f f e c t   to  the  above  purpose.   Of  course ,   the  s k i l l e d   in  the  a r t   c a n  

a r range   the  emulsion  with  proper   s i l v e r   h a l i d e   c o n t e n t ,  g r a i n   s i ze   o f  

s i l v e r   h a l i d e   p a r t i c l e s   and  amounts  of  the  s e l e c t e d   compouds  to  b e s t  

o p e r a t e   the  p rocess   depending  upon  his   p a r t i c u l a r   needs.   To  t h i s  

p u r p o s e ,   a  s t anda rd   h a l f - t o n e   dot  t e s t   t a r g e t ,   as  d e s c r i b e d   h e r e i n a f t e r  

in  the  example,  can  be  used  to  c o n t r o l   the  ob t a ined   r e s u l t s   w h i l e  

changing   the  i n d i c a t e d   p a r a m e t e r s .  

In  a  f u r t h e r   a spec t ,   the  p r e sen t   i n v e n t i o n   r e f e r s   to  a  dot  e t c h e d  

photograph   prepared  by  the  dot  e t c h i n g   method  d e s c r i b e d   a b o v e .  

S p e c i f i c   examples  of  compounds  c o r r e s p o n d i n g   to  the  g e n e r a l  

formulas   above,  which  are  u s e f u l   in  the  method  for  dot  e t c h i n g   and  i n  

the  s i l v e r   ha l ide   p h o t o s e n s i t i v e   m a t e r i a l   of  the  p r e sen t   i n v e n t i o n   a r e  

the  f o l l o w i n g :  





When  a s s o c i a t e d   with  the  h i g h - c h l o r i d e   f i n e - g r a i n   s i l v e r   h a l i d e  

emulsion  of  the  p r e sen t   i nven t ion   (the  term  " a s s o c i a t e d   with"  is  u s e d  

to  mean  added  to  the  c o a t i n g   composi t ion   i n c l u d i n g   the  s i l v e r   h a l i d e  

emulsion  used  to  form  the  s i l v e r   ha l i de   emulsion  l aye r ,   or  added  to  a  

c o a t i n g   compos i t i on ,   not  i n c l u d i n g   the  s i l v e r   ha l i de   emuls ion,   used  t o  

form  a  non  l i g h t - s e n s i t i v e   layer   in  a  mutual  r e l a t i o n s h i p   o f  

p e r m e a b i l i t y   to  water  with  the  s i l v e r   h a l i d e   emulsion  l a y e r ) ,   t h e  

compounds  of  gene ra l   formulas  I,  II ,   I I I   and  IV  alone  or  in  c o m b i n a t i o n  

with  the  compounds  of  genera l   formula  V  lead  to  a  s i g n i f i c a n t  

improvement  in  the  dot  e t ch ing   c h a r a c t e r i s t i c s   of  the  coa ted   e m u l s i o n .  

In  p a r t i c u l a r   the  mid-range  dot  s ize   is  h igh ly   reduced  wi thou t   l o s i n g  

the  small  dots   and  d e c r e a s i n g   the  dens i t y   of  big  d o t s .  

It  is  well  known  t ha t   organic   s u l f u r   compounds,  in  p a r t i c u l a r  

t h i o l s ,   act  as  i n h i b i t o r s   towards  the  b l e a c h i n g   of  the  s i l v e r   image  by  



b l e a c h i n g   s o l u t i o n s ,   as  for  example  d e s c r i b e d   in  Phot.  Sci.  Eng.,  11, 

(1967),   p.  363,  in  Research  D i s c l o s u r e ,   1972,  10233  and  in  US  p a t e n t  

3 ,705 ,803 .   This  e f f e c t   has  been  u t i l i z e d ,   for  example,  for  t h e  

p r o t e c t i o n   of  s i l v e r   o p t i c a l   sound  t r a c k   of  movie  f i lms  while  m e t a l l i c  

s i l v e r   is  b leached   from  the  co lo r   image.  However,  t h i s   e f f e c t   is  s i m p l y  

an  o v e r a l l   i n h i b i t i o n   of  b l e a c h i n g   and  g ives   no  i n d i c a t i o n   t h a t  

b l e a c h i n g   of  small   dots   (such  as  10%  dots )   is  i n h i b i t e d   to  a  l a r g e r  

e x t e n t   than  b l e a c h i n g   of  mid- range   dots   (such  as  50%  do t s ) .   I n d e e d  

