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I .  INTRODUCTION; HISiORx -fiJND OBJECT

T h is  r e s e a r c h  was u n d e r t a k e n  t o  d e te r m in e  t o  w hat 

e x t e n t  t h e  r e d u c t i o n  o f  n i t r o b e n z e n e  w i t h  sodium  m e th y la 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  i n  t h e  p r e s e n c e  o f  l e a d  

would be  co m p a rab le  t o  th e  r e d u c in g  a c t i o n  o f  a q u eo u s  s o d i ­

um h y d r o x id e  and  m e th y l  a l c o h o l  i n  th e  p r e s e n c e  o f  l e a d  a s  

p r e v i o u s l y  i n v e s t i g a t e d  by F ry  an d  A nd ress  ( 1 ) .

S in c e  t h e  h i s t o r y  o f  t h e  v a r i o u s  m eth ods  o f  r e ­

d u c in g  n i t r o b e n z e n e  h as  been  th o r o u g h ly  r e v ie w e d  i n  e a r l i e r  

t h e s e s  from  t h i s  l a b o r a t o r y ,  o n ly  a  few o f  t h e  more p e r t i ­

n e n t  r e d u c t i o n s  w i l l  be  n o t e d .

The r e d u c t i o n  o f  n i t r o b e n z e n e  h as  been  known s i n c e  

1845 when Z in i n  (2) p r e p a r e d  azoxyb enzen e  b y  t r e a t i n g  n i t r o ­

b en zen e  w i t h  a l c o h o l i c  p o t a s h .  He p o s t u l a t e d  n o  e q u a t io n  to  

r e p r e s e n t  th e  c h a r a c t e r  o f  t h e  r e a c t i o n .  A l e x e y e f f  (3) 

p r e p a r e d  a zo x y b en zen e  by a d d in g  sodium  amalgam to  an  a l c o ­

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

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

q u a n t i t i e s  o f  a l k a l i ,  a c t s  a n a lo g o u s ly  t o  sodium  amalgam.

R o senack  ( 4 ) fo un d  t h a t  azo x y b en zen e  i s  form ed 

when n i t r o b e n z e n e  i s  added i n  s m a l l  q u a n t i t i e s  t o  a s o l u ­

t i o n  o f  sodium  h y d ro x id e  and a l c o h o l .  He f u r t h e r  n o t e d
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t h a t  sodium  o r  sodium  amalgam has  no  e f f e c t  on p e r f e c t l y  

d r y  n i t r o b e n z e n e ,  b u t  a v ig o r o u s  r e a c t i o n  f o l lo w s  when a few 

d r o p s  o f  w a te r  a r e  added and azoxy benzene  r e s u l t s .

S ch m id t  and S c h u l t z  (5) p r e p a r e d  azo x y b en zen e  by 

t h e  a c t i o n  o f  a l c o h o l i c  p o ta s s iu m  h y d ro x id e  on a l c o h o l i c  

n i t r o b e n z e n e .  They m en t io n  b y - p r o d u c t s  o f  a n i l i n e ,  o x a l i c  

a c id ,  and a d a r k  r e s i n o u s  p r o d u c t  s i m i l a r  t o  th e  b i a z o x y -  

b .enzo ic  a c i d  o f  M ic h le r  ( 6 ) .

K l i n g e r  (7) d e v i s e d  a  new m ethod f o r  t h e  r e d u c t i o n  

o f  n i t r o b e n z e n e  to  azoxy benzene  by  u s in g  sodium  and m eth y l  

a l c o h o l  a s  th e  r e d u c in g  a g e n t s ,  t h a t  i s ,  sodium  m e t h y l a t e .  

i  y i e l d  o f  85 -  89% was o b t a i n e d .

M o lts  chon oars ky  ( 8) r e p e a t e d  K l i n g e r  ’ s w ork , b u t  

o b t a i n e d  somewhat lo w e r  y i e l d s .  B ru h l  (9) p r e p a r e d  azoxy­

b e n ze n e  i n  a lm o s t  q u a n t i t a t i v e  y i e l d  by s u s p e n d in g  sodium 

m e t h y l a t e  i n  x y le n e  and th e n  b o i l i n g  th e  m ix tu r e  w i t h  n i t r o ­

b e n ze n e  f o r  s e v e n  h o u r s .

Lachman (10) r e p e a t e d  K l i n g e r ’s  m ethod  and o b t a i n e d  

95 _ 97 p e r c e n t  y i e ld . .  He s t a t e d  t h a t  t h e  w a te r  p r e s e n t  i n  

m e th y l  a l c o h o l  h a s  l i t t l e  e f f e c t  upon th e  y i e l d  o f  azo xy ben ­

z e n e .

Evans and  F ry  (11) p r e p a r e d  azo xyb enzen e  i n  90 

p e r c e n t  y i e l d  by t h e  a c t i o n  o f  magnesium and m e th y l  a l c o h o l  

on n i t r o b e n z e n e .  The magnesium m e th y la t e  h a s  no r e d u c in g  

a c t i o n ;  i t  i s  c h i e f l y  t h e  hyd rogen  l i b e r a t e d  when magnesium
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r e a c t s  w i th - m e th y l  a l c o h o l  t h a t  r e d u c e s  t h e  n i t r o b e n z e n e .

Snowden (12) l i s t s  s e v e r a l  known m e th o d s ,  c h e m ic a l  

and  e l e c t r i c a l ,  f o r  r e d u c in g  n i t r o b e n z e n e  t o  a z o x y b e n ze n e .

Of a l l  t h e  m ethods t h a t  have b e en  c i t e d ,  t h a t  o f  

K l i n g e r  has  b e e n  a d o p te d  a s  t h e  s t a n d a r d  m ethod f o r  p r e p a r ­

in g  azox ybenzene  from  n i t r o b e n z e n e .

As p r e v i o u s l y  s t a t e d ,  K l in g e r  fo u n d  t h a t  n i t r o b e n ­

z e n e  i s  r e d u c e d  by 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 ,  to  .a z o x y b e n z e n e .- He p ro p o se d  th e  e q u a t i o n ,

0
A 0 Ho2 + 3CH3QHa * 2  0-N = M-0 + '

3 HCOOMa + 3H20

b u t  he gave no  e x p e r im e n ta l  d a t a  t o  s u b s t a n t i a t e  t h e  s t o i ­

c h io m e t r i c  p r o p o r t i o n  o f  t h e  e q u a t io n .  T h is  r e a c t i o n  was 

q u a n t i t a t i v e l y  i n v e s t i g a t e d  by  F ry  and Cameron (13) and  was 

fo u nd  to  be c o r r e c t .

I n  th e  c o u r s e  o f  t h e i r  i n v e s t i g a t i o n ,  F ry  and - 

CameroobL p ro p o se d  a m echanism  f o r  t h e  r e a c t i o n ,  i n v o lv i n g  th e  

t h e o r y  o f  a c i d i c  d i s s o c i a t i o n  o f  sodium  h y d r o x id e ,  a  d i s ­

c u s s io n  o f  w h ich  w i l l  s u b s e q u e n t ly  f o l l o w .  They fo und  t h a t  

i n c r e a s i n g l y  l a r g e  q u a n t i t i e s  o f  w a te r ,  w h ich  p ro m o tes  

b a s i c  d i s s o c i a t i o n  o f  sodium  h y d ro x id e ,  when added  t o  th e  

r e a c t i o n  m ix t u r e ,  lo y /e red  th e  p e r c e n t  r e d u c t i o n  from  th e  

n o rm a l  8C.45 p e r  c e n t  t o  19 p e r  c e n t .  T hese  r e s u l t s  w ere  

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

f e c t  upon t h e  y ie ld ,  o f  a z o x y b e n z e n e .  They f u r t h e r  foun d  

t h a t  p y r i d i n e ,  w h ich  b e in g  b a s i c  s h o u ld  p rom ote  a c i d i c  d i s ­

s o c i a t i o n  o f  sodium  h y d r o x id e ,  g r e a t l y  i n c r e a s e d  th e  p e r  

c e n t  r e d u c t i o n  when i t  was p r e s e n t  i n  th e  r e a c t i o n  m ix t u r e .

I n  v iew  o f  t h i s  e s t a b l i s h m e n t  o f  t h e  K l i n g e r  equa ­

t i o n  'and t h i s  h y p o t h e s i s ,  F ry  and Bowman (14) c a r r i e d  on a 

f u r t h e r  i n v e s t i g a t i o n  to  t r y  t h e  e f f e c t  o f  v a r i o u s  o t h e r  

o r g a n ic  b a s e s  upon th e  e x t e n t  o f  t h e  r e d u c in g  a c t i o n  o f  s o d i ­

um m e t h y l a t e  on n i t r o b e n z e n e .  They fo u n d  t h a t  i n c r e a s e d  

m o la r  q u a n t i t i e s  o f  o r g a n i c  b a s e s  ( a n i l i n e ,  m e th y l  a n i l i n e ,  

d im e th y l  a n i l i n e ,  q u i n o l i n e  and iso a m y l  amine) c a u se d  i n ­

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

F ry  and I n d r e s s  ( l )  found  t h a t  n i t r o b e n z e n e  was 

q u a n t i t a t i v e l y  re d u c e d  t o  a zo x y b e n ze n e  by  s o l u t i o n s  o f  s o ­

dium h y d ro x id e  i n  m e th y l  a l c o h o l  and w a te r  i n  t h e  a b s e n c e  

o f  l e a d  w i t h  t h e  accom panying e v o lu t i o n  o f  l a r g e  volum es o f  

h y d ro g e n . F u r th e r m o r e ,  w i t h  i n c r e a s i n g  c o n c e n t r a t i o n s  e i ­

t h e r  o f  sodium  h y d ro x id e  o r  o f  n i t r o b e n z e n e ,  hyd rogen  was 

e v o lv e d  i n  i n c r e a s i n g  v o lu m e s . T hese  ru n s  w ere  r e p e a t e d  i n  

t h e  p r e s e n c e  o f  l e a d  and th e  f o l lo w in g  r e s u l t s  w ere  o b t a i n e d :

(1) The volum es o f  hydrogen  e v o lv e d  w ere  

g r e a t l y  i n  e x c e s s  o f  t h o s e  o b ta in e d  in  th e  a b s e n c e  o f  l e a d .

(2) The n i t r o b e n z e n e  was r e d u c e d  t o  m ix ­

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

sodium  p lu m b i te .

To d e te r m in e  w h e th e r  n i t r o b e n z e n e  c o u ld  be  r e ­

d uced  by  sodium  h y d ro x id e  and l e a d  i n  t h e  a b se n c e  o f  m e th y l  

a l c o h o l  o r  n o t ,  r e a c t i o n s  w ere  i n v e s t i g a t e d  w h e re in  n i t r o ­

b e n ze n e  was d i s s o l v e d  i n  p y r i d i n e  .and r e f l u x e d  w i t h  l e a d  

and sodium  h y d r o x id e .  I n  t h i s  i n s t a n c e  th e  n i t r o b e n z e n e  

was r e d u c e d  c h i e f l y  t o  azox ybenzene  and some a z o b e n z e n e .

The l e a d  r e a c t e d  t o  form  sodium  p lu m b i te  and r e d  l e a d ,  

p re su m a b ly  a c c o rd in g  t o  f o l lo w in g  e q u a t io n s :

Pb + ,2 MaOH -------- -» MagPbC^ 2H

3 Pb + 4. H2 0  *  pb3 °4  + 8 H

Mo hy d rogen  was evolved .. The . a v a i l a b l e  hydrogen  was a s ­

sumed t o  e f f e c t  r e d u c t i o n .

They f u r t h e r  fo u n d  t h a t  sodium  p lu m b i te  p a r t i a l l y  

r e d u c e s  n i t r o b e n z e n e  t o  azoxyb en zen e  a c c o rd in g  to  th e  f o l ­

lo w in g  e q u a t io n :

9 MapPbOp + 2 $  N02  + 9H2O — * 0 J l=  M-0 + 3Pb30^  +
18 MaOH

The intermediate formation of hydrogen peroxide 

on th e  i n t e r a c t i o n  o f  l e a d ,  sodium  h y d r o x id e ,  and  n i t r o b e n ­

z e n e  i n  .aqueous s o l u t i o n  and a l s o  i n  th e  p r e s e n c e  o f  m e th y l  

a l c o h o l  and w a t e r  was shown to  t a k e  p l a c e  a c c o r d i n g  t o  th e
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f o l l o w in g  e q u a t io n :

3 Pb + 6 H-aOH + 4 0  N02  •--------+ 3 Wa2PbOa +^0-i«M -0  + 3 % 0 2

T h is  r e s e a r c h  i s  a  f u r t h e r  s t u d y  o f  t h e  r e d u c t i o n  

o f  n i t r o b e n z e n e  u n d e r  d i f f e r e n t  e x p e r im e n ta l  c o n d i t i o n s ,  

n a m e ly ,  d i l u t e  and n e a r l y  s a t u r a t e d  s o l u t i o n s  o f  sodium 

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  w i t h  and  w i t h o u t  l e a d .  

As p r e v i o u s l y  n o t e d ,  th e  s tu d y  by  F ry  and A n d ress  was con­

d u c te d  p r i n c i p a l l y  i n  - a lk a l in e  aqueous m edia  and u n d e r  t h e s e  

c o n d i t i o n s  a v a r i e t y  o f  c o n c u r r e n t  r e a c t i o n s  w ere  s h o rn  t o  

t a k e  p l a c e .  S in c e  i n  th e  p r e s e n t  s tu d y  th e  i n i t i a l  r e a c ­

t i o n  m ix t u r e s  w ere  an h y d ro u s  m e th y l  a l c o h o l  s o l u t i o n s  o f  

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

o f  l e a d ,  i t  was hoped t h a t  th e  o c c u r r e n c e  o f  c o n c o m ita n t  

r e a c t i o n s  m ig h t  be  e l i m i n a t e d  and a t  th e  same t im e  f a c i l i ­

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

f o r m a te  w i t h  th e  c o r r e s p o n d in g  y i e l d s  o f  th e  r e d u c t i o n  p r o ­

d u c t s .  I t  was d e s i r e d  no e x p la in  f u r t h e r ,  i f  p o s s i b l e ,  t h e  

e f f e c t  o f  th e  p r e s e n c e  o f  l e a d  upon th e  n a t u r e  and  e x t e n t  

o f  t h e  r e d u c t i o n .
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II. THEORETICAL

A. THE KLINGER REACTION AND THE MODIFIED KLINGER REACTION.

A lthou gh  K l i n g e r ' s  r e a c t i o n  was a d o p te d  a s  th e

s t a n d a r d  m ethod f o r  p r e p a r i n g  azo x y b en zen e  from n i t r o b e n z e n e ,  

no a t te m p  t  was made Ao a s c e r t a i n  t h e  m echanism o f  th e  r e a c ­

t i o n  u n t i l  F ry  and  Cameron(13) i n v e s t i g a t e d  i t  from  a  q u a n t i ­

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

by K l in g e r  w ere  c o n f i rm e d ,  and  i n  a d d i t i o n ,  t h e  f o l lo w in g  

mechanism was p ro p o se d :

3CH3ONa i  3H0H   * 3CH3OH + 3H0Na ( a )

3CHjOH + 3H 0N a * 3HC0QNa * 12H (b )

4 0  N02 * 12 H  ------ ■> N- 0 *■ 6 H20 ( c )

*  a , b , c  4 0  N02 * 3CH3ONa -------- *

20-^-= N-0 + 3 HCOONa + 3 H20 (A)

I n  d i l u t e  s o l u t i o n s  o f  sodium m e th y la t e  i n  m e th y l

a l c o h o l  o n ly  azo x y b en zen e  was o b t a in e d ;  b u t  i n  a  n e a r l y

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

t h e  n i t r o b e n z e n e  was re d u c e d  t o  a  m ix tu r e  o f  a z o -  and  azoxy­

b e n z e n e .

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

d i s s o c i a t i o n  o f  sodium  h y d r o x id e  p o s t u l a t e d  by F ry  and 

c o w o rk e rs ,  c u lm in a t in g  i n  t h e  f i n a l  e q u a t io n  f o r  t h e  K l in g e r  

r e a c t i o n  h av e  h e r e w i t h  b een  m o d if ie d  t o  show t h e  I n t e r m e d i a t e  

f o r m a t io n  o f  n i t r o s o b e n z e n e  and  p h e n y lh y d ro x y la m in e  b e -
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c a u s e  th e  e x t e n t  o f  t h e  f o r m a t io n  o f  t h e s e  s u b s t a n c e s  may 

have  a  b e a r i n g  upon th e  r e l a t i v e  y i e l d s  o f  t h e  c o n c u r r e n t l y  

azo xy r  and a z o -b e n z e n e  w i t h  t h e  h ig h e r  c o n c e n t r a t i o n  o f  

sodium  m e t h y l a t e .  I'he r e v i s e d  r e a c t i o n  m echanism  scheme f o r  

th e  r e d u c t i o n  to  azoxyb enzen e  may be  w r i t t e n  a s  fo l lo w s*

3 o n 3OHa 4  3 HOH ------------» 3 CH3OH 4 3 HOKa ( a )

3 CH3OH 4 3 HOKa--------- 4 3HC00Ha + 12 H (b)

4  0 102  1- 8 H -------4 0 M 0 -1- 4  H20 (c)

2  0 K 0 + 4 H --------- •* 2 0 IC y  (d)
H

y
2  0 K 0 + 20  N ----------> 2  0 -H=M- 0 + 2 H20 (e)

f  a ,  b , e , d ,  e—  4 0 K02  + 3CH3OHa — —

3 HCOOHa 4 3 H20 4 2  0-^--H-0

I n  u s in g  a  h i g h e r  c o n c e n t r a t i o n  o f  sodium  m e t h y l a t e ,  

more e x t e n s i v e  r e d u c in g  c o n d i t i o n s  a r e  im p osed . H ence, 

one w ould  e x p e c t  can e x c e s s  o f  p h e n y lh y d ro x y la m in e  t o  be  

form ed by  th e  r e d u c t i o n  o f  t h e  i n t e r m e d i a t e  n i t r o s o b e n z e n e .  

