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©  Electrically  photosensitive  particles  for  electrophoretic  migration 

©  Electrically  photosensitive  particles  for  electrophoretic 
migration  imaging  processes. 

Eiectrophotosensitive  particles  (4)  for  electrophoretic 
migration  imaging  processes  comprise  a  compound  having 
the  structure 

A1  -  0L1  (=0LZ- 
CH 

wherein  m  and  n  are  zero,  orie  or  two;  L1  to  L'  are  hydrogen, 
alkyl,  cyano  aralkyl,  aryl  or  heterocyclyl,  and  in  addition,  any 
two  of  L',  L2  and  L3  and  any  two  of  L\  L5,  L6  and  L'  may 
together  represent  the  atoms  needed  to  complete  a  car- 
bocyclic  ring  having  from  5-10  carbon  atoms;  A1  represents 
an  alkyl,  aryl  group  or  a  heterocyclic  nucleus;  A2  represents  a 
basic  heterocyclic  nucleus;  B1  and  B2  represent  cyano,  car- 
boxy,  alkoxycarbonyl,  aryloxycarbonyl,  alkylsulfonyl,  acyl, 
arylcarbonyl,  heteroyl,  nitro,  nitro  substituted  aryl,  sulfonyl, 
fluorosulfonyl,  trifluoromethylsulfonyl,  carbamoyl,  arylcar- 
bamoyl  oralkylcarbamoyl. 

The  particles  (4)  can  be  used  in  an.  electrophoretic  migra- 
tion  imaging  process  which  consists  in  placing  them  bet- 
ween  two  electrodes  (1)  and  (5)  and  submitting  them  to  an 
activating  radiation  and  an  electric  field  for  obtaining  an 
image  on  electrodes  (1)  and  (5). 
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two  of  L1,  L2  and  L3  and  any  two  of  L4,  L5,L6  and  L'  may 
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bocyclic  ring  having  from  5-10  carbon  atoms;  A'  represents 
an  alkyl,  aryl  group  or  a  heterocyclic  nucleus;  A2  represents  a 
basic  heterocyclic  nucleus;  B1  and  B2  represent  cyano,  car- 
boxy,  alkoxycarbonyl,  aryloxycarbonyl,  alkylsulfonyl,  acyl, 
arylcarbonyl,  heteroyl,  nitro,  nitro  substituted  aryl,  sulfonyl, 
fluorosulfonyl, trifluoromethylsulfonyl,  carbamoyl,  arylcar- 
bamoyl  or  alkylcarbamoyl. 
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f  image  on  electrodes  (1)  and  (5). 



This  i n v e n t i o n   r e l a t e s   to  e l e c t r o g r a p h y   and  p a r t i c u l a r l y   to  e l e c -  
t r i c a l l y   p h o t o s e n s i t i v e   p a r t i c l e s   for  e l e c t r o p h o r e t i c   m ig ra t i on   imaging 

p r o c e s s e s .  

In  the  pas t ,   there   has  been  e x t e n s i v e   d e s c r i p t i o n   in  the  p a t e n t  
and  o ther   t e c h n i c a l   l i t e r a t u r e   of  e l e c t r o p h o r e t i c   m i g r a t i o n   imaging  

p r o c e s s e s .   For  example,  a  d e s c r i p t i o n   of  such  p rocesses   may  be  found 
in  U.S.  Pa ten t s   2 ,758 ,939 ,   2 ,940 ,847 ,   3 ,100 ,426 ,   3 ,140 ,175 ,   3 , 1 4 3 , 5 0 8 ,  
3 ,384 ,565 ,   3 ,384 ,488 ,   3 ,615 ,558 ,   3 ,384 ,566   and  3 ,383 ,993 .   In  a d d i t i o n  

to  the  foregoing   pa t en t   l i t e r a t u r e   d i r e c t e d   to  c o n v e n t i o n a l   p h o t o e l e c t r o -  

p h o r e t i c   m ig ra t i on   imaging  p r o c e s s e s ,   another   type  of  e l e c t r o p h o r e t i c  

m i g r a t i o n   imaging  process   which  advan tageous ly   p rov ides   for  image  r e v e r -  
sal  is  d e sc r i bed   in  U.S.  Pa ten t   3 ,976 ,485 .   This  l a t t e r   process   has  been 

termed  pho to immobi l i zed   e l e c t r o p h o r e t i c   r eco rd ing   or  PIER. 

-  In  gene ra l ,   each  of  the  fo regoing   e l e c t r o p h o r e t i c   m ig ra t ion   ima- 

ging  p roces se s   t y p i c a l l y   employs  a  layer   of  e l e c t r o s t a t i c   c h a r g e - b e a r i n g  

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

p o s i t i o n e d   between  two  spaced  e l e c t r o d e s ,   one  of  which  may  be  t r a n s p a -  

r en t .   To  achieve  image  format ion   in  these  p r o c e s s e s ,   the  c h a r g e - b e a r i n g  

p h o t o s e n s i t i v e   p a r t i c l e s   p o s i t i o n e d   between  the  two  spaced  e l e c t r o d e s ,  

are  s u b j e c t e d   to  t h e  i n f l u e n c e   of  an  e l e c t r i c   f i e l d   and  exposed  t o  

a c t i v a t i n g   r a d i a t i o n .   As  a  r e s u l t ,   the  c h a r g e - b e a r i n g   e l e c t r i c a l l y  

p h o t o s e n s i t i v e   p a r t i c l e s   are  caused  to  migra te   e l e c t r o p h o r e t i c a l l y   t o  

the  su r face   of  one  or  the  o t h e r  o f   the  spaced  e l e c t r o d e s   and  one  o b t a i n s  

an  image  p a t t e r n   on  the  su r face   of  these  e l e c t r o d e s .   Typ ica l l y ,   a  nega -  

t ive   image  is  formed  on  one  e l e c t r o d e   and  a  p o s i t i v e   image  is  formed  on 

the  oppos i t e   e l e c t r o d e .   Image  d i s c r i m i n a t i o n   occurs  in  the  v a r i o u s  

e l e c t r o p h o r e t i c   m i g r a t i o n   imaging  p roces se s   as  a  r e s u l t   of  a  net  change 



in  charge  p o l a r i t y   of  e i t h e r   the  exposed  e l e c t r i c a l l y   p h o t o s e n s i t i v e  

p a r t i c l e s   (in  the  case  of  c o n v e n t i o n a l   e l e c t r o p h o r e t i c   m i g r a t i o n   imaging)  

or  the  unexposed  e l e c t r i c a l l y   p h o t o s e n s i t i v e   p a r t i c l e s   (in  the  case  o f  

the  e l e c t r o p h o r e t i c   m i g r a t i o n   imaging  p rocess   d e s c r i b e d   in  the  above -  

noted  US  3 , 9 7 6 , 4 8 5 ) .   Thus  the  image  formed  on  one  e l e c t r o d e   su r face   i s  

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

charge  and  the  image  formed  on  the  o ther   e l e c t r o d e   su r face   is  composed 

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

g e .  

In  any  case,   r e g a r d l e s s   of  the  p a r t i c u l a r   e l e c t r o p h o r e t i c   m i g r a -  
t ion  imaging  process   employed,  i t   is  apparen t   tha t   an  e s s e n t i a l   component  
of  any  such  process   is  the  e l e c t r i c a l l y   p h o t o s e n s i t i v e   p a r t i c l e s .   And, 

of  course ,   to  ob ta in   an  e a s y - t o - r e a d ,   v i s i b l e   image,  i t   is  i m p o r t a n t  

tha t   these  e l e c t r i c a l l y   p h o t o s e n s i t i v e   p a r t i c l e s   be  c o l o r e d ,   as  w e l l  

as  e l e c t r i c a l l y   p h o t o s e n s i t i v e .  A c c o r d i n g l y ,   as  is  apparen t   from  t h e  

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

ses ,   work  has  been  c a r r i e d   on  in  the  pas t   and  is  c o n t i n u i n g   to  f i n d  

p a r t i c l e s   which  possess   both  u s e f u l   l eve l s   of  e l e c t r i c a l   p h o t o s e n s i t i -  

v i t y   and  which  e x h i b i t   good  c o l o r a n t   p r o p e r t i e s .   Thus,  for  example ,  

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

for  use  in  e l e c t r o p h o r e t i c   m i g r a t i o n   imaging  p r o c e s s e s ,   for  example ,  

in  U.S.  Pa t en t s   2 ,758 ,939 ,   2 ,940 ,847 ,   3 ,384 ,488   and  3 , 6 1 5 , 5 5 8 .  

The  ar t   has  g e n e r a l l y   s e l e c t e d   u s e f u l   e l e c t r i c a l l y   p h o t o s e n s i -  

t ive   or  p h o t o c o n d u c t i v e   p a r t i c l e s   for  e l e c t r o p h o r e t i c   m i g r a t i o n   imag ing  

from  known  c l a s s e s   of  p h o t o c o n d u c t i v e   m a t e r i a l s   which  may  be  employed  

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

drums,  or  webs  used  in  e l e c t r o p h o t o g r a p h i c   o f f i c e - c o p i e r   dev i ce s ,   as  

taught   for  example  in US  P a t e n t s   2 ,758,939  and  2 ,940 ,847 .   Also,  t h e  

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

t ive   p a r t i c l e s   for  e l e c t r o p h o r e t i c   imaging  p r o c e s s e s   in  U.S.  P a t e n t  

3 ,615,558  have  long  been  known  to  e x h i b i t   u s e f u l   p h o t o c o n d u c t i v e   p r o -  

p e r t i e s .  