1 - p h e n y l - 5 - m e r c a p t o t e t r a z o l e   compound,  c o r r e s p o n d i n g   to  compound  7  o f  

the  h e r e i n b e f o r e   r e p o r t e d   l i s t ,   which  is  known  to  i n h i b i t   the  o v e r a l l  

b l e a c h i n g ,   as  d e s c r i b e d   in  Phot.  Sci .   Eng.  r e f e r e n c e   above,  is  n o t  

e f f e c t i v e   on  i t s   own  in  the  method  and  m a t e r i a l   of  the  p r e s e n t  

i n v e n t i o n .  

I t   is  also  well-known  t h a t   many  h e t e r o c y c l i c   n i t r o g e n   and  s u l f u r  

compounds  i n c l u d i n g   compounds  of  gene ra l   s t r u c t u r e s   I,  I I ,   I I I   IV  and  V 

above,  when  added  to  the  p h o t o g r a p h i c   emuls ions   produce  a  s t a b i l i z i n g  

or  a n t i f o g g i n g   e f f e c t ,   as  d e s c r i b e d   by  E.J.   Bi r r   in  " S t a b i l i z a t i o n   o f  

P h o t o g r a p h i c   Emuls ions" ,   Focal  Press ,   London,  1974,  Chapter  3.  T h i s  

e f f e c t   does  not  g e n e r a l l y   depend  on  the  type  of  the  h a l i d e   p r e sen t   i n  

the  emuls ion ,   provided  t h a t   the  d i s s o c i a t i o n   c o n s t a n t   of  t h e  s t a b i -  

l i z e r - s i l v e r   ion  complex  is  lower  than  the  s o l u b i l i t y   product   of  t h e  

s i l v e r   h a l i d e .   Also  the  a n t i f o g g i n g   e f f e c t   does  not  depend  on  the  g r a i n  

s i ze   of  the  s i l v e r   h a l i d e   emuls ion.   In  c o n t r a s t ,   the  improvement  in   d o t  

e t c h i n g   produced  by  compounds  of  g e n e r a l   fo rmulas   I,  I I ,   I I I   or  IV  o r  

t h e i r   combina t ion   with  compounds  of  g e n e r a l   formula  V  appear  to  be  more 

s p e c i f i c   to  f ine  s i l v e r   h a l i d e   emuls ions   c o n t a i n i n g   a  high  pe rcen t   o f  

c h l o r i d e .  

I t   is  f u r t h e r   known  t h a t   many  p h o t o g r a p h i c   s t a b i l i z e r s   i n c l u d i n g  

some  compounds  of  s t r u c t u r e s   I,  I I ,   I I I ,   IV  and  V  p a r t i c u l a r l y   when 

added  to  pure  s i l v e r   c h l o r i d e   emuls ions   modify  the  form  of  t h e  

deve loped   s i l v e r   t he reby   g iv ing   the  image  a  blue  tone,   such  as  d e s -  

c r i b e d   by  P.  G l a f k i d e s   in  "Pho tograph ic   Chemis t ry" ,   Foutain  P r e s s ,  



London,  1958,  vol.   I,  page  380.  Unlike  the  p r e s e n t   i n v e n t i o n ,   wh ich  

r e q u i r e s   very  f i n e - g r a i n   emuls ions ,   the  i m a g e - t o n i n g   e f f e c t   o c c u r s  

i r r e s p e c t i v e   of  the  g ra in   s ize   of  the  s i l v e r   h a l i d e .  

The  s i l v e r   h a l i d e   emuls ions   of  the  p r e sen t   i n v e n t i o n   a r e  

p r e f e r a b l y   of  narrow  g r a i n - s i z e   d i s t r i b u t i o n ,   but  the  i n v e n t i o n   is  n o t  

l i m i t e d   to  such  emuls ions .   As  s t a t e d   be fo re ,   the  i n v e n t i o n   is  r e -  

s t r i c t e d   to  very  f i n e - g r a i n   s i l v e r   h a l i d e   emuls ions ,   the  major  h a l i d e  

c o n s t i t u e n t   being  c h l o r i d e   and  the  minor,  i f   p r e s e n t ,   be ing   e i t h e r  

bromide  or  iod ide   or  both.   Emulsions  of  very  f ine   g r a i n - s i z e ,   such  a s  

the  emuls ions   of  the  p r e sen t   i n v e n t i o n ,   are  o f t en   r e f e r r e d   to  a s  

"Lippmann  Emuls ions" .   Methods  for  the  p r e p a r a t i o n   of  such  emuls ions   a r e  

well-known  and  are  d e s c r i b e d   for  example  by  P.  G la fk ides   in  " P h o t o g r a -  

phic  Chemis t ry" ,   Founta in   Press ,   London,  1958,  vol.   I,  page  365. 

