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Pressure  sensitive  recording  sheets. 

@  imuic  ociisuivc  iciuiuiiiy  sneers  are  prepared  cnar- 
acterized  by  containing  on  one  side  thereof  color  former 
Jissolved  in  a  solvent  which  is  one  or  a  mixture  of  alkoxy 
Jiphenyl  alkanes  having  the  following  structure: 
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vnere  nlf  n2,  «3  ana  h4  are  m  or  a  straignt  or  branched  chain 
ilkyl  group  of  1  to  8  carbon  atoms  and  can  be  the  same  or 
lifferent;  Rs  is  a  straight  or  branched  chain  alkyl  group  of  1 
o  9  carbon  atoms;  R6  is  a  straight  or  branched  chain  alkyl 
iroup  of  1  to  8  carbon  atoms;  x  is  0,  1  or  2;  y  is  1  or  2  and  n  is 
or  2,  with  the  proviso  that  the  sum  of  the  carbon  atoms  in 

ii.  R2.  R3.  R4.  Rs  and  R6  does  not  exceed  9  and  with  the 
urther  proviso  that  where  the  alkoxy  diphenyl  alkane  is  a 
olid  to  viscous  liquid,  at  least  one  diluent  or  at  least  one 

Jther  generally  liquid  solvent  or  mixture  thereof  is  present, rhe  treated  side  of  the  sheet  is  brought  into  contact  with  a 
Jeveloper.  Upon  application  of  pressure,  color  is  produced 
jy  reaction  between  the  color  former  and  the  developer. 
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Pressure  sensitive  recording  sheets  are  prepared  char- 
acterized  by  containing  on  one  side  thereof  color  former 
dissolved  in  a  solvent  which  is  one  or  a  mixture  of  alkoxy 
diphenyl  alkanes  having  the  following  structure: 

where  R1,  R2,  R3  and  R4  are  H  or  a  straight  or  branched  chain 
alkyl  group  of  1  to  8  carbon  atoms  and  can  be  the  same  or 
different;  Rs  is  a  straight  or  branched  chain  alkyl  group  of  1 
to  9  carbon  atoms;  R6  is  a  straight  or  branched  chain  alkyl 
group  of  1  to  8  carbon  atoms;  x  is  0,  1 or  2;  y  is  1  or  2  and  n  is 
1  or  2,  with  the  proviso  that  the  sum  of  the  carbon  atoms  in 
Ri,  R2,  R3,  R4,  Rs  and  R6  does  not  exceed  9  and  with  the 
further  proviso  that  where  the  alkoxy  diphenyl  alkane  is  a 
solid  to  viscous  liquid,  at  least  one  diluent  or  at  least  one 

other  generally  liquid  solvent  or  mixture  thereof  is  present. The  treated  side  of  the  sheet  is  brought  into  contact  with  a 
developer.  Upon  application  of  pressure,  color  is  produced 
by  reaction  between  the  color  former  and  the  developer. 



BACKGROUND  OF  THE  INVENTION 

1.  Field  of  the  I n v e n t i o n  

This  i nven t ion   r e l a t e s   to  p r e s s u r e   s e n s i t i v e   r e c o r d i n g   s h e e t s .  

2.  D e s c r i p t i o n   of  the  P r i o r   A r t  

P r e s su re   s e n s i t i v e   record   m a t e r i a l s   are  known.  For  example,  a 

f i r s t   s h e e t ,   g e n e r a l l y   paper ,   is  t r e a t e d   on  one  side  with  a  coa t ing   o f  

m i c r o c a p s u l e s   c o n t a i n i n g   a  s o l u t i o n   of  co lo r   former.   A  second  sheet   i s  

t r e a t e d   on  one  side  with  a  d e v e l o p e r   ( c o r e a c t a n t   m a t e r i a l )   such  as  a c i d i c  

clay  or  po lymer ic   m a t e r i a l .   When  the  coated  side  of  both  sheets   a r e  

brought   in to   c o n t a c t   with  each  o the r   and  p r e s s u r e   app l i ed   to  the  f i r s t  

s h e e t ,   e . g . ,   by  p e n c i l ,   pen  or  t y p e w r i t e r ,   the  m i c r o c a p s u l e s   are  r u p t u r e d  

and  the  co lo r   former  is  r e l e a s e d   and  comes  in to   con t ac t   with  the  s e c o n d  

sheet   c o n t a i n i n g   the  deve lope r .   A  co lo r   is  produced  by  r e a c t i o n   be tween  

the  co lor   former  and  the  d e v e l o p e r .  

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

paper  which  are  p a r t i c u l a r l y   d i r e c t e d   to  the  s e l e c t i o n   of  the  so lven t   f o r  

the  co lor   former  are  set  fo r th   be low.  

Pa ten t   No.  3 , 8 3 6 , 3 8 3  -   K i r i t a n i   et  a l  -   September  1 7 ,  1 9 7 4  

d i s c l o s e s   as  the  so lven t   two  alkyl  s u b s t i t u t e d   benzene  nuclei   c o n n e c t e d  

by  -CnH2n-  and  -CH(CH 3)-. 

Pa ten t   No.  3 , 9 3 6 , 5 6 6  -   Sato  et  a l  -   February  3,  1976  d i s c l o s e s  

as  the  s o l v e n t   the  r e ac t i on   product   of  s t y r e n e   and  alkyl  s u b s t i t u t e d  

a romat ic   h y d r o c a r b o n s .  

Pa ten t   No.  4 , 1 3 0 , 2 9 9  -   Wygant -   December  19,  1978  d i s c l o s e s  

b e n z y l a t e d   xylenes   as  the  s o l v e n t .  

One  of  the  problems  c o n f r o n t i n g   the  ar t   is  the  s e l e c t i o n   of  t h e  

so lven t   for  the  color   former.  A  number  of  c r i t e r i a   r e l a t i n g   to  the  s e l e c -  

t ion  of  the  so lven t   in  manufac ture   of  p r e s s u r e   s e n s i t i v e   paper  a r e :  

The  so lven t   must  d i s s o l v e   the  co lo r   f o r m e r .  

T h e  s o l v e n t   must  have  reduced  v i s c o s i t y .  



The  s o l v e n t   must  have  minimal  o d o r .  

The  s o l v e n t   must  not  i n h i b i t   co lo r   d e v e l o p m e n t .  

As  the  a r t   has  d e m o n s t r a t e d ,   t h e r e   is  no  one  u n i v e r s a l   or  c o m p l e t e l y  

a c c e p t a b l e   s o l v e n t .   A l l ,   to  some  degree  have  u n d e s i r a b l e   p r o p e r t i e s  

such  as  t o x i c i t y ,   odor ,   i n h i b i t i o n   of  c o l o r   deve lopment ,   e tc .   F u r t h e r ,  

as  po in ted   out  in  United  S t a t e s   P a t e n t   No.  4 ,130 ,299   the re   s t i l l   r e m a i n s  

a  lack  of  u n d e r s t a n d i n g   of  r o u t e s   to  odor  improvement .   This  is  b o r n e  

out  by  the  f a c t   t h a t   the  p r i o r   a r t   has  approached   the  problem  by  d e p e n d i n g  

upon  m o d i f i c a t i o n s   of  the  s o l v e n t   which  are  p o s i t i o n   isomers  or  w h i c h  

i n t r o d u c e   a d d i t i o n a l   a lkyl   groups  on  known  hydrocarbon   m o i e t i e s .  

SUMMARY  OF  THE  INVENTION 

P r e s s u r e   s e n s i t i v e   r e c o r d i n g   s h e e t s   are  p repared   wherein  t h e  

c o l o r   former  is  d i s s o l v e d   in  a  s o l v e n t   which  is  one  or  a  mix ture   o f  

a lkoxy  d i p h e n y l ' a l k a n e s   having  the  f o l l o w i n g   s t r u c t u r e :  

where  R1,  R2,  R3  and  R4  are  H  or  a  s t r a i g h t   or  branched  chain  a lkyl   g r o u p  

of  1  to  8  carbon  atoms  and  can  be  the  same  or  d i f f e r e n t ;   R5  is  a  s t r a i g h t  

or  branched  chain  a lkyl   group  of  1  to  9  carbon  atoms;  R6  is  a  s t r a i g h t   o r  

branched  chain  a lkyl   group  of  1  to  8  carbon  atoms;  x  is  0,  1  or  2;  y  is  I 

or  2  and  n  is  1  or  2,  with  the  p rov i so   t h a t   the  sum  of  the  carbon  a toms  

in  R1,  R23  R3,  R4,  R5  and  R6  does  not  exceed  9   and  with  the  f u r t h e r  

p r o v i s o   t h a t   where  the  alkoxy  d iphenyl   a lkane   is  a  s o l i d   to  v i s c o u s  

l i q u i d ,   at  l e a s t   one  d i l u e n t   or  at  l e a s t   one  o the r   g e n e r a l l y   l i q u i d  

s o l v e n t . o r   m i x t u r e   t h e r e o f   is  p r e s e n t .   Where  the  va r ious   R  s u b s t i t u e n t s  

are  a l k y l ,   they  may  be  s t r a i g h t   or  branched  chain  such  as  methyl ,   e t h y l ,  

