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INTRODUCTION

T h is  r e s e a r c h  was o r i g i n a l l y  u n d e r t a k e n  t o  a s c e r t a i n  

w h e th e r  o r  n o t  t h e  a c t i o n  o f  so d iu m  m e t h y l a t e  on c e r t a i n  

a l i p h a t i c  n i t r o  compounds i n  m e th y l  a l c o h o l  s o l u t i o n  ..would 

b e  a n a lo g o u s  t o  t h e  a c t i o n  o f  a q u e o u s  sod ium  h y d r o x id e  on  

t h e s e  same compounds a s  i n v e s t i g a t e d  b y  F r y  a n d  T re o n  . . .

T hey p o s t u l a t e d  a  m echanism  f o r  t h e  r e a c t i o n s  w h ich  a c c u r a t e l y -  

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

o b t a i n e d .

I t  was f o u n d  t h a t  t h e  r e a c t i o n s  w i t h  s o d iu m . .m e th y la te , 

s t u d i e d  i n  t h e  p r e s e n t  w o rk ,  d i d  n o t  g i v e  t h e  e x p e c t e d  r e ­

s u l t s  w h ic h  w ould  b e  a n a lo g o u s  t o  t h o s e  o f  F r y  an d  T r e o n ,  b u t

w ere  somewhat a n a lo g o u s  t o  t h o s e  s t u d i e d  i n  p a r t  by  D a v is
( 2 )

a n d  h i s  c o w o rk e rs  . .  The l a t t e r  p o s t u l a t e d  a  m echanism  

w h ic h  d i f f e r s  f ro m  t h a t  g i v e n  by F r y  an d  T r e o n ,  a l t h o u g h ,  a s  

w i l l  be shown i n  t h i s  t h e s i s ,  i t  d o e s  n o t  p r e d i c t  t h e  r e s u l t s  

a s  w elL .

I t  i s  t o  b e  n o t e d  a t  t h e  o u t s e t  t h a t  t h e  m ain  d i f f e r e n c e  

b e tw e e n  t h e  p r e s e n t  work a n d  t h e  work o f  p r e v i o u s  i n v e s t i g a ­

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

o r  i n . a c i d i c ,  o r  a q u e o u s  a l k a l i  m e d ia ,  w h e re a s  t h e  p r e s e n t  

r e a c t i o n s  w ere  c o n d u c te d  i n  t h e  p r e s e n c e  o f  sod ium  m e t h y l a t e  

i n  m e th y l  a l c o h o l  an d  p y r i d i n e  s o l u t i o n s .  C o n s e q u e n t ly ,  t h e  

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

o t h e r  s i d e  r e a c t i o n s .
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I n  v ie w  o f  t h e  f o r e g o i n g ,  t h e  p r e s e n t  s t u d y  o f  t h e  

a c t i o n  o f  so d iu m  m e t h y l a t e  on ( I )  n i t r o u r e a ,  ( I I )  m o n o n i t r o -  

b i u r e t ,  ( I I I )  d i n i t r o b i u r e t ,  ( IV )  n i t r o g u a n i d i n e  a n d  (V) 

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

o f  t h e  m ech an ism s  o f  t h e  r e a c t i o n s  p o s t u l a t e d  by  p r e v i o u s  

i n v e s t i g a t o r s ;  s e c o n d ,  new r e a c t io n . :m e c h a n i s m s ; a n d  t h i r d . , ,  

e x p e r i m e n t a l  p r o c e d u r e  a n d  d a t a  q u a n t i t a t i v e l y  d e t e r m in e d  i n  

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

e a c h  o f  t h e  a b o v e  s e c t i o n s  ( I  t h r u  V) w i l l  p r e s e n t  t h e  h i s ­

t o r i c a l ,  t h e o r e t i c a l ,  a n d  e x p e r i m e n t a l  a s p e c t s .
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X NITROUREA

N i t r o u r e a  H i s t o r l c a l

The h i s t o r i c a l ,  t r e a t m e n t  o f  t h i s  a s  w e l l  a s  t h e  o t h e r  

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

v a n t  t o  t h e  r e a c t i o n s  a n d  m ech an ism s  i n v o l v e d .

(3 )
C a r d i e r  .deco m p o sed  n i t r o u r e a  w i t h  s o d iu im h y p o b ro m i te  

a n d  o b t a i n e d  n i t r o g e n .
(4 )

T h i e l e  a n d  Lachman r e p o r t e d  t h a t  t h e y  o b t a i n e d  some 

n i t r o a m i d e  ( NHgNOg) by  t h e  a c t i o n  o f  h y p o c h lo r o u s  a c i d  on

n i t r o u r e a ,  b u t  d i d  n o t  p r e s e n t  any  a n a l y t i c a l  d a t a .
(5 )

T h i e l e  an d  Lachman o b s e r v e d  t h a t  n i t r o u r e a  fo rm e d

n e u t r a l  a l k a l i  s a l t s ,  a n d  decom posed  i n  t h e  p r e s e n c e  o f  warm
(4 )

a l k a l i e s  w i t h  t h e  f o r m a t i o n  o f  a  g a s .  T hey  - a l s o  n o t e d  t h a t

n i t r o u r e a  d ecom posed  u p o n  m e l t i n g  o r  e v a p o r a t i o n ,  a n d  t h a t  a

c o n c e n t r a t e d  a q u e o u s  s o l u t i o n  decom posed  a b o v e  60° C. They

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

p o t a s h  t o  a  s o l u t i o n  o f  n i t r o u r e a .
( 7 )

W i l l s t a t t e r  a n d  P f a n n e n s t e i l  o b s e r v e d  q u a l i t a t i v e l y

t h a t  a q u e o u s  sod ium  h y d r o x i d e  w i t h  n i t r o u r e a  e v o lv e d  n i t r o u s

o x id e  i n  t h e  c o l d ,  a n d  ammonia upon  w a rm in g .
( 8 )

D a v is  a n d  B l a n c h a r d  h e a t e d  a q u e o u s  n i t r o u r e a  i n  a  s e a l ­

e d  t u b e  a n d  o b t a i n e d  c y a n i c  a c i d ,  n i t r o u s  o x i d e ,  a n d  w a t e r .  

Upon h e a t i n g  n i t r o u r e a  t o  170° C. i n  v a c u o ,  t h e y  f o u n d  t h a t  

i t  d eco m p o sed  t o  g i v e  a  s u b l i m a t e  a n d  a  r e s i d u e .  The g a s e s
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c o n s i s t e d  o f  w a t e r ,  n i t r o u s  o x i d e ,  c y a n i c  a c i d ,  c a r b o n  d i ­

o x i d e ,  a n d  am m onia, w h i l e  t h e  s o l i d s  fo rm ed  w ere  u r e a ,  b i u r e t ,  

ammonium c y a n u r a t e ,  a n d  a m m e lid e .  From t h £ a e d a t a  t h e y  q u a l i ­

t a t i v e l y  d e d u c e d  t h a t  n i t r o u r e a  a l s o  decom posed  i n  a n o t h e r

m an n er  t o  y i e l d  ammonia a n d  n i t r o c y a n i c  a c i d .
(1 )

F r y  a n d  T re o n  t r e a t e d  n i t r o u r e a  w i t h  a q u e o u s  sod ium  

h y d r o x id e  a n d  q u a n t i t a t i v e l y  o b t a i n e d  n i t r o u s  o x i d e ,  am m onia, 

so d iu m  c a r b o n a t e ,  a n d  w a t e r .

N i t r o u r e a  T h e o r e t i c a l

F r y  a n d  T re o n  p o s t u l a t e d  t h e  f o l l o w i n g  m echan ism  f o r  t h e  

r e a c t i o n  b e tw e e n  sod ium  h y d r o x id e  a n d  n i t r o u r e a  i n  a q u e o u s  

s o l u t i o n :

H : ,H
N-H ,NrH

©=C ,OKi + NaOH------------► Ho0 + 0=CV . x ONa ( a )
N=N=0 d N=^==0

,NHp ^ONa
0=CV ^ + H-ONa--------------- NH, + 0=0;. (b )

N=N-0Na N=N-0Na
' 0  "o

^ONa
0 = 0 .- . . . .   ► NaoC0, + N.10 ( c )

f  N=NA0Na 
0 :

2 3 2

A summary o f  e q u a t i o n s  ( a )  (b )  a n d  ( c )  g i v e s  t h e  f o l l o w i n g  

c o m p le te d  e q u a t i o n ,  t h e  p r o d u c t s  o f  w h ich  w ere  q u a n t i t a t i v e l y  

o b t a i n e d :

(A) NH2 -C0-NH-N02 + 2 NaOH------ >- N20 + NH^ + NagCO^ + H-gO

I n  e q u a t i o n  ( a )  t h e  a c i - f o r m  o f  t h e  n i t r o  compound i s  

u s e d .  I n  e q u a t i o n  ( c )  t h e  f o r m u la  f o r  n i t r o u s  o x id e  i s
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p o s t u l a t e d  a s  b e i n g  N=N=0. The e n o l i z a t i o n  o f  a l i p h a t i c  

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

p r o v e n .  Many c h e m ic a l  r e a c t i o n s  a n d  p h y s i c o - c h e m i c a l  m eas­

u r e m e n ts  o f  a l i p h a t i c  n i t r o  compounds h av e  b e e n  c a r r i e d  o u t

w h ic h  g i v e  u n e q u i v o c a l  s u p p o r t  t o  t h e  a c i  f o r m a t i o n .  A h i s -
( 2 1 )

t o r i c a l  summary o f  t h e s e  p r o o f s  was o u t l i n e d  by P a l l n c h a k  

I t  i s  c o n c e i v a b l e  t h a t  n i t r o u r e a  may e x i s t  i n  t h e  f o l l o w i n g  

t a u t o m e r i c  fo rm s :

N-H _ N-H_ /

0 = 0 , * 0    0=CV ^0
ty-NsO N=N-0H
H

H
N-H

0 = 0.

T h i s  schem e d o e s  n o t  c o n s i d e r  t h e  e n o l i z a t i o n  o f  t h e  c a r ­

b o n y l  g r o u p .

T h e re  i s  some q u e s t i o n  a s  t o  t h e  e x i s t e n c e  o f  t h e

- N ~ - N -  g r o u p in g  i n ;  a  com pound. F o r  e x a m p le ,  c o n s i d e r i n g  
0

( 2 2 )
t h e  -C-—-N- g r o u p in g  a s  a n  a n a l o g y ,  H a n t z s c h ' s  f o r m u la  

0 '

f o r  n i t r o e t h a n e ,

H £
C H - C  N=0

3 " 0 "

f o u n d  n o  s u p p o r t  i n  t h e  s p e c t r o - c h e m i c a l  s tu d y  o f  Auwers 
(2 3 )

a n d  H a r r e s

I n  t h e i r  s t u d i e s  on  t h e  d e c o m p o s i t i o n  o f  n i t r o u r e a  a n d
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(8 )
s i m i l a r  com pounds, D a v is  a n d  B la n c h a r d  -p ro p o s e d  t h a t  t h e s e  

compounds u n d e rg o  " d e a r r a n g e m e n t " .  The d e a r r a n g e m e n t  p r o ­

d u c t s  a r e  t h e n  s u p p o s e d  t o  decom pose o r  h y d r o l y z e ,  d e p e n d in g  

on  t h e  c o n d i t i o n s ,  t o  g i v e  o t h e r  p r o d u c t s .  They  d e f i n e d  t h e  

u r e a  d e a r r a n g e m e n ts  t h u s :  "Many r e a c t i o n s  i n  t h e  u r e a  s e r i e s

c o n s i s t  i n  ; th e  d i r e c t  c o m b in a t io n s  o r  u n - c o m b in a t i o n  o f  e l e c ­

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

a b l e  m a n n e r .  The u r e a  d e a r r a n g e m e n t  may be  d e f i n e d  a s  t h e  

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

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

a to m s ,  g o e s  o f f  i n  c o m b in a t io n  w i t h  t h e  o t h e r  n i t r o g e n  atom  

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

t h e  r e s t  o f  t h e  m o l e c u l e .  I t  g i v e s  r i s e  t o  ammonia, o r  a  su b ­

s t i t u t e d  ammonia a n d  t o  c y a n i c  a c i d  o r  a  s u b s t i t u t e d  c y a n i c  

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

a t i v e  c a r r i e s  a n  h y d r o g e n  a to m ,  two modes o f  d e a r r a n g e m e n t  

a r e  p o s s i b l e  a n d  o c c u r  s i m u l t a n e o u s l y " .

T h e se  i n v e s t i g a t o r s  p r o p o s e d  t h e  f o l l o w i n g  c o n c o m i ta n t  

d e a r r a n g e m e n ts  o f  n i t r o u r e a :

^N-H 9 0
1 ) .  0=C ^ 0   >- H-N-N=0 + HNCO

1J-N=0
H

^N-H 0*
2 ) .  0=C .0  ------------------ 0=N-N=C=0 + NHL

i$r-N=o 3
H

The n i t r o a m i d e  a n d  t h e  n i t r o c y a n i c  a c i d  i n  e q u a t i o n s  l )  a n d  2)
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r e s p e c t i v e l y  a r e  t h e n  p i c t u r e d  a s  d e c o m p o s in g  s p o n ta n e o u s l y  

a s  f o l l o w s :
H 0 

H-N-N=0

0^N-N=C=0

->• N20 + H£0

->> k2o + co2

T h i s  m eans t h a t  n i t r o u r e a  w o u ld  decom pose t o  g i v e  n i t r o u s  

o x i d e ,  c y a n i c  a c i d ,  c a r b o n  d i o x i d e ,  am m onia, a n d  w a t e r ,  t h e  

a m o u n ts  o f  e a c h  d e p e n d in g  on t h e  e x t e n t  o f  e q u a t i o n s  l )  a n d  2 ) .

F u r t h e r m o r e ,  D a v is  a n d  B la n c h a r d  fo u n d  t h a t  n i t r o u r e a  

h e a t e d  t o  170° C. i n  v a c u o  d eco m p o ses  t o  g i v e ,  b e s i d e s  t h e  

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

a m m e lid e :

0=C.
,NH2

'NHo

u r e a

.OH

kh4 - o - c
,N-C<

N=cr
OH

ammoniumii

c y a n u r a t e

, 0  .0  
H2N-G-1IH-G-NH2

b i u r e t

NH

W ” ®

nh2

am m elide

I t  i s  o b v io u s  t h a t  t h e  u r e a  i s  fo rm e d  f ro m  t h e  r e a c t i o n  b e ­

tw e e n  ammonia a n d  c y a n i c  a c i d ,  w h i le  t h e  b i u r e t  r e s u l t s  from  

t h e  u r e a .  A m m onium .cyanura te  w o u ld  r e s u l t  f ro m  t h e  a c t i o n  o f  

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

o f  c y a n i c  a c i d .  Ammelide w o u ld  t h e n  b e  fo rm e d  by  t h e  a c t i o n
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o f  ammonia on c y a n u r i c  a c i d  w i t h  s u b s e q u e n t  d e h y d r a t i o n .

I n  t h e  p r e s e n t  r e s e a r c h  n i t r o u r e a  was r e a c t e d  w i t h  sod ium  

m e t h y l a t e  i n  m e th y l  a l c o h o l  s o l u t i o n .  N i t r o u s  o x id e  was q u a n ­

t i t a t i v e l y  e v o l v e d ,  w h i l e  sod ium  c y a n a te  was fo u n d  i n  a  y i e l d

a p p r o x i m a t e l y  n i n e t y - f i v e  p e r c e n t  o f  t h e  t h e o r e t i c a l .  A s m a l l

am ount o f  ammonia a n d  sod ium  c a r b o n a t e  wewter a l s o  f o u n d .  The 

m echan ism  o f  D a v is  a n d  B la n c h a r d  w o u ld  h o l d  w e l l  i n  t h i s  

c a s e .  H ow ever, f o r  r e a s o n s  t h a t  w i l l  become o b v io u s  l a t e r ,  

t h e  f o l l o w i n g  m echanism  i s  s u b m i t t e d  t o  e x p l a i n  t h i s  r e a c t i o n :

.H  JL
N-H N-H

0=0. * 0  + NaOCH-,--------- ► 0=C^ , 0  + CH^OH ( a )
N=N-0H D N=N-0Na D .

H H
^N-H ,N-H

0 = 0 * - ^  --------------►- 0=C + N.=N=0 (b )
N=N-QNa ONa

-  O,

N*H
0=C

: ONa
HNCO + NaOH ( c )

HNCO + NaOCH, ------------ >- NaNCO + CH,0H (d )
3 ->

The sum m ation  o f  e q u a t i o n s  ( a )  ( b )  ( c )  a n d  ( d )  g i v e s  t h e  

f o l l o w i n g  e q u a t i o n  f o r  t h e  r e a c t i o n :

NH2-C0-NH-N02 + 2 NaOCH3 — NaNCO + NgO + NaOH + 2 CH^OH 

The s m a l l  am ount o f  ammonia a n d  sod ium  c a r b o n a t e  t h a t  

a r e  a l s o  p r e s e n t  may b e  e x p l a i n e d  by t h e  a c t i o n  o f  sodium  

h y d r o x id e  on  sod ium  c y a n a t e  a s  f o l l o w s :

NaNCO + NaOH + Ho0 ------ >- NaoC0^ + NH,d. d p P
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T h i s  m echanism  a c c o u n t s  f o r  a n d  a l s o  p r e d i c t s  t h e  fo rm a ­

t i o n  o f  c y a n i c  a c i d  a n d  n i t r o u s  o x i d e .  I t  a c c o u n t s  f o r  t h e  

p r o d u c t s  o b t a i n e d  by D a v is  a n d  B la n c h a r d  a s  w e l l  a s  t h o s e  

o b t a i n e d  by  F r y  a n d  T r e o n .

The l i k e l y  o c c u r r e n c e  o f  e q u a t i o n  ( c )  i n  t h i s  m echan ism ,

t h a t  i s .  t h e  d e c o m p o s i t i o n  o f  so d iu m  c a rb a m a te  i n t o  sod ium
(2 4 )

c y a n a te  a n d  w a t e r ,  i s  v e r i f i e d  by F r a n k l i n  . . .  He s t a t e s  

t h a t  when so d iu m  c a rb a m a te  i s  h e a t e d  i t  l o s e s  w a t e r  a n d  p a s s e s

o v e r  i n t o  sod ium  c y a n a t e .

U s in g  t h i s  m echanism  t o  e x p l a i n  t h e  r e a c t i o n s  o f  D av is  

a n d  B l a n c h a r d ,  t h e  f o l l o w i n g  e q u a t i o n s  a r e  o b t a i n e d :

x-H
N-H N-H

0 = 0 , - - - .  --------------- 0=C + Nq0 (a )
I N=N£0H OH *

N-H)
0 = C ' /  >- HNGO + Ho0 (b )

l O H /  2

The sum m ation  o f  e q u a t i o n s  ( a )  a n d  (b )  g i v e s :

NH2 -C0-NH-N02  •» N20 + HNCO + HgO

The ammonia a n d  c a r b o n  d i o x i d e  o b s e r v e d  by  t h e s e  i n v e s t i g a t o r s  

d 's e . th e n  fo rm e d  f ro m  t h e  h y d r o l y s i s  o f  t h e  c y a n ic  a c i d :

HNCO + t  HOH —► NH^ + COg +

(2 4 )
F r a n k l i n  s t a t e s  t h a t  c y a n i c  a c i d  r e a c t s  r e a d i l y  w i t h  w a te r  

t o  fo rm  c a rb o n ,  d i o x i d e  a n d  ammonia.

The p r e s e n c e  o f  u r e a ,  b i u r e t ,  am m onium :.cyanura te ,  and  

a m m e lid e ,  fo u n d  by D a v is  a n d  B la n c h a r d  when t h e y  h e a t e d  d ry
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n i t r o u r e a  I n  v a c u o ,  I s  r e a d i l y  e x p l a i n e d  by  t h e  am m onation  

a n d  p o l y m e r i z a t i o n  o f  c y a n i c  a c i d  ( n o t e d  a b o v e ) .