The  s i l v e r   h a l i d e   emuls ions   can  o p t i o n a l l y   be  s e n s i t i z e d   w i t h  

gold  compounds,  such  as  c h l o r o a u r a t e s   or  gold  c h l o r i d e ;   s a l t s   of  n o b l e  

meta ls   such  as  rhodium  or  i r i d i u m ,   s u l f u r   compounds  capable   o f  

p roduc ing   s i l v e r   s u l f i d e   by  r e a c t i n g   with  s i l v e r   s a l t s ;   and  r e d u c i n g  

s u b s t a n c e s   such  as  s tannous   s a l t s ,   amines  and  formamidine  s u l f i n a t e .  

Fur the rmore ,   at  the  time  of  p r e c i p i t a t i o n   or  p h y s i c a l   r i p e n i n g   of  t h e  

s i l v e r   h a l i d e   emuls ion,   s a l t s   of  noble  meta ls   such  as  rhodium  and  

i r i d i u m   may  a lso   be  p r e s e n t .   The  b inder   for  the  emulsion  is  p r e f e r a b l y  

g e l a t i n   a l though   pa r t   or  a l l   of  t h i s   may  be  s u b s t i t u t e d   by  o t h e r  

s y n t h e t i c   or  n a t u r a l   polymers  as  d e s c r i b e d   in  Research  D i s c l o s u r e ,  

1978,  17643,  IX,  for  example,  in  order   to  improve  the  d i m e n s i o n a l  

s t a b i l i t y   and  the  p h y s i c a l   p r o p e r t i e s   of  the  coated  f i l m .  

S u i t a b l e   a n t i f o g g a n t s   or  s t a b i l i z e r s   may  be  added  to  the  c o a t i n g s  

as  d e s c r i b e d   for  example  in  the  Research  D i s c l o s u r e   above  para.   VI .  

The  emuls ions   may  f u r t h e r   c o n t a i n   a d d i t i v e s ,   such  as  w e t t i n g  

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

agen t s ,   e t c . ,   as  d e s c r i b e d   in  the  Research  D i s c l o s u r e   above.  A d d i t i o n -  

a l l y   to  the  s i l v e r   ha l i de   emulsion  l aye r   of  the  p re sen t   i n v e n t i o n  

coated   onto  a  suppor t ,   the  p h o t o s e n s i t i v e   m a t e r i a l   may  c o n t a i n   l i g h t  



u n s e n s i t i v e   l a y e r s ,   such  as  a  su r f ace   p r o t e c t i v e   l ayer ,   an  a n t i h a l a t i o n  

l a y e r ,   an  a n t i s t a t i c   l a y e r ,   e tc .   Said  l i g h t   i n s e n s i t i v e   l aye r s   c an  

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

agen t s ,   a n t i s t a t i c   agen t s ,   ma t t i ng   agen t s ,   s l i p p i n g   agen ts ,   g e l a t i n  

p l a s t i c i z i n g   a g e n t s ,   a  polymer  l a t e x   and  so  on .  

Examples  of  suppo r t s   p r e f e r a b l y   used  in  the  p h o t o s e n s i t i v e  

m a t e r i a l s   of  the  p r e sen t   i n v e n t i o n   i nc lude   p o l y e s t e r   f i lms ,   such  as  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 lm  and  c e l l u l o s e   e s t e r   f i l m s ,   such  a s  

c e l l u l o s e   t r i a c e t a t e   f i l m .  