They object  of  the  i n v e n t i o n   is  to  extend  the  d i v e r s i t y   of  p a r t i c l e s  

a v a i l a b l e   as  e l e c t r i c a l l y   p h o t o s e n s i t i v e   p a r t i c l e s   for  use  in  e l e c t r o -  

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

to  the  a p p l i c a n t ' s   knowledge,  have  not  been  p r e v i o u s l y   i d e n t i f i e d   as  

p h o t o c o n d u c t o r s .  

In  accordance  with  the  i n v e n t i o n ,  e l e c t r i c a l l y   p h o t o s e n s i t i v e  

p a r t i c l e s   for  e l e c t r o p h o r e t i c   m i g r a t i o n   imaging  p r o c e s s e s ,   comprise  a 



compound  having  the  fo l lowing   f o r m u l a  :  

o r  

w h e r e i n  :  

m and n   are  zero,   one  or  t w o  ;  

L 1 ,  L 2 ,  L 3 ,  L 4 ,  L 5 ,  L 6   and  L7  r e p r e s e n t   hydrogen,   cyano,  a l k y l ,  

a r a l k y l ,   aryl   or  h e t e r o c y c l y l ,   or  in  a d d i t i o n ,   any  two  of  L1,  L2  and  L3 

or  any two of   L4,  L5,  L6  and  L7  may  t o g e t h e r   r e p r e s e n t   the  atoms  needed  

to  complete  a  c a r b o c y c l i c   r ing  having  from  5-10  carbon  a t o m s  ;  
A   r e p r e s e n t s   an  a lky l   group,  a  s u b s t i t u t e d   or  u n s u b s t i t u t e d  

aryl   group  or  a  s u b s t i t u t e d   or  u n s u b s t i t u t e d   h e t e r o c y c l i c   n u c l e u s  ;  
A2  r e p r e s e n t s   a  bas ic   s u b s t i t u t e d   or  u n s u b s t i t u t e d   h e t e r o c y c l i c  

nuc leus   s e l e c t e d   from  the  group  c o n s i s t i n g   o f  :   an  i m i d a z o l e ;   a  3 H - i n d o -  

le;  a  t h i a z o l e ;   a  b e n z o t h i a z o l e ;   a  n a p h t h o t h i a z o l e ;   a  t h i a n a p h t h e n o - 7 ' ,  

6 ' , 4 , 5 - t h i a z o l e ;   an  oxazo le ;   a  b e n z o x a z o l e ,   a  n a p h t h o x a z o l e ;   a  s e l e n a z o -  

le;  a  b e n z o s e l e n a z o l e ;   a  n a p h t h o s e l e n a z o l e ;   a  t h i a z o l i n e ;   a  2 - q u i n o l i n e ;  

a  4 - q u i n o l i n e ;   a  1 - i a o q u i n o l i n e ;   a  b e n z i m i d a z o l e ;   a  2 - p y r i d i n e ;   a  4 -  

p y r i d i n e ;   a  p y r r o l o [ 1 , 2 - a ] p y r i d i n e ;   and  a  a c e n a p h t h o t h i a z o l e ;  
B1 and  B2  r e p r e s e n t   cyano,  ca rboxy ,   a l k o x y c a r b o n y l ,   a r y l o x y c a r -  

bonyl ,   a lky l   s u l f o n y l ,   acy l ,   a r y l c a r b o n y l , n i t r o ,   n i t r o   s u b s t i t u t e d  

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

aryl   carbamoyl ,   a lky l   carbamoyl  or  h e t e r o y l   g r o u p s .  
In  the  above  ment ioned  fo rmulae ,   r e p r e s e n t a t i v e s   of  s u b s t i t u e n t  

A  are  a  s u b s t i t u t e d   or  u n s u b s -  

t i t u t e d   a ry l   ( e . g . , p h e n y l ,   n a p h t h y l ,   a n t h r y l )   or  a  s u b s t i t u t e d   or  u n s u b s -  
t i t u t e d   h e t e r o c y c l i c   nucleus   such  as  t h i o p h e n e ,   b e n z o [ b ] t h i o p h e n e ,  

n a p h t h o [ 2 , 3 - b ] t h i o p h e n e ,   fu ran ,   i s o b e n z o f u r a n ,   chromene  ,   p y r a n ,  
xan thene ,   p y r r o l e ,   2 H - p y r r o l e ,   p y r a z o l e ,   i n d o l i z i n e ,   i n d o l i n e ,   i n d o l e ,  
3 H - i n d o l e ,   i n d a z o l e ,   c a r b a z o l e ,   p y r i m i d i n e ,   i s o t h i a z o l e ,   i s o x a z o l e ,  
f u r azan ,   chroman,  i sochroman,   1 , 2 , 3 , 4 - t e t r a h y d r o q u i n o l i n e  ;   4 H - p y r r o l o  
[ 3 , 2 , 1 - i j ] q u i n o l i n e  ;   1 , 2 - d i h y d r o - 4 H - p y r r o l o [ 3 , 2 , 1 - i j ] q u i n o l i n e  ;  

1 , 2 , 5 , 6 - t e t r a h y d r o - 4 H - p y r r o l o [ 3 , 2 , 1 - i j ] q u i n o l i n e ;   1 H , 5 H - b e n z o [ i j ] q u i n o -  
l i z i n e ;   2 , 3 - d i h y d r o - 1 H , 5 H - b e n z o [ i j ] q u i n o l i z i n e ;   2 , 3 , 6 , 7 - t e t r a h y d r o - l H ,  
S H - b e n z o [ i j ] q u i n o l i z i n e ,   1 0 , 1 1 - d i h y d r o - 9 H - b e n z o [ a ] x a n t h e n - 8 - y l ;   6 , 7 -  
d i h y d r o - 5 H - b e n z o [ b ] p y r a n - 7 - y l   or  p y r r o l o [ 2 , 1 - b ] b e n z o t h i a z o l e .  

R e p r e s e n t a t i v e s   of  s u b s t i t u e n t   A 2  are  bas ic   s u b s t i t u t e d   o r  



u n s u b s t i t u t e d   h e t e r o c y c l i c   n u c l e i  .   R e p r e s e n t a t i v e  o f   such  n u c l e i   i n c l u -  

d e  :  

a)  an  imidazole   nuc l eus ,   such  as  imidazole   and  4 - p h e n y l i m i d a z o l e ;  

b)  a  3H-indole   nucleus   such  as  3H- indole ,   3 , 3 - d i m e t h y l - 3 H - i n d o l e   and 

3 , 3 , 5 - t r i m e t h y l - 3 H - i n d o l e  ;  

c)  a  t h i a z o l e   nucleus   such  a s  t h i a z o l e ,   4 - m e t h y l t h i a z o l e ,   4 - p h e n y l t h i a -  

zole ,   5 - m e t h y l t h i a z o l e ,   5 - p h e t h i a z o l e ;   4 , 5 - d i m e t h y l t h i a z o l e  

4 , 5 - d i p h e n y l t h i a z o l e ,   and  4 - ( 2 - t h i e n y l ) t h i a z o l e  ;  

d)  a  b e n z o t h i a z o l e   nucleus   such  as  b e n z o t h i a z o l e ,   4 - c h l o r o b e n z o t h i a z o l e ,  

5 - c h l o r o b e n z o t h i a z o l e ,   6 - c h l o r o b e n z o t h i a z o l e ,  7 - c h l o r o b e n z o t h i a z o l e , -  

4 - m e t h y l b e n z o t h i a z o l e ,   5 - m e t h y l b e n z o t h i a z o l e ,   6 - m e t h y l b e n z o t h i a z o l e ,  

5 - b r o m o b e n z o t h i a z o l e ,   6 - b r o m o b e n z o t h i a z o l e ,   4 - p h e n y l b e n z o t h i a z o l e ,  

5 - p h e n y l b e n z o t h i a z o l e ,   4 - m e t h o x y b e n z o t h i a z o l e ,   5 - m e t h o x y b e n z o t h i a -  

zole ,   6 - m e t h o x y b e n z o t h i a z o l e ,   5 - i o d o b e n z o t h i a z o l e ,   6 - i o d o b e n z o t h i a -  

zole ,   4 - e t h o x y b e n z o t h i a z o l e ,   5 - e t h o x y b e n z o t h i a z o l e ,   t e t r a h y d r o b e n z o -  

t h i a z o l e ,   5 , 6 - d i m e t h o x y b e n z o t h i a z o l e ,   5 , 6 - d i o x y m e t h y l e n e b e n z o t h i a z o l e ,  

5 - h y d r o x y b e n z o t h i a z o l e ,   and  6 - h y d r o x y b e n z o t h i a z o l e  ;  

e)  a  n a p h t h o t h i a z o l e   nucleus   such  as  naphtho  / 1 , 2 - d / - t h i a z o l e ,   n a p h t h o -  

[ 2 , 1 - d ] t h i a z o l e ,   n a p h t h o [ a , 3 - d ] t h i a z o l e ,   5 - m e t h o x y n a p h t h o / 2 , 1 - d / -  

t h i a z o l e ,   5 - e t h o x y n a p h t h o / 2 , 1 - d / t h i a z o l e ,   8 - m e t h o x y n a p h t h o / 1 , 2 - d / -  

t h i a z o l e ,   and  7-methoxynaphtho  [ 1 , 2 - d ] t h i a z o l e  ;  

f)  a  t h i a n a p h t h e n o - 7 ' , 6 ' , 4 , 5 - t h i a z o l e   nucleus   such  as  4 ' - m e t h o x y t h i a -  

n a p h t h e n o - 7 ' , 6 ' , 4 , 5 - t h i a z o l e  ;  

g)  an  oxazole  n u c l e u s  s u c h   as  4 - m e t h y l o x a z o l e ,   5 - m e t h y l o x a z o l e ,   4 - p h e n y l -  

oxazo le ,   4 , 5 - d i p h e n y l o x a z o l e  ;   4 - e t h y l o x a z o l e  ;   4 , 5 - d i m e t h y l o x a z o l e ,  

and  5 - p h e n y l o x a z o l e ;  

h)  a  benzoxazo le   nucleus   such  as  benzoxazo le ,   5 - c h l o r o b e n z o x a z o l e ,  