D a v is  a n d  B la n c h a r d  p r o p o s e d  t h e i r  m echanism  t o  e x p l a i n  

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

a c t i o n  a r e  d e t e r m i n e d .  As w i l l  b e  s e e n  l a t e r ,  t h e y  do t h i s  

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

a r r i v e  a t  one g e n e r a l  r e a c t i o n  m echan ism  w h ic h  w ould  p r e d i c t  

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

The d e a r r a n g e m e n t  m ech an ism , f o r  e x a m p le ,  w i l l  p r e d i c t  more 

compounds t h a n  a r e  a c t u a l l y  fo rm e d .  I n  t h e  c a s e  o f  n i t r o ­

u r e a  t h e  f o l l o w i n g  d e a r r a n g e m e n t  m echanism  i s  p o s s i b l e :

The p r o d u c t s  p r e d i c t e d  by t h i s  schem e a r e  n o t  fo rm e d  i n  t h e  

d e c o m p o s i t i o n  o f  n i t r o u r e a .  The new m echanism  p r o p o s e d  i n  

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

p o u n d s  t h a n  a r e  a c t u a l l y  f o rm e d .

The new m echanism  a l s o  g i v e s  a  d i f f e r e n t  i n t e r p r e t a t i o n  

t o  t h e  r e a c t i o n s  o f  F r y  a n d  T r e o n ,  T h e i r  r e a c t i o n s  o f  n i t r o ­

u r e a  a n d  so d iu m  h y d r o x id e  a r e  t h u s  e x p l a i n e d  by t h e  f o l l o w i n g

h2n - co- nh- no2- NH5 =C=0 + 2 NO

*  H20 + HCN

sc h e m e :

N-H N-H
0=C^ + NaOH 0=C^ + H20 ( a )

N=N-0H
" 0

N=N-0Na
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0 <

JS.
N-H

■ > + N20 (b )
N ^ lQ N a ONa

HNCO + NaOH ( c )

HNCO + 2 NaOH  ► NagCO-j + NH^ ( d )

The sum m ation  o f  e q u a t i o n s  ( a )  ( b )  ( c )  a n d  (d )  g i v e s  t h e  

c o m p le te d  e q u a t i o n :

H2N-C0-NH-N02 + 2 NaOH a-NgO + NH^ + NagCO^ + H20

I n  o t h e r  w o rd s ,  t h e s e  i n v e s t i g a t o r s  c a r r i e d  t h e  r e a c t i o n  t o  

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

p e r c e n t  y i e l d  o f  t h e  p r o d u c t s  n o t e d .  A c c o r d in g  t o  t h e  above  

sch em e, t h e  m ain  p r o d u c t s  o f  t h e  r e a c t i o n  w ould  b e  n i t r o u s  

o x id e  a n d  sod ium  c y a n a t e  i f  t h e  a l k a l i n e  h y d r o l y s i s  ( e q u a t i o n  

d )  w ere  p r e v e n t e d .  As w i l l  b e  shown i n  t h e  e x p e r i m e n t a l  p a r t  

o f  t h i s  s t u d y ,  n i t r o u s  o x id e  a n d  so d iu m  c y a n a t e  a r e  t h e  m ain  

p r o d u c t s  when t h e  r e a c t i o n  i s  c a r r i e d  o u t  i n . . a  medium t h a t  

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

f ro m  u r e a  a c c o r d i n g  t o  t h e  m e th o d  o f  D a v is  a n d  B l a n c h a r d  . .  

A f t e r  p u r i f i c a t i o n  i t  m e l t e d  s h a r p l y  a t  158° C . . M e r c k 's  

a b s o l u t e  m e th y l  a l c o h o l  was u s e d  a n d  t h e  sod ium  m e t h y l a t e  was 

made by  a d d i n g  m e t a l l i c  sod ium  t h e r e t o .

A s k e t c h  o f  t h e  a p p a r a t u s  u s e d  i s  g i v e n  on p a g e  1 3 .  A

N i t r o u r e a  E x p e r i m e n t a l

The n i t r o u r e a  u s e d  i n  t h e s e  e x p e r i m e n t s  was p r e p a r e d
( 8 )
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t h r e e - n e c k ,  o n e - l i t e r  f l a s k  (A) i s  a t t a c h e d  t o  a  m o t o r - d r i v e n ,  

m e rc u ry  s e a l e d  s t i r r e r  ( B ) ,  an d  a  w a t e r  c o n d e n s e r  ( C ) .  G-lass 

t u b i n g  l e a d s  f ro m  t h e  c o n d e n s e r  t o  a  t r a p  ( D) ,  a n d  f ro m  t h e r e  

t o  a  500  m l .  e r l e n m e y e r  f l a s k  ( E ) ,  w h ic h  i s  c o n n e c te d  t o  

a  s i m i l a r  f l a s k  ( F ) .  The l a t t e r  i s  c o n n e c te d  by  g l a s s  t u b i n g  

t o  a  250 m l .  s a f e t y  f l a s k  (G) ,  an d  i n  t u r n  t o  t h e  m o u th  o f  

a n  i n v e r t e d  8 - l i t e r  b o t t l e  (H) .  F l a s k s  (E) a n d  (F )  e a c h  c o n ­

t a i n e d  d i l u t e  h y d r o c h l o r i c  a c i d  t o  a b s o r b  a n y  ammonia t h a t  

m ig h t  b e  e v o l v e d .  The c a rb o y  (H) was f i l l e d  w i t h  a  s a t u r a t e d  

a q u e o u s  s o l u t i o n  o f  sod ium  c h l o r i d e . T h i s  c a rb o y  r e c e i v e d  

an y  v o l a t i l e  g a s e s  n o t  a b s o r b e d  i n  f l a s k s  (E) a n d  ( F ) .  The 

s o l u t i o n  was s a t u r a t e d  t o  m in im iz e  t h e  a b s o r p t i o n  o f  t h e s e  

g a s e s .

The sod ium  m e t h y l a t e  was p r e p a r e d  i n  t h e  r e a c t i o n  f l a s k

(A) by d i s s o l v i n g  a  w e ig h e d  amount o f  sod ium  i n  a n  e x c e s s  

o f  m e th y l  a l c o h o l .  When t h e  s o l u t i o n  h a d  c o o l e d ,  a  w e ig h e d  

am ount o f  n i t r o u r e a  was a d d e d ,  a n d  t h e  s o l u t i o n  was h e a t e d ,  

w i t h  s t i r r i n g ,  on  a  w a t e r  b a t h  u n t i l  t h e  e v o l u t i o n  o f  g a s  

h a d  c e a s e d .  The t im e  r e q u i r e d  f o r  t h e  r e a c t i o n  was a b o u t  

tw o a n d  o n e - h a l f  h o u r s .

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

room t e m p e r a t u r e ,  t h e  w h i t e  p r e c i p i t a t e  w h ic h  was p r e s e n t  

was f i l t e r e d ,  w ash ed  w i t h  m e th y l  a l c o h o l ,  a n d  d r i e d  f i r s t  

i n  t h e  a i r  a n d  t h e n  o v e r  c a lc iu m  c h l o r i d e .  The w a s h in g s  w ere  

a d d e d  t o  t h e  f i l t r a t e .  A sam ple  o f  t h e  s o l i d  r e s i d u e  e f f e r  

v e s c e d  m a rk e d ly  when i t  was a c i d i f i e d .  At t h i s  s t a g e  o f  t h e
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e x p e r i m e n t a l  work t h e  p r e s e n c e  o f  c y a n a t e  was n o t  e x p e c t e d ,

b u t  sod ium  c a r b o n a t e  w a s .  A q u a n t i t a t i v e  a n a l y s i s  f o r  c a r b o n
(28)

d i o x i d e  was made a c c o r d i n g  t o  t h e  m ethod  o f  F o u lk  . The 

f o l l o w i n g  r e s u l t s  w ere  o b t a i n e d :

1 ) .  W eigh t o f  s o l i d  r e s i d u e  t a k e n  f o r  a n a l y s i s ----------  0 .5 0 1 8 g m .

W eigh t a s c a r i t e  b u l b  ( t a r e d )  b e f o r e  a n a l y s i s   0 .3 5 5 5

W eigh t a s c a r i t e  b u l b  a f t e r  a n a l y s i s ------------------------0 .6 7 1 2

W eigh t C02 o b t a i n e d  f ro m  s a m p le --------------------------------- 0 .3 1 5 7

P e r c e n t  C02 a p p a r e n t l y  i n  s a m p le ----------------------------- 63.0%

2 ) .  W eigh t o f  s o l i d  r e s i d u e  t a k e n  f o r  a n a l y s i s —■------- 0 .5 0 6 0 g m .

W eigh t a s c a r i t e  b u l b  b e f o r e  a n a l y s i s ---------------------- 0 .6 7 1 2

W eigh t a s c a r i t e  b u l b  a f t e r  a n a l y s i s --------------------  — 0 .9 9 0 4

W eigh t CO2 o b t a i n e d  f rom  s a m p le --------------------------------- 0 .3 1 9 2

P e r c e n t  C02 a p p a r e n t l y  i n  s a m p le ----------------------------- 63.1%

I t  was t h u s  e v i d e n t  t h a t  t h e  s o l i d  r e s i d u e  h a d  a  h i g h e r  p e r ­

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

sod ium  c a r b o n a t e .

A w e ig h e d  am ount o f  t h e  r e a c t i o n  r e s i d u e  was t h e n  d i s ­

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

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

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

o f  t h e  r e s i d u e ,  w h ic h  w o u ld  l i k e l y  be sod ium  s u l f a t e ,  w ould  

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

compound u n d e r  c o n s i d e r a t i o n .  T h i s ,  o f  c o u r s e ,  a s su m e s  t h a t
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t h e  compound i s  q u i t e  p u r e .  The f o l l o w i n g  r e s u l t s  w ere  

o b t a i n e d :

1 ) .  W eig h t o f  s a m p le  t a k e n ---------------------------------------  —  0 . 1 5 4 9 s .

W eig h t o f  c r u c i b l e --------------- ------------------------------------ 2 4 .9 5 8 3

W eig h t o f  c r u c i b l e  p l u s  i g n i t i o n  r e s i d u e — ------- 2 5 .1 2 7 5

V /eight o f  r e s i d u e - - ---------------------------------------------------  0 .1 6 9 2

2 ) .  W eigh t o f  sam p le  t a k e n --------------------------------------    0 .1 5 1 5 s *

W eigh t o f  c r u c i b l e ---------------------------------------------------- 2 4 .0 2 4 7

W eigh t o f  c r u c i b l e  p l u s  i g n i t i o n  r e s i d u e    2 4 .1 9 0 0

W eig h t  o f  r e s i d u e -----------------------------------------------------  0 .1 6 5 3

The r e s i d u e  was fo u n d  t o  b e  p r a c t i c a l l y  p u r e  sod ium  s u l f a t e  

by  c o n v e r s i o n  t o  b a r iu m  s u l f a t e  a n d  a  d e t e r m i n a t i o n  o f  t h e  

s t o i c h i o m e t r i c a l  r e l a t i o n s h i p .  A ssum ing  t h a t  t h e  unknown 

was a  compound c o n t a i n i n g  one a tom  o f  sod ium  p e r  m o l e c u l e ,  

t h e  f o l l o w i n g  r e l a t i o n s h i p s  w ou ld  h o l d :

1 ) . 0 .1 5 4 9  = m o l e c u l a r  w e ig h t  x . 2
0 .1 6 9 2  1 4 2 .0 5  yA/l.Oi, ~

M o le c u la r  W eig h t = 6 5 .0 2

2 ) .  0 .1 5 1 5  = m o l e c u l a r  w e ig h t  x . 2  
0 .1 6 5 3  1 4 2 .0 5

M o le c u la r  W eig h t = 6 5 . 0 9  

The m o l e c u l a r  w e ig h t  o f  t h e  r e a c t i o n  p r o d u c t  r e s i d u e ,  6 5 .0 5 ,  

i s  t h e  m o l e c u l a r  w e ig h t  o f  sod ium  c j^ a n a te .  The r e a c t i o n  r e s ­

i d u e  a l s o  g a v e  t h e  p o s i t i v e  c o b a l t - p y r i d i n e  t e s t  f o r  c y a n a t e .
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The s o l i d  was t h e n  a n a l y z e d  q u a n t i t a t i v e l y  f o r  c y a n a t e
(3 0 )

by t h e  d i r e c t  a r g e n t i m e t r i c  m eth o d  o f  R i p a n - T i l i c i  , w h ich  

r e q u i r e s  a  f l u o r e s c e n t  i n d i c a t o r  t o  d e t e r m in e  t h e  e n d - p o i n t .

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

t a k e s  on a  p in k  c o l o r  w h i l e  t h e  t i t r a t i o n  f l a s k  i s '  b e i n g  a g ­

i t a t e d .  H ow ever, t h e  a n a l y s i s  o f  some known sa m p le s  o f  p o t a s ­

s iu m  c y a n a t e  i n d i c a t e d  t h a t  a  more a c c u r a t e  e n d - p o i n t  i s  o b ­

t a i n e d  when t h e  p r e c i p i t a t e  t a k e s  on  a  p i n k  c o l o r .  T h i s  may 

o c c u r  b e f o r e  t h e  c o l o r  i s  v i s i b l e  i n  t h e  s o l u t i o n  when s h a k in g  

t h e  f l a s k ,  a n d  a  w a rn in g  o f  i t s  o c c u r r e n c e  i s  g i v e n  by t h e  

r a p i d  s e t t l i n g  o f  t h e  p r e c i p i t a t e  n e a r  t h e  e n d - p o i n t .  The 

a n a l y s e s  o f  t h e  unknown sa m p le s  w ere  t h e n  made u s i n g  t h e  c o l o r ­

e d  p r e c i p i t a t e  o f  a  known sam p le  f o r  c o m p a r is o n .  A few  d ro p s  

o f  a  d i l u t e  s o l u t i o n  o f  b a r iu m  n i t r a t e  w ere  a d d e d  t o  t h e  s o l u ­

t i o n  b e f o r e  t i t r a t i n g  t o  rem ove an y  c a r b o n a t e  p r e s e n t ,  b u t  

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

am o u n ts  o f  c a r b o n a t e  w ere  p r e s e n t .  The f o l l o w i n g  r e s u l t s  

w ere  o b t a i n e d :

Run. 1

1 ) .  W eigh t s o l i d  r e s i d u e  t a k e n  f o r  a n a l y s i s   0 .5 1 0 6  g .

M i l l i l i t e r s  1 .0 8 2  N AgNO^ r e q u i r e d ---------------- 6 . 8 5

P e r c e n t  NaNCO t h u s  fo u n d  i n  s a m p le ---------------- 9 ^ .5

2 ) .  W eigh t s o l i d  r e s i d u e  t a k e n  f o r  a n a l y s i s    0 .5 0 9 0  g .

M i l l i l i t e r s  1 .0 8 2  N AgNO^ r e q u i r e d ------------------ 6 .8 0

P e r c e n t  NaNCO t h u s  fo u n d  i n  sa m p le  *--------  9 ^ .0
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3 ) .  Y /eight s o l i d  r e s i d u e  t a k e n  f o r  a n a l y s i s   0 .4 9 8 9  S«

M i l l i l i t e r s  1 .0 8 2  N.AgNO- r e q u i r e d ----------------  6 .8 0

P e r c e n t  NaNCO t h u s  f o u n d  i n  s a m p le ----------------  9 5 .7

A verag e  P e r c e n t  NaNCO = 9 4 .7 3

Run : 2

1 ) .  W e ig h t  s o l i d  r e s i d u e  t a k e n  f o r  a n a l y s i s   0 .5 0 0 0  g .

M i l l i l i t e r s  0 .9 7 2  N AgNO^ r e q u i r e d ----------------  7 . 5 7

P e r c e n t  NaNCO t h u s  f o u n d  i n  s a m p le —  ------------  9 5 .6

2 ) .  W e ig h t  s o l i d  r e s i d u e  t a k e n  f o r  a n a l y s i s — — 0 .5 2 6 0  g .

M i l l i l i t e r s  0 .9 7 2  N AgNO^ r e q u i r e d ----------------  7 .9 5

P e r c e n t  NaNCO t h u s  f o u n d  i n . s a m p l e ----------------  9 5 .6

A v erag e  P e r c e n t  NaNCO = 9 5 .6

The c o n t e n t s  o f  t h e  a b s o r o t i o n  b o t t l e s  (E) an d  (P )  w ere
(51 )

t e s t e d  f o r  ammonia by m eans o f  N e s s l e r ' s  r e a g e n t  . The 

f i r s t  b o t t l e ,  ( E ) ,  g av e  a  p o s i t i v e  t e s t ,  w h i l e  t h e  s e c o n d  

b o t t l e  (F ) g av e  a n e g a t i v e  t e s t .  A l i q u o t  p a r t s  o f  b o t t l e  (E) 

w ere  t h e n  t a k e n  f o r  a n a l y s i s ,  a n d  a  q u a n t i t a t i v e  d e t e r m i n a t i o n  

was made f o r  ammonia a s  f o l l o w s :  The s o l u t i o n  was made

s t r o n g l y  a l k a l i n e ,  an d  was t h e n  d i s t i l l e d  i n t o  a  known volum e 

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

t i l l a t i o n  f l a s k  was s l i g h t l y  more t h a n  t h e  volum e o f  a l k a l i
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a d d e d .  The s o l u t i o n  c o n t a i n i n g  t h e  d i s t i l l a t e  was t h e n  t i  

t r a t e d  w i t h  s t a n d a r d  b a s e ,  and  t h e  e f f e c t i v e  vo lum e o f  t h e  

a c i d ,  a n d  t h e  e q u i v a l e n t  am ount o f  ammonia i n  t h e  a l i q u o t ,  

wsfc&tthus d e t e r m in e d .  The f o l l o w i n g  r e s u l t s  w ere  o b t a i n e d :

Run 1 ---------10 m l.  a l i q u o t s  w ere  t a k e n  f o r  a n a l y s i s

1 ) .  E f f e c t i v e  volum e O . I 636  N HC1--------------------0 .4 9  m l.

W eig h t  NH^ e q u i v a l e n t  t o  0 .4 9  m l . O .1 6 3 6  N HC1- 0 .0 0 1 3 6 2  g .

W eig h t  NH^ i n  500 m l . s o l u t i o n -------------------  0 .0 6 8  g .

2 ) .  E f f e c t i v e  volum e O . I 636  N HC1--------------1---------------- 0 .4 9  m l.

W eig h t  NH-j e q u i v a l e n t  t o  0 .4 9  m l .O .1 6 3 6  N HC1- 0 .0 0 1 3 6 2  g .

W eig h t  NH^ i n  500 m l . s o l u t i o n ---------  --------------------- 0 .0 6 8  g . .

Run.-2-------- 25 m l.  a l i q u o t s  t a k e n  f o r  a n a l y s i s

1 ) .  E f f e c t i v e  volum e 0 .1 9 3 2  N HC1------------------- 0 .7 9  m l.

W eig h t NH^ e q u i v a l e n t  t o  0 .7 9  m l . 0 .1 9 3 2  N HC1- 0 .0 0 2 6 2  g .

W eigh t NH_ i n  400 m l . s o l u t i o n -------------- 0 .0 4 1 8  g .
3

2 ) .  E f f e c t i v e  volum e 0 .1 9 3 2  N HOI------------------- 0 . 7 9  m l.

W eig h t  e q u i v a l e n t  t o  0 .7 9  m l . 0 .1 9 3 2  N HC1- 0 .0 0 2 6 2  g .

W eig h t  i n  400 m l . s o l u t i o n ---------------0 .0 4 1 8  g .