The  p r e s e n t   i n v e n t i o n   does  not  put  any  p a r t i c u l a r   r e s t r i c t i o n   on 

the  p rocess   for  development  of  the  p h o t o 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 ,  

any  d e v e l o p i n g   p rocess   ( compr i s ing   the  s t eps   of  deve lop ing ,   f i x i n g   and 

e t c h i n g )   used  to  process   c o n v e n t i o n a l   p h o t o g r a p h i c   m a t e r i a l s   for  use  i n  

the  l i t h o g r a p h i c   f i e l d   can  be  adopted.   Said  development  p rocess   may  be  

performed  manual ly   or  by  us ing  au toma t i c   deve lop ing   machines,   a t  

p r o c e s s i n g   t e m p e r a t u r e s   g e n e r a l l y   in  the  range  from  18  to  50°C,  but  n o t  

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

The  d e v e l o p i n g   s o l u t i o n   can  con t a in   any  known  deve lop ing   a g e n t .  

Examples  of  deve lop ing   agents   (which  can  be  used  alone  or  in  m i x t u r e s )  

i nc lude   d ihydroxybenzenes   (e .g .   hyd roqu inone ) ,   aminophenols   ( e . g .  

N - m e t h y l - p - a m i n o p h e n o l ) ,   3 - p y r a z o l i d o n e s   (e .g .   1 - p h e n y l - 3 - p y r a z o -  

l i d o n e ) ,   a s c o r b i c   ac id ,   e tc .   In  a d d i t i o n   sa id   deve lop ing   s o l u t i o n s   can  

c o n t a i n   p r e s e r v a t i v e s ,   a l k a l i   agen t s ,   b u f f e r s ,   a n t i f o g g a n t s ,   w a t e r  

s o f t e n e r s ,   h a r d e n e r s ,   e tc .   A  deve lop ing   s o l u t i o n   which  can  a lso  be  u s e d  

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

which  compr ises   a  d ihydroxybenzene   d e v e l o p i n g   agent ,   an  a l k a l i   agent ,   a  

small  amount  of  f ree   s u l f i t e   and  a  s u l f i t e   ion  bu f f e r   (such  as  a d d u c t s  

of  f o rma l in   and  sodium  b i s u l f i t e   and  of  ace tone   and  sodium  b i s u l f i t e )  

to  c o n t r o l   the  c o n c e n t r a t i o n   of  f ree   s u l f i t e   and  so  on.  

The  f i x i n g   s o l u t i o n   can  have  any  c o n v e n t i o n a l l y   used  c o m p o s i t i o n .  

Examples  of  f i x i n g   agents   which  can  be  used  inc lude   t h i o s u l f a t e s ,  

t h i o c y a n a t e s   and  organic   s u l f u r   compound  which  are  known  as  f i x i n g  



a g e n t s .   The  f i x i n g   s o l u t i o n   can  f u r t h e r   c o n t a i n   w a t e r - s o l u b l e   a lumin ium 

s a l t s   as  h a r d e n e r s .  

Also  the  e t c h i n g   s o l u t i o n   can  have  any  c o n v e n t i o n a l l y   u s e d  

c o m p o s i t i o n   and  for  example  the  compos i t i ons   d e s c r i b e d   by  C.E.K.  Mees 

in  "The  Theory  Of  The  P h o t o g r a p h i c   P r o c e s s " ,   McMillan,  1954,  p a g e s  

737-744.  S p e c i f i c a l l y ,   an  e t c h i n g   s o l u t i o n   as  a  r e d u c i n g   component  

c o m p r i s i n g   a  permanganate ,   a  f e r r i c   s a l t ,   a  p e r s u l f a t e ,   a  cup r i c   s a l t ,  

a  c e r i c   s a l t ,   a  h e x a c y a n o f e r r a t e - ( I I I ) ,   or  a  d ichromate ,   i n d e p e n d e n t l y  

or  in  combina t ion   and,  o p t i o n a l l y ,   an  i n o r g a n i c   acid   such  as  s u l f u r i c  

ac id ,   and  an  a l coho l ;   or  an  e t c h i n g   s o l u t i o n   compr i s ing   a  r e d u c i n g  

agent   such  as  a  h e x a c y a n o f e r r a t e - ( I I I ) ,   e t h y l e n e d i a m i n o t e t r a a c e t a t o f e r -  

r a t e - ( I I I )   or  the  l i ke ,   and  a  s i l v e r   h a l i d e   so lven t   such  as  a  t h i o s u l -  

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

an  i n o r g a n i c   acid  such  as  s u l f u r i c   ac id ,   c an  be   used.  R e p r e s e n t a t i v e  

examples  of  e t c h i n g   s o l u t i o n s   are  Fa rmer ' s   s o l u t i o n   compr i s i ng   p o t a s -  

sium  f e r r i c y a n i d e   and  sodium  t h i o s u l f a t e ,   an  e t c h i n g   s o l u t i o n   c o m p r i s -  

ing  a  p e r s u l f a t e   and  po tass ium  permanganate ,   an  e t c h i n g   s o l u t i o n   com- 

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

so  o n .  

