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The  p r e s e n t  i n v e n t i o n  r e l a t e s   to  t h e   p r e p a r a t i o n   o f  

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

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

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

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

They   a r e  p r m a l l y   made  by  a q u e o u s   B e c h a m p   r e d u c t i o n   o f  

t h e   c o r r r s  p o n d i n g   N i t r o   a c i d   as  i t s   ammonium  s a l t .   W h i l e  

t h i s  p r c e s s   g i v e s   r e a s o n a b l y   h i g h   y i e l d s   o f   a b o u t   8 8 % .  

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

i s  s p u t  1 2   h o u r s   and  t h i s   i s   f o l l o w e d   by  a  f u r t h e r  

a p  o x i m a t e  2 0   h o u r s   f o r   a s h i n g   o u t   o f   i r o n ,   f i l t r a t i o n  

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

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

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

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

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

i n s o l u b l e   u n k n o w n   i m p u r i t y   i s   f o r m e d .   In   a d d i t i o n ,  

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

and   c a t a l y s t   p o i s o n i n g   i s   a p p a r e n t .  

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

N i t r o   a c i d   as   i t s   s o d i u m   s a l t   c a n   be  c a t a l y t i c a l l y  

h y d r o g e n a t e d   e a s i l y   and  q u i c k l y   i n   v e r y   h i g h   y i e l d s .  

A c c o r d i n g l y ,   t h e   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 o c e s s  

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

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



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

a t   a  s u b s t a n t i a l l y   n e u t r a l   p H .  

The  p r o c e s s   i s   s u i t a b l e   f o r   the   p r e p a r a t i o n   of  v a r i c h -  

n a p h t h y l a m i n e   s u l p h o n i c   a c i d s ,   s u c h   as  1 - n a p h t h y l a m i n e -  

s u l p h o n i c   a c i d   ( P e r i   a c i d )   1 - n a p h t h y l a m i n e - 5 - s u l p h o n i e  

( L a u r e n t s   a c i d )   1 - n a p h t h y l a m i n e - 6 - s u l p h o n i c   a c i d   ( 1 , 6 - C l e v e s   a u l  

1 - n a p h t h y l a m i n e - 7 - s u l p h o n i c   a c i d   ( 1 , 7 - C l e v e s   a c i d )   and  a 

m i x t u r e   of   t he   two  i s o m e r s   ( m i x e d   C l e v e s   a c i d )   o r ,   p r e f e r a b l y ,  

2 - n a p h t h y l a m i n e - 4 , 8 - d i s u l p h o n i c   a c i d   ( C - a c i d ) .  

The  c a t a l y s t   may  be  any  t h a t   i s   known  f o r   c a r r y i n g   o u r  

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

r h o d i u m ,   p l a t i n u m   and  p a l l a d i u m .   We  p r e f e r   to  use   p a l l a d i n  

on  c h a r c o a l   as  t he   c a t a l y s t ,   in   s u i t a b l e   c a t a l y t i c  a m e u n t s .  

For   e x a m p l e ,   when  u s i n g   5%  p a l l a d i u m   on  c h a r c o a l ,   a b o u t   2 %  

c a t a l y s t   r e l a t i v e   to  t he   N i t r o   a c i d   i s   s u i t a b l e .   T h i s   i s  

a b o u t   0 .1%  p a l l a d i u m   b a s e d   on  the   N i t r o   a c i d ,   a l t h o u g h   s m a l l  

a m o u n t s ,   e . g .   0 . 0 0 5 %   p a l l a d i u m   b a s e d   on  the   N i t r o   a c i d ,   can  by 

u s e d   w i t h   more  e f f i c i e n t   a g i t a t i o n   and  m i x i n g   of  the  r e a c t a s t s  

e . g .   in   a  s p r a y   n o z z l e   h i g h   c i r c u l a t i o n   r e a c t o r   s u c h   as  a 

Buss   l o o p   r e a c t o r .  