As a l r e a d y  n o t e d ,  t h e  amount o f  ammonia p r e s e n t  i s  e q u i v ­

a l e n t , ,  m ole f o r  m o le ,  t o  t h e  amount o f  sod ium  c a r b o n a t e  p r e ­

s e n t  i n  t h e  r e s i d u e ,  s i n c e  e a c h  i s  fo rm e d  by t h e  a l k a l i n e
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h y d r o l y s i s  o f  c y a n i c  a c i d .

The g a s  w h ic h  was e v o l v e d  i g n i t e d  a  g lo w in g  s p l i n t  a n d  

s u p p o r t e d  c o m b u s t io n .  I t  was r e a d i l y  a b s o r b e d  by a l c o h o l .

T h i s  i n d i c a t e d  t h a t  i t  was n i t r o u s  o x i d e .

The t a b u l a t e d  r e s u l t s  o f  t h e  a c t i o n  o f  so d iu m  .m e th y la te  

on n i t r o u r e a  i n  m e th y l  a l c o h o l  s o l u t i o n  a r e  r e c o r d e d  i n  t h e  

f o l l o w i n g  t a b l e s .  T h e se  r e s u l t s  a r e  b a s e d  f i r s t  upon t h e  

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

o x id e  a n d  so d iu m  cyanafce

( A) .  HgN-CO-NH-NOg + 2 NaOCH^— >- N20 + NaNCO + NaOH + 2 CH^OH,

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

l i m i t e d  e x t e n t ,  o f  sod ium  c y a n a te  w i t h  sod ium  h y d r o x id e  y i e l d ­

i n g  ammonia a n d  so d iu m  c a r b o n a t e

( B) .  NaNCO + NaOH + HgO ------- ^  NagCO^ + NH^ .
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TABLE I

Y i e l d s  o f  N i t r o u s  O xide  a n d  Sodium  C y a n a te  

B a se d  Upon E q u a t i o n  (A)

(A ) .  HgN-CO-NH-NOg + 2 NaOCH^— ► N20 + NaNCO + NaOH + 2 CH3OH

A B C D

Run; N i t r o u r e a
s.

Sodium
s..

N20 fo u n d  
l i t e r s  S . T .P .

N20 t h e o r y  
l i t e r s  S .T .P .

I 2 1 . 0 1 7 .2 5 4 . 4 5 4 .4 8

I I 2 1 . 0 1 7 .2 5 4 .4 0 4 .4 8

E F G-: H

Run. N20 
% t h e o r y

NaNCO NaNCO 
fo u n d  g .  t h e o r y  g .

NaNCO 
% t h e o r y

I 9 9 .5 1 1 .9 8 1 3 . 0 0 9 2 . 2

I I 9 9 .3 1 2 . 1 0 1 3 . 0 0 9 3 .1

The d a t a  o f  T a b le  I  c o n c l u s i v e l y  s h o w ^ t h a t ,  i n  t e r m s  o f  

t h e  y i e l d s  o f  n i t r o u s  o x i d e ,  e q u a t i o n  (A) p r o c e e d s  q u a n t i t a ­

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

e i g h t  p e r c e n t  b e lo w  t h e  t h e o r e t i c a l !  T h i s  d i s c r e p a n c y  i s  e x ­

p l a i n e d  by t h e  s e c o n d a ry  r e a c t i o n  o f  sodium  c y a n a t e  w i th  s o d ­

ium h y d r o x id e  y i e l d i n g  sod ium  c a r b o n a t e  a n d  ammonia i n  c o n ­

f o r m i t y  w i t h  e q u a t i o n  ( B ) .  The f o l l o w i n g  t a b l e  I I  em b o d ies  

d a t a  q u a n t i t a t i v e l y  c o n f i r m in g  t h e  o c c u r r e n c e  o f  t h e  r e a c t i o n
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a c c o r d i n g  t o  e q u a t i o n  (B ) .

TABLE I I

C o r r e l a t i o n  o f  Y i e l d s  o f  Ammonia ( E q u a t i o n  B) w i t h

D e c r e a s e d Y i e l d  o f Sodium C y an a te ( E q u a t io n  A)

(A ) . HgN-CO-NH-NO2  + 2 NaOCH-j —► N20 + NaNCO + NaOH + 2 CH^OE

(B ) . NaNCO + NaOH + h 2o ■»» NTT + Na.2C03

A B C D E F

Run. NH-z fo u n d  
(E q .  B) 
m o le s

NaNCO
n h 3 
s •

( E q . *B)

NaNCO
fo u n d

S*

NaNCO
t o t a l
(B+C)

S*

NaNCO
t h e o r y

s •
(Eq.A )

T o t a l  
NaNCO 

% t h e o r y

I 0 .0 0 4 0 .2 6 0 1 1 .9 8 1 2 .2 4 0 1 3 .0 0 9 4 .2

I I 0 .0 0 2 5 0 .1 6 3 1 2 .1 0 1 2 .2 7 3 1 3 .0 0 9 4 .4

The d a t a  i n  t h e  ab o v e  T a b le  I I  showe^ t h a t  t h e  y i e l d  

(co lu m n  3 )  o f  sod ium  c y a n a t e  e q u i v a l e n t  t o  t h e  y i e l d  o f  ammonia 

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

t o t a l  y i e l d  o f  sod ium  c y a n a t e  d e t e r m in e d  (co lum n D ) . T h is  

t o t a l  y i e l d  o f  sod ium  c y a n a t e  i s  p r a c t i c a l ^  e q u a l  t o  t h e  

t o t a l  t h e o r e t i c a l  y i e l d  o f  sod ium  c y a n a t e  b a s e d  upo n  e q u a t i o n  

(A ) .

The n i t r o u r e a  i s  shown t o  r e a c t  w i th  sodium  m e t h y l a t e  

i n  m e th y l  a l c o h o l  s o l u t i o n  i n  q u a n t i t a t i v e  c o n f o r m i ty  t o  t h e  

p r o p o s e d  r e a c t i o n  (A ) .
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I I  MQNONITROBIURET

M on o n it  r o b l u r e t  Hi s t  o r i  c a l

( 2 0 )
D a v is  a n d  B la n c h a r d  h e a t e d  a n  a q u e o u s  s o l u t i o n  o f  

r a o n o n i t r o b i u r e t , an d  o b t a i n e d  n i t r o u s  o x i d e ,  u r e a ,  d i c y a n i c  

a c i d ,  an d  c y a n u r i c  a c i d .  They r e p o r t  t h a t  upo n  d r y i n g  t h e  

l i q u i d  r e s i d u e  t h e y  o b t a i n e d  a  s o l i d  r e s i d u e  t h e  w e ig h t  o f  

w h ic h  ’’v a r i e d  b e tw e e n  4 4 .8 $  a n d  4 7 .2 $  o f  t h e  n i t r o b i u r e t  

w h ic h  was t a k e n .  A bout 80 $  o f  t h e  r e s i d u e  c o n s i s t e d  o f  u r e a ;  

a b o u t  20$ o f  c y a n u r i c  a c i d .  No o t h e r  s u b s t a n c e  was f o u n d ” .

Thejr gav e  no o t h e r  q u a n t i t a t i v e  d a t a  r e l a t i v e  t o  t h i s  r e ­

a c t i o n .

M o n o n i t r o b i u r e t  T h e o r e t i c a l

I f  t h e  p r o p o s e d  m echan ism  i s  a p p l i e d  t o  t h e  a c t i o n  o f

sod ium  m e t h y l a t e  on n i t r o b i u r e t ,  t h e  p r o d u c t s  p r e d i c t e d  by

t h e  f o l l o w i n g  scheme w o u ld  b e  e x p e c t e d :

^ 0 ^ 0  0 / H ^ O H O  J )
H-N-C-N-C-N=N-OH + NaOCH^ H-N-C-N-C-N=N-ONa + CH^OH (a )

H-N-C-N-C{N=$yONa -------------------H-N-C-N-C-ONa + N=N=0 (b )

, 0 L 0  ^ 0  «
H - ^ -C -N -c T - - .  ------------------------ HN-C-NH-C=0 + NaOH ( c )

•K X0NaV ' ’7

HN-C-NH-C-0 + 2 NaOCH, ------------ Na-N-C-N-C=0 + 2 GH^OH (d )i;________i 3 i 1 3

The sum m ation  o f  e q u a t i o n s  ( a )  (b )  ( c )  a n d  (d )  g i v e s  t h e  

c o m p le te  e q u a t i o n :

(C) H2N-C0-NH-C0-NH-N02 + 3 NaOCH-z —>■ N20 + (NaNCO) 2 + NaOH
+ 3  CH3OH

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



-2 3 -

The p r i n c i p Z ^  p r o d u c t s ,  t h e r e f o r e ,  w o u ld  h e  n i t r o u s  o x i d e ,  

a n d  t h e  sod ium  s a l t  o f  d i c y a n i c  a c i d .

D ic y a n ic  a c i d  may e x i s t  i n  tw o t a u t o m e r i c  f o r m s ,  v i z . :

* 0  ________
HoN-C-N=C=Q ------------   0=C^ C=0

NH

A c c o r d in g  t o  t h e  m echan ism  a b o v e ,  t h e  c y c l i c  fo rm  i s  t h e  one

t h a t  i s  f i r s t  f o r m e d .  D i c y a n i c  a c i d  o r  i t s  s a l t s  h a v e  n e v e r

b e e n  i s o l a t e d  i n  t h e  f r e e  s t a t e ,  a l t h o u g h  d i c y a n i c  a c i d  i s
( 2 5 )

s u p p o s e d  t o  e x i s t  i n  w a t e r  s o l u t i o n s  o f  c y a n ic  a c i d  

S i n c e  t h e  c y c l i c  fo rm  i s  com posed o f  a  fo u r -m e m b e re d  r i n g ,  

i t  w ou ld  be  e x p e c t e d  t o  b e  u n s t a b l e  a c c o r d i n g  t o  t h e  p r i n c i ­

p l e s  o f  t h e  B a e y e r  s t r a i n  t h e o r y .  I t  w o u ld ,  c o n s e q u e n t l y ,  

b r e a k  down r e a d i l y  ( i f  n o t  s p o n t a n e o u s l y )  t o  c y a n ic  a c i d ,  a n d  

a c c o r d i n g l y  so d iu m  c y a n a t e  w o u ld  b e  t h e  r e a c t i o n  p r o d u c t  i n  

e q u a t i o n  ( c ) .

I n  t h e  a b o v e  schem e, t h e  i n t e r m e d i a t e  e q u a t i o n  ( c )  r e p ­

r e s e n t s  t h e  d e c o m p o s i t i o n  o f  t h e  sod ium  s a l t  o f  a l l o p h a n i c  

a c i d  ( c a r b o x y u r e a ) . The a c i d  i t s e l f  i s  so  u n s t a b l e  t h a t  i t  

a l s o  i s  unknown i n  t h e  f r e e  s t a t e ,  so  i t  w ould  be  e x p e c t e d  

t h a t  t h e  sod ium  s a l t ^ w o u l d  r e a d i l y  decom pose on h e a t i n g .  The

l i k e l y  o c c u r r e n c e  o f  t h i s  d e c o m p o s i t i o n  i s  s u p p o s t e d  by D a v ie ,
( 2 6 )

G -re id e r ,  a n d  K id w e l l  , who fo u n d  t h a t  c a r b e th o x y  b i u r e t ,  

when d i s s o l v e d  i n  d i l u t e  a l k a l i  a n d  t h e n  a c i d i f i e d ,  g a v e  o n ly  

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

a l c o h o l .  T h i s  i s  shown a s  f o l l o w s :
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H-N-C-NH-G-NH-Cf° -------- >- HN-C0-KH-C0-NH-C=0 + CPHcOH
H S0C2H5 1------------------   1 * D

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

t h e  r e a c t i o n  b e tw e e n  sod ium  m e t h y l a t e  an d  m o n o n i t r o b i u r e t  i n  

p y r i d i n e  s o l u t i o n  d i d  g i v e  n i t r o u s  o x id e  a n d  sod ium  c y a n a te  

i n  a  y i e l d  e x c e e d in g  n i n e t y  p e r c e n t  o f  t h e  t h e o r e t i c a l .  Some 

ammonia a n d  sodium  c a r b o n a t e  w ere  a l s o  fo rm e d ,  a n d  t h e s e  a g a i n  

p r o b a b l y  r e s u l t  f ro m  t h e  a c t i o n  o f  sodium  h y d r o x id e  on c y a n ic  

a c i d  a s  n o t e d  i n  e q u a t i o n  (33) i n  t h e  d i s c u s s i o n  ab o v e  on 

n i t r o u r e a .  I t  was fo u n d  t h a t  no  d e c o m p o s i t i o n  o c c u r r e d  when 

m o n o n i t r o b i u r e t  was t r e a t e d  w i th  sod ium  m e t h y l a t e  i n  a b s o l u t e  

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

b i u r e t  was i s o l a t e d .

U s in g  t h e  ab o v e  m echanism  t o  p r e d i c t  t h e  p r o d u c t s  t l i a t  

w o u ld  be fo rm ed  i f  a n  a q u e o u s  s o l u t i o n  o f  m o n o n i t r o b i u r e t  w ere  

h e a t e d ,  t h e  f o l l o w i n g  schem e w o u ld  be  p o s t u l a t e d :

,  >
H2N-C-NH-CtN=^NrOH  ► H2N-C-NH-C-0H + N2Q ( a )

HN-C-MK-G -  >- HN-CO-KH-CO + Ho0 (b )
^ ■ " 2 - o ^ i  1---------------- 1 2

HN-CO-KH-CO --------------— 2 HNCOi-------------- 1

The sum m ation  o f  e q u a t i o n s  ( a )  (b )  a n d  ( c )  g i v e s  t h e  com­

p l e t e d  e q u a t i o n :

H2N-C0-NH-C0-3m-K02 ----------- >- 2 HNCO + N20 + H20

The p r im a r y  p r o d u c t s  w o u ld ,  t h e r e f o r e ,  b e  c y a n ic  a c i d  a n d  

n i t r o u s  o x i d e .  S in c e  c y a n ic  a c i d  h y d r o l y z e s  t o  g i v e  c a r b o n
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d i o x i d e  a n d  ammonia t h e s e  p r o d u c t s  w o u ld  a l s o  "be e x p e c t e d .

F u r th e r m o r e ,  s in c e  ammonia r e a c t s  w i th  c y a n ic  a c i d  t o  g i v e  
( 2 7 ,3 5 )

u r e s  , some o f  t h e  l a t t e r  compound w ou ld  a l s o  be

e x p e c t e d .
( 20 )

D a v is  a n d  B la n c h a r d  p e r fo r m e d  t h e  d e c o m p o s i t i o n  o f  

m o n o n i t r o b i u r e t  by h e a t i n g  a n  a q u e o u s  s o l u t i o n  o f  t h i s  com­

p o u n d .  They o b t a i n e d  n i t r o u s  o x id e  an d  c a r b o n  d i o x i d e  f ro m  

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

d r y n e s s  t h e y  fo u n d  u r e a  a n d  c y a n u r i c  a c i d  i n  t h e  r e s i d u e .

T hey  gave  t h e  f o l l o w i n g  m echanism  f o r  t h e  r e a c t i o n :

h 2n - c o - n h - g o - n h - k o 2 -------------- NH2 -C0-N=C=0 + NH2N02 (1 )

I
N20 + H20

h 2n - c o - n h - c o - n h - n o 2  ^  n h 2 - c o - n h 2 + N02-N=C=0 ( 2 )

,n2o + c o 2

A c c o r d in g  t o  t h e s e  i n v e s t i g a t o r s ,  t h e  d e a r r a n g e m e n ts  ( l )  an d

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

c y a n i c  a c i d  an d  n i t r o a m i d e ,  and  i n  t h e  se c o n d  i n s t a n c e  u r e a  

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

decom pose  i n t o  n i t r o u s  o x id e  a n d  w a t e r ,  w h i le  t h e  n i t r o c y a n i c  

a c i d  i s  s u p p o se d  t o  decom pose i n t o  c a rb o n  d i o x i d e  a n d  n i t r o u s  

o x i d e . The c a rb o n  d i o x i d e  fo rm ed  s h o u ld  b e  e q u i v a l e n t , m ole 

f o r  m o le ,  t o  t h e  u r e a  fo rm e d ,  b u t  t h e s e  i n v e s t i g a t o r s  gave 

no  q u a n t i t a t i v e  a c c o u n t  o f  t h e  g a s e s .

The s o l i d  r e s i d u e  w h ich  r e m a in e d  a f t e r  e v a p o r a t i o n  o f  

t h e  s o l u t i o n  c o n t a i n e d  e i g h t y  p e r c e n t  u r e a  and  tw e n ty  p e r c e n t
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c y a n u r i c  a c i d ,  a n d  no o t h e r  s u b s t a n c e  was f o u n d .  The p r e s ­

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

m a t io n  o f  d i s u b s t i t u t e d  b i u r e t s  a s  f o l l o w s :

r 2nh: + n h 2 -co-n=:C=o -------- *- n h 2 - c o - n h - c o - n r 2

Thus t h e y  p r e p a r e d  - d im e th y  1 ;  «**,,‘> - d i e t h y l ; t J ' ^ - d i - n - p r o p y l ,

a n d  - d i - n - r b u t y l  b i u r e t s .

I t  i s  i m p o r t a n t  t o  n o t e  t h a t  i n  t h e  p r e s e n t  work no u r e a  

was fo u n d  when m o n o n i t r o b i u r e t  was r e a c t e d  w i t h  sod ium  m e th y l ­

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

w ere  f o u n d .  I t  i s  t h u s  e v i d e n t  t h a t  t h e  c a r b o n  d i o x i d e  e v o lv e d  

when a n  a q u e o u s  s o l u t i o n  o f  t h e  n i t r o b i u r e t  wa3 h e a t e d  r e s u l t ­

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

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

The d e a r r a n g e m e n t  m echan ism  o f  D a v is  a n d  B l a n c h a r d  i s  

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

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

e r e n t  m echan ism s a r e  t h u s  p o s t u l a t e d  f o r  d i f f e r e n t  com pounds. 

F o r  e x a m p le ,  t h e  d e a r r a n g e m e n t  r e a c t i o n  w h ic h  g i v e s  d i c y a n i c  

a c i d  a n d  n i t r o a m i d e ,  ( 1 ) a b o v e ,  i s  a n a lo g o u s  t o  t h e  d e a r r .a n g e -  

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

b u t  a  new d e a r ra n g e m e n t  r e a c t i o n  i s  p o s t u l a t e d  f o r  t h e  fo rm a ­

t i o n  o f  u r e a  f ro m  m o n o n i t r o b i u r e t .  As f a r  a s  p r e d i c t i o n  i s  

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

ment m ech an ism , i t  w ou ld  b e  p o s s i b l e  t o  p o s t u l a t e  o t h e r  

d e a r r a n g e m e n ts  a l s o .  F o r  e x a m p le ,  t h e  f o l l o w i n g  d e a r r a n g e m e n t  

i s  p o s s i b l e :
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NH2 -C0-NH-C0-NH-N02 --------------- HNCO + NH2 -C0-NH-N02

T h i s  w o u ld  g i v e  c y a n i c  a c i d  a n d  n i t r o u r e a ,  t h e  l a t t e r  decom­

p o s i n g  a s  n o t e d  p r e v i o u s l y .  A n o th e r  p o s s i b l e  d e a r r a n g e m e n t  

w o u ld  be

n h 2 - c o - n h - c o - n h - n o 2  NH2 -CN0 + N02 -NH-CN0

1 . - 
HCN + h 2o

HCNO + 2 NO

w h ic h  w ou ld  g i v e ,  a s  t h e  u l t i m a t e  p r o d u c t s ,  h y d r o c y a n i c  a c i d ,  

c y a n i c  a c i d ,  a n d  n i t r i c  o x i d e .  I n  s h o r t ,  t h e  m echan ism  w ould  

p r e d i c t  more compounds t h a n  a r e  a c t u a l l y  fo rm e d .