F u r th e r m o r e ,  an e x c e s s  o f  p h e n y lh y d ro x y la m in e  i s  r e q u i r e d  

f o r  th e  f o r m a t io n  o f  azo berizene , a s  n o t e d  i n  th e  f o l lo w in g  

r e a c t i o n  mechanism  schem e:

2  CH3 OMa 4 -  2  HOH ----------- - 4  2  C H jO H  +- 2  HOKa (a )

2 CH^OH . 4-  2  HOKa 2  HCOOKa 4-  8 H (is)

2 0 K02 4 4 H -2  0 K 0 4 2 H2 0 ( c )

2  0 K 0 f  4  H --» 2 0  (d)
UH
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0 N oH 0 H OH -------- ■> 0  Mr K 0 + 2  % 0 (e )

0  a , b , c , d , e :  2CH3gKa - 2 0  M Q ^--------- -*

2 HCOOHa -  0 N»N 0 +- 2 H20

I n  com paring  t h e  r e a c t i o n  m echanism schem es f o r  

t h e  c o n c u r r e n t  f o r m a t io n  o f  a z o x y -  and a z o - b e n z e n e ,  i t  s h o u ld  

be  n o t e d  t h a t  i n  th e  f o r m e r ,  azoxybenzene  i s  t h e  p r o d u c t  

o f  th e  i n t e r a c t i o n  be tw een  n i t r o s o b e n z e n e  .and p h e n y lh y d ro x ­

y la m in e ,  w h e re a s ,  i n  th e  l a t t e r ,  t h e  fo r m a t io n  o f  azo b e n -  

z e n e  i s  th e  p r o d u c t  o f  th e  i n t e r a c t i o n  o f  two m o le c u le s  o f  

p h e n y lh y d ro x y la m in e .
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B . THE EFFECT OF LEAD UPON THE REDUCTION OF NITROBENZENE,

I n  t h e  p r e v io u s  i n v e s t i g a t i o n  "by Fry  and  A n d r e s s ( l ) ,  

t h e  p re s e n c e  o f  l e a d  i n  th e  r e a c t i o n  m ix tu r e  o f  sodium  h y d r ­

o x id e ,  m e th y l  a l c o h o l  and w a t e r ,  t h e  r e d u c t i o n  o f  n i t r o ­

benzene  was shown to  be  accom pan ied  by t h e  l i b e r a t i o n  o f  

h y d ro g e n ,  th e  f o r m a t io n  o f  sodium  p lu m b i te ,  r e d  l e a d  and 

h y d ro g en  p e ro x id e .  I n  th e  e q u a t i o n s ,  p ro p o se d  and  checked 

f o r  t h e s e  r e a c t i o n s ,  sodium fo rm a te  was n o t  fo rm ed . S in ce  

sodium f o rm a te  accom p an ies  t h e  r e d u c t i o n  by sodium m e th y la te  

o f  n i t r o b e n z e n e  t o  e i t h e r  a zo x y b e n ze n e ,  a z o b e n z e n e ,  and even  

to  h y d ra z o b e n z e n e ,  i t  i s  a p p a r e n t l y  conc lud ed  t h a t  th e  

f u n c t i o n  o f  le a d  i n  e f f e c t i n g  t h e  r e d u c t i o n  ofi n i t r o b e n z e n e  

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

The p o s s i b i l i t y  o f  c o r r e l a t i n g  th e  q u a n t i t i e s  o f  

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

be  c o n s id e r e d  i n  t h e  e x p e r im e n ta l  p a r t  o f  t h i s  t h e s i s .
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I I I .  EXPERIMENTAL

A l l  r e a c t i o n s  I n v e s t i g a t e d  I n  t h i s  s tu d y  were 

c o n d u c ted  I n  d u p l i c a t e  I n  one l i t e r  t h r e e - n e c k e d  ro u n d -  

bo ttom ed  f l a s k s .  The m id d le  neck  o f  t h e  f l a s k  was c o n n e c te d  

w i th  a  m e c h a n ic a l  s t i r r e r  th ro u g h  a m ercu ry  s e a l .  Each 

f l a s k  was s e c u r e l y  a t t a c h e d  to  a  s h o r t  L ie b ig  c o n d e n s e r ,  

w hich  w as, i n  t u r n ,  c o n n e c te d  t o  a  s p i r a l  c o n d e n s e r .

R e g u la r  ty p e  c o n d e n se r s  w ere  f i r s t  u s e d ,  b u t  check  

r e s u l t s  c o u ld  n o t  be  o b ta in e d  s i n c e  m e th y l  a l c o h o l  was n o t  

c o m p le te ly  co n d en sed . S p i r a l  c o n d e n se rs  w ere  n e x t  u se d ,  

b u t  th e y  " f lo o d e d "  to o  r e a d i l y ,  A c o m b in a t io n  o f  t h e  two 

ty p e s  a s  d e s c r i b e d  above w orked v e ry  e f f i c i e n t l y .  Most o f  

t h e  m e th y l  a l c o h o l  v a p o rs  co n d en sed  i n  t h e  L ie b ig  c o n d e n s e r ,  

and t h e s e  v a p o rs  w hich  p a s s e d  on were co ndensed  i n  t h e  more 

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

tu b e  o f  th e  s p i r a l  c o n d en se# ,w as  f i t t e d  w i th  g l a s s  tu b in g  

w hich  l e d  t o  an  i n v e r t e d  1000 m l. g r a d u a t e d  c y l i n d e r  f i l l e d  

w i th  w a te r  s e r v i n g  a s  a  g a s o m e te r .

'Hie t h l r §  neck  o f  t h e  r e a c t i o n  f l a s k  was f i t t e d  w i th  

a  d ro p p in g  f u n n e l  th ro u g h  w hich  t h e  n i t r o b e n z e n e  was ad d ed .

A l l  c o n e c t io n s  w ere  made w i th  r u b b e r  t u b i n g ,  w ire d  and 

s e a l e d  t o  p r e v e n t  any l e a k a g e  o f  g a s .  The r e a c t i o n  f l a s k s  

were  h e a t e d ,  i n  each  e x p e r im e n ta l  r u n ,  on c o n s t a n t  l e v e l  

w a te r  b a t h s ,  k e p t  a t  t h e  b o i l i n g  t e m p e r a tu r e  f o r  t h e  same 

l e n g t h  o f  t im e ,  n am e ly , f i v e  h o u r s .
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A. REDUCTION WITH THE LOWER CONCENTRATION OF SODIUM METHELATE
("rg^g K l in g e r  R e a c t io n )

The K l i n g e r  r e a c t i o n  was s t u d i e d  w i th  t h e  v iew  o f  

d e te r m in in g  n o t  o n ly  t h e  p e r c e n t  t h e o r y  y i e l d  o f  r e d u c t i o n  

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

o f  sodium  fo rm a te  when th e  c o n c e n t r a t i o n s  o f  sodium  m e th y la t e  

w ere  v a r i e d  by t h e  a d d i t i o n  o f  more o f  l e s s  a b s o l u t e  m e th y l  

a l c o h o l .  T hree  d i f f e r e n t  c o n c e n t r a t i o n s  o f  sodium  m e th y la t e  

were u s e d ,  nam ely: 1 7 .3  gram s o f  sodium d i s s o l v e d  i n  250 m l . ,  

300 m l . , and  600 m l. o f  a b s o l u t e  m e th a n o l .  To each  o f  t h e s e  

s o l u t i o n s ,  2 0 .4 4  m l. ( . 2  m o le s)  n i t r o b e n z e n e  w ere  ad d ed .

The f o l lo w in g  i s  a d e s c r i p t i o n  o f  a  t y p i c a l  e x p e r i ­

m e n ta l  ru n :

300 m l. o f  a b s o l u t e  m e th y l  a l c o h o l  m easu red  in  

v o l u m e t r i c  f l a s k s  w ere  p o u re d  i n t o  th e  l i t e r  t h r e e - n e c k e d  

f l a s k ,  e q u ip p e d  a s  p r e v i o u s l y  d e s c r i b e d .

1 7 .3  g . o f  sod ium , c u t  i n t o  s m a l l  p i e c e s ,  w eighed  

u n d e r  l i g r o i n ,  was i n t r o d u c e d  i n t o  t h e  r e a c t i o n  f l a s k .  When
the

a l l  t h e  sodium  was d i s s o l v e d  i n  methjfel a l c o h o l ,  a  d ro p p in g  

f u n n e l  c o n t a in i n g  2 0 .4 4  m l. ( . 2  m ole) n i t r o b e n z e n e  was i n ­

s e r t e d  i n  th e  t h i r d  neck  o f  t h e  f l a s k .  The w a te r  b a t h  was 

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

The s o l u t i o n  was r e f l u x e d  u n t i l  no more a i r  p a s s e d  i n t o  t h e  

g a s o m e te r .  The g a s o m e te r  was r e f i l l e d  w i th  w a te r  and  th e n  

t h e  2 0 ,4 4  m l. o f  n i t r o b e n z e n e  i n  t h e  d ro p p in g  f u n n e l  were
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a d d e d ,  d ro p  by  d r o p ,  w i t h i n  a  p e r i o d  o f  f i f t e e n  m in u te s .

The r e a c t i o n  m ix tu r e  was r e f l u x e d  f o r  f i v e  h o u r s .  

No g a s  (h y d ro gen )  was e v o lv e d  i n  any o f  th e  e x p e r im e n ta l  

r u n s  o f  t h i s  s e c t i o n .

The r e a c t i o n  m ix tu r e  was s t e a m - d i s t i l l e d  t o  r e ­

move t h e  u n r e a c t e d  n i t r o b e n z e n e  and th e  e x c e s s  m e th y l  a l ­

c o h o l . .  S team  d i s t i l l a t i o n  was c o n t in u e d  u n t i l  t h e  odo r  o f  

n i t r o b e n z e n e  was no  l o n g e r  p e r c e p t i b l e  i n  th e  r e a c t i o n  m ix­

t u r e .  About 800 m l.  o f  d i s t i l l a t e  were c o l l e c t e d .

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

an aqueous s o l u t i o n  o f  sodium  f o rm a te  and sodium  h y d ro x id e  

( o b t a i n e d  from t h e  h y d r o l y s i s  o f  sodium  m e th y la t e )  and th e  

i n s o l u b l e  r e d u c t i o n  p r o d u c t ,  a zo x y b e n ze n e ,  w h ich  had  s e t t l e d  

t o  th e  bo ttom  o f  t h e  f l a s k .

When t h i s  r e a c t i o n  m ix tu r e  was p o u re d  i n t o  i c e  

w a te r ,  t h e  a zo x y b e n ze n e  c r y s t a l l i z e d ,  was f i l t e r e d  o f f  on a  

B uchner f u n n e l ,  washed r e p e a t e d l y  w i th  c o ld  w a t e r ,  d r i e d  

and w e ig h ed . F u r t h e r  p u r i f i c a t i o n  o f  th e  r e d u c t i o n  p r o d u c t  

was u n n e c e s s a r y  s i n c e  i t  m e l te d  a t  36° C . ,  t h e  r e c o r d e d  

m e l t i n g  p o i n t  o f  p u re  a z o x y b e n z e n e .

A l l  t h e  aqueous w a sh in g s  o f  th e  azo xyb enzen e  w ere  

added  t o  th e  m ain f i l t r a t e ,  w h ic h  c o n ta in e d  t h e  sodium  fo rm ­

a t e .  The s o l u t i o n  was d i l u t e d  t o  ,2000 m l. i n  a v o lu m e t r i c  

f l a s k .  The y i e l d  o f  sodium fo r m a te  was d e te r m in e d  by th e  

a l k a l i n e  p e rm a n g an a te  m ethod d e s c r i b e d  by O espe r  ( 1 5 ) .  The 

p ro c e d u re  employed was a s  f o l lo w s :
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50 .0 0  m l. o f  t h e  2000 m l. d i l u t i o n  w ere t r a n s f e r r e d  

t o  a 500 m l. v o lu m e t r i c  f l a s k .  A 100 m l. sam ple  a t  t h i s  

l a t t e r  d i l u t i o n  i s  e q u i v a l e n t  t o  a 1 0 .0 0  m l. sam p le  o f  th e  

o r i g i n a l  2000 m l. d i l u t i o n .  The fo rm a te  d e t e r m i n a t i o n  was 

c o n d u c te d  a s  f o l lo w s J  10 m l. o f  30 p e r  c e n t  sodium h y d rox ­

i d e  was added  t o  2 0 .0 0  m l. 0 .5  B EMnO^ s o l u t i o n .  10 0 .0 0  

m l.  o f  sam ple  w ere  a d d e d , f o l lo w e d  Toy 30 m l. more o f  th e  

sodium  h y d ro x id e  s o l u t i o n .  The m ix tu r e  was a l lo w e d  t o  s t a n d  

t e n  m in u te s .  31 m l. s u l f u r i c  a c i d  (1 : 1 ) and 10 m l. man­

g a n e se  s u l f a t e  s o l u t i o n  {5%) were n e x t  a d d ed . A f t e r  add­

in g  2 0 .0 0  m l. o x a l i c  a c i d  ( 34- g» p e r  l i t e r ) ,  t h e  s o l u t i o n  

d e c o l o r i z e d  and i t  was q u i c k l y  h e a t e d  t o  50° C. The e x c e s s  

o x a l i c  a c i d  was t i t r a t e d  w i t h  .1 0 8 4  B p o ta s s iu m  p e rm a n g a n a te .

O nly t h e  t i t e r  o f  t h e  .1  B p o ta s s iu m  p e rm an g an a te  

was d e te rm in e d  i n d e p e n d e n t l y .  I t  was n o t  n e c e s s a r y  t o  a c ­

c u r a t e l y  d e te r m in e  t h e  n o r m a l i t y  o f  th e  .5  K KMhO^ and th e  

o x a l i c  a c i d  s o l u t i o n ,  s i n c e  i n  th e  a c t u a l  t i t r a t i o n  2 0 .0 0  

m l. o f  eac h  o f  t h e  l a t t e r  s o l u t i o n s  were u s e d  i n  e v e ry  d e t e r ­

m in a t io n .  A " B la n k  r u n ” was made as  f o l lo w s :

5 m l.  o f  1 : 1 s u l f u r i c  a c i d  w ere  added  t o  2 0 .0 0  

m l. o x a l i c  a c i d  (34 g . / l i t e r ) . The s o l u t i o n s  was warmed to  

50° 0 . and 10 m l. m anganese s u l f a t e  s o l u t i o n  and 2 0 .0 0  m l.

.5  B p e rm a n g an a te  w ere  a d d e d .  A l l  th e  p e rm a n g an a te  was d e ­

c o l o r i z e d .  The e x c e s s  o x a l i c  a c i d  was t i t r a t e d  w i t h  .10 84  

B p e rm a n g an a te  w h ich  was p r e v i o u s l y  s t a n d a r d i z e d  a g a i n s t  p u re  

sodium  o x a l a t e .  The volume o f  .1 084  B p e rm a n g an a te  u se d
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r e p r e s e n t s  th e  "blank c o n su m p tio n ” .

The volume o f  .10 84  ^ p e rm an g an a te  u s e d  i n  th e  

a c t u a l  t i t r a t i o n  m inus t h e  volume consumed i n  th e  b l a n k  ru n  

r e p r e s e n t s  t h a t  volume o f  .1 0 8 4  M p e rm a n g an a te  e q u i v a l e n t  to  

th e  sodium  f o rm a te  b e in g  d e te r m in e d .

The f o l lo w in g  t a b l e  I  r e c o r d s  th e  d a t a  o b t a in e d  

t o  e s t a b l i s h  th e  n o rm al  y i e l d  o f  sodium f o rm a te  and  azoxy­

b e n zen e  f o r  th e  r e d u c t i o n  o f  n i t r o b e n z e n e  by  sodium  m e th y la te  

i n  t h e  t h r e e  c o n c e n t r a t i o n s  f o l lo w in g  th e  p r o c e d u r e  d e s ­

c r i b e d .  K l i n g e r ’s  e q u a t io n  was u s e d  a s  th e  b a s i s  f o r  c a l ­

c u l a t i n g  th e  t h e o r e t i c a l  y i e l d s .  Column 1 i n d i c a t e s  th e  

num ber o f  e ac h  d u p l i c a t e  r u n .  The volume o f  a b s o l u t e  m eth ­

y l  a l c o h o l  i n  w h ich  1 7 .3  g . o f  sodium w ere d i s s o l v e d  i s  

g iv e n  i n  column 2 . The a c t u a l  and t h e o r e t i c a l  y i e l d s  o f  

sodium  fo rm a te  a r e  g iv e n  i n  colum ns 3 and 4 > r e s p e c t i v e l y .  