There  is  no  p a r t i c u l a r   l i m i t a t i o n   as  r ega rds   the  compos i t ion   o f  

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

e t c . )   to  be  used  in  the  p r e s e n t   i n v e n t i o n .   The  e t c h i n g   of  the  whole  

s u r f a c e   can  be  c a r r i e d   out,  as  normal,   by  d ipp ing   the  p h o t o s e n s i t i v e  

m a t e r i a l   i n to   the  e t c h i n g   s o l u t i o n .   Otherwise   the  e t c h i n g   s o l u t i o n   may 

be  a p p l i e d   l o c a l l y ,   by  us ing   for  example  a  brush,   in  order   to  etch  a  

pa r t   of  the  image.  

The  p r e sen t   i n v e n t i o n   is  now  i l l u s t r a t e d   with  more  d e t a i l s   making  

r e f e r e n c e   to  the  f o l l owing   e x a m p l e s .  

EXAMPLE  1 

A  s i l v e r   ha l i de   emulsion  c o n t a i n i n g   98%  s i l v e r   c h l o r i d e   and  2% 



s i l v e r   bromide  was  p repared   by  adding  an  aqueous  s o l u t i o n   of  s i l v e r  

n i t r a t e   (800  ml  2.5N)  and  an  aqueous  s o l u t i o n   of  mixed  h a l i d e s   (17  ml 

2.5N  po ta s s ium  bromide  and  833  ml  2.5N  potass ium  c h l o r i d e )   to  a 

w e l l - a g i t a t e d   s o l u t i o n   of  aqueous  g e l a t i n   at  36°C  over  a  per iod   of  30 

minutes   by  the  c o n v e n t i o n a l   d o u b l e - j e t t i n g   t e c h n i q u e .  

The  emuls ion   was  c o a g u l a t e d   by  r e d u c i n g   the  pH  to  3.5  and  a d d i n g  

sodium  s u l f a t e   (800  ml  40%  w/v).   The  emulsion  was  then  washed  in  t h e  

c o n v e n t i o n a l   way  and  r e c o n s t i t u t e d   with  the  a d d i t i o n   of  ex t ra   g e l a t i n  

to  give  a  f i n a l   c o n t e n t   of  80  g  of  g e l a t i n   per  mole  of  s i l v e r .  

The  average   g r a i n - s i z e   of  the  emulsion  was  de te rmined   as  0 . 0 8 0  

microns  by  e x a m i n a t i o n   under  e l e c t r o n   microscope .   The  emulsion  was 

d iv ided   in to   p o r t i o n s   which  were  p r epa red   for  c o a t i n g   with  the  a d d i t i o n  

of  fo rmaldehyde   (ha rdene r )   and  w e t t i n g   agent .   Fur the r   a d d i t i o n s   were  

made  to  the  i n d i v i d u a l   p o r t i o n s   as  i n d i c a t e d   in  Table  1,  fo l lowed  by  

c o a t i n g   onto  p o l y e s t e r   base  which  was  backed  with  a  green  a n t i h a l a t i o n  

l a y e r .   The  c o a t i n g s   were  each  c o n v e n t i o n a l l y   exposed  through  a  s t a n d a r d  

h a l f t o n e   dot  t e s t   t a r g e t   made  with  a  C r o s f i e l d   Laser  Scanner  Model  640 

Magnascan  c o n s i s t i n g   of  a reas   of  dots   r ang ing   from  0  to  100%  in  10% 

i n c r e m e n t s .   The  expos ing   source  was  a  P h i l i p s   HPM17  metal  h a l i d e   lamp.  

The  c o a t i n g s   were  developed  in  3M  RDC  deve lope r   for  20  seconds  at  40°C 

and  f ixed   in  3M  " F i x r o l l "   f i x e r   to  give  h a l f t o n e   images  which  were  

exact   n e g a t i v e   r e p l i c a s   of  the  t e s t   t a r g e t .  