The  a l k a l i   m e t a l   s a l t   may  be ,   f o r   e x a m p l e ,   the   s o d i u m  

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

The  pH  of   t he   r e a c t i o n   m i x t u r e   s h o u l d   be  s u b s t a n t i a l l y  

n e u t r a l   and  may  r a n g e ' f r o m   6 . 0   to  8 . 0 ,   b u t   i s   p r e f e r a b l y   f r o m  

7 . 0   to  7 . 5 .  

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

e l e v a t e d   p r e s s u r e .   The  r e a c t i o n   t e m p e r a t u r e   may  be  f rom  6 0 ° C .  



to  2 0 0 ° C . ,   p r e f e r a b l y   f r o m   9 0 ° C  t o   1 2 0 ° C .  T h e  p r e s a u r e   m a y  

be  f r o m   15  to  1400   p s i ,   p r e f e r a b l y   f r o m   70  to  420  p s i .  

The  N i t r o   a c i d   s a l t   m a y   u s e d   a t   v a r i o u s   c o n c e n t r a t i o n s ,  

and  may  be  u s e d   as  a  s l u r r y  i n  w a t e r   or   as  a  s o l u t i o n .  

At  a  t e m p e r a t u r e   of   9 0  -   99°C.  t h e   s a l t   i s   c o m p l e t e l y   i n  

s o l u t i o n   a t   a  c o n c e n t r a t e   o f   15%  w / v .   At  h i g h e r  

a m o u n t s   o f   s a l t ,   s o m e  o f  i t   i s   o u t   of   s o l u t i o n .   I n  

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

as  t he   r e a c t i o n  p r o c e e d  w i t h   more   o f   t h e   s a l t ,   s o  

e n a b l i n g  r e c t i o n s  a t   m i g h e r  c o n c e n t r a t i o n s .   Such   a  

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

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

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

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

f i l t r a t i o n .  

The  a l k a l i   m e t a  s a l t   o f   t h e   N i t r o   a c i d   may  be  o b t a i n e d  

by  r e a c t i n g   t h e   ammonium  s a l t   w h i c h   i s   n o r m a l l y   u s e d   i n  

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

s o d a   l i q u o r   to  pH  1 0 . 5 .   The  s o l u t i o n   i s   t h e n   b o i l e d   t o  

l i b e r a t e   a m m o n i a   a f t e r   w h i c h   t h e   pH  i s   r e - a d j u s t e d   t o  

n e u t r a l ,   p r e f e r a b l y   a t   9 0  -   9 5 ° C . ,   p r i o r   to  c a t a l y t i c  

h y d r o g e n a t i o n .   T h i s   may  be  c a r r i e d   o u t   by  a d d i n g   a  

m i n e r a l   a c i d   s u c h   as   h y d r o c h l o r i c   a c i d .  

To  c a r r y   o u t   t h e   c a t a l y t i c   h y d r o g e n a t i o n   t h e   f o l l o w i n g  

p r o c e d u r e   i s   p r e f e r r e d .   The  c a t a l y s t   i s   a d d e d   to  t h e  



N i t r o   a c i d   s a l t   s o l u t i o n   or   s l u r r y ,   t he   m i x t u r e   i s  

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

v e s s e l   i s   t h e n   p u r g e d   e i t h e r   w i t h   h y d r o g e n   or   an  i n e r t  

gas   s u c h   as  n i t r o g e n .   Wi th   good   a g i t a t i o n ,   h y d r o g e n   i s  

t h e n   i n t r o d u c e d   u n d e r   p r e s s u r e ,   e . g .   70  p . s . i . ,   and  t h e  

m i x t u r e   i s   h e a t e d   to  a b o u t   1 0 0 ° C .   T h e s e   c o n d i t i o n s   s h o u l d   b e  

m a i n t a i n e d   u n t i l   h y d r o g e n   i s   no  l o n g e r   t a k e n   up .   T h i s  

n o r m a l l y   t a k e s   a b o u t   1  -   11 4  h o u r s ,   a l t h o u g h   the   t i m e   may  v a r y  

d e p e n d i n g   on  the   r e a c t i o n   t e m p e r a t u r e ,   p r e s s u r e ,   a m o u n t  

of   c a t a l y s t   and  e f f i c i e n c y   of   s t i r r i n g ,   as  i s   w e l l   k n o w n  

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

When  no  more   h y d r o g e n   i s   t a k e n   up  the   r e a c t i o n  

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

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

a d d i t i o n a l   t i m e   may  be  up  to  a b o u t   30  m i n u t e s ,   b u t  

n o r m a l l y   15  m i n u t e s   i s   s u f f i c i e n t .  

