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@  Chemical  copper  plating  solution. 
  There  is  disclosed  a  chemical  copper  plating  solution 
containing  a  copper  salt,  a  complexing  agent,  a  reducing 
agent  and  a  pH  adjustor  which  further  comprises  at  least  one 
of  the  following  Groups  (A)  and  (B); 

Group  (A); 
at  least  one  non-ionic  surface  active  agent  selected  f r o m  

the  group  consisting  of  a  non-ionic  surface  active  agent 
having  the  formula: 

(wherein  m,  and  n,  each  represent  an  integer  of  1  or  more) 
and  a  non-ionic  surface  active  agent  having  formula: 

(wherein  m2  and  n2  each  represent  an  integer  of  1  or  more), 
and  at  least  one  compound  selected  from  the  group 
consisting  of  1,10-phenanthroline,  a  1,10-phenanthroline 
derivative,  2,2'-dipyridyl,  2,2'-biquinotine  and  a  water- 
soluble  cyan  compound; 

Group  (B); 
an  organic  sulfur  compound  and  an  ethyleneamine 

compound. 



BACKGROUND  OF  THE  INVENTION 

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

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

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

c o m p o s i t i o n   w h i c h   makes   i t   p o s s i b l e   to  d e p o s i t   c o p p e r   a t  

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

a p p l i c a t i o n   and  can  fo rm  a  p l a t e d   f i l m   h a v i n g   f a v o u r a b l e  

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

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

e s s e n t i a l   c o m p o n e n t s   a  w a t e r - s o l u b l e   c o p p e r   s a l t   such   a s  

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

such   as  e t h y l e n e d i a m i n e t e t r a a c e t i c   a c i d   ( E D T A ) ,  

N , N , N ' , N ' - t e t r a k i s - ( 2 - h y d r o x y p r o p y l ) e t h y l e n e d i a m i n e ,  

R o c h e l l e   s a l t ,   e t c . ;   a  r e d u c i n g   a g e n t   such   a s  

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

e t c . ;   a  pH  a d j u s t o r   such   as  s o d i u m   h y d r o x i d e ,   p o t a s s i u m  

h y d r o x i d e ,   e t c . ;   a n d ,   w h e r e   n e c e s s a r y ,   a  s u r f a c e   a c t i v e  

a g e n t   such   as  a  p o l y e t h y l e n e   o x i d e ,   a  p o l y e t h e r ,   a  

p o l y e s t e r ,   e t c .  

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

c o m p o s i t i o n   of  such   c o m p o n e n t s   g e n e r a l l y   t e n d s   to  l a c k  

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

m o r e o v e r ,   a  p l a t e d   f i l m   or  d e p o s i t e d   f i l m   made  f rom  s a i d  



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

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

p r a c t i c a l   u t i l i t y .  

In  o r d e r   to   i m p r o v e   s u c h   d e f e c t s ,   t h e r e   has   b e e n   p r o p o s e d  

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

f u r t h e r   a d d e d   a  v a r i e t y   of  a d d i t i v e s ,   e . g . ,   a  d i p y r i d y l ,  

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

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

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

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

pH  a d j u s t o r   ( s e e   J a p a n e s e   P a t e n t   P u b l i c a t i o n s   N o s .  

1 0 8 4 / 1 9 6 5   and  1 1 5 2 1 / 1 9 6 8   and  J a p a n e s e   P r o v i s i o n a l   P a t e n t  

P u b l i c a t i o n   No.  6 8 0 3 3 / 1 9 7 7 . ) .  

H o w e v e r ,   even   when  t h e   a b o v e - m e n t i o n e d   c o m p o n e n t s   w o u l d  

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

p r o p e r t i e s   of  a  p l a t e d   f i l m   h a v e   no t   y e t   b e e n   i m p r o v e d  

s a t i s f a c t o r i l y   and ,   f u r t h e r ,   t h e r e   have   been   i n e v i t a b l y  

p r e s e n t e d   p r o b l e m s   of  a  s l o w e r   d e p o s i t   r a t e   in  p l a t i n g  
and  a  r e d u c e d   p r o d u c t i v i t y   o w i n g   to  such   c o m p o n e n t s  

s u p p l e m e n t e d .  

SUMMARY  OF  THE  INVENTION 

The  p r i m a r y   o b j e c t   of  t h i s   i n v e n t i o n   i s   to  p r o v i d e   a  

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

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

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

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

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

r e s u l t a n t   p l a t e d   f i l m .  