.  n - p r o p y l ,  i s o p r o p y l ,   n -bu ty l  ,   i s o b u t y l ,   s econdary   b u t y l ,   t e r t i a r y   b u t y l ,  



Although  not  c r i t i c a l ,   t h e r e   can  be  d i s s o l v e d   i n  t h e  s o l v e n t  

from  about   1  per  cent  by  weight   to  about   10  per  cent  by  weigh t ,   u s u a l l y  

from  about  2  p e r c e n t   by  weight   to  about   5  per  cent  by  weight ,   of  t h e  

co lo r   former  based  on  the  weight   of  the  s o l v e n t .   The  s o l u t i o n   of  c o l o r  

former ,   e . g . ,   in  the  form  of  m i c r o c a p s u l e s ,   is  a p p l i e d   to  one  s u r f a c e  

of  a  s h e e t ,   which  s u r f a c e   is  b rought   in to   c o n t a c t   with  the  s u r f a c e   of  a 

second  sheet   c o n t a i n i n g   the  d e v e l o p e r .   A l t e r n a t i v e l y   the  f i r s t   s h e e t  

which  is  coated  with  t h e  c o l o r   former  is  f u r t h e r   coated  with  t h e  

d e v e l o p e r . .   In  both  c a s e s ,   upon  the  a p p l i c a t i o n   of  p r e s s u r e ,   e . g . ,   by 

p e n c i l ,   pen  or  t y p e w r i t e r ,   the  co lo r   former   is  r e l e a s e d ,   e . g . ,   by  r u p t u r e  

of  the   m i c r o c a p s u l e s ,   so  t h a t   i t   comes  in to   c o n t a c t   with  the  d e v e l o p e r  

whereupon  co lo r   is  p r o d u c e d .  

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

The  S o l v e n t  

The  s o l v e n t s   for  the  co lo r   former  are  one  or  a  mixture   of  a l k o x y  

diphenyl   a lkanes   having  the  f o l l o w i n g   s t r u c t u r e :  

where  R1,  R2,  R3  and  R4  are  H  or  a  s t r a i g h t   or  branched  chain  alkyl   g roup  

of  1  to  8  carbon  atoms  and  can  be  the  same  or  d i f f e r e n t ;   RS  is  a  s t r a i g h t  

or  branched  chain  a lkyl   group  of  1  to  9  carbon  atoms;  R6  is  a  s t r a i g h t   o r  

branched  chain  alkyl   group  of  1  to  8  carbon  atoms;  x  is  0,  1  or  2;  y  is  1 

or  2  and  n  is  1  or  2,  with  the  p rov i so   t h a t   the  sum  of  the  carbon  atoms 

in  R1,  R2,  R3,  R4,  R5  and  R6  does  not  exceed  9  and  with  the  f u r t h e r   p r o v i s o  

t h a t   where  the  alkoxy  diphenyl   a lkane  is  a  s o l i d   to  v iscous  l i q u i d ,   a t  

l e a s t   one  d i l u e n t   or  at  l e a s t   one  o the r   g e n e r a l l y   l i q u i d   s o l v e n t   o r  

mix tu re   t h e r e o f   is  p r e s e n t .   Where  the   va r ious   R  s u b s t i t u e n t s   a r e  

a l k y l ,   they  may  be  s t r a i g h t   or  branched  chain  such  a s  



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

t e r t i a r y   b u t y l ,   n - p e n t y l ,   n e o p e n t y l ,   hexyl ,   h e p t y l ,   2 -e thy l   h e x y l ,  

n - o c t y l   or  n o n y l .  

Examples  of  a lkoxy  d iphenyl   a lkanes   are  one  or  a  mixture   o f :  

the  methyl  e t h e r   of  s t y r e n a t e d   phenol ;   the  methyl  e t h e r   of  d i s t y r e n a t e d  

pheno l ;   the  n-buty l   e t h e r   of  s t y r e n a t e d   phenol ;   the  n -bu ty l   e ther   o f  

d i s t y r e n a t e d   phenol;   the  n -p ropy l   e the r   of  s t y r e n a t e d   phenol;   the  methyl  

e t h e r   of  alpha  methyl  s t y r e n a t e d   phenol ;   2-methoxy  diphenyl   methane  (m.p .  

29 -30°C) ;   4-methoxy  d iphenyl   methane;   4 -e thoxy   d iphenyl   methane;  4 - m e t h o x y -  

2-methyl   d iphenyl   methane;  2 - e t h y l - 4 - b e n z y l   a n i s o l e ;   1 - p h e n y l - 1 - ( o - m e t h o x y -  

t o l y l )   e thane ;   1 - p h e n y l - 1 - ( m - m e t h o x y t o l y l )   ethane  (m.p.  63°C);  1 - p h e n y l - 1 -  

( 2 - m e t h o x y p h e n y l )   propane;   1 -pheny l -1   (2 -methoxypheny l )   e thane  (m.p.  26°C) ;  

bis  (2 -me thoxypheny l )   methane  (m.p.  66°C);  2 - m e t h o x y p h e n y l - 4 - m e t h o x y p h e n y l  

methane  (m.p.  26-28°C);   bis  (4 -me thoxypheny l )   methane  (m.p.  51-53°C);   b i s  

( 2 - e t h o x y p h e n y l )   methane  (m.p.  84-85°C) ;   2 - e t h o x y p h e n y l - 4 ' - e t h o x y p h e n y l  

methane  (m.p.  60-63°C);   bis  ( 4 - e t h o x y p h e n y l )   methane  (m.p.  38°C);  bis  ( 4 -  

m e t h o x y - 2 - m e t h y l p h e n y l )   methane  (m.p.  69°C);  bis  ( 4 - m e t h o x y - 3 - m e t h y l p h e n y l )  

m e t h a n e   (m.p.  24°C);  bis  ( 6 - m e t h o x y - 3 - m e t h y l p h e n y l )   methane  (m.p.  55°C) ;  

bis  ( 6 - m e t h o x y - 3 - p r o p y l p h e n y l )   methane  (m.p.  51°C);  6 , 4 ' - d i m e t h o x y - 3 - m e t h y l -  

d ipheny l   methane  (m.p.  74°C) ;   1 , 1 - b i s   (4 -methoxyphenyl )   ethane  (m.p.  5 9 . 4 ,  

72°C);   1 , 1 - b i s   (4 -me thoxypheny l )   propane  (m.p.  44°C);  2 , 2 - b i s   ( 4 - m e t h o x y -  

phenyl )   propane  (m.p.  5 9 - 6 1 . 5 ° C ) ;   2 , 2 - b i s   ( 4 - e t h o x y p h e n y l )   propane  (m.p.  

49 -50°C) ;   2 , 2 - b i s   ( 4 - p r o p o x y p h e n y l )   propane;   1 , 1 - b i s   ( 4 - m e t h o x y p h e n y l )  

bu t ane ;   2 - e t h y l - 1 , 1 - b i s   ( 4 -me thoxypheny l )   butane;   3 - m e t h y l - 1 , 1 - b i s   ( 4 -  

me thoxypheny l )   butane;   1 , 1 - b i s   (4 -methoxyphenyl )   hep tane ;   1 , 1 - b i s   ( 6 -  

m e t h o x y - 3 - m e t h y l p h e n y l )   e t h a n e .  

This  c l a s s   of  compounds  has  been  found  to  be  un ique ly   e f f e c t i v e  

as  s o l v e n t s   for  the  co lo r   former .   Whereas  i t   would  be  expected  tha t   a 

compound  having  a  pheno l i c   hydroxyl  such  as  s t y r e n a t e d   phenol  would  be  

use fu l   s ince   the  p resence   of  the  pheno l ic   hydroxyl  would  r a i se   the  b o i l i n g  



p o i n t ,   t h e r e b y   reducing  the  vapor  p r e s s u r e   and  reducing  odor,   s a c h  c o m o u n d  

is  not  d e s i r a b l e .   This  is  because   the  pheno l ic   hydroxyl  would  r eac t   w i t h  

the  co lo r   former.   F u r t h e r ,   the  p h e n o l i c   c h a r a c t e r   i t s e l f   is  r e s p o n s i b l e  

for  u n d e s i r a b l e   odor ,   t o x i c i t y   and  i n c r e a s e d   v i s c o s i t y .   Thus,  the  t r a n s -  

fo rma t ion   of  the  pheno l i c   moiety  to  an  e t h e r   moiety  removes  the  u n d e s i r a b l e  

p r o p e r t i e s   a t t r i b u t a b l e   to  the  p h e n o l i c   moiety  while  r e t a i n i n g   i t s   d e s i r a b l e  

p r o p e r t i e s .   That  i s ,   the  u n d e s i r a b l e   pheno l i c   odor  is  e l i m i n a t e d   and  

r e p l a c e d   by  a  more  t o l e r a b l e   e t h e r   odor ,   the  r e a c t i v i t y   with  the  c o l o r  

former  has  been  e l i m i n a t e d   by  b l o c k i n g   the  pheno l i c   hydroxyl  and  t h e  

v i s c o s i t y   is  reduced.   Another  advan tage   of  the  use  of  alkoxy  d i p h e n y l  

a lkanes   as  s o l v e n t s   is  t h a t   where  the  s o l u t i o n   of  co lo r   former  and  s o l v e n t  

has  water   p r e s e n t   such  as  the  water   p r e s e n t   from  the  e n c a p s u l a t i o n   p r o c e d u r e ,  

the  s o l v e n t   vapor  p r e s s u r e   is  reduced  by  hydrogen  bond ing   of  water   with  t h e  

e t h e r   oxygen  of  the  s o l v e n t .  T h i s   b r ings   about  a  r educ t ion   of  odor.  Wate r  

can  be  p r e s e n t   in  an  amount  up  to  the  s o l u b i l i t y   l i m i t   of  the  water  in  t h e  

s o l u t i o n   of  s o l v e n t   and  co lo r   f o r m e r .  