The new m echan ism  p r o p o s e d  i n  t h i s  t h e s i s  d o e s  n o t  p r e ­

d i c t  a n y  more o r  f e w e r  compounds t h a n  a r e  fo rm e d  i n  t h e  r e ­

a c t i o n s .  A n o th e r  s h o r t c o m in g  o f  D a v i s '  work i s  t h a t  h e  f a i l s  

t o  t a k e  s i d e  r e a c t i o n s  f u l l y  i n t o  c o n s i d e r a t i o n .  F o r  e x a m p le ,  

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

f o r m a t i o n  o f  u r e a  a s  a  c o n s e q u e n c e  o f  t h e  a c t i o n  o f  ammonia 

( f ro m  t h e  h y d r o l y s i s  o f  some c y a n i c  a c i d )  on c y a n i c  a c i d ,  he 

p r o p o s e s  a  new mode o f  d e a r r a n g e m e n t .

M o n o n i t r o b i u r e t  E x p e r i m e n t a l

The n i t r o b i u r e t  u s e d  i n  t h i s  e x p e r im e n t  was made a c c o r d -
(36 )

i n g  t o  t h e  m ethod  o f  T h i e l e  an d  U h l f e l d e r  . I t  was p u r i ­

f i e d  by  r e c r y s t a l l i z i n g  f ro m  e t h y l  a l c o h o l ,  a n d  a  sam ple  

m e l t e d  w i t h  d e c o m p o s i t i o n  a t  165° C. The sod ium  m e t h y l a t e ,  

p r e p a r e d  by  t h e  M a th ie s o n  A l k a l i  'Works, was 9 5 .4 $  p u r e .  The 

p y r i d i n e  was o b t a i n e d  f ro m  Coleman a n d  B e l l  m a n u f a c t u r i n g
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C h e m is ts  .

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

n i t r o u r e a  e x p e r i m e n t s  a b o v e .  F o r  t h e  f i r s t  r u n  5*93 g ram s 

o f  t h e  n i t r o b i u r e t  w ere  m ix ed  w i t h  7*3  g ram s o f  sodium  m e th y l ­

a t e  a n d  250  m l .  o f  m e th y l  a l c o h o l ,  an d  t h i s  m ix tu r e  was r e ­

f l u x e d  f o r  s e v e r a l  h o u r s .  No g a s  was e v o l v e d ,  a n d  t h e  s o l i d ,  

w h ic h  s e t t l e d  i n  t h e  r e a c t i o n  f l a s k  was t h e  sod ium  s a l t  o f  

m o n o n i t r o b i u r e t .  T h i s  was f i l t e r e d  a n d  d r i e d ,  a n d  6 . 2  gram s 

o f  i t  a s  t h e  i n i t i a l  r e a c t a n t  w ere  p l a c e d  i n  250  m l .  p y r i d i n e  

w i t h  4 . 3  g ram s o f  sod ium  m e t h y l a t e .  T h i s  m ix tu r e  was h e a t e d  

t o  140° C. i n  a n  o i l  b a t h ,  a n d  t h e  e v o l u t i o n  o f  g a s  o c c u r r e d  

s lo w ly  o v e r  a  p e r i o d  o f  e i g h t e e n  h o u r s  h e a t i n g .  I n  t h e  s e c o n d  

r u n  t h e  n i t r o b i u r e t  was p l a c e d  i n  p y r i d i n e  w i t h  sod ium  m e th y l ­

a t e  a n d  h e a t e d  i n  a n  o i l  b a t h .  A t 110° C. a  r a p i d  e v o l u t i o n  

o f  g a s  commenced, an d  t h e  r e a c t i o n  was c o m p le te  i n  one h o u r .

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

t h e  c o n t e n t s  w ere  f i l t e r e d ,  and  t h e  s o l i d  r e s i d u e  was w ashed 

w i t h  p y r i d i n e  a n d  d r i e d  f i r s t  i n  t h e  a i r  an d  t h e n  o v e r  c a lc iu m  

c h l o r i d e .  A t e s t  w i th  s i l v e r  n i t r a t e  showed t h a t  c o n s i d e r a b l e  

a l k a l i  was p r e s e n t ,  a n d  t h i s  was rem oved  by w a sh in g  w i t h  a b s o ­

l u t e  m e th y l  a l c o h o l . The s o l i d  t h e n  g a v e  r e a c t i o n s  c h a r a c t e r ­

i s t i c  o f  c y a n a t e ,  t h a t  i s  i t  gave  a w h i t i s h  p r e c i p i t a t e  w i th

s i l v e r  n i t r a t e ,  e f f e r v e s c e d  v i g o r o u s l y  when a c i d i f i e d ,  and
(2 9 )

g av e  W e r n e r ' s  t e s t  w i t h  c o b a l t  a n d  p y r i d i n e .

The f o l l o w i n g  d a t a  r e p r e s e n t #  t h e  Q u a n tita t iv e  e s t i m a t i o n
(3 0 )

o f  c y a n a t e  a c c o r d i n g  t o  t h e  m ethod  o f  R i p a n - 'T i l i c i  u s in g
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t h e  m o d i f i c a t i o n s  o u t l i n e d  i n  t h e  n i t r o u r e a  e x p e r im e n t  a b o v e :

Rum 1

Amount s o l i d  r e s i d u e  t a k e n  f o r  a n a l y s i s ----------  0 .2 5 1 7  6 *

M i l l i l i t e r s  1 .0 0 0  N AgNO-  ̂ r e q u i r e d ---------------------  3 *49

Amount NaNCO 3 . 4 9  m l.  1 .0 0 0  N AgNO^--------------  0 .2 2 7 3

T o t a l  am ount NaNCO i n  r e s i d u e ------------------------------- 4 .2 3  S.-

Run 2

Amount s o l i d  r e s i d u e  t a k e n  f o r  a n a l y s i s - ---------  0 .3 1 5 1  S..

M i l l i l i t e r s  1 .0 0 0  N AgNO-  ̂ r e q u i r e d ---------------------  4 .4 3

Amount NaNCO 4 .4 3  m l.  1 .0 0 0  N AgNO^—   0 .2 8 8 0

T o t a l  am ount NaNCO i n  r e s i d u e -------------------------------  4 . 2 7  g .

The a b s o r p t i o n  b o t t l e  (E) showed t h e  p r e s e n c e  o f  ammonia 

upon  t h e  a d d i t i o n  o f  N e s s l e r ' s  r e a g e n t .  T h is  ammonia was 

q u a n t i t a t i v e l y  e s t i m a t e d  by m ak ing  a n  a l i q u o t  p o r t i o n  o f  t h e  

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

500 m l .  o f  d i s t i l l a t e  h a d  come o v e r .  The ammonia i n  t h e  d i s ­

t i l l a t e  was a b s o r b e d  by  a  f o u r  p e r c e n t  b o r i c  a c i d  s o l u t i o n
(3 9 )

(m e th o d  by W in k le r  ) ,  and  t h e  b o r i c  a c i d  s o l u t i o n  was t i ­

t r a t e d  w i t h  s t a n d a r d  a c i d .  The f o l l o w i n g  r e s u l t s  w ere  o b t a i n e d :
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Rum 1

Volume o f  a b s o r p t i o n  a c i d  t a k e n  f o r  a n a l y s i s   50 m l.

M i l l i l i t e r s  0 .4 8 7 5  N HC1 r e q u i r e d  t o  t i t r a t e  NH^- 0 .7 0

Amount NH-̂  0 . 7 0  m l.  0 .4 8 7 5  N HC1----  ------------- 0 .0 0 5 8  g .

T o t a l  NH^ fo u n d  i n  a b s o r p t i o n  b o t t l e -----------------------  0 .0 2 9  g .

NaNCO 0 .0 2 9  g .  NH^------------------------------------------------ 0 .1 1 1  g .

Run : 2

Volume o f  a b s o r p t i o n  a c i d  t a k e n  f o r  a n a l y s i s   50 m l.

M i l l i l i t e r s  0 .4 8 7 5  N HC1 r e q u i r e d  f o r  t i t r a t i o n - -  0 .7 0

Amount NH^ 0 . 7 0  m l .  0 .4 8 7 5  N HC1------- 0 .0 0 5 8  g .

T o t a l  NH-j fo u n d  i n  a b s o r p t i o n  b o t t l e -----------------------  0 .0 2 9  g .

NaNCO 0 .0 2 9  g .  NH^-------------------------------------------------0 .1 1 1  g .

The t a b u l a t e d  r e s u l t s  o f  t h e  a c t i o n  o f  sod ium  m e t h y l a t e  

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

f o l l o w i n g  t a b l e s  I I I  a n d  IV .  They a r e  b a s e d  f i r s t  u p o n  t h e  

i n t e r a c t i o n  o f  sod ium  m e t h y l a t e  a n d  m o n o n i t r o b i u r e t  y i e l d i n g  

n i t r o u s  o x id e  a n d  sod ium  c y a n a t e  ( e q u a t i o n  C ),  a n d  s e c o n d  

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

t e n t ,  o f  sod ium  c y a n a te  w i t h  sod ium  h y d r o x id e  ( e q u a t i o n  D) 

y i e l d i n g  sod ium  c a r b o n a t e  a n d  am m onia. I n  Run 1 , t h e  amount 

o f  n i t r o b i u r e t  a s  g i v e n  i s  t h e  e q u i v a l e n t  o f  t h e  am ount o f  

t h e  sod ium  n i t r o b i u r e t  u s e d  a s  t h e  i n i t i a l  r e a c t a n t .
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TABLE I I I

The A c t i o n  o f  S o d iu m .M e th y la te  on  M o n o n i t r o b i u r e t  

D a ta  B a se d  on  E q u a t i o n  (C)

(G ) .  HgN-C0-NH-C0-NH-N02 + 3 NaOCH^ ----------------------

NgO + 2 NaNCO + 3 CH-jOH + NaOH

A B C D

Run N i t r o b i u r e t
s.

Sodium:
M e t h y l a t e

s.
N2O fo u n d  

l i t e r s  S .T .P .  
( E q u a t i o n  C)

N2O t h e o r y  
l i t e r s  S .T .P ,  
( E q u a t i o n  C)

1 5 .5 3 5 .9 5 0 . 7 2 0 .8 0

2 5 .5 3 6 . 0 0 0 .8 0 0 .8 0

E F Q H

Run N2O 
%o t h e o r y  

( E q u a t i o n  C)

NaNCO
f o u n d

s.
NaNCO 

t h e o r y  g .  
( E q u a t i o n  C)

NaNCO 
% t h e o r y  

( E q u a t i o n  C)

1 90% 4 .2 3 4 .6 8 90 A%

2 100% 4 .2 7 4 .6 8 9 1 .2 ^

S in c e  t h e  y i e l d  o f  so d iu m  c y a n a t e  i s  90% o f  t h e  t h e o r e t ­

i c a l  a c c o r d i n g  t o  e q u a t i o n  ( C ) ,  t h e  p r e s e n c e  o f  ammonia i n ­

d i c a t e s  t h a t  some c y a n a t e  i s  h y d r o l y z e d .  The f o l l o w i n g  t a b l e  

IV c o r r e l a t e s  t h e  am ount o f  c y a n a t e  h y d r o ly z e d  i n . t e r m s  o f  

t h e  am ount o f  ammonia f o u n d .
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TABLE IV 

D a ta  B a se d  on E q u a t i o n  (D)

(D ) .  NaNCO + NaOH+ H20 --------- *- Na2 C03 + NH^

A B C D E F

Run n h 3
fo u n d  

S •

NaNCO
n h 3
s.

NaNCO
•found

NaNCO
t o t a l
(B+C)

NaNCO
t h e o r y

s.
T o t a l  
NaNCO 

% t h e o r y

1 0 .0 2 9 0 . 1 1 1 4 .2 3 4 .3 4 1 4 .6 8 9 2 .8

2 0 .0 2 9 0 . 1 1 1 4 .2 7 4 .3 8 1 4 .6 8 9 3 .6

The d a t a  i n  t h e  ab o v e  t a b l e s  sh o w ^  t h a t  t h e  y i e l d s  o f  

sod ium  c y a n a t e  a n d  n i t r o u s  o x id e  e x c e e d  n i n e t y  p e r c e n t  o f  t h e  

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

o f  t h e  p r e d i c t e d  r e a c t i o n  r e p r e s e n t e d  by  e q u a t i o n  (C ) .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



-3 3 -

I I I  DINITROBIURST

D i n i t r o b i u r e t  H I s t  o r i c a l

(3 6 )
T h i e l e  a n d  U h l f e l d e r  h e a t e d  an  a q u e o u s  s o l u t i o n  of.

d i n i t r o b i u r e t  a n d  o b t a i n e d  n i t r o u s  o x i d e ,  c a rb o n  d i o x i d e ,  

a n d  am m onia. They a p p a r e n t l y  d i d  n o t  make a  q u a n t i t a t i v e  

s tu d y  o f  t h i s  r e a c t i o n ,  b u t  t h e y  d i d  r e p o r t  t h a t  no r e s i d u e  

r e m a in e d .  The p o t a s s i u m  s a l t  was i s o l a t e d  f ro m  m e th y l  a l c o h o l .

D i n i t r o b i u r e t  T h e o r e t i c a l

A c c o r d in g  t o  t h e  m echanism  p r o p o s e d  i n  t h i s  t h e s i s ,  t h e  

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

b i u r e t  w i t h  sod ium  m e t h y l a t e  i n . p y r i d i n e  s o l u t i o n :

H0X OH
N=N-CO-NH-CO-N=N'' + 2 NaOCH0~ *0 - — 3

NaOx OHa
^ : m - c o - n h - c o - : n = n x + 2 gh^oh  ( a )  

0 "  v o  D

Na Ov, -— . ONa 0* ^0
/ , N=HrCO-NH-COrN=NvV\  ----------^  2 N30 + C-NH-C' (b )

( o '  . X  V  _ Q) " NaO ONa

0 .  / ; o )  0 xX ,N a  ( c )
,C-NHt'Cx  C0p + C-N

NaO V p A N a  * NaO VH

0 .  ,N a
_   ► NaNCO + NaOH (d )

;NaO 1 0

C02 + NaOH  NaHCO^ ( e )

The sum m ation  o f  e q u a t i o n s  ( a )  (b )  ( c )  ( d )  an d  ( e )  g i v e s  t h e  

c o m p le te d  e q u a t i o n :
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( E ) .  N02 -NH-C0-NH-C0-NH-N02 + 2 NaOCH^

2 N20 + NaNCO + 2 CH-̂ OH + NaHCO^

As w i l l  be  shown by  e x p e r i m e n t a l  d q t a ,  t h e  r e a c t i o n  b e ­

tw e e n  sod ium  m e t h y l a t e  a n d  d i n i t r o b i u r e t  i n  p y r i d i n e  s o l u t i o n  

d i d  g i v e  t h e s e  p r o d u c t s  i n  q u a n t i t a t i v e  y i e l d s  c o n fo rm in g  t o  

t h e  sum m ation  e q u a t i o n  ( E ) .

E v id e n c e  f o r  th e  o c c u r r e n c e  o f  t h e  r e a c t i o n s  n o t e d  i n

w'hen t h e  d i e t h y l  e s t e r  o f  c a r b o x y c ^ rb a m ic  a c i d  i s  h e a t e d  i n .  

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

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

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

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

i n  t h e  m anner i n d i c a t e d  by  e q u a t i o n s  ( c )  a n d  (d )  t o  g i v e  t h e  

c y a n a t e .

A c c o r d in g  t o  t h i s  m ech an ism , a n  a q u e o u s  s o l u t i o n  o f  d i ­

n i t r o b i u r e t  m ig h t  be e x p e c t e d  t o  g i v e ,  u p o n  h e a t i n g ,  n i t r o u s  

o x i d e , c y a n i c  a c i d ,  and  c a r b o n  d i o x i d e ,  a n d  w a t e r .  The c y a n ic  

a c i d  w ou ld  decom pose t o  g i v e  ammonia a n d  c a rb o n  d i o x i d e ,  

w h i l e ,  a s  a  s id e  r e a c t i o n ,  some ammonia w ou ld  r e a c t  w i t h  

c y a n ic  a c i d  t o  g iv e  u r e a .

T h e re  i s ,  h o w e v e r ,  t h e  p o s s i b i l i t y  t h a t  t h e  a c i d  whose 

sod ium  s a l t  i s  r e p r e s e n t e d  i n  e q u a t i o n  ( c )  above  w ould  decom­

p o s e  s p o n ta n e o u s l y  t o  g i v e  ammonia a n d  c a r b o n  d i o x i d e ,  t h u s :

(3 7 )
e q u a t i o n s  ( c )  a n d  (d )  i s  g i v e n  by N ef who fo u n d  t h a t

NH-j + 2 C02
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I n  t h i s  c a s e  no c y a n i c  a c i d  o r  u r e a  w ou ld  b e  fo rm e d .

S in c e  T h i e l e  r e p o r t e d  t h a t  no r e s i d u e  r e m a in e d  when h e  

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

c o m p o s i t io n  a p p a r e n t l y  o c c u r s  i n  a q u e o u s  s o l u t i o n .  The c a r -  

b o x y c a rb a m ic  a c i d  ( i m i d o d i c a r b o x y l i c  a c i d )  i s  n o t  k n o w n i in  

t h e  f r e e  s t a t e  o r  i n  t h e  fo rm  o f  i t s  s a l t s ,  a l t h o u g h  some 

e s t e r s  an d  e s t e r  s a l t s  a r e  known. The p& tassiuigi, so d iu m , and  

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

D a v is  d i d  n o t  s tu d y  t h e  " d e a r r a n g e m e n t” o f  d i n i t r o ­

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

p r o d u c t s ,  t h e  f o l l o w i n g  m ig h t  be  p o s t u l a t e d :

0 * s  H ?  ^0  0*  Hv IJ „0
.N-H-CO-N-CO-N-tl ---------   N-H=C=0 + N-CO-N-H

0 0 0 |  H

n 2o + co2

HNCO + HoN-NO- 

1
N20 + H20

From t h i s  mode o f  d e a r r a n g e m e n t ,  n i t r o u s  o x i d e ,  c a r b o n  d i o x i d e ,

a n d  c y a n i c  a c i d  w o u ld  b e  e x p e c t e d .  T h e se  a r e  t h e  p r o d u c t s

o b t a i n e d  by t h e  a c t i o n  o f  sod ium  m e t h y l a t e  on d i n i t r o b i u r e t

i n  p j ' - r id in e  s o l u t i o n .

A n o th e r  mode o f  d e a r r a n g e m e n t  i s  c o n c e i v a b l e :

0* H H H I )  0 V H
,  N-N-CO-N-CO-N-N ̂  ------------>- 'N-N-N=C=0 + NHgNOg

0 0 ° "  |
HNCO + 2 NO

n 2o + h 2o
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T h i s  mode o f  d e a r r a n g e m e n t  w ou ld  p r e d i c t  t h e  f o r m a t i o n  o f  

c y a n i c  a c i d ,  n i t r o u s  o x i d e ,  a n d  n i t r i c  o x i d e .  I t  i s  e v i ­

d e n t  t h a t  t h i s  p r e d i c t s  m ore p r o d u c t s  t h a n  a r e  o b t a i n e d .