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

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



a d j u s t o r ,   w h i c h   f u r t h e r   c o m p r i s e s   a t   l e a s t   one  of  t h e  

u n d e r - m e n t i o n e d   G r o u p s   (A)  and  ( B ) :  

(A)  a t   l e a s t   one  n o n i o n i c   s u r f a c e   a c t i v e   a g e n t   s e l e c t e d  

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

a g e n t   h a v i n g   the   f o r m u l a   ( I ) :  

( w h e r e i n   m 1  a n d   n1  e a c h   r e p r e s e n t   an  i n t e g e r   of  1 

or  m o r e ) ;   a n d  

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

( I I ) :  

( w h e r e i n   m2  and  n2  e a c h   r e p r e s e n t   an  i n t e g e r   of  1 

or  m o r e ) ;  

and  a t   l e a s t   one  s e l e c t e d   f rom  t h e   g r o u p  

c o n s i s t i n g   of  1 , 1 0 - p h e n a n t h r o l i n e ,   a  

1 , 1 0 - p h e n a n t h r o l i n e   d e r i v a t i v e ,   2 , 2 ' - d i p y r i d y l ,  

2 , 2 ' - b i q u i n o l i n e   and  a  w a t e r - s o l u b l e   c y a n  

c o m p o u n d ,  

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

c o m p o u n d .  

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

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

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

c o m p o n e n t s   of  a  c o p p e r   s a l t ,   a  c o m p l e x i n g   a g n e t ,   a  



r e d u c i n g   a g e n t   and  a  pH  a d j u s t o r ,   a t   l e a s t   one  s e l e c t e d  

f rom  t h e   g r o u p   c o n s i s t i n g   o f ,   as  Group   (A) ,   a  n o n i o n i c  

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

s e l e c t e d   f rom  t h e   g r o u p   c o n s i s t i n g   of  1 , 1 0 - p h e n a n t h r o -  

l i n e ,   a  1 , 1 0 - p h e n a n t h r o l i n e   d e r i v a t i v e ,   2 , 2 ' - d i p y r i d y l ,  

2 , 2 ' - b i q u i n o l i n e   and  a  w a t e r - s o l u b l e   c y a n   c o m p o u n d ;   a n d  

as  Group   ( B ) ,   an  o r g a n i c   s u l f u r   c o m p o u n d   and  a n  

e t h y l e n e a m i n e   c o m p o u n d .  

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

a  m e t a l l i c   s t a t e .   A  c o m p l e x i n g   a g e n t   may  fo rm  a  s t a b l e  

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

( a l k a l i n e ) ,   a  f o r m a t i o n   of  c u p r i c   h y d r o x i d e ,   w h i l e   a  pH 

a d j u s t o r   may  a d j u s t   t h e   o p t i m u m   p l a t i n g   d e p o s i t   p o t e n t i a l  

in  a  p l a t i n g   b a t h .   T h e s e   c o m p o n e n t s   may  be  of  any  o f  

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

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

Of  t h e   Group   (A) ,   t h e   n o n i o n i c   s u r f a c e   a c t i v e   a g e n t   m a y  
c o n t r i b u t e   to  m e c h a n i c a l   p r o p e r t i e s   and  d e p o s i t   r a t e   of  a  

p l a t i n g   s o l u t i o n   and  is   r e p r e s e n t e d   by  t h e   f o r m u l a   ( I )   o r  

( I I ) .  

In  t h e   f o r m u l a e   ( I )   and  ( I I ) ,   e a c h   of  ml ,   m2,  n 1  a n d   n2  
is   an  i n t e g e r   of   1  or  m o r e .   I f   any  of  them  i s   0  ( z e r o ) ,  

a  n o n i o n i c   s u r f a c e   a c t i v e   a g e n t   shows   a  low  s o l u b i l i t y   s o  

t h a t   a  s u f f i c i e n t   a m o u n t   t h e r e o f   to  c o n t r i b u t e   t o  

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

p l a t i n g   s o l u t i o n   c o u l d   no t   be  d i s s o l v e d   in  a  p l a t i n g  
s o l u t i o n .   On  t h e   o t h e r   h a n d ,   as  ml  +  n1  or   m2  +  n2  i s  

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

p l a t i n g   s o l u t i o n   may  be  c o r r e s p o n d i n g l y   i m p r o v e d .   In  a n y  

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

a t   t h e   n e i g h b o r h o o d   of  20  to  a  s a t u r a t e d   s t a t e .   T h u s ,  

t h e r e   is   p a r t i c u l a r l y   no  u p p e r   l i m i t   w i t h   r e g a r d   to   ml  + 



n1  or  m2  +  n2 ,   bu t   n o t   more  t h a n   500  i s   p r e f e r r e d   in  v i e w  
of  w o r k a b i l i t y .  