With  r e s p e c t   to  the  alkoxy  d iphenyl   alkane  s o l v e n t s   odor  i s  

u s u a l l y   more  a c c e p t a b l e   with  those  s o l v e n t s   having  lower  vapor  p r e s s u r e s .  

Lower  vapor  p r e s s u r e   is  u s u a l l y   a s s o c i a t e d   with  h igher   molecu la r   w e i g h t s .  

The  alkoxy  diphenyl   a lkanes   can  be  prepared   by  known  m e t h o d s ,  

many  of  these   compounds  and  t h e i r   p r e p a r a t i o n s   being  r epor t ed   in  t h e  

l i t e r a t u r e .   Where  the  alkoxy  d iphenyl   a lkanes   are  prepared  in  par t   f rom 

s t y r e n e   or  alpha  methyl  s t y r e n e ,   the  f o l l o w i n g   two  routes   can  be  employed.  

One  route  invo lves   r e a c t i o n   between  s ty rene   or  a l p h a - m e t h y l  

s t y r e n e   and  phenol  or  c resol   ( o r t h o ,   meta,  para  or  m ix tu re s )   in  the  p r e s e n c e  

of  an  acid  c a t a l y s t   to  form  s t y r e n a t e d   phenol  or  s u b s t i t u t e d   s t y r e n a t e d  

phenol .   Usua l l y ,   the  s ty rene   and  the  phenol  or  c reso l   are  reac ted   in  a 

mole  r a t i o   of  about  1  to  2:1  to  4.  This  is  fol lowed  by  a l k y l a t i o n   of  t h e  

s t y r e n a t e d   phenol  to  give  the  c o r r e s p o n d i n g   e the r .   A l k y l a t i o n   ( e t h e r  

f o r m a t i o n )   can  be  achieved  by  r e a c t i o n   of  the  s t y r e n a t e d   phenol  with  a l k y l  

h a l i d e s   or  alkyl  s u l f a t e s   in  the  p re sence   of  sodium  hydroxide .   Useful  



Useful  a lky l   s u l f a t e s   are  dimethyl   s u l f a t e   and  d i e t h y l   s u l f a t e .   E t h e r  

f o r m a t i o n   can  a l so   be  a c h i e v e d   by  the  acid  c a t a l y z e d   a d d i t i o n   of  s t y r e n -  

ated  phenol  to  o l e f i n s   such  as  e t h y l e n e ,   p r o p y l e n e ,   i s o b u t y l e n e ,   b u t e n e - 1 ,  

p e n t e n e s ,   hexenes   and  h e p t e n e s .  

A l t e r n a t i v e l y ,   the  phenol  or  c r e so l   can  be  c o n v e r t e d   to  t h e  

e t h e r   d e r i v a t i v e   by  e i t h e r   of  the  a l k y l a t i o n   p r o c e d u r e s   d e s c r i b e d   a b o v e .  

The  r e s u l t i n g   e t h e r   is  then  r e a c t e d   with  s t y r e n e   or  a l p h a - m e t h y l   s t y r e n e .  

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

s o l v e n t s   of  the  p r e s e n t   i n v e n t i o n   may  be  p r e p a r e d   a c c o r d i n g   to  w e l l - k n o w n ,  

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

s h e e t   which  c o n t a i n s   the  co lo r   former   and  the  second  s h e e t   c o n t a i n i n g   t h e  

d e v e l o p e r   or  the   s i n g l e   s h e e t   c o n t a i n i n g   b o t h  c o l o r   former  and  d e v e l o p e r  

on  the  same  s ide   of  the  shee t   or  c o n t a i n i n g   the  c o l o r   fo rmer   and  d e v e l o p e r  

on  o p p o s i t e   s i d e s   of  the  same  s h e e t   are  to  be  found  in  the  l i t e r a t u r e -   and 

such  methods  do  not  c o n s t i t u t e   a  p a r t   of  the  p r e s e n t   i n v e n t i o n .   S i m i l a r l y ,  

f o r m a t i o n   and  a p p l i c a t i o n   o f  m i c r o c a p s u l e s   of  c o l o r   former   and  s o l v e n t   o r  

c o l o r   fo rmer   and  s o l v e n t   d i s p e r s e d   in  a  b i n d e r   onto  a  shee t   is  f u l l y  

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

c o n v e n t i o n a l   s o l v e n t s   in  o rde r   to  produce  improved  p r e s s u r e - s e n s i t i v e  

copying  s y s t e m s .  

It  must  be  r e c o g n i z e d   t h a t   some  of  the  a lkoxy  d ipheny l   a l k a n e s  

are  s o l i d s   to  v i s c o u s   l i q u i d s .   However,  in  many  i n s t a n c e s ,   p r e p a r a t i o n  

w i t h o u t   p u r i f i c a t i o n   g e n e r a l l y   wil l   y i e l d   l i q u i d   m a t e r i a l s .   Be  t h a t   a s  

i t   may,  a lkoxy   d iphenyl   a lkanes   which  are  l i q u i d s   at  room  t e m p e r a t u r e   may 

be  used  a l o n e , w i t h   d i l u e n t s   or  even  with  known  s o l v e n t s   which  are  g e n e r a l l y  

l i q u i d s   or  wi th   m i x t u r e s   of  the  f o r e g o i n g .   Alkoxy  d iphenyl   a lkanes   w h i c h  

are  s o l i d s ,   s e m i s o l i d s   or  v i s cous   l i q u i d s   at  room  t e m p e r a t u r e   must  be  u sed  

in  c o m b i n a t i o n   w i t h . a n o t h e r   g e n e r a l l y   l i q u i d   s o l v e n t   which  can  be  a l k o x y  

d ipheny l   a l k a n e   or  known  s o l v e n t   or  with  d i l u e n t s   or  with  m ix tu r e s   of  t h e  

f o r e g o i n g   in  o r d e r   to  p rov ide   a  m ix tu re   having  the  e q u i s i t e   degree   o f  



l i q u i d i t y   for  use  in  p r e s s u r e - s e n s i t i v e   r eco rd ing   s y s t e m s .  

For  purposes   of  t h i s   i n v e n t i o n   the  term  " d i l u e n t "   i n c l u d e s   i n e r t  

or  s u b s t a n t i a l l y   i n e r t   m a t e r i a l s   which  are  of  l i t t l e   p r a c t i c a l   use  a l o n e  

as  dye  s o l y e n t s ,   e i t h e r   because  they  have  poor  s o l v a t i n g   power  for   t h e  

color   former  or  because  they  act  in  some  way  to  i n h i b i t   the  d e v e l o p m e n t  

of  co lor .   F u r t h e r ,   a  d i l u e n t   should  not  be  s e l e c t e d   which  worsens  the  o d o r .  

For  example,   one  par t   by  weight   of  a lkoxy  diphenyl   a lkane  may  be  admixed 

with  from  0  to  about  t h ree   par t s   by  weight   of  d i l u e n t   for  each  pa r t   o f  

s o l v e n t .   Where  the  alkoxy  diphenyl   a lkane  is  s o l i d   to  v iscous  l i q u i d ,   t h e  

minimum  amount  of  d i l u e n t   is  tha t   amount  r e q u i r e d   to  provide  the  r e q u i s i t e  

degree  of  l i q u i d i t y .   Useful  d i l u e n t s   are  one  or  a  mixture  of  mineral   o r  

vege t ab l e   o i l s ,   such  as  ke ro sene ,   p a r a f f i n   o i l ,   mineral   s p i r i t s ,   n e a t s f o o t  

o i l ,   sperm  o i l ,   lard  o i l ,   o l ive   o i l ,   soybean  o i l ,   c o t t o n s e e d   o i l ,   c o c o n u t  

o i l ,   or  r apeseed   o i l ,   or  a n  o r g a n i c   aryl  compound  such  as  aromat ic   naphtha  o r  

Cl-12  alkyl   benzene.   Monoalkylbenzene  m i x t u r e s ,   sometimes  c a l l e d   " a l k y l a t e s " ,  

are  p a r t i c u l a r l y   useful   as  d i l u e n t s   with  dye  s o l v e n t s   of  th is   i n v e n t i o n .  

Such  a l k y l a t e s   are  commerc ia l ly   a v a i l a b l e   as  i n t e r m e d i a t e s   for  the  manu- 

f a c t u r e   of  a n i o n i c   l i q u i d   and  so l id   d e t e r g e n t s .   Typical   is  a  mono-C10  t o  

C15  a l k y l b e n z e n e   m i x t u r e .  