Column 5 n o t e s  t h e  p e r  c e n t  r e d u c t i o n  o f  n i t r o b e n z e n e  c a l ­

c u l a t e d  from  th e  a c t u a l  y i e l d  o f  sodium  f o rm a te  and  th e  t h  

t h e o r e t i c a l  y i e l d  a c c o rd in g  to  t h e  K l in g e r  e q u a t io n .

Columns 6 and 7 r e c o r d  th e  a c t u a l  and t h e o r e t i c a l  y i e l d  o f  

azo x y b en zen e  r e s p e c t i v e l y .  I n  column &, th e  p e r  c e n t  r e ­

d u c t i o n  b a se d  on t h e  y i e l d  o f  azoxy benzene  i s  t a b u l a t e d .
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t

The above d a t a  l e a d s  t o  th e  f o l lo w in g  c o n c l u s i o n s :

(1 )  I n  r u n s  I  and  I I ,  t h e  y i e l d s  o f  sodium  

fo rm a te  and azoxyben zene  a r e  i n  e x a c t  c o n f o r m i ty  w i t h  th e  

e q u a t io n  f o r  t h e  K l in g e r  e q u a t io n .

(2) I n  ru n  I I I  o n ly  a t r a c e  o f  azoxy benzene  

was fo rm ed , i n s u f f i c i e n t  t o  be  r e c o v e r e d .

(3) A m arked d i f f e r e n c e  i n  t h e  e x t e n t  o f  

th e  o c c u r r e n c e  o f  th e  K l i n g e r  r e a c t i o n  i s  n o t e d  i n  r u n s  I ,  

I I ,  and I I I ;  nam ely  i n  th e  250 m l. d i l u t i o n  o f  sodium  

m e t h y l a t e ,  t h e  y i e l d  o f  sod ium  fo rm a te  and azoxy benzene  i s  

a  l i t t l e  more th a n  d o u b le  ( 8 6 .+%) t h a t  o b t a i n e d  w i th  th e  

300 m l. d i l u t i o n  ( 43%), w h i l e  w i t h  th e  600 m l.  d i l u t i o n  t h e  

e x t e n t  o f  th e  r e d u c t i o n  i s  p r a c t i c a l l y  n e g l i g i b l e .

B. REDUOTIQJj WITH HIGHKfct CUN 0 J£NTRATION OF SODIUM METHYLATE.

The o b j e c t  i n  m aking t h e  ru n s  t o  be  d e s c r i b e d  i n  

t h i s  s e c t i o n  was tw o fo ld :  f i r s t ,  to  e s t a b l i s h  th e  e x t e n t

o f  th e  o c c u r r e n c e  o f  t h e  K l i n g e r  r e a c t i o n  w i t h  a  h ig h e r  

c o n c e n t r a t i o n  o f  sodium  m e t h y l a t e  i n  t h e  a b se n c e  o f  l e a d  t o  

f u r n i s h  d a t a  f o r  th e  s u b s e q u e n t  co m p ariso n  w i t h  th e  e x t e n t  

o f  occurrence o f  reactions when conducted i n  the presence 

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

th e  t o t a l  y i e l d  o f  sodium f o rm a te  w i t h  th e  y i e l d s  o f  b o th  

a z o x y -  and a z o - b e n z e n e ,  w h ic h  w ere th e  r e d u c t i o n  p r o d u c t s

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



-  13  -

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

Twice a s  much so d iu m , n am e ly ,  3 4 .6  g ram s, was 

d i s s o l v e d  i n  300 m l. a b s o l u t e  m e th y l  a l c o h o l .  The s o l u t i o n  

was r e f l u x e d  u n t i l  no more a i r  was c o l l e c t e d ,  i n  th e  g a so ­

m e te r .  The g a so m e te r  was r e f i l l e d  w i t h  w a te r  and 2 0 .4 4  *4L. 

n i t r o b e n z e n e  was added d ro p w ise  o v e r  a p e r i o d  o f  f i f t e e n  

m in u te s .  The p r a c t i c a l l y  n e g l i g i b l e  volum e o f  hydrogen  

e v o lv e d  v a r i e d  from  4 °  t o ’ 150 m l. i n  t h e  v a r i o u s  r u n s .  I n ­

c i d e n t a l l y ,  t h e  hydrogen  e v o lv e d  came o v e r  w i t h in  tw e n ty -  

f i v e  m in u te s  a f t e r  th e  a d d i t i o n  o f  n i t r o b e n z e n e  was b eg u n .

I t  i s  t o  be  n o t e d  t h a t  P ry  and i n d r e s s  fo u n d  t h a t  when n i t r o ­

benzene  i s  reduced, i n  a s o l u t i o n  o f  sodium h y d ro x id e  in  

w a te r  and m e th y l  a l c o h o l ,  t h e  volum es o f  hy d rogen  e v o lv e d  

v a r i e d  from  163 m l. t o  1776 m l. w i t h  v a r i o u s  c o n c e n t r a t i o n s  

o f  sodium  h y d ro x id e  and n i t r o b e n z e n e .  They f u r t h e r  found  

t h a t  55% o f  t h e  t o t a l  volume o f  hydrogen  was ev o lv e d  w i t h in  

th e  f i r s t  h o u r  o f  th e  f i v e - h o u r  r e f l u x i n g .

The fo r m a t io n  o f  hy d rogen  d e s c r i b e d  i n  th e  p r e ­

c e d in g  r e s e a r c h  o f  A n d ress  ( l )  i n  t h i s  l a b o r a t o r y  i s  p ro b ­

a b ly  due  t o  th e  -am photeric  a c t i o n  o f  sodium  h y d ro x id e  on 

m e th y l  a l c o h o l ,

3 CH3OH 5 HONa --------» 3 HCGONa 4- 12 H ( l )

N ot a l l  o f  t h i s  n a s c e n t  hy d ro g en  form ed i n  t h e  e a r l i e r  p a r t  

o f  th e  r e a c t i o n  p e r i o d  was u t i l i z e d  i n  t h e  r e d u c t i o n  o f  

n i t r o b e n z e n e .  P a r e n t h e t i c a l l y ,  i n  o r d e r  to  e x p la in  th e
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e v o l u t i o n  o f  h yd rogen  p re d o m in a n t ly  i n  t h e  e a r l i e r  p e r i o d  

o f  t h e  r e a c t i o n ,  i t  may be  l o g i c a l l y  assum ed t h a t  th e  r e ­

d u c t i o n  o f  n i t r o b e n z e n e  t o  n i t r o s o b e n z e n e  d o e s  n o t  o c c u r  a s  

r e a d i l y  .as th e  s u b s e q u e n t  r e d u c t i o n  o f  n i t r o s o b e n z e n e  to  

p h e n y lh y d ro x y l  am ine . A c c o r d in g ly ,  any  hydrogen  e v o lv e d  

w ould  be  t h a t  f r a c t i o n  o f  th e  a v a i l a b l e  hydrogen  ( r e a c t i o n  

1 ) w h ic h  i s  n o t  a c t i v e  i n  th e  r e d u c t i o n  o f  n i t r o b e n z e n e  to  

n i t r o s o b e n z e n e .  T h e r e f o r e ,  one w ould e x p e c t  m ost o f  th e  

h y d ro g e n ,  i f  an y , to  be  e v o lv e d  i n  th e  e a r l i e r  s t a g e s  o f  

t h e  r e d u c t i o n .

A f t e r  th e  r e a c t i o n  m ix tu r e  had re f lu x e d ,  f i v e  h o u rs  

m ost o f  t h e  e x c e s s  m e th y l  a l c o h o l  was d i s t i l l e d  o f f .  T here  

was n o  n e e d  f o r  s team  d i s t i l l a t i o n  a t  t h i s  p o i n t  s i n c e  th e  

o d o r  o f  n i t r o b e n z e n e  was n o t  p r e s e n t  i n  th e  r e a c t i o n  mix­

t u r e ,  showing t h a t  a l l  n i t r o b e n z e n e  had b een  r e d u c e d .  D ur­

in g  th e  d i s t i l l a t i o n  a b o u t  200 m l. w a te r  were a d d e d .  The 

r e a c t i o n  m ix tu r e  was p o u re d  on t o  i c e  w a te r :  an o ra n g e  p r e ­

c i p i t a t e  (a  m ix tu r e  o f  a z o x y -  and a z o -b e n z e n e )  fo rm ed .

T h is  p r e c i p i t a t e  was f i l t e r e d  from  th e  s o l u t i o n ,  washed 

th o r o u g h ly  w i th  i c e  w a t e r ,  a i r  d r i e d  and w e ig h ed .

Wo hyd.rasoben.zene was fo rm ed , a s  i n d i c a t e d  by a 

n e g a t i v e  b e n z id in e  t e s t .  The p e r c e n t a g e s  o f  a z o x y -  and 

a z o -b e n z e n e  c o n ta in e d  i n  eac h  r e a c t i o n  r e s i d u e  w ere d e t e r ­

m ined by  th e  f r e e z i n g  p o i n t  method, d e s c r i b e d  by F ry  and 

Bowman. T h e i r  c u rv e  f o r  th e  f r e e z i n g  p o i n t s  o f  m ix tu r e s  o f  

a z o -  and. a z o x y -b e n z e n e  was u s e d  th r o u g h o u t  t h i s  i n v e s t i g a ­
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t i o n .

The f i l t r a t e  o b t a i n e d  from  th e  a z o x y -  and a z o -  

ben zen e  r e s i d u e  c o n s i s te d ,  o f  a s o l u t i o n  o f  sodium  f o r m a te ,  

sodium  h y d r o x id e ,  m e th y l  a l c o h o l  and p o s s i b l y  some unhy­

d r o ly z e d  sodium m e t h y l a t e .  i n  o r d e r  t h a t  th e  y i e l d  o f  

sodium  fo rm a te  be  d e te r m in e d  a c c u r a t e l y ,  i t  was a b s o l u t e l y  

n e c e s s a r y  to  f r e e  th e  s o l u t i o n  o f  a l l  r e m a in in g  t r a c e s  o f  

m e th y l  a l c o h o l ,  s i n c e  t h i s  s u b s ta n c e  i s  a l s o  o x i d iz e d  by 

a l k a l i n e  p o ta s s iu m  p e rm a n g an a te  s o l u t i o n .

The f i l t r a t e  was d i l u t e d  t o  2000 m l.  i n  a v o lu ­

m e t r i c  f l a s k .  500 m l. o f  t h i s  s o l u t i o n  w a s * t r a n s f e r r e d  to  

th e  t h r e e - n e c k e d  r e a c t i o n  f l a s k  and s team  d i s t i l l e d  a f t e r  

t h e  s o l u t i o n  was made j u s t  a c i d  by  ad d in g  th e  c a l c u l a t e d  

amount o f  s u l f u r i c  a c i d  and  th e n  j u s t  b a s i c  b y  ad d in g  sodium  

c a r b o n a t e .  P r e v io u s  e x p e r im e n ts  showed t h a t  i f  some o f  th e  

a l k a l i  w ere  n o t  n e u t r a l i z e d ,  a l l  t h e  m e th y l  a l c o h o l  would n o t  

c o m p le te ly  d i s t i l l  o f f .  T h is  phenomenon i s  u n d o u b te d ly  due 

to  t h e  f a c t  t h a t  sodium  m e th y la t e  i s  n o t  q u a n t i t a t i v e l y  

h y d ro ly z e d  i n  a to o  s t r o n g l y  a l k a l i n e  s o l u t i o n .  I t  i s  e s ­

s e n t i a l  t h a t  th e  s o l u t i o n  be  s l i g h t l y  a l k a l i n e  b e f o r e  d i s ­

t i l l i n g  b e c a u se  i n  a c i d  s o l u t i o n  fo rm ic  a c i d  i s  p ro d u ce d  

and t h i s  s u b s t a n c e  d i s t i l s  o v e r .  A f t e r  some 300 m l.  o f  d i s ­

t i l l a t e '  were c o l l e c t e d ,  t h e  c o n t e n t s  o f  th e  d i s t i l l i n g  f l a s k  

was d i l u t e d  to  500 m l. and t h e  y i e l d s  o f  sodium  fo rm a te  i n  

a l i q u o t  p o r t i o n s  w ere  d e te r m in e d  a s  p r e v i o u s l y  d e s c r i b e d .
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I n  o r d e r  t o  d e te r m in e  w h e th e r  o r  n o t  a l l  m e th y l  

a l c o h o l  had  b een  removed i n  th e  f i r s t  d i s t i l l a t i o n ,  ad van­

ta g e  was ta k e n  o f  th e  f a c t  t h a t  sodium  f o rm a te  r e a c t s  more 

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

The t e s t  was c o n d u c te d  a s  f o l l o w s .  D u p l i c a t e  sam p les  o f  

t h e  sod ium  fo rm a te  s o l u t i o n s  w ere  a n a ly z e d  a s  p r e v i o u s l y  

d e s c r i b e d .  Cne o f  t h e  sam ples  was a l lo w e d  t o  s t a n d  t e n  

m in u te s  w i th  th e  a l k a l i n e  p e rm a n g a n a te ;  th e  o t h e r  sam ple  

was a l lo w e d  t o  -stand o n ly  a few se c o n d s  w i th  th e  a l k a l i n e  

p e rm a n g an a te  b e f o r e  th e  s o l u t i o n  was a c i d i f i e d  w i t h  s u l ­

f u r i c  a c i d ,  and th e  d e t e r m i n a t i o n  was c o m p le te d .  I n  th o s e  

i n s t a n c e s  w h e re in  c h e c k  r e s u l t s  w ere  n o t  o b t a i n e d ,  250 m l. 

o f  t h e  sodium  fo rm a te  s o l u t i o n  w ere  r e d i s t i l l e d  a s  b e f o r e  

and th e n  th e  sodium  fo rm a te  y i e l d  was d e te r m in e d  on d u p l i ­

c a t e  s a m p le s .

In  th e  f o l lo w in g  t a b l e  I I ,  column 1 r e c o r d s  th e  

number o f  e ac h  r u n ;  column 2., t h e  w e ig h t  o f  a z o -  and azoxy­

b en zen e  o b t a i n e d .  Columns 3 , an<i 5 r e c o r d  r e s p e c t i v e l y  

t h e  f r e e z i n g  p o i n t s  o f  th e  m ix tu r e s  o f  a z o -a n d  a zo x y b e n ze n e ,  

t h e  p e r c e n t s  o f  a z o x y b e n z e n e ,  and th e  p e r c e n t s  o f  a z o b e n -  

z e n e .  I n  colum ns 6 and 7 ,  th e  c o r r e s p o n d in g  w e ig h ts  o f  

azoxy benzene  and a zo b en zen e  i n  t h e  r e a c t i o n  m ix tu r e  a r e  

r e s p e c t i v e l y  t a b u l a t e d .  Columns 8 and 9 i n d i c a t e  t h e  grams 

o f  sodium  fo rm a te  e q u i v a l e n t  t o  t h e  -azoxybenzene and azo b e n ­

zene  fo rm ed , r e s p e c t i v e l y ,  a c c o rd in g  to  e q u a t io n s  (A) and

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



-  22 -

( B ) .  Column 10 i n d i c a t e s  t h e  t o t a l  c a l c u l a t e d  y i e l d s  o f  

sodium  fo rm a te  fo rm ed by b o th  r e a c t i o n s  (A) and (B}.