A  c o n c e n t r a t i o n   of  t h e   c o m p o u n d   ( I )   or   ( I I )   in  a  p l a t i n g  
s o l u t i o n   is  p r e f e r a b l y   in  t he   r a n g e   of  10  m g / l   to  30  g / 1 .  

In  p a r t i c u l a r ,   w h e r e   e a c h   of  m1  +  n1  and  m2 +  n2  i s  l e s s  
t h a n   20,  a  r a n g e   of  30  m g / l   to   20  g / 1   i s   p r e f e r r e d .  

Where  each   of  m1  +  n1  and  m2  +  n2  i s   n o t   l e s s   t h a n   20,   a  

r a n g e   of  10  m g / l   to   5  g / 1   is   p r e f e r r e d .  

In  t h i s   i n v e n t i o n ,   t h e r e   is   f u r t h e r   a d d e d   a t   l e a s t   one  o f  

1 , 1 0 - p h e n a n t h r o l i n e ,   a  1 , 1 0 - p h e n a n t h r o l i n e   d e r i v a t i v e ,  

2 , 2 ' - d i p y r i d y l ,   2 , 2 ' - b i q u i n o l i n e   or  a  w a t e r - s o l u b l e   c y a n  

c o m p o u n d ,   in  o r d e r   t h a t   t he   a f o r e s a i d   e f f e c t s   by  n o n i o n i c  

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

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

f a r   more  e n h a n c e d .  

The  1 , 1 0 - p h e n a n t h r o l i n e   d e r i v a t i v e   may  p r e f e r a b l y   h a v e   a  

s u b s t i t u e n t   such   as  a  l o w e r   a l k y l   g r o u p ,   e . g . ,   a  m e t h y l  

g r o u p ,   an  e t h y l   g r o u p ,   e t c .   or  a  p h e n y l   g r o u p   and  t h e r e  

may  i l l u s t r a t i v e l y   be  m e n t i o n e d   2 , 9 - d i m e t h y l - 1 , 1 0 -  

p h e n a n t h r o l i n e ,   4 , 7 - d i p h e n y l - 2 , 9 - d i m e t h y l - 1 , 1 0 - p h e n a n t h -  

r o l i n e ,   4 , 7 - d i p h e n y l - 1 , 1 0 - p h e n a n t h r o l i n e   and  so  o n .  

As  t h e   w a t e r - s o l u b l e   cyan   c o m p o u n d ,   t h e r e   may  b e  

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

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

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

so  o n .  

A  t o t a l   a m o u n t   of  1 , 1 0 - p h e n a n t h r o l i n e ,   a  1 , 1 0 - p h e n a n t h r o -  

l i n e   d e r i v a t i v e ,   2 , 2 ' - d i p y r i d y l   and  2 , 2 ' - b i q u i n o l i n e   t o  

be  a d d e d   is  p r e f e r a b l y   1  -   200  m g / l ,   a  r a n g e   of  2  -   5 0  

m g / l   b e i n g   p a r t i c u l a r l y   p r e f e r r e d .   If   t he   a d d e d   a m o u n t  

is   l e s s   t h a n   1  m g / 1 ,   one  c o u l d   no t   o b t a i n   e f f e c t s   a t   a l l ;  



i f   s a i d   a m o u n t   is   more  t h a n   200  m g / l ,   t h e r e   w o u l d  

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

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

f i l m .  

An  a m o u n t   of  t h e  w a t e r - s o l u b l e   cyan   c o m p o u n d   to   be  a d d e d  

i s   p r e f e r a b l y   1  mg/1   to   3  g / l ,   a  r a n g e   of  5  m g / l   to   1  g / 1  

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

l e s s   t h a n   1  m g / l ,   i t   does   no t   a t   a l l   c o n t r i b u t e   t o  

i m p r o v e m e n t   in  s t a b i l i t y   and  m e c h a n i c a l   p r o p e r t i e s ,  

w h i l e ,   i f   more  t h a n   3  g / l ,   t h e r e   w o u l d   u n d e s i r a b l y  

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

p r o p e r t y   of  a  p l a t e d   f i l m .  