The  d i l u e n t s   r e f e r r e d   to  he re in   func t ion   to  a l t e r   p h y s i c a l  

p r o p e r t i e s   of  the  s o l v e n t   such  as  v i s c o s i t y   or  vapor  p re s su re   as  may  be 

d e s i r e d   for  hand l ing   or  p r o c e s s i n g   c o n s i d e r a t i o n s   or  for  impar t ing   t h e  

r e q u i s i t e   degree  of  l i q u i d i t y .   The  d i l u e n t s   may  also  serve  to  reduce  t h e  

t o t a l   cost   of  the  s o l v e n t   in  the  s y s t e m .  

The  s o l v e n t s   may  also  con ta in   c e r t a i n   a d d i t i v e s   s p e c i f i c a l l y  

in tended   to  a l t e r   or  con t ro l   the  f ina l   p r o p e r t i e s   of  the  f l u i d ,   as  f o r  

example  v i s c o s i t y   con t ro l   agen t s ,   vapor  p r e s su re   cont ro l   agen t s ,   f r e e z i n g  

point   depressants ,   a n t i o x i d a n t s ,   and  the  l i k e .  

Where  knownsolvents   are  used  with  e i t h e r   the  l i qu id   or  the  s o l i d  

to  viscous  l i q u i d   alkoxy  diphenyl  alkane  s o l v e n t s ,   the  p r o p e r t i e s   of  t h e  



of  the  known  s o l v e n t s   are  improved  depending   upon  the  amount  of  a l k o x y  

diphenyl   a lkane   p r e s e n t .  

The  t o t a l   q u a n t i t y   of  known  s o l v e n t   plus  a lkoxy  diphenyl   a l k a n e  

when  used  w i t h  t h e   co lor   former  should  f a l l   w i th in   the  ranges   h e r e t o f o r e  

set   for  the  alkoxy  diphenyl   a lkane   a l o n e .  

The  Color  Former  

The  s o l v e n t s   of  the  p r e s e n t   i n v e n t i o n   are  u t i l i z e d   in  combina-  

t ion  with  one  or  more  co lo r   fo rmers   of  no rmal ly   c o l o r l e s s   form.  C o l o r  

formers   which  r eac t   with  the  d e v e l o p e r   to  produce  co lo r   when  used  in  t h e  

p r e s e n t   i n v e n t i o n   are  not  e s p e c i a l l y   l i m i t e d ' a n d   any  c o n v e n t i o n a l   c o l o r  

former  can  be  employed.  R e p r e s e n t a t i v e   examples  of  t h e s e   co lo r   f o r m e r s  

are:   t r i a r y l m e t h a n e   compounds  such  as  3 , 3 - b i s   ( p - d i m e t h y l a m i n o p h e n y l ) -  

6 - d i m e t h y l a m i n o p h t h a l i d e ,   i . e . ,   C rys t a l   V io l e t   Lac tone ,   3 , 3 - b i s ( p - d i m e t h y l -  

a m i n o p h e n y 1 ) p h t h a 1 i d e ,   3 - ( p - d i m e t h y l a m i n o p h e n y l ) - 3 - ( 1 , 2 - d i m e t h y l   i n d o l - 3 - y l )  

p h t h a l i d e ,   3 - ( p - d i m e t h y l a m i n o p h e n y l ) - 3 - ( 2 - m e t h y l i n d o l - 3 - y l ) p h t h a l i d e ,   3 -  

( p - d i m e t h y l a m i n o p h e n y l ) - 3 - ( 2 - p h e n y l i n d o l - 3 - y l ) p h t h a l i d e ,   3 , 3 - b i s ( 1 , 2 - d i m e t h y l -  

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

d i m e t h y l a m i n o p h t h a l i d e ,   3 , 3 - b i s ( 9 - e t h y l c a r b a z o l e - 3 - y l ) - 5 - d i m e t h y l a m i n o -  

p h t h a l i d e ,   3 , 3 - b i s ( 2 - p h e n y l i n d o l - 3 - y l ) - 5 - d i m e t h y l a m i n o p h t h a l i d e ,   3 - p - d i m e t h y l -  

a m i n o p h e n y l - 3 - ( 1 - m e t h y l p y r o l - 2 - y l ) - 6 - d i m e t h y l a m i n o p h t h a l i d e ,   and  the  l i k e ;  

d i p h e n y l m e t h a n e   compounds  such  as  4 , 4 ' - b i s - d i m e t h y l a m i n o b e n z h y d r i n   b e n z y l  

e t h e r ,   N - h a l o - ( e . g . ,   i odo - ,   c h l o r o - ,   b r o m o - ) p h e n y l - l e u c o a u r a m i n e ,   N - 2 , 4 , 5 -  

t r i c h l o r o p h e n y l   l e u c o a u r a m i n e ,   and  the  l i k e ;   xan thene   compounds  such  as  

Rhodamine  B - a n i l i n o l a c t a m ,   Rhodamine  B - p - n i t r o a n i l i n o l a c t a m ,   Rhodamine  B-p-  

c h l o r o a n i l i n o l a c t a m ,   7 - d i m e t h y l a m i n o - 2 - m e t h o x y f l u o r a n ,   7 - d i e t h y l a m i n o - 2 -  

m e t h o x y f l u o r a n ,   7 - d i e t h y l a m i n o - 3 - m e t h o x y f l u o r a n ,   7 - d i e t h y l a m i n o - 3 - c h l o r o -  

f l u o r a n ,   7 - d i e t h y l a m i n o - 3 - c h l o r o - 2 - m e t h y l f l u o r a n ,   7 - d i e t h y l a m i n o - 2 , 2 -  

d i m e t h y l f l u o r a n ,   7 - d i e t h y l a m i n o - 3 - a c e t y l m e t h y l a m i n o f l u o r a n ,   7 - d i e t h y l a m i n o -  

3 ' - m e t h y l a m i n o f l u o r a n ,   3 , 7 - d i e t h y l a m i n o f l u o r a n ,   7 - d i e t h y l a m i n o - 3 - d i b e n z y l -  

amino  f l u o r a n ,   7 - d i e t h y l a m i n o - 3 - m e t h y l b e n z y l a m i n o f l u o r a n ,   3 - d i e t h y l a m i n o - 7 -  



p h e n y l a m i n o - 6 - m e t h y l f i u o r a n ,   7 - d i e t h y l a m i n o - 3 - c h l o r o e t h y l m e t h y l a m i n o f l u o r a n ,  

7 - d i e t h y l a m i n o - 3 - d i e t h y l a m i n o f l u o r a n ,   and  the  l i k e ;   t h i a z i n e   compounds  such 

as  benzoyl  leuco  methylene   b lue ,   p - n i t r o b e n z o y l l e u c o   methylene  b lue ,   and  t h e  

l i k e ;   sp i ro   compounds  such  as  3 - m e t h y l - s p i r o - d i n a p h t h o p y r a n ,   3 - e t h y l - s p i r o -  

d i n a p h t h o p y r a n ,   3 , 3 ' - d i c h l o r o - s p i r o - d i n a p h t h o p y r a n ,   3 - b e n z y l s p i r o - d i n a p h t h o -  

pyran,   3 - m e t h y l - n a p h t h o - ( 3 - m e t h o x y - b e n z o ) - s p i r o - p y r a n ,   3 - p r o p y l - s p i r o -  

d i b e n z o p y r a n ,   and  the  l i k e ,   and  mix tu res   t h e r e o f .  

The  co lo r   formers   l i s t e d   above  produce  co lo r   when  the  co lor   f o r m e r  

is  b rought   into  c o n t a c t   with  a c i d i c   d e v e l o p e r s .   Of  cou r se ,   o the r   c o l o r  

formers  t ha t   produce  co lo r   by  o the r   mechanisms  can  be  used  as  wel l .   It  i s  

only  n e c e s s a r y   t ha t   the  a p p r o p r i a t e   d e v e l o p e r   is  u s e d .  

D e v e l o p e r  

The  d e v e l o p e r   or  c o r e a c t a n t   m a t e r i a l   can  be  any  conven t iona l   ma te -  

r ia l   useful   for   t h i s   purpose .   Useful  d e v e l o p e r s   for   the  preceding   c o l o r  

formers  are  a c i d i c   m a t e r i a l s   such  as  a c i d i c   c lays   and  a c id i c   p o l y m e r i c  

m a t e r i a l s .   Examples  are  i n o r g a n i c   a c i d i c   m a t e r i a l s   such  as  b e n t o n i t e ,   z i n c  

oxide ,   k a o l i n ,   c l ay ,   a c t i v e   c l ay ,   acid  c l ay ,   z e o l i t e ,   b e n t o n i t e ,   a t t a p u l g i t e ,  

t a l c ,   c o l l o i d a l   s i l i c a ,   etc.   and  a c i d i c   polymers  such  as  pheno la ldehyde   r e s i n ,  

maleic   a c i d - r o s i n ,   h y d r o l y s i s   product   of  s t y r e n e m a l e i c   anhydr ide   c o p o l y m e r s ,  

h y d r o l y s i s   p roduct   of  e t h y l e n e - m a l e i c   anhydr ide   copolymer ,   c a r b o x y p o l y e t h y l -  

ene,  h y d r o l y s i s   p roduc t   of  vinyl  methyl  e t h e r - m a l e i c   anhydr ide   c o p o l y m e r ,  

e t c .  