The  p r e s s u r e   i s   t h e n   r e l e a s e d   and  t he   h o t   r e a c t i o n  

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

d e s i r e d   a c i d   in   s o l u t i o n .  

The  a c i d   may  be  r e c o v e r e d   by  p r e c i p i t a t i n g   f r o m  

s o l u t i o n   by  a c i d i f y i n g   t he   s o l u t i o n   to  pH  1  or   b e l o w  

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

s a l t   and  c o o l i n g ,   f o l l o w e d   by  f i l t r a t i o n .   The  a m o u n t  

of   s a l t   a d d e d   may  be  f r o m   10 %  to  30 %  w / v ,   b u t   i s  

p r e f e r a b l y   a b o u t   20%  w / v .   The  m i x t u r e   i s   p r e f e r a b l y  

c o o l e d   to  a m b i e n t   t e m p e r a t u r e   o f ,   s a y ,   1 5  -   2 5 ° C . ,  t o  



g i v e   a  y i e l d   of   a c i d   of   up  to  a b o u t   95%  of   t h e o r y .  

T h i s   y i e l d   can   be  i n c r e a s e d   e v e n   more   by  c o o l i n g   to   a  

l o w e r   t e m p e r a t u r e ,   f o r   e x a m p l e   to  5 ° C .  

The  i n v e n t i o n   i s   i l l u s t r a t e d   by  t h e   f o l l o w i n g  

E x a m p l e s ,   in   w h i c h   p a r t s   by  w e i g h t   b e a r   t h e   s a m e  

r e l a t i o n s h i p   to  p a r t s   by  v o l u m e   as  do  k i l o g r a m s   to  l i t r e s .  

E x a m p l e   1 

A.  P r e p a r a t i o n   of   t he   s o d i u m   s a l t   o f  

2 - n i t r o - n a p h t h a l e n e - 4 , 8 - d i s u l p h o n i c   a c i d  

To  300  p a r t s   by  v o l u m e   of   h o t   w a t e r   w e r e   a d d e d ,   w i t h  

s t i r r i n g ,   7 5 . 5   p a r t s   by  w e i g h t   o f   t h e   ammonium  s a l t   o f  

2 - n i t r o - n a p h t h a l e n e - 4 , 8 - d i s u l p h o n i c   a c i d .   The  m i x t u r e  

was  h e a t e d   to  9 0 ° C .   to  g i v e   c o m p l e t e   s o l u t i o n   and   t h e n  

33  p a r t s   by  w e i g h t   o f   c a u s t i c   s o d a   l i q u o r   ( s . g .   1 . 5 0 )   w e r e  

a d d e d   to  g i v e   pH  1 0 . 5 .   W a t e r   was  a d d e d   to   b r i n g   t h e  

t o t a l   v o l u m e   up  to  500  p a r t s ,   and  t h e   s o l u t i o n   was  t h e n  

b o i l e d   f o r   1 t   h o u r s   to  r e m o v e   a m m o n i a .   The  pH  was  t h e n  

a d j u s t e d   to  7 . 0  -   7 . 5   a t   9 0  -   9 5 ° C .   by  a d d i n g   5 . 7   p a r t s  

by  w e i g h t   o f   h y d r o c h l o r i c   a c i d   ( s . g .   1 . 1 4 ) .  