A l s o ,   t h e   o r g a n i c   s u l f u r   c o m p o u n d   a d d e d   as  t h e   Group   (B)  

may  c o n t r i b u t e   to   i m p r o v e d   s t a b i l i t y   of  a  p l a t i n g  

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

to  s p e e d - u p   of  a  d e p o s i t   r a t e .  

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

t h e   G r o u p   (B) ,   t h e r e   may  be  m e n t i o n e d ,   f o r   i n s t a n c e ,  

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

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

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

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

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

a d d e d   i s   p r e f e r a b l y   0 . 0 1   m g / l   to  10  m g / l ,   a  r a n g e   of  0 . 1  

m g / l   to   5  m g / l   b e i n g   p a r t i c u l a r l y   p r e f e r r e d .   I f   t h e  

a d d e d   a m o u n t   is   l e s s   t h a n   0 . 0 1   m g / l ,   s t a b i l i t y   of  a  

p l a t i n g   s o l u t i o n   i s   no t   so  much  i m p r o v e d ;   i f   more  t h a n   1 0  

m g / l ,   a  d e p o s i t   r a t e   is  e x t r e m e l y   l o w e r e d ,   w h i c h   l e a d s   t o  

a  r e d u c e d   w o r k i n g   e f f i c i e n c y .  

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

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

t r i e t h y l e n e t e t r a m i n e ,   t e t r a e t h y l e n e p e n t a m i n e ,  



p e n t a e t h y l e n e h e x a m i n e   and  so  on .   An  a m o u n t   of  t h e  

c o m p o u n d   to   be  a d d e d   i s   p r e f e r a b l y   1  m g / l   to  500  m g / l ,   a  

r a n g e   of  5  m g / l   to   100  m g / l   b e i n g   p a r t i c u l a r l y   p r e f e r r e d .  

I f   t h e   a d d e d   a m o u n t   is   l e s s   t h a n   1  m g / l ,   a  d e p o s i t   r a t e  
of  t h e   p l a t i n g   s o l u t i o n   or  m e c h a n i c a l   p r o p e r t i e s   of  t h e  

p l a t e d   f i l m   i s   no t   so  much  i m p r o v e d ;   i f   more  t h a n   5 0 0  

m g / l ,   a  p l a t i n g   s o l u t i o n   b e c o m e s   u n s t a b l e .  

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

l e a s t   one  of  t h e   a b o v e   G r o u p s   (A)  and  (B)  is   f u r t h e r  

i n c o r p o r a t e d ,   in  a d d i t i o n   to   t h e   f o u r   c o m p o n e n t s   of  a  

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

pH  a d j u s t o r ;   b u t ,   i f   t h e   p r e s e n t   p l a t i n g   s o l u t i o n  

c o n t a i n s   o n l y   t h e   a b o v e   G r o u p   (A) ,   s t a b i l i t y   and  d e p o s i t  

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

p l a t e d   f i l m   may  be  f a r   more   i m p r o v e d   by  t h e   a d d i t i o n   o f  

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

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

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

t h e   a b o v e   G r o u p   (B) ,   a t   l e a s t   one  of  a  2 , 2 ' - d i p y r i d y l   a n d  

a  w a t e r - s o l u b l e   cyan   c o m p o u n d   may  be  f u r t h e r   a d d e d   a t   a  

c o n c e n t r a t i o n   in  t h e   p l a t i n g   s o l u t i o n   of  1  -   100  m g / l ,  

p r e f e r a b l y   5  -   50  m g / l ,   in  o r d e r   to  i m p r o v e   s p r e a d a b i l i t y  

of  a  p l a t e d   f i l m   and  s t a b i l i t y   of  p l a t i n g   s o l u t i o n .   I f  

t h e   a d d e d   a m o u n t   is   l e s s   t h a n   1  m g / l ,   i m p r o v e m e n t   i n  

s p r e a d a b i l i t y   of  a  p l a t e d   f i l m   or  s t a b i l i t y   of  a  p l a t i n g  

s o l u t i o n   c o u l d   no t   be  e x p e c t a b l e .   If   more  t h a n   100  m g / l ,  

t h e r e   w i l l   be  p r o d u c e d   a  l o w e r e d   d e p o s i t   r a t e   of  a  

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

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

a d d e d   a m o u n t .  