5 - m e t h y l b e n z o x a z o l e ,   5 - p h e n y l b e n z o x a z o l e  ;   6 - m e t h y l b e n z o x a z o l e ,  

5 , 6 - d i m e t h y l b e n z o x a z o l e ;   4 , 6 - d i m e t h y l b e n z o x a z o l e  ;   5 -me thoxybenzo-  

x a z o l e  ;   5 - e t h o x y b e n z o x a z o l e  ;   5 - c h l o r o b e n z o x a z o l e ;   6 -me thoxybenzo-  

x a z o l e  ;   5 - h y d r o x y b e n z o x a z o l e ,   and  6 - h y d r o x y b e n z o x a z o l e  ;  

i)  a  naph thoxazo le   nuc leus   such  as  naphtho  / 1 , 2 / o x a z o l e   and  n a p h t h o  

[ 2 , 1 ] o x a z o l e  ;  

j)  a  s e l e n a z o l e   nuc leus   such  as  4 - m e t h y l s e l e n a z o l e   and  4 - p h e n y l s e l e -  

n a z o l e  ;  

k)  a  b e n z o s e l e n a z o l e   nucleus   such  as  b e n z o s e l e n a z o l e ,   5 - c h l o r o b e n z o -  

s e l e n a z o l e ,   5 - m e t h o x y b e n z o s e l e n a z o l e ,   5 - h y d r o x y b e n z o s e l e n a z o l e ,   and 

t e t r a h y d r o b e n z o s e l e n a z o l e  ;  

1)  a  n a p h t h o s e l e n a z o l e   nucleus   such  as  n a p h t h o [ 1 , 2 - d ] s e l e n a z o l e   and  



n a p h t h o [ 2 , 1 - d ] s e i e n a z o i e  ;  

m)  a  t h i a z o l i n e   nucleus   such  as  t h i a z o l i n e   and  4 - m e t h y l t h i a z o l i n e ;  
n)  a  2 - q u i n o l i n e - n u c l e u s   such  as  q u i n o l i n e ,   3 - m e t h y l q u i n o l i n e ,   5 - m e t h y l -  

q u i n o l i n e , - 7 - m e t h y l q u i n o l i n e ,   8 - m e t h y l q u i n o l i n e ,   6 - c h l o r o q u i n o l i n e ,  
8 - c h l o r o q u i n o l i n e ,   6 - m e t h o x y q u i n o l i n e ,   6 - e t h o x y q u i n o l i n e ,   6 - h y d r o x y -  
q u i n o l i n e ,   and  8 - h y d r o x y q u i n o l i n e  ;  

o)  a  4 - q u i n o l i n e   nucleus   such  as  q u i n o l i n e ,   6 - m e t h o x y q u i n o l i n e ,   7 - m e t h y l -  
q u i n o l i n e   and  8 - m e t h y l q u i n o l i n e  ;  

p)  a  1 - i s o q u i n o l i n e   nucleus   such  as  i s o q u i n o l i n e   and  3 , 4 - d i h y d r o i s o q u i -  
n o l i n e  ;  

q)  a  benz imidazo le   nucleus   such  as  1 , 3 - d i e t h y l b e n z i m i d a z o l e   and  1 - é t h y l -  
3 - p h e n y l b e n z i m i d a z o l e  ;  

r)  a  2 - p y r i d i n e   nucleus   such  as  p y r i d i n e   and  5 - m e t h y l p y r i d i n e  ;  
s)  a  4 - p y r i d i n e   n u c l e u s  ;  

t)  a  p y r r o l o [ 1 , 2 - a ] p y r i d i r i e   n u c l e u s  ;   and 

u)  an  a c e n a p h t h o t h i a z o l e   n u c l e u s .  

R e p r e s e n t a t i v e s   of  s u b s t i t u e n t   B1  and  B2  are  cyano,  c a r b o x y ,  

a l k o x y c a r b o n y l ,   a r y l o x y c a r b o n y l ,   a l k y l s u l f o n y l ,   acy l ,   a r y l c a r b o n y l ,  
n i t r o ,   n i t r o   s u b s t i t u t e d   a r y l ,   s u l f o n y l ,   f l u o r o s u l f o n y l ,   t r i f l u o r o -  

m e t h y l s u l f o n y l ,   carbamoyl ,   a r y l c a r b a m o y l ,   a l k y l c a r b a m o y l ,   or  h e t e r o y l  

groups  such  as  fu roy l   or  b e n z o f u r o y l :  

Alkyl  r e f e r s   to  a l i p h a t i c   hydrocarbon   groups  of  g e n e r a l l y   1-20 

carbon  atoms  such  as  methyl ,   e t h y l ,   p ropy l ,   i s o p r o p y l ,   b u t y l ,   h e p t y l ,  

dodecyl ,   o c t a d e c y l ,   e tc .   Aryl  r e f e r s   to  a romat ic   r ing  groups  of  g e n e -  

r a l l y   6-20  carbons  such  as  phenyl ,   n a p h t h y l ,   a n t h r y l   or  to  a lkyl   o r  

aryl   s u b s t i t u t e d   aryl   groups  such  as  t o l y l ,   e t h y l p h e n y l ,   b i p h e n y l y l ,  

-  e t c .   Ara lky l   r e f e r s   to  aryl   s u b s t i t u t e d   a lky l   groups  such  as  b e n z y l ,  

p h e n e t h y l ,   e tc .   Ca rbocyc l i c   r ing  r e f e r s   to  s a t u r a t e d   c y c l o a l k y l   g roups  
which  may  have  a l k y l ,   aryl   or  a r a l k y l   s u b s t i t u e n t s   such  as  c y c l o -  

p ropy l ,   c y c l o p e n t y l ,   c y c l o h e x y l ,   5 , 5 - d i m e t h y l c y c l o h e x y l ,   e t c .  

The  m a t e r i a l s   of  the  p r e s e n t   i n v e n t i o n   are  r e l a t i v e l y   i n s o l u b l e  

in  imaging  d i s p e r s i o n s   but  are  u n e x p e c t e d l y   so lub le   in  c e r t a i n   po lymer  

coated  image  r e c e i v i n g   e lements .   This  s o l u b i l i t y   in  the  polymer  c o a t i n g s  

of  image  r e c e i v i n g   e lements   r e s u l t s   in  images  having  e x c e l l e n t   c o l o r  

s a t u r a t i o n ,   dens i t y   and  r e s o l u t i o n .  

In  accordance  with  the  p r e f e r r e d   embodiment  of  the  p r e s e n t   i n v e n -  

t i on ,   the  e l e c t r i c a l l y   p h o t o s e n s i t i v e   p a r t i c l e s   which  are  u s e f u l   i n  

e l e c t r o p h o r e t i c   m i g r a t i o n   imaging  p r o c e s s e s   comprise  compounds  h a v i n g  

a  s t r u c t u r e   according  to  Formula  I  or  II  w h e r e i n :  



L1,  L2,  L   L4,  L5,  L6 and  L7,  which  may  be  the  same  or  d i f f e r e n t  

r a g r e s e n c   h y d r o g e n , c y a n o , m e t h y l ,   phenyl ,   b e n z o y l , 2 - t h i e n y l , b e n z o f u r y l ,  

3 - d i c y a n o m e t h y l e n e b u t y l ,   2 - o x o - 2 H - b e n z o /  b / p y r a n   -3 -y l   and  2 - c y a n o - 2 -  

d i c y a n o m e t h y l e n e e t h y l ,   or  any  two  of  L ,  L  a n d   L ,  or  L ,  L5,  L6  and 
L7,  may  r e p r e s e n t   the  atoms  needed  to  complete   a  nuc leus   s e l e c t e d   f rom 

the  group  c o n s i s t i n g   of  d i h y d r o n a p h t h a l e n e ,   1H-indene  and  c y c l o h e x e n e  ;  
A  r e p r e s e n t s   an  a ry l   group  or  a  nuc leus   s e l e c t e d   from  the  g roup  

c o n s i s t i n g   of  i n d o l e  ;   1 , 2 , 5 , 6 - t e t r a h y d r o - 4 H - p y r r o l o - [ 3 , 2 , 1 - i j ] q u i n o l i n e ;  

2 , 3 , 6 , 7 - t e t r a h y d r o - 1 H , 5 H - b e n z o [ i j ] q u i n o l i z i n e   and  p y r r o l o   [ 2 , 1 - b ] b e n z o -  

t h i a z o l e ;  
A2  r e p r e s e n t s   a  s u b s t i t u t e d   and  u n s u b s t i t u t e d   nuc leus   s e l e c t e d  

from  the  group  c o n s i s t i n g   of  3 H - i n d o l e ,   n a p h t h o t h i a z o l e ,   b e n z i m i d a z o l e ,  

2 - p y r i d i n e ,   p y r r o l o [ 1 , 2 - a ] p y r i d i n e ,   b e n z o x a z o l e ,   b e n z o s e l e n a z o l e   and 

a c e n a p h t h o t h i a z o l e   ;  a n d  
B1 and  B2  r e p r e s e n t   cyano,  e t h o x y c a r b o n y l ,   n a p h t h o y l ,   b e n z o y l ,  

b e n z o f u r o y l   and  d ihydroxy   b e n z o y l .  
In  genera l   the  p a r t i c l e s   which  comprise  compounds  of  Formulas  I  

and  II  and  which  have  been  found  to  be  e l e c t r o p h o t o s e n s i t i v e   tend  t o  

e x h i b i t   a  maximum  a b s o r p t i o n   wave l eng th ,  λ   max,  wi th in   the  range  of  f rom 

about  420  to  about  750  nm.  A  v a r i e t y   of  d i f f e r e n t   p a r t i c l e s   wi th in   t h e  

c l a s s   de f ined   by  Formulas  I  and  II  have  been  t e s t e d   and  found  to  e x h i b i t  

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

t ion   imaging  p r o c e s s e s .  
A  p a r t i a l   l i s t i n g   of  r e p r e s e n t a t i v e   such  p a r t i c l e s   are  d i s c l o s e d  

in  Table  I.  In  Table  I,  Et  r e p r e s e n t s   -C2H5  and  φ  r e p r e s e n t s   p h e n y l .  