Of  c o u r s e ,   o the r   deve lope r s   which  employ  o the r   methods  of  d e v e l o p -  

ing  co lor   in  a  co lo r   former  can  be  used  as  wel l .   It  is  only  n e c e s s a r y   t h a t  

the  a p p r o p r i a t e   co lo r   former  is  u sed .  

Recording  S h e e t s  

P re s su re   s e n s i t i v e   r eco rd ing   shee t s   are  well-known  in  the  ar t   and 

the  p r e sen t   i n v e n t i o n   is  not  l i m i t e d   to  any  s p e c i f i c   form  of  or  p r e p a r a t i o n  

of  same.  That  i s ,   the  co lor   former  can  be  m i c r o e n c a p s u l a t e d   or  d i s p e r s e d  

in  a  b inder   by  known  means  a n d . a p p l i e d   to  a  suppor t   such  as  a  s h e e t   which  t  



can  be  p a p e r ,   r e s i n   coated  paper  or  p l a s t i c .   The  d e v e l o p e r   can  be  a p p l i e d  

as  an  o u t e r   l a y e r   to  the  same  or  a p p l i e d   to  a  d i f f e r e n t   suppor t   or  s h e e t  

which  is  p o s i t i o n e d   with  i t s   d e v e l o p e r   s ide  a g a i n s t   the  co lo r   f o r m e r .  

A l t e r n a t i v e l y   the  co lo r   former  and  d e v e l o p e r   can  be  a p p l i e d   to  o p p o s i t e  

s ides   of  the  same  shee t   as  in  the  case  where  a  p l u r a l i t y   of  shee ts   a r e  

used  t o g e t h e r ,   Here,  the  co lo r   former   on  one  shee t   is  p o s i t i o n e d   a g a i n s t  

the  d e v e l o p e r   of  ano the r   s h e e t .  

S u i t a b l e   p rocedu re s   for   p r e p a r i n g   p r e s s u r e   s e n s i t i v e   r e c o r d i n g  

s h e e t s   are  t a u g h t   in  U.S.  P a t e n t  N o .   2 ,548 ,366   (April   10;  1951),   U.S.  

P a t e n t   No.  2 , 712 ,507   ( Ju ly   5,  1955) ,   U.S.  Pa ten t   No.  2 ,730 ,456   ( J a n u a r y  

10,  1956) ,   U.S.  Pa ten t   No.  2 , 800 ,457   ( Ju ly   2 3 , 1 9 5 7 ) ,   U.S.  Pa ten t   No. 

3 , 0 4 1 , 2 8 9   (June  26,  1962)  and  U.S.  Pa ten t   No.  4 ,076 ,887   (February   2 8 ,  

1 9 7 8 ) .  

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

made  to  the  f o l l o w i n g   examples.   The  e x a m p l e s  a r e   given  merely  to  i l l u s t r a t e  

the  i n v e n t i o n   and  are  not  to  be  c o n s t r u e d   in  a  l i m i t i n g   sense.   In  t h e  

e x a m p l e s ,   al l   per  cents   are  per  cent   by  w e i g h t .  

Example  I 

P r e p a r a t i o n   of  the  methyl  e t h e r   of  s t y r e n a t e d   phenol  

A  60  ga l lon   s t a i n l e s s   s t e e l   r e a c t o r ,   equipped  with  i m p e l l e r ,  

c o n d e n s e r ,   r e c e i v e r   and  s p l i t t e r   was  charged  with  302.7  pounds  (2.8  m o l e s )  

of  a n i s o l e .   The  r e a c t o r   was  b l a n k e t e d   with  n i t r o g e n .   B o r o n t r i f l u o r i d e  

e t h e r a t e ,   1.7  pounds  was  then  charged  in to   the  r e a c t o r .   Temperature   o f  

the  r e a c t o r   was  r a i s ed   to  120°C.  S t y r e n e ,   145.6  pounds  (1.4  moles)  was 

pumped  in to   the  r e a c t o r   dur ing  1-2  hours  while  m a i n t a i n i n g   t e m p e r a t u r e   a t  

120 -   125°C.  This  t e m p e r a t u r e   was  held  un t i l   a  r e f r a c t i v e   index  (25°C)  o f  

1.5490  was  a t t a i n e d   i n d i c a t i n g   t ha t   all   of  the  s t y r e n e   had  r e ac t ed .   The 

r e a c t o r   was  cooled  to  90°C.  Then  1.4  pounds  of  28%  aqueous  ammonia  were  

charged   to  the  r e a c t o r .   The  equipment   was  set  for  vacuum  d i s t i l l a t i o n  

and  unchanged   a n i s o l e   was  d i s t i l l e d   of f   at  4-5  i n c h e s  



p r e s s u r e   while  hea t ing   to  160°C.  The  r e a c t o r   was  m a i n t a i n e d   under  vacuum 

at  160°C  for  o n e - h a l f   hour.  159  Pounds  of  a n i s o l e   was  c o l l e c t e d .   L ive  

steam  was  app l i ed   under  vacuum  for  1  hour  to  remove  t r a c e s   of  a n i s o l e .  

Steam  was  shut  off  and  the  r e a c t o r   was  m a i n t a i n e d   under  vacuum  at  160°C 

for  o n e - h a l f   hour  to  dry  the  p roduc t .   The  r e a c t o r   was  then  cooled  to  room 

t e m p e r a t u r e   and  the  c o n t e n t s   f i l t e r e d   through  a  12  p l a t e ,   p la te   and  f rame 

s t a i n l e s s   s t ee l   f i l t e r   p res s .   Yield  of  product   was  249  pounds  having  a 

r e f r a c t i v e   index,   25°C,  1.5760  and  v i s c o s i t y ,   25°C,  20  c e n t i p o i s e s .  

Ana lys i s   of  p roduct   by  gas  chromatography  i n d i c a t e d   the  f o l l o w i n g :  

63 .6% Monos ty rena ted   a n i s o l e   (Methyl  e t h e r   of  s t y r e n a t e d  

phenol)   composed  of  th ree   isomers  (c,  m  and  p ) .  

33.4%  D i s t y r e n a t e d   a n i s o l e   (Methyl  e t h e r   of  d i s t y r e n a t e d  

p h e n o l ) .  

3.0%  h igher   c o n d e n s a t e s .  

Example  I I  

P r e p a r a t i o n   of  the  n-butyl   e the r   o f  s t y r e n a t e d   phenol  

S t y r e n a t e d   phenol ,   500  grams  (2.5  moles ) ,   which  was  p r i n c i p a l l y  

a  mixture   of  80 -  82%  by  weight  monos ty rena ted   phenol  (a  mixture  of  2 -  

(1-phenyl   e thy l )   phenol ,   3 - (1 -pheny l   e thy l )   phenol  and  4- (1-phenyl   e t h y l )  

p h e n o l ) ,   and  18 -  20%  by  weight  of  d i s t y r e n a t e d   phenol  were  charged  i n t o  

a  s t ee l   r e a c t o r   equipped  with  s t i r r e r ,   t he rmomete r ,   dropping  funnel  and 



d i s t i l l i n g   head  connec ted   to  a  condenser .   Tempera ture   of  the  r e a c t o r   was 

r a i s e d   to  130°C.  Then  140  grams  (2.5  moles)  of  po tass ium  hydroxide  as  a 

45%  aqueous  s o l u t i o n   was  added  dropwise  while   a l lowing  water   to  d i s t i l l  

off .   Af te r   a d d i t i o n   of  po tass ium  h y d r o x i d e ,   the  t e m p e r a t u r e   was  a l l o w e d  

to  r i se   to  150°C  and  m a i n t a i n e d   unt i l   water   no  longer   d i s t i l l e d .   off .   The 

condenser   was  then  se t   for  r e f l u x .   N-butyl  c h l o r i d e ,   233  grams  (2.5  m o l e s ) ,  

was  added  dropwise   while  m a i n t a i n i n g   t e m p e r a t u r e   at  150°C.  Tempera ture   a t  

150°C  was  m a i n t a i n e d   un t i l   a n a l y s i s   for  po t a s s ium  hydroxide   was  below  0.5%. 

The  r e a c t o r   was  cooled  to  90°C  and  c o n t e n t s   f i l t e r e d .   465  Grams  of  a  m o b i l e  

l i q u i d   p roduc t   was  o b t a i n e d   having  a  r e f r a c t i v e   index,   25°C,  1 . 5 5 2 7 ,  

v i s c o s i t y ,   25°C,  30  c e n t i p o i s e s   and  as  de te rmined   by  gas  c h r o m o t o g r a p h y  

composed  c h i e f l y   of  a p p r o x i m a t e l y   80  to  82%  by  weight  of  2-and  4 - ( l - p h e n y l  

e t h y l )   butoxy  benzene  and  app rox ima te ly   18  to  20%  by  weight   of  d i - ( 1 - p h e n y l  

e t h y l )   butoxy  benzene.   A  t r ace   of  3-(1-pheny1  e t hy l )   butoxy  benzene  was 

also  d e t e c t e d .  