The f i r s t  mode o f  d e a r r a n g e m e n t  w o u ld  b o t h  p r e d i c t  a n d  

e x p l a i n  t h e  r e s u l t s  o b t a i n e d  i n  t h e  p r e s e n t  w o rk . I t  i s  n o t  

l i k e l y  t h a t  t h e  r e s u l t s  o b t a i n e d  by  T h i e l e  w ould  be p r e d i c t e d  

by t h e  d e a r r a n g e m e n t  m echan ism , b e c a u s e  t h e  m i g r a t i o n  o f  two 

h y d r o g e n s  f ro m  tw o  d i f f e r e n t  n i t r o g e n s  t o  t h e  same n i t r o g e n  

i s  n o t  s t a t e d  i n  t h e  r u l e  f o r  d e a r r a n g e m e n t .  H ow ever, t h e  

r e s u l t s  o b t a i n e d  by T h i e l e  c o u ld  b e  e x p l a i n e d  by a  d e a r r a n g e ­

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

The f o l l o w i n g  scheme w ould  e x p l a i n  t h e  r e s u l t s :

0* H H H 0 0 vN
N-N-CO-ft-CO-N-N'  NH, + 2 N-N=C=0

0 '  ' 0  3 0  I

2  KOg + 2 C02

The a d v a n ta g e  o f  t h e  m echanism  p r o p o s e d ,  i n  t h e  p r e s e n t  

w o rk ,  l e a d i n g  t o  e q u a t i o n  ( E ) ,  o v e r  t h a t  o f  D a v i s ,  i s  t h u s  

made e v i d e n t .  I n  o t h e r  w o rd s ,  p r e d i c t i o n  i s  more i n  c o n ­

f o r m i t y  w i t h  b o t h  t h e  p r o p o s e d  m echanism  an d  t h e  p r o d u c t s  

fo rm e d .

D i n i t r o b i u r e t  E x p e r i m e n t a l

The d i n i t r o b i u r e t  u s e d  i n  t h i s  e x p e r im e n t  was made
(36)

a c c o r d i n g  t o  t h e  m ethod o f  T h i e l e  a n d  U h l f e l d e r  , n a m e ly ,  

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

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

o f  t h e  v e r y  l i t t l e  am ount o f  m a t e r i a l s  a v a i l a b l e  f o r  u s e .  

I n s t e a d  o f  t h e  o n e - l i t e r ,  t h r e e - n e c k  f l a s k  (A) shown i n  t h e  

a p p a r a t u s  on p ag e  ( 1 3 ) ,  a  200 m l. r o u n d - b o t to m  f l a s k  was u s e d .  

No s t i r r e r  was u s e d ,  o c c a s i o n a l  s t i r r i n g  b e i n g  e f f e c t e d  by 

s w i r l i n g  t h e  f l a s k  i n  t h e  o i l  b a t h .  The a b s o r p t i o n  b o t t l e s  

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

sod ium  h y d r o x id e  r e s p e c t i v e l y .  The fo rm e r  was i n t e n d e d  a s  a n  

a b s o r p t i o n  medium f o r  am m onia, w h i l e  t h e  l a t t e r  was i n t e n d e d  

t o  a b s o r b  any c a r b o n  d i o x i d e  t h a t  m ig h t  e x c a p e  f ro m  t h e  r e ­

a c t i o n  m i s t u r e .  I n s t e a d  o f  t h e  e i g h t  l i t e r  b o t t l e  (H ) ,  a  o n e -  

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

A f t e r  c h a r g i n g  t h e  r e a c t i o n  f l a s k ,  i t  was h e a t e d  on an  

o i l  b a t h ,  a n d  a t  100 ° C. a  c o n s t a n t  e v o l u t i o n  o f  g a s  was e v i ­

d e n t ,  i n c r e a s i n g  r a p i d l y  a t  120° C. The r e a c t i o n  was c o m p le te  

w i t h i n  tw o  h o u r s .

A f t e r  c o o l i n g  t h e  r e a c t i o n  m i x t u r e ,  t h e  p r e c i p i t a t e  was 

f i l t e r e d ,  w ashed  w i th  p y r i d i n e ,  a n d  d r i e d  f i r s t  i n  t h e  a i r  

an d  t h e n  o v e r  c a lc iu m  c h l o r i d e .  The r e s i d u e  was o f  a  l i g h t  

g r a y  c o l o r .  An aq u e o u s  s o l u t i o n  o f  t h e  s o l i d  e f f e r v e s c e d  

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

when t r e a t e d  w i t h  s i l v e r  n i t r a t e .  T h i s  was i n d i c a t i v e  o f  a 

m i x t u r e  o f  so d iu m  c y a n a t e  a n d  sod ium  c a r b o n a t e .  W erner*s  

t e s t  show ed t h e  p r e s e n c e  o f  c y a n a t e .

I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  a b o u t  0 .0 0 4  g ram s o f  d i ­

n i t r o b i u r e t  s u b l im e d  a n d  c r y s t a l l i z e d  i n  t h e  lo w e r  end  o f  t h e
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c o n d e n s e r  I n  t h e  f i r s t  r u n .

The a b s o r p t i o n  b o t t l e s  c o n t a i n e d  no  ammonia o r  c a r b o n  

d i o x i d e .

The c y a n a te  was q u a n t i t a t i v e l y  d e t e r m in e d  by t h e  a r g e n -
(3 0 )

t i m e t r i c  m ethod  o f  R l p a n - T i l i c i  , , t h e  same p r o c e d u r e  b e i n g  

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

n i t r o u r e a  e x p e r im e n t  a b o v e .  B e f o r e  a d d i n g  t h e  s i l v e r  n i t r a t e ,  

h o w e v e r ,  t h e  c a r b o n a t e  was p r e c i p i t a t e d  a s  b a r iu m  c a r b o n a t e  

by a d d in g  d r o p w is e  a  s a t u r a t e d  s o l u t i o n  o f  b a r iu m  n i t r a t e ,  

f i l t e r e d ,  a n d  w a sh e d .  S i l v e r  n i t r a t e  was t h e n  a d d e d  u n t i l  

t h e  e n d - p o i n t  was o b s e r v e d .  The f o l l o w i n g  d a t a  was o b t a i n e d ;

Run. 1

1 ) .  W eig h t o f  s o l i d  t a k e n  f o r  a n a l y s i s -------------------- 0 .1 2 4 1  g .

M i l l i l i t e r s  o f  1 .0 0 7  N AgNO-j r e q u i r e d   —  0 .4 7

W eig h t NaNCO 0 .4 7  m l.  1 .0 0 7  N AgNO^— —  0 .0 3 1 2  g .

W eigh t NaNCO i n  t o t a l  amount o f  r e s i d u e -----------  0 .7 2 0  g .

2 ) .  W eigh t o f  s o l i d  t a k e n  f o r  a n a l y s i s -------------------- 0 .1 8 3 0  g .

M i l l i l i t e r s  o f  1 .0 0 7  N AgNO-  ̂ r e q u i r e d --------------  0 .7 1

W eigh t NaNCO 0 .7 1  m l.  1 .0 0 7  N AgNO^  0 .0 4 6 5  g .

W eigh t NaNCO i n  t o t a l  am ount o f  r e s i d u e — •-------  0 .7 3 1  g .

A v e ra g e  w e ig h t  o f  NaNCO fo u n d  i n  s o l i d  r e s i d u e ;  0 .7 2 5  g .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



-3 9 -

Run 2

1 ) .  W eigh t o f  s o l i d  t a k e n  f o r  a n a l y s i s   0 .6 9 0  g .

M i l l i l i t e r s  o f  1 .0 0 7  N AgNO-  ̂ r e q u i r e d ------------  8 .0 0

W eigh t NaNCO 8 .0 0  m l .  1 .0 0 7  N AgNO-^  0 .5 3 2  g .

W eigh t NaNCO i n  t o t a l  am ount o f  r e s i d u e   1 . 8 8  g .

2 ) .  W eigh t o f  s o l i d  t a k e n  f o r  a n a l y s i s -------------------  0 .5 2 1  g .

M i l l i l i t e r s  o f  1 .0 0 7  N AgNO^ r e q u i r e d ------------  3 . 8 0

W eigh t NaNCO 3 .8 0  m l .  1 .0 0 7  N AgNO^  0 .2 4 8 5

W eigh t NaNCO i n  t o t a l  am ount o f  r e s i d u e - -   1 .9 3  g .

A v e ra g e  w e ig h t  o f  NaNCO f o u n d  i n  s o l i d  r e s i d u e :  1 .9 0  g .

The volum e o f  n i t r o u s  o x id e  t h a t  was e v o l v e d ,  c o r r e c t e d  

t o  s t a n d a r d  c o n d i t i o n s ,  a m o u n te d  t o  0 . 5 2 5  l i t e r s  a n d  1 . 3 9  

l i t e r s  r e s p e c t i v e l y .

The f o l l o w i n g  t a b l e  V c o n t a i n s  t h e  e x p e r i m e n t a l  d a t a  

r e l a t i n g  t o  t h e  i n t e r a c t i o n  o f  d i n i t r o b i u r e t  an d  sodium  

m e t h y l a t e  i n  p y r i d i n e  s o l u t i o n :
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TABLE V 

D a ta  B a se d  Upon E q u a t i o n  (E) 

( E ) .  N02 -NH-G0-NH-C0-NH-N02 + 2 NaOCH^

2 N20 + NaNCO + NaHCO^ + 2 CH^OH

A B C D E F & H

Run D i n i t r o ­
b i u r e t

S-

NaOCH, 
S .  3

NaNCO NaNCO 
fo u n d  t h e o r y  

S • S »

NaNCO
%

t h e o r y

n 2o
fo u n d
l i t e r s
S . T . P .

n 2o
t h e o r y
l i t e r s
S .T .P .

NpO
ofi°

t h e o r y

1 2 . 3 2 . 0 0 .7 2 5 0 .7 7 3 9 3 .8 0 .5 2 5 0 .5 3 3 9 8 .5

2 6 . 0 3 . 5 1 . 9 0 2 . 0 1 9 4 .5 1 .3 9 1 .3 9 1 0 0 . 0

The p e r c e n t  t h e o r y  y i e l d s  o f  sod ium  c y a n a te  a n d  n i t r o u s  

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

b i u r e t  w i t h  so d iu m  m e t h y l a t e  c o n fo rm in g  w i t h  t h e  p r o p o s e d  

e q u a t i o n  ( E ) .
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IV NITROGUANIDINE

N itr o g u a n id in e -----H Ist o r l c a l

(3 )
G a r d i e r  r e a c t e d  n i t r o g u a n i d i n e  with, sod ium  h y p o b ro m i te  

a n d  s p l i t  o f f  two a to m s  o f  n i t r o g e n  f ro m  t h e  n i t r o  compound.

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

m e l t e d  w i t h  d e c o m p o s i t i o n  g i v i n g  o f f  ammonia:
(9 )

J o u s s e l e i n  a t  220°
( 10)

P e l l i z z a r i  a t  225°
( 11)

F ra n c h im o n t  a t  222°
( 1 2 )

T h i e l e  a t  230°
(1 3 )

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

p o t a s s i u m  h y d r o x i d e ,  sodium  h y d r o x i d e ,  o r  b a r iu m  h y d r o x id e

w i t h  n i t r o g u a n i d i n e  im m e d ia te ly  e v o lv e d  am m onia.
( 10)

P e l l i z z a r i  fo u n d  t h a t  when n i t r o g u a n i d i n e  was h e a t e d  

i n  a n  a l k a l i n e  s o l u t i o n  i t  decom posed  i n t o  n i t r o u s  o x i d e ,  

am m onia, a n d  c a r b o n  d i o x i d e .  H i s  q u a n t i t a t i v e  r e s u l t s  were 

n o t  c o n s t a n t .
(11)

F ra n c h im o n t  o b s e r v e d  t h a t  n i t r o g u a n i d i n e  d i s s o l v e d  

r e a d i l y  i n  a q u e o u s  ammonia, a n d  t h a t  t h i s  s o l u t i o n  e v o lv e d  

n i t r o u s  o x id e  a t  o r d i n a r y  t e m p e r a t u r e s .  He r e p o r t e d  t h a t  

n i t r o g u a n i d i n e  d i s s o l v e d  i n  a q u e o u s  p o t a s s iu m  h y d r o x id e  o r  

b a r iu m  h y d r o x id e  e v o l v i n g  n i t r o u s  o x i d e ,  t h a t  i n  t h e  l a t t e r  

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

a n d  t h a t  t h e  l i q u i d  s m e l l e d  s t r o n g l y  o f  am m onia. He p r o p o s e d  

t h a t  t h e  n i t r o g u a n i d i n e  h y d r o ly z e d  t o  g iv e  u r e a  a n d  n i t r o a m i d e ;
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t h e  u r e a  t h e n  h y d r o l y z e d  t o  c a r b o n  d i o x i d e  a n d  ammonia, w h i le

t h e  n i t r o a m i d e  decom posed  t o  g i v e  n i t r o u s  o x id e  a n d  w a t e r .
(14)

T h i e l e  warmed a n  a l k a l i n e  s o l u t i o n  o f  n i t r o g u a n i d i n e  

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

o x id e  a n d  ammonia a n d  t h a t  t h e  l i q u i d  r e s i d u e  c o n t a i n e d  

c a r b o n a t e .
(1 5 )

D a v is  an d  Abrams . s t a t e d  t h a t  t h e  r e a c t i o n s  o f  n i t r o -  

g u a n i d i n e  i n  a q u e o u s  s o l u t i o n  s u p p o r t e d  t h e  v ie w  t h a t  decom­

p o s i t i o n  o c c u r r e d  t o  g iv e  n i t r o u s  o x id e ,  c y a n a m id e ,  am m onia, 

an d  w a t e r .  They o b s e r v e d  t h a t  when n i t r o g u a n i d i n e  i s  decom­

p o s e d  by h e a t  i t  y i e l d s  cy anam ide  an d  ammonia a s  s u c h ,  a n d  

some o t h e r  p r o d u c t s  w h ich  w ould  r e s u l t  f ro m  t h e  d e c o m p o s i t i o n ,  

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

ment p r o d u c t s .  VJhen t h e y  h e a t e d  a  s o l u t i o n  o f  n i t r o g u a n i d i n e

i n  c o n c e n t r a t e d  s u l f u r i c  a c i d  f o r  a  lo n g  t i m e ,  n i t r o u s  o x i d e ,
(1 6 )

ammonia a n d  c a r b o n  d i o x i d e  w ere fo rm ed  . They s t a t e  t h a t

t h e  ammonia a n d  c a rb o n  d i o x i d e  were p r o d u c e d  q u a n t i t a t i v e l y ,

w h i l e  n i t r o g e n  was p r e s e n t  w i th  t h e  n i t r o u s  o x i d e .
( 1 )

F ry  a n d  T re o n  h e a t e d  n i t r o g u a n i d i n e  w i t h  a n  a q u e o u s  

s o l u t i o n  o f  sod ium  h y d r o x i d e ,  a n d  o b t a i n e d  a  q u a n t i t a t i v e  

y i e l d  o f  n i t r o u s  o x i d e ,  ammonia, and  sod ium  c a r b o n a t e .

N i t r o g u a n i d i n e  T h e o r e t i c a l

( 1 )
F ry  and  T r e o n  p r o p o s e d  t h e  f o l l o w i n g  m echanism  f o r  t h e  

r e a c t i o n  b e tw e e n  sod ium  h y d r o x id e  an d  n i t r o g u a n i d i n e :
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9  *-°N-N=0
HN=C. + NaOH

N-H
H

.̂ONa 
N=N=0 

HN=c' + NaOH
N-Hi
H

^ONa
N=N=0

^ONa 
^N=N=0 

HN=C + HpO
VN-Hi

H

^ONa 
,N4N=0

'ONa
HN=C + NH-

,ONa
NaO ^N4N=0

HN=C" + 2 NaOH  >• XC + NH-,
NONa NaO ONa *

ONa
NaO. XN4N=0;

A " "NaO ONa
C(ONa) + N20

( a )

(b )

( c )

( d )

C (0N a)4 + H20 Na2 CO-5 + 2 NaOH ( e )

A summary o f  e q u a t i o n s  ( a )  (b )  ( c )  (d )  a n d  ( e )  g i v e s  

t h e  c o m p le te d  e q u a t i o n :

HN=C(NH2 )NH-N02 + 2 NaOH  Na2C03 + 2 NH^ + NgO

(1 5 )
D a v is  a n d  Abrams h e a t e d  n i t r o g u a n i d i n e  i n  . th e  d ry  

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

s o l u t i o n .  They say  t h a t  n i t r o g u a n i d i n e  w ou ld  be  e x p e c t e d  t o  

d e a r r a n g e  i n  two m odes, a s  f o l l o w s :

NH
Hv ■» NOp

1 ) .  „N-C-N --------
H '  H

NH
ii m

2 ) .  ,N-C-NX --------
H H

NH2N02 + HN=C=NH

->■ NH^ + HN=G4N-N02
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A c c o r d in g  t o  t h e s e  i n v e s t i g a t o r s ,  when n i t r o g u a n i d i n e  

i s  decom posed  by  h e a t ,  cy an am id e  a n d  ammonia a r e  p r o d u c e d  

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

w o u ld  r e s u l t  f ro m  t h e  d e c o m p o s i t i o n ,  p o l y m e r i z a t i o n ,  and  

i n t e r a c t i o n  o f  t h e  e x p e c t e d  d e a r r a n g e m e n t  p r o d u c t s " .  They 

fo u n d  t h a t  when t h e  g a s e s  f ro m  t h e  d e c o m p o s i t i o n  w ere  p a s s e d  

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

w a t e r  was fo u n d  t o  c o n t a i n  c a r b o n  d i o x i d e .  They i n f e r r e d  

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

c y a n i c  a c i d  ( f ro m  t h e  n i t r o c y a n a m i d e  i n  2 ) a b o v e )  a n d  w a te r  

v a p o r .  The a l k a l i n e  s o l u t i o n  was fo u n d  t o  c o n t a i n  p r u s s i c  

a c i d  a n d  c y a n i c  a c i d ,  an d  t h e y  s t a t e  t h a t  t h e s e  s u b s t a n c e s  

"may v e r y  w e l l  h av e  b e e n  p r o d u c e d  a s  su c h  by t h e  d e c o m p o s i­

t i o n ,  o r  may e q u a l l y  w e l l  h a v e  b e e n  p ro d u c e d  by t h e  i n t e r ­

a c t i o n  o f  c y a n o g e n ,  f ro m  t h e  d e c o m p o s i t i o n ,  w i t h  t h e  a l k a l i  

i n  t h e  s o l u t i o n " .  They  i s o l a t e d ,  f ro m  t h e  s o l i d  r e s i d u e ,  

c y a n u r i c  a c i d ,  m e la m in e ,  melam, m elem ,. a m m elin e ,  m e l lo n ,  

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

a m id e ,  a n d  m e la m in e .  Thay gave t h e  f o l l o w i n g  schem e t o  r e p ­

r e s e n t  t h e  f o r m a t i o n  o f  a l l  t h e s e  p r o d u c t s :
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M elam ine G^HrN

NH-z + Me lam  Ci-HnNP a r a c y a n o g e n

NH-, + Melem C*H*Ni

M e l lo n  C>H,N

NITROGUANIDINE

Ammellde CxHi.0oN

A m m eline CJIc-NrO

No 0 +  HNCO

NH
CO

Cyanurlc acidU rea
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YThen t h e y  h e a t e d  an  a q u e o u s  am m oniacal s o l u t i o n  o f  

n i t r o g u a n i d i n e ,  D a v is  an d  Abrams o b t a i n e d  g u a n i d i n e  a n d  u r e a .  

They do n o t  g i v e  any  q u a n t i t a t i v e  r e s u l t s  f o r  t h i s  r e a c t i o n ,  

b u t  s t a t e  t h a t  g u a n id in e  r e s u l t s  f ro m  t h e  a c t i o n  o f  ammonia 

on c y a n a m id e ,

w h i l e  t h e  u r e a  r e s u l t s  f ro m  t h e  a c t i o n  o f  ammonia on c y a n ic  

a c i d ,

They p r e p a r e d  g u a n i d i n e  c a r b o n a t e  i n  a  y i e l d  o f  a b o u t  n i n e t y  

p e r c e n t  by  d i g e s t i n g  n i t r o g u a n i d i n e  a t  65° w i t h  a n  e x c e s s  o f  

ammonium c a r b o n a t e  i n  a q u e o u s  s o l u t i o n .  S m a l l  am o u n ts  o f  

u r e a  a n d  m elam ine  w ere  a l s o  fo u n d .

