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(w)  Printing  process  using  acetylenic  compositions. 

Acetylenic  compound  having  at  least  two  conjugated 
triple  bonds  in  the  molecule  and  polymerizable  in  the 
cyrstalline  solid  state  to  produce  coloration,  but  relatively 
stable  in  liquid  form,  and  having  substituents  of  the  group 
consisting  of  urethane,  hydroxy,  carboxy,  carboxylic  acid, 
carboxylic  ester,  carbazolyl  and  sulfonate,  are  used  as 
printing  ink.  Preferred  compounds  are  diynes,  especially 
urethanes,  diols  and  arylsulfonates  melting  in  the  range 
40-150°C.  They  are  employed  as  a  melt  at  40°-200°C  adhering 
to  the  printing  surface,  whence  they  are  transferred  by 
contact  to  a  substrate;  and  developed  by  cooling  and 
exposure  to  a  source  of  thermal  or  radiation  energy. 



A  number   of  p r i n t i n g   p r o c e s s   a r e   known  w h e r e i n  

a  l i q u i d   s e r v i n g   as  an  ink  is  t r a n s f e r r e d   to  a  s u b -  

s t r a t e   such  as  p a p e r   or  p l a s t i c   upon  w h i c h   the   p r i n t e d  

m a t t e r   is  to  a p p e a r ,   by  use  of  a  p r i n t i n g   form  w i t h  

r a i s e d   s u r f a c e s   ( l e t t e r p r e s s )   or  w i t h   g r o o v e d   s u r f a c e s  

( g r a v u r e )   or  w i t h   o l e o p h i l i c   and  o l e o p h o b i c   s u r f a c e s  

o b t a i n e d   by  p h o t o   a c t i o n   ( p l a n o g r a p h i c   or  o f f s e t )   o r  

w i t h   a  s t e n c i l   f o r m e d   by  a  s c r e e n   ( s c r e e n   p r i n t i n g ) .  
The  c o n v e n t i o n a l   i n k s   u sed   in  such   p r o c e s s e s   in  g e n e r a l  

a r e   composed   of  a  r e s i n o u s   b i n d e r ,   a  p i g m e n t ,   a  s o l v e n t ,  
and  v a r i o u s   a d d i t i v e s .   More  r e c e n t l y ,   i n k s   have  b e e n  

p r o d u c e d   wh ich   a r e   in  the   form  of  o r g a n i c   p o l y m e r s  

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

r a d i a t i o n .   These   i n k s   a r e   b a s e d ,   f o r   e x a m p l e ,   u p o n  

a c r y l i c   e s t e r s .  

C e r t a i n   a c e t y l e n i c   c o m p o u n d s   a r e   k n o w n ,  

p o l y m e r i z a b l e   in  the   s o l i d   s t a t e   as  such   a n d / o r   i n  

a d m i x t u r e   by  h e a t   a n d / o r   by  u l t r a v i o l e t   r a d i a t i o n   o r  
o t h e r   h igh   e n e r g y   r a d i a t i o n ,   wh ich   c o m p o u n d s   b e c o m e  

c o l o r e d   upon  s o l i d   s t a t e   p o l y m e r i z a t i o n .  

These   a c e t y l e n i c   c o m p o u n d s   have   at   l e a s t   t w o  

c o n j u g a t e d   t r i p l e   bonds   in  the  m o l e c u l e .   C h a r a c t e r i s t i -  

c a l l y ,   they   are   s t a b l e   a g a i n s t   p o l y m e r i z a t i o n   when  i n  

l i q u i d   f o r m s ,   d i s s o l v e d   or  f u s e d .   Such  c o m p o u n d s   a r e  

d i s c l o s e d   f o r   e x a m p l e   in  USP  3 , 9 9 9 , 9 4 6   of  DecemDer  2 8 ,  



1976  to   P a t e l   e t   a l .   In  p a r t i c u l a r ,   t h a t   p a t e n t  

d i s c l o s e s   at   c o l u m n   7,  l i n e   39  to  co lumn  8,  l i n e   5  t h a t  

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

s t a n t i a l l y   i n a c t i v e   in  s o l u t i o n   and  in  m o l t e n   s t a t e ;   a n d  

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

or   m e l t   p h a s e   r e s u l t s   in  an  a c t i v e   p h a s e   t h a t   c h a n g e s  

c o l o r   in  r e s p o n s e   to  t i m e /   t e m p e r a t u r e   e x p o s u r e s   and  i n  

some  c a s e s   a l s o   to  e x p o s u r e   to  s h o r t   wave  l e n g t h   UV  o r  

U V - v i s i b l e   r a d i a t i o n .  