80-82%  S t y r e n a t e d   n-butoxy  b e n z e n e  

and  18  to  20%  D i s t y r e n a t e d   butoxy  b e n z e n e .  

Example  I I I  

P r e p a r a t i o n   of  the  methyl  e t h e r   of  a lpha -me thy l   s t y r e n a t e d   phenol  

A n i s o l e ,   189  grams  (1.75  moles ) ,   was  charged  into  a  g lass   r e a c t o r ,  

equipped  with  s t i r r e r ,   thermometer ,   condenser   and  dropping  funnel .   The 



r e a c t o r  w a s   b l a n k e t e d   with  n i t r o g e n .   B o r o n t r i f l u o r i d e   e t h e r a t e ,   1  ml,  was 

charged  into  the  r e a c t o r .   Temperature   of  the  r e a c t o r   was  r a i s ed   to  125°C. 

Alpha-methyl   s t y r e n e ,   109.3  grams  (0.926  mo le s ) ,   was  added  dropwise  at  125°C. 

Tempera ture   of  the  r e a c t o r   was  ma in t a ined   at  125°C  un t i l   r e f r a c t i v e   i n d e x  

was  c o n s t a n t   ( 1 .5511) .   This  r equ i r ed   about  2  hours .   Af ter   coo l ing   to  70°C,  

3  ml  of  28%  aqueous  ammonia  s o l u t i o n   was  added.  Unchanged  a n i s o l e   was 

d i s t i l l e d   off   under  vacuum  (100  mm)  a l lowing   r e a c t o r   t e m p e r a t u r e   to  r e a c h  

150°C.  The  r e a c t o r   was  cooled  to  room  t e m p e r a t u r e   and  the  product   f i l t e r e d .  

92  Grams  of  r ecove red   a n i s o l e   and  197  grams  of  p roduc t ,   composed  c h i e f l y   o f  

2-and  4 - ( 1 - m e t h y l - 1 - p h e n y l   e thy l )   methoxy  benzene  was  ob ta ined .   R e f r a c t i v e  

index ,   25°C,  1 .5692,   v i s c o s i t y ,   25°C,  21  c e n t i p o i s e s .  

Example  IV 

P r e p a r a t i o n   of  benzyl  a n i s o l e  

A n i s o l e ,   324  grams  (3.0  moles)  was  charged  into  a  g lass   r e a c t o r ,  

equipped  with  s t i r r e r ,   thermometer ,   dropping  funnel  and  condenser   from  which 

a  tube  was  ex tended   l ead ing   to  a  t rap  c o n t a i n i n g   300  ml  of  water .   The  r e a c t o r  

con ten t s   were  b l anke t ed   with  n i t rogen   and  c a t a l y s t   ( f e r r i c   c h l o r i d e   h e x a -  

h y d r a t e ,   2  grams)  was  added.  The  t e m p e r a t u r e   was  r a i s ed   to  60°C.  Benzyl 

c h l o r i d e ,   126  grams  (1.0  mole)  was  added  dropwise  while  ma in t a in ing   the  tem-  

p e r a t u r e   in  the  r e a c t o r   at  60-65°C.  Evolving  hydrogen  c h l o r i d e   gas  was 

absorbed  in  the  water   t r ap .   Progress   of  the  r e a c t i o n   was  de termined  by 

a n a l y s i s   of  the  con t en t s   of  the  trap  for  h y d r o c h l o r i c   acid.   When  t h e  

r e q u i r e d   amount  of  hydrogen  ch lo r ide   (1  mole)  was  accounted  for ,   the  r e a c t i o n  

mixture   was  cooled  to  30°C.  Water,  150  grams,  was  added  to  d i s s o l v e   and 

remove  the  c a t a l y s t .   The  conten ts   of  the  r e a c t o r   were  t r a n s f e r r e d   to  a 

s e p a r a t o r y   funnel  to  allow  the  aqueous  l aye r   to  s e p a r a t e   from  the  o r g a n i c  

l a y e r .   The  lower  aqueous  l ayer   was  then  d i s c a r d e d   and  the  organic   layer   was 

then  washed  with  a  s o l u t i o n   of  5  grams  sodium  ca rbona te   in  150  grams  o f  

water   fol lowed  by  a  second  wash  of  150  grams  of  water .   The  organic   l a y e r  

was  t r a n s f e r r e d   back  to  the  r eac to r   and  excess   an i so l e   was  d i s t i l l e d   o f f  



under  vacuum  (15  mm)  at  60-70°C.  Weight-of   r ecovered   a n i s o l e   was  220  g rams .  

The  p roduc t   was  then  cooled  to  30°C  and  f i l t e r e d   through  a  1-2  mic ron  

p o r o s i t y   f i l t e r   pad  at  20  p . s . i .   of  n i t rogen   to  ob ta in   178  grams  of  m a t e r i a l  

having  a  r e f r a c t i v e   index  at  25°C  of  1.5818  and  a  v i s c o s i t y   at  25°C,  of  11 

c e n t i p o i s e s   using  a  B r o o k f i e l d   Viscometer   with  a  #1  s p i n d l e   at  60  rpm.  Gas 

c h r o m a t o g r a p h i c   a n a l y s i s   of  the  product   i n d i c a t e d   a  mix ture   of  m a t e r i a l s  

composed  p r i m a r i l y   of  mono  (o,  m  and  p)  benzyl  a n i s o l e   and  d i b e n z y l  a n i s o l e  

in  a  r a t i o   of  83.7%  to  16.3%  by  weight   r e s p e c t i v e l y .  

In  the  f o l l o w i n g   example,   the  e f f e c t   of  s eve ra l   s o l v e n t s   upon 

co lo r   development   is  given.   A  co lo r   development  time  of  180  seconds  o r  

less   is  c o n s i d e r e d   s a t i s f a c t o r y .  

Example  V 

The  genera l   p rocedure   was  as  f o l l o w s .  

Two  grams  of  a  co lo r   former  were  d i s s o l v e d   in  100  grams  of  s o l v e n t .  

The  r e s u l t i n g   s o l u t i o n   was  app l i ed   to  a  porous  s u r f a c e   which  was  paper  t o w e l -  

ing.  Using  a  rubber   stamp,  the  s o l u t i o n   c o n t a i n i n g   the  co lo r   former  was 

t r a n s f e r r e d   to  the  coated  s ide   of  a  sheet   of  acid  clay  coated   paper.   The 

time  r e q u i r e d   for  ful l   co lo r   development  was  measured.   The  data  o b t a i n e d  

using  t h i s   procedure   is  set   fo r th   below. 





Example  VI 

The  f o l l o w i n g   odor  t e s t   was  conduc ted .   A  panel  of  25  people  was 

asked  to  e v a l u a t e   the  odor  of  the  methyl  e t h e r   of  s t y r e n a t e d   phenol  a g a i n s t  

benzyl  e thyl   benzene ,   a  commercial  s o l v e n t   for  the  co lor   former.   Each 

member  of  the  panel  was  al lowed  to  s n i f f   c o n t a i n e r s   c o n t a i n i n g   the  s o l v e n t s .  

Twenty  members  of  the  panel  found  the  methyl  e t h e r   of  s t y r e n a t e d   phenol  t o  

have  a  less   o b j e c t i o n a b l e   o d o r .  

Example  VII  

To  100  grams  of  the  methyl  e t h e r   of  s t y r e n a t e d   phenol ,   as  p r e p a r e d  

in  Example  I,  was  added  3.0  grams. of  Crys ta l   V io le t   Lactone  co lo r   f o r m e r .  

The  mixture   was  heated   to  90°C  with  s t i r r i n g   to  d i s s o l v e   the  co lo r   f o r m e r  

and  then  cooled  to  50°C.  S e p a r a t e l y ,   a  s o l u t i o n   c o n t a i n i n g   20  grams  gum 

a r a b i c ,   5  grams  of  a  p o l y o x y a l k y l e n e   glycol   mono-butyl  e the r   e m u l s i f y i n g  

agent  ( T e r g i t o l   XD)  and  180  grams  of  water   was  p repared   by  s t i r r i n g   and 

hea t ing   to  50°C.  To  th i s   was  added  the  s o l u t i o n   c o n t a i n i n g   the  co lo r   f o r m e r .  

The  mixture   of  the  two  s o l u t i o n s   was  s t i r r e d   at  50°C  un t i l   the  s o l v e n t  

c o n t a i n i n g   the  co lor   former  was  e m u l s i f i e d .   Then,  a  s o l u t i o n   of  20  grams 

g e l a t i n   in  300  grams  of  water   was  p repared   by  slowly  adding  g e l a t i n   to  t h e  

water   at  50°C.  The  r e s u l t i n g   s o l u t i o n   was  added  to  the  e m u l s i f i e d   s o l v e n t  

c o n t a i n i n g   the  co lo r   former ,   Crysta l   V io l e t   Lactone.   The  r e s u l t i n g   m i x t u r e  

was  m a i n t a i n e d   at  50°C  with  s t i r r i n g   while   335  grams  of  water   was  added  

dropwise  in  about  30  minutes.   The  mixture   was  then  cooled  to  10°C,  10  grams 

of  37%  by  weight   of  formaldehyde  in  water   added  and  the  pH  a d j u s t e d   to  9 . 5  

by  dropwise  a d d i t i o n   of  a  5%  by  weight   s o l u t i o n   in  water  of  sodium  h y d r o x i d e .  