Compounds  d i s c l o s e d   h e r e i n   are  also  d i s c l o s e d   in,  among  o t h e r s ,  

U . S . P a t e n t s   2 ,538 ,009 ;   2 , 7 2 1 , 7 9 9  ;   2 , 8 6 0 , 8 9 1  ;   2 ,860 ,981   and  2 , 8 6 0 , 9 8 2 .  























In  g e n e r a l ,   e l e c t r i c a l l y   p h o t o s e n s i t i v e   p a r t i c l e s   u se fu l   i n  

e l e c t r o p h o r e t i c   m i g r a t i o n   imaging  p rocesses   have  an  average  p a r t i c l e  

size  wi th in   the  range  of  from  about  0.01  micron  to  about  20  m i c r o n s ,  

p r e f e r a b l y   from  about  0.01  to  about  5  microns.   T y p i c a l l y ,   these  p a r t i c l e s  

are  c o l o r a n t s .   These  e l e c t r i c a l l y   p h o t o s e n s i t i v e   p a r t i c l e s   may  also  con-  

ta in   va r ious   n o n p h o t o s e n s i t i v e   m a t e r i a l s   such  as  e l e c t r i c a l l y   i n s u l a t i n g  

polymers,   charge  c o n t r o l   agen t s ,   va r ious   organic   and  ino rgan ic   f i l l e r s ,  

as  well  as  va r ious   a d d i t i o n a l   dyes  or  pigments  to  change  or  enhance  

va r ious   c o l o r a n t   and  p h y s i c a l   p r o p e r t i e s   of  the  e l e c t r i c a l l y   p h o t o s e n -  

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

may  con ta in   other   p h o t o s e n s i t i v e   m a t e r i a l s   such  as  va r ious   s e n s i t i z i n g  

dyes  and/or   chemical   s e n s i t i z e r s   to  a l t e r   or  enhance  t h e i r   response  c h a r a c -  

t e r i s t i c s   to  a c t i v a t i n g   r a d i a t i o n .  

When  used  in  an  e l e c t r o p h o r e t i c   m i g r a t i o n   imaging  process   d e s -  

c r ibed   in  the  p r e sen t   i n v e n t i o n ,   the  e l e c t r i c a l l y   p h o t o s e n s i t i v e   p a r t i -  

cles  ment ioned  in  Table  I  are  p o s i t i o n e d   between  two  or  more  s p a c e d  

e l e c t r o d e s ,   one  or  both  of  which  t y p i c a l l y   being  t r a n s p a r e n t   to  r a d i a -  

t ion  to  which  the  e l e c t r i c a l l y   p h o t o s e n s i t i v e   p a r t i c l e s   are  l igh t   s e n s i t i v e  

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

may  be  d i s p e r s e d   simply  as  a  dry  powder  between  two  spaced  e l e c t r o d e s  

and  then  s u b j e c t e d   to  a  t y p i c a l   e l e c t r o p h o r e t i c   m i g r a t i o n   imaging  ope-  

r a t i o n   such  as  that   de sc r i bed   in  U.S.  Pa ten t   2 ,758 ,939 .   I t   is  more 

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

e l e c t r i c a l l y   i n s u l a t i n g   c a r r i e r ,   such  as  an  e l e c t r i c a l l y   i n s u l a t i n g  

. l i q u i d   or  an  e l e c t r i c a l l y   i n s u l a t i n g ,   l i q u e f i a b l e   ma t r ix ,   such  as  a 

heat -   and/or   s o l v e n t - s o f t e n a b l e   polymer  or  a  t h i x o t r o p i c   po lymer .  

T y p i c a l l y ,   when  one  employs  such  a  d i s p e r s i o n   of  e l e c t r i c a l l y   p h o t o -  

s e n s i t i v e   p a r t i c l e s   and  e l e c t r i c a l l y   i n s u l a t i n g   c a r r i e r   between  t h e  

spaced  e l e c t r o d e s   of  an  e l e c t r o p h o r e t i c   m i g r a t i o n   imaging  system,  i t  

is  c o n v e n t i o n a l   to  employ  from  about  0.05  par t   to  about  2.0  pa r t s   o f  

e l e c t r i c a l l y   p h o t o s e n s i t i v e   p a r t i c l e s   for  each  10  pa r t s   by  weight  o f  

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

The  c a r r i e r   can  comprise  an  e l e c -  



t a i c s l i y   i n s u l a t i n g   l i u i d   such  as  decane,   p a r a f f i n ,   "Sohio  O d e r l e s s  

So lvea t   3440''  (a  ke losene   f r a c t i o n   marketed   by  the  S tandard   Oil  Company, 

Ohio),  va r ious   i s c p a r a f f i n i c   hydrocarbon  l i q u i d s   such  as  those  s o l d  

under  the  t rademark  " I sopa r   G"  by  Exxon  C o r p o r a t i o n   and  having  a  b o i l i n g  

point   in  the  range  of  145°C  to  186°C,  va r ious   h a l o g e n a t e d   h y d r o c a r b o n s  
such  as  carbon  t e t r a c h l o r i d e ,   t r i c h l o r o m o n o f l u o r o m e t h a n e ,   and  the  l i k e ,  

va r ious   a l k y l a t e d   a romat ic   hydrocarbon  l i q u i d s   such  as  the  a l k y l a t e d  

benzenes ,   for  example,  xy l enes ,   and  o ther   a l k y l a t e d   a romat ic   h y d r o c a r b o n s  

such  as  are  d e s c r i b e d   in  U.S.  Pa t en t   2 ,899 ,335 .   An  example  of  one  s u c h  

u3efu l   a l k y l a t e d   aromat ic   hydrocarbon  l i q u i d   which  is  c o m m e r c i a l l y  

a v a i l a b l e   is  "Solvesso   100"  made  by  Exxon  C o r p o r a t i o n .   "Solvesso   100" 

has  a  b o i l i n g   poin t   in  the  range  of  about  157°C  to  about  177°C  and  i s  

composed  of  9  p e r c e n t   xy lene ,   16  p e r c e n t   o ther   monoalkyl  benzenes ,   34 

p e r c e n t   d i a l k y l   benzenes ,   37  p e r c e n t   t r i a l k y l   benzenes , and   4  p e r c e n t  

a l i p h a t i c s .   T y p i c a l l y ,   whether   s o l i d   or  l i q u i d   at  normal  room  tempe-  

r a t u r e s ,   i . e . ,   about  22°C,  the  e l e c t r i c a l l y   i n s u l a t i n g   c a r r i e r   m a t e r i a l  

used  in  the  p r e s e n t   i n v e n t i o n   is  a  m a t e r i a l   having  a  r e s i s t i v i t y   g r e a t e r  
than  about  109  ohm-cm,  p r e f e r a b l y   g r e a t e r   than  about  1012  ohm:-cm. 

When  the  e l e c t r i c a l l y   p h o t o s e n s i t i v e   p a r t i c l e s   of  the  p r e s e n t  
i n v e n t i o n   are  i n c o r p o r a t e d   in  a  c a r r i e r ,   such  as  one  of  the  a b o v e -  

d e s c r i b e d   e l e c t r i c a l l y   i n s u l a t i n g   l i q u i d s ,   va r ious   o ther   addenda  may 
be  i n c o r p o r a t e d   in  the  r e s u l t a n t   imaging  su spens ion .   For  example ,  

va r ious   charge  c o n t r o l   agents   may  be  i n c o r p o r a t e d   in  such  a  s u s p e n s i o n  

to  improve  the  u n i f o r m i t y   of  charge  p o l a r i t y   of  the  e l e c t r i c a l l y   p h o t o -  

s e n s i t i v e   p a r t i c l e s   d i s p e r s e d   in  the  l i q u i d   su spens ion .   Such  c h a r g e  

c o n t r o l   agents   are  well   known  in  the  f i e l d   of  l i q u i d   e l e c t r o g r a p h i c  

deve lope r s   where  they  are  employed  for  purposes   s u b s t a n t i a l l y   s i m i l a r  

to  tha t   d e s c r i b e d   h e r e i n .   Thus,  e x t e n s i v e   d i s c u s s i o n   of  the  c h a r g e  

c o n t r o l   agents   h e r e i n   is  deemed  u n n e c e s s a r y .   These  charge  c o n t r o l   a g e n t s  

are  t y p i c a l l y   polymers  i n c o r p o r a t e d   by  admixture   t h e r e o f   into  t h e  

l i q u i d   c a r r i e r   of  the  s u s p e n s i o n .   In  a d d i t i o n ,   charge  c o n t r o l   a g e n t s  

of ten   provide   more  s t a b l e   s u s p e n s i o n s ,   i . e . ,   su spens ions   which  e x h i b i t  

s u b s t a n t i a l l y   less  s e t t l i n g   out  of  the  d i s p e r s e d   p h o t o s e n s i t i v e   p a r -  
t i c l e s .  