USP  3 , 5 0 1 , 3 0 2   of  March  17,  1970  to  F o l t z   d i s -  

c l o s e s   f o r m i n g   i m a g e s   by  e x p o s u r e   to  r a d i a n t   e n e r g y   o f  

a  c a r r i e r   means  h a v i n g   t h e r e o n   a  c o a t i n g   c o n t a i n i n g  

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

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

c o n t a i n s   at  l e a s t   two  c o n j u g a t e d   t r i p l e   b o n d s ,   and  t h e  

p r i n t   o u t   image  is  of  a  c o l o r   d i s t i n c t l y   d i f f e r e n t   f r o m  

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

None  of  t he   a b o v e   a r t   t e a c h e s   a  p r o c e s s  

w h e r e b y   an  a c e t y l e n i c   c o m p o s i t i o n   can  be  e m p l o y e d   f o r  

p r i n t i n g   in  the  m a n n e r   of  an  i n k .  

SUMMARY  OF  THE  INVENTION 

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

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

b o n d s   in  the  m o l e c u l e ,   a t   l e a s t   two  of  w h i c h   bonds   a r e  

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

s o l i d   s t a t e   but   s t a b l e   a g a i n s t   p o l y m e r i z a t i o n   when  i n  

l i q u i d   form;   w h i c h   p r o c e s s   c o n s i s t s   e s s e n t i a l l y   of  t h e  

s t e p s :  
(a)  a p p l y i n g   to  a  h e a t e d   p r i n t i n g   h e a d ,   t o  

t h e r e b y   form  a  l i q u i d   c a r r i e d   t h e r e o n ,   an  a c e t y l e n i c  

c o m p o s i t i o n   c o n s i s t i n g   e s s e n t i a l l y   of  a t   l e a s t   one  s u o -  

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

c o n j u g a t e d   t r i p l e   b o n d s   and  h a v i n g   at   l e a s t   one  s u b s t i -  

t u e n t   w h e r e i n   a t   l e a s t   one  m e t h y l e n e   r a d i c a l   l i n k s   a  

c a r b o n   a tom,  h a v i n g   s u c h   c o n j u g a t e d   t r i p l e   b o n d ,   to  a  

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

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

c a r b a z o l y l ,   and  s u l f o n a t e ;   s a i d   p r i n t i n g   head   h a v i n g  



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

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

s u b s t r a t e ;  

(b)  by  c o n t a c t   b e t w e e n   s a i d   p r i n t i n g   h e a d  

and  a  s u b s t r a t e ,   t r a n s f e r r i n g   l i q u i d   f rom  s a i d   a r e a s   o f  

s a i d   head  c a r r y i n g   l i q u i d ,   to  s a i d   s u b s t r a t e ;  

(c)  c a u s i n g   s a i d   l i q u i d   to  c o o l   w h e r e b y   t o  

d e p o s i t   s a i d   a c e t y l e n i c   c o m p o s i t i o n   in  a  s o l i d   f o r m  

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

or  by  r a d i a t i o n   e n e r g y ;  

(d)  e x p o s i n g   s a i d   a c t i v e   s o l i d   a c e t y l e n i c  

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

r a d i a t i o n   e n e r g y ,   of  i n t e n s i t y   and  d u r a t i o n   at   l e a s t  

s u f f i c i e n t   to  e f f e c t   p a r t i a l   p o l y m e r i z a t i o n   and  a c c o m -  

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

P a r t i c u l a r   a d v a n t a g e s   of  the   p r e s e n t   p r o c e s s  
i n c l u d e   the   f a c t   t h a t   b e c a u s e   no  v o l a t i l e   s o l v e n t   i s  

n e e d e d ,   s e r i o u s   p r o b l e m s   of  the  p r i n t i n g   a r t ,   n a m e l y  