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

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

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



i s   to  s a y ,   t h e   p l a t i n g   s o l u t i o n   h a v i n g   an  e x c e l l e n t  

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

w i t h   a  h i g h   s p e e d   d e p o s i t ,   when  t h e   a b o v e   c o m p o u n d s  

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

c o m b i n a t i o n   t h e r e w i t h   a t   t h e   p r e d e t e r m i n e d   p r o p o r t i o n .  

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

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

r a n g e   of  a  t e m p e r a t u r e   of  4 0  -   80  °C,  more   p r e f e r a b l y   50  

-  70  °c  and  a  pH  v a l u e   of  1 0 . 8  -   1 3 . 0 ,   more  p r e f e r a b l y  

1 2 . 0  -   1 3 . 0 .   A c c o r d i n g   to   s u c h   p l a t i n g   c o n d i t i o n ,  

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

f u l l y   p u t   to  use   and  t h e r e   can   be  f o r m e d   a  p l a t e d   f i l m  

w h i c h   can   be  d e p o s i t e d   a t   a  h i g h   s p e e d   and  has  a  h i g h  

s p r e a d a b i l i t y .  

T h i s   i n v e n t i o n   w i l l   be  more  f u l l y   i l l u s t r a t e d   by  way  o f  

t h e   f o l l o w i n g   e x a m p l e s .  

E x a m p l e s   1  -   12  

A  s t a i n l e s s   s t e e l   p l a t e   w i t h   a  t h i c k n e s s   of  0 .3   mm  w a s  

p o l i s h e d   w i t h   a  c l e a n s e r ,   d i p p e d   in  a  10  %  s o d i u m  

h y d r o x i d e   s o l u t i o n   a t   80  °C  f o r   one  m i n u t e ,   t a k e n   o u t   a n d  

w a s h e d   w i t h   w a t e r .   T h e n ,   i t   was  d i p p e d   in  a  10  % 

s u l f u r i c   a c i d   a t   o r d i n a r y   t e m p e r a t u r e   f o r   30  s e c o n d s   a n d  

w a s h e d   w i t h   w a t e r   to   c l e a n   t h e   s u r f a c e   t h e r e o f .   T h e  

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

f o r   2  m i n u t e s   and  w a s h e d   in  a  r u n n i n g   w a t e r   f o r   o n e  

m i n u t e .   T h e r e a f t e r ,   t h e   p l a t e   was  d i p p e d   in  a  s o l u t i o n  



h a v i n g   t h e   c o m p o s i t i o n   o f ;  

f o r   one  m i n u t e s   and  w a s h e d   in  a  r u n n i n g   w a t e r   f o r   o n e  

m i n u t e .  

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

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

c o m p o s i t i o n s ;  

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

m e a s u r e d   f o r   d e p o s i t   r a t e   of  c o p p e r .   Such  a  m e a s u r e m e n t  

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

t h i c k n e s s   of  10  um,  t h e   s u r f a c e   of  w h i c h   was  p r e v i o u s l y  

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

p l a t i n g   t e m p e r a t u r e   of  60  °C  and  a  pH  v a l u e   of  t h e  

p l a t i n g   s o l u t i o n   of  1 2 . 5   f o r   one  h o u r   and  c a l c u l a t i n g   a  

d e p o s i t   r a t e   f rom  t h e   d i f f e r e n c e   in  w e i g h t   b e f o r e   a n d  

a f t e r   p l a t i n g .  

T h e n ,   t h e   c a t a l y z e d   s t a i n l e s s   s t e e l   p l a t e   w i t h   a  

t h i c k n e s s   of   0 .3   mm  as  d e s c r i b e d   a b o v e   was  t r e a t e d   w i t h  

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



f i l m s   w i t h   a  t h i c k n e s s   of  3 0  -   35  um  o v e r   b o t h   s i d e s  

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

p l a t i n g   t e m p e r a t u r e   of  60  °C  and  a  pH  v a l u e   of  t h e  

p l a t i n g   s o l u t i o n   of  1 2 . 5 .  