Column 11 r e c o r d s  t h e  grams o f  sodium fo rm a te  a c t u a l l y  

fo u n d . I n  column 12, t h e  p e r  c e n t  t h e o r y  y i e l d s  o f  sodium 

fo rm a te  c a l c u l a t e d  on t h e  b a s i s  o f  t h e  o c c u r r e n c e  o f  th e  

two r e a c t i o n s  (A) and (B ) .
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l i B L S  I I

KLINGER REACTION SATE

( c a l c u l a t i o n s  b a se d  on K l in g e r  ( a) and m o d if ie d  K l in g e r  R e a c tio n s  (B ) )
0

4 $  NO2 •* 3 CHSONa  -------* 2 |  N-N jtf -* 3 HCOQNa t
2 J0 N02 ♦ 2 CH30Na -------0  N=N * 2 HCOONa f  2

(1 )  ( 2 )  (3) ( 4) ( 5 )  (6 )  ( 7 )  ( 8 )  (98
azoxy & P e r c e n t  P e r c e n t  a z o x y - az o -  HCOONa HCOONa

Run a z o -b e n z e n e  F .P . a z o x y - a z o -  benzene benzene / .A L v
y i e l d  b en zen e  b en zen e  ( g . ) ( g » )  i -  * - «■ I 2
/  \  2 iC [*  <&•

^ g * c  a l  c • g # C aX c  •

3 HgO (A)
(B)

( 1 ° )  
Bq. A & T o ta i
S q . B. y i e l d
C a lc u la te d HCOONa

gram s Found
( g . )

1 1 9 .6 9 3 3 .0 ° 9 5 .5 4 .5 1 8 .8 0 0 .8 9 9 .6 8 .6 6 1 0 .3 4 1 0 .2 7

2 1 9 .3 6 3 3 .0° 9 5 .5 4 .5 1 8 .4 9 0 .8 7 9 .5 2 .6 5 1 0 .1 7 1 0 .7 2

3 1 9 .5 7 33 .0° 9 5 .5 4 .5 1 8 .6 9 0 .8 8 9 .6 3 .6 6 1 0 .2 9 1 0 .8 8

4 1 9 .6 0 33 .0° 9 5 .5 4 .5 1 8 .7 2 0 .8 8 9 .5 6 .6 6 1 0 .2 2 1 0 .7 9

P e r c e n t
th e o ry
y i e l d
HCOONa

9 9 .1

1 0 5 .4  

1 0 5 .7

1 0 5 .5
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The d a t a  i n  t h e  above t a b l e  I I  l e a d  t o  th e  

f o l lo w in g  c o n e lu c io n s :

(1  ) At t h i s  h i g h e r  c o n c e n t r a t i o n  o f  sodium 

m e t h y l a t e ,  t h e  n i t r o b e n z e n e  i s  c o m p le te ly  re d u c e d  t o  a  mix­

t u r e  composed o f  9 5 .5  pen  c e n t  azoxyb en zen e  and 4 . 5  p e r  

c e n t  a zo b en zen e .

(2 )  The t o t a l  y i e l d  o f  sodium  f o rm a te  c a l ­

c u l a t e d  from th e  y i e l d s  o f  a z o x y -  and a z o -b e n z e n e  a c c o rd in g  

t o  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 io n s  (A) and (B) i s ,  

w i t h in  t h e  l i m i t s  o f  e x p e r im e n ta l  e r r o r ,  e q u a l  t c  th e  quan­

t i t y  o f  sodium fo rm a te  a c t u a l l y  form ed.

(5 )  These r e s u l t s  p ro v e  t h a t  i n  t h e  h i g h e r  

c o n c e n t r a t i o n  o f  sodium  m e th y la t e  s o l u t i o n  n i t r o b e n z e n e  i n  

c o n fo rm ity  w i th  t h e  K l in g e r  e q u a t io n  i s  re d u c e d  n o t  on ly  t o  

a z o x y b e n z e ,e  b u t  i s  a l s o  c o n c o m ita n t ly  r e d u c e d  t o  azoben­

zene  a c c o r d in g  t o  t h e  m o d if ie d  K l in g e r  e q u a t io n ,  t h e r e b y  

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

(4 )  I t  i s  o f  i n t e r e s t  t o  n o te  t h a t  i n  th e  

p r e v io u s  r e s e a r c h  o f  P ry  and  A n d ress  t h a t  e i t h e r  w i th  I n ­

c r e a s i n g  c o n c e n t r a t i o n  o f  sodium  h y d r o x id e  o r  i n c r e a s i n g
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c o n c e n t r a t i o n  o f  n i t r o b e n z e n e  i n  m e th y l  a l c o h o l  and w a te r  

s o l u t i o n ,  i n c r e a s i n g  volum es o f  hyd ro gen  w ere e v o lv e d  b u t  

a z o b e n ze n e  was n e v e r  fo rm ed . The y i e l d s  o f  azoxy benzene  

v a r ie d ,  from  93 t o  9b% t h e o r y .

Q. R e d u c t io n  w i t h  lo w e r  .co n c e n t r a t i o n s  o f  sodium  m e th y la t e

i a  ...th e , p r e s e n c e  o f  l e n d .

The K l i n g e r  r e a c t i o n  r u n s  a s  d e s c r i b e d  i n  p a r t  

(A) w ere  r e p e a t e d  w i t h  t h e  a d d i t i o n  t o  e a c h  r e a c t i o n  m ix­

t u r e  o f  0*4 m oles  (8 2 .8 9  grams) o f  B a k e r ’ s C .P .  A na lyzed  

g r a n u l a r  l e a d .  D u p l i c a t e  r u n s  w ere  made w h e re in  1 7 .3  grams 

sodium  w ere d i s s o l v e d  i n  300 m l.  and 600 m l.  o f  m e th y l  a l ­

c o h o l .

The im m ed ia te  p u rp o s e  o f  t h i s  s e c t i o n  was to  d e ­

te r m in e  t h e  e f f e c t  o f  th e  p r e s e n c e  o f  l e a d  upon th e  e x t e n t  

o f  t h e  r e d u c t i o n  o f  n i t r o b e n z e n e  i n  r e l a t i o n  to  th e  r e s ­

p e c t i v e  y i e l d s  o f  azo xyb enze iie ,  a z o b e n z e n e ,  l e a d  m onoxide , 

and sodium  f o r m a te .

(.a). R e a c t io n  j i t h _lQ0.. ml ...■methyl a l c o h o l ,  1 7 .3  g . 

.sodium amLQ.,4 m o le s  (82^89 g . )  l e a d .

1 7 .3  g .  o f  sod ium , c u t  i n t o  s m a l l  p i e c e s ,  were 

w eighed  o v e r  l i g r o i n  on t h e  sm a l l  l a b o r a t o r y  b a l a n c e .  The 

l i g r o i n  was p o u re d  o f f  and  a c u r r e n t  o f  c a rb o n  d i o x id e  gas 

was u s e d  t o  d r y  p e r f e c t l y  th e  sodium and f a c i l i t a t e  a c c u r a t e  

w e ig h in g .

The sodium  was d i s s o l v e d  p i e c e  by p i e c e  i n  th e
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m e th a n o l  and 8 2 .9  gms. o f  f i n e l y  d iv id e d  l e a d  wage added to  

th e  s o l u t i o n .  The m ix tu r e  was h e a te d  t o  b o i l i n g  on a  con ­

s t a n t  l e v e l  w a te r  b a t h  and  ¥/as a l lo w e d  to  r e f l u x  u n t i l  no  

more a i r  was e x p e l l e d  i n t o  th e  g a so m e te r .  The a i r  i n  th e  

g a so m e te r  was r e p l a c e d  w i t h  w a te r ;  t h e  m e c h a n ic a l  s t i r r e r  

was a d j u s t e d  to  a speed  w h ic h  p ro v id e d  m ix in g  o f  th e  compon­

e n t s  and  2 0 . 4-4- m l.  n i t r o b e n z e n e  was added dropvd.se o v e r  a 

p e r i o d  o f  f i f t e e n  m in u te s .  The m ix tu r e  was r e f l u x e d  f i v e  

h o u r s .  No gas was e v o lv e d  i n  th e  ru n s  a t  t h i s  c o n c e n t r a ­

t i o n .  W ith in  a  h a l f  h o u r ,  a  l i g h t  y e l lo w  p r e c i p i t a t e  ( l e a d  

m onoxide) fo rm ed  i n  th e  r e a c t i o n  m ix tu r e .

At t h e  end o f  t h e  r e f l u x i n g  p e r i o d  th e  r e a c t i o n  

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

u n r e a c t e d  n i t r o b e n z e n e ,  sodium  fo r m a te ,  a z o x y -  and azo b e n ­

z e n e ,  sodium  p lu m b i te  and m e th y l  a l c o h o l ,  was f i l t e r e d  

th ro u g h  a  l a r g e  B uchner f u n n e l .  The s o l i d  r e s i d u e  o f  l e a d  

m onoxide and u n r e a c t e d  l e a d  was washed s e v e r a l  t im e s  w i th  

b o i l i n g  w a te r ;  t h e  f i l t r a t e  and  w a te r  w a sh in g s  w ere  t r a n s ­

f e r r e d  b a c k  t o  t h e  o r i g i n a l  r e a c t i o n  f l a s k .  The l e a d  and 

l e a d  m onoxide p r e c i p i t a t e  was n e x t  washed w i t h  e t h e r  u n t i l  

t h e  f i l t r a t e  was: no l o n g e r  c o l o r e d  (a  c o lo r e d  e t h e r  w ashing  

i n d i c a t e s  t h a t  n i t r o b e n z e n e  r e d u c t i o n  p r o d u c t s  a r e  b e in g  

rem oved from t h e  p r e c i p i t a t e ) . The l e a d  and l e a d  monoxide 

r e s i d u e  was th e n  washed w i t h  a c e to n e  and e t h e r ,  d r i e d  and 

w e ig h ed . The e t h e r  and a c e t o n e  w a sh in g s  were e v a p o r a te d  to  

d r y n e s s  and t h e  s o l i d  o b t a i n e d  was t r a n s f e r r e d  to  t h e  main
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f i l t r a t e  i n  w h ich  i t  d i s s o l v e d .

The d r i e d  and w e ig hed  m ix tu r e  o f  l e a d  m onoxide and 

u n r e a c t e d  l e a d  was d i g e s t e d  w i t h  4-00 ml*  f r e s h l y  made 6W 

sodium h y d ro x id e  t o  dissolve all l e a d  m onox ide . A f t e r  a l l  

th e  l e a d  m onoxide had gone i n t o  s o l u t i o n ,  th e  m ix tu r e  was 

f i l t e r e d .  The r e m a in in g  l e a d  was washed w i th  w a te r ,  a c e to n e  

and e t h e r ,  d r i e d  and w e ig h ed .

The w e ig h t  o f  l e a d  m onoxide fo rm ed  was o b t a i n e d  by 

s u b t r a c t i n g  t h e  w e ig h t  o f  r e c o v e r e d  o r  u n r e a c t e d  l e a d  from  

t h e  com bined w e ig h ts  o f  l e a d  m onoxide and  u n r e a c t e d  l e a d .

The re m a in in g  p r o d u c t s  o f  th e  r e a c t i o n  i n  th e  

m e th y l  a l c o h o l  f i l t r a t e ,  n am e ly ,  a zo x y b e n ze n e ,  a zo b e n ze n e ,  

sodium f o r m a te ,  sodium  h y d r o x id e ,  sodium  p lu m b i t e ,  and u n ­

r e a c t e d  n i t r o b e n z e n e ,  was s team  d i s t i l l e d  u n t i l  a l l  m e th y l  

a l c o h o l  and u n r e a c t e d  n i t r o b e n z e n e  were rem oved.

The c o n t e n t s  o f  th e  d i s t i l l i n g  f l a s k  (500 m l . )  

were added  to  t h e  same volume o f  i c e d  w a t e r .  T h is  e f f e c t e d  

t h e  s o l i d i f i c a t i o n  o f  a z o x y -  and a z o -b e n z e n e  w hich  was f i l ­

t e r e d  o f f  and washed w i t h  i c e  w a t e r .  To remove s l i g h t  

t r a c e s  o f  f o r e i g n  m a t t e r ,  th e  a z o x y -a z o b e n z e n e  r e s i d u e  was 

r e d i s s o l v e d  i n  e t h e r .  To remove t r a c e s  o f  w a te r  from  th e  

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

a g a in  f i l t e r e d  and e v a p o r a te d  to  d r y n e s s .  The r e s i d u e ,  w h ich  

was fo u n d  to  b e  f r e e  from  h y d raz o b en z e n e  by t h e  b e n z i d in e  

t e s t ,  was w eighed  and t h e  f r e e z i n g  p o i n t  was ta k e n  i n  o r d e r  

t o  a s c e r t a i n  th e  p e r c e n t a g e  o f  azo x y -  and a z o -b e n z e n e

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



p r e s e n t .

The aqueous f i l t r a t e  o b t a i n e d  a f t e r  f i l t e r i n g  o f f  

th e  a z o -  and a z o x y -b e n z e n e ,  c o n ta in e d  sodium f o r m a te ,  sodium  

p lu m b i te  and sodium  h y d r o x id e .  B e fo re  th e  y i e l d  o f  sodium 

fo rm a te  c o u ld  be  d e te r m in e d ,  i t  was n e c e s s a r y  to  remove th e  

sodium  p lu m b i t e ,  s i n c e  th e  l a t t e r  s u b s ta n c e  i n t e r f e r e s  w i t h  

t h e  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  o f  th e  f o rm e r .  The f i l t r a t e  

was t r a n s f e r r e d  t o  a 2 - l i t e r  v o lu m e t r i c  f l a s h : ,  made a c i d  t o  

l i t m u s  by  a d d in g  th e  c a l c u l a t e d  amount o f  s u l f u r i c  a c i d .

Lead s u l f a t e  was p r e c i p i t a t e d ,  b u t  n o t  q u a n t i t a t i v e l y  u n d e r  

t h e s e  c o n d i t i o n s . ( <&) T hus, t o  i n s u r e  c o m p le te  p r e c i p i t a ­

t i o n  o f  a l l  l e a d ,  100 m l. o f  2 N ammonium c a r b o n a te  was 

a dd ed . The s o l u b l e  l e a d  s u l f a t e  was c o n v e r t e d  i n t o  i n s o l ­

u b l e  l e a d  c a r b o n a t e .  The s o l u t i o n  was d i l u t e d  t o  2000 m l. 

i n  a v o l u m e t r i c  f l a s k  w i t h  d i s t i l l e d  w a t e r .  A f t e r  th o ro u g h  

m ix in g ,  t h e  p r e c i p i t a t e  was a l lo w e d  to  s e t t l e  ( l e t  s t a n d  

o v e r n ig h t )  .

The c o n t e n t  o f  sodium fo rm a te  i n  t h e  s u p e r n a t a n t  

l i q u i d  was d e te rm in e d  by  th e  m ethod p r e v i o u s l y  d e s c r i b e d .

A f t e r  th e  sodium f o rm a te  d e t e r m i n a t i o n s  were made, 

th e  p r e c i p i t a t e  o f  l e a d  s u l f a t e  and l e a d  c a r b o n a te  was f i l ­

t e r e d  from t h e  sodium formate solution- The filtrate, which 
was p r e v i o u s l y  a n a ly z e d ,  was d i s c a r d e d .  The l e a d ,  con­

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

d e te rm in e d  by  t h e  m ethod o f  G r i f f i n  (/ 7 ) a s  f o l lo w s :
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The le a d  s u l f a t e  and le a d  carb on ate  p r e c ip i t a t e  

was d is s o lv e d  In  b o i l in g  co n c en tr a ted  n i t r i c  a c id  c o n ta in in g  

a l i t t l e  bromine w a te r . The s o lu t io n  was tr a n s fe r r e d  to  an 

Erlenm eyer f la s k  and 15 m l. o f  co n c en tr a ted  s u l f u r in  a c id  

were added. The m ixtu re  was evap orated  to  s tr o n g  fumes o f  

s u lfu r  t r io x ld e .  A fte r  c o o l in g ,  100 m l. w ater and 50 m l. 

e th y l  a lc o h o l  were added. A fte r  s ta n d in g  one h o u r , th e  le a d  

s u l f a t e  was f i l t e r e d  o f f  in  a w eighed Gooch c r u c ib le ,  d r ied  

a t  150° 0 . and w eighed .

The data o b ta in ed  in  r e la t io n  to  th e  d i s p o s i t i o n  

o f  le a d  a r e  g iv e n  in  ghe fo l lo w in g  ta b le  I I I .

TABLE I I I

DISPOSITION OF LEAD
Run Run

1 2
(1 )  R e a c t io n  M ix tu re :  PbO * u n r e a c t e d  l e a d  ----------   8 1 .7 6  7 5 .7 0
(2 )  “ " : u n r e a c t e d  l e a d ---------------------- 5 5 .0 6  5 3 .6 5
(3 )  " " : PbO s o l .  i n  N aO H (X -2)  2 6 .7 0  2 2 .0 5
(4 )  PbSCh from f i l t r a t e   ---------     3 .9 4  1 0 .9 0
(5 )  Pb PbO (3 )  --------------------   2 4 .7 8  2 0 .4 6
(6 )  Pb ^  PbS04 ( 4 ) ------------— -----   2 .7 8  7 .4 6
(7 )  ( 2 ) ,  %5), and  (6 )  ----------------------------------------------------  8 2 .5 2  8 1 .5 7
(8 )  I n i t i a l  w e ig h t  o f  l e a d ---------- ------— — — — 8 2 .89  8 2 .8 9
(9 )  Lead r e a c t i n g  (8  -  2) — -----  — -----  2 7 .8 3  2 9 ,2 4

The above r e s a l t s  in d ic a t e  th a t  a l l  o f  th e  lea d  

which p a r t ic ip a t e s  in  th e  r e d u c tio n  or in  any o th e r  p o s s ib le  

r e a c t io n  i s  co n v erted  in t o  le a d  m onoxide. A p o r t io n  o f  th e  

le a d  m onoxide f i r s t  formed i s  su b seq u e n tly  co n v er ted  in to
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sodium p lu m b ite  by th e  a lk a l in e  s o lu t io n .