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

a r e   a v o i d e d   in  t h i s   p r o c e s s .  
I t   w i l l   be  a p p r e c i a t e d   t h a t   t he   c h o i c e   o f  

p o s s i b l e   a c e t y l e n i c   compounds   is  wide   bu t   must   be  c o n -  
f i n e d   to  s u c h   c o m p o u n d s   as  a re   s t a b l e   in  the   l i q u i d  

form  and ,   when  c o o l e d ,   d e p o s i t   the   a c e t y l e n i c  

c o m p o s i t i o n   as  a  s o l i d   wh ich   is  p o l y m e r i z a b l e   by  h e a t  

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

an  a d h e r e n t   d e p o s i t   on  the  s u b s t r a t e ,   o c c u p y i n g   t h e  

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

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

compound  s h o u l d   have   s u b s t i t u e n t s   a b o v e   s p e c i f i e d ,   we 

have  f o u n d ,   and  the   s u b s t r a t e   s h o u l d   have   an  a f f i n i t y  

f o r   the  l i q u i d   a c e t y l e n i c   c o m p o u n d s .   If   the   s u b s t r a t e  

is  n a t u r a l l y   r e p e l l e n t   t o w a r d   the  l i q u i d ,   i t   can  b e  

t r e a t e d   in  known  m a n n e r   to  i m p r o v e   the   a f f i n i t y ,   e . g .  

as  is  done  w i t h   p o l y e t h y l e n e   to  make  i t   p r i n t a b l e   t o  

c o n v e n t i o n a l   i n k s .  



DETAILED  DESCRIPTION 

P r e f e r r e d   s u b s t i t u e n t s   in  our   a c e t y l e n i c   c o m -  

p o u n d s   f o r   use  as  p r i n t i n g   i n k s   a re   u r e t h a n e ,   h y d r o x y  

or   a r y l s u l f o n a t e ,   and  p r e f e r a b l y   the  c o m p o s i t i o n   c o n -  

s i s t s   e s s e n t i a l l y   of  one  or   more  s y m m e t r i c a l   d i y n e s  

h a v i n g   m e l t i n g   p o i n t   of  4 0 - 1 5 0 ° C   and  is  e m p l o y e d   as  a  

m e l t   at   t e m p e r a t u r e   in  t h e   r a n g e   b e t w e e n   40  and  2 0 0 ° C .  

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

be  used   in  our   c o m p o s i t i o n s   a r e   the   u r e t h a n e s   g i v e n   i n  

T a b l e   1 .  

When  " r a d i a t i o n   e n e r g y "   is   r e f e r r e d   to  h e r e i n ,  

i t   is  to  be  u n d e r s t o o d   t h a t   t h i s   t e rm  e m b r a c e s   a c t i n i c  

r a d i a t i o n   and  i n f r a r e d   r a d i a t i o n   and  a l s o   e l e c t r o n   b e a m s  

s u c h   as  d e v e l o p e d   by  c a t h o d e   ray  g u n s ;   gamma  r a y s ;  

X - r a y s ;   b e t a   r a y s ;   c o r o n a   d i s c h a r g e ;   and  t he   l i k e .  



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

t e m p e r a t u r e   r a n g e s   f o r   t n e i r   use  as  m e l t s   have   b e e n  

c i t e d   a b o v e .   The  op t imum  c h o i c e   of  compound   or  m i x t u r e s  

of   c o m p o u n d s   and  t e m p e r a t u r e   of  h e a t i n g   the   same  w i l l  

o b v i o u s l y   v a r y   w i t h   the  s p e c i f i c   t ype   and  c o n s t r u c t i o n  

m a t e r i a l   of  the   p r i n t i n g   head  and  m a t e r i a l   of  the   s u b -  

s t r a t e .   The  c h a r a c t e r i s t i c s   of  c o m p o s i t i o n s   of  t h i s  

