
INFORMATION TO USERS

This manuscript has been reproduced from the microfilm master. UMI films 

the text directly from the original or copy submitted. Thus, some thesis and 

dissertation copies are in typewriter face, while others may be from any type of 

computer printer.

The quality of this reproduction is dependent upon the quality of the 

copy submitted. Broken or indistinct print, colored or poor quality illustrations 

and photographs, print bieedihrough, substandard margins, and improper 

alignment can adversely affect reproduction.

In the unlikely event that the author did not send UMI a complete manuscript 

and there are missing pages, these will be noted. Also, if unauthorized 

copyright material had to be removed, a note will indicate the deletion.

Oversize materials (e.g., maps, drawings, charts) are reproduced by 

sectioning the original, beginning at the upper left-hand comer and continuing 

from left to right in equal sections with small overlaps.

ProQuest Information and Learning 
300 North Zeeb Road, Ann Arbor, Ml 48105-1346 USA 

800-521-0600

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



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



UNIVERSITY OF CINCINNATI

H*Y 19 ________ 1 9 __53____

I  hereby recommend that the thesis prepared under my 

supervision by — ro '. ts b h rg

entitled, pkbparat io its , p irqfe'rttr^ j a yd t?tt̂ ac: ̂  tottfi____________

tT> r p Z Z '?  A T r  ,*.T T ? .• T

ESROXYHYDRATSS. A2T> SUF'EROXIpES

^  accepted as f id  fillin g  this p a rt o f the requirements fo r the 
degree o f _  do c to r  q f  p h i lo s o p h y ________________________ _____________ ___

Approved by:

CO   SL -JL—  ------  "S'  g-----e*_

F o im  66S - G .S .  a n d  T .C .— I M - 4-51

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



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



PREPARATIONS, PROPERTIES, AND REACTIONS OF THE ALKALI METAL 

PEROXIDES, PEROXIDE PEROXYHYDRATES, AND SUPEROXIDES

A d i s s e r t a t i o n  su b m itted  t o  th e

G raduate sc h o o l o f  A r ts  and S c ie n c e s  
o f  th e  U n iv e r s i t y  o f  C in c in n a t i

in  p a r t i a l  f u l f i l l m e n t  o f  th e  
req u irem en ts  f o r  th e  d e g r e e  o f

DOCTOR OF PHILOSOPHY

1953

by

F loyd  E. Rom esberg

B .S . The P e n n sy lv a n ia  S t a t e  C o l le g e  19^9  

M .S. B u ck n e ll U n iv e r s i t y  1950

U«@fsi!v cl Cmemtisfj ytsrar?

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



UMI Number: DP16023

INFORMATION TO USERS

The quality of this reproduction is dependent upon the quality of the copy 

submitted. Broken or indistinct print, colored or poor quality illustrations and 

photographs, print bleed-through, substandard margins, and improper 

alignment can adversely affect reproduction.

In the unlikely event that the author did not send a complete manuscript 

and there are missing pages, these will be noted. Also, if unauthorized 

copyright material had to be removed, a note will indicate the deletion.

UMI Microform DP16023 
Copyright2009by ProQuest LLC 

All rights reserved. This microform edition is protected against 
unauthorized copying under Title 17, United States Code.

ProQuest LLC 
789 East Eisenhower Parkway 

P.O. Box 1346 
Ann Arbor, Ml 48106-1346

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



I

N

Vi
K
C\

ACKNOWLEDGEMENTS

Acknowledgem ent i s  due to  th e  Army ordnan ce C orps, 

f o r  th e  fu n d s w hich  made t h i s  i n v e s t i g a t i o n  p o s s i b l e .

The a u th o r  i s  s in c e r e ly  g r a t e f u l  f o r  th e  v a lu a b le  

s u g g e s t io n s ,  c o o p e r a t io n  and c r i t i c i s m  o f f e r e d  by 

D r. G eorge L. Cunningham who i n i t i a t e d  and d ir e c t e d  t h i s  

r e s e a r c h .

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



TABLE OF CONTENTS

Page

I .  I n tr o d u c t io n  . . . . . .  ................................  .   1

A. S ou rces o f  H ydrogen P ero x id e  ........................................  2

B . R eview s o f  M ethods f o r  th e  P r e p a r a t io n  o f  
p e r o x id e s  and S u p e ro x id es  o f  t h e  A lk a l i  and 
A lk a lin e  E arth  M eta ls  .......................................................  2

1 . R e a c tio n  o f  th e  m e ta ls  and m eta l o x id e s
w ith  oxygen  . . . . . . .  ...................................  3

2 . D ir e c t  r e a c t io n  o f  m e ta ls  d i s s o lv e d  in  
l iq u i d  ammonia w ith  oxygen  . . . . . . .  b

3„ R e a c tio n s  u s in g  hydrogen  p e r o x id e  . . . .  M-

h-. R e a c tio n s  u t i l i z i n g  an th rah y& rcq u in on e,
hy& r& zobenzene, and. s i m i la r  compounds . . 8

C. purpose o f  Study ......................................   10

I I .  E x p er im en ta l  ..........................................................................   12

A. Materials  ...........................................   12

B. A pparatus and p r o c e d u r e .......................................................13

C. p r e lim in a r y  Ylork on th e  p r e p a r a t io n  o f
C alcium  p e r o x id e  . ...................................  . . . . . .  28

1 .  R e a c tio n  o f  c a lc iu m  c h lo r id e  w ith  
sodium m e th y la te  in  b e n z e n e  and
m ethanol c o n ta in in g  h y d ra z o b e n z e n e . . . .  29

2 . O x id a tio n  w ith  g a se o u s  oxygen  o f  
h yd razob en zen e  in  th e  p r e se n c e  o f  
I n s o lu b le  c a lc iu m  m e th y la te  in  b en zen e
and methyl alcohol . . . . .  .........  3°

3. Miscellaneous experiments on th e  
preparation cf calcium peroxide . . . . .  33

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



Page

D. M ethods o f  Removing Sodium M e th y la te  from
th e  Reduced s o lu t io n  ............................................................  36

1 .  Anhydrous c a lc iu m  c h lo r id e  m ethod . . . .  36

2 . Water e x t r a c t io n  o f  th e  sodium  m e th y la te
and m eth yl a l c o h o l .................................................   37

3 . P hase s e p a r a t io n  m ethod. R ecovery  o f  
sodium m e th y la te  .......................................................

h . F r a c t io n a t io n  o f  m ethyl a lc o h o l  from  
th e  red u ced  s o lu t io n  c o n t a in in g  to lu e n e  
to  p r e c i p i t a t e  NaOCH^..............................  39

S . p r e p a r a tio n  o f  sodium  p e r o x id e  D ip ero x y h y d ra te  ko

1 . o x id a t io n  o f  h y d ra zo b en zen e  in  b en zen e  
and m eth y l a lc o h o l  in  th e  p r e se n c e  o f

q •vrxr ^ r y  e r .A u n  +  n  « a  ( n  «  n-<* av c i x  j  a n t O U i i  v o  u. o u u a u u  w h j  x a  w c  a v ;

0 °  C. and 2 5 °  C.  ...........................^3

F . Some p r o p e r t ie s  and R e a c t io n s  o f  Sodium  
P e r o x id e  D ip ero x y h y d ra te  ..................................................  by

G. p r e p a r a tio n  o f  p o ta ss iu m  p e r o x id e  
D i p e r o x y h y d r a t e ................................ ..................................... 53

K. p r e p a r a tio n  o f  L ith iu m  p e r o x id e  and L ith iu m
p e r o x id e  Monope 10x y h y d ra te   .......................... 5&

I .  p r e p a r a tio n  o f  Sodium su p e r o x id e  and  
P o ta ssiu m  su p e r o x id e  from  th e  D ip ero x y -  
h y d r a te s  o f  Sodium P er o x id e  and P o ta ssiu m  
p e r o x id e  ...................................  . . . . . .    6l

J .  M ethods o f  A n a ly s is  o f  p e r o x id e  Compounds
a  'v*,/’v A rt ~7 O

CAJ 4 Vi O x  o  • • • • * • • « * • • # • • *  f  C

I I I .  R e s u lt s  and C o n c lu s io n s  . . . .  . . . . . . . . .  77

A. O x id a tio n  o f  H ydrazobenzene in  th e  p r e se n c e  . 
o f  Calcium  M eth y la te  and C alcium  E th y la te  
and th e  R e a c tio n  o f  Hydrogen p e r o x id e  w ith  
th e  A leo h o l& tes  i n  N on-aqueous S o lu t io n s  . . .  77

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



page

B. M ethods o f  Removing Sodium M e th y la te  from
th e  Reduced S o lu t io n   .......................................   . SO

C. P r e p a r a tio n , p r o p e r t ie s ,  and U ses  o f
Sodium p e r o x id e  D ip ero x y h y d ra te   .........................  SS

D. P o ta ssiu m  p e r o x id e  D ip eroxy  h y d r a t e ...........................  99

S„ L ith ium  P e r o x id e  M enoperoxyhydrate and
L ith iu m  p e r o x id e  ..............................  . . . . . . . .  102

F. Form ation  o f  p o ta ss iu m  su p e r o x id e  from
p o ta ss iu m  P er o x id e  D ip e r o x y h y d r a te  . . . . . .  106

G-. F orm ation o f  sodium  su p e r o x id e  from
Sodium p e r o x id e  D ip e r o x y h y d r a te    . I l l

1 .  E f f e c t  o f  u l t r a - v i o l e t  l i g h t  and h e a t  
on th e  c o n v e r s io n  o f  NapQ~*2Hp0p to

CL CL CL _  _
Na02 .......................................     I l l

2 . Removal o f  th e  w ater  form ed w ith  th e
bodium su p e r o x id e  by means o f  vacuum. . . 115

XV. s u m m a r y ................... .......................................................................... ..... \

V. B ib lio g r a p h y    . . . . . . . . .  139

VI. Appendix c  .................................... 1*4-2
A. Sample p r e p a r a t io n  o f  Na202 *2H20 2 » Sodium  

M eth y la te  Removed w ith  C alcium  C h lo r id e . . . . 1*4-2

B. Sample P r e p a r a tio n  o f  Na20 2 *2H202» Sodium  
M eth y la te  Removed by Water E x tr a c t io n  Method . 1*1-3

C. Sample P re p a r a tio n  o f  . . . . . . .  1*4-5

D. Sample p r e p a r a tio n  o f  KC2 from

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



I .  INTRODUCTION

B e fo r e  W orld War I I  sodium  p e r o x id e  and barium  p e r o x id e  

were th e  o n ly  p e r o x id e s  o f  th e  a l k a l i  and a l k a l i n e  e a r th  

m e ta ls  t o  have e x t e n s iv e  u s e s .  S in c e  th e  war p o ta s s iu m  su p e r -  

o x ld e  (KOg) h a s  foun d  u s e  a s  a  so u r c e  o f  oxygen  In  b r e a th in g  

a p p a r a tu s  f o r  f i r e  f i g h t i n g  and r e s c u e  work aboard  sh ip  ( 3 ^ ) .

The Germans a t ta c h e d  e x tr a o r d in a r y  Im portance to  con cen ­

t r a t e d  h yd rogen  p e r o x id e  a s  a war tim e  c h e m ic a l f o r  r o c k e t s ,  

subm arine e n g in e s ,  to r p e d o e s , and s t a r t i n g  a u x i l i a r i e s  f o r  

a ir p la n e s  (2 5 » ^ 0 ) . Sodium p e r o x id e  o r  h yd rogen  p e r o x id e ,  

made f a i n t l y  a lk a l in e  w ith  ammonia, I s  u s e d  a s  a  b le a c h in g  

a g e n t  f o r  d e l i c a t e  f i b e r s  su ch  a s  s i l k  and wool w here th e  u s e  

o f  s t r o n g e r  b le a c h in g  a g e n ts  r e s u l t s  in  d e t e r io r a t io n  o f  th e  

f i b e r s  ( 2 9 ) .  P er o x id e  b le a c h in g ,  h o w ev er , I s  n o t  done on a  

l a r g e  s c a l e  b e c a u se  o f  th e  r e l a t i v e l y  h ig h  c o s t  o f  th e  

p e r o x id e s  com pared to  c h lo r in e .

More r e c e n t ly  em p hasis h a s  b een  p la c e d  on th e  u s e  o f  th e  

a l k a l i  m eta l and a lk a l in e  e a r th  m eta l s u p e r o x id e s  f o r  r o c k e t  

f u e l s  and t r a c e r  b u l l e t s .

In  o r d e r  t o  u n d ersta n d  more c l e a r l y  th e  n e c e s s i t y  f o r  

more eco n o m ic a l m ethods f o r  th e  p r e p a r a t io n  o f  t h e  a l k a l i  and  

a l k a l i n e  e a r th  m eta l p e r o x id e s  and s u p e r o x id e s  a s  w e l l  a s  

h yd rogen  p e r o x id e  i t  i s  n e c e s s a r y  t o  c o n s id e r  some o f  th e  

p r o p e r t i e s  and th e  m ethods a v a i la b le  f o r  th e  p r e p a r a t io n  o f  

t h e s e  com pounds.
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A. S o u rc e s  o f  H ydrogen P e r o x id e ,

The la r g e  s c a l e  p r o d u c t io n  o f  h yd rogen  p e r o x id e  i s  

d ep en d en t upon e i t h e r  th e  a c t io n  o f  a c id s  on m eta l p e r o x id e s  

o r  th e  h y d r o ly s i s  o f  p e r s u l f a t e s .  The form er m ethod, w h ich  

i s  b a s e d  upon th e  fo r m a tio n  o f  barium  p e r o x id e  by th e  r e a c t io n  

o f  barium  o x id e  w ith  a tm o sp h e r ic  oxygen  and i t s  tr e a tm e n t  

w ith  s u l f u r i c  a c id ,  i s  l a r g e ly  su p e r se d e d  by  th e  l a t t e r  ( 2 6 ) .  

The l a t t e r  m ethod i s  b a se d  on th e  e l e c t r o l y s i s  o f  ammonium 

s u l f a t e  to  ammonium p e r s u l f a t e  in  r a t h e r  c o m p lic a te d  e l e c t r o ­

l y t i c  c e l l s  r e q u ir in g  p la tin u m  and s t a i n l e s s  s t e e l  ( l , H o ) .

The ammonium p e r s u l f a t e  i s  c o n v e r te d  t o  p o ta ss iu m  p e r s u l f a t e  

w hich  i s  s e p a r a te d  from  th e  e l e c t r o l y t e  and h y d r o ly z e d  w ith  

steam  t o  p rod u ce  ~$Q% t o  35^ hydrogen  p e r o x id e . D u ring  th e  

war th e  Germans d e v e lo p e d  s p e c i a l  l a r g e - s c a l e  vacuum app ara­

t u s  t o  c o n c e n tr a te  th e  hyd rogen  p e r o x id e  made i n  t h i s  fa s h io n  

to  t o  ( 1 , 2 5 ) .

I t  i s  q u i t e  c l e a r  th a t  h yd rogen  p e r o x id e  p rod u ced  by th e  

above m ethods w ould  b e  q u it e  c o s t l y .  The f i r s t  m ethod con ­

sumes c o s t l y  barium  o x id e  w hich must b e  c o n v e r te d  t o  p e r o x id e  

w h ile  th e  seco n d  m ethod r e q u ir e s  th e  u s e  o f  c o s t l y  and com­

p le x  a p p a ra tu s  a s  w e l l  a s  c o n s id e r a b le  am ounts o f  e l e c t r i c i t y .

B . R eview  o f  M ethods f o r  th e  p r e p a r a t io n  o f  P e r o x id e s  and  

S u p e r o x id e s  o f  th e  a l k a l i  and A lk a l in e  E arth  M e ta ls .

I t  sh o u ld  b e  k e p t "In mind th a t  t h e  m ethods u s e d  f o r  th e s e
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p r e p a r a t io n s  r e q u ir e  th e  u s e  o f  th e  pure m e ta ls  (BaO^ i s  an 

e x c e p t io n )  o r  hyd rogen  p e r o x id e ,

1 ,  R ea p tio n  o f  th e  m e ta ls  and m eta l o x id e s  w ith  o x y g e n .

I t  i s  w e l l  known t h a t  th e  a l k a l i  m e ta ls  y i e l d  on co m b u stio n  

m a in ly  L i20 , Na202 , X02 , Kb02 , and Cs02 . The a l k a l i n e  e a r th  

m e ta ls  g iv e  CaO, SrO, and Ba02 ( 2 7 ) .  With s tr o n t iu m  some 

p e r o x id e  r e s u l t s ,  b u t  th e  y i e l d  i s  lo w  even  when t h e  p r e s s u r e  

was in c r e a s e d  a s  h ig h  9S a tm osp h eres a t  4 0 0 °  C. ( 1 1 , l 6 ) .