Usefu l   po lymer ic   charge  c o n t r o l   agents  comprise  a  copo lymer  

having  at  l e a s t   two  d i f f e r e n t   r e p e a t i n g   u n i t s ,  

(a)  one  of  said  u n i t s   being  p r e s e n t   in  an  amount  of  at  l e a s t  

about  0,5  x  10-4  moles /gram  of  said  copolymer  and  being  de r ived   f rom 

monomers  s e l e c t e d   from  the  group  c o n s i s t i n g   of  metal   s a l t s   of  s u l f o  



a c r y l a t e s   and  m e t h a c r y l a t e s   and  metal  s a l t s   of  a c r y l i c   and  m e t h a c r y l i c  

ac ids ,   and 

(b)  one  of  said  r e p e a t i n g   un i t s   being  der ived   from  monomers 

so lub le   in  said  c a r r i e r   v e h i c l e   and  being  p r e sen t   in  an  amount  s u f f i -  

c i en t   to  render   said  copolymer  d i s p e r s i b l e   in  said  c a r r i e r .  

Examples  of  such  copolymer  charge  c o n t r o l   agents  are  p o l y -  

( v i n y l t o l u e n e - c o - l a u r y l   m e t h a c r y l a t e - c o - l i t h i u m   m e t h a c r y l a t e - c o - m e t h a -  

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

m e t h a c r y l a t e ) , p o l y ( s t y r e n e - c o - l a u r y l   m e t h a c r y l a t e - c o - l i t h i u m   m e t h a c r y -  

l a t e ) ,   p o l y ( t - b u t y l s t y r e n e - c o - l a u r y l   m e t h a c r y l a t e - c o - l i t h i u m   m e t h a c r y -  

l a t e ) ,   and  p o l y ( t - b u t y l s t y r e n e - c o - l i t h i u m   m e t h a c r y l a t e ) .  

In  a d d i t i o n   to  the  fo regoing   charge  c o n t r o l   a g e n t s  ,   v a r i o u s  

polymeric   b inders   such  as  va r ious   n a t u r a l ,   s e m i - s y n t h e t i c   r e s i n s ,  m a y  

be  d i s p e r s e d   or  d i s s o l v e d   in  the  e l e c t r i c a l l y   i n s u l a t i n g   c a r r i e r   to  f i x  

the  f i n a l   p h o t o s e n s i t i v e   p a r t i c l e   image  formed  on  one  of  the  s p a c e d  

e l e c t r o d e s   used  in  e l e c t r o p h o r e t i c   m i g r a t i o n   imaging  systems.   The  u se  

of  such  f ix ing   addenda  is  c o n v e n t i o n a l  a n d  w e l l   known  in  the  c l o s e l y  

r e l a t e d   art   of  l i q u i d   e l e c t r o g r a p h i c   deve lopers   so  that   extended  d i s -  

cuss ion   t h e r e o f   is  unneces sa ry   h e r e i n .  

The  accompanying  drawing  i l l u s t r a t e s   a  t y p i c a l   appara tus   which  

employs  an.  e l e c t r o p h o r e t i c   m i g r a t i o n   imaging  process   in  which  e l e c -  

t r i c a l l y   p h o t o s e n s i t i v e   p a r t i c l e s   of  the  i nven t ion   can  be  u s e d .  

The  drawing  shows  a  t r a n s p a r e n t   e l e c t r o d e   1  suppor ted   by  two 

rubber   dr ive   r o l l e r s   10  capable  of  impar t ing   a  t r a n s l a t i n g   motion  t o  

e l e c t r o d e   1  in  the  d i r e c t i o n   of  the  arrow.  E l ec t rode   1  may  be  composed 

of  a  layer   of  o p t i c a l l y   t r a n s p a r e n t   m a t e r i a l ,   such  as  g lass   or  an 

e l e c t r i c a l l y   i n s u l a t i n g ,   t r a n s p a r e n t   polymeric   suppor t   such  as  p o l y -  

e thy lene   t e r e p h t h a l a t e ,   this   layer   or  support   being  c o v e r e d  



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

s u c h   as  t i n   o x i d e ,   i n d i u m   o x i d e ,   n i c k e l ,   and  t h e   l i k e .  

O p t i o n a l l y ,   d e p e n d i n g   upon   t h e   p a r t i c u l a r   t y p e   o f  

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

s u r f a c e   of  e l e c t r o d e   1  may  b e a r   a  " d a r k   c h a r g e   e x c h a n g e "  

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

i n s u l a t i n g   p o l y m e r   and  2 , 4 , 7 , t r i n i t r o - 9 - f l u o r e n o n e  

as  d e s c r i b e d   in  t h e   a b o v e - d e s c r i b e d   G r o n e r   U . S .   P a t e n t  

3 , 9 7 6 , 4 8 5   i s s u e d   A u g u s t   24,  1 9 7 6 .  

S p a c e d   o p p o s i t e   e l e c t r o d e   1  and  in  p r e s s u r e  

c o n t a c t   t h e r e w i t h   i s   a  s e c o n d   e l e c t r o d e   5,  an  i d l e r  

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

1  f o r   p r o d u c i n g   t h e   e l e c t r i c   f i e l d   u s e d   in  t h e   e l e c t r o -  

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

5  has   on  t h e   s u r f a c e   t h e r e o f   a  t h i n ,   e l e c t r i c a l l y   i n -  

s u l a t i n g   l a y e r   6 .  - E l e c t r o d e   5  i s   c o n n e c t e d   to   o n e  

s i d e   of   t h e   p o w e r   s o u r c e   15  by  s w i t c h   7.  The  o p p o s i t e  

s i d e   of  t h e   p o w e r   s o u r c e   15  i s   c o n n e c t e d   to   e l e c t r o d e   1 

so  t h a t   as  an  e x p o s u r e   t a k e s   p l a c e ,   s w i t c h   7  i s   c l o s e d  

and  a n  e l e c t r i c   f i e l d   i s   a p p l i e d   to   t h e   e l e c t r i c a l l y  

p h o t o s e n s i t i v e   p a r t i c l e s   4  w h i c h   a r e   p o s i t i o n e d   b e t w e e n  

e l e c t r o d e s   1  and  5.  T y p i c a l l y   e l e c t r i c a l l y   p h o t o -  

s e n s i t i v e   p a r t i c l e s   4  a r e   d i s p e r s e d   in  an  e l e c t r i c a l l y  

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

The  e l e c t r i c a l l y   p h o t o s e n s i t i v e   p a r t i c l e s   4 

may  be  p o s i t i o n e d   b e t w e e n   e l e c t r o d e s   1  and  5  by  a p p l y i n g  

t h e   p a r t i c l e s   4  to   e i t h e r   or  b o t h   of  t h e   s u r f a c e s   o f  

e l e c t r o d e s   1  and  5  p r i o r   to   t h e   i m a g i n g   p r o c e s s   or  b y  

i n j e c t i n g   t h e   e l e c t r i c a l l y   p h o t o s e n s i t i v e   p a r t i c l e s   4 

b e t w e e n   e l e c t r o d e s   1  and  5  d u r i n g   t h e   e l e c t r o p h o r e t i c  

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

As  shown  in  t h e   d r a w i n g ,   e x p o s u r e   of  e l e c -  

t r i c a l l y   p h o t o s e n s i t i v e   p a r t i c l e s   4  t a k e s   p l a c e   by  u s e  -  

of  an  e x p o s u r e   s y s t e m   c o n s i s t i n g   of   l i g h t   s o u r c e   8,  a n  

o r i g i n a l   i m a g e   11  to  be  r e p r o d u c e d ,   s u c h   as   a  p h o t o -  

g r a p h i c   t r a n s p a r e n c y ,   a  l e n s   s y s t e m   12,   and  any  n e c e s -  

s a r y   or  d e s i r a b l e   r a d i a t i o n   f i l t e r s   13,  s u c h   a s  

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

p a r t i c l e s   4  a r e   i r r a d i a t e d   w i t h   a  p a t t e r n   of  a c t i v a t i n g  



r a d i a t i o n   c o r r e s p o n d i n g   to   o r i g i n a l   i m a g e   11.   A l t h o u g h  

t h e   e l e c t r o p h o r e t i c   m i g r a t i o n   i m a g i n g   s y s t e m   r e p r e s e n t e d  
in  t h e   d r a w i n g   shows   e l e c t r o d e   1  to   be  t r a n s p a r e n t   t o  

a c t i v a t i n g   r a d i a t i o n   f rom  l i g h t   s o u r c e   8,  i t   i s   p o s s i b l e  

to   i r r a d i a t e   e l e c t r i c a l l y   p h o t o s e n s i t i v e   p a r t i c l e s   4 

in  t h e   n i p   21  b e t w e e n   e l e c t r o d e s   1  and  5  w i t h o u t   e i t h e r  

of  e l e c t r o d e s   1  o r 5   b e i n g   t r a n s p a r e n t .   In  s u c h   a  

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

s o u r c e   8  and  l e n s   s y s t e m   12  i s   a r r a n g e d   so  t h a t   p a r t i c l e s  

4  a r e   e x p o s e d   in  t h e   n i p   or  gap  21  b e t w e e n   e l e c t r o d e s   1 

and  5 .  