This  mixture   was  s t i r r e d   at  10°C  for  about  30  minutes  and  then  allowed  t o  

s tand  o v e r n i g h t   at  room  t e m p e r a t u r e .  

The  r e s u l t i n g   e n c a p s u l a t e d   s o l v e n t / c o l o r   former  s o l u t i o n   was  s p r e a d  

on  a  sheet   of  uncoated  p u b l i c a t i o n   paper  by  means  of  a  No.  8  Meyer  s p r e a d e r .  

Af ter   d ry ing ,   the  coated  paper  was  t e s t e d   as  f o l l o w s :  



The  sheet   coated  with  the  e n c a p s u l a t e d   co lo r   former  was  p l a c e d ,  

coated  side  down,  a g a i n s t   the  coated  side  of  acid  clay  coated  paper.  When 

w r i t i n g   on  the  uncoated  side  of  the  sheet   c o n t a i n i n g   the  e n c a p s u l a t e d  

co lo r   fo rmer ,   an  image  appeared  immedia te ly   on  the  shee t   bear ing   the  a c i d  

clay  c o a t i n g .   There  was  no  r e l e a s e   of  odor  r e s u l t i n g   from  the  rup ture   o f  

the  c a p s u l e s .  

Example  VI I I  

To  100  grams  of  the  n -bu ty l   e the r   of  s t y r e n a t e d   phenol ,   as  p r e p a r e d  

in  Example  I I ,   was  d i s s o l v e d   3.0  grams  of  Crystal   V io le t   Lactone  by  s t i r r i n g  

and  hea t i ng   to  90°C.  The  r e s u l t i n g   s o l u t i o n   was  e m u l s i f i e d   and  e n c a p s u l a t e d  

accord ing   to  the  p rocedure   of  Example  VII.  The  r e s u l t i n g   e n c a p s u l a t e d   compo- 

s i t i o n   was  spread  on  to  a  sheet   of  uncoated  p u b l i c a t i o n   paper  using  a  N o .  8  

Meyer  s p r e a d e r .   Af te r   d ry ing ,   t h i s   coated  sheet   was  t e s t e d   by  p lac ing  i t ,  

coated  s ide  down,  a g a i n s t   the  coated   side  of  acid  clay  coated  paper.  When 

w r i t i n g   on  the  uncoated  face  of  the  sheet   c o n t a i n i n g   the  e n c a p s u l a t e d   c o l o r  

former ,   an  image  immedia te ly   formed  on  the  acid  clay  coated  paper.  No  o b j e c -  

t i o n a b l e   odor  was  e m i t t e d .  

Example  IX 

To  100  grams  of  the  methyl  e ther   of  a lpha-methy l   s t y r e n a t e d   phenol  

as  p repared   in  Example  I I I ,   was  d i s s o l v e d   3.0  grams  of  Crys ta l   Viole t   Lac tone  

by  s t i r r i n g   and  hea t ing   to  90°C.  The  r e s u l t i n g   s o l u t i o n   was  e m u l s i f i e d   and 

e n c a p s u l a t e d   accord ing   to  the  procedure   of  Example  VII.  The  r e s u l t i n g  

e n c a p s u l a t e d   composi t ion   was  spread  on  a  sheet  of  uncoated  p u b l i c a t i o n   p a p e r  

using  a.  No. 8  Meyer  sp reade r .   Af te r   drying,   th i s   coated  sheet   was  t e s t e d  

by  p l ac ing   i t ,   coated  side  down,  a g a i n s t   the  coated  side  of  acid  clay  c o a t e d  

paper.   By  w r i t i n g   on  the  uncoated  face  of  the  sheet   c o n t a i n i n g   the  e n c a p -  

s u l a t e d   co lor   former,   an  image  immediately  formed  on  the  acid  clay  c o a t e d  

paper.   No  o b j e c t i o n a b l e   odor  was  e m i t t e d .  



Example  X 

To  100  grams  of  benzyl  a n i s o l e   as  p repared   in  Example  IV,  was 

d i s s o l v e d   3.0  grams  of  Crys ta l   Vio le t   Lactone  by  s t i r r i n g   and  hea t ing   t o  

90°C.  The  r e s u l t i n g   s o l u t i o n   was  e m u l s i f i e d   and  e n c a p s u l a t e d   a c c o r d i n g  

to  the  p rocedure   of  Example  VII.  The  r e s u l t i n g   e n c a p s u l a t e d   c o m p o s i t i o n  

was  spread  on  a  sheet   of  uncoated  p u b l i c a t i o n   paper  using  a  No. 8  Meyer 

s p r e a d e r .   Af t e r   d ry ing ,   t h i s   coated  sheet   was  t e s t e d   by  p lac ing   i t ,   c o a t e d  

side  down,  a g a i n s t   the  coated  side  of  acid  clay  coated  paper.   By  w r i t i n g  

on  the  uncoated   face  of  the  sheet   c o n t a i n i n g   the  e n c a p s u l a t e d   co lor   f o r m e r ,  

an  image  immedia te ly   formed  on  the  acid  clay  coated  paper.   No  o b j e c t i o n -  

able  odor  was  e m i t t e d .  

The  f o l l owing   example  demons t r a t e s   the  e f f e c t   of  water   upon  t h e  

s o l v e n t   to  reduce  o d o r .  

Example  XI 

The  s o l u b i l i t y   of  water  in  the  alkoxy  diphenyl  alkane  s o l v e n t  

p repared   a cco rd ing   to  Example  I  is  about  0.4  gram  per  100  ml. 

A  100  ml  sample  of  the  so lven t   of  Example  I  was  placed  in  a 

s t o p p e r e d   g lass   vesse l .   A  q u a n t i t y   of  wa te r ,   0.35  gram,  was  then  d i s -  

solved  in  the  s o l v e n t .   As  a  c o n t r o l ,   ano ther   100  ml  sample  of  the  s o l v e n t  

of  Example  I  was  placed  in  ano ther   vessel   of  the  same  kind.  No  water   was 

added.  A  panel  of  t w e n t y - f i v e   i n d i v i d u a l s   was  asked  to  eva lua t e   the  o d o r  

of  the  two  samples.   Each  member  of  the  panel  was  allowed  to  s n i f f   the  two 

v e s s e l s .   Twen ty - f ive   out  of  t w e n t y - f i v e   members  of  the  panel  c o n c l u d e d  

tha t   the  s o l v e n t   with  added  water  had  a  mi lder   -  odor   and  the  q u a l i t y  

of  the  odor  was  less   o b j e c t i o n a b l e .  

Add i t i ona l   examples  of  alkoxy  diphenyl   a lkanes  which  are  u s e f u l  

as  s o l v e n t s   for  the  co lor   former  are  one  or  a  mixture  of  the  f o l l o w i n g :  

1 - b e n z y l - 2 , 4 - d i m e t h o x y b e n z e n e ;   benzyl  p -d ime thoxybenzene ;   b i s ( 3 , 4 - d i m e t h o x y -  

phenyl)  methane  (m.p.  70 -  71°C;  1 - b e n z y l - 2 , 4 - d i p r o p o x y   benzene;   1 - b e n z y l -  

2 , 4 - d i e t h o x y b e n z e n e ;   1 - b e n z y l - 2 , 4 - d i b u t o x y b e n z e n e ;   l - p h e n y l e t h y l - 2 , 4 -  



d i m e t h o x y b e n z e n e ;   3 , 4 - d i m e t h o x y p h e n y l - 3 - m e t h o x y p h e n y l   methane  (m.p.  4 5  -  

46°C);  1 - ( 3 , 4 - d i m e t h o x y p h e n y l ) - 1 - p h e n y 1   propane;   2 - m e t h y l - 1 - ( 3 , 4 -  

d i m e t h o x y p h e n y l ) - 1 - p h e n y l   p ropane ;   1 - ( 3 , 4 - d i m e t h o x y p h e n y l ) - 1 - p h e n y l  

p e n t a n e ;   3 - m e t h y l - 1 - ( 3 , 4 - d i m e t h o x y p h e n y l ) - 1 - p h e n y l   butane;   3 , 4 - d i m e t h o x y -  

p h e n y l - 3 - m e t h y l p h e n y l   methane;  3 , 4 - d i m e t h o x y p h e n y l - 3 - m e t h o x y p h e n y l  

methane;   1 - ( 3 , 4 - d i m e t h o x y p h e n y l ) - 1 - ( 4 - m e t h y l p h e n y l )   e thane ;   1 - ( 3 , 4 -  

d i m e t h o x y p h e n y l ) - 1 - ( 4 - m e t h o x y p h e n y l )   e thane ;   1 - ( 3 , 4 - d i m e t h o x y p h e n y l ) - 1 -  

phenyl  e t h a n e .  