Barium  p e r o x id e  i s  made c o m m e rc ia lly  by th e  s im p le  p ro ­

ce d u r e  o f  p a s s in g  a i r  o v e r  barium  o x id e  a t  e le v a t e d  tem p era­

tu r e  (3*0 « Sodium p e r o x id e  i s  a l s o  made by t h i s  method,, 

h o w ev er , th e  s t a r t i n g  m a te r ia l  i s  m e t a l l i c  sodium  and a g a in  

r a th e r  h ig h  tem p er a tu r es  a r e  r e q u ir e d  (21,23,2*f-,*K )), S in c e  

th e  o x id a t io n  i s  g e n e r a l ly  c a r r ie d  o u t  in  ir o n  r o ta r y  fu r n a c e s  

th e  p r o d u ct i s  co n ta m in a ted  w ith  ir o n  s a l t s  and i s  o f  ab ou t a  

35% p u r i t y .  A h ig h e r  q u a l i t y  p ro d u ct can  b e  o b ta in e d  by  

c a r r y in g  o u t th e  o x id a t io n  in  n ic k e l  fu r n a c e s  ( 2 1 ) .

P o ta ss iu m  p e r o x id e  i s  n o t made c o n v e n ie n t ly  by o x id a t io n  

o f  th e  m eta l w ith  oxygen  o r  a i r  b e c a u se  i t  i s  e a s i l y  c o n v e r te d  

t o  th e  su p e r o x id e  in  th e  p r e se n c e  o f  e x c e s s  oxygen  ( 1 5 , 2*^). 

T h is  m ethod, t h e r e f o r e ,  s e r v e s  f o r  th e  p r e p a r a t io n  o f  p o t a s ­

sium  s u p e r o x id e .

A lth o u g h  sodium  p e r o x id e  i s  q u i t e  s t a b le  t o  e x c e s s  

o x y g e n , i t  may b e  c o n v e r te d  t o  v e r y  p u re sodium  su p e r o x id e  by 

tr e a tm e n t  w ith  e x c e s s  oxygen  a t  h ig h  tem p era tu re  and p r e s s u r e .
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Y ie ld s  a s  h ig h  a s  92$  h ave  b een  o b ta in e d  ( 1 9 ) .

A m ix tu re  o f  sodium  p e r o x id e  and p o ta ss iu m  su p e r o x id e  

can  b e  made by th e  v a p o r -p h a se  o x id a t io n  o f  th e  m e t a l l i c  

p ro d u ct o f  th e  h ig h  tem p era tu re  r e a c t io n  b e tw een  m e t a l l i c  

sodium  and p o ta ss iu m  c h lo r id e  ( 1 7 ) .

2 . D ir e c t  r e a c t io n  o f  m e ta ls  d i s s o l v e d  in  l i q u i d  ammonia 

w ith  o x y g e n . -  C o n tr o lle d  o x id a t io n  o f  p o ta ss iu m  m eta l d i s ­

s o lv e d  in  l i q u i d  ammonia may b e  made t o  y i e l d  s u c c e s s iv e ly  

th e  compounds K20 2 , K20-^, and K02 ( 2 0 , 2 7 ) .  A compound c o r r e ­

sp o n d in g  t o  th e  form u la  can a l s o  b e  p rep a red  by th e

th erm al d e c o m p o s it io n  o f  K02 ( 5 , 2 0 ) .  A c tu a l ly  i t  was shown 

t h a t  KgO-, d o e s  n o t e x i s t  b u t may b e  r e g a r d e d  a s  2K0 2 »K202 

(1*0 .
When sodium  i s  o x id iz e d  in  l i q u i d  ammonia th e r e  i s  a

ten d en cy  f o r  sodium  am ide and n i t r i t e  to  form  e s p e c i a l l y  on

prolonged oxidation ( 3 5 , 3 6 ) .  Rapid oxidation produced a

m ix tu re  o f  p e r o x id e  and su p e r o x id e  in  su ch  a  r a t i o  to  c o r r e -
\

spond to  th e  h y p o t h e t ic a l  compound NaO-̂  g j .

R e a c t io n  o f  th e  a l k a l i n e  e a r th  m e ta ls  w ith  oxygen  in  

l i q u i d  ammonia ap p ears to  b e  f a i r l y  e a s y  ( 2 7 ) .  S tron tiu m  

p e r o x id e  h a s  b een  p rep a red  in  t h i s  way b u t th e  y i e l d  f o r  

c a lc iu m  was lo w .

3* R e a c t io n s  u s in g  h yd rogen  p e r o x id e . -  H ydrogen p ero x ­

id e  may i n t e r a c t  in  two w ays. W ith b a s e s  h y d r a te d  p e r o x id e s  

may form  w h ile  w ith  many s a l t s  i t  may e n t e r  t h e  c r y s t a l
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l a t t i c e  a s  h yd rogen  p e r o x id e  o f  c r y s t a l l i s a t i o n .  The l a t t e r  

form s m ost e a s i l y  a t  h ig h e r  c o n c e n tr a t io n  o f  h yd rogen  p e r o x ­

id e  and lo w e r  w a ter  c o n c e n tr a t io n .  T h ese  compounds a re  

d e s ig n a te d  p e r o x y h y d r a te s . Some w e l l  known p e r o x y h y d r a te s  

a r e  (HHh^SOh'-HgOg, K2 < X y2E 20 2 , and N a ^ P O ^ 'H ^  .  The 

c r y s t a l l i n e  compound w ith  u r e a  COrigHq.'^ 2 ^ 2  hy a

t r a c e  o f  c i t r i c  a c id  h a s  b een  s o ld  c o m m e r c ia lly . The c r y s ­

t a l l i n e  compound (NHiJgSOii/HoOp, o b ta in e d  from  30#  h yd rogen  

p e r o x id e  and ammonium s u l f a t e ,  g i v e s  c o n c e n tr a te d  h yd rogen  

p e r o x id e  when d i s t i l l e d  in  vacuum ( 2 9 )*

L ith iu m  p e r o x id e  i s  b e s t  p rep a red  by d r y in g  In  a  vacuum  

d e s i c c a t o r  p r e c i p i t a t e  LigOg ‘HgOg * 3HgO form ed

by th e  r e a c t io n  o f  hyd rogen  p e r o x id e  on l i t h iu m  h y d r o x id e  

In  w a ter  and e th y l  a lc o h o l  ( 7 , 2>).

A c r y s t a l l i n e  p r e c i p i t a t e  o f  NagOg^HgO may b e  made from  

a  s o lu t io n  o f  sodium  h y d r o x id e , h yd rogen  p e r o x id e , and e t h y l  

a lc o h o l  ( 1 0 ) .

The m ost c o n v e n ie n t  m ethod f o r  p r e p a r in g  c a lc iu m  p e r o x ­

id e  i s  by th e  a c t io n  o f  h yd rogen  p e r o x id e  on a  c a lc iu m  

h y d r o x id e  s lu r r y .  Calcium  p e r o x id e  c r y s t a l l i z e s  w ith  two o r  

e ig n t  m o le c u le s  o f  w a ter  and s a y  b e  d r ie d  u n d er  vacuum to  

g iv e  a  c a lc iu m  p e r o x id e  p ro d u ct o f  a b ou t Go% p u r i t y  ( 2 1 , 1 2 , .  

3 2 ) .  S tro n tiu m  p e r o x id e  may b e  p r e c i p i t a t e d  in  an a n a lo g o u s  

manner w ith  e i g h t ,  t e n ,  o r  tw e lv e  m o le c u le s  o f  w a te r  (7  

2 9 ) .  S tro n tiu m  p e r o x id e  o f  h ig h  p u r i t y  may b e  made from
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d e h y d r a tlo n  o f  S ro2 *6H20 under vacuum a t  0 °  to  5 °  C. ( 1 6 , 3 2 ) .

'tfhen a barium  h y d ro x id e  s o lu t io n  I s  t r e a t e d  w ith  h yd ro ­

gen p e r o x id e  Ba02 *6H20 may form  ( 3 2 ) .  On th e  o t h e r  hand  

Ba0 2 *H20 D i s  p rep a red  In  a s i m i la r  manner u s in g  more co n cen ­

t r a t e d  h yd rogen  p e r o x id e  ( 5 * 3 9 ) .  In  th e  l a t t e r  e a s e  barium  

p e r o x id e  d ip e r o x y h y d r a te  (BaOo“2KdGo) may a l s o  form  ( 2 6 ) .
“  '  * e -  iw '

I t  i s  b e s t  p rep a red , h ow ever, by th e  r e a c t io n  o f  a  s o lu b le  

barium  s a l t  w ith  J>0% h yd rogen  p e r o x id e  and ammonia ( 3 2 ) .

The d ip e r o x y h y d r a te s  o f  c a lc iu m  and s tr o n tiu m  p e r o x id e  

h ave  b een  p rep a red  by tr e a tm e n t o f  th e  m eta l p e r o x id e  o c t a -  

h y d r a te  w ith  J>0% hydrogen  p e r o x id e  in  th e  c o ld  ( 3 2 , 3 9 ) .  ■

O ther p e r o x y h y d r a te s  th a t  h ave b e e n  r e p o r te d  a r e  

Na00H*0o5H20 2 , £ 2C2 *2H20 2 and K20 2 *^H20 2

( h 43S ) a> The d ip e r o x y h y d r a te  o f  sodium  p e r o x id e  was p rep a red  

on m ix in g  hyd rogen  p e r o x id e  w ith  NaOSt and a b s o lu t e  a l c o ­

h o l ,  by th e  a c t io n  o f  an e th e r  s o l u t i o n  o f  h yd rogen  p e r o x id e  

w ith  sodium , by th e  r e a c t io n  o f  h yd rogen  p e r o x id e  and sodium  

p e r o x id e  In  e th e r  s o l u t i o n ,  and by  t r e a t i n g  sodium  h yd ro­

p e r o x id e  (NaOOH) w ith  c o ld  e th y l  a lc o h o l  (*}•).

The o n ly  in fo r m a tio n  a v a i la b le  w ith  reg a rd  to  th e  s t a b i l ­

i t y  and p r o p e r t i e s  o f  th e  p e r o x y h y d r a te s  o f  th e  p e r o x id e s  i s  

th a t  g iv e n  by fr a u b e  and S c h u lz e  (39 )  on fo r m a tio n  o f  th e  

su p e r o x id e s  CaOl ( 6 C7^ in  Cao2 ) and BaOlj. (&%) from  Ca02 °2H20 2 

and B ao2 *H20 2 form ed by th e  a c t io n  o f  30^ h yd rogen  p e r o x id e  

on th e  c o r r e sp o n d in g  h y d r o x id e s . I t  was r e p o r te d  th a t  th e
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su p e r o x id e  fo r m a tio n  was c a ta ly z e d  by u l t r a - v i o l e t  l i g h t .  ' 

However, a f t e r  th e  c o m p le t io n  o f  t h i s  work a  p a p er  was 

p u b lis h e d  on th e  m echanism  o f  th e  d e c o m p o s it io n  o f  hyd rogen  

p e r o x id e  in  p o ta ss iu m  p e r o x id e  d ip e r o x y h y d r a te  ( I S ) .  The 

K20 2 *2H2 02 was Pr s Pare<3- ky room -tem p eratu re  e v a p o r a t io n  o v er  

c o n c e n tr a te d  s u l f u r i c  a c id  o f  s o lu t io n s  c o n t a in in g  two m oles  

o f  hyd rogen  p e r o x id e  and one m ole o f  p o ta s s iu m  h y d r o x id e .

The material could be kept without undue decomposition at 
the temperature of solid oarbon dioxide.

The above a u th o r s  made a stu d y  o f  th e  sp o n ta n eo u s  decom­

p o s i t i o n  o f  th e  &202 “2K20 2 a t  0 °  C. and r e p o r te d  t h a t  th e  

m olar r a t i o  o f  oxygen  e v o lv e d  to  su p e r o x id e  form ed rem ained  

a p p r o x im a te ly  c o n s ta n t  and eq u a l to  one up to  a b o u t $0% con­

v e r s io n .  Beyond th a t  p o in t  th e  amount o f  K02  t h a t  form ed  

f e l l  o f f  r a p id ly ,  when th e  w a te r  t h a t  form ed was rem oved by  

e v a c u a t io n  th e  c o n v e r s io n  was r a i s e d  t o  Sl.%, They showed  

t h a t  th e  main r e a c t io n  was:

K20 2 *2H20 2 —*» 2K02 + H2 0 

and th e  seco n d a ry  r e a c t io n  was th e  d e c o m p o s it io n  o f  th e  

su p e r o x id e  by  th e  w a ter  a c c o r d in g  to :

2K02 + '3H20 —► BUOH'HgO) + 3 /2 0 2 *

The main r e a c t io n  was ta k e n  to  o c cu r  th ro u g h  th e  p a s sa g e  o f  

an e le c t r o n  from  th e  p e r o x id e  io n  to  t h e  H20 2 w ith  r u p tu re  

t o  t h e  0 - 0  bond w ith  th e  fo r m a tio n  o f  t h e  OH r a d i c a l  a c co r d ­

in g  t o :
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The OH r a d ic a l  th en  r e a c te d  w ith  th e  H20 2 HOr,.

G rea ter  th an  $0% c o n y e r sIo n  was p o s t u la t e d  to  o ccu r  by th e  

r e a c t io n  o f  th e  H02 w ith  EQH:

SOH +■ H02 ^±r S 02 4* HgO

Removal o f  w a ter  under lo w  vacuum was p o s t u la t e d  to  s h i f t  

th e  l a t t e r  r e a c t io n  to  th e  r ig h t  and, t h e r e f o r e ,  in c r e a s e  

th e  amount o f  KQ2 form ed ,

k .  R e a c t io n s  u t i l i z i n g  a n th ra h y d r o q u in o n e , h y d ra zo b en -  

zen e and s im i la r  compounds. -  D uring t h e  war t h e  Germans 

o p e r a te d  a  sm a ll p la n t  to  p r e p a r e  h yd rogen  p e r o x id e  by th e  

o x id a t io n  w ith  a i r  or  g a se o u s  oxygen  o f  an th rah yd roq u in on e  

o r  i t s  d e r iv a t iv e s  in  b e n z e n e  m ixed w ith  w a te r . The p r o d u c ts  

form ed were an th raq u ln on e and h yd rogen  p e r o x id e  w hich  was 

rem oved in  th e  w ater  l a y e r  ( l ) .  The p r o c e s s  was made c y c l i c  

by c a t a l y t i c  r e d u c t io n  o f  th e  a n th ra q u ln o n e  to  a n th ra h y d ro ­

q u in on e w ith  hydrogen g a s .

By a somewhat s im i la r  r e a c t io n  M anchot and H ersog  (22 )  

d e s c r ib e d  th e  p r e p a r a tio n  o f  sodium  h y d r o p e r o x id e  (NaOOH) by 

th e  r e a c t io n  b etw een  oxygen  and a  m eth y l a lc o h o l  s o lu t io n  o f  

h yd razob en zen e  and sodium  m e th y la te ,

P f l e id e r e r  ( 3 0 ) r e a c te d  g a se o u s  oxygen  w ith  h yd razob en ­

zen e  o r  s im i la r  s o - c a l l e d  leu co -co m p o u n d s in  th e  p r e se n c e  o f  

sodium  a lc o h o la t e  in  a lc o h o l- w a t e r  s o l u t i o n s  t o  g iv e  p r e c i p i ­

t a t e s  o f  Na20 2 °8H4D or  NaOOH d ep en d in g  on th e  amount o f  w a te r

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



- 9 -

p r e s e n t .

P f l e ld e r e r  ( 3 1 ) a l s o  d e s c r ib e d  a p r o c e s s  f o r  th e  p rep a ra ­

t i o n  o f  NaOOH by th e  r e a c t io n  o f  oxygen  w ith  h y d ra so b en zen e  In  

a  s o l u t i o n  o f  e t h y l  a lc o h o l  and b en zen e  c o n t a in in g  NaOEt.

T h is  p r o c e s s  was made c y c l i c  b y  c a r r y in g  o u t th e  r e d u c t io n  o f  

th e  a z o b e n se n e  w ith  sodium  amalgam and a l c o h o l .

In  th e  above p r o c e s s e s  sodium  p e r o x id e  i s  n o t  r e c o v e r e d  

a s  su ch  b u t a s  th e  sodium  h y d r o p e r o x id e  o r  a s  th e  sodium  

h y d r o p e r o x id e  m onohydrate (NaOOH°H2 0 ) . T h is  I s  d u e , no d ou b t, 

t o  th e  f a c t  t h a t  sodium  p e r o x id e  r e a c t s  w ith  a lc o h o l  to  g iv e  

sodium  a lc o h o la t e  and th e  h y d r o p e r o x id e  ( 3 ) .

T h is  d i f f i c u l t y  was overcom e by Cunningham ( 3 ) b y  a f f e c t ­

in g  th e  o x id a t io n  o f  h y d ra zo b en zen e  w ith  oxygen  o r  oxygen  con­

t a i n i n g  g a s e s  su ch  a s  a i r  in  th e  p r e s e n c e  o f  sodium  m e th y la te  

in  b en zen e  and m eth y l a lc o h o l  w ith  th e  c o n c e n tr a t io n  o f  th e  

a lc o h o l  red u ced  to  su ch  an e x t e n t  a s  to  d e p r e s s  th e  fo rm a tio n  

o f  th e  h y d r o p e r o x id e .