The  h a l f t o n e   dot  images  were  cut  in to   s t r i p s   which  were  d i p p e d  

in to   a  f e r r i c y a n i d e   bleach  s o l u t i o n   for   a  s e r i e s   of  t imes  from  30 

seconds  to  6  minu tes ,   fo l lowed  by  r i n s i n g   in  w a t e r .  

The  f e r r i c y a n i d e   bleach  s o l u t i o n   was  p repared   as  f o l l o w s :  

For  use,  1  par t   of  So lu t i on   A  was  mixed  with  4  pa r t s   of  S o l u t i o n  

B and  27  p a r t s   of  water .   The  t e m p e r a t u r e   was  ma in t a ined   at  20°C. 



The  s t r i p s   were  d r i ed   and  the  dot  p e r c e n t a g e s   of  the  b l e a c h e d  

images  were  measured  u s i n g  a   d e n s i t o m e t e r .   The  maximum  e t c h a b i l i t y   of  a  

c o a t i n g   was  taken  as  the  r e d u c t i o n   in  dot  p e r c e n t   which  can  be  o b t a i n e d  

on  a  50%  dot  be fo re   e i t h e r   the  measured  p e r c e n t a g e   of  a  10%  dot  f a l l s  

below  3%  or  the  d e n s i t y   of  a  100%  dot  f a l l s   below  2.0.  The  maximum 

e t c h a b i l i t y   va lues   are  shown  in  Table  1. 

The  r e s u l t s   shown  in  Table  1  show  the   e f f e c t i v e n e s s   of  t h e  

compounds  of  s t r u c t u r e s   I,  II ,   I I I   and  IV  in  improving  the  e t c h i n g  

c h a r a c t e r i s t i c s   of  the  c o a t i n g   and  the  f u r t h e r   improvement  r e s u l t i n g  

from  the  a d d i t i o n a l   p resence   of  a  compound  of  s t r u c t u r e   V. 



EXAMPLE  2 

A  s e r i e s   of  s i l v e r   h a l i d e   emuls ions   of  i n c r e a s i n g   g ra in   s ize   was 

p r epa red .   The  emuls ions   were  a l l   of  98%  s i l v e r   c h l o r i d e ,   2%  s i l v e r  

bromide  c o m p o s i t i o n .   The  g ra in   s i ze   of  the  emuls ions   was  c o n t r o l l e d   by  

us ing   the  well-known  t e c h n i q u e s   of  a l t e r i n g   the  t e m p e r a t u r e ,   a d d i t i o n  

r a t e s   and  q u a n t i t y   of  s i l v e r   and  h a l i d e   s o l u t i o n s .   Each  emulsion  was 

s p l i t   i n to   two  p a r t s   one  of  which  was  coated   wi thout   f u r t h e r   a d d i t i o n .  

The  o the r   pa r t   was  added  with  Compound  1  (0.25  g/mole  s i l v e r )   and  

Compound  7  (0.07  g/mole  s i l v e r ) .   All  the  emuls ions   were  coated  and  

t e s t e d   as  d e s c r i b e d   in  Example  1. 

The  maximum  e t c h a b i l i t y   of  the  emulsion  is  shown  in  Table  2.  

The  r e s u l t s   shown  in  Table  2  prove  t h a t   the  e f f e c t i v e n e s s   of  t h e  

a d d i t i v e s   of  the  i n v e n t i o n   in  improving  the  e t c h a b i l i t y   of  the  c o a t i n g  

depends  upon  the  g ra in   s ize   of  the  e m u l s i o n .  

EXAMPLE  3 

A  s e r i e s   of  s i l v e r   h a l i d e   emuls ions   was  p repared   by  v a r y i n g  

ch lo rob romide   r a t i o   and  us ing   a  p rocedure   l ike   t ha t   d e s c r i b e d   i n  

Example  1.  The  emulsions  had  a l l   a  g ra in   s ize   ranging   from  0.078  t o  

0.088  m i c r o n s .  



The  emuls ions   were  coa ted   as  s a id   in  Example  2  with  and  w i t h o u t  

the  a d d i t i o n   of  Compounds  1  and  7.  The  maximum  e t c h a b i l i t y   of  t h e s e  

c o a t i n g s   is  r e p o r t e d   in  Table  3. 