A c c o rd in g  t o  t h e s e  i n v e s t i g a t o r s ,  when n i t r o g u a n i d i n e  

i s  r e f l u x e d  f o r  3ome t im e  i n  w a te r  s o l u t i o n ,  t h e  l i q u i d  b e ­

comes d i s t i n c t l y  a rm n o n iaca l ,  and  th e y  i s o l a t e d  g u a n i d i n e  i n  

t h e  fo rm  o f  g u a n i d i n e  p i c r a t e  f rom  su c h  a  s o l u t i o n .  Y/hen

hn=c ( nh2 )nh- no2 e- NH2 -N 02 + HN=C=NH

V
NH,D

,C=NH
h 2n "

hn=c (nh2 )nh- no2 + HN=C=N-N02

HNCO + N20

n h 3

V
H2N-C0-NH2
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t h e y  h e a t e d  a  s o l u t i o n  o f  n i t r o g u a n i d i n e  i n  c o n c e n t r a t e d  

s u l f u r i c  a c i d ,  n i t r o u s  o x i d e ^ i s  e v o l v e d ,  a n d  c a r b o n  d i o x i d e  

a n d  ammonia a r e  p r o d u c e d  q u a n t  i t  a ^ v e l y . T h e se  was some 

e v id e n c e  o f  cy an am id e  i n  a  s u l f u r i c  a c i d  s o l u t i o n  o f  n i t r o ­

g u a n i d i n e  .

I n  t h e  p r e s e n t  r e s e a r c h  n i t r o g u a n i d i n e  was r e a c t e d  w i th  

sod ium  m e t h y l a t e  i n  p y r i d i n e  s o l u t i o n ,  y i e l d i n g  n i t r o u s  o x id e  

a n d  sod ium  cyan am id e  q u a n t i t a t i v e l y .  The r e a c t i o n  m echan ism , 

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

on n i t r o u r e a  a n d  n i t r o b i u r e t ,  i s  a s  f o l l o w s ;

H H.
^N-H ,N-H

HN=CV + NaOCH-,--------- HN=Gn + CH^OH (a )
N=N-OH N=N-ONa D

0  0

,-EL, ,H
/ N-H N-H

HN=GNt---> ---------------------- HN=C' + NpO (b )
; N=aiVsQNa ONa,

9''

JR.

HN=C /  •  >■ KN=C=NH + NaOH ( c )
iONa/

HN=C=$TH + 2 NaOCH^--------------- ^  NaN=C=NNa + 2 CH^OH (d )

The sum m atio n  o f  e q u a t i o n s  ( a )  (b )  ( c )  a n d  (d )  g i v e s  t h e

c o m p le te d  e q u a t i o n :

( f ) .  HN=C'(NH)NH-N02 + 3 NaOCH^ s- Na2NCN + N20 + NaOH + 3 CH-jOH

No ammonia was e v o l v e d  i n  t h i s  r e a c t i o n .
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U s in g  t h i s  m echan ism  t h e  r e s u l t s  o f  P ry  a n d  T r e o n  may 

be e x p l a i n e d  by  t h e  f o l l o w i n g  a l t e r n a t i v e  schem e t o  r e p r e s e n t  

t h e  a c t i o n  o f  a q u e o u s  sod ium  h y d r o x id e  upon  n i t r o g u a n i d i n e .

I t  d i f f e r s  p r i m a r i l y  f ro m  t h e  scheme p r e s e n t e d  by P r y  and  

T re o n  i n  t h a t  i t  c a l l s  f o r  t h e  i n t e r m e d i a t e  f o r m a t i o n  o f  

c y a n a m id e .

N-H
HN=C + NaOH

'N=N-OH
v >  _

H
N-H 

HN=C,— .
*N=NvQNa
V  x 0 )

HN=C
.N/H

.»  i

?0N a/

A
N-H

HN=C.
N=N-0Na%

0

+ H20

N-H
HN=C.

'ONa
+ n 2o

HN=C=NH NaOH

(a )

(b )

(c )

HN=G=NH + 4  NaOH

C (0N a )4  + H20

2 NH^ + C( ONa) ^ ( d )

Na2C03 + 2 NaOH ( e )

The sum m ation  o f  e q u a t i o n s  ( a )  (b )  ( c )  (d )  a n d  ( e )  g i v e s  

t h e  c o m p le te d  e q u a t i o n :

NH=C(NH2 )NH-N02 + 2  NaOH ------>• 2 NH^ + NgO + NagCO^

T h i s  e q u a t i o n  i s  i d e n t i c a l  w i t h  t h a t  g i v e n  by F ry  a n d  T re o n .

The d e a r r a n g e m e n t  m echan ism  p r o p o s e d  by  D a v is  a n d  Abrams 

f o r  n i t r o g u a n i d i n e ,  i f  c o r r e c t ,  s h o u ld  p r e d i c t  t h e  p r o d u c t s  

o b t a i n e d  by t h e  d e c o m p o s i t i o n  o f  n i t r o g u a n i d i n e  i r r e s p e c t i v e
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o f  t h e  medium u s e d .  C o n s e q u e n t ly ,  i f  we a c c e p t  t h e i r  mech­

a n i s m ,  we s h o u ld  e x p e c t  t o  o b t a i n  c y a n i c  a c i d  an d  ammonia 

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

H ow ever, n e i t h e r  c y a n i c  a c i d  n o r  ammonia was fo u n d  when n i t r o ­

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

t i o n  i n  t h e  p r e s e n t  s t u d y ,  b u t  cy an am id e  was o b t a i n e d  i n  

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

cy an am id e  o c c u r r e d  q u a n t i t a t i v e l y  i n  t h e  work o f  D a v is  and  

Abrams i n  a c c o r d a n c e o w i t h  t h e  f o l l o w i n g  schem e:

.H JEL
XN-H ^N-H

HN=C<- -• - .   * -  HN=CV + N O ( a )
: N * O H  OH d❖

- P - ;

H
;

HN=CV/  ;  HN=C=NH + H O  (b )
\ORy *

The sum m ation  o f  e q u a t i o n s  ( a )  an d  (b )  g i v e s  t h e  c o m p le te d  

e q u a t i o n :

H2N -C (N H )N H -N 02 ----------- » - N20  + HN=C=NH + HgO

The c y a n i c  a c i d  w h ic h  t h e y  o b t a i n e d  w ould  r e s u l t  from  

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

H0N-C=N + HOH ----------------NH? + HOCN2 3

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

n i t r o g u a n i d i n e ,  b u t  r e s u l t s  f rom  a  s id e  r e a c t i o n . .  The v a r i o u s  

o t h e r  p r o d u c t s  t h a t  D a v is  and A bram s fo u n d ,  s u c h  a s  c y a n u r l c
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a c i d ,  u r e a ,  m e lam in e ,  e t c .  w ould  r e s u l t ,  a s  p r e v i o u s l y  n o t e d ,  

f ro m  t h e  i n t e r a c t i o n  a n d  p o l j ’- m e r i z a t io n  o f  t h e  f i r s t - f o r m e d  

p r o d u c t s .

D a v is  and  Abrams o b s e r v e d ,  when a  s u l f u r i c  a c i d  s o l u t i o n  

o f  n i t r o g u a n i d i n e  was h e a t e d ,  t h a t  t h e  n i t r o u s  o x id e  came o f f  

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

l a t e r  an d  more s lo w ly .  T h i s  o b s e r v a t i o n  was u s e d  by th em  t o  

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

i n  two modes t o  y i e l d  two o r  more s u b s t a n c e s .  One o f  t h e s e  

s u b s t a n c e s ,  t h e y  c o n te n d ,  i s  a t t a c k e d  by warm s u l f u r i c  a c i d  

more r e a d i l y  t o  y i e l d  n i t r o u s  o x i d e ,  a n d  t h e  o t h e r  l e s s  r e a d i l y  

t o  y i e l d  c a r b o n  d i o x i d e .  The m echan ism  p r o p o s e d  i n  t h e  p r e s ­

e n t  work shows t h a t  t h e  e v o l u t i o n  o f  n i t r o u s  o x id e  w ou ld  come 

f i r s t  a n d  r a t h e r  r a p i d l y ,  w h e re a s  t h e  c a rb o n  d i o x i d e  a n d  

ammonia, b e i n g  fo rm ed  b y  t h e  r a t h e r  s lo w  h y d r o l y s i s  o f  c y a n ­

a m id e ,  w o u ld  come l a t e r  a n d  l e s s  r e a d i l y .  I t  i s  s i g n i f i c a n t  

t o  n o t e  t h a t  i f  c y a n i c  a c i d  w ere fo rm e d  from  n i t r o c y a n a m id e  

i n  t h i s  s o l u t i o n ,  a s  D a v is  and Abrams c o n te n d ,  t h e  e v o l u t i o n  

o f  c a r b o n  d i o x i d e  s h o u ld  come e a r l i e r  a n d  be more r a p i d .

T h i s  s h o u ld  be so  b e c a u s e  n i t r o  cy anam ide  a s  w e l l - .a s  c y a n i c  

a c i d  w o u ld  be e x t r e m e ly  u n s t a b l e .

I n  o r d e r  t o  s u p p o r t  f u r t h e r  t h e i r  h y p o t h e s i s  t h a t  n i t r o -  

cy an am id e  i s  a  d e a r ra n g e m e n t  p r o d u c t  o f  n i t r o g u a n i d i n e ,

D a v is  a n d  Abrams h e a t e d  a q u e o u s  s o l u t i o n s  o f  n i t r o g u a n i d i n e  

i n  t h e  p r e s e n c e  o f  a m in e s .  They o b t a i n e d  s u b s t i t u t e d  n i t r o -  

g u a n i d i n e s ,  and  p ro p o s e d  t h e  f o l l o w i n g  r e a c t i o n :
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HNGN-N02 . + R-NH2  R -N H -G (N H )-N H -N 02

H ow ever, i t  i s  n o t  n e c e s s a r y  t o  assum e t h e  f o r m a t i o n  o f

n i t r o c y a n a m i d e  a s  a  r e q u i s i t e  f o r  t h e  f o r m a t i o n  o f  t h e  s u b -
( 3 2 )

s t i t u t e d  n i t r o g u a n i d i n e s .  F r a n k l i n  , f o r  e x a m p le ,  g i v e s  

t h e  f o l l o w i n g  r e a c t i o n s ;

NCNHR + NH3 ------------------R-NH2  + NCNHg

n c n r 2 + NH^ ----------------- r 2 - nh  + n c n h 2

RNGNR + NH, ---------------- 5- 2 R-NH„ + HNCNH5 2

The r e v e r s e  o f  t h e  am m onolyses  shown h e r e  y i e l d s  e s t e r s  'o f
(3 3 )

cy an am id e  w i t h  t h e  e l i m i n a t i o n  o f  am m onia. F r a n k l i n  a l s o  

g i v e s  t h e  e q u a t i o n ,

c 6 h 5 - n = c ( n h - c 6 h 5 ) 2  + 3 n h 3— »  h n = c (n h 2 ) 2  + 3 c 6h 5n h 2 , .

t h e  r e v e r s e  o f  w h ich  r e p r e s e n t s  t h e  f o r m a t i o n  o f  a n  e s t e r  o f  

g u a n i d i n e  by  t h e  a c t i o n  o f  a n  am ine on g u a n i d i n e  w i t h  t h e  

e l i m i n a t i o n  o f  am m onia. C o n s e q u e n t ly ,  t h e  f o r m a t i o n  o f  t h e  

s u b s t i t u t e d  n i t r o g u a n i d i n e s , a s  o b s e r v e d  b y  D a v is  an d  A bram s, 

may w e l l  h a v e  r e s u l t e d  a s  f o l l o w s ;

^NH2 H
h n= c - n h - n o 2 + "n - r  >- NH3 + r - n h - c (n h ) - n h - n o 2

H

T h i s  w ou ld  e l i m i n a t e  t h e  n e c e s s i t y  o f  a s su m in g  t h e  i n t e r m e d i ­

a t e  f o r m a t i o n  o f  n i t r o c y a n a m i d e .

Thus t h e  v a r i o u s  o t h e r  p r o d u c t s  b e s i d e s  cyan am id e  a n d  

n i t r o u s  o x id e  t h a t  D a v is  an d  Abrams o b t a i n e d  may w e l l  h av e  

b e e n  fo rm e d  i n  s id e  r e a c t i o n s .  T h i s  v ie w  i s  s u p p o r t e d  by  t h e

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



-5 2 -

p r e s e n t  w ork  i n  which, o n ly  cy an am id e  a n d  n i t r o u s  o x id e  w ere  

o b t a i n e d  a n d  no s i d e  r e a c t i o n s  o c c u r r e d .

N i t r o g u a n i d i n e  E x p e r i m e n t a l

The n i t r o g u a n i d i n e  u s e d  i n  t h e s e  e x p e r im e n t s  (E a s tm a n  

p r o d u c t )  h a d  a  m e l t i n g  p o i n t  o f  2 4 6 -2 4 7 °  C. The a p p a r a t u s  

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

u r e a .

I n  e a c h  o f  t h e  r u n s  t h e  r e a c t i o n  m i x t u r e  (n o n -h o m o g en eo u s)  

c o n t a i n e d  20  g ram s ( 0 .1 9 2  m o le s )  o f  n i t r o g u a n i d i n e ,  23  g ram s 

( 0 .4 2 6  m o l e s ) ,  a  s l i g h t  e x c e s s ,  o f  sod ium  m e t h y l a t e ,  a n d  300  

m l .  o f  p y r i d i n e .  T h i s  m i x t u r e  wa3 h e a t e d  o n . a  w a te r  b a t h  

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

i n g  b e i n g  r e q u i r e d .  When t h e  c o n t e n t s  o f  t h e  r e a c t i o n ,  f l a s k  

h a d  c o o l e d  t o  room t e m p e r a t u r e ,  t h e  p i n k  p r e c i p i t a t e  was 

f i l t e r e d ,  w ashed  w i t h  p y r i d i n e ,  a n d  d r i e d  f i r s t  i n  t h e  air> 

a n d  t h e n  o v e r  c a l c iu m  c h l o r i d e .

I n  t h i s  r e a c t i o n ,  a s . i n  a l l  t h e  r e a c t i o n s  i n  t h i s  work 

i n  w h ic h  p y r i d i n e  was t h e  s o l v e n t ,  t h e  s o l id T B s id u e  w e ig h e d
I

much m ore t h a n  i t  w o u ld  i f  o n ly  t h e  t h e o r e t i c a l  am ount o f  t h e  

e x p e c t e d  p r o d u c t  ( i n  t h i s  c a s e  sod ium  cy an am id e)  w ere  p r e s e n t .  

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

t i r e l y  f ro m  t h e  m ain  p r o d u c t .  The p i n k  c o l o r  i n d i c a t e d  a  

p o s s i b l y  p y r i d i n e  co m p le x ,  an d  i n  f a c t  t h e  s o l i d  r e t a i n e d ,  

e v e n  when d r y ,  t h e  o d o r  o f  p y r i d i n e .  M e th y l  a l c o h o l  seem ed 

t o  d i s s o l v e  m ost o f  i t ,  b u t  t h i s  was n o t  q u a n t i t a t i v e  b e c a u s e
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i t  d i s s o l v e d  some sod ium  cyanam ide  a l s o .

A l i t t l e  o f  t h e  s o l i d  was d i s s o l v e d  i n . w a t e r ,  i n  w hich

s o l v e n t  i t  was r e a d i l y  s o l u b l e ,  a n d  am m o n iaca l  s i l v e r  n i t r a t e

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

cy an am id e  p r e c i p i t a t e d .  T h i s  p r e c i p i t a t e  was s o l u b l e  i n

d i l u t e  n i t r i c  a c i d .
(2 9 )

W e rn e r ’ s t e s t  showed no i n d i c a t i o n  o f  t h e  p r e s e n c e  

o f  c y a n a t e .

The so d iu m  cyanam ide  was q u a n t i t a t i v e l y  d e t e r m in e d  by
(34-)

t h e  a r g e n t i m e t r i c  m ethod  o f  L . A. P in c k  . A w e ig h e d  

am ount o f  t h e  s o l i d  r e a c t i o n  r e s i d u e  tvas d i s s o l v e d  i n  w a te r  

a n d  d i l u t e d  t o  a  volum e o f  250 m l.  A l i q u o t  p a r t s  o f  t h i s  

s o l u t i o n  w ere  t h e n  t a k e n  f o r  a n a l y s i s .  The f o l l o w i n g  r e s u l t s  

w ere  o b t a i n e d :

Run 1

0 .4 4 5 1  g ram s o f  s o l i d  wsa^e' d i s s o l v e d  i n  w a t e r ,  

made up t o  250  m l .  s o l u t i o n ,  a n d  50  m l .  a l i q u o t s  

w ere  t a k e n  f o r  a n a l y s i s .

M l. o f  0 .1 4 7  N KCNS u s e d :

1 ) .  9 .4 0  m l .

2 ) .  9 .3 0  m l.

3 ) .  9 .3 0  m l.

A v e r a g e - -9 .3 3  m l.

Amount Na2NCN 9 .3 3  m l.  o f  0 .1 4 7  N KCNS: 0 .0 5 9  s .

Amount Na^NCN i n  2 3 .9 5  S- s o l i d  r e s i d u e :  1 6 .3 4  g .
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Run 2

0 .4 6 6 2  gram s o f  s o l i d - r e s i d u e  w ere  d i s s o l v e d  i n -

w a t e r ,  made up t o  250  m l. s o l u t i o n ,  and  50 m l.

a l i q u o t s  w ere t a k e n  f o r  a n a l y s i s .

M l. o f  0 .1 4 7  N KCNS u s e d :

1 ) .  1 0 .1  m l .

2 ) .  1 0 .1  m l .

5 ) .  1 0 .0  m l .

A v e ra g e -  1 0 .0 7  m l.

Amount NagNCN 1 0 .0 7  m l.  o f  0 .1 4 7  N KCNS: 0 .0 6 3 2  g .

Amount NagNCN i n  2 3 .8  g .  s o l i d  r e s i d u e :  1 5 .9 1  g .

The f o l l o w i n g  t a b l e  VI c o n t a i n s  t h e  e x p e r i m e n t a l  d a t a  r e l a t i n g  

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

p y r i d i n e  s o l u t i o n .
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TABLE VI 

D a ta  B a se d  on E q u a t i o n . ( F )

( F ) .  HgN-CCNHj-NH-NOg + 2 NaOCH^  ►

NagNCN + U2 0  + 2  CH^OH + HgO

A B C D

Run. N i t r o ­
g u a n i d i n e

m o le s

NaOCHU3
m o les

NapNGN
fo u n d
m oles

Na2NCN
t h e o r y
m oles

1 0 .1 9 2 0 .4 2 6 0 .1 9 0 0 .1 9 2

2 0 .1 9 2 0 .4 2 6 0 .1 8 5 0 .1 9 2

E F 0 H

Run. Na2NCN
%

t h e o r y

n 2o
fo u n d
l i t e r s
S .T .P .

n 2o
t h e o r y
l i t e r s
S .T .P .

N^O

t h e o r y

i 9 8 .9 4 .* 5 4 .3 9 6 .5

2 9 6 .3 5 4 . 2 4 .3 9 7 .6

The p e r c e n t  t h e o r y  y i e l d s  o f  sod ium  .cyanam ide  (co lu m n  E) 

a n d  n i t r o u s  o x id e  (co lu m n  H) e s t a b l i s h  t h e  o c c u r r e n c e  o f  t h e  

i n t e r a c t i o n  o f  n i t r o g u a n i d i n e  a n d  sod ium  m e t h y l a t e  c o n fo rm in g  

w i t h  t h e  p r o p o s e d  e q u a t i o n  ( F ) .
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V; NITROS CXHJANI P I  NE

N i t r o s o g u a n i d i n e  H i s t o r i c a l

(3 8 )
T h i e l e .  . h e a t e d  a n  a q u e o u s  s o l u t i o n  o f  n i t r o s o g u a n i d i n e ,

a n d  o b t a i n e d  c y a n a m id e ,  n i t r o g e n ,  a n d  w a t e r .  He gav e  no

q u a n t i t a t i v e  d a t a ,  b u t  s t a t e d  t h a t  t h e  r e a c t i o n  p r o c e e d e d

" n e a r l y  a l l "  i n  t h i s  m a n n e r .
(1 5 )

D a v is  a n d  Abrams s t a t e  t h a t  n i t r o s o g u a n i d i n e  e x p lo d e s ^

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

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

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

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

w h ic h  g i v e s  o f f  r e d  o x id e s  o f  n i t r o g e n  when i t  i s  w arm ed.