The p r e p a r a t io n  o f  NaOOH a l s o  was d e s c r ib e d  in  t h i s  work 

and th e  p r o c e s s  was made c y c l i c  by r e d u c t io n  o f  t h e  a zo b en -  

zen e w ith  sodium  amalgam and m eth y l a l c o h o l .  The d isa d v a n ­

ta g e  o f  p ro d u c in g  sodium  p e r o x id e  by t h i s  m ethod was th a t  th e  

r e d u c t io n  s t e p  was s lo w  when th e  a lc o h o l  c o n c e n tr a t io n  was 

red u ced  and th e  sodium  p e r o x id e  p r o d u ct was n o t  s u f f i c i e n t l y  

s t a b l e .

O ther I n te r m e d ia te s  t h a t  a r e  known t o  r e a c t  w ith  oxygen
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to  p rod u ce  p e r o x id e s  in  th e  ab ove m anner in  a d d i t io n  to  

h yd ra zo b en zen e  and a n th rah yd roq u in on e  In c lu d e  th e  h y d r a so -  

t o lu e n e s ,  p a r t i c u la r ly  p -h y d r a z o to lu e n e , p-am ino h yd razob en ­

z e n e , p - e t h y l  h y d r a z o to lu e n e , p - e t h y l  h y d ra zo b en zen e , th e  

h y d r a z o t r ia z o le s ,  p h en y lh y d ra zo n e , d i-h y d r o p h e n a n th r e n e -  

c h ln o n e , and th e  amino s u b s t i t u t e d  a r o m a tic  hyd razo  com­

pounds su ch  a s  th e  amino s u b s t i t u t e d  h y d ra z o b e n z e n e s , 

t o lu e n e s ,  x y le n e s  and n a p h th a le n e s , and th e  c o r r e sp o n d in g  

a zo  compounds ( 3 ) .

C. P u rp ose  o f  S tu d y .

The p u rp o se  o f  t h i s  i n v e s t i g a t i o n  was to  s tu d y  th e  

c y c l i c  p r o c e s s  in v o lv in g :  (1 )  The r e d u c t io n  w ith  a l k a l i  and  

a l k a l i n e  e a r th  m eta l amalgams and a l c o h o l s  c o n ta in in g  l e s s  

th a n  f i v e  carb on  atom s p er  m o le c u le  o f  a u t o - o x id iz a b le  com­

pounds su ch  a s  a zo b en zen e  in  b e n z e n e  o r  s im i la r  s o lv e n t s  and  

th e  a lc o h o l  to  form  th e  le u e o  compound su ch  a s  h yd razob en zen e  

and th e  m eta l a l c o h o la t e  in  p a r t i c u la r  sodium  m e th y la te .

<2 ) O x id a tio n  o f  th e  le u c o  compound w ith  g a se o u s  oxygen  o r  

p u r i f i e d  a i r  in  th e  p r e se n c e  o f  th e  a l c o h o la t e s  in c lu d in g  

th e  a l c o h o la t e s  o f  c a lc iu m , l i t h iu m , sod ium , and p o ta s s iu m .

In  p a r t i c u la r  to  ca rr y  o u t  th e  o x id a t io n  w ith  th e  a l c o h o la t e s  

p r e s e n t  in  red u ced  am ounts w ith  r e s p e c t  t o  th e  le u c o  compound.

The seco n d  o b j e c t iv e  o f  t h i s  work was to  s tu d y  th e  

s t a b i l i t y ,  p r o p e r t ie s  and r e a c t io n s  o f  th e  v a r io u s  m eta l  

p e r o x id e  compounds produ ced  in  th e  o x id a t io n  p r o c e d u r e .
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The t h ir d  o b j e c t iv e  o f  t h i s  work was t o  d e ter m in e  i f  

su p e r o x id e s  o f  th e  a l k a l i  and a l k a l in e  e a r th  m e ta le  c o u ld  

b e  p rep a red  by some m o d if ic a t io n  o f  th e  ab ove p r o c e s s .

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



—12 —

I I .  EXPERIMENTAL

A, M a te r ia ls .

The m a te r ia ls  c h o se n  t o  c a r r y  o u t  t h i s  work c o n s i s t e d  

m ain ly  o f  b e n z e n e , m eth y l a lc o h o l ,  a b s o lu t e  e t h y l  a l c o h o l ,  

a z o b e n z en e , anhydrous c a lc iu m  c h lo r id e ,  sodium  h y d r o x id e ,  

and m ercury.

A com m ercia l g rad e  o f  th io p h e n e - f r e e  b e n z e n e  and sy n ­

t h e t i c  m eth y l a lc o h o l  was u s e d  in  a l l  c a s e s .  T h is  means 

th a t  any p r o c e s s  d e v e lo p e d  would n o t r e l y  on s p e c i a l l y  

p u r i f i e d  s o l v e n t s .

The a zo b en zen e  (Eastm an Kodak) u s e d  was a  p r a c t i c a l -  

grad e  p r o d u ct o f  95^ p u r i t y  and was a v a i la b l e  a t  a much 

lo w e r  c o s t  than  tn e  p u r i f i e d  m a t e r ia l .  A f te r  p a s s in g  th e  

a zo b en zen e  th rou gh  th e  c y c l i c  p r o c e s s  one tim e I t  becam e  

v e r y  p u re .

The m ercury u se d  was washed s e v e r a l  t im e s  th rou gh  

d i l u t e  n i t r i c  a c id  and th e n  d i s t i l l e d  un d er vacuum i n  a con­

v e n t io n a l  m anner. F or e x p e r im e n ta l p u rp o se s  a r e a g e n t  grad e  

o f  sodium  h y d ro x id e  was u s e d .

The m a t e r ia ls  n e c e s s a r y  f o r  a n a l y s i s  o f  p e r o x id e s  and 

s u p e r o x id e s  c o n s i s t e d  p r im a r ily  o f  g l a c i a l  a c e t i c  a c id ,  

d ie t h y lp h t h a la t e  (Eastm an K odak), p o ta ss iu m  I o d id e ,  s ta r c h  

and p h e n o lp h th a le in  I n d ic a t o r s ,  ammonium m o ly b d a te , and  

sta n d a r d  s o l u t i o n s  o f  h y d r o c h lo r ic  a c id ,  sodium  h y d r o x id e ,  

and sodium  t h l o s u l f a t e .
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B. A pparatus and P ro ced u re .

The a p p a ra tu s  n e c e s s a r y  to  ca rry  o u t th e  f i r s t  p h ase  o f  

t h i s  i n v e s t i g a t io n  c o n s i s t e d  m a in ly  o f  an e l e c t r o l y t i c  c e l l ,  

a  r e d u c t io n  v e s s e l ,  and an o x id a t io n  v e s s e l .

The e l e c t r o l y t i c  c e l l  was c o n s t r u c te d  su ch  t h a t  i t  i s  

v e r y  s im i la r  to  one ty p e  o f  I n d u s t r ia l  m ercury c a th o d e  c e l l  

in  t h a t  i t  r e p r e s e n t s  a  s e c t i o n  o f  a  com m ercia l c e l l  o p e r a t ­

in g  on sodium  c h lo r id e  b r in e .  The c e l l ,  c o n s tr u c te d  in  t h i s  

way, produ ced  sodium  amalgam c o n t in u o u s ly  and o f  u n ifo rm  

s t r e n g th  by th e  e l e c t r o l y s i s  o f  a sodium  h y d ro x id e  s o lu t io n  

b etw een  a m ercury ca th o d e  and a  n i c k e l  a n o d e.

A diagram  o f  th e  c e l l  and t h e  r e d u c t io n  a ssem b ly  i s  

shown i n  F ig u re  1 .  A v ie w  o f  th e  same i s  shown in  F ig u r e  2 . 

The c e l l  was c o n s tr u c te d  a s  f o l lo w s :  F iv e  p ie c e s  o f  m ild

s t e e l  w ere screvred to g e t h e r  to  make a  r e c ta n g u la r  b o x . Two 

t h in  s h e e t s  o f  p o ly s ty r e n e ,  su p p o rted  by th e  two s t e e l  s i d e s ,  

se r v e d  to  e l e c t r i c a l l y  I n s u la t e  th e  s t e e l  s id e s  from  th e  

anode and c a u s t i c  s o l u t i o n ,  and se r v e d  to  p r e v en t undue  

c o r r o s io n  o f  th e  s t e e l  by th e  a l k a l i n e  s o l u t i o n .  Two hard  

ru b b er (E b o n ite )  s h e e t s  w ere f i t t e d  i n t o  g r o o v e s  on th e  

m e ta l b o ttom  in  su ch  a manner to  a l lo w  m ercury to  f lo w  o v e r  

th e  s t e e l  b o ttom  w h ile  th e  c a u s t i c  s o l u t i o n  was r e t a in e d  in  

th e  c e n t r a l  com partm ent p e r f e c t l y  I n s u la t e d  from  th e  s t e e l .  

M ercury e n te r e d  th e  c e l l  a t  one end , p a s s e d  under th e  f i r s t  

ru b b er p a r t i t i o n ,  o v er  th e  e e l l  b o ttom  and o u t th e  o th e r  end  

o f  th e  c e l l  d u r in g  w hich  t im e  i t  s e r v e d  a s  th e  c a th o d e .
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N eoprene g a s k e t s  were u se d  to  s e a l  th e  ru b b er p a r t i t i o n s  and 

th e  s t e e l  b o ttom  and ends w ith  th e  s t y r e n e  s h e e t s  o v e r  w hich  

th e  s t e e l  s id e s  w ere screw ed .

Two n ic k e l  r o d s , su p p o rted  on a p l a s t i c  l i d ,  w ere screw ed  

in t o  a  s h e e t  o f  n ic k e l  w h ich  d ip p ed  i n t o  th e  c a u s t i c  s o lu t io n  

and se r v e d  a s  th e  an od e. The rod s w ere th r e a d e d  t o  a l lo w  

a d ju stm en t o f  th e  d is t a n c e  b etw een  th e  anode and m ercury  

c a th o d e . The n ic k e l  s h e e t  was about o n e -q u a r te r  in c h  th ic k  

and was ab ou t kh sq u are  in c h e s  in  a r e a .  H o le s  were d r i l l e d  

in  th e  s h e e t  to  a l lo w  th e  oxygen  t o  e s c a p e .  The p l a s t i c  l i d  

c o n s i s t e d  o f  two s h e e t s  o f  p o ly s ty r e n e  b o l t e d  o v e r  a  sh e e t  

o f  n eo p ren e  to  make a  t i g h t  s e a l  to  p r e v e n t  th e  e n tr a n c e  o f  

a i r  w h ich  in  c o n ta c t  w ith  th e  c a u s t i c  s o l u t i o n  w ould c a u se  

c a r b o n a te  fo r m a tio n . Two sm a ll c o v e r s  w ere made in  a  

s i m i la r  fa s h io n  to  c o v e r  th e  end com p artm en ts.

The m ercury l e v e l  i n s id e  th e  c e l l  and th e  m ercury f lo w  

we is  r e g u la te d  by a l e v e l i n g  d e v ic e  shown in  F ig u r e  3 . 0n 

th e  b ack  o f  a  knob m ounted on a  s t a t io n a r y  su p p o r t , th e r e  

was lo c a t e d  a worm g e a r  w hich when tu r n e d  r o ta t e d  a w heel 

to  w h ich  was a t ta c h e d  a P yrex  g l a s s  tu b in g  b e n t  a t  a  r ig h t  

a n g le  and in s e r t e d  in  a ru b b er s to p p e r  p la c e d  in  th e  e x i t  

l i n e .  In  t h i s  manner th e  tu b in g  c o u ld  b e  r o ta t e d  a c c u r a te ly  

to  s t a r t  and s to p  th e  f lo w  o f  m ercury and to  r e g u la t e  th e  

r a t e  o f  m ercury f lo w . The tu b in g  had an a i r  v e n t  a t  I t s  

h ig h e s t  p o in t  to  p r e v e n t s ip h o n in g  a c t i o n .  T h is  a l lo w e d  th e  

m ercury l e v e l  in s id e  th e  c e l l  to  b e  m a in ta in e d .
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The m ercury was a llo w e d  to  f lo w  o u t o f  th e  c e l l  by- 

means o f  th e  l e v e l i n g  d e v ic e  and th ro u g h  a  sm a ll tr a p  con ­

t a in in g  m eth y l a lc o h o l  t o  rem ove t r a c e s  o f  w ater  and d ir t *  

From t h i s  tr a p  t h e  m ercury p a s s e d  th ro u g h  th e  r e d u c t io n  

v e s s e l .  See F ig u r e  ^ and F ig u r e  5 . T h is  v e s s e l  c o n s i s t e d  

o f  a 500 c e .  o r  a o n e - l i t e r  S r len m ey e r  f l a s k  w ith  g l a s s  

tu b in g  s e a le d  a t  two ed g es  o f  th e  b o tto m  to  form  an i n l e t  

and e x i t  f o r  th e  m ercury. B oth  p ie c e s  o f  tu b in g  w ere b e n t  

in  th e  form  o f  a U to  a l lo w  th e  m ercury t o  su p p o rt th e  s o lu ­

t io n  i n s id e  and a t  th e  same tim e t o  a l lo w  a t h i n  l a y e r  o f  

m ercury to  p a s s  o v e r  th e  bottom  o f  th e  f l a s k .  The o u t l e t  

tu b e  had an a i r  v e n t  a t  th e  h ig h e s t  p o in t  to  p r e v e n t  

s ip h o n in g  a c t i o n .  The m ercury p a s se d  from  t h i s  o u t l e t  

tu b e  th rou gh  a  seco n d  m eth y l a lc o h o l  tr a p  and in t o  a mercury- 

w e ll  l e a d in g  to  a pump. A s p e c i a l  m ercury pump was b u i l t  to  

l i f t  th e  m ercury back  in t o  th e  c e l l .

The m ercury pump o p e r a te d  in  th e  fo l lo w in g  manner; A

s e r i e s  o f  ca m -op era ted  " fin gers'*  p r e s s e d  in  seq u en ce  a g a in s t  

a f l e x i b l e  tu b in g  and im p arted  p o s i t i v e  u n i d i r e c t i o n a l  move­

ment t o  th e  m ercury. The c y c le  o f  th e  f in g e r s  was tim ed  so  

t h a t  th e  tu b in g  was a lw a y s c lo s e d  a t  some p o in t  to  e l im in a t e  

th e  n eed  o f  v a l v e s .  T h is  ty p e  o f  pump h a s  th e  o b v io u s  advan­

ta g e  o f  e l im in a t in g  c o n ta c t  o f  th e  m ercury w ith  any m e ta ls

o r  o i l s .

The so u rce  o f  pow er, n e c e s s a r y  f o r  th e  e l e c t r o l y s i s ,  was
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125  v o l t s  A. C. w h ich  was p a s se d  th rou gh  a  tr a n s fo r m e r  and  

se le n iu m  b r id g e  r e c t i f i e r  to  produce a v o l t a g e  o f  from  0 to  

5 v o l t s  D.C. The n i c k e l  anode was a d ju s te d  in  an 1&% 

c a u s t i c  s o lu t io n  to  g iv e  a c u r r e n t  o f  from  0 to  5°  am p eres0 

In  o p e r a t io n  th e  c a u s t i c  c o n c e n tr a t io n  was m a in ta in e d  b e ­

tw een  1 3 #  and I S # .  The c i r c u i t  f o r  th e  pow er su p p ly  I s  

shown In  F ig u r e  6 .

In  o p e r a t in g  th e  a p p a ra tu s  th e  m ercury was a l lo w e d  to  

f lo w  from  th e  c e l l  and a t  f i r s t  to  b y -p a s s  th e  f i r s t  tr a p  

and th e  r e d u c t io n  v e s s e l .  The h e ig h t  o f  th e  e x i t  tu b e  from  

th e  l e v e l i n g  d e v ic e  was a d ju s te d  to  g iv e  a s te a d y  f lo w  o f  

m ercu ry . A d e f i n i t e  c u r r e n t  was p a s s e d  th rou gh  th e  c e l l  

u n t i l  th e  sodium  c o n te n t  In  th e  amalgam rea ch ed  th e  d e s ir e d  

v a lu e .  At t h i s  t im e  th e  amalgam was p a s s e d  th ro u g h  th e  

r e d u c t io n  v e s s e l  and th e  r e d u c t io n  o f  th e  a zo b en zen e  was 

c a r r ie d  o u t u n t i l  th e  b r ig h t  c h e r r y -r e d  c o lo r  o f  th e  a z o ­

b en zen e  was c o n v e r te d  t o  th e  s t r a w -y e llo w  c o lo r  o f  th e  

h y d ra zo b en zen e  s o l u t i o n .

The red u ced  s o l u t i o n  was rem oved from  th e  r e d u c t io n  

v e s s e l  by means o f  s u c t io n  a p p lie d  on a la r g e  f l a s k  t o  w hich  

a tu b e -w a s  a t ta c h e d  and d ip p ed  in t o  th e  s o lu t io n  to  b e  r e ­

m oved.