The  c o p p e r   p l a t e d   f i l m   t h u s   d e p o s i t e d   was  p e e l e d   o f f   f r o m  

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

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

f o l l o w i n g   f o l d i n g   t e s t   a t   180  °C;  a  p l a t e d   f i l m   was  f i r s t  

f o l d e d   to   one  d i r e c t i o n   a t   180  0  to   make  a  f o l d   and  t h e n  

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

f o l d .   Such  a  p r o c e d u r e   was  c o u n t e d   as  one  f o l d i n g   a n d  

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

p o r t i o n .   A c c o r d i n g   to  t h i s   t e s t ,   s p r e a d a b i l i t y   of  t h e  

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

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

A l s o ,   s t a b i l i t y   of  t h e   p l a t i n g   s o l u t i o n   was  e v a l u a t e d   b y  

r e p e a t i n g   d i p p i n g   of  t h e   m a t e r i a l   to   be  p l a t e d ,   w h i l e  

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

r e s p e c t i v e   p l a t i n g   c o m p o s i t i o n s ,   c o u n t i n g   as  one  c y c l e  

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

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

s o l u t i o n   w o u l d   be  no t   u s a b l e   by  s e l f - d e c o m p o s i t i o n .  

The  r e s u l t s   a r e   s u m m a r i z e d   in  T a b l e   1,  w i t h   r e g a r d   t o  

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

r a t e   ( u m / h r )   of  e a c h   c o p p e r   p l a t e d   f i l m   is   a l s o   s h o w n .  

The  n u m b e r s   of  1  -   12  in   T a b l e   1  i n d i c a t e   t h e   E x a m p l e s   o f  

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

And  n o n i o n i c   s u r f a c e   a c t i v e   a g e n t s   of  t he   f o r m u l a e   ( I )  
and  ( I I )   a r e   r e p r e s e n t e d   w i t h   A-x  and  B -x ,   r e s p e c t i v e l y ,  

s a i d   " x " s   i n  A - x   and  B-x  i n d i c a t i n g   m1 +  n1  and  m2 +  n 2 ,  
r e s p e c t i v e l y .  



c o m p a r a t i v e  E x a m p l e s  1 - 2  

In  C o m p a r a t i v e   E x a m p l e   1,  a  p l a t i n g   s o l u t i o n   was  p r e p a r e d  

in  t h e   same  m a n n e r   as  in  t h e   a b o v e   E x a m p l e s   e x c e p t   f o r  

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

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

a c t i v e   a g e n t s   in  t h e   G r o u p ( A ) .  

W h i l e   a  p l a t i n g   s o l u t i o n   f o r   C o m p a r a t i v e   E x a m p l e   2  w a s  

p r e p a r e d   in  t he   same  m a n n e r   as  in  t h e   a b o v e   E x a m p l e s  

e x c e p t   f o r   u s i n g   a  c o m p o u n d   o t h e r   t h a n   t h e   p r e s e n t  
i n v e n t i o n   in  p l a c e   of  t h e   n o n i o n i c   s u r f a c e   a c t i v e   a g e n t  
in  t h e   G r o u p   ( A ) .  

T h e n ,   s i m i l a r   t e s t s   as  in  t h e   a b o v e   E x a m p l e s   were   c a r r i e d  

o u t   to  t h o s e   and  t h e   r e s u l t s   a r e   a l s o   shown  in  T a b l e   1 .  







E x a m p l e s   1 3  -   24  

A  s t a i n l e s s   s t e e l   p l a t e   w i t h   a  t h i c k n e s s   of  0 .3   mm  w a s  

p o l i s h e d   w i t h   a  c l e a n s e r ,   d i p p e d   in  a  10 %  s o d i u m  

h y d r o x i d e   s o l u t i o n   a t   80  °c   f o r   5  m i n u t e s ,   t a k e n   o u t   a n d  

w a s h e d   w i t h   w a t e r .   T h e n ,   i t   was  d i p p e d   in  a  10  % 

h y d r o c h l o r i c   a c i d   a t   o r d i n a r y   t e m p e r a t u r e   f o r   5  m i n u t e s  

and  w a s h e d   w i t h   w a t e r   to   c l e a n   t h e   s u r f a c e   t h e r e o f .   T h e  

r e s u l t a n t   s t a i n l e s s   s t e e l   p l a t e   was  d i p p e d   in  a  s o l u t i o n  

h a v i n g   t h e   c o m p o s i t i o n   o f ;  

f o r   2  m i n u t e s   and  w a s h e d   in  a  r u n n i n g   w a t e r   f o r   1  m i n u t e .  