I t  was found th a t  i f  th e  s t i r r e r  m otors were n ot  

a d ju ste d  a t  e x a c t ly  th e  same sp ee d , checks on d u p lic a te  

runs cou ld  n o t be o b ta in e d . T h ere fo re , i t  was d e c id ed  to  f in d  

ou t j u s t  how much e f f e c t  th e  r a te  o f  s t i r r i n g  had upon th e  

r e d u c tio n  o f  n itr o b e n z e n e  under th e s e  c o n d it io n s .  D u p lica te  

runs were made in  w hich th e  m otor was s e t  a t  th e  same sp eed  

u s in g  th e  same s t i r r e r  and th r e e -n e c k e d  f la s k .

The data  o b ta in ed  fo r  th e  d i s p o s i t i o n  o f  lea d  

when t h i s  h ig h e r  r a te  o f  s t i r r i n g  was em ployed a re  a s  fo l lo w s :

TABLE IV

d is p o s it io n  of lead

(1$ R e a c t io n  M ix tu re :  PB) -  u n r e a c t e d  Pb ---------- 8 0 .9 0  8 1 .8 5
(2 )  " ” : u n r e a c t e d  l e a d ------------- — 4 6 .0 2  4 6 .1 3
(3 )  " ” : PbO s o l u b l e  Na0H(l -  2 ) -  3 4 .8 8  3 5 .7 2
(4) PbSO. from f i l t r a t e   6 .4 5  # .9 6
(5) P b ^ P b O --------------------------------- — —   3 2 .3 7  3 3 .1 6
(6 ) P b ~ P b S 0 A(4 )  — ----------------------------------------------  4 .4 0  3 .3 9
(7 )  £  2 ,  5 ,  and 6 ------ -----— ----------------------------    8 2 .7 9  8 2 .6 8
(8 ) I n i t i a l  w e ig h t  o f  l e a d --- ----------------------   8 2 .8 9  82 ,8 9
(9 )  Lead r e a c t i n g  ( 8 - 2 ) -------------------------- —   3 6 .8 7  3 6 .7 6

By comparing th e  d a ta  o f  t a b le s  I I I  and I ¥ ,  i t  I s  

se en  th a t  th e  more v ig o r o u s ly  th e  r e a c t io n  m ix tu re  i s  a g i t a t e d  

th e  more le a d  e n te r s  In to  th e  r e a c t io n .  At th e  low er  

speed  , 2 8 ,5  gram s(average) were co n v erted  in t o  le a d  mon­

o x id e , w h ereat a t  th e  h ig h e r  a g i t a t io n  sp eed  3 6 .5  grams o f
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le a d  en tered  in to  th e  r e a c t io n .

The orange c o lo r e d  r e d u c tio n  p rod u cts o b ta in ed  

from runs a t  each a g i t a t io n  sp eed  f a i l e d  to  g iv e  th e  b e n z i­

d in e  t e s t  fo r  h yd razobenzene. However, th e  f r e e z in g  p o in ts  

o b ta in ed  in d ic a te d  th a t  each sam ple was a m ixture o f  azo ­

benzene and azoxyb en zen e. A gain th e  f r e e z in g  p o in t  curve o f  

Fry and Bowman(w) was used to  d eterm ine th e  r e l a t i v e  p e r ce n t­

ages o f  a zo - and a zoxy -b en zen e  in  th e  sam p les.

Runs I and I I  were made a t  low er  and h ig h e r  sp eed s  

o f  a g i t a t io n  to  a f fo r d  data  on th e  y i e ld s  o f  r e d u c tio n  

p r o d u cts , f r e e z in g  p o in t s ,  th e  r e s p e c t iv e  p e r c e n ta g e s  o f  a zo x y -  

and a zo -b en zen e , th e  wfeight o f  each component p r e s e n t ,  andt 

th e  t o t a l  y i e ld s  o f  sodium form ate . The d a ta  fo l lo w s  in  

t a b le  V,
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T A B L E  V

YIELDS OF AZOXY-. AZO-BENZENE. AND SODIUM 

FORMATE* LEAD PRESENT IN 300 ML. DILUTION.

(1 )  (2 )  
Azoxy-
AzO

Run Ben- 
No. z e n e ,g .

(3 )

F reez­
in g

P o in t

(4 )

Per­
cen t
azoxy

(5 )

Per­
c en t
azo

(6 )
Azoxy­
ben­
z e n e ,

S .

(7 )
Azo-
b en -
z ene , 

g r .

(8 )
HCOONa
found

g .

I a ,
Lower
Speed

1 1 ,8 1 2 7 .6 8 4 .2 1 5 .8 9 .9 5 1 .8 6 4 ,5 6

l b .
Lowes
Speed

1 1 .9 8 2 7 .7 8 4 .2 1 5 .8 1 0 .0 8 1 .9 0 4 .6 1

I-A v er­
age: 11 .8 9 2 7 .7 8 4 .2 1 5 .8 1 0 .0 1 1 .8 8 4 .5 8

I l a .
H igher
Speed

1 4 .0 0 2 8 .4 8 6 .3 1 3 .7 1 2 .0 8 1 .9 2 5 .5 0

l i b .
H igher
Speid

1 4 .1 2 2 8 .4 8 6 .3 1 3 .7 1 2 .1 9 1 .9 3 5 .5 4

II -A v e r - 1 4 .0 6 2 8 .4 8 6 . 3 1 3 .7 1 2 ,1 3 1 .9 2 5 .4 ?
ages
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I t  may b e  n o te d  t h a t  even th o u g h  th e  p e r c e n t  o f  

a zo b en zen e  form ed a t  t h e  lo w e r  sp e e d  i s  g r e a t e r  th a n  th e  

p e r c e n t  fo rm ed  a t  t h e  h ig h e r  sp e e d  o f  a g i t a t i o n ,  th e  t o t a l  

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

The c o n c lu s io n  may be  dra?m t h a t  th e  more l e a d  w h ich  e n t e r s  

i n t o  t h e  r e a c t i o n ,  th e  g r e a t e r  i s  th e  e x t e n t  o f  th e  r e d u c ­

t i o n  o f  n i t r o b e n z e n e ;  b u t  i t  has  b e en  fo u n d  im p o s s ib l e  on 

th e  b a s i s  o f  t h e  e q u a t io n s  p ro p o se d  f o r  r e a c t i o n s

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

r e a c t i n g  w i t h  th e  in c re a s e d ,  e x t e n t  o f  t h e  r e d u c t i o n  and 

th e  I n c r e a s e d  y i e l d  o f  sodium f o r m a te .

N e v e r t h e l e s s ,  a s u r p r i s i n g  r e l a t i o n s h i p  i s  found  

In. th e  f a c t  t h a t  th e  r a t i o  o f  t h e  combined w e ig h ts  o f  th e  

r e d u c t i o n  p r o d u c t s  ( a z o x y -  and a zo -b e n z e n e )  o b t a i n e d  in  

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

t i v e  t o t a l  y i e l d s  o f  sodium  f o r m a te ,  nam ely  0 .8 9 5  t o  1 .

The am ounts o f  l e a d  r e a c t i n g ,  how ever, i n  r u n s  I  and I I  s t a n d  

i n  th e  r a t i o  o f  .765 to  1 .  T h is  i n d i c a t e s  t h a t  h e re  a l s o ,  a s  

p r e v i o u s l y  shown i n  s e c t i o n  B ,  t a b l e  I I ,  th e  y i e l d s  o f  r e ­

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

o f  sodium f o r m a te .  T h is  d i s c r e p a n c y  i n  th e  l e a d  r a t i o s  

will be considered later

(b) R e a c t io n  w i t h  600 m l., m ethyl. a leo h o X . 1 7 .3  g . 

s.odlim  and.... 1>, m o le s  l.e ad *.

I t  was fo u n d  i n  p a r t  (A) t h a t  when 2 0 .4 4  ml»

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



-  3 4  -

n i t r o b e n z e n e  was r e d u c e d  i n  a s o l u t i o n  o f  1 7 .3  g . sodium in  

600 ml. methyl alcohol, no lead being present, a negligible 
amount o f  r e d u c t i o n  o f  n i t r o b e n z e n e  to o k  p l a c e .  F u r t h e r ­

m ore , i n  p a r t  C (a )  i t  was found  t h a t  t h e  amount o f  r e d u c ­

t i o n  o f  n i t r o b e n z e n e  a t  3 0 0 'm l.  d i l u t i o n  o f  sodium  m e th y la t e  

was increased by the addition of l e a d .  It was also found, 

t h a t  t h e  i n c r e a s e d  r e d u c t i o n  was accom panied  by  th e  o x id a ­

t i o n  o f  l e a d  t o  l e a d  m onoxide . To e x p la in  th e  i n c r e a s e d  

r e d u c t i o n  i n  r e l a t i o n  t o  th e  c o n c o m ita n t  f o r m a t io n  o f  l e a d  

m onox ide , s e v e r a l  r e a c t i o n  m echanism schem es may be  c o n s id e r e d  

w h e re in  i t  i s  assum ed t h a t  l e a d  i s  d i r e c t l y  o x i d iz e d  to  l e a d  

m onoxide by n i t r o b e n z e n e .

I t  i s  c o n c e iv a b le  t h a t  l e a d  a lo n e  may e f f e c t  r e ­

d u c t i o n  o f  n i t r o b e n z e n e  t o  azox yben zene  and to  a zo b en zen e  in  

c o n fo rm i ty  w i th  t h e  f o l lo w in g  r e a c t i o n  m echanism schem es 

g iv in g  th e  summation e q u a t io n s  (A) .and (A ' ^ , r e s p e c t i v e l y :

0
2 § N02---------- •» 0 0 + 3 0  (a)

3 Pb .+ 3 0 --------- 4  3 PbO (b)

0  a , b , — 2 0 Tn 3 Pb ---- — » 0-f=N ‘ 0 + 3 PbO (A)

2  0 U02  ------- 4 0 J - N - 0  + 4 0  (a»)

4 Pb + 4 0  ------ -4  4 PbO (b»)
Q,

0  a* , b ’ — 2 0 N02  + 4 Pb A PbO + 0 - M - 0  (A*)

I t  h a s  a l s o  been  shown by F ry  and A n d re ss  t h a t  

n i t r o b e n z e n e  i s  r e d u c e d  i n  t h e  p r e s e n c e  o f  l e a d  and s o d i -

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



-  35 -

um h y d ro x id e  t o  azo xyb en zen e  w i th  t h e  f o r m a t io n  o f  hydrogen

p e r o x id e  r a t h e r  th a n  sodium  f o rm a te  i n  c o n f o r m i ty  w i th  th e

f o l lo w in g  e q u a t io n  B:

3 Pb 4- 6 NaOH 4 - 4  0 m z -------------- > 3 Na2Pb022 4-

2
2 0 - M - 0  4. 2 H2O2  (B)

F u r t h e r  r e d u c t i o n  o f  n i t r o b e n z e n e  to  azo b en zen e  

accom panying th e  f o r m a t io n  o f  hy d rogen  p e ro x id e  w i t h  no  

sodium fo rm a te  may be  r e p r e s e n t e d  by e q u a t io n  B 1:

2  Pb + 4 NaOH + 2 0  N02--- -------- 4

2 Na2Pb02 +• 0-N -N -0 + 2 H2Q2

The two f o l lo w in g  r e a c t i o n  m echanism  schem es en­

t a i l i n g  th e .  c o n c u r r e n t  r e d u c t i o n  o f  n i t r o b e n z e n e ,  b o t h  by

sodium  m e th y la t e  and m e t a l l i c  l e a d ,  l e a d  to  s u c h  summation
1

e q u a t io n s  C and C l .

CH3OMa + HOH  -4  CH3OH + NaOH (a)

CH3OH + NaOH  --------> HCOONa + 4 H (b)

4 0 N02 + 4 Pb — ---------- 4  PbO *. 4  0 N 0 (c)

2 0 N 0 + 4 H  2 0 N<2h 0 (d)

2 0 N + 2 0 N 0  >  2 0-H«N-0 + 2 H2 0 (e)

0  a , b , c , d , e :  CHoONa |  40 NO, + 4  Pb ---------+
Q.

4 PbO t 2 0 ~N=N- 0 r  HCOONa

r  H2 0 (E)
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C^OWa + HOH ----------- -> CH3OH + NaOH (a )

CH3OH + MaOH  * HCOONa * 4 H (b)

2 0 N02 + Pb --------- * 2 PbO + 20 N 0 (e )

2 0 N 0 + 4- H -------------- 2 0 N J h (d)

0 N §H T 0 N §H  ^ 0 N = N 0 + 2 H20 (e )

£  a , b , c , d , e :  Ch ONa * 2  0 N02 r  2 Pb -----------*

0 N = N 0 t  2 P b O  t  H20 t  HCOONa

(C»)
The o b j e c t  i n  m aking th e  n an s  o f  t h i s  s e c t i o n  was 

t o  d e te rm in e  w hat o t h e r  r e a c t i o n s  were t a k i n g  p l a c e  i n  th e  

r u n s  o f  s e c t i o n  C (a)  (300 m l.  m e th y l  a l c o h o l  s o l u t i o n  w i t h  

.4  m o les  l e a d )  i n  a d d i t i o n  t o  th e  K l in g e r  and m o d if ie d  

K l in g e r  r e a c t i o n s .  O th e r  r e a c t i o n s  e f f e c t i n g  th e  r e d u c t i o n  

o f  n i t r o b e n z e n e  to  a z o x y -  and a z o -b e n z e n e  u n d o u b te d ly  o c c u r  

s i n c e  t h e  y i e l d s  o f  sodium  f o rm a te  were c o n s i d e r a b l y  lo w e r  

th a n  t h e  c a l c u l a t e d  e q u i v a l e n t  q u a n t i t i e s  r e q u i r e d  by  th e  

K l i n g e r  and m o d i f i e d  K l i n g e r  e q u a t io n s .

S in c e  a t  l e a s t  f o u r  c o n c o m ita n t  r e a c t i o n s  were 

r e s p o n s i b l e  f o r  th e  f o r m a t io n  o f  a z o x y -  and a z o -b e n z e n e ,  i t  

was n o t  p o s s i b l e  t o  d e te r m in e  from th e  y i e l d s  o f  sodium 

fo rm a te  and  t h e  w e ig h t  o f  l e a d  r e a c t i n g  t o  form  l e a d  mono­

x id e  w h ich  o f  t h e  p ro p o se d  r e a c t i o n s  to o k  p l a c e  i n  a d d i t i o n  

to  th e  K l in g e r  and  m o d i f ie d  K l i n g e r  r e a c t i o n s .

To sh e d  more l i g h t  upon t h i s  q u e s t i o n ,  i t  was d e ­

c id e d  to  d e v i s e  an  e x p e r im e n t  w i th  l e a d  w h e re in  l e a d  mono­
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x i d e ,  sodium  fo rm a te  and o n ly  azo xybenzene  w ere  fo rm ed .

Since i t  was previously found t h a t  when n i t r o b e n z e n e  was 

r e d u c e d  w i t h  sodium  m e th y la t e  a t  a  600 m l.  m e th y l  a l c o h o l  

d i l u t i o n  ( S e c t i o n  I I I  ( A ) ) ,  only a  n e g l i g i b l e  amount o f  r e ­

d u c t i o n  to o k  p l a c e  i n  th e  a b se n c e  o f  l e a d ,  i t  was hoped t h a t  

i f  l e a d  were i n t r o d u c e d  i n t o  t h i s  r e a c t i o n  m ix tu r e  t h a t  

azoxy benzen e  would b e  th e  o n ly  r e d u c t i o n  p r o d u c t  and th e r e b y  

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

To t h i s  end 1 7 .3  g .  sodium was dissolved i n  600 

m l.  o f  a b s o l u t e  m e th y l  a l c o h o l  and. 82 .89  gm. o f  f i n e l y  d i ­

v id e d  l e a d  and 2 0 .4 4  ml*  (*-2 m ole) n i t r o b e n z e n e  were a d d ed . 

The m ix tu r e  was s t i r r e d  and r e f l u x e d  f o r  f o u r  h o u r s .

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

l e a d  a r e  r e c o r d e d  i n  th e  f o l lo w in g  t a b l e  V IIs

TABLE V II

DISPOSITION OF LEAD

(1 )  R e a c t io n  m ix tu r e
( 2 ) " «
(3 )

PbO + u n r e a c t e d  Pb    8 2 .3 5  8 2 .4 8
u n r e a c t e d  l e a d -----— -------- 6 7 .5 0  6 7 ,6 5
PbO s o l u b l e  (NaOH (1  -  2 )1 4 .8 5  1 4 .8 3

(4 )  FbS04 from f i l t r a t e -------------    1 .9 3 2  1 .9 4 3
(5 )  P b s r  P b O --------------------------------------------------------------- 1 3 .7 9  1 3 .7 8
(6 )  P bss  PbS04 ( 4 ) ----------------------------------------------------  1 .3 2  1 .3 3
(7 )  €  2 ,  5 , and 6 ----------------------------------------------------- 8 2 .6 1  8 2 .7 6
(8 ) I n i t i a l  w e ig h t  o f  l e a d --------  8 2 .8 9  8 2 .8 9(90 Lead r e a c t i n g  (8  -  2 )  1 5 .3 9  1 5 .2 4
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The above d a t a  i n d i c a t e  t h a t  a l l  o f  t h e  l e a d  w hich  

r e a c t s  i 's  c o n v e r te d  i n t o  l e a d  m onoxide , p a r t  o f  w hich  i n  

t u r n  i s  c o n v e r te d  i n t o  sodium p lu m b i te .