They g av e  no q u a n t i t a t i v e  d a t a  f o r  t h e s e  r e a c t i o n s .
(1 9 )

S a b e t t a ,  H im m e lfo rd ,  a n d  S m ith .  . r e p o r t  t h a t  a c i d i c  

a q u e o u s  s o l u t i o n s  o f  n i t r o s o g u a n i d i n e  decom pose when h e a t e d  

t o  g i v e  g u a n i d i n e  and  n i t r o u s  a c i d .  They r e c o v e r e d  t h e  n i t r o u s  

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

g u a n i d i n e  f ro m  t h e s e  s o l u t i o n s .  Y/hen t h e y  h e a t e d  a l k a l i n e  

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

c a r b o n  d i o x i d e , am m onia, c y a n a m id e ,  a n d  n i t r o g e n .  They  r e ­

p o r t e d  t h a t  cy an am id e  a n d  n i t r o g e n  a r e  fo rm e d  when n i t r o s o ­

g u a n i d i n e  i s  h e a t e d  i n  n e u t r a l  s o l u t i o n .  No q u a n t i t a t i v e  

d a t a  ^ r e p r e s e n t e d  f o r  t h e s e  r e a c t i o n s .
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N i t r o s o g u a n i d i n e  T h e o r e t i c a l

I f  t h e  p r o p o s e d  m echan ism  i s  a p p l i e d  t o  t h e  a c t i o n  o f

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

by  t h e  f o l l o w i n g  schem e w ould  be  e x p e c t e d :

NH NH
Hv « .H K v II

,N-C-N-N=0  N-C-N=N-OH ( a )/H H

NH NH
Hv ii Hv «

,N-C-N=2T-0H + NaOCH, N-C-N=N-ONa + CH OH (b )
h '  3 H ' 1 3

NH NH
H . v . . . . .  K. m

N-C-i-N-NiONa ---------- >- 'N -C-ONa + N2 ( c )
H --- H

NH 
H u

"N.-C-ONaV-------------------------- HN.=C=NH + NaOH (d )
:'H

HN=0=aSH + 2 NaOCH^ >- N a^ C N  + 2 GH^OH (e )

The summary o f  e q u a t i o n f  ( a )  ( b )  ( c )  ( d )  a n d  ( e )  g i v e s  t h e  

c o m p le te d  e q u a t i o n :

(G ) .  H2N-C(NH)NH-N0 + 3,,NaOGH5 — » -Na2NCN + N2 + NaOH + 3 CH^OH 

As w i l l  be  shown by e x p e r i m e n t a l  d a t a  t h e s e  p r e d i c t e d

p r o d u c t s ,  sod ium  cy anam ide  a n d  n i t r o g e n ,  were o b t a i n e d  i n  

a lm o s t  q u a n t i t a t i v e  y i e l d ,  some s i d e  r e a c t i o n s ,  r e p r e s e n t e d  

by t h e  e q u a t i o n s  b e lo w ,  o c c u r r i n g  t o  a  s m a l l  e x t e n t :

(H ) .  H2N-C(NH)NH-N0 + NaOH ------- >- H2N-C(NH)-NH2 + NaNOg

( I ) .  HN=C=^NH + 4 H 20  >- 2 NH3 + H2C03

The w a t e r  r e p r e s e n t e d  i n . . e q u a t i o n  (H) i s  d e r i v e d  f ro m  t h e  

e q u i l i b r i u m :

HOCH3 + NaOH NaOCH3 + H20
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(15)
D a v is  a n d  Abrams p r e s e n t  t h e  f o l l o w i n g  d e a r ra n g e m e n t  

o f  n i t r o s o g u a n i d i n e  t o  e x p l a i n  T h i e l e ' s  f i n d i n g s  t h a t  a n  

a q u e o u s  s o l u t i o n  o f  t h i s  compound d e c o m p o se s ,  when h e a t e d ,  

t o  g i v e  cy an am id e  an d  n i t r o g e n :

HH2 -C (N H )-N H -N 0 ----------------- ^  HN=C=NH + NH2 -N 0

1
n 2 + h 2o

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

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

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

a c t i o n  o f  h y d r o c h l o r i c  a c i d " .  H ow ever, t h e  n i t r o u s  a c i d  may

r e a d i l y  b e  d e r i v e d  f ro m  t h e  h y d r o l y s i s  o f  n i t r o s o g u a n i d i n e ,
(1 9 )

a n d  i n  f a c t  S a b e t t a ,  H im m e lfa rb  an d  S m ith  , o b t a i n e d  n i t r o u s  

a c i d  q u a n t i t a t i v e l y  i n  t h i s  m a n n e r .  I f  t h e  n i t r o u s  a c i d  w ere 

d e r i v e d  f ro m  n i t r o s o a m i d e ,  t h e n  S a b e t t a  a n d  h i s  c o w o rk e rs  

s h o u ld  n o t  h a v e  o b t a i n e d  n i t r o u s  a c i d  q u a n t i t a t i v e l y  b e c a u s e  

t h e  n i t r o s o a m i d e  w ould  decom pose p r e f e r e n t i a l l y  t o  g i v e  n i ­

t r o g e n  a n d  w a t e r .  C o n s e q u e n t ly ,  t h e  p r e s e n c e  o f  n i t r o u s  a c i d  

i s  i n  no way i n d i c a t i v e  o f  t h e  f o r m a t i o n  o f  n i t r o s o a m i d e .

F u r th e r m o r e ,  a n o t h e r  mode o f  d e a r ra n g e m e n t  i s  c o n c e i v a b l e :

HN 
ii H

H gN -C -N-N sO  ------------------ ^  H2N-C-NH2  + NgO

1
NH-j + HGN

H ow ever, n e i t h e r  n i t r o u s  o x id e  n o r  h y d r o c y a n ic  a c i d  h a s  b e e n  

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

g u a n i d i n e  .
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N i t r o s o g u a n i d i n e  E x p e r i m e n t a l

The n i t r o s o g u a n i d i n e  u s e d  i n  t h i s  e x p e r im e n t  was p r e ­

p a r e d  a c c o r d i n g  t o  t h e  m ethod  o f  S a b e t t a ,  H im m e lfa rb ,  a n d  
(1 9 )

S m i th  , nam ely  by  t h e  r e d u c t i o n  o f  n i t r o g u a n i d i n e .  E a s t ­

m an’ s n i t r o g u a n i d i n e  was t h e  s t a r t i n g  m a t e r i a l .  A sam p le  

o f  t h e  p u r i f i e d  n i t r o s o g u a n i d i n e  e x p lo d e d  when h e a t e d  t o  

165° C.

The a p p a r a t u s  a n d  p r o c e d u r e  w ere  e s s e n t i a l l y  i d e n t i c a l  

t o  t h o s e  u s e d  i n  t h e  n i t r o u r e a  e x p e r im e n t s  n o t e d  a b o v e .

The r e a c t i o n  f l a s k  was c h a r g e d  w i t h  a  m i x t u r e  o f  n i t r o s e -  

g u a n i d i n e ,  sod ium  m e t h y l a t e ,  a n d  250 m i l  o f  . . p y r i d i n e . The 

m i x t u r e  w as r e f l u x e d  on  a n  o i l  b a t h  f o r  e i g h t  h o u r s ,  a t  w h ich  

t im e  t h e  e v o l u t i o n  o f  g a s  h ad  c e a s e d .  The f l a s k  was t h e n  

a l l o w e d  t o  c o o l  t o  room t e m p e r a t u r e ,  a n d  t h e  p i n k  s o l i d  w hibh  

h a d  s e t t l e d  was f i l t e r e d ,  w ashed  w i t h  p y r i d i n e ,  a n d  d r i e d  f i r s t  

i n  t h e  a i r  a n d  t h e n  o v e r  c a lc iu m  c h l o r i d e .

An a q u e o u s  s o l u t i o n  o f  a  s am p le  o f  t h e  s o l i d  r e s i d u e  g av e  

t h e  c h a r a c t e r i s t i c  y e l l o w  p r e c i p i t a t e  o f  s i l v e r  cy an am id e  

u p o n  t h e  a d d i t i o n  o f  am m o n iaca l  s i l v e r  n i t r a t e .  A q u a n t i t a ­

t i v e  e s t i m a t i o n  o f  sod ium  cy an am id e  was c o n d u c te d  a c c o r d i n g
(3 4 )

t o  t h e  a r g e n t i m e t r i c  m ethod  o f  P i n c k  - . .  P r e l i m i n a r y  t e s t s  

show ed t h a t  sod ium  cy an am id e  i s  s l i g h t l y  s o l u b l e  i n  ammonia; 

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

made j u s t  s u f f i c i e n t l y  am m o n iaca l  t o  d i s s o l v e  t h e  s i l v e r  

o x i d e .

I n  R u n . l ,  t h e  a n a l y s i s  was made on t h e  s o l i d  r e a c t i o n
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r e s i d u e  w h ic h  h a d  b e e n  i s o l a t e d .  I n  Run 2 ,  h o w e v e r ,  t h e  

t o t a l  s o l i d  was made up t o  a  l i t e r  a q u e o u s  s o l u t i o n ,  a n d  

a l i q u o t  p a r t s  w ere  t a k e n  f o r  a n a l y s i s .  The a n a l y t i c a l  d a t a  

f o r  t h e  e s t i m a t i o n  o f  so d iu m  cy an am id e  Afei a s  f o l l o w s :

R u n .1

Amount o f  s o l i d  r e s i d u e  t a k e n  f o r  a n a l y s i s  — 0 .1 2 2 9  6 -

A v e ra g e  m l .  o f  0 .1 4 7  N KCNS r e q u i r e d -------------------- 1 2 .0 5

T o t a l  am ount o f  Na^NCN t h u s  f o u n d - --------------------------  6 .0 0  g .

Run -.2

10  m l .  a l i q u o t s  w ere  t a k e n  f o r  a n a l y s i s

A v e ra g e  m l .  o f  0 .1 4 7  N KCNS r e q u i r e d ----------------------- 9 . 5

T o t a l  am ount o f  NagNCN t h u s  f o u n d ----------------------------  6 .1 5  S..

Some so d iu m  c y a n a m id e  was f o u n d  t o  h a v e  r e m a in e d  i n  t h e  

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

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

Run.: 1

50  m l .  q l i q u o t s  t a k e n  f o r  a n a l y s e s

A v e ra g e  m l .  0 .1 4 7  N KCNS r e q u i r e d * ----------------■------------  3 . 6 4

T o t a l  am ount o f  Na2NCN t h u s  f o u n d -----------------------------  0 .1 4 2  g .
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Run. 2

50  m l .  a l i q u o t s  t a k e n  f o r  a n a l y s e s

A v e ra g e  m l .  o f  0 ,1 4 7  N KCNS r e q u i r e d ------------------  0 ,2 1 6

T o t a l  am ount o f  NagNCN t h u s  f o u n d -----------------------  0 .0 0 8  g .

Thus a  t o t a l  o f  6 ,1 4 2  g .  o f  sod ium  cyanam ide  was fo u n d  i n  

Run 1 ,  w h i l e  a  t o t a l  o f  6 .1 5 8  was fo u n d  i n  Run 2 .

The a b s o r p t i o n  b o t t l e  (D) was fo u n d  t o  c o n t a i n  ammonia 

a f t e r  e a c h  o f  t h e  r u n s ,  fo rm e d  by  t h e  h y d r o l y s i s  o f  cy an am id e  

a c c o r d i n g  t o  t h e  e q u a t i o n :

HN=C=2JH + 4  HgO-------------- 2 NH^ + HgCO^

F o r  t h e  q u a n t i t a t i v e  e s t i m a t i o n  o f  ammonia 50 m l.  o f  t h e  a c i d  

s o l u t i o n  f ro m  t h e  a b s o r p t i o n  b o t t l e  was p l a c e d  i n  a  K j e l d a h l  

f l a s k  a n d  made s t r o n g l y  a l k a l i n e  by  t h e  a d d i t i o n  o f  25  m l .  o f  

a  s a t u r a t e d  s o l u t i o n  o f  sod ium  h y d r o x id e .  I t  was t h e n  s te a m  

d i s t i l l e d  u n t i l  500  m l ,  o f  d i s t i l l a t e  h ad  p a s s e d  o v e r  i n t o  

50 m i l  o f  a  f o u r  p e r c e n t  b o r i c  a c i d  s o l u t i o n .  The c o n t e n t s  

o f  t h e  r e c e i v i n g  f l a s k  w ere  t h e n  t i t r a t e d  w i t h  s t a n d a r d  h y ­

d r o c h l o r i c  a c i d  u s i n g  b r o m - c r e s o l  g r e e n  a s  i n d i c a t o r .  T h i s
(3 9 )

i s  a  m o d i f i c a t i o n  o f  t h e  K j e l d a h l - W i n k l e r  .m e th o d  o f  d e t e r ­

m in in g  n i t r o g e n .  The f o l l o w i n g  r e s u l t s  w ere  o b t a i n e d :

Run, 1

A v e ra g e  m l .  o f  0 .4 8 7 5  N HC1 r e q u i r e d --------------------------1 . 1

W eig h t o f  NH-̂  e q u i v a l e n t  t o  1 . 1  m l. 0 .4 8 7 5  N HC1—  0 . 0 0 9 s .

T o t a l  w e ig h t  o f  NH^ i n  a b s o r p t i o n  b o t t l e ------------------  0 .0 4 5 g .
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Run. 2

A v e ra g e  m l .  o f  0 .4 8 7 5  N HC1 r e q u i r e d -------------------  — 1 . 1

W eig h t  on NH^ e q u i v a l e n t  t o  1 . 1  m l .  0 .4 8 7 5  N .HC1- 0 . 0 0 9 s .  

T o t a l  w e ig h t  o f  NH^ i n  a b s o r p t i o n  b o t t l e — ------------  0 . 0 4 5 g .

I n  e a c h  c a s e ,  t h e r e f o r e ,  t h e  w e ig h t  o f  sodium  cyanam ide

t h a t  was l o s t  t h r o u g h  h y d r o l y s i s  am o u n ted  t o  0 .2 2 4  g .

When a  l i t t l e  o f  t h e  s o l i d  r e a c t i o n  r e s i d u e  v/as d i s s o l v e d

i n . w a t e r ,  a c i d i f i e d ,  a n d  t r e a t e d  w i t h  p o t a s s iu m  i o d i d e  a n d

c h lo r o f o r m  f r e e  i o d i n e  was l i b e r a t e d .  T h i s  was shown by t h e

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

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

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

HgN-CdJHj-HH-NO + NaOH HgN- C (NH) -NH2 + NaNOg

I n  o r d e r  t o  f u r t h e r  ch e c k  t h e  o c c u r r e n c e  o f  t h i s  r e a c t i o n  a

s o l u t i o n  o f  ammonium p i c r a t e  was a,dded t o  a n  a q u e o u s  s o l u t i o n

o f  t h e  s o l i d  r e a c t i o n  r e s i d u e .  I n  a  few  h o u r s  some c r y s t a l s

h ad  fo rm e d  w h ic h  w ere  f i l t e r e d  a n d  d r i e d .  They show ed a

m e l t i n g  p o i n t  o f  328° C. w h ich  i s  a p p r o x i m a te ly  t h e  m e l t i n g

p o i n t  o f  g u a n i d i n e  p i c r a t e ,  333° C. The o r e s e n e e  o f  g u a n i d i n e
(4 0 )

was t h u s  e s t a b l i s h e d .  T h i s  i s  t h e  m ethod  o f  V o z a r i c k  a s
(4 1 )

m o d i f i e d  by  S m ith ,  S a b e t t a ,  an d  S t e i n b a c h

The sod ium  n i t r i t e  p r e s e n t  was q u a n t i t a t i v e l y  d e t e r m in e d
(42)

a c c o r d i n g  t o  t h e  m ethod  o f  P a n d a l a i  a n d  Rao , t h e  f o l l o w i n g  

m o d i f i c a t i o n s  b e i n g  made: i n s t e a d  o f  10  m l .  o f  5 N HgSO^.,

20  m l .  w ere  a d d e d ,  a n d  c h lo r o f o r m  was u s e d  i n s t e a d  o f  s t a r c h

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



-6 3 -

i n d i c a t o r .  The f o l l o w i n g  r e s u l t s  w ere  o b t a i n e d :  

Run 1

Amount o f  s o l i d  t a k e n  f o r  a n a l y s i s ---------------------- 0 .1 7 2 6  g .

M i l l i l i t e r s  o f  0 .0 0 2  N NaoSo0 ,  r e q u i r e d ------------  2 1 .5
2 4 .3
2 3 .5

A v e ra g e  m l .  o f  0 .0 0 2  N NagSgO-j r e q u i r e d ------------  2 3 .1

T o t a l  am ount o f  NaNOg t h u s  f o u n d   0 .1 7 8  g .

Run 2

Volume o f  s o l u t i o n  t a k e n  f o r  a n a l y s i s ---------------- 50 m l.

M i l l i l i t e r s  o f  NaoSo0 ,  r e q u i r e d ---------------------------  9 .0 5
8 .9 5

A v e ra g e  m l .  o f  NagSgO-^--------------------------- ----------------  9 .0 0

T o t a l  am ount o f  NaNOg f o u n d   0 .0 2 5  g .

T h £ 4 t d a t a  shows t h a t  i n  Run 1 ,  0 .2 2 7  gram s o f  n i t r o s o g u a n i d i n e  

w ere  h y d r o l y z e d  t o  g i v e  q u a n i d i n e  a n d  sodium  n i t r i t e  a c c o r d ­

i n g  t o  e q u a t i o n  (H) g i v e n  i n  t h e  t h e o r e t i c a l  d i s c u s s i o n ,  

a n d  i n  Run 2 ,  0 .0 3 1 8  g ram s o f  n i t r o s o g u a n i d i n e  w ere  t h u s  

h y d r o l y z e d .

The t a b u l a t e d  r e s u l t s  o f  t h e  a c t i o n  o f  sod ium  m e t h y l a t e  

on n i t r o s o g u a n i d i n e  i n  p y r i d i n e  s o l u t i o n  a r e  shown i n  t h e  

f o l l o w i n g  t a b l e .  They a r e  b a s e d ,  f i r s t  upon  t h e  i n t e r a c t i o n  

o f  sod ium  m e t h y l a t e  a n d  n i t r o s o g u a n i d i n e  y i e l d i n g  sodium  

cy an am id e  a n d  n i t r o g e n  ( e q u a t i o n  G ) ,  a n d  s e c o n d  upon  t h e  c o n ­

c u r r e n t  r e a c t i o n s  ( e q u a t i o n s  H a n d  I ) ,  t a k i n g  p l a c e  t o  a
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l i m i t e d  e x t e n t ,  n a m e ly ,  t h e  h y d r o l y s i s  o f  cy an am id e  a n d  

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

( G) .  HgN-C(NH)-NH-NO + 3 NaOCH3 — NagNCN + Ng + NaOH.+ 3 GH^OH

( H) .  HgNr-C(NH) -NH-NO + NaOH  HgN-C(NH)-NHg + NaNOg

( I ) .  HN=C=NH + 4  HgO ------------- 2  NH^ + HgC03

TABLE Y I I  

Y i e l d s  o f  N i t r o g e n  a n d  Sodium  Cyanamide 

B a s e d  u p o n  E q u a t i o n  G

( G) .  HgN-C(NH)NH-N0+3 NaOCH3 — NagNCN + N2 + NaOH + 3 CH3 0H

A . B C D

Run . N i t r o s o ­
g u a n i d i n e

S-

Sodium
M e t h y l a t e

S-

Ng
fo u n d
l i t e r s
S . T . P .