The  r e s u l t s   shown  in  Table  3  prove  t h a t   the  e f f e c t i v e n e s s   of  t h e  

compounds  of  the  p r e s e n t   i n v e n t i o n   in  i m p r o v i n g  t h e   e t c h a b i l i t y   of  t h e  

c o a t i n g   depends  upon  the  c h l o r o - b r o m i d e   r a t i o   of  the  e m u l s i o n .  



1.  A  method  of  pho tomechan ica l   e t c h i n g   of  a  h a l f - t o n e   image 

wherein   an  image  wise  exposed  s i l v e r   h a l i d e   p h o t o s e n s i t i v e   m a t e r i a l   t o  

form  h a l f - t o n e   dot  images  is  developed  in  an  a l k a l i n e   d e v e l o p e r  

s o l u t i o n   and  the  developed  s i l v e r   image  is  s u b j e c t e d   to  dot  e t c h i n g   by  

means  of  a  s i l v e r   ha l i de   o x i d i z i n g   s o l u t i o n ,   the  improvement  c o n s i s t i n g  

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

emuls ion  in  the  p h o t o s e n s i t i v e   m a t e r i a l   with  a  compound  s e l e c t e d   f rom 

the  group  of  t h i a z o l i u m   s a l t   compounds,  t h i a z o l e   compounds  and  p y r a z o l e  

compounds  in  an  amount  such  t h a t   r e d u c t i o n   in  the  area  of  the  dots  i s  

caused  wi thou t   caus ing   a  s i g n i f i c a n t   r e d u c t i o n   of  small  d o t s .  

2.  The  method  of  pho tomechan ica l   dot  e t c h i n g   as  c la imed  in  c l a i m  

1,  where in   the  compounds  s e l e c t e d  f r o m   the  c l a s s   of  t h i a z o l i u m   s a l t  

compounds,  t h i a z o l e   compounds  and  p y r a z o l e   compounds  are  a s s o c i a t e d  

with  the   h i g h - c h l o r i d e   f i n e - g r a i n   s i l v e r   h a l i d e   emulsion  in  c o m b i n a t i o n  

with  a  m e r c a p t o t e t r a z o l e   compound. 

3.  The  method  of  pho tomechanica l   dot  e t c h i n g   as  c laimed  in  c l a i m s  

1  and  2  wherein  sa id   t h i a z o l i u m   s a l t ,   t h i a z o l e   and  py razo le   compounds 

c o r r e s p o n d   to  the  f o r m u l a s  :  



wherein   R  r e p r e s e n t s   hydrogen,   a  mercapto  group,  an  a l i p h a t i c   group  o r  

an  a r o m a t i c   group,  R 2  r e p r e s e n t s   an  a l i p h a t i c   or  a romat ic   group,  R3 

r e p r e s e n t s  a   d i v a l e n t   group,  R 4  r e p r e s e n t s   h y d r o g e n ,  a   mercapto  g r o u p ,  

an  a l i p h a t i c   or  an  a romat ic   group;  Q  and  Q2  r e p r e s e n t   the  a toms  

s e l e c t e d   from  the  group  c o n s i s t i n g   of  n i t r o g e n   and  carbon  a toms  

n e c e s s a r y   to  complete   a  simple  or  fused  5-membered  r ing ,   Q3  r e p r e s e n t s  

the  atoms  n e c e s s a r y   to  form  a  fused  r i ng   and  X  r e p r e s e n t s   an  a n i o n .  

4.  A  b lack   and  white  s i l v e r   h a l i d e   p h o t o s e n s i t i v e   m a t e r i a l   f o r  

c o n t a c t   copying  of  l ine   or  dot  images  compr i s i ng   coated   on  a  s u p p o r t  

one  or  more  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 ,   at  l e a s t   one  of  which  is  a  

s i l v e r   h a l i d e   emulsion  l aye r ,   wherein  the  s i l v e r   h a l i d e   emulsion  is  a  

h i g h - c h l o r i d e   f ine   gra in   s i l v e r   h a l i d e   emuls ion  r e a c t i v e l y   a s s o c i a t e d  

with  a  compound  s e l e c t e d   from  the  group  of  t h i a z o l i u m   s a l t   compounds,  

t h i a z o l e   compounds  and  py razo le   compounds.  