As  shown  in  t h e   d r a w i n g ,   e l e c t r o d e   5  i s   a  

r o l l e r   e l e c t r o d e . h a v i n g   a  c o n d u c t i v e   c o r e   14  c o n n e c t e d  

to   power   s o u r c e   15.   The  c o r e   i s   in  t u r n   c o v e r e d   w i t h  

a  l a y e r   of   i n s u l a t i n g   m a t e r i a l   6,  f o r   e x a m p l e ,   b a r y t a  

p a p e r .   I n s u l a t i n g   m a t e r i a l   6  s e r v e s   to   p r e v e n t   or  a t  

l e a s t   s u b s t a n t i a l l y   r e d u c e   t he   c a p a b i l i t y   of  e l e c t r i c a l -  

ly  p h o t o s e n s i t i v e   p a r t i c l e s   4  to   u n d e r g o   a  r a d i a t i o n  

i n d u c e d   c h a r g e   a l t e r a t i o n   u p o n  i n t e r a c t i o n   w i t h   e l e c t r o d e  

5.  H e n c e ,   t h e   t e r m   " b l o c k i n g   e l e c t r o d e "   may  be  u s e d ,  

as  i s   c o n v e n t i o n a l   in  t h e   a r t   of  e l e c t r o p h o r e t i c  

m i g r a t i o n   i m a g i n g ,   to   r e f e r   to   e l e c t r o d e   5 .  

A l t h o u g h   e l e c t r o d e   5  i s   shown  as  a  r o l l e r  

e l e c t r o d e   and  e l e c t r o d e   1  i s   shown  as  e s s e n t i a l l y   a  

f l a t   p l a t e   e l e c t r o d e   in  t he   d r a w i n g ,   e i t h e r   or  b o t h   o f  

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

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

p l a t e   e l e c t r o d e ,   and  t h e   l i k e   as  i s   w e l l   known  in  t h e  

f i e l d   of   e l e c t r o p h o r e t i c   m i g r a t i o n   i m a g i n g .   I n  

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

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

p a r t i c l e s   4  a r e   d i s p e r s e d   i n  a n   e l e c t r i c a l l y   i n s u l a t i n g , ,  

l i q u i d   c a r r i e r ,   e l e c t r o d e s   1  and  5  a r e   s p a c e d   s u c h   t h a t  

t h e y   a r e   in   p r e s s u r e   c o n t a c t   or  v e r y   c l o s e   to   o n e  

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

p r o c e s s ,   e . g . ,   l e s s   t h a n   50  m i c r o n s   a p a r t .   H o w e v e r ,  

w h e r e   e l e c t r i c a l l y   p h o t o s e n s i t i v e   p a r t i c l e s   4  a r e   d i s -  

p e r s e d   s i m p l y   in  an  a i r   gap   b e t w e e n   e l e c t r o d e s   1  and  5 



or  in  a  c a r r i e r   j u c h   as  a  l a y e r   of   h e a t - s o f t e n a b l e   o r  
o t h e r   l i q u e f i a b i e   m a t e r i a l   c o a t e d   as  a  s e p a r a t e   l a y e r  

on  e l e c t r o d e   1  a n d / o r   5,  t h e s e   e l e c t r o d e s   may  be  s p a c e d  

more  t h a n   50  m i c r o n s ' a p a r t   d u r i n g   t h e   i m a g i n g   p r o c e s s .  
The  s t r e n g t h   of   t h e   e l e c t r i c   f i e l d   a p p l i e d  

b e t w e e n   e l e c t r o d e s   1  and  5  d u r i n g   t he   e l e c t r o p h o r e t i c  

m i g r a t i o n   i m a g i n g   p r o c e s s   of  t he   p r e s e n t   i n v e n t i o n   may  

v a r y   c o n s i d e r a b l y ;   h o w e v e r ,   i t   has   g e n e r a l l y   b e e n   f o u n d  

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

by  i n c r e a s i n g   t h e   f i e l d   s t r e n g t h   to   as  h i g h   a  l e v e l   a s  

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

c a r r i e r   in  t h e   gap   b e t w e e n   t h e   e l e c t r o d e s .   For   e x -  

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

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

t h e   i m a g i n g   a p p a r a t u s   of  t h e   d r a w i n g ,   t h e   a p p l i e d  

v o l t a g e   a c r o s s   e l e c t r o d e s   1  and  5  t y p i c a l l y   i s   w i t h i n  

t h e   r a n g e   of  f r o m   a b o u t   100  v o l t s   to   a b o u t   4  k i l o v o l t s  

or  h i g h e r .  

As  e x p l a i n e d   h e r e i n a b o v e ,   an  image   is   f o r m e d  

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

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

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

p a r t i c l e s   4  d i s p o s e d   b e t w e e n   e l e c t r o d e s   1  a n d . 5   in  t h e  

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

a p p l i c a t i o n   and  e x p o s u r e   to   a c t i v a t i n g   r a d i a t i o n   o c c u r  

c o n c u r r e n t l y .   H o w e v e r ,   as  w o u l d   be  e x p e c t e d ,   by  a p -  

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

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

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

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

by  i n c o r p o r a t i o n   of   a  p e r s i s t e n t   p h o t o c o n d u c t i v e  

m a t e r i a l ,   and  t h e   l i k e ,   i t   i s   p o s s i b l e   to   a l t e r   t h e  

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

one  may  u s e   s e q u e n t i a l   e x p o s u r e   and  f i e l d   a p p l i c a t i o n  

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

When  d i s p o s e d   b e t w e e n   e l e c t r o d e s   1  a n d   5 . o f  

t h e   d r a w i n g ,   e l e c t r i c a l l y   p h o t o s e n s i t i v e   p a r t i c l e s   4 

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



r e s u l t   of  t r i b o e l e c t r i c   i n t e r a c t i o n   of  t he   p a r t i c l e s  

or  a s  a   r e s u l t   of  t h e   p a r t i c l e s   i n t e r a c t i n g   w i t h   t h e  

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

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

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

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

p e r s e d   in  an  e l e c t r i c a l l y   i n s u l a t i n g   c a r r i e r   l i q u i d .  

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

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

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

e l e c t r i c   f i e l d   and  a c t i v a t i n g   r a d i a t i o n   on  t h e   e l e c -  

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

e l e c t r o d e s   1  a n d   5  of  t h e   a p p a r a t u s   shown  in  t h e  

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

a p p l i c a t i o n   of   an  e l e c t r i c   f i e l d   b e t w e e n   e l e c t r o d e s   1 

and  5,  t h e   e l e c t r i c a l l y   p h o t o s e n s i t i v e   p a r t i c l e s   4  a r e  

a t t r a c t e d   in   t h e   d a r k   to   e i t h e r   e l e c t r o d e s   1  or  5,  d e -  

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

o p p o s i t e   to   t h a t   of  t h e   o r i g i n a l   c h a r g e   p o l a r i t y   a c -  

q u i r e d   by  the   e l e c t r i c a l l y   p h o t o s e n s i t i v e   p a r t i c l e s .   A n d ,  

upon   e x p o s i n g   p a r t i c l e s   4  to   a c t i v a t i n g   r a d i a t i o n ,   i t   i s  

t h e o r i z e d   t h a t   t h e r e   o c c u r s   n e u t r a l i z a t i o n   or  r e v e r s a l  

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

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

- m i g r a t i o n   i m a g i n g   p r o c e s s e s   w h e r e i n   e l e c t r o d e   1  b e a r s   a  

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

s e n s i t i v e   p a r t i c l e s   4,  upon   c o m i n g   i n t o   e l e c t r i c a l   c o n -  

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

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

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

and  a c t i v a t i n g   r a d i a t i o n .   A l t e r n a t i v e l y ,   in  t he   c a s e  
of  p h o t o i m m o b i l i z e d   e l e c t r o p h o r e t i c  r e c o r d i n g   ( P I E R ) ,  
w h e r e i n   t h e   s u r f a c e   of  e l e c t r o d e   1  b e a r s   a  d a r k   c h a r g e  

e x c h a n g e   m a t e r i a l   as  d e s c r i b e d   by  G r o n e r   in  a f o r e -  

m e n t i o n e d   U . S .  P a t e n t   3 , 9 7 6 , 4 8 5 ,   one  o b t a i n s   r e v e r s a l   o f  

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

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

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

come  i n t o   e l e c t r i c a l   c o n t a c t   w i t h   t h e   d a r k   c h a r g e  



e x c h a n g e   s u r f a c e   of  e l e c t r o d e   1.  In  any  c a s e  a p o n  

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

a t i o n   to   e l e c t r i c a l l y   p h o t o s e n s i t i v e   p a r t i c l e s   4  d i s -  

p o s e d   b e t w e e n   e l e c t r o d e s   1  a n d   5  of  t h e   a p p a r a t u s   s h o w n  

in  t h e   d r a w i n g ,   one  can   e f f e c t i v e l y   o b t a i n   image   d i s -  

c r i m i n a t i o n   so  t h a t   an  i m a g e   i s   f o r m e d   by  t h e   e l e c t r i c a l -  

ly  p h o t o s e n s i t i v e   p a r t i c l e s   w h i c h   c o r r e s p o n d s   to  t h e  

o r i g i n a l - p a t t e r n   of  a c t i v a t i n g   r a d i a t i o n .   T y p i c a l l y ,  

u s i n g   t h e   a p p a r a t u s   shown  in  t h e   d r a w i n g ,   one  o b t a i n s  

a  v i s i b l e   image   on  t h e   s u r f a c e   of  e l e c t r o d e   1  and  a  

c o m p l e m e n t a r y   i m a g e   on  t he   s u r f a c e   of  e l e c t r o d e   5 .  