A f te r  th e  red u ced  s o l u t i o n  was p rep a red  f o r  o x id a t io n  

i t  was p la c e d  In  an o x id a t io n  a p p a r a tu s , a  d iagram  o f  w hich  

i s  shown In F ig u r e  7 .  A v ie w  o f  th e  o x i d i z e r  i s  shown In  

F ig u r e  g .  T h is  o x i d i z e r  c o n s i s t e d ,  f o r  exam ple, o f  a
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1000  c c .  w ide-m outh E rlen m eyer f l a s k  f i t t e d  w ith  a  rubb er  

s to p p e r  th ro u g h  w hich p a s se d  a f r i t t e d - g l a s s  oxygen  d i s p e r s ­

in g  tu b e , a  tu b e  and cap th ro u g h  w h ich  sam p les w ere rem oved, 

an e x h a u s t  tu b e , and a  s t i r r i n g  rod  p a s s in g  th ro u g h  a  g la s s  

tu b e  w ith  a r u b b e r -tu b e  s e a l .  D u rin g  o x id a t io n  th e  v e s s e l  

was im m ersed in  a s t e e l  b e a k e r  and t h e  a p p a ra tu s  p la c e d  

b e h in d  a  s a f e t y  s c r e e n .

The p r o c e d u r e s  u se d  to  p rep a re  t h e  v a r io u s  s o lu t io n s  

f o r  o x id a t io n  a r e  d is c u s s e d  in  d e t a i l  w ith  r e f e r e n c e  to  th e  

s p e c i f i c  p r e p a r a t io n s .

A f t e r  c o m p le t io n  o f  th e  o x id a t io n  and rem oval o f  th e  

p r e c i p i t a t e s  by f i l t r a t i o n ,  th e  a zo b en zen e  was r e c o v e r e d  

f o r  r e - u s e  by e x t r a c t in g  th e  a l k a l i  and a lc o h o l  w ith  w ater  

and th e n  e v a p o r a t in g  th e  b en zen e  w ith  a  c u r r e n t  o f  a i r .

When o x id a t io n  o f  th e  h y d ra zo b en zen e  was in c o m p le te  

f u r t h e r  a i r  o x id a t io n  was made in  th e  b en zen e  and a lc o h o l  in  

th e  p r e s e n c e  o f  sodium  h y d r o x id e  b e f o r e  r e c o v e r in g  th e  a z o -  

b e n z e n e . \?hen 95^ p r a c t i c a l  grade azo b en zen e  was u s e d , th e  

r ed u ced  s o l u t i o n  was s t r o n g ly  d i s c o lo r e d .  Upon o x id a t io n  

th e  d a r k -c o lo r e d  m a te r ia l  was s l i g h t l y  more d i f f i c u l t  to  

wash from  th e  p r e c i p i t a t e s  th a n  th e  a zo b en zen e; h ow ever, th e  

above e x t r a c t io n  o p e r a t io n  rem oved e s s e n t i a l l y  a l l  o f  t h i s  

m a t e r ia l  from  th e  b en zen e  s o lu t io n  and in  t h i s  manner th e  

a zo b en zen e  was p u r i f i e d .

The seco n d  p h ase  o f  t h i s  i n v e s t i g a t i o n  in v o lv e d  th e  con ­

v e r s io n  o f  sodium  p e r o x id e  d ip sr o x y h y d r a te  (NagOg'SH^Og) to
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sodlum  su p e r o x id e  (NaOg) and th e  c o r r e sp o n d in g  c o n v e r s io n  

o f  th e  p o ta ss iu m  com pounds. T hese r e a c t io n s  p rod u ced  w a ter  

w h ich  needed  to  b e  rem oved from  th e  r e a c t io n  s i t e  t o  p r e v e n t  

I t s  d e c o m p o s it io n  o f  th e  su p e r o x id e  form ed . T h is  work 

in v o lv e d  th e  u s e  o f  vacuum pumps, vacuum d e s i c c a t o r s  c o n ta in ­

in g  barium  o x id e ,  and some m is c e l la n e o u s  a p p a ra tu s  d e s ig n e d  

t o  rem ove th e  w a ter  by m aking u s e  o f  a  vacuum o r  a  stream  

o f  oxygen  o r  ammonia g a s .

T h is  l a t t e r  work a l s o  made u s e  o f  u l t r a - v i o l e t  l i g h t  

w h ich  was o b ta in e d  from  a  m ereu zy -a rc  lamp (250  v o l t s ) ,  a 

G en era l E l e c t r i c  R-S sunlam p, o r  a  S v o l t  G erm ic id a l lam p.

One a p p a ra tu s  t h a t  was c o n s tr u c te d  to  c a r r y  o u t  p r e lim ­

in a r y  I n v e s t ig a t i o n s  on th e  c o n v e r s io n  o f  Na2 0 2 *2H20 2 to  

Na02 i s  shown In  F ig u r e  9 .  T h is  a p p a ra tu s was d e s ig n e d  so  

t h a t  a  sam ple o f  powder c o u ld  b e  m ixed i n s id e  a  tu b e , th rou gh  

w h ich  th e  t r a n s m is s io n  o f  u l t r a - v i o l e t  l i g h t  was h ig h ,  and 

so  t h a t  th e  tu b e  c o u ld  b e  r o t a t e d  to  g iv e  th e  m ix in g  w h ile  a  

vacuum was m a in ta in e d  i n s i d e  t h e  tu b e .

Two b r a s s  f i t t i n g s  w ere m achined a c c o r d in g  t o  H0 8 r in g  

s p e c i f i c a t i o n s  so  t h a t  th e  tu b e  when p r e s s e d  i n s id e  th e  f i t ­

t i n g s  gave a  vacuum s e a l .  The tu b e  was ca u sed  t o  r o t a t e  a t  

ab ou t 16  r .p .m . by  a m otor g e a r e d  to  t h e  one b r a s s  f i t t i n g  

by means o f  b e v e le d  g e a r s .  A m oving vacuum s e a l  was made a t  

one end o f  th e  b r a s s  f i t t i n g  by means o f  an n0 w r in g  so  t h a t  

th e  b r a s s  f i t t i n g  r o ta t e d  I n s id e  a s t e e l  cup a t ta c h e d  t o  a 

vacuum l i n e .  The b r a s s  end p a s se d  deep in t o  th e  vacuum l i n e
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to  p r e v e n t  th e  sm a ll amount o f  powder t h a t  p a s se d  in t o  th e  

l i n e  from  com ing in t o  c o n ta c t  w ith  th e  m oving p a r t s .  T h is  

powder was rem oved in  g la s s -w o o l  tr a p s  and a d r y - ic e  tra p  

c o n ta in in g  fr o z e n  w ater  t o  p r e v e n t i t s  e n t e r in g  th e  vacuum  

pump.

B oth  b r a s s  f i t t i n g s  w ere m ounted i n  b a l l  b e a r in g s  to  

g iv e  a lig n m en t and e a s e  o f  tu r n in g . The b r a s s  f i t t i n g  

c o n n e c te d  to  t h e  l i n e  was s t a t io n a r y  w h ile  th e  seco n d  f i t ­

t i n g  was h e ld  i n  p la c e  by  a m ovable b e a r in g  so  th a t  i t  

c o u ld  b e  moved t o  th e  l e f t  t o  remove th e  tu b e .

In  o p e r a t io n  b o th  b r a s s  f i t t i n g s  and th e  tu b e  r o t a t e d .

C. P r e lim in a r y  Work on th e  P r e p a r a t io n  o f  Calcium  P e r o x id e .

The o b j e c t  o f  t h i s  work was to  r e p la c e  th e  sodium  

m e th y la te  in  th e  o x id iz in g  s o lu t io n  w ith  c a lc iu m  m e th y la te  

by r e a c t in g  th e  sodium  m e th y la te  w ith  c a lc iu m  c h lo r id e ,  and 

t o  c a rr y  o u t  th e  o x id a t io n  o f  h yd rasob en zen e  in  th e  p r e se n c e  

o f  th e  c a lc iu m  m e th y la te  to  p rep a re  anhydrous c a lc iu m  p ero x ­

id e .

A r e d u c t io n  s o lu t io n  c o n s i s t in g  o f  30 grams o f  p u r i f i e d  

azo b en zen e  d i s s o l v e d  in  600 c c ,  o f  b e n zen e  and Hoo c c .  o f  

m ethanol was u se d  In  t h i s  and su b seq u en t work and I s  d e s ig ­

n a te d  sta n d a r d  r e d u c t io n  s o l u t i o n .  The r e d u c t io n  o p e r a t io n  

was c a r r ie d  o u t  in  th e  r e d u c t io n  v e s s e l  a s  p r e v io u s ly  

d e s c r ib e d  t o  c o n v e r t  th e  azob en zen e  s o l u t i o n  t o  a h y d ra z o -  

b en zen e  and sodium  m e th y la te  s o lu t io n  In  th e  b en zen e  and
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m eth a n o l. W ith an I n i t i a l  amalgam c o n c e n tr a t io n  o f  ab ou t  

0„2/£ sodium , 1000 c c .  o f  th e  sta n d a rd  r e d u c t io n  s o l u t i o n  

r e q u ir e d  ab ou t one h o u r  f o r  c o m p le te  r e d u c t io n  to  th e  s tr a w -  

c o lo r e d  h y d ra zo b en zen e  s o l u t i o n .

1» R e a c t io n  o f  c a lc iu m  c h lo r id e  w ith  sodium  m e th y la te  in  

b e n se n s  and m eth an ol c o n t a in in g  h y d r a z o o e n z e n e . — A f te r  com­

p l e t i o n  o f  th e  r e d u c t io n  o p e r a t io n  th e  s o l u t i o n  was removed

from th e  r e d u c t io n  v e s s e l  and th e  c o n c e n tr a t io n  o f  th e
%

sodium  m e th y la te  was d e ter m in e d  b y  t i t r a t i n g ,  w ith  sta n d a rd  

h y d r o c h lo r ic  a c id  u s in g  phenolph.th .al e in  a s  an i n d ic a t o r c 

About SO c c .  o f  0 .1  N a c id  w ere r e q u ir e d  f o r  10 c c ,  o f  th e  

s o l u t i o n .  For each  10 c c .  o f  th e  red u ced  s o l u t i o n  th e  

amount o f  So% c a lc iu m  c h lo r id e  added was d e term in ed  by m u lt i ­

p ly in g  th e  volum e o f  th e  a c id  u sed  by 0 . 0 0 5 7 3 .

At f i r s t  th e  anhydrous c a lc iu m  c h lo r id e  was d i s s o lv e d  

in  m eth anol (a b o u t 10 grams t o  100 c c .  o f  s o lu t io n )  and t h i s  

s o l u t i o n  added s lo w ly  w ith  s t i r r i n g  to  th e  sodium  m e th y la te  

s o l u t i o n .  A p r e c i p i t a t e  o f  sodium  c h lo r id e  and g e la t in o u s  

c a lc iu m  m e th y la te  r e s u l t e d .

The s o l u b i l i t y  o f  th e  c a lc iu m  m e th y la te  was foun d  to  be  

ab ou t 0 .0 2  grams Ca(0CH-*}~ p e r  100 grams o f  m ethanol and 

e s s e n t i a l l y  zero  in  b e n z e n e . The c o n c e n tr a t io n  o f  th e  c a l ­

cium  m e th y la te  was d e term in ed  by a d d in g  a la r g e  e x c e s s  o f  

h y d r o c h lo r ic  a c id  and b ack  t i t r a t i n g  w ith  s ta n d a r d  b a s e .

More c o n v e n ie n t ly  th e  c a lc iu m  c h lo r id e  was added d i r e c t ­

l y  in  th e  s o l i d  form  to  th e  red u ced  s o l u t i o n ,  when th e  b e n -
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zen e  c o n c e n tr a t io n  in  th e  s o lv e n t  was g r e a t e r  th an  Go% by- 

volum e th e  c a lc iu m  c h lo r id e  d id  n o t r e a d i l y  go I n to  s o lu t io n  

and , t h e r e f o r e ,  d id  n o t r e a c t  r e a d i ly  w ith  th e  sodium

m e th y la te . For th e  s ta n d a r d  s o lu t io n  u se d  p r e c i p i t a t i o n  to o k

p la c e  w it h in  ab ou t 15 m in u te s .

2 . O x id a tio n  w ith  g a se o u s  oxygen  o f  h yd ra  zobenZeP.s in  

th e  p r e se n c e  o f  in s o lu b le  c a lc iu m  m e th y la te  in  b en zen e  and  

m eth yl a l c o h o l . -  A f te r  c o m p le t in g  th e  r e d u c t io n  s t e p  and 

p r e c i p i t a t i o n  o f  c a lc iu m  m e th y la te  and sodium  c h lo r id e ,  th e  

' r e s u l t in g  s lu r r y  th en  was p la c e d  In  th e  o x i d i z e r  and oxygen  

was p a s s e d  th ro u g h  th e  g a s - d is p e r s in g  tu b e  in t o  th e  r a p id ly  

s t i r r e d  m ix tu r e .

The o b j e c t  o f  t h i s  o x id a t io n  s t e p  was t o  p rod u ce  anhy­

drou s c a lc iu m  p e r o x id e  In  th e  p r e s e n c e  o f  sodium  c h lo r id e  by  

t h e  r e a c t io n  o f  th e  hyd rogen  p e r o x id e ,  p rod u ced  in  t h e  o x id a ­

t i o n  s t e p ,  w ith  th e  c a lc iu m  m e th y la te ,

A f t e r  o x id iz in g  f o r  v a r io u s  l e n g t h s  o f  t im e , two 25 c c .  

sam p les o f  th e  s lu r r y  w ere removed by  means o f  a p i p e t t e  and 

f i l t e r e d .  The p r e c i p i t a t e  was w ashed w ith  m eth anol and 

b en zen e  and th e  f i l t r a t e  r e tu r n e d  to  th e  o x i d i z e r .  The 

s lu r r y  was r a p id ly  s t i r r e d  to  in s u r e  u n ifo rm  sa m p lin g . The 

c a lc iu m  p e r o x id e  c o n te n t  o f  th e  p r e c i p i t a t e  was d eterm in ed  

by l i b e r a t i n g  Io d in e  w ith  d i l u t e  a c e t i c  a c id  and 1 0 % p o ta s ­

sium  io d id e  s o lu t io n  u s in g  ammonium m o ly b d a te .a s  a c a t a l y s t .  

The t o t a l  a l k a l i  p r e s e n t  In th e  p r e c i p i t a t e  was d e term in ed  

by a d d in g  e x c e s s  s ta n d a rd  h y d r o c h lo r ic  a c id  and back  t i t r a t -
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in g  w ith  sta n d a rd  b a s e .  The r a t io  o f  th e  e q u iv a le n t s  o f  

p e r o x id e  t o  th e  t o t a l  e q u iv a le n t s  o f  a l k a l i  was c a lc u la t e d  

a t  v a r io u s  t im e s .  The r a t i o  (d e s ig n a te d  Z) was in v a r ia b ly  

found  to  b e  o f  th e  o rd er  o f  0 . 5^ a f t e r  from  two to  th r e e  

h o u rs o f  o x id a t io n .  T h is  showed t h a t  5 ^  o f  "the c a lc iu m  

m e th y la te  was c o n v e r te d  t o  c a lc iu m  p e r o x id e .  Based, on th e  

o r ig i n a l  sodium  m e th y la te  form ed on r e d u c t io n , t h e r e f o r e ,  

th e  y i e l d  was 5 ^ .

To d e c r e a s e  th e  c a lc iu m  m e th y la te  c o n te n t  o f  th e  p r o d u c t,  

th e  a b o v e -m en tio n ed  r e d u c t io n  and p r e c i p i t a t i o n  o f  c a lc iu m  

m e th y la te  and sodium  c h lo r id e  were r e p e a te d . Then o n e - h a l f  

o f  th e  s lu r r y  was f i l t e r e d ,  washed w ith  m eth y l a lc o h o l  and 

b e n z e n e , and added to  th e  u n f l l t e r e d  p o r t io n  o f  th e  s lu r r y .

The r a t i o  o f  p e r o x id e  to  t o t a l  b a se  in  th e  p r e c i p i t a t e  was 

d eterm in ed  a s  d e s c r ib e d  above a t  v a r io u s  tim e  i n t e r v a l s .

T hese r e s u l t s  a r e  shown in  F ig u r e  1 0 . In  th e  l a t t e r  c a se  

th e  p e r o x id e  to  b a s e  r a t i o  was in c r e a s e d  to  o n ly  ab ou t 0 .g>6 . 