The s o l e  r e d u c t i o n  p r o d u c t  o f  n i t r o b e n z e n e  was 

azoxybenzene  (M.P. 36° C ,) , w hich was i s o l a t e d  as  p r e ­

v i o u s l y  d e s c r i b e d .  The f o rm a te  d e t e r m i n a t i o n s  w ere  c o n d u c te d  

a s  d e s c r i b e d  i n  S e c t i o n  I I I  ( a ) .

The d a t a  p r e s e n t e d  i n  t h e  f o l lo w in g  t a b l e  V I I I  

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

azoxybenzene  and sodium  fo rm a te  sh o u ld  be  c o n s id e r e d  from 

t h e  p o i n t  o f  v iew  o f  i t s  b e in g  c o r r e l a t e d  w i th  e q u a t io n  0,

TABLE V I I I

DATA BASED UPON EQUATION C:

4 Pb * CH^ONa + 2 0  N02 — -----4 2 ( f N ) 20 ♦

CD

Run

a
Pb

r e a c t e d
( g . )

4 PbO

a z o x y -  
bofi zen e  

y i e l d  
( g . )

4  HCOONa 
WJ 

sodium  
f o rm a te  
y i e l d

( g . )

♦ h2 o
CO 

azoxy-  
b e n ze n e  
y i e l d  
E q . C ( g . )

CO
Pb r e ­
a c t e d  
Eq. C.

( g . )
I 1 4 .0 3 4 .2 7 2 .7 6 .7 3 6 .7 1

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

A verage 1 3 .9 8 4 . 2 6 2 .7 5 .7 3 6 .6 9
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I t  w i l l  be  n o t e d  t h a t  t h e  a c t u a l  y i e l d  o f  sodium 

f o r m a t e ,  column 4 * i s  p r a c t i c a l l y  i d e n t i c a l  w i t h  t h e  t h e o r ­

e t i c a l  y i e l d ,  colum n 5, i n  c o n f o r m i ty  w i th  e q u a t io n  C.

The c o r r e s p o n d in g  y i e l d s  o f  a z o x y b e n z e n e ,  column 

3 ,  h ow ever, a r e  c o n s i d e r a b l y  l e s s  th a n  t h e  y i e l d s  r e q u i r e d  

b y  e q u a t io n  0 c a l c u l a t e d  on th e  b a s i s  o f  t h e  q u a n t i t y  o f  

l e a d  r e a c t i n g .

M  e x p la n a t i o n  f o r  t h i s  d i s c r e p a n c y  i s  a f f o r d e d  

by  th e  f a c t  t h a t  more l e a d  r e a c t s  th a n  i s  i n d i c a t e d  by 

r e a c t i o n  C to  form  sodium  p lu m b i te  w i th o u t  t h e  accom panying 

f o r m a t io n  o f  a zo x y b e n ze n e .  T h is  has  been  p ro v e d  t o  b e  th e  

c a s e  by  d i g e s t i n g  f i n e l y  d i v i d e d  l e a d  w i t h  sodium  h y d ro x id e  

s o l u t i o n ,  w hereupon a p p r e c i a b l e  q u a n t i t i e s  o f  l e a d  -undergo 

r e a c t i o n .  Sodium h y d ro x id e  w h i le  n o t  i n i t i a l l y  p r e s e n t  i n  

t h e  r e a c t i o n  m ix tu r e  i s  fo rm ed  d u r in g  th e  c o u r s e  o f  th e  

r e d u c t i o n .

I t  can  a l s o  b e  shown t h a t  e q u a t io n  C can  be  d e ­

r i v e d  a s  a sum m ation e q u a t io n  e n t a i l i n g  two r e a c t i o n s ?  name­

l y ,  th e  d i r e c t  r e d u c t i o n  o f  n i t r o b e n z e n e  by  l e a d  c o n c u r ­

r e n t l y  w i t h  th e  K l i n g e r  e q u a t i o n .  I t  h a s  n o t  been  p o s s i b l e ,  

how ever, t o  c a l c u l a t e  th e  e x t e n t  o f  th e  o c c u r r e n c e  o f  

each, of these reactions as based upon the amounts of lead 

r e a c t i n g ,  and  t h e  sodium  f o rm a te  and t h e  r e d u c t i o n  p r o d u c t  

fo rm ed .
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The e x p e r im e n ta l  p ro c e d u r e  em ployed i n  t h i s  p o r ­

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

i n  s e c t i o n  C, e x c e p t  t h a t  t h e  n i t r o b e n z e n e  was c o m p le te ly  

r e d u c e d  and s team  d i s t i l l a t i o n  was n e c e s s a r y  o n ly  to  g e t  

f i d  o f  t h e  e x c e s s  m e th y l  a l c o h o l .  P r e v io u s  e x p e r im e n ts  i n ­

d i c a t e d  t h a t  i n  th o s e  c a s e s  w h e re in  a h ig h  c o n c e n t r a t i o n  o f  

sodium  m e t h y l a t e  was used, th e  s o l u t i o n  became so  a l k a l i n e  

t h a t  t h e  e q u i l i b r i u m ,

NaOCH3 + HOH NaOH + CH3OH

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

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

t i o n s .  S in c e  i n  t h e  ru n s  o f  t h i s  s e c t i o n  tw ic e  t h e  amount 

o f  sodium  m e th y la t e  a s  u s e d  i n  s e c t i o n s  (A) and (C) 

u s e d ,  one h a l f  o f  t h e  sodium  m e t h y l a t e  was n e u t r a l i z e d  w i th  

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

l e a d  and l e a d  m onoxide w ere  f i l t e r e d  from  th e  r e a c t i o n  m ix­

t u r e .  The p ro c e d u r e  f o l lo w in g  s team  d i s t i l l i n g  o f  th e  ex­

c e s s  m e th y l  a l c o h o l  was i d e n t i c a l  to  t h a t  p r e v i o u s l y  d e s ­

c r i b e d  i n  s e c t i o n  C.

34*6 grams o f  sod ium  w ere d i s s o l v e d  i n  300 m l. o f  

a b s o l u t e  m e th a n o l .  8 2 ,8 9  g .  o f  g r a n u l a r  l e a d  was added t o  

t h e  r e a c t i o n  m ix tu r e  and 2 0 .4 4  n i t r o b e n z e n e  were added 

d ro p  by d ro p  th r o u g h  a d r o p p in g  f u n n e l .  The m ix tu r e  was.
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was r e f l u x e d  f i v e  h o u r s .  Hydrogen gas was e v o lv e d  i n  a lm o s t  

a s t e a d y  s t r e a m  o n ly  f o r  th e  f i r s t  tw e n ty  m in u te s  o f  r e f l u x -  

i n g .  650 and 675 m l. o f  h y d ro g en  were c o l l e c t e d  i n  d u p l i ­

c a t e  r u n s .  By t h e  t im e  a l l  t h e  hydrogen  had  p a s s e d  i n t o  

th e  g a s o m e te r ,  a  g r a d u a l  c o l o r  change  from  p a l e  y e l lo w  to  

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

A ga in  i t  i s  p e r t i n e n t  t o  compare t h e  volum es o f  

hy d rogen  e v o lv e d  i n  th e  r e a c t i o n s  o f  t h i s  s tu d y  w i th  th o s e  

volum es fo u n d  by  F ry  and A n d re ss  to  be  e v o lv e d  when l e a d  

was added  to  a  K l in g e r  r e a c t i o n  m ix tu r e  u n d e r  d i f f e r e n t  co n ­

d i t i o n s ;  n a m e ly ,  8 2 .9  g .  l e a d ,  100 grams sodium  h y d ro x id e ,

200 m l. m e th y l  a l c o h o l ,  100 m l.  w a te r  and .2  m oles  n i t r o b e n ­

z e n e .  They fo u n d  t h a t  o v e r  two l i t e r s  o f  hy d rogen  was 

e v o lv e d  u n d e r  t h e s e  c o n d i t i o n s  ( t h e  q u a n t i t y  o f  sodium h y d ro ­

x id e  —  100 g .  — i s  p r a c t i c a l l y  e q u i v a l e n t  t o  34*6 g .  s o ­

dium) .

The l e a d  w h ich  r e a c t e d  was c o n v e r t e d  i n t o  l e a d  

m onoxide . P a r t  o f  th e  l e a d  m onoxide was i s o l a t e d  a s  su c h .

The re m a in d e r  o f  th e  l e a d  m onoxide r e a c t e d  w i t h  t h e  a l k a l i  

p r e s e n t  t o  form  sodium p r u m b i te .  T h is  s o l u b l e  sodium  plumb­

i t e  was d e te r m in e d  a s  l e a d  s u l f a t e  by  t h e  m ethod p r e v i o u s l y

d e s c r i b e d .  The d a t a  iia, r e l a t i o n  to  th e  d i s p o s i t i o n  o f  l e a d
are.

i n  t h i s  r e a c t i o n  is-  g iv e n  i n  t a b l e  a .
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TABLE X 

DISPOSITION OF LEAD

High c o n e e n t r a t 1 on sodium  m e th y la t e  I n  t h e  p r e s e n c e  o f  l e a d .
Run Run

1 2
(1 )  R e a c t io n  m ix tu r e ;  PbO + u n r e a c t e d  Pb -----  5 1 .9 0  5 3 .8 ?

(2 )  M w ; u n r e a c t e d  P b ----------------- 4 0 .4 9  4 1 .5 0

(5) " " ; PbO s o l u b l e  i n  NaOH (
(1  -  2 ) -----------1 1 .4 1  1 2 .3 2

(4 )  PbS04 from f i l t r a t e ----------------- ---------------------  4 6 .4 0  4 4 ,1 7

(5 )  P b P b O  (3 )  -------------------------------------------------  1 0 .5 9  1 1 .4 3

(6 ) P b = S P b S 04 (4 )  ------------------ ---------------------------- 3 1 .7 0  3©..18

(7 ) £  2 ,  5 , and 6 — ----------------------------------------  8 2 .7 8  8 3 .1 1

(8 )  I n i t i a l  q u a n t i t y  o f  l e a d   ---------------------------  82 ,8 9  8 2 .8 9

(9) Pb r e a c t i n g  ( 8 - 2 )     4 2 .4 0  4 2 .3 9
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The n i t r o b e n z e n e  was c o m p le te ly  r e d u c e d  t o  a  m ix­

t u r e  o f  a z o -  and h y d ra z o -b e n z e n e .  The q u a l i t a t i v e  t e s t  f o r  

h y d raz o b en  zen e  was c o n d u c te d  a s  f o l l o w s • a  p in c h  o f  th e  

o ra n g e  r e d u c t i o n  p r o d u c t  was d i s s o l v e d  i n  a b o u t  10 m l.  o f  

95% a l c o h o l  i n  a t e s t  t u b e .  The s o l u t i o n  was h e a te d  to  

a b o u t  50° and a few d ro p 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  w ere  

a d d e d . Im m e d ia te ly  a w h i te  p r e c i p i t a t e  o f  b e n z i d in e  s u l f a t e  

fo rm ed . S in c e  h y d ra z o b e n z e n e  was p r e s e n t ,  i t  became n e c e s ­

s a r y  t o  d e te r m in e  q u a n t i t a t i v e l y  th e  e x t e n t  t o  w hich  i t  was
0

fo rm ed . The m ethod d e v i s e d  by F ry  and R o se iy ,fo r  c o n v e r t i n g  

h y d raz o b en z e n e  i n t o  b e n z i d in e  was em ployed.

A 2 .5  t o  3 .0  g ram -sam ple  o f  th e  r e d u c t i o n  p r o d u c t  

was w eighed  i n t o  a  4.OO m l. b e a k e r .  The sam ple  was m o is te n e d  

w i th  7 m l.  w a te r  and 20 m l.  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  

was added  w i th  th o ro u g h  s t i r r i n g .  T h is  was c o v e re d  and a l ­

low ed to  s t a n d  one h o u r , t h e n  h e a te d  t o  70 -  80° f o r  a n o th e r  

h o u r .  A f t e r  c o o l i n g ,  th e  s o l u t i o n  o f  b e n z i d in e  h y d r o c h l o r i d e  

was f i l t e r e d  from  th e  s o l i d  r e s i d u e ,  w h ich  may have  been  

e i t h e r  a  m ix tu r e  o f  a z o x y -  and  a z o -b e n z e n e  o r  j u s t  a z o b e n z e n e .  

The r e s i d u e ,  l a t e r  shov-n to  b e  a z o b e n z e n e ,  was h e a te d  t o  

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

was a l lo w e d  to  c o o l  until t h e  solid crystallized, when th e  

a c i d  s o l u t i o n  was d e c a n te d  o f f .  The s o l i d  was washed t h r e e  

t im e s  i n  t h i s  m anner t o  rem ove any t r a c e s  o f  b e n z i d in e  h y d ro ­

c h l o r i d e .  The w a sh in g s  w ere  added t o  t h e  o r i g i n a l  f i l t e r e d
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s o l u t i o n ,  w h ich  now had a volume o f  .about 4-00 n i l . ,  and made 

a l k a l i n e  w i t h  ammonia t o  l i b e r a t e  th e  b e n z i d in e  w h ich  was 

e x t r a c t e d  t h o r o u g h ly  w i th  e t h e r .  A d a r k  r e s i d u e  o b s e rv e d  a t  

t h i s  p o i n t  was s e p a r a t e d  w i t h  th e  aqueous l a y e r .  C alc ium  

c h l o r i d e  was added  t o  th e  e t h e r  s o l u t i o n .  A f t e r  s t a n d in g  f o r  

a fev? m in u te s ,  t h e  s o l u t i o n  was f i l t e r e d ,  e v a p o r a te d  t o  d r y ­

n e s s  i n  a w e ighed  c r y s t a l l i z i n g  d i s h ,  d r i e d  a t  8 5 -9 0 °  f o r  

15 m in u te s  i n  an o ven , c o o le d ,  w e ig h ed , and r e c o r d e d  a s  t h e  

b e n z i d in e  y i e l d .

The s o l i d  o b t a i n e d  i n  th e  above d e t e r m i n a t i o n  a f t e r  

a l l  t h e  h y d raz o b en z e n e  had b e en  c o n v e r t e d  i n t o  b e n z i d in e  was 

d i s s o l v e d  i n  e t h e r .  The e t h e r  e x t r a c t  was d r i e d  w i th  c a l ­

cium c h l o r i d e ,  f i l t e r e d  and  e v a p o ra te d  to  d r y n e s s .  The 

o ra n g e  r e s i d u e  th u s  o b t a i n e d  was fou nd  t o  m e l t  a t  6 7 .5 ° .

The m e l t in g  p o i n t  o f  azo b e n ze n e  i s  6 7 .8 ° .  T h e r e f o r e ,  i t  i s  

e v id e n t  t h a t  th e  o r g a n ic  r e d u c t i o n  p r o d u c t s  o f  n i t r o b e n z e n e  

i n  t h e s e  r u n s  w ere  s o l e l y  a zo b en zen e  find h y d raz o b en z e n e  a t  

t h e s e  h i g h e r  c o n c e n t r a t i o n s . Mo azoxy benzene  was fo rm ed .

I n  t a b l e  X I, t h e  num ber o f  e a c h  ru n  i s  g iv e n  in  

column 1 .  Column 2 r e c o r d s  th e  t o t a l  y i e l d  o f  n i t r o b e n z e n e  

r e d u c t i o n  p r o d u c t s  ( a z o -  and h y d r a z o - b e n z e n e ) ; column 3 ,  

the weights of duplicate hydrazo- azobenzene sample taken 
f o r  th e  d e t e r m i n a t i o n  o f  h y d ra z o b e n z e n e ; column 4> th e  

w e ig h ts  o f  b e n z i d in e  e q u i v a l e n t  to  h y d ra z o b e n z e n e ;  o b t a in e d  

from  th e  h y d r a z o -  azo b e n ze n e  sam ples  by  th e  above p ro c e d -
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u r e ;  colum n 5 , t h e  p e r c e n t  o f  h y d ra z o b e n z e n e ;  co lum ns 6 and 

7 ,  t h e  y i e l d s  o f  h y d ra z o b e n z e n e  and a z o b e n z e n e ,  r e s p e c ­

t i v e l y ;  and column S, th e  y i e l d s  o f  sodium  f o r m a te .

TABLE XI
(1 ) (2 ) (3) (4 )
Run Y ie ld  
No. (0  N)p 

•* c
(0HH)2

H ydrazo- 
azo 

sam ple  
grams 
2 .7 0 2

(0  NHg)(/Lh )
found

0 .3 0 9

I 1 7 .36 2 .8 4 1 0 .3 2 7

I I 1 7 .1 2 2 .7 6 5

2 .9 3 1

0 .3 0 6

0 .3 4 2

( 5 ) ( 6 ) ( 7 ) ( 8 ) 
p . H ydrazo  a z o -  HGOONa

2 c e n t  b e n ze n e  b e n ze n e  y i e l d
h y -  y i e l d  y i e l d  g ram s.