B.  P r e p a r a t i o n   of   2 - n a p h t h y l a m i n e - 4 , 8 - d i s u l p h o n i c   a c i d  

To  500  p a r t s   by  v o l u m e   of   t h e   s o l u t i o n   of   t h e   s o d i u m  

s a l t   p r e p a r e d   a b o v e   w e r e   a d d e d   1 . 5 1   p a r t s   by  w e i g h t   o f  

c a t a l y s t ,   c o m p r i s i n g   5%  p a l l a d i u m   on  c h a r c o a l , a n d   t h e  

m i x t u r e   was  s t i r r e d   f o r   10  m i n u t e s .   The  m i x t u r e   was  t h e n  

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

p u r g e d   t w i c e   w i t h   h y d r o g e n .   W i t h   a g i t a t i o n ,   h y d r o g e n  



was  i n t r o d u c e d   a t   70  p s i ,   and  t he   m i x t u r e   was  h e a t e d   t o  

1 0 0 ° C .   A f t e r   11 4  h o u r s   t he   c o n s u m p t i o n   of  h y d r o g e n   c e a s e d .  

The  r e a c t i o n   c o n d i t i o n s   we re   t h e n   m a i n t a i n e d   f o r   a  f u r t h e r  

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

The  p r e s s u r e   was  t h e n   r e l e a s e d   and  t he   c a t a l y s t  

f i l t e r e d   o f f ,   and  w a s h e d   w i t h   w a t e r .  

40  P a r t s   by  w e i g h t   of   h y d r o c h l o r i c   a c i d   ( s . g .   1 . 1 4 )  

w e r e   a d d e d   to  t h e   s o l u t i o n   to  r e d u c e   t h e   pH  to  b e l o w   1 .  

T h e r e   was  t h e n   a d d e d   109  p a r t s   by  w e i g h t   s o d i u m   c h l o r i d e ,  

t he   m i x t u r e   was  c o o l e d   to  2 0 ° C . ,   and  t h e   p r o d u c t   f i l t e r e d  

o f f .   The  y i e l d   of   p r o d u c t   was  85  p a r t s   by  w e i g h t ,  

( 9 2 . 5 %   t h e o r y ) .  

E x a m p l e s   2  -   5 

The  p r o c e d u r e   d e s c r i b e d   i n   E x a m p l e   1 B  w a s   r e p e a t e d ,  

u s i n g   v a r i o u s   c o n c e n t r a t i o n s ,   pH  v a l u e s   and  r e a c t i o n  

t i m e s .   The  c o n d i t i o n s   and  y i e l d s   of   p r o d u c t   a r e   s e t  

o u t   i n   t h e   T a b l e   b e l o w .  





E x a m p l e   6  

To  a  s h a k i n g   a u t o c l a v e   was  c h a r g e d   500  p a r t s   b y  

v o l u m e   of   m i x e d   1 , 5 -   and  1 , 8 - n i t r o n a p h t h a l e n e   s u l p h o n i c  

a c i d s   a t   15%  w/v  c o n c e n t r a t i o n ,   and  3 . 7 5   p a r t s   by  w e i g h t  

of   c a t a l y s t   c o m p r i s i n g   5%  p a l l a d i u m   on  c h a r c o a l   as  a  50% 

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

h y d r o g e n .   W i t h   a g i t a t i o n ,   h y d r o g e n   was  t h e n  

i n t r o d u c e d   a t   95°  to  1 0 0 ° C .   and  140  p . s . i .   p r e s s u r e ,   a n d  

t h e s e   c o n d i t i o n s   we re   m a i n t a i n e d   f o r   1  h o u r   when  c o n s u m p t i o n  

of  h y d r o g e n   c e a s e d .   The  r e a c t i o n   c o n d i t i o n s   w e r e  

m a i n t a i n e d   f o r   a  f u r t h e r   15  m i n u t e s   to  e n s u r e   t h a t   t h e  

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

and  the   c a t a l y s t   f i l t e r e d   o f f .  