Ng th e o r j r  
l i t e r s  S . T . P .  
( e q u a t i o n  G)

1 7 .2 5 8 . 8 1 .6 8 1 .8 3

2 7 .2 1 1 5 . 0 1 .8 0 1 .8 0

E F G H

Run Ng 
% t h e o r y  

( e q u a t i o n  G)

NagNCN
f o u n d

s.

NagNCN 
t h e o r y  g . 

( e q u a t i o n  G)

NagNCN 
% t h e o r y  

( e q u a t i o n  G

1 9 3 .1 6 .1 4 2 7 .0 8 8 6 .7

2 1 0 0 .0 6 .1 5 8 7 .0 5 8 7 .3
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The d a t a  o f  t a b l e  V I I  showy t h a t ,  i n  t e r m s  o f  t h e  y i e l d s  

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

R u n : . l ,  a n d  c o n c l u s i v e l y  q u a n t i t a t i v e l y  i n  Run 2 .  The y i e l d s  

o f  sod ium  c y a n a m id e ,  h o w e v e r ,  a r e  a b o u t  t h i r t e e n  p e r c e n t  b e ­

low  t h e  t h e o r e t i c a l .  T h i s  d i s c r e p a n c y  i s  p a r t l y  e x p l a i n e d  by 

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

(H) a n d  ( I ) .

The f o l l o w i n g  t a b l e  V I I I  em b o d ies  d a t a  q u a n t i t a t i v e l y  

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

e q u a t i o n s  (H) a n d  ( I ) .  Column E r e p r e s e n t s  t h e  sod ium  c y a n ­

am ide  t h a t  s h o u ld  t h e o r e t i c a l l y  b e  fo rm e d  f ro m  t h e  a c t u a l  

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

(G-). I t  i s  t h e  am ount o f  sod ium  cy an am id e  t h e o r e t i c a l l y  

a v a i l a b l e  a c c o r d i n g  t o  e q u a t i o n  (G-) m inus t h e  am ount o f  so d ­

ium cyanam ide  u n a v a i l a b l e  due t o  t h e  l ^ d r o l y s i s  o f  n i t r o s o ­

g u a n i d i n e  a c c o r d i n g  t o  e q u a t i o n  ( H) .  Column F r e p r e s e n t s  

t h e  sod ium  cyanam ide  fo u n d  a s  s u c h  p l u s  t h a t  e q u i v a l e n t  t o  

t h e  ammonia f o u n d .
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TABLE V I I I

C o r r e l a t i o n  o f  Y i e l d s  o f  Ammonia ( E q u a t io n  H) and  N i t r i t e  

( E q u a t io n  I )  w i t h  D e o r e a s e d  Y i e l d  o f  Sodium Cyanamide

( H) .  H2N-C(NH)-NH-NO + NaOH — HgN-C(NH)^NH2 + NaN02

( I ) .  HN=C=NH + 4 H 20  2 NH^ + HgCO^

A B C D

Run NH, 
f o u n d  g .  

( e q u a t i o n  I )

NaPNCN
n h 3

( e q u a t i o n  I ) 
f o u n d  g .

NaNQ2
fo u n d

s.

N i t r o s o ­
g u a n i d i n e  

NaN02 
f o u n d  g .

1 0 .0 4 5 0 .2 2 8 0 .1 7 8 0 .2 2 7

2 0 .0 4 5 0 .2 2 8 0 .0 2 5 0 .0 3 2
0 .0 3 7

E F G-

R u n . NagNCN 
t h e o r y  g .  
c o r r e c t e d

NagNCN 
f o u n d  g .  
c o r r e c t e d

NagNCN 
t h e o r y  

( e q u a t i o n  G-)

1 6 .8 6 6 .3 7 9 3 .0

2 . 7 .0 1 6 .3 8 6 9 1 .3

The d a t a  i n  . the a b o v e  t a b l e  V I I I show ^ t h a t when t h e

am ount o f  sod ium  cy an am id e  e q u i v a l e n t  t o  t h e  ammonia fo rm e d  

(co lu m n  B) i s  a d d e d  t o  t h e  am ount o f  sod ium  cyanam ide  fo u n d  

(co lu m n  F ,  t a b l e  V I I ) ,  t h e  t o t a l  y i e l d  o f  sod ium  cyanam ide  

i s  o b t a i n e d .  F u r th e r m o r e ,  t h e  num ber o f  m o les  o f  n i t r o s o ­

g u a n i d i n e  a v a i l a b l e  f o r  r e a c t i o n  a c c o r d i n g  t o  e q u a t i o n  (G-)
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i s  lo w e r e d  t o  t h e  e x t e n t  shown by t h e  num ber o f  m o le s  o f  

so d iu m  n i t r i t e  fo rm e d  a c c o r d i n g  t o  e q u a t i o n  ( H ) . C o n se ­

q u e n t l y ,  t h e  t h e o r e t i c a l  am ount o f  sod ium  cyanam ide  i s  l o w e r ­

e d .  Thus i t  i s  shown t h a t  t h e  t o t a l  am ount o f  sod ium  c y a n ­

am id e  f o u n d  e x c e e d s  n i n e t y  p e r c e n t  o f  t h e  t h e o r e t i c a l  amount 

b a s e d  u p o n  e q u a t i o n  (G-).
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SUMMARY AND CONCLUSIONS

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

I I I  d i n i t r o b i u r e t , IV n i t r o g u a n i d i n e , a n d  V n l t r o s o g u a n i d i n e  

h a v e  b e e n  s t u d i e d  by  n u m ero u s  i n v e s t i g a t o r s ,  an d  v a r i o u s  r e ­

a c t i o n  m ech an ism s  h a v e  b e e n  p r o p o s e d  f o r  t h e  c h a n g e s  t a k i n g  

p l a c e .  W ith  t h e  e x c e p t i o n  o f  t h e  a c i d  h y d r o l y s i s  o f  n i t r o s o -  

g u a n i d i n e ,  h o w e v e r ,  no q u a n t i t a t i v e  d a t a  i s  r e c o r d e d  i n  t h e  

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

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

The s tu d y  o f  t h e  a c t i o n  o f  c o n c e n t r a t e d  a q u e o u s  s o l u ­

t i o n s  o f  sod ium  h y d r o x i d e ,  p e r f o r m e d  i n  t h i s  l a b o r a t o r y ,  

u p o n  n i t r o u r e a  an d  n i t r o g u a n i d i n e  a f f o r d e d  d a t a  c o n fo rm in g  

w i t h  e q u a t i o n s  d e r i v e d  f ro m  p r o p o s e d  m echanism  sc h e m e s .

T h e r e f o r e ,  t h e  p r e s e n t  i n v e s t i g a t i o n  was u n d e r t a k e n  t o  d e t e r ­

m ine q u a n t i t a t i v e l y  t h e  n a t u r e  a n d  t h e  e x t e n t  o f  o c c u r r e n c e  

o f  t h e  a c t i o n  o f  sod ium  m e t h y l a t e  u p o n  t h e  s e v e r a l  a b o v e -  

named ( I  t h r o u g h  V) a l i p h a t i c  n i t r o  a m id e s  an d  a m id in e s  i n  

n o n - a q u e o u s  m e d ia .

R e a c t i o n  m echanism  schem es  w e re  p r o p o s e d  l e a d i n g  t o  t h e  

d e r i v a t i o n  o f  e q u a t i o n s  f o r  r e a c t i o n s  w h ich  h av e  b e e n  q u an ­

t i t a t i v e l y  v e r i f i e d .  The r e s u l t s  a r e  sum m arized  a s  f o l l o w s :

I ,  N i t r o u r e a  r e a c t e d  i n  c o n f o r m i t y  w i t h  t h e  e q u a t i o n :

( A) .  H2N-C0-NH-N02 + 2 NaOCH-j NaNCO + N20 + NaOH + 2 CH3 OH

T h i s  r e a c t i o n  was a c c o m p a n ie d  by t h e  h y d r o l y s i s  o f
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o f  sod ium  c y a n a te  t o  a  l i m i t e d  b u t  q u a n t i t a t i v e l y  d e t e r m in e d  

e x t e n t  a c c o r d i n g  t o  t h e  e q u a t i o n :

( B) .  NaNCO + NaOH + H20 ------------► Na2C03  + NH-

I I .  M o n o n i t r o b i u r e t  r e a c t e d  i n  c o n f o r m i t y  w i t h  t h e  e q u a t i o n :  

( G) .  H2N-C0-NH-C0-NH-N02 + 3 NaOCH^ — =► 2 NaNCO + N£0 + NaOH

+ 3 CH^OH

T h i s  r e a c t i o n  a l s o  was a c c o m p a n ie d  by t h e  h y d r o l y s i s  

t o  a  l i m i t e d  b u t  q u a n t i t a t i v e l y  d e t e r m in e d  e x t e n t  a c c o r d i n g  

t o  t h e  e q u a t i o n :

( D) .  NaNCO + NaOH + HgO --------- 5-  Na2 C0^ + NH^

I I I .  D i n i t r o b i u r e t  r e a c t e d  i n  c o n f o r m i ty  w i t h  t h e  e q u a t i o n :

( E ) .  0 2N-NH-C0-NH-C0-NH-N02 + 2 NaOCH^ ------------------ 5-

NaNCO + 2 No0 + NaHCO, + 2 CH-OH d. 3 b
No o t h e r  c o n c o m i ta n t  r e a c t i o n s  w ere  f o u n d  t o  o c c u r .

IV .  N i t r o g u a n i d i n e  r e a c t e d  i n  c o n f o r m i t y  w i t h  t h e  e q u a t i o n :

( F ) .  H2N-C(NH)-NH-N02 + 3 NaOCH^— Na2NCN + N20 + NaOH

+ 3 GH^OH 3
H ere  a l s o  no o t h e r  c o n c o m i ta n t  r e a c t i o n s  w ere  f o u n d  t o  

o c c u r .

V. N i t r o s o g u a n i d i n e  r e a c t e d  i n  c o n f o r m i ty  w i t h  t h e  e q u a t i o n :

( G) .  H2N-C(NH-NH-N0 + 3 N aO C H ^-^N a2NCN + N2 + NaOH + 3 CH^OH 

T h i s  r e a c t i o n  was a c c o m p a n ie d  by t h e  h y d r o l y s i s  o f

so d iu m  cyanam ide  a s  w e l l  a s  o f  n i t r o s o g u a n i d i n e  t o  a  l i m i t e d
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b u t  q u a n t i t a t i v e l y  d e t e r m in e d  e x t e n t  a c c o r d i n g  t o  t h e  

e q u a t i o n s :

(H) .  Na2NCN + 3 H20  >- 2 NH^ + NagCOj

( I ) .  H2N-C(NH)-NH-N0 + NaOH  ^  H2N-C(NH)-NH2 + NaNOg
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addendum

A M o d i f i e d  M ethod  f o r  t h e  P r e p a r a t i o n  o f  B i u r e t

S in c e  t h e  n i t r o b i u r e t #  u s e d  i n  t h e s e  e x p e r im e n t s  w ere  

made by  n i t r a t i n g  b i u r e t ,  a  s a t i s f a c t o r y  m ethod  f o r  p e r p a r i n g  

t h i s  comoound was s o u g h t .  A m o d i f i c a t i o n  o f  t h e  m ethod  r e -
(4 3 )

c o r d e d  by  S c h i f f  was f o u n d  t o  be more s a t i s f a c t o r y  t h a n  

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

p r e p a r a t i o n  o f  b i u r e t  f ro m  u r e a .  I f  t h e  p r o c e d u r e  g i v e n  by 

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

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

t h e  m o d i f i e d  m e th o d  f o l l o w s :
t

E i g h t  h u n d r e d  g ram s o f  p o w d ered  u r e a  js&4 p l a c e d  i n  a  

t w o - l i t e r  e r l e n m e y e r  f l a s k .  A s t r e a m  o f  d r y  h y d ro g e n  c h l o r i d e  

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

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

t a i n s  o n ly  a  c l e a r  l i q u i d  w h ic h  i s  s lo w ly  h e a t e d  u n t i l  a  tem ­

p e r a t u r e  o f  120° C. i s  r e a c h e d .  The i n t r o d u c t i o n  o f  HC1 i s  

t h e n  s to p p e d ,  t h e  f la m e  i s  rem o v ed ,  and  t h e  s o l u t i o n  c o n ­

t i n u e s  t o  r i s e  i n  t e m p e r a t u r e .  A t a b o u t  135° C. t h e  e v o l u ­

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

r i s i n g  u n t i l  i t  r e a c h e s  1 7 0 -1 8 0 °  C. The c o n t e n t s  a r e  t h e n  

a l l o w e d  t o  c o o l  t o  100° G . ,  when a  l i t e r  o f  w a t e r  i s  a d d e d  

a lo w ly  a n d  w i t h  s t i r r i n g .

The r e a c t i o n s  o c c u r r i n g  t o  t h i s  p o i n t  may b e  r e p r e s e n t e d  

by  t h e  e q u a t i o n s :
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H2N-G0-NH2 + HC1  H2N-C0-KH2 .HC1

H2N-C0-NH2 .HC1 + H2N-G0-NH2  H2N-C0-KH-C0-mi2 + NH4 CI

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

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

The s o l u t i o n  i s  t h e n  c h i l l e d  i n  an  i c e  b a t h ,  a n d  a  w h i t e  

s o l i d  s e t t l e s  o u t .  T h i s  s o l i d ,  a  m i x t u r e  o f  b i u r e t  and  

c y a n u r i c  a c i d  w e ig h in g  a b o u t  450 g ra m s ,  i s  f i l t e r e d ,  w ashed  

w i t h  a  l i t t l e  w a t e r ,  a n d  d r i e d .  The ammonium c h l o r i d e  a n d  

an y  e x c e s s  u r e a  r e m a in  i n  t h e  f i l t r a t e .

The b i u r e t  i s  s e p a r a t e d  f ro m  t h e  c y a n u r i c  a c i d  by t r e a t ­

i n g  a l i q w o t  p o r t i o n s  ( a b o u t  4 0 -5 0  g . )  o f  t h e  m i x t u r e  w i th  

600  m l .  b o i l i n g  95% a l c o h o l  ( t h e  c y a n u r i c  a c i d  i s  p r a c t i c a l l y  

i n s o l u b l e  i n  b o i l i n g  a l c o h o l ) . T he  h o t  a l c o h o l i c  s o l u t i o n  i s  

f i l t e r e d ,  a n d  t h e  f i l t r a t e  i s  c h i l l e d  i n  a n  i c e  b a t h  e f f e c t i n g  

t h e  r e - c r y s t a l l i z a t i o n  o f  b i u r e t .  The b i u r e t  i S  f i l t e r e d  an d  

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

more b i u r e t  f ro m  t h e  o r i g i n a l  s o l i d  m i x t u r e ,  a n d  t h i s  p r o ­

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

175  g ram s  o f  b i u r e t ,  w h ic h  h a s  a  m e l t i n g  p o i n t  o f  196° C . ,  

i s  r e c o v e r e d  i n  t h i s  m a n n e r .  Some b i u r e t  may b e  r e c o v e r e d

3 NH2 -C0-HH2 3 NH3 ■+ 3 HNCO

V
(HNC0) 3

t h r o u g h  t h e  d e a m m in a t io n  o f  t r i u r e t :

3 NH2 -G0-NH2 NH? -C0-NH-C0-NH-C0-NH2 + 2 ffl.

(HNCO)

2 3
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f ro m  t h e  r e s i d u e  ( f r o m t h e  f i l t r a t i o n  o f  t h e  h o t  a l c o h o l )  

by  a g a i n  t r e a t i n g  i t  a s  a b o v e ,  a n d  some may be  r e c o v e r e d  

f ro m  t h e  a l c o h o l i c  m o th e r  l i q u o r  by e v a p o r a t i n g  t h e  l i q u o r  

t o  o n e - t h i r d  i t s  volum e a n d  t h e n  c o o l i n g .

T h i s  m ethod  g av e  f a r  b e t t e r  y i e l d s  o f  b i u r e t  t h a n  t h e  

o t h e r  r e c o r d e d  m e th o d s .
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2 1 .  S t e v e  P a l i n c h a k

2 2 .  H a n tz c h  a n d  S c h u l t z e

2 3 . A uw ers a n d  H a r r e s

2 4 .  E . C . F r a n k l i n

25• E . C . F r a n k l i n

2 6 .  D a i n s ,  G - re id e r ,

a n d  K id w e l l

2 7 . E . 0 . F r a n k l i n . .

2 8 .  F o u lk

2 9 .  W erner

3 0 .  R i p a n - T i l i c l

3 1 .  T r e a d w e l l - H a l l

3 2 . E . C . F r a n k l i n

3 3 .  E . C . F r a n k l i n

A nn.

R .A c a d .N a z .D e i  L i n c e i

S e r .V  1 0 ,  171 (1921) 

J . A . C . S .  1 7 ,  2748 (1935)

J . A . C . S .  1 1 ,  180} (1929)

U . C . T h e s i s ,  P h . D . ,  (1940)

B e r .  2 2 ,  6 9 9 ,  2 2 5 1 ,  (1 8 9 6 )  

B e r .  62 B, 2287 (1929)

The N i t r o g e n  S y s tem  o f  

Compounds (1 9 3 5 )  P ag e  110 

The N i t r o g e n  S y stem  o f  

Compounds (1 9 3 5 )  P ag e  119 

J . A . C . S .  4 1 ,  1005  (1919)

The N i t r o g e n  S y s tem  o f  

Compounds (1 9 3 5 )  P age  114 

Q u a n t i t a t i v e  C h em ica l  

A n a l y s i s  (1 9 2 0 )  P age  220 

J .  C . 5 .  8 9 - 9 9  ( i 9 « g )

Z .A n a l .C h e m . 1 0 2 ,  32 (1935) 

A n a l y t i c a l  C h e m is t ry  ( V o l . I )  

(1 9 3 7 )  P a g e s  2 9 2 -2 9 3  

The N i t r o g e n  S ystem  o f  

Compounds (1 9 3 5 )  P age  97 

The N i t r o g e n  S y s tem  o f  

Compounds (1 9 3 5 )  P age  91
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- 7 6 -

3 4 .  L .A .P in c k

3 5 .  S id g w ic k

3 6 .  T h i e l e  a n d  U h l f e l d e r

3 7 . N ef

3 8 .  T h i e l e

3 9 . Y f in k ie r

4 0 .  V o z a r i c k

4 1 .  S m i th ,  S a h e t t a ,

And S t e i n b a c h

4 2 .  P a n d a l a i  a n d  Rao

4 3 .  S c h i f f

I n d .E n g .C h e m . 1 J ,  4 5 9 -4 6 0  (1 9 2 5 )  

O r g a n ic  C h e m is t ry  o f  N i t r o g e n  

P a g e s  3 2 3 -3 2 4 .

A nn. ^ 0 3 ,  9 3 , ( 1 8 9 8 )

A nn . 2 8 1 ,  288 (1 8 9 5 )

A nn. 2 1 1 , 133 (1 8 9 3 )

A nn. 2 1 0 , 1 (1 8 9 2 )

Z.Angew.Chem . 2 6 ,  231  (1913)

Z .A ngew .Chem . JL2, 607  (1902) 

I n d .E n g .C h e m .  2j5, 1124 (1931)

J . p r a k t . chem . 1 4 0 . 2 4 0 -6  (1 9 3 4 )  

C. A.  2 8 , , 6 0 8 4  (1 9 3 4 )

A nn . 2 2 9 ,  238 (1 8 9 8 )
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