2 d r a z o  gram s grams

1 1 .07 1 .9 2 15 .4 4 1 2 .87

1 1 .5 0 1 .9 9 1 5 .3 7 1 2 .90

1 1 .09 1 .9 0 1 5 .2 0 1 2 .8 1

1 1 .69 2 .0 1 1 5 .1 1 12 .88
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At t h i s  h i g h e r  c o n c e n t r a t i o n  o f  sodium  m e t h y l a t e  i n  

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

d uced  t o  m ix tu r e  o f  98.% a z o -  a n d .2.% h y d raz o b en z e n e  w i t h  

t h e  c o n c o m ita n t  f o r m a t io n  o f  l e a d  monoxide and sodium  form ­

a t e .

I n  th e  p r e c e d in g  s e c t i o n  C, w i th  t h e  lo w e r  concen ­

t r a t i o n  of sodium m e t h y l a t e ,  44-5 per cent of the lead 
p r e s e n t  e n t e r e d  i n t o  th e  r e a c t i o n  w h i le  i n  t h i s  s e c t i o n  D, 

w i t h  d o u b le  th e  c o n c e n t r a t i o n  o f  sodium  m e t h y l a t e ,  5 1 .2  

p e r c e n t  o f  l e a d  p r e s e n t  r e a c t e d .  H ere  a l s o  i t  was n o t  p o s ­

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

w i t h  t h e  amount o f  l e a d  r e a c t i n g  and t h e  sodium f o rm a te  

fo rm ed , a p a r t  from  th e  s i g n i f i c a n t  f i n d i n g  t h a t  n i t r o b e n ­

z e n e  y i e l d e d  c h i e f l y  a zo b en zen e  and some h y d ra z o b e n z e n e ,  b u t  

no azo x y b e n ze n e .

.and. .^ylejia,.

The e x p e r im e n ta l  p r o c e d u r e  employed i n  t h i s  p o r ­

t i o n  o f  t h e  r e s e a r c h  was s u b s t a n t i a l l y  t h e  same a s  t h a t  

u s e d  i n  p r e v io u s  s e c t i o n s ,  e x c e p t  t h a t  M a th ie so n  A l k a l i  

Com pany's sodium m e t h y l a t e  (95.4% p u re )  was u s e d  i n  250 m l. 

o f  x y le n e  and 250 m l. o f  p y r i d i n e ,  r a t h e r  th a n  sodium  ine th -  

y l a t e  made d i r e c t l y  from  m e t a l l i c  sodium  and m e th y l  a l c o ­

h o l .  Sodium m e t h y l a t e  e q u i v a l e n t  t o  1 7 .3  g .  sodium  and 

34*6 g .  sodium w ere  u s e d  i n  th e  v a r i o u s  r u n s .
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I n  a l l  r u n s ,  t h e  r e d u c t i o n  p r o d u c t  was azo xyb en ­

zen e  w i t h  th e  e x c e p t io n  t h a t  i n  t h e  s o l v e n t  p y r i d i n e  and th e  

h i g h e r  c o n c e n t r a t i o n  o f  sodium  m e th y la t e  n o t  more th a n  1 

p e r  c e n t  o f  a zo b en zen e  was form ed i n  a d d i t i o n  to  c h i e f  and 

p r a c t i c a l l y  s o l e  p r o d u c t ,  a zo x y b e n ze n e .

The number o f  e a c h  ru n  i s  r e c o r d e d  i n  column 1 o f  

t a b l e  X I I .  Column 2 n o t e s  t h e  s o l v e n t  u s e d  i n  e a c h  r u n ;  c o l ­

umn 3 , t h e  grams o f  sodium  m e th y la t e  u s e d ;  co lum ns 4- 5 ,

th e  a c t u a l  y i e l d  o f  azo x y b en zen e  and t h e  t h e o r e t i c a l  y i e l d s ,  

r e s p e c t i v e l y ;  column 6 ,  t h e  p e r c e n t  t h e o r y  y i e l d s ;  colum ns 

7 and 8 ,  th e  a c t u a l  and t h e o r e t i c a l  y i e l d s  o f  sodium  form ­

a t e ;  colum n 9 ,  t h e  p e r c e n t  r e d u c t i o n  b a s e d  on th e  t h e o r e t i ­

c a l  y i e l d  o f  sodium f o rm a te  c a l c u l a t e d  on th e  b a s i s  o f  

K l i n g e r  e q u a t io n .
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Gonclaslgns*.
1 .  Even th o u g h  sodium m e th y la t e  i s  o n ly  

s l i g h t l y  s o l u b l e  i n  e i t h e r  x y le n e  o r  p y r i d i n e ,  n i t r o b e n z e n e  

i s  r e d u c e d  i n  e i t h e r  o f  t h e s e  m ix tu r e s  i n  a c c o rd a n c e  w i th  

t h e  K l i n g e r  e q u a t io n .

2.  I n  a l l  r u n s ,  th e  p e r c e n t  t h e o r y  y i e l d s  o f  

azoxy benzene  and sodium  f o rm a te  a r e  i n  c o n fo rm i ty  w i t h  th e  

K l in g e r  e q u a t io n .

3 .  At th e  lo w e r  c o n c e n t r a t i o n  o f  sodium  

m e t h y l a t e  i n  x y le n e  and p y r i d i n e ,  .2 m ole  n i t r o b e n z e n e  i s  

re d u c e d  t o  p u re  a zo x y b en zen e  i n  87 p e r  c e n t  and 81 p e r  c e n t  

t h e o r y  y i e l d ,  r e s p e c t i v e l y .

4-. At t h e  h i g h e r  c o n c e n t r a t i o n  o f  sodium  

m e t h y l a t e  i n  x y l e n e ,  a  95 p e r c e n t  t h e o r y  y i e l d  o f  azoxyben­

zene  was o b t a i n e d .

5 . At th e  h ig h e r  c o n c e n t r a t i o n  o f  sodium  

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

azo x y b en zen e  ( f r e e z i n g  p o i n t  35°) was o b t a i n e d .

6 .  I t  i s  o f  p a r t i c u l a r  i n t e r e s t  to  n o t e  t h a t  

i n  t h e  p r e v io u s  s e c t i o n s ,  A and B, w h e re in  h ig h e r  c o n c e n t r a ­

t i o n s  o f  sodium m e th y la t e  i n  m e th y l  a l c o h o l  a s  s o l v e n t  med­

ium y i e l d e d  b o t h  a z o x y -  and a z o -b e n z e n e  i n  c o n fo r m i ty  w i th  

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

b u t  w i th  th e  h ig h e r  c o n c e n t r a t i o n  o f  sodium  m e th y la t e  i n  e i ­

t h e r  p y r i d i n e  o r  x y le n e  a s  s o l v e n t  medium, azo x y b en zen e  i s
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t h e  s o l e  p r o d u c t  o f  t h e  r e d u c t i o n .  A c c o r d in g ly ,  i t  a p p e a rs  

t h a t  t h e  m o d i f i e d  K l in g e r  r e a c t i o n  y i e l d i n g  a zo b en zen e  o c ­

c u r s  o n ly  i n  m e th y l  a l c o h o l  medium, w i th  th e  o c c u r r e n c e  to  

a  v e ry  minimum e x t e n t  o f  th e  m o d if ie d  K l i n g e r  r e a c t i o n  w i t h  

t h e  h i g h e r  c o n c e n t r a t i o n  o f  sodium  m e th y la t e  i n  p y r i d i n e .  

(T h is  i s  shown by  s l i g h t l y  lo w e r  f . p .  o f  t h e  r e a c t i o n  p r o ­

d u c t  and th e  s l i g h t  e x c e s s  y i e l d  o f  sodium f o rm a te  above 

t h a t  f o r  th e  s t r a i g h t  K l in g e r  r e a c t i o n ) .

7 .  No hyd ro gen  was e v o lv e d  d u r in g  th e  c o u r s e  

o f  any o f  th e  f o r e g o in g  r e a c t i o n s .

E. R e d u c t io n  w i t  1̂ 3 odium Me t h v l a t e i n  P y r i d i n e  ,and-X yleria  i n  

■t toaJEIr  3afittc&-o£ .JlaM •

I t  s h o u ld  now b e  n o t e d  t h a t  i t  was im p o s s ib l e  i n  

p r e c e d in g  r e d u c t i o n s  o f  n i t r o b e n z e n e  by  sodium  m e th y la t e  i n  

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

r e l a t i n g  th e  am ounts  o f  l e a d  r e a c t i n g  and th e  q u a n t i t i e s  o f  

sodium f o rm a te  form ed w i t h  th e  y i e l d s  o f  t h e  r e d u c t i o n  p r o ­

d u c t .  T h is  i n a b i l i t y  was a t t r i b u t e d  t o  t h e  f a c t  t h a t  d e f i ­

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

v e n t  o r  i n  o t h e r  unknown r e a c t i o n s .  A c c o rd in g ly ,  th e  immed­

i a t e  p u rp o s e  o f  c o n d u c t in g  r e d u c t i o n s  i n  th e  p r e s e n c e  o f  

i n e r t  s o l v e n t s ,  x y le n e  and p y r i d i n e ,  was t o  p r e c l u d e  th e  

p o s s i b i l i t y  o f  th e  o c c u r r e n c e  o f  s i d e  r e a c t i o n s  be tw een  th e
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l e a d  and t h e  .so lv e n t  medium and t h e r e b y  s e c u r e  d a t a  w hich  

c o u ld  b e  c o r r e l a t e d  q u a n t i t a t i v e l y  w i t h  t h e  assum ed r e a c t i o n s .

The r u n s  o f  s e c t i o n  E, r e d u c t i o n s  w i t h  sodium  m eth ­

y l a t e  i n  p y r i d i n e  and x y le n e ,  were r e p e a t e d  w i th  th e  a d d i ­

t i o n  o f  8 2 .8 9  g .  o f  l e a d  t o  th e  r e s p e c t i v e  r e a c t i o n  m ix­

t u r e s .  The e x p e r im e n ta l  p ro c e d u r e  was s u b s t a n t i a l l y  th e  

same a s  t h a t  u s e d  i n  s e c t i o n s  C and D, i n  m e th y l  a l c o h o l  

s o l u t i o n ,  e x c e p t  t h a t  pow dered sodium  m e th y la t e  i n  250 m l. 

o f  x y le n e  and 250 m l.  o f  p y r i d i n e  w ere  u s e d .

I n  th e  ru n s  o f  t h i s  s e c t i o n  a p p r e c i a b l e  volum es 

o f  hy d ro g en  were e v o lv e d  i n  c o n t r a s t  t o  t h e  a lm o s t  n e g l i ­

g i b l e  volum es o b t a i n e d  i n  p r e v io u s  s e c t i o n s .  The s o u rc e  

o f  t h i s  hydrogen  i s  a t t r i b u t e d  t o  th e  c o n c u r r e n c e  o f  th e  

r e a c t i o n

CH30Wa + HOH ---------=> HCGOMa + *H (E)

w h ich  i s  one o f  t h e  i n t e r m e d i a t e  summation e q u a t io n s  p o s ­

t u l a t e d  in  th e  r e a c t i o n  m echanism  schemes p o s t u l a t e a  f o r  

t h e  K l in g e r , .a n d  m o d i f i e d  K l in g e r  r e a c t i o n s .

The d a t a  o b t a i n e d  ibs. r e c o r d e d  i n  th e  f o l lo w in g  

t a b l e  X I I I .  Column. 1 n o t e s  th e  number o f  e a c h  r u n ;  column 

2 , th e  s o l v e n t  u s e d ;  column 3 , t h e  grams o f  sodium  u s e d ;  

column 4 , th e  grams o f  lead r e a c t i n g ;  columns 5 and 6 , th e  

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

a z o x y -a z o  m i x t u r e s ,  r e s p e c t i v e l y ;  colum ns 7 and 8 , th e  

y i e l d s  o f  a zo x y -  and a z o -b e n z e n e ,  r e s p e c t i v e l y ^  column 9,
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t h e  vo lum es o f  h yd rogen  e v o lv e d  ( M .T .P . ) j  column 1 0 , th e  

grams o f  azoxybenzene  e q u i v a l e n t  t o  th e  w e ig h t  o f  l e a d  

r e a c t i n g  a c c o rd in g  to  e q u a t io n  ( A ) ; column 1 1 ,  th e  grams o f  

azo b e n ze n e  e q u i v a l e n t  t o  th e  l e a d  r e a c t i n g  ( e q u a t io n  B ) ;  c o l ­

umn 12, t h e  grams o f  sodium  formate equivalent t o  th e  a zo ­

x y b e n z e n e ,  form ed in  e x c e s s  o f  th e  l e a d  r e a c t i o n  A i n  con­

f o r m i t y  w i t h  K l i n g e r  e q u a t io n  C; column 1 3 ,  th e  gram s o f  

sodium  f o rm a te  e q u i v a l e n t  to  th e  azo b e n ze n e  form ed i n  ex­

c e s s  o f  t h e  l e a d  r e a c t i o n  B ,  i n  c o n fo r m i ty  w i t h  t h e  m odi­

f i e d  K l i n g e r  r e a c t i o n ,  D; column 1 4 ,  t h e  grams o f  sodium  

f o rm a te  e q u i v a l e n t  to  t h e  volume o f  hydrogen, e v o lv e d  ( h . T . P . ) j  

i n  a c c o rd a n c e  w i th  e q u a t io n  E; column 1 5 , t h e  sun o f  th e  

y i e l d s  o f  sodium fo rm a te  from  e q u a t io n s  C, D, and E; and 

column 1 6 ,  th e  a c t u a l  y i e l d  o f  sodium  fo rm a te  fo u n d .

1
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T A B L I  X I I I

REDUCTION WITH NaOCfe IN PYRIDINE AND XYLENE IN THE PRESENCE OP LEAP 
( b a s e d  upon th e  fo llo w in g  e q u a t io n s )

3 Pb ♦  2 j) NQg -*  ( $  N)2; •» 3 PbO (A)
4 Pb * 2  (! N02 — ------- 4  (jt  N )2 ♦  4  PbO (B)
3 CH3ON& *  4 j6 N O g --------- * 2 ( 0  0 ♦- 3 HCOONa ♦  3 HgO (G)

Z. CH30Na *• 2 NO2 ----------4  ( j f  N)2 * 2 HCOONa «■ 2 BgO (D)

CH3®a * HDH ---------4 HCOONa ♦  2 %  (D)
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The d a t a  i n  t h e  above t a b l e  X I I I  l e a d  t o  t h e  

f o l lo w in g  i n t e r p r e t a t i o n s  and c o n c l u s i o n s :

(1) I n  th e  ru n s  u s i n g  p y r i d i n e  a s  s o l v e n t ,  

t h e  n i t r o b e n z e n e  r e d u c t i o n  p r o d u c t  was c h i e f l y  a zo b en zen e  

w i t h  v e r y  l i t t l e  azo x y b e n ze n e  w h e rea s  i n  x y le n e  t h e  p r i n c i ­

p a l  r e d u c t i o n  p r o d u c t  was azo x y b en zen e  w i t h  v e r y  l i t t l e  

a z o b e n z e n e .

S in c e  azo x y b en zen e  and a zo b en zen e  may a r i s e  n o t  

o n ly  from  th e  c o n c u r re n c e  o f  r e a c t i o n s  A and B, r e s p e c t i v e l y  

w i t h o u t  th e  f o r m a t io n  o f  sodium f o rm a te  b u t  a l s o  th ro u g h  

th e  c o n c u r r e n c e  o f  r e a c t i o n s  C and D w i t h  t h e  f o r m a t io n  o f  

sodium  f o r m a te ,  i t  i s  im p o s s ib l e  t o  c o r r e l a t e  t h e  y i e l d s  o f  

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

r e a c t i n g  ( e q u a t io n s  A and B) and  t h e  y i e l d  o f  sodium  form ­

a t e  ( e q u a t io n s  C and D) . I n  o r d e r  to  a p p ro a c h  a s  f<$r a s  

p o s s i b l e  a  d e s i r e d  c o r r e l a t i o n ,  c a l c u l a t i o n s  w ere  made 

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

t h e  p re d o m in a n t  o c c u r r e n c e  o f  t h e  one l e a d  r e a c t i o n  (B ) , 

y i e l d i n g  a z o b e n z e n e  a c c o rd in g  to  e q u a t io n  B. On t h e  o t h e r  

h an d , i n  x y l e n e ,  c a l c u l a t i o n s  w ere  made r e l a t i v e  t o  th e  r e ­

d u c t i o n  on th e  b a s i s  o f  t h e  p re d o m in a n t  o c c u r r e n c e  o f  th e  

other l e a d  reaction (A), yielding a zo x y b en zen e .