T h is  showed t h a t  o f  th e  c a lc iu m  m e th y la te  was c o n v e r te d  

to  c a lc iu m  p e r o x id e ;  h ow ever, th e  o v e r a l l  y i e l d  was o n ly

To I n c r e a s e  th e  a l k a l i n i t y  o f  th e  s o lu t io n  i n s u f f i c i e n t

r id  a  o A  +■ r \  Vi c x  a r ^  T +■  ̂ r \ r ^  V> -f
VCIX U J. VAUi V&1J. A J.VAV/ nUkU W.SAV4.V 1/ V/ UJ.A V 4. V Uw.V« V V. JLMV AV11 W A. O -A W

th e  o x id a t io n .  In  one exp erim en t ab ou t 1.0% o f  th e  sodium  

m e th y la te  was l e f t  In th e  s o l u t i o n .  The r e s u l t s  w ere n o t  

much b e t t e r  than  th o s e  o b ta in e d  when a l l  o f  th e  sodium  

m e th y la te  was p r e c i p i t a t e d .
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F I GURE 10

RATE OF FORMATION OF CALCIUM PEROXIDE

OXIDATION OF H YD R A Z O B E N Z E N E  IN B E N Z E N E  AND 
M E T H A N O L  IN THE  P R E S E N C E  OF I N S O L U B L E  

CALCIUM M E T H Y L A T E  AT 2 5  ° C

0.8
O N E - H A L F  OF  CALCIUM M E T H Y L A T E  

R E M O V E D  B E F O R E  O XI DA T I ON

0.6

CALCIUM M E T H Y L A T E  AND 
H Y D R A Z O B E N Z E N E  P R E S E N T
IN EQUI VALENT A M O U N T S

0 . 4

0.2

1 2  3  4  5
OXIDATION T I M E  IN H O U R S
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A 1though c a lc iu m  e t h y l a t e  was shown t o  b e  much more 

s o lu b le  th an  c a lc iu m  m e th y la te ,  s u b s t i t u t io n  o f  e t h y l  a lc o h o l  

in  th e  r e d u c t io n  s o lu t io n  g a v e  n e a r ly  i d e n t i c a l  r e s u l t s  a s  

o b ta in e d  above w ith  m eth a n o l.

3* M is c e lla n e o u s  e x p e r im e n ts  on th e  p r e p a r a t io n  o f  

c a lc iu m  p e r o x id e . -  Pure c a lc iu m  e t h y l a t e  was p r e p a r ed  by  

a d d in g  c a lc iu m  m eta l t o  a b s o lu t e  e t h y l  a lc o h o l  and r e f lu x in g  

to  i n i t i a t e  th e  r e a c t io n .  Then th e  s o l u t i o n  was r e f lu x e d  

f o r  a b o u t .tw o  h o u r s . C o o lin g  was n e c e s s a r y  to  p r e v e n t  to o  

r a p id  b o i l i n g  o f  th e  a l c o h o l  in  some c a s e s .  The b o i l i n g  

s o l u t i o n  was f i l t e r e d  and th e  f i l t r a t e  a llo w e d  to  c o o l  to  

p r e c i p i t a t e  C a (0 S t)2 ^2Et0H.

The v e r y  pure c a lc iu m  e t h y la t e  p r e c i p i t a t e  was added to  

a s o l u t i o n  o f  b en zen e  and m eth y l a lc o h o l  c o n t a in in g  hyd rogen  

p e r o x id e  and a z o b e n z en e . N e a r ly  a l l  o f  t h e  p e r o x id e  d i s ­

a p p eared  from  th e  s o lu t io n  w h ile  a  n e g l i g i b l e  amount was 

fou n d  in  th e  p r e c i p i t a t e .  The h yd rogen  p e r o x id e  s o lu t io n  was 

p r ep a red  by o x id iz in g  a  h yd ra zo b en zen e  s o lu t io n  c o n t a in in g  a  

sm a ll amount o f  sodium  m e th y la te , th e  rem ain d er  o f  t h e  

m e th y la te  b e in g  rem oved by a d d in g  c a lc iu m  c h lo r id e  fo l lo w e d

Mjr jl v i  u i i t p  u a x u x u u i  m e  b i i j  x a t c  c x n u .  D U U X U l U  U H l U i ' i U C  c

The c a lc iu m  e t h y la t e  p r e c i p i t a t e ,  w ith  a s o l u b i l i t y  a t  

room tem p era tu re  o f  ab ou t 2 .0  grams p e r  100 c c .  o f  e t h y l  

a l c o h o l ,  a l s o  was added t o  a s o lu t io n  o f  h yd rogen  p e r o x id e  

in  a b s o lu t e  e th y l  a l c o h o l .  The e t h y l  a lc o h o l  s o l u t i o n  o f  

hyd rogen  p e r o x id e  was p r e p a r ed  by t h e  in t e r a c t io n  o f  hydrogen
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c h lo r id e ,  form ed from h y d r o o h lo r ic  a c id  and s u l f u r i c  a c id ,  

w ith  NagO g'S^O g? "th® p r e p a r a t io n  o f  w hich  i s  d e s c r ib e d  In  

a l a t e r  s e e t l o n .  The c a lc iu m  e t h y l a t e  p r e c ip i t a t e . ,  w hich  

was v e r y  d i f f i c u l t  to  f i l t e r ,  c o n ta in e d  1 7 = ^  Ca02 =

In th e  above m en tion ed  work I t  was n o te d  t h a t  c a le iu a  

e t h y la t e  l i k e  sodium  e t h y l a t e  r a p id ly  o x id iz e d  t o  form  a 

d a r k -y e l lo w  r e s in o u s  m a t e r ia l .  A s u i t a b l e  a n t i - o x id a n t  f o r  

c a lc iu m  e t h y la t e  and o th e r  a l c o h o la t e s  was fou n d  t o  be  

e th y le n e  d iam in e d ih y d r o c h lo r id e . A f t e r  s e v e r a l  m onths tu b e s  

o f  c a lc iu m  e t h y la t e  c o n t a in in g  n o t  o v e r  0 . l £  by w e ig h t  o f

t h i s  m a te r ia l  were a s  c l e a r  a s  th e y  w ere when f i r s t  p rep a red .
  •

»+• r> r-> V* 4 1 4  wav) a o I  n  4 o a  a  v* 4 +■ a a a *| at> aU-L u u v u  y c4 o u a b A J l j l c * x 2 x  j  w cAjl a. s j l i u  j . a w o  -i. v o  o ^ X u w l u u c

darkened  in  abou t one d a y .

An i n v e s t i g a t io n  was made t o  p rep a re  a more s o lu b le  

c a lc iu m  a lc o h o la t e  by th e  r e a c t io n  o f  c a lc iu m  c h lo r id e  w ith  

th e  sodium  a l c o h o la t e s .  C alcium  e t h y l a t e  was th e  m ost s o l ­

u b le  a l c o h o la t e  p rep a red  o f  th e  a l c o h o l s  r a n g in g  from  m eth y l 

a lc o h o l  to  h e x a n o l .  H owever, when c a lc iu m  m e th y la te  was 

h e a te d  on a steam  b a th  In  a  s o l u t i o n  o f  m eth yl a lc o h o l  and  

g l y c e r o l ,  a  c o n s id e r a b le  amount o f  c a lc iu m  went I n to  s o l u -

u lO n „ m id i  bxixs b u iu u Iu h  wcto a u u c u  ut* cx i ij  a i 'a^uucuLCiic d u i u -

t i o n  fo l lo w e d  by  o x id a t io n  no p r e c i p i t a t i o n  r e s u l t e d .

An a ttem p t was made to  p r e p a r e  c a lc iu m  p e r o x id e  by  

o x id iz in g  h yd razob en zen e  in  b en zen e  and m eth yl a lc o h o l  w ith  

c a lc iu m  o x id e  and w ith  c a lc iu m  h y d r o x id e  h s ld  in  su sp e n s io n  

w ith  v ig o r o u s  s t i r r i n g .  There r e s u l t e d  a n e g l i g i b l e  amount
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o f  p e r o x id e  In th e  s o l i d  p h ase  a s w e l l  a s  in  th e  s o lu t io n ,,

A fu r th e r  a ttem p t was made to  p re p a r e  c a lc iu m  p e r o x id e  

by th e  in t e r a c t io n  o f  sodium  h y d ro p er o x id e  (NaOOH) w ith  

c a lc iu m  e t h y la t e  in  e t h y l  a l c o h o l .  C o n s id e r a b le  d ecom p osi­

t i o n  r e s u l t e d  and th e  p r e c i p i t a t e  had a  p e r o x id e  to  b a se  

r a t i o  o f  o n ly  O .6 5 .

D uring th e  p r e p a r a t io n  o f  sodium  h y d ro p er o x id e  by th e  

r e a c t io n  o f  oxygen  w ith  hyd razob en zen e In  th e  p r e s e n c e  o f  

e s s e n t i a l l y  an e q u iv a le n t  amount o f  sodium  m e th y la te  in  

b en zen e  and m eth y l a l c o h o l , ' i t  was n o te d  t h a t  a  c o n s id e r a b le  

amount o f  h e a t  was e v o lv e d . To in c r e a s e  th e  s t a b i l i t y  o f  th e  

p r e c i p i t a t e  and l e s s e n  dan ger o f  any p o s s i b l e  v i o l e n t  decom­

p o s i t i o n  or  in t e r a c t io n  w ith  th e  s o l v e n t s ,  I c e  was p la c e d  in  

th e  s t e e l  b e a k e r  In  w hich th e  o x id a t io n  v e s s e l  was im m ersed  

in  o r d e r  to  c o o l  th e  s o l u t i o n .  O p era tin g  in  t h i s  manner a 

p r e c i p i t a t e  was form ed t h a t  c o n ta in e d  a  p e r o x id e  to  b a se  

r a t i o  o f  ab ou t t h r e e .  T h is  v a lu e  co rresp o n d ed  to  th e  compound 

sodium  p e r o x id e  d ip e r o x y h y d r a te  (Na2 0 2 *2H2G2 ) . T h is  r e s u l t  

l e d  t o  th e  s tu d y  o f  th e  p r e p a r a tio n  o f  th e  p e r o x y h y d r a te s  o f  

th e  a l k a l i  m eta l p e r o x id e s .  The work i s  c o v e r e d  in  d e t a i l  in  

th e  f o l lo w in g  s e c t i o n .
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D. M ethods o f  Removing Sodium M eth y la te  from th e  Reduced  
S o lu t io n .

7/hen one m ole o f  a zo b en zen e  was red u ced  w ith  sodium  

amalgam and m ethyl a lc o h o l ,  two m oles o f  sodium  m e th y la te  

were produ ced  a c c o r d in g  to  r e a c t io n  (1 ) .

PhpNg + 2 GH-̂ OH + 2 NaHg* — ► PhgNgKg + 2 GH^ONa + 2x Hg (1 )

T h e r e fo r e , In  a c y c l i c  p r o c e s s  to  prod u ce p e r o x id e  compounds, 

l i k e  NagOg’ SHgOo* c o n ta in in g  a r a t i o  o f  p e r o x id e  e q u iv a le n t s  

to  b a se  e q u iv a le n t s  h ig h e r  th an  one I t  was n e c e s s a r y  to  

remove p a r t o f  th e  sodium  m e th y la te  produ ced  d u r in g  th e  

r e d u c t io n  s t e p .  The f o l lo w in g  m ethods o f  rem oving a l l  o r  

any d e s ir e d  f r a c t io n  o f  th e  sodium  m e th y la te  a r e  e s s e n t i a l  

in  p r e p a r in g  th e  red uced  s o l u t i o n s  f o r  o x id a t io n  f o r  th e  

v a r io u s  p r e p a r a tio n s  su ch  a s  th e  p r e p a r a t io n  o f  NagQ^^KgGg.

1 .  Anhydrous c a lc iu m  c h lo r id e  m ethod. -  In th e  work 

d ir e c t e d  tow ard th e  p r e p a r a t io n  o f  c a lc iu m  p e r o x id e  i t  was 

fou n d  t h a t  th e  s o l u b i l i t y  o f  c a lc iu m  m e th y la te  was v e r y  lo w  

in  th e  b en zen e -m eth y l a lc o h o l  s o l v e n t .  s in c e  sodium  c h lo r id e  

I s  a l s o  p r a c t i c a l l y  i n s o lu b l e ,  s o l i d  c a lc iu m  c h lo r id e  o r  a  

m eth y l a lc o h o l  s o lu t io n  o f  th e  anh ydrous c a lc iu m  c h lo r id e  

was added to  th e  h yd razob en zen e  s o lu t io n  fo l lo w e d  by f i l t r a ­

t i o n  to  remove a l l  o r  any d e s ir e d  f r a c t i o n  o f  th e  sodium  

m e th y la te .

S in c e  th e  ca lc iu m  m e th y la te  p r e c i p i t a t e d  In th e  above  

p ro ced u re  was in  th e  form  o f  v e r y  f i n e  c r y s t a l s ,  th e  f i l t r a ­
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t i o n  s te p  vras fou n d  to  b e  q u i t e  d i f f i c u l t .  In  a d d i t io n  th e  

f i l t e r  cake o f  sodium  c h lo r id e  and c a lc iu m  m e th y la te  ad sorb ed  

h yd razob en zen e  q u i t e  s t r o n g l y .  A fte r  th e  f i l t e r  cake was 

washed s e v e r a l  t im e s  w ith  m eth y l a lc o h o l  and b e n z e n e , th e  

sodium  c h lo r id e  was e x t r a c t e d  w ith  l i q u i d  ammonia to  g iv e  a 

p ro d u ct o f  a lm o st  p u re  c a lc iu m  m e th y la te .

2 .  Water e x t r a c t io n  o f  th e  sodium  m e th y la te  and m ethyl 

a l c o h o l . -  A v e r y  s im p le  m ethod th a t  was u se d  t o  rem ove a l l  

o f  t h e  sodium  m e th y la te  was by th e  a d d it io n  o f  l a r g e  amounts 

o f  d i s t i l l e d  w a te r . In  t h i s  manner th e  m eth y l a lc o h o l  and  

sodium  m e th y la te  w ere rem oved in  th e  w a te r  p h a s e . The b en ­

zen e l a y e r ,  c o n ta in in g  a l l  o f  th e  h y d ra z o b e n z e n e . was washed  

w ith  w a ter  and d r ie d  w ith  c a lc iu m  c h lo r id e .

T h is  m ethod was o f  u s e  w here i t  was d e s ir a b le  to  remove 

a l l  o f  th e  a l k a l i .  For exam p le , to  s tu d y  th e  o x id a t io n  in  

th e  p r e s e n c e  o f  p o ta s s iu m  m e th y la te , th e  s o lu t io n  was p rep ared  

f o r  o x id a t io n  by e x t r a c t i n g  w ith  w a ter  and th e n  a d d in g  a  

m eth yl a lc o h o l  s o lu t io n  o f  p o ta ss iu m  m e th y la te  p rep a red  by  

th e  r e a c t io n  o f  p o ta ss iu m  m eta l w ith  m eth y l a l c o h o l .

Any d e s ir e d  f r a c t i o n  o f  th e  sodium  m e th y la te  was removed 

by e x t r a c t in g  th e  d e s ir e d  f r a c t i o n  o f  th e  s o lu t io n  and th en  

a d d in g  th e  r e s u l t i n g  b e n z e n e  la y e r  to  th e  rem ain d er o f  th e  

red u ced  s o l u t i o n .
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3 . P hase s e p a r a t io n  m ethod . R ecovery  o f  sodium  m eth y l­

a t e . -  When sodium  amalgam and m eth yl a lc o h o l  w ere u se d  to  

r ed u c e  a zob en zen e  In  th e  a lc o h o l  and b en zen e  two l i q u i d  

l a y e r s  form ed a f t e r  th e  a l k a l i  c o n te n t  rea ch ed  a  c e r t a in  

v a lu e  d ep en d in g  on th e  tem p era tu re  o f  th e  s o l u t i o n .  The 

s e p a r a t io n  w as more pronou nced  a t  lo w e r  te m p e r a tu r e s . D uring  

th e  r e d u c t io n  th e  h e a t  e v o lv e d  r a is e d  th e  tem p era tu re  o f  th e  

s o l u t i o n  to  th e  b o i l i n g  p o in t  so  t h a t  a f t e r  th e  r e d u c t io n  th e  

s o l u t i o n  was a t  o r  n ea r  b o i l i n g .  When th e  s ta n d a r d  s o lu t io n  

was u s e d  j u s t  s u f f i c i e n t  sodium  m e th y la te  form ed to  c a u se  two 

p h a se s  t o  se p a r a te  w h ile  h o t .

One l i q u i d  la y e r  c o n ta in e d  th e  g r e a t e r  p o r t io n  o f  th e  

h y d ra zo b en zen e  d i s s o lv e d  m ain ly  in  b e n z e n e  w h ile  th e  o th e r  

l a y e r  c o n ta in e d  a lm o st a l l  o f  th e  sodium  m e th y la te  d i s s o lv e d  

in  a s o l u t i o n  o f  abou t e q u a l vo lu m es o f  m ethanol and b e n z e n e . 

The r e s u l t s  tak en  from  two p r e p a r a t io n s  o f  NagC^’ ^HgGp a r e  

t a b u la te d  in  T ab le  I  t o  show th e  d i s t r i b u t io n  o f  th e  sodium  

m e th y la te  in  th e  sta n d a rd  s o lu t io n  a f t e r  r e d u c t io n . The 

sodium  m e th y la te  c o n te n t  was d e term in ed  by t i t r a t i n g  a 10 c c .  

sam ple o f  each  p h a se . In  Run No. 55 t h e  b en zen e  and a lc o h o l  

c o n c e n tr a t io n s  were d e term in ed  by w a te r  e x t r a c t io n  o f  an  

a l iq u o t  vo lu m e. The volum e rem a in in g  a f t e r  e x t r a c t io n  was 

assum ed b e n z e n e , w h ile  th e  d e c r e a s e  In  volum e was assum ed  

m eth a n o l.
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table i

D is t r ib u t io n  o f  NaOGH-j in  th e  Two L iq u id  P h ases  

in  Reduced S o lu t io n

---------- More Dense P hase--------- --------—L e ss  D ense p h ase--------
Run B enzene M ethanol NaOCHj B enzene M ethanol NaOCH-7
No. c c .  c c . meq. c c . o c . meq.