5.  The  s i l v e r   ha l i de   p h o t o s e n s i t i v e   m a t e r i a l   for  c o n t a c t   c o p y i n g  

of  l i n e   or  dot  images  as  claimed  in  claim  11,  wherein  the  compounds 

s e l e c t e d   from  the  group  of  t h i a z o l i u m   s a l t   compounds,  t h i a z o l e  

compounds  and  py razo l e   compounds  are  a s s o c i a t e d   with  the  s i l v e r   h a l i d e  

emuls ion   in  combina t ion   with  a  m e r c a p t o t e t r a z o l e   compound. 

6.  The  s i l v e r   ha l i de   p h o t o s e n s i t i v e   m a t e r i a l   for  c o n t a c t   c o p y i n g  

of  l i n e   or  dot  images  of  claim  11  or  12,  wherein  the  s i l v e r   c h l o r i d e  

c o n t e n t   of  the  s i l v e r   ha l ide   emuls ion,   the  g r a i n - s i z e   of  the  s i l v e r  

h a l i d e   p a r t i c l e s   and  the  q u a n t i t y   of  the  compound  s e l e c t e d   from  t h e  

group  of  t h i a z o l i u m   s a l t   compounds,  t h i a z o l e   compounds  and  p y r a z o l e  



compounds  and  t h e i r   combina t ion   with  m e r c a p t o t e t r a z o l e   compounds  a r e  

chosen  to  o p e r a t e   the  e t c h i n g   method  by  which  the  dot  p e r c e n t a g e   of  a  

50%  dot  is  reduced  by  more  than  10%  wi thou t   t he r eby   caus ing   e i t h e r   t h e  

dot  p e r c e n t a g e   of  a  10%  dot  to  f a l l   below  3%  or  the  d e n s i t y   of  a  100% 

dot  to  f a l l   below  2 . 0 .  

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

of  l i ne   or  dot  images  as  c la imed  in  claim  11,  wherein  the  t h i a z o l i u m  

s a l t ,   the  t h i a z o l e   and  py razo l e   compounds  co r r e spond   to  the  f o r m u l a s :  

wherein   R  r e p r e s e n t s   hydrogen,   a  mercapto  group,  an  a l i p h a t i c   group  o r  

an  a roma t i c   group,  R 2  r e p r e s e n t s   an  a l i p h a t i c   or  a romat ic   group,  R 3 

r e p r e s e n t s   a  d i v a l e n t   group,  R 4  r e p r e s e n t s   hydrogen,  a  mercapto  g r o u p ,  

an  a l i p h a t i c   or  an  a romat ic   group;  Q1  and  Q2  r e p r e s e n t   the  a toms  

s e l e c t e d   from  the  group  c o n s i s t i n g   of  n i t r o g e n   and  carbon  a toms  

n e c e s s a r y   to  complete   a  simple  or  fused  5-membered  r ing ,   Q3  r e p r e s e n t s  

the  atoms  n e c e s s a r y   to  form  a  fused  r i ng   and  X  r e p r e s e n t s   an  a n i o n .  

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

of  l ine   or  dot  images  as  claimed  in  claim  11,  wherein  the  s i l v e r   h a l i d e  

p a r t i c l e s   have  a  s ize   of  l e s s   than  0.15  m i c r o n s .  



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

f   l i ne   or  dot  images  as  c l a imed   in  claim  11,  where in   the  s i l v e r   h a l i d e  

is  s i l v e r   ch lorobromide   or  s i l v e r   c h l o r o - i o d o - b r o m i d e   c o n t a i n i n g   60% 

mole  s i l v e r   c h l o r i d e   or  more .  

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

of  l i ne   or  dot  images  as  c la imed  in  c laims  11  and  12,  wherein  t h e  

compounds  s e l e c t e d   from  the   group  of  t h i a z o l i u m   s a l t   compounds,  

t h i a z o l e   compounds  and  p y r a z o l e   compounds  and  t h e i r   combina t ion   w i t h  

m e r c a p t o t e t r a z o l e   compounds  are  a s s o c i a t e d   with  the  s i l v e r   h a l i d e  

emuls ion  in  q u a n t i t i e s   r a n g i n g   from  0.01  to  2  grams  per  mole  of  s i l v e r .  
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