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

s u c h   f a c t o r s   as  v i s c o s i t y ,   a d h e r e n c e   to  the   p r i n t i n g  

head   and  to  the   s u b s t r a t e ,   and  c o h e r e n c e   of  t he   l i q u i d  

by  v a r y i n g   t he   c h o i c e   of  a c e t y l e n i c   compound   a n d / o r   t h e  

t e m p e r a t u r e   of  u s e ;   by  i n c l u d i n g   in  v a r y i n g   p r o p o r t i o n s  

a  s e c o n d   a c e t y l e n i c   compound  in  the   c o m p o s i t i o n ;   a n d / o r  

by  use  of  a d d i t i v e s   such   as  a  b i n d e r ,   a  p l a s t i c i z e r ,  

a  UV  s t a b i l i z e r   or  a  s o l v e n t .   The  use  of  s u c h   a d d i -  

t i v e s ,   h o w e v e r ,   is   p r e f e r a b l y   a v o i d e d   in  o r d e r   t o  

s i m p l i f y   t he   p r o c e d u r e .  

P a r t i c u l a r l y   p r e f e r r e d   c o m p o u n d s   a r e   i l l u s -  

t r a t e d   by  the   f o l l o w i n g   E x a m p l e s .  
PROCEDURE 

In  the   E x a m p l e s ,   a  m o n o m e r i c   d i a c e t y l e n e  

p o w d e r   was  t h i n l y   c o a t e d   on  a  p i e c e   of  f i l t e r   p a p e r .  

The  monomer  was  m e l t e d   by  h e a t i n g   the   p a p e r   from  t h e  

b o t t o m   to  p r o v i d e   an  ink  pad  f o r   p u r p o s e s   of  t e s t i n g  

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

shown  in  t he   E x a m p l e s .   A  r u b b e r   s t a m p   was  c o n t a c t e d  

w i t h   the   m o l t e n   d i a c e t y l e n e   on  the   f i l t e r   p a p e r   t h e r e b y  

a p p l y i n g   a  t h i n   c o a t i n g   of  m e l t   to  the  s t a m p .   The  m e l t  

was  t h e n   t r a n s f e r r e d   from  the   p r i n t i n g   a r e a s   of  t h e  

s t a m p   to  a  p i e c e   of  f i l t e r   p a p e r   by  p r e s s i n g   the   s t a m p  

a g a i n s t   the   p a p e r .  
As  the   m e l t   c o o l e d   upon  the   p a p e r   i t   c r y s t a l -  

l i z e d   to  s o l i d   monomer ,   l e a v i n g   a  c o l o r l e s s  o r   s l i g h t l y  

c o l o r e d   i m p r e s s i o n   of  the  s tamp  on  the  p a p e r .   The  p a p e r  

was  t h e n   e x p o s e d   to  h e a t   or  to  UV  ( u l t r a v i o l e t )   l i g h t  

(as   i n d i c a t e d   in  the   E x a m p l e s )   w h e r e b y   t he   i m p r e s s i o n   o f  

t he   s t amp   a p p e a r e d   in  r e a d i l y   l e g i b l e   l e t t e r s   upon  t h e  

p a p e r .  



I f   n e c e s s a r y ,   the  r u b b e r   s t a m p   was  h e a t e d   o r  

r e h e a t e d   w i t h   a  ho t   a i r   gun  to  p r e v e n t   p r e m a t u r e  

c r y s t a l l i z a t i o n   of  the   d i a c e t y l e n e   monomer   on  t h i s  

s t a m p .  

EXAMPLE  1 

The  d i a c e t y l e n e ,   5,  7 - d o d e c a d i y n - l , 1 2 - b i s  

( n - b u t o x y c a r b o n y l m e t h y l e n e   u r e t h a n e )   w h e r e i n  

R , R ' =   - ( C H 2 ) 4 O C O N H C H 2 C O O ( C H 2 ) 3 C H 3  w a s   used   as  i n k .  

The  monomer  was  m e l t e d   on  a  p i e c e   of  f i l t e r   p a p e r   b y  

h e a t i n g   a t   80°C.   U s i n g   the  p r o c e d u r e   d e s c r i b e d   above   a n  

i n v i s i b l e   i m p r e s s i o n   of  the  r u b b e r   s t a m p   was  o b t a i n e d   o n  

p a p e r .   Upon  a  b r i e f   e x p o s u r e   to  UV  l i g h t ,   the  v i s i b l e  

i m p r e s s i o n   of  the   s t a m p   was  o b t a i n e d   in  b l u e   c o l o r .  