T h e n ,   i t   was  d i p p e d   in  a  s o l u t i o n   h a v i n g   t h e   c o m p o s i t i o n  

o f ;  

f o r   1  m i n u t e   and  w a s h e d   in  a  r u n n i n g   w a t e r .   T h e r e a f t e r ,  

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



To  1 l  o f   t he   r e s u l t a n t   s o l u t i o n   was  a d d e d   an  i n d i c a t e d  

a m o u n t   of  e a c h   a d d i t i v e   as  shown  in  T a b l e   2  to   fo rm  a  

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

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

m e a s u r e d   f o r   d e p o s i t   r a t e   of  c o p p e r .   Such  a  m e a s u r e m e n t  

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

t h i c k n e s s   of  10  um,  t he   s u r f a c e   of  w h i c h   was  p r e v i o u s l y  

c l e a n e d ,   in  t h e   p l a t i n g   s o l u t i o n   f o r   one  hour   u n d e r  

c o n d i t i o n s   of  a  p l a t i n g   t e m p e r a t u r e   of  60  °C  and  a  pH 

v a l u e   of  t he   p l a t i n g   s o l u t i o n   of  1 2 . 3   and  c a l c u l a t i n g   a  

d e p o s i t   r a t e   f rom  t h e   d i f f e r e n c e   in  t he   w e i g h t   b e f o r e   a n d  

a f t e r   p l a t i n g .  

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

p l a t e d   f i l m   w i t h   a  t h i c k n e s s   of  3 0  -   35  um  was  d e p o s i t e d  

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

t h i c k n e s s   of  0 .3   mm.  S p r e a d a b i l i t y   of  t he   p l a t e d   f i l m  

was  t e s t e d   in  t he   same  m a n n e r   as  in  above   E x a m p l e s   1  -  

1 2 .  

T h e n ,   s t a b i l i t y   of  t he   c o p p e r   p l a t i n g   s o l u t i o n   w a s  

t e s t e d .   T h a t   is  to   s a y ,   to   100  ml  of  t he   p l a t i n g  

s o l u t i o n   p r e p a r e d   a t   a  p l a t i n g   t e m p e r a t u r e   of  60  °C  and  a  

pH  v a l u e   of  t h e   p l a t i n g   s o l u t i o n   of  1 2 . 3   were   a d d e d   t w o  

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

The  t i m e   u n t i l   t h e   r e s u l t a n t   p l a t i n g   s o l u t i o n   w a s  

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

m e a s u r e d .  



The  r e s u l t s   a r e   s u m m a r i z e d   in  T a b l e   2,  w i t h   r e g a r d   t o  

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

c o m p o s i t i o n s .  

C o m p a r a t i v e   E x a m p l e s   3  -   7 

P l a t i n g   s o l u t i o n s   w e r e   p r e p a r e d   in  t h e   same  m a n n e r   as  i n  

t h e   a b o v e   E x a m p l e s   1 3  -   24  e x c e p t   t h a t   e i t h e r   of  a n  

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

i n c o r p o r a t e d   or  none   of  b o t h   was  a d d e d .   S i m i l a r   t e s t s   a s  
in  t h e   a b o v e   E x a m p l e s   1 3  -   24  w e r e   c a r r i e d   ou t   to  t h o s e  

and  t h e   r e s u l t s   a r e   a l s o   shown  in  T a b l e   2 .  







As  e x p l a i n e d   h e r e i n a b o v e ,   t h e   c h e m i c a l   c o p p e r   p l a t i n g  

s o l u t i o n   of  t h e   p r e s e n t   i n v e n t i o n   can  show  an  e x c e l l e n t  

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

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

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

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

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

w o r k i n g   e f f i c i e n c y   f o r   p l a t i n g   and  f u r t h e r   e n h a n c e  

r e l i a b i l i t y   in  f o r m i n g   a  p l a t e d   f i l m .  

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

p r e s e n t   i n v e n t i o n   may  be  mos t   s u i t a b l e   f o r   p r o d u c t i o n   o f ,  

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

and  is   h i g h l y   v a l u a b l e   in  an  i n d u s t r i a l   f i e l d .  