5* 660 t o t a l 102 1090 t o t a l 1*460

55 9*40 192 172 970 sko 1935

For Run No, 5^» l e s s  d en se  p h ase  c o n s i s t e d  o f  62$  o f  th e  

t o t a l  volum e and c o n ta in e d  9 3 .5 $  't*16 t o t a l  a l k a l i .  The

c o r r e sp o n d in g  d i s t r i b u t io n s  f o r  Run No. 55 w ere 6g% and 92$ .

The p ro ced u re  u se d  to  remove sodium  m e th y la te  to  p rep are  

th e  red u ced  s o lu t io n s  f o r  o x id a t io n  was t o  s e p a r a te  th e  two 

p h a se s  t h a t  form ed a f t e r  r e d u c t io n . In  t h i s  manner th e  ben­

zen e la y e r  c o n ta in e d  ab ou t &% o f  th e  a l k a l i .  To in c r e a s e  th e  

a l k a l i  c o n te n t  in  th e  b en zen e  la y e r  to  any d e s ir e d  v a lu e  th e  

n e x t s te p  was to  r e tu r n  th e  c o r r e c t  amount 'o f th e  a lc o h o l  

l a y e r  t o  th e  b en zen e  la y e r .  The h yd razob en zen e  l e f t  in  th e  

a lc o h o l  l a y e r  was th e n  la r g e ly  rem oved by e x t r a c t in g  s e v e r a l  

t im e s  w ith  b e n z e n e .

*4. F r a c t io n a t io n  o f  m eth y l a lc o h o l  from  th e  red u ced  s o lu ­

t io n  c o n ta in in g  to lu e n e  to  p r e c i p i t a t e  NaOCH^. -  A f te r  th e  

r e d u c t io n  s t e p ,  th e  s ta n d a r d  red u ced  s o l u t i o n  was p la c e d  in  

a d i s t i l l a t i o n  a p p a ra tu s and th e  f r a c t i o n a t i o n  was c a r r ie d  

o u t In  a  colum n 30 In c h e s  in  le n g t h  packed  w ith  g l a s s  h e l i c e s .
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In  t h i s  c a s e  an a z e o tr o p e  o f  b en zen e  and m ethanol b o i l e d  o v e r  

a t  a  c o n c e n tr a t io n  c lo s e  to  th e  s o lv e n t  c h a r g e . C o o lin g  th e  

s o lu t io n  a f t e r  c o n tin u e d  d i s t i l l a t i o n  r e s u l t e d  in  p r e c i p i t a ­

t i o n  o f  h yd razob en zen e  and sodium  m e th y la te .

By s u b s t i t u t in g  to lu e n e  f o r  b e n zen e  In  th e  r e d u c t io n  

s o l u t i o n ,  f r a c t i o n a t i o n  w as c a r r ie d  o u t  w ith  th e  rem oval o f  

m ain ly  m eth y l a lc o h o l  and f i n a l l y  pure t o lu e n e .  The d i s t i l ­

l a t i o n  cu rve  i s  g iv e n  in  F ig u r e  11 a lo n g  w ith  th e  cu rv e  f o r  

a  ch a rg e  o f  to lu e n e  and m eth a n o l. A f t e r  a l l  o f  th e  a lc o h o l  

was rem oved, th e  p a r t i a l l y  c o o le d  m ix tu r e  o f  a  s o l u t i o n  o f  

h yd razob en zen e  In  to lu e n e  and sodium  m e th y la te  was f i l t e r e d  

and th e  p r e c i p i t a t e  washed w ith  t o lu e n e .  The f i l t r a t e  con ­

s i s t e d  o f  h yd razob en zen e  in  to lu e n e  w h ile  th e  p r e c i p i t a t e  

c o n ta in e d  9 a . &/& HaOCH  ̂ a s  shown by t i t r a t i n g  a  sam ple witn. 

h y d r o c h lo r ic  a c id .  The sodium  m e th y la te  was s l i g h t l y  d i s ­

c o lo r e d  due to  a  t r a c e  o f  a z o b e n z en e ,

S . P r e p a r a t io n  o f  Sodium P e r o x id e  D lp ero x y h y d ra te  (NagOg'SI^Og) 

I t  was d is c o v e r e d  t h a t  when a  p o r t io n  o f  th e  sodium  

m e th y la te  was rem oved from  th e  red u ced  s o lu t io n ,  sodium  p e r o x ­

id e  d lp e r o x y h y d r a te  form ed , sodium  m e th y la te  was rem oved by 

one o f  th e  m ethods p r e v io u s ly  d e s c r ib e d .  The m ethods u sed  

made u s e  o f  c a lc iu m  c h lo r id e  to  p r e c i p i t a t e  c a lc iu m  m e th y la te  

and sodium  c h lo r id e ,  w a ter  e x t r a c t io n  o f  th e  a lc o h o l  and m eth­

y l a t e  from  any d e s ir e d  f r a c t i o n  o f  th e  s o l u t i o n ,  o r  se p a r a ­

t i o n  o f  two l i q u i d  p h a se s  a f t e r  r e d u c t io n  w ith  th e  one p h ase
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F I GUR E  II

FRACTIONATION OF METHANOL 
FROM TOLUENE AND FROM REDUCED 

SOLUTION CONTAINING T O L U E N E

VOLUME OF CONDENSATE !N CC 
FROM TOLUENE SOLUTION

CHARGE 200 CC OF 60°/< TOLUENE SOLVENT84 ̂
CHARGE 630 CC OF 
REDUCED SOLUTION CONTAINING 0.453 
EQUIVALENTS OF SODIUM METHYLATE 
AND HYDRAZOBENZENE 
N 60% TOLUENE SOLVENT

290 300 3fO 320 330 3 4 0

VOLUME OF CONDENSATE IN FROM REDUCED SOLUTION CC

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



- h 2 -

c o n t a ln ln g  ab ou t 92/£ o f  th e  sodium  m e th y la te .  G e n e r a lly ,  

Na2 ° 2 ‘ 2K2 °2  was Pr e Parsc3- *>y rem oving  o n e - h a l f  ( 1 /2 )  o r  tw o -  

t h ir d s  ( 2 / 3 ) o f  th e  sodium  m e th y la te  b e f o r e  th e  o x id a t io n  

s t e p s .  H owever, N & 2°2*^2^2 *>orm a1  ̂ no

m e th y la te  rem oved b e fo r e  o x id a t io n .

In  one p r e p a r a t io n  u s in g  th e  p h a se  s e p a r a t io n  method 

(Run No. 55) ab ou t o n e - h a l f  o f  th e  sodium  m e th y la te  was r e ­

moved. The to p  la y e r  c o n ta in e d  1 .9 3 5  e a u lv a le n t s  o f  NaOCH- 

In  a  s o l u t i o n  o f  about 9 7 °  c c * ° f  b e n z e n e  and Sho c c .  o f  

m eth a n o l. The bottom  l a y e r  c o n ta in e d  O .I 72  e q u iv a le n t s  in  

abou t 9ko  c c .  o f  b en zen e  and 192 c c .  o f  m eth a n o l. To th e  

b ottom  l a y e r  525 c c .  o f  th e  top  l a y e r  and JOG c c .  o f  m ethanol 

w ere added to  g iv e  a s o lu t io n  o f  ab ou t 60% b e n z e n e . Three  

gram s o f  c a lc iu m  c h lo r id e  w ere added t o  rem ove any w a ter  

p r e s e n t  a s  c a lc iu m  h y d r o x id e . The s o l u t i o n  was f i l t e r e d  to  

rem ove th e  c a lc iu m  m e th y la te  a f t e r  th e  s o lu t io n  was a llo w e d  

to  s ta n d  o v e r  n ig h t .  Some h y d ra zo b en zen e  was l e f t  In  th e  

rem ain d er  o f  th e  top  l a y e r .

The f i l t e r e d  s o lu t io n  was o x id iz e d  f o r  th r e e  and o n e -  

h a l f  h o u rs  a t  0 °  C. The s o lu t io n  th e n  was f i l t e r e d  and th e
4 -~s 4* o ^  m ■* vm 1 a  «  ♦»»> *-* a  ^

x  o o a . u j . v a v O  u x  j . c u  l u x  x  v / x  w j  a x  x » o  m x . n u  v C o  a  v a v > u U i U  O x

ab ou t two mm. o f  mercury p r e s s u r e .  A f t e r  d r y in g  a sm a ll  

sam p le , added to  Ic e  w a te r , r e q u ir e d  2 .0 7  meq. o f  a c id  and  

6 . IS  meq. o f  t h i o s u l f a t e .  T h e r e fo r e , th e  p e r o x id e  to  b a se  

r a t i o  was 2 .9 8 .  T h ir ty -tw o  grams w ere c o l l e c t e d .
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1 .  O x id a tio n  o f  h yd razob en zen e  in  b en zen e  and m eth y l 

a lc o h o l  In th e  p r e se n c e  o f  varying; am ounts o f  sodium  m eth y l­

a t e  a t  0 °  C. and 2^° C. -  The o b j e c t  o f  t h i s  work was to  

stu d y  under what c o n d it io n s  NaOOH and Na2o2 *2H202 were th e  

s t a b le  s o l i d  p h a se s  p r e s e n t  in  th e  o x id a t io n  s o lu t io n  and to  

d eterm in e  th e  r a t e  o f  fo r m a tio n  o f  t h e s e  compounds. The 

s ta n d a r d  r e d u c t io n  s o lu t io n  o f  SO grams o f  azob en zen e  in  

600 c o .  o f  b en zen e  and hoo c c .  o f  m eth y l a lc o h o l  was u se d  in  

a l l  t h e  e x p e r im e n ts .

The f i r s t  s te p  in  t h i s  e x p e r im e n ta l work was to  ca rry  

o u t th e  r e d u c t io n  a s  p r e v io u s ly  d e s c r ib e d .  The amount o f  

m e th y la te  p rod u ced  was th en  d e ter m in e d  by t i t r a t i n g  a  sam ple  

added to  w a ter  w ith  sta n d a rd  a c id .

The secon d  s te p  was to  remove th e  d e s ir e d  f r a c t io n  o f  

th e  sodium  m e th y la te . For t h i s  e x p e r im e n ta tio n  th e  c a lc iu m  

c h lo r id e  method was u s e d . A f t e r  f i l t e r i n g  and w ash ing th e  

p r e c i p i t a t e  o f  sodium  c h lo r id e  and c a lc iu m  m e th y la te , th e  

a l k a l i  c o n te n t  o f  th e  s o lu t io n  was a g a in  d e ter m in e d . The 

f r a c t i o n ,  f ,  o f  th e  o r i g i n a l  m e th y la te  l e f t  a f t e r  th e  c a lc iu m  

c h lo r id e  tr e a tm e n t was c a lc u l a t e d .

The t h ir d  s te p  was to  c a rr y  o u t  t h e  o x id a t io n  a f t e r  

w h ich  th e  a zob en zen e  was r e c o v e r e d  by e x t r a c t in g  any a l k a l i  

and th e  a lc o h o l  w ith  w a ter  and th e n  e v a p o r a t in g  th e  b e n z e n e .

The o x id a t io n  s te p  was s tu d ie d  a t  25° C. and 0 °  C. w ith  

no a l k a l i  rem oved ( f  = 1 ) ,  w ith  o n e - h a l f  ( 1 /2 )  removed  

( f  = 1 / 2 ) , and w ith  tw o - t h ir d s  ( 2 /3 )  rem oved ( f  = 1 / 3 ) .  The
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r a t e  o f  p e r o x id e  p r e c i p i t a t e d  and th e  s o l i d  p h a se  p r e s e n t  

w ere d e term in ed  by rem oving w ith  a p i p e t t e  w ith  a la r g e  

o p en in g  a  10 c c .  sam ple o f  th e  w e l l - a g i t a t e d  m ix tu re  a t  

v a r io u s  t im e  i n t e r v a l s .  The m ix tu re  was f i l t e r e d  and th e  

p r e c i p i t a t e  w ashed w ith  th e  b e n z e n e -a lc o h o l  s o lv e n t  to  r e ­

move e x c e s s  m e th y la te  and a z o b e n z e n e .

The p r e c i p i t a t e  was added t o  i c e  w a ter  and th e  e q u iv ­

a l e n t s  o f  b a s s  d e term in ed  by t i t r a t i n g  w ith  s ta n d a r d  a c id .  

T h e r e a f te r ,  th e  e q u iv a le n t s  o f  p e r o x id e  w ere d e term in ed  by 

th e  t h i o s u l f a t e  m ethod. The p e r o x id e  to  b a s e  r a t i o ,  Z, 

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

To d eterm in e  th e  f r a c t i o n  o f  th e  m e th y la te  removed  

d u r in g  th e  o x id a t io n ,  th e  f i l t r a t e  from  th e  10 c c .  sam ple  

was t i t r a t e d  f o r  b a s e  c o n t e n t .  The y i e l d  (Y) was c a lc u la t e d  

from  e q u a tio n  ( 2 ) .

Y = f *Z*x  (1 0 0 )^  (2 )

where

Y = th e  y i e l d  b a se d  on th e  o r i g i n a l  m e th y la te  form ed  

d u r in g  r e d u c t io n  

f  = th e  f r a c t i o n  o f  th e  o r ig i n a l  m e th y la te  l e f t  a f t e r  

th e  c a lc iu m  c h lo r id e  tr e a tm e n t  

x  = th e  f r a c t i o n  o f  th e  m e th y la te  l e f t  a f t e r  th e  c a l ­

cium  c h lo r id e  tr e a tm e n t  rem oved d u r in g  o x id a t io n  

Z = th e  p e r o x id e  to  b a s e  r a t i o  o f  th e  p r e c i p i t a t e
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The r e s u l t s  o f  a  s e r i e s  o f  runs a r e  p l o t t e d  In  F ig u r e  

1 2 . T h ese  r e s u l t s  show th a t  NaOOH, w ith  a v a lu e  o f  Z eq u a l  

t o  2 , was th e  s t a b le  p h a se  p r e s e n t  th ro u g h o u t th e  o x id a t io n  

a t  25 °  C. when no a l k a l i  was rem oved. D uring th e  o x id a t io n  

a b o u t ^5^ 'khe m e th y la te  was rem oved a s  N&OOH. Sodium  

h y d r o p e r o x id e  was a l s o  t h e  s t a b le  p h a se  p r e s e n t  in  th e  o x id a ­

t i o n  s o l u t i o n  d u r in g  th e  i n i t i a l  o x id a t io n  tim e a t  0 °  C. w ith  

no m e th y la te  rem oved p r io r  to  th e  o x id a t io n .  H owever, t h i s  

was g r a d u a l ly  c o n v e r te d  to  N&2®2'^2®2 an(  ̂ f i naH y  a t  0 °  C. 

w ith  no a l k a l i  rem oved p r i o r  to  th e  o x id a t io n ,  ab ou t o f  

th e  m e th y la te  was rem oved a s  i'la2G2 *2H2G2 *

when o n e—h a l f  ( 1 / 2 ) o f  th e  m e th y la te  was rem oved p r io r  

t o  th e  o x id a t io n  a t  0 °  G. and 25° C ., NagC^^HgC^ was th e  

s t a b le  s o l i d  p h a se . In  t h i s  e a s e  ab ou t 60% o f  th e  rem ain in g  

m e th y la te  was rem oved a s  Na20 2 *2H20 2 . YVhen t w o - t h ir d s  ( 2 /3 )  

o f  th e  m e th y la te  was rem oved, Na20 2 ,,2H2Q2 was th e

s t a b le  p h a se  and ab ou t 3 0 % o f  th e  m e th y la te  rem a in in g  a f t e r  

th e  c a lc iu m  c h lo r id e  tr e a tm e n t  was rem oved d u r in g  o x id a t io n  

a s  Na20 2 -2H20 2 . In  th e  l a t t e r  c a s e  th e  y i e l d ,  Y, was e q u a l  

t o  x ,  t h e  f r a c t i o n  o f  th e  m e th y la te  rem oved d u r in g  o x id a t io n .

The Z v a lu e s  p l o t t e d  in  F ig u r e  12 show a w ide ra n g e  o f  

c o n d i t io n s  u n d er  w hich  th e  d ip e r o x y h y d r a te  was more s t a b le  

th an  th e  h y d r o p e r o x id e .

At l e a s t  two o x id a t io n s  w ere made f o r  each  c o n d i t io n .