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

s e p a r a t e d   as  f o l l o w s :  

The  s o l u t i o n   c o n t a i n i n g   the   m i x e d   i s o m e r s   was  c o o l e d  

to  0 ° C .   and  t he   pH  r e d u c e d   to  4 . 5   by  a d d i n g   h y d r o c h l o r i c  

a c i d   A f t e r   c o o l i n g   to  50°C .   a t   pH  4 . 5 ,   t he   p r e c i p i t a t e d  

1 - a m i n  n a p h t h a l e n e - 8 - s u l p h o n i c   a c i d   ( p e r i   a c i d )   w a s  

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

The  n a i n i n g   m o t h e r   l i q u o r s   we re   t h e n   a d j u s t e d   t o  

pH  1 . 5  -   2 .0  by   a d d i n g   h y d r o c h l o r i c   a c i d   and  c o o l e d   t o  

2 5 ° C .   1 - a m i n  p a p h t h a l e n e - 5 - s u l p h o n i c   a c i d   ( L a u r e n t s   a c i d )  

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



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

s u l p h o n i c   a c i d s   c h a r a c t e r i s e d   in   t h a t   an  a l k a l i   m e t a l   s a l t  

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

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

2.  A  p r o c e s s   as  c l a i m e d   i n   c l a i m   1  c h a r a c t e r i s e d   in   t h a t  

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

p a l l a d i u m .  

3.  A  p r o c e s s   as  c l a i m e d   i n   c l a i m   1  or   2  c h a r a c t e r i s e d  

in   t h a t   t h e   c a t a l y s t   i s   p a l l a d i u m   on  c h a r c o a l .  

4.  A  p r o c e s s   as  c l a i m e d   i n   any   p r e c e d i n g   c l a i m  

c h a r a c t e r i s e d   in   t h a t   i t   i s   c a r r i e d   o u t   a t   a  t e m p e r a t u r e  

of   f r o m   6 0 ° C .   to  2 0 0 ° C .   and  a t   a  p r e s s u r e   of   f r o m   15  t o  

1400   p s i .  

5.  A  p r o c e s s   as  c l a i m e d   i n   c l a i m   4  c h a r a c t e r i s e d   i n   t h a t  

i t   i s   c a r r i e d   o u t   a t   a  t e m p e r a t u r e   of   f r o m   9 0 ° C .   to  1 2 0 ° C .  

and   a t   a  p r e s s u r e   o f   70  to   420  p s i .  

6.  A  p r o c e s s   as  c l a i m e d  i n   any   p r e c e d i n g   c l a i m  

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

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



7.  A  p r o c e s s   as  c l a i m e d   in   any   p r e c e d i n g - c l a i m  

c h a r a c t e r i s e d   in   t h a t   i t   i s   c a r r i e d   ou t   in   a  l o o p   r e a c t o r .  

8.  A  p r o c e s s   as  c l a i m e d   i n   any   p r e c e d i n g   c l a i m  

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

l o w e r i n g   the   pH  to  1  or   b e l o w   w i t h   a  m i n e r a l   a c i d ,   a d d i n g  

s a l t ,   c o o l i n g   and  f i l t e r i n g .  

9.  A  p r o c e s s   as  c l a i m e d   i n   any  p r e c e d i n g   c l a i m  

c h a r a c t e r i s e d   in   t h a t   t h e   p r o d u c t   i s  

1  -   n a p h t h y l a m i n e  -   8  -   s u l p h o n i c   a c i d  

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

1  -   n a p h t h y l a m i n e  -   6  -   s u l p h o n i c   a c i d ,   a n d / o r  

1  -   n a p h t h y l a m i n e  -   7  -   s u l p h o n i c   a c i d ,   o r  

2  - , n a p h t h y l a m i n e  -   4 , 8  -   d i s u l p h o n i c   a c i d  

10.  A  p r o c e s s   as  c l a i m e d  i n   any  p r e c e d i n g   c l a i m  

c h a r a c t e r i s e d   i n   t h a t   t he   a l k a l i   m e t a l  s a l t   i s   t he   s o d i u m  

or   p o t a s s i u m   s a l t .  
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