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

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

pH  a d j u s t o r   w h i c h   f u r t h e r   c o m p r i s e s   a t   l e a s t   one  of  t h e  

f o l l o w i n g   G r o u p s   (A)  and  ( B ) :  

Group   ( A ) ;  

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

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

a g e n t   h a v i n g   t h e   f o r m u l a :  

0 (where in   m1  and  n 1  e a c h   r e p r e s e n t   an  i n t e g e r   of  1 

or  more )   and  a  n o n - i o n i c   s u r f a c e   a c t i v e   a g e n t  

h a v i n g   t h e   f o r m u l a :  

( w h e r e i n   m2  and  n2  e a c h   r e p r e s e n t   an  i n t e g e r   of  1 

or  m o r e ) ,   and  a t   l e a s t   one  c o m p o u n d   s e l e c t e d   f r o m  

t h e   g r o u p   c o n s i s t i n g   of  1 , 1 0 - p h e n a n t h r o l i n e ,   a  

1 , 1 0 - p h e n a n t h r o l i n e   d e r i v a t i v e ,   2 , 2 ' - d i p y r i d y l ,  

2 , 2 ' - b i q u i n o l i n e   and  a  w a t e r - s o l u b l e   c y a n  

c o m p o u n d ;  

Group   ( B ) ;  

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

c o m p o u n d .  

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



C l a i m   1,  w h e r e i n   the   c o m p l e x i n g   a g e n t   is  a  c u p r i c   i o n  

c o m p l e x i n g   a g e n t .  

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

C l a i m   1,  w h e r e i n   the   e t h y l e n e a m i n e   compound  is   a n  

e t h y l e n e p o l y a m i n e   c o m p o u n d .  

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

C l a i m   1,  w h e r e i n   a  c o n c e n t r a t i o n   of  the   n o n i o n i c   s u r f a c e  

a c t i v e   a g e n t   of  the   f o r m u l a   ( I )   and  ( I I )   is   10  m g / l   to   30 

g / l .  

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

C l a i m   1,  w h e r e i n   the   m1  +  n1  and  m2  +  n2  a r e   no t   m o r e  

t h a n   5 0 0 .  

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

C l a i m   1,  w h e r e i n   a  t o t a l   c o n c e n t r a t i o n   o f  

1 , 1 0 - p h e n a n t h r o l i n e ,   a  1 , 1 0 - p h e n a n t h r o l i n e   d e r i v a t i v e ,  

2 , 2 ' - d i p y r i d y l   and  2 , 2 ' - b i q u i n o l i n e   i s   1  -   200  m g / l .  

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

C l a i m   1,  w h e r e i n   a  c o n c e n t r a t i o n   of  the   w a t e r - s o l u b l e  

cyan   compound  is  1  mg / l   to  3  g / 1 .  

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

C l a i m   1,  w h e r e i n   a  c o n c e n t r a t i o n   of  the   o r g a n i c   s u l f u r  

compound  is   0 . 0 1  -   10  m g / 1 .  

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

C l a i m   1,  w h e r e i n   a  c o n c e n t r a t i o n   of  the   e t h y l e n e a m i n e  

compound   is  1  -   500  m g / 1 .  

10.  A  m e t h o d   for   a p p l i c a t i o n   of  a  c h e m i c a l   c o p p e r  

p l a t i n g   s o l u t i o n   as  c l a i m e d   in  C l a i m   1,  w h e r e i n  

a p p l i c a t i o n   c o n d i t i o n   is  4 0  -   80  °C  and  pH  of  1 0 . 8  -  

1 3 . 0 .  



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

C l a i m   1,  w h e r e i n   t h e r e   i s   c o n t a i n e d   a  c o m p o u n d   of  t h e  

Group   ( A ) .  

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

C l a i m   11,   w h e r e i n   an  o r g a n i c   s u l f u r   c o m p o u n d   or  a n  
e t h y l e n e a m i n e   compound   i s   f u r t h e r   i n c o r p o r a t e d .  

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

C l a i m   1,  w h e r e i n   t h e r e   is   c o n t a i n e d   a  c o m p o u n d   of  t h e  

Group  ( B ) .  

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

C l a i m   13,   w h r e i n   a t   l e a s t   one  of   a  2 , 2 ' - d i p y r i d y l   and  a  
w a t e r - s o l u b l e   cyan   c o m p o u n d   is   f u r t h e r   i n c o r p o r a t e d .  

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

C l a i m   14,   w h e r e i n   a  c o n c e n t r a t i o n   of  t h e   2 , 2 ' - d i p y r i d y l  
i s   1  -   100  m g / 1 .  

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

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

cyan   c o m p o u n d   is   1  -   100  m g / 1 .  
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