Upon  e x p o s u r e   ( t e n   s e c o n d s )   t he   monomer   p o l y m e r i z e d  

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

the   s t a m p   was  o b t a i n e d .   The  d i a c e t y l e n e   has  r e a s o n a b l e  

a d h e s i o n   w i t h   t he   p a p e r .   On  r u b b i n g   w i t h   the  hand  n o  

s m e a r i n g   was  n o t e d .  

EXAMPLES  2 - 6  

S e v e r a l   o t h e r   d i a c e t y l e n e s   were   t e s t e d   on  t h e  

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

The  d i a c e t y l e n e s ,   m e t h o d s   of  p o l y m e r i z a t i o n   and  c o l o r s  

upon  p o l y m e r i z a t i o n   a re   i n d i c a t e d  b e l o w .  



EXAMPLE  7 

1.  S y n t h e s i s   of  9 - ( N - c a r b a z o l y l ) - 5 , 7 - n o n a d i y n - l - o l  
To  a  100  ml,   3  n e c k e d   f l a s k ,   f i t t e d   w i t h  

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

r e f l u x   c o n d e n s e r ,   was  c h a r g e d   a t   room  t e m p e r a t u r e ,   3 . 6  

grams  ( 0 . 0 1 2   mol)  9 - ( N - c a r o a z o l y l ) - 5 , 7 - n o n a d i y n - l - o l  

( s y n t h e s i s   of  t h i s   compound  has  been   d e s c r i b e d   in  U . S . P .  

4 , 1 2 5 , 5 3 4 ) ,   10  ml  1 , 2 - d i m e t h o x y e t h a n e   ( g l y m e )   0 .1   g r a m  

d i b u t y l t i n - d i - ( 2 - e t h y l )   h e x a n o a t e ,   and  1  ml  t r i e t h y l -  

a m i n e ,   u n d e r   a  n i t r o g e n   a t m o s p h e r e .   To  the  s t i r r e d  

m i x t u r e ,   was  a d d e d   a  s o l u t i o n   of  2 .2   g rams   ( 0 . 0 1 8   m o l )  

p h e n y l i s o c y a n a t e   and  10  ml  g lyme  in  one  p o r t i o n .   T h e  

r e a c t i o n   t e m p e r a t u r e   ro se   to  35°C  in  a b o u t   5  m i n u t e s  

and  t h e n   s u b s i d e d   to  25°C.  The  r e a c t i o n   m i x t u r e   w a s  

s t i r r e d   a t   45°C  f o r   an  a d d i t i o n a l   3  h o u r s   and  t h e n  

c o o l e d   to  room  t e m p e r a t u r e .   H e p t a n e ,   80  m l ,  w a s   a d d e d  

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

p r e c i p i t a t e   was  c o l l e c t e d   by  f i l t r a t i o n   and  w a s h e d   w i t h  

h e p t a n e   and  p e t r o l e u m   e t h e r .   O b t a i n e d   was  4 .1   g rams   o f  

a  w h i t e   s o l i d ,   r e p r e s e n t i n g   an  82%  y i e l d   of  t h e o r y   o f  

the  d e s i r e d   compound   p o s s e s s i n g   a  m e l t i n g   p o i n t   o f  

1 2 3 . 5 °   to  1 2 4 . 5 ° C .  

2.  A c t i v e   and  I n a c t i v e   F o r m s  

R e c r y s t a l l i z a t i o n   of  the   above   o b t a i n e d   s o l i d  

from  a c e t o n e   y i e l d e d   two  c r y s t a l   f o r m s :   "A",  w h i t e  

p l a t e l e t s ,   h a v i n g   a  m e l t i n g   p o i n t   of  1 2 4 . 5 °   to  1 2 5 ° C . ,  

which   were   i n a c t i v e   t o w a r d s   1 , 4 - a d d i t i o n   p o l y m e r i z a t i o n  

upon  e x p o s u r e   to  a  t o t a l   of  50  Mrads   of  gamma  r a d i a t i o n ;  

and  "B" ,   r e d   n e e d l e s ,   h a v i n g   a  m e l t i n g   p o i n t   of  a b o u t  

145°C,   w h i c h   e v i d e n c e d   a  c o l o r   c h a n g e   to  m e t a l l i c   g r e e n -  



g o l d   upon  e x p o s u r e   to  a  t o t a l   of  50  K r a d s   of  gamma 
r a d i a t i o n .   "A"  is   an  i n a c t i v e   form  and  "B"  i s   an  a c t i v e  

f o r m .  