S u b s e q u e n t   to   t h e   a p p l i c a t i o n   of  t he   e l e c t r i c  

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

w h i c h   a r e   f o r m e d   on  t h e   s u r f a c e   of  e l e c t r o d e s   1  a n d   5  o f  

t h e   a p p a r a t u s   shown  in  t h e   d r a w i n g   may  be  t e m p o r a r i l y   o r  

p e r m a n e n t l y   f i x e d   to   t h e s e   e l e c t r o d e s   or  may  be  t r a n s -  

f e r r e d   to   a  f i n a l   i m a g e   r e c e i v i n g   e l e m e n t .   F i x i n g   o f  

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

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

o v e r   t h e   s u r f a c e   of   t h e   image   b e a r i n g   s u b s t r a t e .   F o r  

e x a m p l e ,   i f   e l e c t r i c a l l y   p h o t o s e n s i t i v e   p a r t i c l e s   4  a r e  

d i s p e r s e d   in  a  l i q u i d   c a r r i e r   b e t w e e n   e l e c t r o d e s   1  a n d  

5,  one  may  f i x   t h e   i m a g e   or  i m a g e s   f o r m e d   on  t h e   s u r f a c e  

of  e l e c t r o d e s   1  a n d   5  by  i n c o r p o r a t i n g   a  p o l y m e r i c   b i n d e r  

in  t h e   c a r r i e r   l i q u i d .   Many  s u c h   b i n d e r s   ( w h i c h   a r e  

w e l l   known  f o r   u s e   in  l i q u i d   e l e c t r o p h o t o g r a p h i c   l i q u i d  

d e v e l o p e r s )   a r e   known  to   a c q u i r e   a  c h a n g e   p o l a r i t y   u p o n  

b e i n g   a d m i x e d   in  a  c a r r i e r   l i q u i d   and  t h e r e f o r e   w i l l ,  

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

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

a  c o a t i n g   of   a  r e s i n o u s   b i n d e r   ( w h i c h   has   b e e n   a d m i x e d  

in  t h e   c a r r i e r   l i q u i d ) ,   may  be  f o r m e d   on  t h e   s u r f a c e s  

of  e l e c t r o d e s   1  a n d   5  upon   e v a p o r a t i o n   of  t h e   l i q u i d  

c a r r i e r .  

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

c o m p r i s i n g   c o m p o u n d s   of  F o r m u l a s   I  &  I I   may  b e  u s e d   t o  

fo rm  m o n o c h r o m e   i m a g e s ,   or  t h e   p a r t i c l e s   may  b e  a d m i x e d  

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

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

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



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

a  s e n s i t i z e r   f o r   o t h e r   e l e c t r i c a l l y   p h o t o s e n s i t i v e  

m a t e r i a l s   in  t h e   f o r m a t i o n   of  m o n o c h r o m e   i m a g e s .   When  

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

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

t h e   p r e s e n t   i n v e n t i o n   may  a c t   as  a  s e n s i t i z e r   a n d / o r   a s  

an  e l e c t r i c a l l y   p h o t o s e n s i t i v e   p a r t i c l e .   Many  of  t h e  

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

p o u n d s   h a v i n g   F o r m u l a s   I  or  II   h ave   e s p e c i a l l y   u s e f u l  

h u e s   w h i c h   make  them  p a r t i c u l a r l y   s u i t e d   f o r   use   i n  

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

w h i c h   e m p l o y   a  m i x t u r e   of  two  or  more  d i f f e r e n t l y   c o l o r e d  

e l e c t r i c a l l y   p h o t o s e n s i t i v e   p a r t i c l e s .   When  s u c h   a  

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

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

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

e x h i b i t s   a  b l a c k   c o l o r a t i o n .   P r e f e r a b l y ,   t h e   s p e c i f i c  

c y a n ,   m a g e n t a ,   and  y e l l o w   p a r t i c l e s   s e l e c t e d   f o r   use   i n  

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

p r o c e s s   a r e   c h o s e n   so  t h a t   t h e i r   s p e c t r a l   r e s p o n s e  

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

t i o n   and  s u b t r a c t i v e   m u l t i c o l o r   image   r e p r o d u c t i o n   can   b e  

a c h i e v e d .  

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

c o m p o u n d s   of  F o r m u l a s   I  and  I I   in  e l e c t r o p h o r e t i c   m i -  

g r a t i o n   i m a g i n g   p r o c e s s e s .  
E x a m p l e s   1 - 4 8 '  

I m a g i n g   A p p a r a t u s  

An  i m a g i n g   a p p a r a t u s   was  u s e d   in  e a c h   of  t h e  

f o l l o w i n g   e x a m p l e s   to   c a r r y   o u t   t he   e l e c t r o p h o r e t i c   m i -  
g r a t i o n   i m a g i n g   p r o c e s s   d e s c r i b e d   h e r e i n .   T h i s   a p p a r a t u s  
was  a  d e v i c e   of   t h e   t y p e   i l l u s t r a t e d   i n  t h e   d r a w i n g .  
In  t h i s   a p p a r a t u s ,   a  f i l m   b a s e   h a v i n g   a  c o n d u c t i v e  

c o a t i n g   of  0 . 1   o p t i c a l   d e n s i t y   c e r m e t   (cr   SiO)  s e r v e d  

a s   e l e c t r o d e   1  and  was  in  p r e s s u r e   c o n t a c t   w i t h   a  10  
c e n t i m e t e r   d i a m e t e r   a l u m i n u m   r o l l e r   14  c o v e r e d   w i t h   d i -  
e l e c t r i c   p a p e r   c o a t e d   w i t h   p o l y ( v i n y l   b u t y r a l )   r e s i n  



w h i c h   s e r v e d   as   e l e c t r o d e   5.  E l e c t r o d e   1  was  s u p p o r t e d  

by  two  2 .8   cm.  d i a m e t e r   r u b b e r   d r i v e   r o l l e r s   10  p o s i -  
t i o n e d   b e n e a t h   e l e c t r o d e   1  s u c h   t h a t   a  2 . 5   cm.  o p e n i n g ,  

s y m m e t r i c   w i t h   t h e   a x i s   of  t he   a l u m i n u m   r o l l e r   14,  e x -  

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

p a r t i c l e s   4  to   a c t i v a t i n g   r a d i a t i o n .   The  o r i g i n a l  

t r a n s p a r e n c y   11  to   be  r e p r o d u c e d   was  t a p e d   to   t h e   b a c k  

s i d e   of   e l e c t r o d e   1 .  

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

c o n s i s t e d   of  a d j a c e n t   s t r i p s   of  c l e a r   (WO),  r e d   ( W 2 9 ) ,  

g r e e n   (W61)  and  b l u e   (W47B)  W r a t t e n   f i l t e r s .   T h e  

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

w a t t   Xenon   L a m p .  T h e   l i g h t   was  m o d u l a t e d   w i t h   a n  

e l e v e n   s t e p   0 . 3   n e u t r a l   d e n s i t y   s t e p   t a b l e t .   T h e  

r e s i d e n c e   t i m e   i n   e x p o s u r e   zone   was  10  m i l l i s e c o n d s .  

The  log   of  t h e   l i g h t   i n t e n s i t y   (Log  I)  was  as  f o l l o w s :  

The  v o l t a g e   b e t w e e n   t h e   e l e c t r o d e s   1  and  5  was  a b o u t  

2  kV.  E l e c t r o d e   1  was  n e g a t i v e   p o l a r i t y  i n   t h e   c a s e  

w h e r e   e l e c t r i c a l l y   p h o t o s e n s i t i v e   p a r t i c l e s   4  c a r r i e d  

a  p o s i t i v e   e l e c t r o s t a t i c   c h a r g e ,   and  e l e c t r o d e   1  w a s  .  

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

p a r t i c l e s   4  w e r e   n e g a t i v e l y   c h a r g e d .   The  t r a n s l a t i o n a l  

s p e e d   of   e l e c t r o d e   1  was  a b o u t   25  cm.  p e r   s e c o n d .   I n  

t h e   f o l l o w i n g   e x a m p l e s ,   an  i m a g e   was  f o r m e d   on  t h e   s u r -  

f a c e s   of  e l e c t r o d e s   1  a n d  5   a f t e r   s i m u l t a n e o u s   a p p l i -  

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

t r i c a l l y   p h o t o s e n s i t i v e   p a r t i c l e s   4  a d m i x e d   w i t h   a  

l i q u i d   c a r r i e r   as   d e s c r i b e d   b e l o w   to   f o r m   a  l i q u i d  

i m a g i n g   d i s p e r s i o n   and  w h i c h   d i s p e r s i o n   had  b e e n   p l a c e d  

in  n i p   21  b e t w e e n   t h e   e l e c t r o d e s   1  and  5.  I f   t h e  



compounds  being  e v a l u a t e d   for  use  as  p a r t i c l e s   4  possessed   a  u s e f u l  
l eve l   of  e l e c t r i c a l   p h o t o s e n s i t i v i t y ,   one  ob ta ined   a  n e g a t i v e - a p p e a r i n g  
image  r e p r o d u c t i o n   of  o r i g i n a l   11  on  e l e c t r o d e   5  and  a  complementary  

image  on  e l e c t r o d e   1. 

Imaging  D i spe r s ion   B r e p a r a t i o n  

Imaging  d i s p e r s i o n s   were  p repared   to  eva lua t e   each  of  t h e  

compounds  in  Table  I  as  e l e c t r i c a l l y   p h o t o s e n s i t i v e   p a r t i c l e s .   The 

d i s p e r s i o n s   were  p r epa red   by  f i r s t   making  a  s tock  s o l u t i o n   of  the  f o l -  

lowing  components.  The  stock  s o l u t i o n   was  p repared   simply  by  combining 
the  componen t s .  

A  5  g  a l i q u o t   of  the  stock  s o l u t i o n   was  combined  in  a  c losed   c o n t a i n e r  

with  0.045  g  of  the  Table  I  compound  to  be  t e s t e d   and  12  g  of  s t a i n l e s s  

s t e e l   b a l l s .   The  p r e p a r a t i o n   was  then  m i l l ed   for  three   hours  on  a  p a i n t  

s h a k e r .  