While  the  i n v e n t i o n   has  been  d e s c r i b e d   in  d e t a i l   and  with  r e f e r -  

ence  to  s p e c i f i c   embodiments  t h e r e o f ,   i t   will   be  apparen t   t ha t   v a r i o u s  

changes  and  m o d i f i c a t i o n s   can  be  made  t h e r e i n   which  are  wi thin   the  f u l l  

i n t e n d e d   scope  of  the  appended  c l a i m s .  



1.  P r e s s u r e   s e n s i t i v e   r e co rd ing   shee t s   c h a r a c t e r i z e d   b y  
a  more   t o l e r a b l e   o d o r   c o m p r i s i n g   a  s u p p o r t   h a v i n g   c o a t e d  
t h e r e o n   a  l a y e r   of   c o l o r   f o r m e r ,   s a i d   c o l o r   f o r m e r   d i s s o l v e d  
in  a  s o l v e n t ,   t h e   i m p r o v e m e n t   w h e r e i n   s a i d   s o l v e n t   c o m p r i s e s  
a t   l e a s t  o n e   a l k o x y   d i p h e n y l   a l k a n e   h a v i n g   t h e   f o l l o w i n g  
s t r u c t u r e :  

where  R1,  R2,  R3  and  R4  are  H  or  a  s t r a i g h t   or  branched  chain  a l k y l  

group  of  1  to  8  carbon  atoms  and  can  be  the  same  or  d i f f e r e n t ;   R5  is  a 

s t r a i g h t   or  branched  chain  alkyl   group  of  1  to  9  carbon  atoms;  R6  is  a 

s t r a i g h t   or  branched  chain  alkyl  group  of  1  to  8  carbon  atoms;  x  is  0 ,  

1  or  2;  y  is  1  or  2  and  n  is  1  or  2,  with  the  p rov iso   t h a t   the  sum  o f  

the  carbon  atoms  in  R1,  R2,  R3,  R45  R5  and  R6  does  not  exceed  9  and 

with  the  f u r t h e r   p rov iso   t ha t   where  said  alkoxy  d iphenyl   a lkane  is  a 

s o l i d   to  v i scous   l i q u i d ,   at  l e a s t   one  d i l u e n t   or  at  l e a s t   one  o t h e r  

g e n e r a l l y   l i q u i d   so lven t   or  mix ture   t h e r e o f   is  p r e s e n t .  

2.  P re s su re   s e n s i t i v e   r eco rd ing   paper  of  claim  1  w h e r e i n  

sa id   alkoxy  diphenyl   a l k a n e   is  the  methyl  e the r   of  s t y r e n a t e d   p h e n o l .  

3.  P re s su re   s e n s i t i v e   r eco rd ing   shee t s   of  claim  1  w h e r e i n  

sa id   a lkoxy  diphenyl   alkane  is  a  composi t ion   c o n t a i n i n g   about  6 3 . 6  

per  cent  by  weight  of  methyl  e the r   of  s t y r e n a t e d   phenol ,   33.4  per  c e n t  

by  weight   o f  methy l   e ther   of  d i s t y r e n a t e d   phenol  and  about  3.0  per  c e n t  

by  weight   of  h igher   c o n d e n s a t e s .  

4.  P r e s su re   s e n s i t i v e   r eco rd ing   shee t s   of  claim  1  w h e r e i n  

s a i d   a l k o x y  d i p h e n y l   a lkane  i s   the  butyl  e ther   of  s t y r e n a t e d   p h e n o l .  



5.  P re s su re   s e n s i t i v e   r e c o r d i n g   shee t s   of  claim  1  w h e r e i n  

said  alkoxy  diphenyl   a lkane   is  the  methyl  e ther   of  alpha  methyl  

s t y r e n a t e d   p h e n o l .  

6.  P r e s su re   s e n s i t i v e   r e co rd ing   shee t s   of  claim  1  w h e r e i n  

said  co lor   former  is  p r e s e n t   in  an  amount  of  about  1  per  cent  t o  

about  10  pe rcen t   by  weight   based  on  the  weight  of  s o l v e n t .  

7.  P re s su re   s e n s i t i v e   r e c o r d i n g   shee t s   of  claim  1  w h e r e i n  

said  co lo r   former  is  p r e s e n t   in  an  amount  of  about  2  per  cent  t o  

about  5  per  cent  by  weight   based  on  the  weight  of  s o l v e n t .  

8.  P res su re   s e n s i t i v e   r e c o r d i n g   shee t s   of  claim  1  w h e r e i n  

said  co lo r   former  and  s o l v e n t   are  p r e s e n t   in  m i c r o c a p s u l e s .  

9.  P res su re   s e n s i t i v e   r e co rd ing   shee ts   of  claim  1  w h e r e i n  

a  d i l u e n t   for  said  alkoxy  d iphenyl   a lkane  is  p r e s e n t .  

10.  P res su re   s e n s i t i v e   r e c o r d i n g   shee t s   of  claim  1  w h e r e i n  

a  g e n e r a l l y   l i q u i d   s o l v e n t   in  a d d i t i o n   to  said  alkoxy  diphenyl   a l k a n e  

is  p r e s e n t .  

11.  P ressure   s e n s i t i v e   r eco rd ing   sheets   of  claim  1  w h e r e i n  

water  is  p r e s e n t   along  with  said  alkoxy  d i p h e n y l a l k a n e   and  c o l o r  

f o r m e r .  

12.  In  a  p r e s s u r e   s e n s i t i v e   record ing   shee t   a s s e m b l y  
c h a r a c t e r i z e d   by  a  more   t o l e r a b l e   o d o r   c o m p r i s i n g   a  
s u p p o r t   h a v i n g   c o a t e d   t h e r e o n   a  l a y e r   of  c o l o r   f o r m e r  
d i s s o l v e d   in   a  s o l v e n t   and  a  d e v e l o p e r   f o r   s a i d   c o l o r   f o r m e r  
c a p a b l e   of  d e v e l o p i n g   c o l o r   upon   r e a c t i n g   w i t h   s a i d   c o l o r  
f o r m e r ,   t h e   i m p r o v e m e n t   w h e r e i n   s a i d   s o l v e n t   c o m p r i s e s   a t  
l e a s t   one  a l k o x y   d i p h e n y l  a l k a n e   h a v i n g   t h e   f o l l o w i n g  
s t r u c t u r e :  



where  R1,  R2,  R3  and  R4  are  H  or  a  s t r a i g h t   or  branched  chain  a l k y l  

group  of  1  to  8  carbon  atoms  and  can  be  the  same  or  d i f f e r e n t ;   R5 

is  a  s t r a i g h t   or  branched  chain  alkyl  group  of  1  to  9  carbon  a t o m s ;  

R6  is  a  s t r a i g h t   or  branched  chain  alkyl  group  of  1  to  8  c a r b o n  

atoms;  x  is  0,  1  or  2;  y  is  1  or  2  and  n  is  1  or  2,  with  the  p r o v i s o  

tha t   the  sum  of  the  carbon  atoms  in  R1,  R2,  R3,  R4, R5  and  R6  does  

not  exceed  9  and  with  the  f u r t h e r   p rov i so   t h a t   where  said  a l k o x y  

diphenyl  a lkane  is  a  so l id   to  v iscous   l i q u i d ,   at  l e a s t   one  d i l u e n t  

or  at  l e a s t   one  o the r   g e n e r a l l y   l i q u i d   s o l v e n t   or  mixture   t h e r e o f  

is  p r e s e n t .  

13.  The  assembly  of  claim  12  wherein  said  alkoxy  d i p h e n y l  

alkane  is  the  methyl  e ther   of  s t y r e n a t e d   p h e n o l .  

14.  The  assembly  of  claim  12  wherein  sa id   alkoxy  d i p h e n y l  

a lkane  is  a  compos i t ion   c o n t a i n i n g   about  63.6  per  cent  by  weight  o f  

methyl  e t h e r   of  s t y r e n a t e d   phenol,   33.4  per  cent  by  weight  of  me thy l  

e the r   of  d i s t y r e n a t e d   phenol  and  about  3.0  per  cent  by  weight  o f  

h igher   c o n d e n s a t e s .  

15.  The  assembly  of  claim  12  wherein  said  color   former  i s  

p r e s e n t   in  an  amount  of  about  1  per  cent  to  about  10  per  cent  by 

weight  based  on  the  weight  of  s o l v e n t .  



16.  The  assembly  of  claim  12  wherein  said  color   former  i s  

p r e s e n t   in  an  amount  of  about  2  per  cent  to  about   5  pe rcen t   by 

weight   based  on  the  weight   of  s o l v e n t .  

17.  The  assembly  of  claim  12  wherein  said  color   former  and 

s o l v e n t   are  p r e s e n t   in  m i c r o c a p s u l e s .  

18.  The  assembly  of  claim  12  wherein  a  d i l u e n t   for  s a i d  

alkoxy  d iphenyl   a lkane  is  p r e s e n t .  

19.  The  assembly  of  claim  12  wherein  a  g e n e r a l l y   l i q u i d  

s o l v e n t   in  a d d i t i o n   to  said  alkoxy  diphenyl   a lkane  is  p r e s e n t .  

20.  The  assembly  of  claim  12  wherein  water   is  p r e sen t   a l o n g  

with  said  alkoxy  diphenyl   alkane  and  co lo r   f o r m e r .  
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