E l e m e n t a l   a n a l y s i s   of  bo th   c o m p o u n d s   s h o w e d  

t h a t   t hey   b o t h   were   of  the   same  e m p i r i c a l   f o r m u l a ,   c a l -  

c u l a t e d   f o r   the   f o r m u l a   C28H24N202;   %C  ( c a l c u l a t e d )  

7 9 . 9 8 ;  %   H  5 . 7 5   ( c a l c u l a t e d ) ;   f o r   "A",   %  C  ( f o u n d )  

7 9 . 9 3 ,   %  H  ( f o u n d )   5 . 8 1 ;   f o r   " B " ,  %   C  ( f o u n d )   7 9 . 9 6 ,  

%  H  ( f o u n d )   5 . 5 9 .  

The  X - r a y   p o w d e r   d i f f r a c t i o n   p a t t e r n s   f o r   t h e  

i n a c t i v e   form  "A"  and  the   a c t i v e   form  "B" ,   r e s p e c t i v e l y ,  

show  t h a t   t hey   e x i s t   in  s e p a r a t e   and  d i s t i n c t   c r y s t a l -  

l i n e   f o r m s .  

3.  C o n v e r s i o n  

I t   was  f o u n d   t h a t   by  h e a t i n g   t he   i n a c t i v e  

w h i t e   p l a t e l e t s   at   a  t e m p e r a t u r e   of  a b o u t   127°C  a  m e l t  

was  f o r m e d ,   w h i c h   when  s l o w l y   c o o l e d   by  a l l o w i n g   t o  

s t a n d   at   room  t e m p e r a t u r e ,   r e s u l t e d   in  t h e   a c t i v e  

form  *B".  Such  m e l t   can  be  fo rmed   as  a  c o a t i n g   on  a  

p i e c e   of  f i l t e r   p a p e r ,   as  in  Example   1,  and  t r a n s -  

f e r r e d   to  a  p r i n t i n g   head   and  to  p a p e r   and  e x p o s e d   t o  

r a d i a t i o n   to  form  a  p r i n t o u t   as  in  E x a m p l e   1 .  

EXAMPLE  8 

The  m o n o m e t h y l   e s t e r   of  1 0 , 1 2 - d o c o s a d i y n -  

d i o i c   a c i d   is  p r e p a r e d   as  d e s c r i b e d   in  E x a m p l e   N  a t  

c o l .   15 -16   of  U . S . P .   3 , 5 0 1 , 3 0 2   of  Mar.  17 ,   1 9 7 0 ,   h a v i n g  

m e l t i n g   p o i n t   of  a b o u t   6 0 - 6 2 ° C .   As  d i s c l o s e d  i n   E x a m p l e  

12  of  t h a t   p a t e n t   ( C o l .   24)  t h i s   a c e t y l e n i c   c o m p o u n d ,  

when  e x p o s e d   in  c r y s t a l l i n e   form  to  u l t r a v i o l e t   r a d i a -  

t i o n ,   c h a n g e s   to  a  b l u e   c o l o r ;   whence   i t   f o l l o w s   t h i s  

compound  can  be  e m p l o y e d   in  m e l t   form  as  an  ink  by  t h e  

g e n e r a l   p r o c e d u r e   of  E x a m p l e   1  a b o v e .  

EXAMPLE  9 

1 1 , 1 3 - T e t r a c o s a d i y n d i o i c   a c i d   p r o d u c t   o f  

Example   1  a t   c o l .   21  o f   U . S . P .   3 , 5 0 1 , 3 0 2   of  M.P.  1 1 8 ° C  

is   a p p l i c a b l e   in  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   to  t h e  

m o n o e s t e r   of  E x a m p l e   8 .  