In  many c a s e s  a l a r g e r  number o f  o x id a t io n s  w ere made to  

o b ta in  c o m p a r iso n s . E m phasis was n o t  p la c e d  on t h e  r a te  o f
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DIGURE 12 _^5b -

RORMATIOM 03* SODIUE PEROXIDE DIPSROXYIIYDRATX AND 
SODIUM HYDROPEROXIDES AT 0°C ADD 25°C

*

O x id a t io n  S o lu t io n  O b ta in ed  from  th e  R ed u ctio n  o f  
80 Grams o f  A zobenzene i n  600 cc  o f  B enzene and

400 cc  o f  M ethanol

Z ( 1 / 2 ,  2 /3 ;  0°C , 2 5 °C )

1.0

X ( 2 / 3 ;  0°C , 25°G)

0 .5
( 1 /2 ;  0°C S 25°C )X

1.0 2 . 0
O x id a tio n  Time in  h ou rs

Z -  p e r o x id e  to  b a se  r a t i o  in  p r e c i p i t a t e  
Y -  y i e l d  b a sed  on a l k a l i

X -  f r a c t i o n  o f  a l k a l i  rem oved d u r in g  o x id a t io n

, Z (0? 25°C ) -  r e s u l t s  f o r  no a l k a l i  rem oved b e fo r e
o x id a t io n  f o r  o x id a t io n  a t  25°C
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p e r o x ld e  fo rm a tio n  e x c e p t  to  d e term in e  about how lo n g  th e  

o x id a t io n  s te p  r e q u ir e d . The r a te  was found  to  depend on 

th e  amount o f  a g i t a t io n  and e s p e c i a l l y  on th e  f lo w  o f  oxygen  

w hich  was n o t a c c u r a te ly  c o n t r o l l e d .  At 0 °  C. w ith  no 

m e th y la te  rem oved, th e  r a t e  in  some c a s e s  app eared  somewhat 

low er*

Sodium p e r o x id e  d ip e r o x y h y d r a te  p rep a red  in  th e  above  

manner was d r ie d  from  o n e - h a l f  to  e ig h t  h ou rs in  a  vacuum  

d e s i c c a t o r  a t  lo w  p r e s s u r e  and was r e c o v e r e d  in  a  s t a t e  o f  

o f  r a th e r  h ig h  p u r ity *

The p e r o x id e  to  b a s e  r a t i o  g e n e r a l ly  was ab ou t 2 V$6 and 

th e  p u r i t y  was ab ou t 9 7 . ^  b a se d  on th e  p e r o x id e  c o n te n t  

d eterm in ed  by th e  t h i o s u l f a t e  m ethod. T h is  assum ed a l l  o f  

th e  p e r o x id e  p r e s e n t  a s  Na20 2 *2H20 2 *

Sodium h y d ro p ero x id e  o f  a p u r ity  o f  97^ to  was a l s o  

r e c o v e r e d .

At one o c c a s io n  when a  s o lu t io n  was o x id iz e d  a t  0 °  C. 

w ith  no m e th y la te  rem oved and when a  sm a ll  sam ple was removed  

a t  th e  e a r ly  s t a g e s  o f  o x id a t io n ,  th e  p r e c i p i t a t e  was found  

to  c o n ta in  a p e r o x id e  to  b a s e  r a t i o  o f  abou t 5 . T h is  

co rresp o n d ed  to  th e  compound
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F« Some P r o p e r t ie s  and R e a c t io n s  o f  Sodium p e r o x id e  D ip ero x y -  
hy d r a t e .

The s o lu t io n  from  w hich  Na202 *2H2 0 2 was p r e c i p i t a t e d  in  

th e  ab ove p r o c e s s  c o n s i s t e d  e s s e n t i a l l y  o f  60$  by volum e  

b en z e n e  and HOfr m eth y l a l c o h o l .  D u rin g  th e  o x id a t io n  and  

t h e r e a f t e r  when th e  p r e c i p i t a t e  was f i l t e r e d  o n ly  v e r y  sm a ll  

amount o f  p e r o x id e  rem ained  in  th e  l i q u i d  p h a s e . T h is  showed 

th a t  th e  s o l u b i l i t y  o f  Na2o 2 *2H2Q2 in  &h o v e  sy stem  was 

v e r y  s m a l l .  In  a d d it io n  th e  d ip e r o x y h y d r a te  rem ained  s t a b le  

in  th e  o x id a t io n  s o lu t io n  a f t e r  s ta n d in g  a t  2 5 °  C. 3°  h ou rs  

b e fo r e  f i l t r a t i o n .

Sodium p e r o x id e  d ip e r o x y h y d r a te  was c r y s t a l l i n e  and  

v e r y  e a sy  to  f i l t e r  and wash f r e e  from  sodium  m e th y la te  and 

a z o b e n z e n e . Sodium h y d r o p e r o x id e  was more d i f f i c u l t  t o  f i l ­

t e r .  M ethyl a lc o h o l  c o u ld  b e  u sed  f o r  w ash in g  w ith o u t c a u s­

in g  n o t i c e a b le  d e c o m p o s it io n . H owever, g e n e r a l ly  th e  p r e c ip ­

i t a t e  was w ashed w ith  a b e n z e n e -m e th y l a lc o h o l  s o lv e n t  

c o r r e sp o n d in g  t o  th e  s o lv e n t  In  w hich th e  p r e c i p i t a t e  was 

form ed .

A lth ou gh  Na20 2 *2H202 was v e r y  e a s i l y  f i l t e r e d  th e  s i z e  

o f  th e  c r y s t a l s  was q u i t e  s m a l l .  The f a c t  th a t  th e  c r y s t a l  

s i z e  was n o t a lw a y s th e  same was in d ic a t e d  by d i f f e r e n t  r a t e s  

o f  f i l t r a t i o n  and th e  e a se  o f  p o u r in g  th e  d r ie d  pow der.

L a rg er  c r y s t a l s -  w ere grown when oxygen  was p a s se d  in t o  th e  

s o l u t i o n  s lo w ly .  In  one c a s e  th e  s ta n d a r d  s o l u t i o n  was 

p r e p a r ed  f o r  o x id a t io n  th en  m ixed w ith  a sm a ll amount o f
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oxygen  and a l lo w e d  t o  s ta n d  o v e r  n ig h t .  A sm a ll amount o f  

p r e c i p i t a t e  form ed . In  t h i s  c a se  th e  c r y s t a l s  w ere q u it e  

l a r g e ,  b e in g  n e e d l e - l i k e  and o f  th e  o r d e r  0 .2  o f  a c e n t i ­

m eter  i n - l e n g t h .

The p r e c i p i t a t e  o f  Na2 02*2H202 was v e r y  e a sy  to  h a n d le  

in  t h a t  i t  d id  n o t r a p id ly  decom pose, i t  d id  n o t  r -a p iu ly  

p ic k  up w a te r  from  th e  a tm osp h ere , and i t  c o u ld  b e  poured  

on th e  dry sk in  w ith o u t  c a u s in g  b u r n in g . The l a t t e r  f a c t  

was v e r y  s i g n i f i c a n t  b e c a u se  o f  th e  f a c t  th a t  

e q u iv a le n t  to  7 Q% h yd rogen  p e r o x id e  on a w e ig h t  b a s i s .

When sam p les o f  Na20 2 "2K202 w ere s to r e d  a t  ab ou t 6° C. 

w ith o u t any s t a b i l i s e r ,  a  v a r y in g  amount o f  d e c o m p o s it io n  

to o k  p la c e  f o r  d i f f e r e n t  sa m p le s . The amount o f  d ecom p osi­

t i o n  was c a lc u la t e d  a s  th e  p e r c e n t  d e c r e a s e  in  th e  p e r o x id e  

to  b a se  r a t i o  and am ounted to  0% t o  J>% d u r in g  a  p e r io d  o f  

ab ou t fo u r  w e ek s . The m l l l i e q u i v a le n t s  o f  p e r o x id e  and b a se  

and th e  p e r o x id e  to  b a s e  r a t i o  a re  g iv e n  in  T ab le  I I  f o r  

th e  sam p les o f  Na202 *2H202 and NaOOH u s e d  f o r  s t a b i l i t y  

t e s t s .  In  T ab le  I I  th e  Run No. r e f e r s  to  th e  Na20 2 *2H202 

p r e p a r a t io n . In  t h e s e  p r e p a r a t io n s  c a lc iu m  c h lo r id e  was 

u s e d  t o  rem ove m e th y la te  f o r  a l l  th e  ru n s e x c e p t  5**-. 1 9 ?

3 2 , and Ho.

Runs No. I S ,  No. 1 9 , and No. 55 w ere made a t  6° C. f o r  

th e  s p e c i f i e d  p e r io d s  o f  t im e  and th e n  s t o r e d  a t  2 5° C. The 

p e r c e n t  d e c o m p o s it io n  was c a lc u la t e d  r e l a t i v e  to  th e  o r ig i n a l  

p e r o x id e  t o  b a s e  r a t i o .
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Table I I

S t a b i l i t y  D ata on Na20 2 *2H20 2 and NaOOH

Run
No.

S h e l f  
Time 
( w k s .)

Temp.
S to r e d

°  c .

Meq. 
P e r o x id e  
p e r  Gram

M eq.Base  
p e r  Gram z

<£
Decomp.

IS 0

NapOp * 2Hp0p

3 9 . 0  1 3 . 2 2 . 9 6
4- 6 3 S .0 1 3 .2 2 .S S 2 . 7
2 25 1 0 . 0 1 7 .1 0 .5 S SO.O

20 0 •• Hos 2 1 3 . 6 2*96
21 6 3 ^ .2 1 3 .2 2 .7 4 7 .4

21 0 — 3 S .S 1 3 .5 2 .QS — —
6 6 3 6 . 1 1 3 .5 2 . 6S i o . o

25 6 2 S .S 1 4 .2 2 . 0 3 3 2 . 0

22 A\J _ -TV' # X 1 3 .5 2 . 9 7 — =»
I S 6 3 5 . 6 1 3 .7 2 . 6 0 !2 o 5

23 0 — — 2 . 9 6 — —
50 6 I S . 4 1 5 .2 1 . 2 1 5 9 .1

54 0 _ 2 .7 2
21 6 2 3 . 0 1 ^ .3 1 . 6S 3 2 .3

55 0 — — — — — 2 . 9 S «...
4- 6 — •  • 2 .9 7 5 0 .1 71 P

1 3 **
6
6

2 . 9 6
2 . 9 0

0 .6 7
2 . 6S

2 25 —— — — 2 . 6 6 1 0 . 7

19 0

NaOOH o r  Na20 2 * 

3 5 .2

2H20 2

1 7 . 6 2 .0 0-7 c rt -7  r* n "7 C 1 nit “2 r\3 u
2 25 1 2 . S 1 6 . 6 0 .7 7 6 1 . 5

32 0 «*• 3 3 .1 1 7 .3 1 .9 1 —

s 6 3 1 .9 1 7 . 6 1 .S 2 5 . 0

Ho 0 «■» 34.4- 1 6 . 2 2 . 1 2
34 6 2 3 .9 1 6 . 6 1 .4 5 3 1 . 6

* C o n sid e r a b le  oxygen  e v o lv e d  on s o l u t i o n  in  i c e  w a te r , 
** B u lk  sa m p le .
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In o r d e r  to  in c r e a s e  th e  s t a b i l i t y  o f  Na2G2 *2H202 f i v e  

p e r c e n t  ( 5^) hy w e ig h t o f  c a lc iu m  o x id e  was added to  one 

sam ple and 5$  c a lc iu m  s u l f a t e  added to  a seco n d  to  remove 

any w ater  form ed (Run No. 55 , T ab le  I I ) .  s e v e r a l  sm a ll 

sam p les o f  each  to  b e  u se d  f o r  t i t r a t i o n s  were se p a r a te d  

and s to r e d  a t  6°  C„ w ith  th e  b u lk  sa m p le s . A f t e r  13 weeks 

th e  sam p les w ere s to r e d  in  a d e s ic c a t o r  a t  25°  C. w ith  th e  

cap s tu rn ed  on l o o s e ly  to  a l lo w  any g a s  to  e s c a p e .  The 

r e s u l t s  on t h e s e  sam p les a r e  ta b u la te d  in  T ab le  I I I .

A sam ple o f  Na2G2 “2H202 when h e a te d  on a  m e lt in g  p o in t

ap p a ra tu s d id  n o t  undergo any ap p aren t change a t  1 2 2 °  C. The

c r y s t a l s  tu rn ed  s l i g h t l y  y e l lo w  a t  1 3 0  ̂ C. and becam e w h ite

a g a in  a t  1 5 0 °  C. F u rth er  i n v e s t i g a t io n  showed t h a t  a  sm a ll

amount o f  sodium  su p e r o x id e s  had form ed . H ea tin g  sam p les

u n der vacuum gave a more in t e n s e l y  c o lo r e d  p r o d u c t . T h is

l e d  to  th e  f u r t h e r  stu d y  o f  th e  p r e p a r a t io n  o f  sodium  su p e r -
%

o x id e  from  NagC^'2HP0 2 .

Hydrogen p e r o x id e  d i s s o lv e d  In  o r g a n ic  s o l v e n t s  such a s  

amyl a lc o h o l  was o b ta in e d  by p a s s in g  h yd rogen  c h lo r id e  g a s  

In to  th e  s o lu t io n  a t  0 °  C. in  w hich th e  Na202 *2K202 was 

d is p e r s e d  by s t i r r i n g .  The r e s u l t in g  sodium  c h lo r id e  was 

f i l t e r e d  o f f  and a  s o lu t io n  o f  5 .^ 5  grams o f  H202 in  100 c c .  

o f  a lc o h o l  was o b ta in e d .

Hydrogen p e r o x id e  w a te r  s o lu t io n s  s a tu r a te d  w ith  sodium  

s u l f a t e  were o b ta in e d  by th e  a d d it io n  o f  s u l f u r i c  a c id  to  th e  

s o l i d  Na20 2 "2H202 d is p e r s e d  in  c o o le d  carbon t e t r a c h l o r i d e .
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T ab le  I I I

S t a b i l i t y  o f  Na2 0 2 *2H202 C o n ta in in g  CaO and CaSCh;

Sample

S h e l f  
Time 
( w k s .)

Temp.
S to red

0 c . Z

c f
f<*

D ecrea se

C o n tro l 0 6 2 . 9 S
h 6 2.975 0 .17

12 6 2 . 9 6 0 .67
Bulk Sample 13 6 2 . 9 0 2 . 6 s

2 25 2 . 5S 13 .1
B ulk Sample 2 P R

— 2 . 6 6 1 0 . 7

5^ CaSO]| 0 6 2 . 9 S *—

k 6 2 .9 6 0 . 6 7
12 6 2 . 9? 2 . 6 s

B u lk  Sample 13 / -0 2 . 9 ^ 1 . 3^
2 . 9 ^ Check

<•>
C .

«-% r~ Ti r-
^ ♦ 7 5 1 7 . S

Bulk Sample 2 25 2 .  bo 1 0 . 7

5% CaO 0 6 2 . 7 S
4 6 2 .S 3 ----------

12 6 2 .92 — -

B ulk Sample 13 6 2 .57 Q p j  #  CL

2 25 2 . 6 0
B ulk  Sample 2 25 2.31 16 .9  •

* P er o x id e  to  b a se  r a t i o .
E s s e n t ia l l y  no CaO in  sam ple a n a ly z e d .
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The r e s u l t i n g  p r e c i p i t a t e  was f i l t e r e d  and th e  two l iq u i d  

p h a se s  s e p a r a te d . T ab le  IV shows th e  h yd rogen  p e r o x id e  

s o l u t i o n s  o b ta in e d  from  v a r y in g  c o n c e n tr a t io n s  o f  s u l f u r i c  

a c id .

T ab le  IV

H20 2 S o lu t io n s  O btained  from  Na20 2 ’ 2H202 and H2 S0^

HgSOjj.
C C .

Ho0c.
C C . N*

, i-
U sed

Oo’ 2H20 2 
gms. C** P r e c i p i t a t e

5.1*5 S9 37 5 .7 1 1 .2 9 Na2 SO V l0H 20

10 75 l* .lg 1 2 .9 5 *K2 2 1 ,0 Na2 S0)i/10H20

16 Si* 6 .5 5 1 5 .5 7. S 29.1* Na2 SOi; * 9H20 * H202

_ _ — conc. o .s ■2 .1 — Na2 S0l>.’ 3H202 *xH20

* N o rm a lity  o f  s u l f u r i c  a c id  
** C o n c e n tr a tio n  o f  H2 0 2 s o lu t io n  in  gram s o f  H20 2 p e r  100 c c .  

o f  s o l u t i o n .

The p r e c i p i t a t e  o f  Na2 S0i;*3H20 2 *xH20 was 7 3 .6 ^  

Na2 S0ij.*3H20 2 and c o n ta in e d  some carbon  t e t r a c h l o r i d e .  T h is  

sam ple was p la c e d  in  a  d i s t i l l a t i o n  f l a s k  and e v a c u a te d  a t  

ab ou t 2 mm. m ercury p r e s s u r e  to  a ttem p t to  d i s t i l l  o f f  th e  

HgOg. A f t e r  o n e - h a l f  hour th e  p r e c i p i t a t e  c o n ta in e d  

Na2 S0[}.*3H20 2 b a s e d  on th e  p e r o x id e  p r e s e n t .  The h yd rogen  

p e r o x id e  rem oved was l a r g e ly  decom posed.