W hile  th u s  o m i t t i n g  e q u a t io n  A i n  th e  s o l v e n t  

p y r i d i n e  and e q u a t io n  B i n  th e  c a s e  o f  x y l e n e ,  t h e  c a l c u l a ­

t i o n s  made in  te rm s  o f  t h e  p re d o m in a n t  r e a c t i o n s  j u s t  n o t e d  ,
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l e a d  to  t h e  f o l lo w in g  c o n c l u s i o n s ;  w h ich  a r e  i n d i c a t i v e  o f  

t h e  n a t u r e  ,and e x t e n t  o f  th e  o c c u r r e n c e  o f  t h e  p re d o m in a n t  

r e a c t i o n s :

2 ,  I n  a l l  t h e  p y r i d i n e  and x y le n e  r u n s  th e  

t o t a l  y i e l d  o f  sodium fo rm a te  i s  v e ry  n e a r l y  e q u a l  t o  th e  

sum o f  th e  y i e l d s  o f  sodium  f o r m a te ,  fo rm ed  i n  c o n fo rm i ty  

w i t h  and th e r e b y  c o n f i rm in g  t h e  o c c u r r e n c e  o f  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 io n s  C, D, and E.

3 .  In. a l l  r u n s  th e  t o t a l  am ount o f  l e a d  

r e a c t i n g  was a c c o u n te d  f o r  i n  te rm s  o f  e q u a t io n  B, i n  th e  

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

4* From 2  and 3 ,  i t  f o l lo w s  t h a t  th e  c o n c u r ­

r e n c e  o f  r e a c t i o n s  i n  c o n f o r m i ty  w i th  e q u a t io n s  A, B, G, D 

and E i s  c o n f i rm e d .

O th e r  o b s e r v a t i o n s  may b e  n o t e d :

5 . W ith  t h e  two c o n c e n t r a t i o n s  o f  sodium  

m e th y la t e  (one  d o u b le  t h e  o th e r )  i n  p y r i d i n e  t h e r e  was l i t ­

t l e  d i f f e r e n c e  i n  th e  w e ig h ts  o f  l e a d  r e a c t i n g  and t h e  com­

p o s i t i o n  o f  th e  r e d u c t i o n  p r o d u c t s .

6 .  As s h o u ld  b e  e x p e c te d ,  t h e  volum es o f  

hydrogen  e v o lv e d  w ere  g r e a t e r  w i th  th e  h i g h e r  c o n c e n t r a t i o n  

than w i t h  the lower concentration o±‘ sodium methylate used. 
F u r th e r m o re ,  i n  r u n s  w i t h  b o t h  s o l v e n t s  th e  r a t i o  o f  th e  

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

y i e l d s  w i t h  t h e  lo w e r  c o n c e n t r a t i o n  o f  sodium  m e t h y l a t e  was
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p r a c t i c a l l y  i d e n t i c a l ,  nam ely  1 .7 5  to  1 .

7 .  The q u a n t i t i e s  o f  l e a d  r e a c t i n g  i n  p y r i ­

d i n e  s o l v e n t  w ere  a p p r o x im a te ly  from  two to  t h r e e  t im e s  

a s  g r e a t  a s  th e  q u a n t i t i e s  o f  l e a d  r e a c t i n g  i n  x y le n e  s o l ­

v e n t .  T h is  may b e  d u e  t o  t h e  f a c t  t h a t  p y r i d i n e  a c t s  a s  

a  c a t a l y s t  i n  many and v a r i e d  r e a c t i o n s .
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IV. SUMMARY AND CONCLUSIONS 

I .  R edu ction  In  th e  Absence o f  Lead.

The n a tu re  and e x te n t  o f  th e  r e d u c tio n  o f  n itr o b e n ­

zen e w ith  sodium m eth y la te  in  anhydrous s o lv e n t s -  m ethyl a l ­

c o h o l, p y r id in e , and x y le n e  -  was s tu d ie d  in  o rd er  to  d e te r ­

mine and e x p la in  th e  e f f e c t ,  th ereu p on , o f  th e  p r e sen ce  o f  

le a d  in  th e s e  v a r io u s  r e a c t io n  m ix tu r e s . The m ost Im portant 

o b se r v a tio n s  and c o n c lu s io n s  a re  as fo l lo w s :

1 , n itr o b e n z e n e  i s  reduced  In  m eth yl a lc o h o l  

s o lu t io n ,  dependent upon th e  c o n c e n tr a t io n  o f  sodium m eth yl­

a t e ,  e i t h e r  to  azoxybenzene in  con form ity  w ith  th e  K lin g er  

r e a c t io n :

4 0 N02 4 3CH30 N a --------------> 2 0 N 0  4 3HC00Na 4 3H20

or to  a m ixtu re  o f  a zo x y - and a z o -b en ze n e , In  co n fo rm ity  

w lth th e  K lin g er  r e a c t io n  and th e  con cu rren t m o d ified  K lin g er  

r e a c t io n :

2 0  N02 + gCHjONa------------ 4 0 N= N 0 + §HCOONa 4 2H20

2 . There i s  no record  in  th e  l i t e r a t u r e  

th a t  both  produ cts o f  r e d u c tio n  were formed when a h ig h  con­

c e n tr a t io n  o f  sodium m eth y la te  in  anhydrous m eth yl a lc o h o l  

was u sed . I t  has a l s o  been shown th a t  th e  t o t a l  y i e l d  o f  

sodium form ate accom panying th e  r e s p e c t iv e ly  determ ined  

y ie ld s  o f  azoxy- and azo -b en zen e  may be c o r r e la te d  

a cco rd in g  to  th e  K lin g e r  and m o d ified  K lin g er  r e a c t io n .
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an d  m o d if i e d  K l i n g e r  r e a c t i o n .

3 .  Pow dered  sodium  m e t h y l a t e  su sp e n d e d  in  

e i t h e r  o f  th e  i n e r t  s o l v e n t s ,  p y r i d i n e  o r  x y l e n e ,  e f f e c t e d  

r e d u c t i o n  o f  n i t r o b e n z e n e  to  a zo x y b en zen e  i n  q u a n t i t a t i v e  

c o n f o r m i ty  w i th  t h e  K l i n g e r  r e a c t i o n .  The e x t e n t  o f  r e ­

d u c t i o n  v a r i e d  from  80 t o  95 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  o f  azoxyb en zen e  and sodium  f o r m a t e ,  d e p e n d in g  upon 

th e  c o n c e n t r a t i o n  o f  sodium  m e t h y l a t e .

W ith  th e  h i g h e r  c o n c e n t r a t i o n  o f  sodium  m e th y la t e  

i n  p y r i d i n e  a  v e r y  s m a l l  amount ( n o t  g r e a t e r  th a n  1%) o f  

a zo b e n ze n e  was form ed th r o u g h  t h e  c o n c u r r e n c e  o f  t h e  m o d if ie d  

K l in g e r  r e a c t i o n .

4-. I t  i s  p a r t i c u l a r l y  i n t e r e s t i n g  t h a t  w i th  

a h ig h  c o n c e n t r a t i o n  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  

( c o n c l u s i o n s  1 and 2) b o t h  t h e  K l in g e r  and m o d i f ie d  K l i n g e r  

r e a c t i o n s  o c c u r r e d  b u t  w i t h  th e  same c o n c e n t r a t i o n  o f  sodium  

m e t h y l a t e  i n  th e  p y r i d i n e  and x y le n e  r e a c t i o n  m i x t u r e s ,  r e ­

d u c t i o n  was p r a c t i c a l l y  l i m i t e d  t o  th e  o c c u r r e n c e  o f  th e  

K l i n g e r  r e a c t i o n .

IX. E-edusXl-oiis in. -the . pEe&snc.e of  l safl.

E x p e r im e n ta l  r u n s  c o n d u c te d  i n  th e  a b s e n c e  o f  l e a d  

w ere  r e p e a t© !  i n  th e  p r e s e n c e  o f  l e a d .

1 .  W ith  a  low  c o n c e n t r a t i o n  o f  sodium  m e th y l ­

a t e  i n  m e th y l  a l c o h o l ,  b o t h  a z o x y -  and  a zo b en zen e  w ere  fo rm ed .
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2 .  With, h ig h  c o n c e n t r a t i o n  o f  sodium  m e th y la te

i n  m e th y l  a l c o h o l were form ed.

3 . R e s u l t s  (1) and (2) c o n c l u s i v e l y  show t h a t

t h e  p r e s e n c e  o f  l e a d  i n  t h e  r e a c t i o n  m ix tu r e  m a rk e d ly  a f f e c t s  

b o th  t h e  n a t u r e  and e x t e n t  o f  th e  r e d u c t i o n .

t i t a t i v e l y  th e  y i e l d s  o f  a z o x y -  and  a z o -b e n z e n e  w i t h  t h e  

y i e l d s  o f  sodium  fo rm a te  i n  c o n fo rm i ty  w i t h  th e  K l i n g e r  and  

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

l a r  c o r r e l a t i o n s  c o u ld  n o t  be  r e v e a l e d  when r e d u c t i o n s  oc ­

c u r r e d  i n  th e  p r e s e n c e  o f  l e a d .  T h is  d i f f i c u l t y  may be  

a t t r i b u t e d  to  th e  f a c t  t h a t  a p p r e c i a b l e  q u a n t i t i e s  o f  l e a d  

e f f e c t e d  r e d u c t i o n  o f  n i t r o b e n z e n e  t o  azox yben zene  and t o  

a zo b e n ze n e  w i t h  th e  f o r m a t io n  o f  l e a d  m onoxide a c c o r d in g  t o  

t h e  c o n c u r r e n t  r e a c t i o n s r

F u r th e r m o r e ,  l e a d  a p p a r e n t l y  r e a c t e d  w i th  sodium  h y d ro x id e  

(fo rm ed  d u r in g  t h e  r e a c t i o n )  y i e l d i n g  sodium  p lu m b i te  and 

hydrogen

Pb + 2 N a O H --------h a 2Pb02 * H2

w h ich  hydrogen  c o u ld  a l s o  e f f e c t  r e d u c t i o n .

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

c o n c o m ita n t  r e a c t i o n s  r e d u c t i o n s  w i t h  pow dered sodium  m e th y l ­

a t e  i n  p y r i d i n e  and  x y le n e  i n  t h e  p r e s e n c e  o f  l e a d  gave d a t a

4- W hile  i t  was p o s s i b l e  t o  c o r r e l a t e  quan

3 Pb + 1 0  N02   > 0-W = h - 0  4- 3 PbO

4 Pb *• 2 0 NO2  ^ 0-M= ! b 0  *• 4  PbO
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l e a d i n g  to  th e  f o l lo w in g  c o n c l u s i o n s  b a s e d  upon t h e  o c c u r ­

r e n c e  o f  th e  f o l lo w in g  r e a c t i o n s :

3 Pb 4- 2 0 m 2-------------> 0 $ =  N 0 3 PbO (A)

4 Pb 4. 2 0 H02 ---------» 0 N = N 0 a- 4  PbO (B)

3 CH3OHa r  4  0 M02 ------------ 2  0 l*N 0 T 3 HCOONa T

3 H2 0 (C)

2 CH30Ma + 2  0 MCfc  0 N=N 0 4- 2 HCOONa 4-

2  HgO (D)

CH3ONa + HOH  HCOONa 2H2 (1)

5 . I n  p y r i d i n e  medium, b o t h  w i t h  t h e  lo w e r  

and h ig h e r  c o n c e n t r a t i o n s  o f  sodium m e t h y l a t e ,  azobenzend^ras 

t h e  p re d o m in a t in g  r e d u c t i o n  p r o d u c t  w i t h  v e ry  l i t t l e  azoxy­

ben zen e  w h e reas  i n  x y le n e  t h e  p r i n c i p a l  r e d u c t i o n  p r o d u c t  

was azoxy benzene  w i th  v e ry  l i t t l e  a z o b e n z e n e .  A c c o r d in g ly ,

6 .  From p y r i d i n e  medium r e a c t i o n  d a t a  c a l ­

c u l a t i o n s  w ere  b a s e d  upon t h e  c o n c u r re n c e  o f  r e a c t i o n s  B,

C, D, and  E . ,  and from  x y le n e  medium, r e a c t i o n  d a t a ,  c a l ­

c u l a t i o n s  were b a s e d  upon t h e  c o n c u r r e n c e  o f  re a c t io s  A,

C, D, and  E. A c c o r d in g ly ,  o i m i t t i n g  e q u a t io n  A p y r i d i n e  

medium) and e q u a t io n  B ( x y le n e  medium) t h e  f o l lo w in g  con­

c l u s i o n s  may be  n o te d :

7 .  The t o t a l  y i e l d  o f  sodium  fo rm a te  was 

v e ry  n e a r l y  e q u a l  to  th e  sum o f  th e  y i e l d s  o f  sodium  form ­

a t e ,  fo rm ed i n  c o n fo r m i ty  w i t h  and th e r e b y  c o n f i rm in g  th e
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o c c u r r e n c e  o f  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 io n s  C, D, and 

E.

8 .  I n  a l l  r u n s  t h e  t o t a l  amount o f  l e a d  

r e a c t i n g  was a c c o u n te d  f o r  i n  te rm s  o f  e q u a t io n  B, i n  th e

c a s e .Aj f p y r i d i n e ,  and  e q u a t io n  A, i n  th e  c a s e  o f  x y le n e  ,

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

th e  r e d u c t i o n  o f  n i t r o b e n z e n e  by sodium  m e t h y l a t e  i n  p y r i d i n e  

and x y le n e  i n  t h e  p r e s e n c e  o f  l e a d  have  been  c o r r e l a t e d  

q u a n t i t a t i v e l y  w i t h  t h e  r e s p e c t i v e l y  p ro p o se d  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 io n s  A, B, C, D, and E.
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ADDENDUM: A MODIFIED PREPARATION OF AZOXYBENZENE<

S in c e  i n  s e c t i o n  I I I  (E) i t  was shown t h a t  n i t r o ­

b e n zen e  d i s s o l v e d  i n  x y le n e  o r  p y r i d i n e  was r e a d i l y  and 

a lm o s t  c o m p le te ly  re d u c e d  t o  azo x y b e n ze n e  when h e a t e d  w i th  

p owdered sodL urn m e t h y l a t e ,  t h e  f o l l o w in g  m o d i f ie d  method 

f o r  t h e  l a b o r a t o r y  p r e p a r a t i o n  o f  azo xyb en zen e  i s  r e c o r d e d

Suspend 90 g , M a th ie so n  sodium m e t h y l a t e  (9 5 .4 $  

p u re )  i n  250 m l. x y le n e  ( U .S .P . )  i n  a  1 - l i t e r  t h r e e ­

necked  f l a s k .  F i t  a  m ercu ry  s e a l e d  m e c h a n ic a l  s t i r r e r  t o  

t h e  c e n t r a l  neck  and a L ie b ig  c o n d e n se r  t o  each  o f  t h e  two 

s i d e  n e ck s  o f  th e  f l a s k .  Add 50 m l. o f  n i t r o b e n z e n e  (C .P  , )  

th ro u g h  one o f  t h e  c o n d e n s e r s .  H ea t w i th  a f r e e  f la m e  un­

t i l  t h e  r e a c t i o n  m ix tu r e  t u r n s  brow n. E x t i n g u i s h  t h e  

f la m e .  This c o lo r  change m arks th e  b e g in n in g  o f  t h e  r e a c ­

t i o n .  A f t e r  f i f t e n  o r  tw en ty  m in u te s ,  t h e  r e a c t i o n  sub­

s i d e s  and an a d d i t i o n a l  50 m l. n i t r o b e n z e n e  i s  a d d e d , a few 

m l. a t  a  t im e ,  o v e r  a  p e r i o d  o f  f i f t e e n  m in u te s  a t  su ch  a 

r a t e  a s  t o  m a in t a in  c o n s t a n t  and g e n t l e  r e f l u x i n g  o f  th e  

s o l v e n t .  A f t e r  a l l  t h e  n i t r o b e n z e n e  i s  a d d e d , th e  r e a c t i o n  

f l a s k  w i th  c o n te n t s  i s  p l a c e d  i n  an  o i l  b a t h  and  h e a t e d  f o r  

one and one h a l f  h o u r s  c a u t i o u s l y  a t  f i r s t  and f i n a l l y  th e  

t e m p e r a tu r e  o f  th e  b a th  i s  g r a d u a l ly  r a i s e d  to  1 30 -14 0°  C, 

The r e a c t i o n  m ix tu re  i s  r e f l u x e d ,  a  t o t a l  o f  two h o u r s .

Remove th e  o i l  b a t h  and add 100 m l, w a te r  t o  th e
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r e a c t io n  m ix tu re . C ontinue s t i r r i n g  u n t i l  th e  "brown s o l i d  

mass d i s s o l v e s .  The x y le n e  and u n rea cted  n itr o b e n z e n e  i s  

removed by steam d i s t i l l a t i o n .  Pour th e  r e a c t io n  m ixture  

onto i c e  and w a ter , A zoxybenzene s o l i d i f i e d .  F i l t e r ,  a i r  

d ry , and w eigh . The azoxybenzene i s  pure (M.P, 3 ^ .5  -  

3 5 ,0 °  G, ) ,  and th e  y i e l d  i s  90 -  92 g , (9 3  -  95 p e r ce n t  

th e o r y ) ,
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