I t   w i l l   be  a p p r e c i a t e d   t h a t   t he   a b o v e   e x a m p l e s  



r e p r e s e n t   j u s t   a  few  of  the  many  d i a c e t y l e n e   c o m p o s i -  

t i o n s ,   and  c o m p o s i t i o n s   c o n t a i n i n g   a d d i t i o n a l   c o n j u g a t e d  

or   n o n - c o n j u g a t e d   t r i p l e   b o n d s ,   wh ich   a r e   o p e r a t i v e   i n  

the   p r o c e s s   of  t h i s   i n v e n t i o n   and  w h i c h   m e l t   w i t h i n   a 

c o n v e n i e n t   r a n g e   and  s o l i d i f y   on  c o o l i n g   in  p l a c e   or  by  

f o r c e d   c o o l i n g   to  d e p o s i t   an  a c t i v e   s o l i d   a c e t y l e n i c  

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

a c c u r a t e l y   to  t he   p r i n t i n g   a r e a s   of  the   p r i n t i n g   h e a d  

e m p l o y e d .  

I t   w i l l   be  a p p r e c i a t e d   a l s o   t h a t   the   a c e t y -  

l e n i c   c o m p o u n d s   or  c o m p o s i t i o n s   used   as  i n k s   in  the   p r o -  

c e s s   of  t h i s   i n v e n t i o n   can  be  used   to  p r i n t   one  p a r t   o f  

a  l a b e l ,   to  s e r v e ,   s a y ,   as  an  i n d i c a t o r ;   and  a n o t h e r  

p a r t   can  be  p r i n t e d   u s i n g   a  c o n v e n t i o n a l   i n k .   F o r  

e x a m p l e   a  m e s s a g e   such  as  "STALE-DISCARD"  can  be  a p p l i e d  

to  a  l a b e l ,   u s i n g   an  a c e t y l e n i c   ink  s u c h   as  t h a t   o f  

Example   4  h e r e o f   in  c o l o r l e s s   fo rm,   and  w i l l   b e c o m e  

v i s i b l e   in  say  r ed   a f t e r   s u f f i c i e n t   e x p o s u r e   to  the  c o m -  

b i n e d   e f f e c t s   of  t e m p e r a t u r e   and  t i m e ,   or   to  the  e f f e c t s  

of  r a d i a t i o n .   I f   d e s i r e d ,   the  c u s t o m a r y   l a b e l i n g   i n f o r -  

m a t i o n   can  be  p r i n t e d   on  the  same  l a b e l   u s i n g   a  c o n v e n -  

t i o n a l   i n k .  



1.  A  p r i n t i n g   p r o c e s s   u s i n g   a  f u s i b l e   a c e t y -  

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

l e a s t   two  of  w h i c h   b o n d s   are   c o n j u g a t e d ;   s a i d   c o m p o u n d  

b e i n g   p o l y m e r i z a b l e   in  s o l i d   s t a t e   bu t   s t a b l e   a g a i n s t  

p o l y m e r i z a t i o n   when  in  l i q u i d   fo rm;   c o n s i s t i n g   e s s e n -  

t i a l l y   of  the   s t e p s  

(a)  a p p l y i n g   to  a  h e a t e d   p r i n t i n g   head  t o  

t h e r e b y   form  a  l i q u i d   c a r r i e d   t h e r e o n ,   an  a c e t y l e n i c  

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

s u b s t i t u t e d   a c e t y l e n i c   compound  c o n t a i n i n g   a t   l e a s t   t w o  

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

s t i t u e n t   w h e r e i n   a t   l e a s t   one  m e t h y l e n e   r a d i c a l   l i n k s  

a  c a r b o n   a tom,   h a v i n g   such   c o n j u g a t e d   t r i p l e   bond,   t o  

a  r a d i c a l   s e l e c t e d   f rom  t he   g r o u p   c o n s i s t i n g   o f  

u r e t h a n e ,   h y d r o x y ,   c a r b o x y ,   c a r b o x y l i c   a c i d ,   c a r b o x y l i c  