Each  of  the  48  compounds  d e s c r i b e d   in  Table  I  was  t e s t e d   a c c o r -  

ding  to  the  j u s t   o u t l i n e d   p r o c e d u r e s .   Each  of  the  compounds  was  found  

to  be  e l e c t r o p h o t o s e n s i t i v e   as  ev idenced   by  o b t a i n i n g   a  nega t i ve   a p p e a -  

r ing  image  of  the  o r i g i n a l   on  one  e l e c t r o d e   and  a  complementary  image 

on  the  o ther   e l e c t r o d e .   Image  q u a l i t y   was  de termined   v i s u a l l y   h a v i n g  

regard   to  minimum  and  maximum  d e n s i t i e s ,   speed  and  co lor   s a t u r a t i o n .  

Examples  4 9 - 6 5  :  

Imaging  d i s p e r s i o n s   c o n t a i n i n g   the  Table  I  compounds  l i s t e d  

in  Table  II  were  p repa red   as  in  the  p rev ious   Examples  1-48.  Imag ing  

was  also  c a r r i e d   out  as  in  the  p rev ious   examples  except   the  p o l y m e r i c  

coa t ing   on  the  paper  cover ing   aluminum  r o l l e r   14  was  e i t h e r   Polymer  A 

and  Polymer  B  as  i n d i c a t e d   in  Table  I I .  

A  p o r t i o n   of  the  imaged  polymer  coated  paper  for  each  Table  I I  

compound  was  h e a t e d  a t   170°C  for  15  seconds.   The  sample  g e n e r a l l y  

changed  to  a  b r i g h t e r   hue  when  heated   in  the  polymer  c o a t i n g .   R e f l e c t i o n  

s p e c t r a   were  taken  of  both  the  unhea ted   and  hea ted   samples  using  d i f f u s e  

i l l u m i n a t i o n .   Resu l t s   are  r e p o r t e d   in  Table  I I .  





1.  E l e c t r i c a l l y   p h o t o s e n s i t i v e   p a r t i c l e s   for  e l e c t r o p h o r e t i c  

m i g r a t i o n   imaging  p r o c e s s e s   c h a r a c t e r i z e d   in  tha t   they  comprise  a  com- 
pound  having  the  f o l l o w i n g   f o r m u l a  :  

o r  

w h e r e i n :  

m  and  n  are  zero,   one  or  t w o  ;  

L 1 ,  L 2 ,  L 3 ,  L 4 ,  L 5 ,  L 6   and  L  r e p r e s e n t   hydrogen,   cyano,  a l k y l ,  
a r a l k y l ,   a ry l   or  h e t e r o c y c l y l ,   or  in  a d d i t i o n ,   any  two  of  L1,  L2  and  
L3  or  any  two  of  L4,  L5,  L6  and  L7  may  t o g e t h e r   r e p r e s e n t   the  a toms 
needed  to  complete  a  c a r b o c y c l i c   r ing  having  from  5-10  carbon  a t o m s  ;  

A   r e p r e s e n t s   an  a lky l   group,  a  s u b s t i t u t e d   or  u n s u b s t i t u t e d  

a ry l   group  or  a  s u b s t i t u t e d   or  u n s u b s t i t u t e d   h e t e r o c y c l i c   n u c l e u s  ;  
A2  r e p r e s e n t s   a  bas ic   s u b s t i t u t e d   or  u n s u b s t i t u t e d   h e t e r o c y c l i c  

nuc leus   s e l e c t e d   from  the  group  c o n s i s t i n g   o f  :   an  i m i d a z o l e ;   a  3 H - i n d o l e ;  

a  t h i a z o l e  ;   a  b e n z o t h i a z o l e  ;   a  n a p h t h o t h i a z o l e  ;   a  t h i a n a p h t h e n o - 7 ' , 6 ' -  

4 , 5 - t h i a z o l e  ;   an  o x a z o l e  ;   a  b e n z o x a z o l e  ;   a  n a p h t h o x a z o l e  ;   a  s e l e -  

n a z o l e  ;   a  b e n z o s e l e n a z o l e  ;  a   n a p h t h o s e l e n a z o l e  ;   a  t h i a z o l i n e ,   a  2 -  

q u i n o l i n e  ;   a  4 - q u i n o l i n e  ;   a  1 - i s o q u i n o l i n e   ;a  b e n z i m i d a z o l e ;   a  2 -  

p y r i d i n e  ;   a  4 - p y r i d i n e  ;   a  p y r r o l o [ 1 , 2 - a ] p y r i d i n e  ;   and  a  a c e n a p h t h o -  

t h i a z o l e  ;  
B1 and  B2  r e p r e s e n t   cyano,  ca rboxy ,   a l k o x y c a r b o r t y l ,   a r y l o x y c a r -  

bonyl ,   a lky l   s u l f o n y i ,   acy l ,   a r y l c a r b o n y l ,   n i t r o   s u b s t i t u t e d   a r y l ,  

s u l f o n y l ,   f l u o r o s u l f o n y l ,   t r i f l u o r o m e t h y l s u l f o n y l ,   carbamoyl ,   a r y l  

carbamoyl ,   a lky l   carbamoyl  or  h e t e r o y l   g r o u p s .  
2.  P a r t i c l e s   a c c o r d i n g   to  Claim  1  where in   A  is  a  nucleus   s e l e c -  

ted  from  the  group  c o n s i s t i n g   of  t h i o p h e n e ,   b e n z o [ b ] t h i o p h e n e ,   n a p h t h o -  
[ 2 , 3 - b ] t h i o p h e n e ,   fu ran ,   i s o b e n z o f u r a n ,   chromene,  pyran ,   xan thene ,   p y r -  

r o l e ,   2 H - p y r r o l e ,   p y r a z o l e ,   i n d o l i z i n e ,   i n d o l i n e ,   i n d o l e ,   3 H - i n d o l e ,  

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

m a n ,   i sochroman,   1 , 2 , 3 , 4 - t d t r a h y d r o q u i n o l i n e ,   4 H - p y r r o l o [ 3 , 2 , 1 - i j ] -  

q u i n o l i n e ,   1 , 2 - d i h y d r o - 4 H - p y r r o l o [ 3 . 2 . 1 - i j ] q u i n o l i n e  ;   1 , 2 , 5 , 6 - t e t r a -  

h y d r o - 4 H - p y r r o l o [ 3 , 2 , 1 - i j ] q u i n o l i n e  ; 1 H , 5 H - b e n z o [ i j ] q u i n o l i z i n e  ;  

2 , 3 - d i h y d r o - 1 H , S H - b e n z o [ i j ] q u i n o l i z i n e  ;   and  2 , 3 , 6 , 7 - t e t r a h y d r o - 1 H , 5 H -  



b a n z o [ i j ] q u i n o l i l z i n e ,   1 0 , 1 1 - d i h y d r o - 9 H - b e n z o [ a ] x a n t h e n - 8 - y l  ;   6 , 7 - d i h y -  

d r o - 5 H - b e n z o [ b ] p y r a n - 7 - y l  a n d   p y r r o l o [ 2 , 1 - b ]   b e n z o t h i a z o l e .  

3.  P a r t i c l e s   acco rd ing   to  Claim  1  w h e r e i n  :   A   r e p r e s e n t s   a 

s u b s t i t u t e d   or  u n s u b s t i t u t e d   nuc leus   s e l e c t e d   from  the  group  c o n s i s t i n g  

o f  i n d o l e  ;   1 , 2 , 5 , 6 - t e t r a h y d r o - 4 H - p y r r o l o [ 3 , 2 , 1 - i j ] q u i n o l i n e  ;   2 , 3 , 6 , 7 -  

h e t r a h y d r o - 1 H , 5 H - b e n z o [ i j ] q u i n o l i z i n e ,   and  p y r r o l o [ 2 , 1 - b ] b e n z o t h i a z o l e ;  
A2  r e p r e s e n t s   a  s u b s t i t u t e d   and  u n s u b s t i t u t e d   nucleus   s e l e c t e d  

from  the  group  c o n s i s t i n g   of  3 H - i n d o l e  ;   n a p h t h o t h i a z o l e  ;   b e n z i m i d a -  

z o l e  ;   2 - p y r i d i n e  ;   p y r r o l o [ 1 , 2 - a ] p y r i d i n e  ;   b e n z o x a z o l e  ;   b e n z o s e l e -  

n a z o l e j ;   and  a c e n a p h t h o t h i a z o l e  ;  
L1 ,L2 ,L3 ,L4 ,L5 ,L6   and  L  are  the  same  or  d i f f e r e n t   and  r e p r e s e n t  

hydrogen,   c y a n o , m e t h y l , p h e n y l ,   benzoyl ,   2 - t h i e n y l ,   b e n z o f u r y l ,   3 - d i c y a -  

n o m e t h y l e n e b u t y l ,   2 - o x o - 2 H - b e n z o [ b ] p y r a n - 3 - y l   and  2 - c y a n o - 2 - d i c y a n o -  

m e t h y l e n e e t h y l , o r   any  two  of  L ,  L2 and  L3,  or  L4,  L5,  L6 and  L7  r e p r e -  
sent  the  atoms  needed  to  complete  a  nuc leus   s e l e c t e d   from  the  g roup  

c o n s i s t i n g   of  d i h y d r o n a p h t h a l e n e ,   iH- indene   and  c y c l o h e x e n e  ;   and  
B1 and  B2  r e p r e s e n t   cyano,  ethoxy  c a r b o n y l ,   n a p h t h o y l ,   b e n z o y l ,  

f u r y o l ,   b e n z o f u r o y l ,   or  d ihydroxy  b e n z o y l .  
4.  P a r t i c l e s   a c c o r d i n g   to  Claim  1  wherein   said  m a t e r i a l   has  a  

formula  s e l e c t e d   from  the  fo l lowing   g r o u p  :  





and  
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