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

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

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

s t r a t e ;  
(b)  by  c o n t a c t   b e t w e e n   s a i d   p r i n t i n g   h e a d  

and  a  s u b s t r a t e ,   t r a n s f e r r i n g   l i q u i d   f rom  s a i d   a r e a s   o f  

s a i d   h e a d ,   c a r r y i n g   l i q u i d ,   to  s a i d   s u b s t r a t e ;  

(c)  c a u s i n g   s a i d   l i q u i d   to  c o o l   w h e r e b y   t o  

d e p o s i t   s a i d   a c e t y l e n i c   c o m p o s i t i o n   in  a  s o l i d   f o r m  

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

or   by  r a d i a t i o n   e n e r g y ;  
(d)  e x p o s i n g   s a i d   a c t i v e   s o l i d   a c e t y l e n i c  

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

r a d i a t i o n   e n e r g y ,   of  i n t e n s i t y   and  d u r a t i o n   a t   l e a s t  

s u f f i c i e n t   to  e f f e c t   p a r t i a l   p o l y m e r i z a t i o n   and  a c c o m -  

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

2.  P r o c e s s   in  a c c o r d a n c e   w i t h   c l a i m   1  w h e r e i n  

s u c h   s u b s t i t u e n t   of  sucn   s u u s t i t u t e d . a c e t y l e n i c   c o m p o u n d  

is   u r e t h a n e ,   h y d r o x y   or  a r y l s u l f o n a t e .  
3.  P r o c e s s   in  a c c o r d a n c e   w i t h   c l a i m   2  w h e r e i n  

s u c h   s u b s t i t u t e d   a c e t y l e n i c   compound  is  a  s y m m e t r i c a l  

d i y n e   and  is  e m p l o y e d   as  a  m e l t   at   t e m p e r a t u r e   in  t h e  



r a n g e   b e t w e e n   40  and  2 0 0 ° C .  

4.  P r o c e s s   of  c l a i m   1  w h e r e i n   the   a c e t y l e n i c  

c o m p o s i t i o n   c o n s i s t s   e s s e n t i a l l y   o f  

5 , 7 - d o d e c a d i y n - 1 , 1 2 - b i s ( n - b u t o x y c a r b o n y l m e t h y l e n e  

u r e t h a n e ) .  

5.  P r o c e s s   of  c l a i m   1  w h e r e i n   the   a c e t y l e n i c  

c o m p o s i t i o n   c o n s i s t s   e s s e n t i a l l y   of  4 , 6 - d e c a d i y n - 1 , 1 0 -  

d i o l .  

6.  P r o c e s s   of  c l a i m   1  w h e r e i n   the   a c e t y l e n i c  

c o m p o s i t i o n   c o n s i s t s   e s s e n t i a l l y   of  2 , 4 - h e x a d i y n - l , 6 -  

b i s ( n - b u t y l   u r e t h a n e ) .  

7.  P r o c e s s   of  c l a i m   1  w h e r e i n   the   a c e t y l e n i c  

c o m p o s i t i o n   c o n s i s t s   e s s e n t i a l l y   of  2 , 4 - h e x a d i y n - 1 , 6 -  

b i s ( e t h y l u r e t h a n e ) .  

8.  P r o c e s s   of  c l a i m   1  w h e r e i n   the   a c e t y l e n i c  

c o m p o s i t i o n   c o n s i s t s   e s s e n t i a l l y   of  2 , 4 - h e x a d i y n - 1 , 6 -  

b i s ( p - t o l u e n e   s u l f o n a t e ) .  

9.  P r o c e s s   of  c l a i m   1  w h e r e i n   the   a c e t y l e n i c  

c o m p o s i t i o n   c o n s i s t s   e s s e n t i a l l y   of  80  p a r t s   by  w e i g h t  

of  2 , 4 - h e x a d i y n - 1 , 6 - b i s ( n - b u t y l   u r e t h a n e )   c o c r y s t a l l i z e d  

w i t h   20  p a r t s   of  2 , 4 - h e x a d i y n - 1 , 6 - b i s ( e t h y l   u r e t h a n e ) .  
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