Sodium p e r o x id e  d lp e r o x y h y d r a te  was c o n v e r te d  to  u rea  

m onoperoxide by th e  r e a c t io n  w ith  u r e a  o f  th e  hyd rogen
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p e r o x id e  s o l u t i o n s  p rod u ced  ab o v e . The r e s u l t in g  s lu r r y  upon  

e v a p o r a t io n  gave a p r o d u ct o f  6$$  u rea  m onoperoxide m ixed  

w ith  sodium  s u l f a t e .  The p ro d u ct was q u it e  s t a b le  when s to r e d  

a t  room te m p e r a tu r e .

S , P r e p a r a t io n  o f  p o ta ss iu m  P er o x id e  D ip e r o x y h y d r a te .

The o b j e c t  o f  t h i s  work was to  r e p la c e  th e  sodium  meth­

y l a t e  in  th e  red u ced  s o l u t i o n  w ith  p otassiu m - m e th y la te  so  

th a t  p o ta ss iu m  p e r o x id e  d ip e r o x y h y d r a te  w ould

p r e c i p i t a t e  d u r in g  th e  o x id a t io n  s t e p .

The s ta n d a r d  r e d u c t io n  s o lu t io n  c o n s i s t i n g  o f  SO grams 

o f  azob en zen e  d i s s o lv e d  in  600 c c .* o f  b en zen e  and UOQ c c .  o f  

m eth y l a lc o h o l  was u s e d . The r e d u c t io n  s te p  was c a r r ie d  ou t  

a s  p r e v io u s ly  d e s c r ib e d .  A l l  o f  th e  sodium  m e th y la te  was 

removed by th e  u se  o f  c a lc iu m  c h lo r id e  o r  w a ter  e x t r a c t io n .

When c a lc iu m  c h lo r id e  was u sed  to  remove a l l  o f  t h e . 

sodium  m e th y la te , a  la r g e  amount o f  p r e c i p i t a t e  form ed and, 

t h e r e f o r e ,  a c o n s id e r a b le  amount o f  h yd razob en zen e  was 

a d so rb ed  on th e  g e la t in o u s  ca lc iu m  m e th y la te . The f i l t r a ­

t io n  and w ash in g  s t e p s  w ere q u i t e  d i f f i c u l t .

The w a t e r - e x t r a e t io n  m ethod was m ost e a s i l y  u s e d . T h is  

was a c c o m p lish e d  by a d d in g  w a ter  to  th e  red u ced  s o l u t i o n  and 

th e n  s e p a r a t in g  th e  b e n z e n e  p h ase  w hich was washed w ith  w a ter  

and th en  d r ie d  w ith  c a lc iu m  c h lo r id e .

A p o ta ss iu m  m e th y la te  s o lu t io n  was p rep a red  by r e a c t in g  

p o ta ss iu m  m eta l w ith  m eth y l a lc o h o l .  T h is  r e a c t io n  was
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carrled out carefully to eliminate f3,re and to cut down the 
amount of metal oxides added, A solution of about RO cc. of 
benzene and 50 cc, of methyl alcohol was placed In a 3~nec ?̂ 
round-bottom flask equipped with a condenser and an agitator. 
The flask was placed In a cold water bath. The potassium 

, was cleaned and cut under benzene and transferred rapidly 
Into the stirred solution. More methyl alcohol was added 
when the potassium methylate began to crystallize or when 
the metal reacted only slowly. The final solution contained 
3,59 meqc KOCH- per cc. of solution.

This potassium methylate solution was added to the 
hydrazobenzene solution so that the potassium methylate was 
present in an amount equivalent to one-third of the original 
sodium methylate.

When the hydrazobenzene was oxidized in the presence of 
the potassium methylate, a precipitate of the rather unstable 
Kp0 2*2H202 was formed. When the potassium methylate was 
added In an amount equivalent to one-half ( 1 /2 )  of the 
original aodiuia methylate, formed again. All
oxidations were made at 0° C. because of the instability of 
the X202*^H202,i Several times products were obtained that 
had a peroxide to base ratio of 3-5. This value would cor­
respond to the compound '2 .5^ 0 2. It was concluded that 
this material consisted of a mixture of K2°2 ° 2H2O2 and
K 2 O 2 * a
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. p o ta ss iu m  p e r o x id e  d ip e r o x y h y d r a te  was c r y s t a l l i n e  and 

v e r y  e a sy  t o  f i l t e r  and w ash . The p a r t i c l e s  ap p ea red  la r g e r  

th a n  th e  c r y s t a l s  o f  NagOp’ SHgOp and f i l t r a t i o n  was somewhat 

e a s i e r  than  f i l t r a t i o n  o f  t h e  s o lu t io n  from th e  Na^C^'SHpOp.

The r a te  o f  o x id a t io n  o f  th e  h y d ra zo b en zen e  in  th e  

p r e se n c e  o f  p o ta ss iu m  m e th y la te  was n o t made. H owever, the  

s tr o n g  oran ge  c o lo r  o f  th e  a zob en zen e  s o lu t io n  ap p eared  t o  

form  more r a p id ly  th a n  when sodium  m e th y la te  was in  th e  

o x id a t io n  s o l u t i o n .

H owever, more p e r o x id e  rem ained in  th e  o x id a t io n  s o lu ­

t i o n  d u r in g  th e  p r e p a r a t io n  o f  than  d u r in g  th e

p r e p a r a t io n  o f  Na^Og'SHgOg. T h is  showed th a t  th e  s o l u b i l i t y  

o f  was g r e a t e r  th an  th e  s o l u b i l i t y  o f  NapOp*

o r  i t  showed t h a t  S2 0 p*2H20 p may h ave  b een  s lo w e r  to  p r e c ip ­

i t a t e .

An a ttem p t to  d e term in e  th e  s o l u b i l i t y  o f  in

m eth y l a lc o h o l  and a s o l u t i o n  o f  by  volum e m eth y l a lc o h o l  

in  b en zen e  a t  0 °  G. was made by a d d in g  a f r e s h l y  p rep a red  

sam p le to  10 c c .  o f  th e  c o o le d  s o l v e n t s  and sh a k in g  th e  

tu b e s  w ith  c o o l in g  in  an i c e  b a th . In  b o th  c a s e s  c o n s id e r ­

a b le  b u b b lin g  r e s u l t e d .  T h is  showed t h a t  d e c o m p o s it io n  was 

r e s u l t i n g  in  b o th  c a s e s .  A f te r  ab ou t o n e - h a l f  h ou r  t h e  s o lu ­

t i o n s  w ere f i l t e r e d  and th e  amount o f  a l k a l i  and p e r o x id e  

d eterm in ed  in  5 c c .  o f  th e  s o l u t i o n s .  One hundred  c c .  o f  th e  

a lc o h o l  s o l u t i o n  c o n ta in e d  6 m i l l 1 e q u iv a le n t s  (m eq .) o f  

b a s e  and 0 . 9 3 5  meq. p e r o x id e  w h ile  100 c c .  o f  th e  a lc o h o l
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s o lu t lo n  c o n ta in e d  *4-3. 9  meq. b a s e  and J>0 . 6  p e r o x id e .

T hese t i t r a t i o n s  g a v e  a p e r o x id e  to  b a se  r a t i o  o f  th e  

d i s s o lv e d  m a te r ia l  o f  0 . 1 5  in  th e  ^0 ,̂  a lc o h o l  s o l u t i o n  and 

O .o 1! In  th e  a lc o h o l .  B ased  on th e  p e r o x id e  p r e s e n t  th e  

s o l u b i l i t y  found was 0 .0 2 3  and 0 . 9 0  grams KoOo’ SHgC^ pe**

100 c c .  o f  th e  '40% a lc o h o l  s o lu t io n  and th e  pure a lc o h o l  

r e s p e c t i v e l y .  The amount o f  t h i o s u l f a t e  s o lu t io n  r e q u ir e d  

to  t i t r a t e  a  sam ple o f  th e  f i l t r a t e  o b ta in e d  a f t e r  o x id a ­

t i o n  was th e  same a s  t h a t  r e q u ir e d  to  t i t r a t e  th e  *K);£ 

a lc o h o l  s o lu t io n  a b o v e .

H, P r e p a r a t io n  o f  L ith iu m  P er o x id e  and L ith iu m  P er o x id e  Hono- 
p ero  xyhy d ra t e .

The sta n d a rd  s o lu t io n  o f  a zo b en zen e  was c o n v e r te d  to  a  

s o lu t io n  o f  h yd razob en zen e and sodium  m e th y la te  in  th e  

m eth yl a lc o h o l-b e n z e n e  s o lv e n t  by r e d u c t io n  w ith  sodium  

amalgam and th e  a l c o h o l .  To t h i s  red u ced  s o lu t io n  an amount 

o f  anhydrous l i t h iu m  c h lo r id e  d i s s o lv e d  in  m ethyl a lc o h o l  

was added to  c o n v e r t  a l l  o f  th e  sodium  m e th y la te  t o  l i t h iu m  

m e th y la te  and p r e c i p i t a t e  sodium  c h lo r id e  a c c o r d in g  to  re ­

a c t io n  ( 3 ) .

L iC l + NaOCHj — LiOCH^ + NaCl (3 )

The r e s u l t in g  s o lu t io n  was f i l t e r e d  and th e  p r e c i p i t a t e  

washed w ith  th e  m eth y l a lc o h o l-b e n z e n e  s o lv e n t .  The f i l t r a t e  

was added t o  th e  o x id iz e r  and th e  o x id a t io n  c a r r ie d  ou t a t

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



- 5 7 -

o0 C. The p r e c i p i t a t e  had a p e r o x id e  t o  b a se  r a t i o  s l i g h t l y  

g r e a t e r  th a n  o n e . "When t h e s e  sam p les were s to r e d  a t  room 

tem p era tu re  c o n s id e r a b le  d e c o m p o s it io n  took  p la c e  w ith  th e  

fo r m a tio n  o f  some l i t h iu m  h y d r o x id e . The f i n a l  p e r o x id e  to  

b a s e  r a t io  was s l i g h t l y  b e lo w  o n e .

A l i t h iu m  p e r o x id e  p ro d u ct w ith  a p e r o x id e  t o  b a se  

r a t i o  o f  1 . 5 7  was o b ta in e d  when e x a c t ly  o n e - h a l f  o f  th e  

m e th y la te  was rem oved by th e  w a ter  e x t r a c t io n  m ethod. A fte r
r \

o x id a t io n  f o r  th r e e  h o u rs a t  0 ~ C. th e  m a te r ia l  was rem oved  

by f i l t r a t i o n  and washed w ith  a  c o o le d  $0 % b en zen e  s o l u t i o n .  

The p r o d u ct c o n ta in e d  2 3 .0  meq. o f  b a s e  ana ^3-^  meq. o f  

p e r o x id e  p e r  g r a s .  I f  t h i s  p r o d u ct w ere pure LigOg'HgQg and  

L. 2̂ ° 2  p lu s  an i n e r t  im p u r ity  i t  would h ave c o n ta in e d  ^7 . 1  

meq. o f  p e r o x id e  p e r  gram. T h e r e fo r e , th e  p u r ity  was 9 3 .0 $ .  

A f te r  d r y in g  e ig h t e e n  days a t  2 5 °  C. and ab ou t two mm. mer­

cury p r e s s u r e  i t  c o n ta in e d  3 5 -7  ^ eQ. b a s e  and ^1 . 5  meq. 

p e r o x id e .  I f  t h i s  p r o d u c t , w ith  a p e r o x id e  to  b a s e  r a t i o  

o f  1 .1 6 ,  w ere pu re and L I202 p lu s  an I n e r t  m ate­

r i a l  i t  w ould h a v e  had ^5 . 2  meq. p e r o x id e  p e r  gram and, 

t h e r e f o r e ,  th e  p u r i t y  o f  th e  p ro d u ct was 9 1 .7 $ .  A f t e r  a 

t o t a l  o f  27 days th e  r a t i o  was 1 . 0 6 5 , th e  p e r o x id e  c o n te n t  

was ^0 . 1  meq. p e r  gram and th e  p u r i t y  9 ° . 6$ .

The above m a te r ia l  was v e r y  w h ite  when p r e p a r e d . A f te r  

e v a c u a t io n  f o r  e ig h t e e n  d ays i t  became s l i g h t l y  o r a n g e -y e l lo w  

In  ap p earan ce; h ow ever , e s s e n t i a l l y  no oxygen  was e v o lv e d  on 

s o lu t io n  In I c e  w a te r  and a 0 .2  gram sam ple e v o lv e d  o n ly
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0 . 3  c ° .  when a n a ly z e d  f o r  s u p e r o x id e .

L ith iu m  p e r o x id e  m onop eroxvhyd rate  was p rep ared  by th e  

o x id a t io n  o f  h yd razob en zen e  in  th e  p r e s e n c e  o f  l i t h iu m  

m e th y la te -p r e s e n t  in  an amount e q u iv a le n t  to  tw o - th ir d s  ( 2 /p )  

o f  th e  o r ig i n a l  sodium  m e th y la te  p rod u ced  in  th e  sta n d a rd  

red u ced  s o l u t i o n .  The f i r s t  p o r t io n  of th e  sodium  m e th y la te  

was removed by means o f  c a lc iu m  c h lo r id e ,  w h ile  th e  rem ain d er  

was c o n v e r te d  to  l i t h iu m  m e th y la te  w it h  l i t h iu m  c h lo r id e .

T h is s o l u t i o n  was o x id iz e d  a t  0 °  G ., b u t when th e  f i n a l  

p r e c i p i t a t e  was washed a t  25°  C. w ith  a s o lv e n t  m ix tu re  o f  

e q u a l volum es o f  b en zen e  and m eth a n o l, th e  p rod u ct decom posed  

to  g iv e  a b r o w n ish -y e llo w  m a te r ia l  c o n t a in in g  3 5 . 9  meq. o f  

b a s e  and 3 2 .5  raeq. o f  p e r o x id e  p er  gram . A su p e r o x id e  

a n a l y s i s  showed 5 .S}£ L iO g.

The r a t e  o f  p e r o x id e  p r e c i p i t a t e d  was d eterm in ed  f o r  an 

ex p er im en t when 63% o f  th e  NaOCH-̂  was rem oved w ith  c a lc iu m  

c h lo r id e  and th e  rem aind er was c o n v e r te d  to  LiOCH-  ̂ w ith  

L iC l. The r e s u l t s  a r e  t a b u la te d  in  T ab le  7 .

The r e s u l t s  show th a t  3&% o f  th e  LiOCK^ was c o n v e r te d  

t o  L100H (LipO g'HpOp). L ipO p*2H2O2 d id  n o t  app ear t o  form . 

S in c e  L i2 0 2 * 2H2°2  <aic3- n o  ̂ 'tne y i e l d  o f  s o l i d  p e r o x id e

c o u ld  n o t ex ce ed  ab ou t 0 . 5 9 2  f o r  a t  t h i s  y i e l d  10 0 % o f  th e  

LiOCH-  ̂ w ould have b een  p r e c ip i t a t e d  in  th e  above p r e p a r a t io n .

A f t e r  w ash in g  th e  p r e c i p i t a t e  w ith  a b en z e n e

s o l u t i o n  c o n ta in in g  1 0 % m eth a n o l, th e  p ro d u ct decom posed
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Table V
Preparation of Lithium Peroxide Monoperoxyhydrate

( f *  - 0.29)
Oxidation
Time
min. X** z

lfield
Y

16 o.koG 1 .S2 0.214
6o 0.95 1.29 0.493

t onXC.V 0 . 9 3 9 i on 0.545
ISO 0 . 9 8 0 2 .Oi­ 0.53

* LlOGHj present in an amount equivalent to 23% of 
original NaOCH^.

** Fraction of LiOCK^ precipitated.
peroxide to base ratio in precipitate.

rapidly to LiOH. The oxidation and filtration were done 
at 0° C.

To prepare Li202 & solvent of equal volumes of ethyl 
alcohol and benzene was used for the solvent for the azoben­
zene. After the reduction the sodium ethylate was replaced 
by lithium ethylate by the addition of anhydrous lithium 
chloride dissolved in methyl alcohol. The sodium chloride 
was removed by filtration and washed with the benzene and 
ethyl alcohol solvent. . All of the lithium ethylate remained 
in the solution when SO grams of azobenzene was used per 
1000 cc. of solvent.
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The s o l u b i l i t y  o f  l i t h iu m  e t h y la t e  In e t h y l  a lc o h o l  was 

ab ou t 1 2 .6  grams LiOEt p e r  100 c c .  and In a 4-0J& e t h y l  a lc o h o l  

s o l u t i o n  o f  b en zen e  abou t 5 . 2  grams p e r  100 c c .  o f  s o l u t i o n .  

The s o l u b i l i t y  o f  l i t h iu m  m e th y la te  was ab ou t 1 3 .0  grams 

LiOCHj p e r  loO  c c .  o f  m eth y l a lc o h o l  and ^ .5  grams p e r  

lo u  c c .  ox" th e  4 0 m etn y l a lc o h o l  m  b en zen e  s o l v e n t ,

.̂/hen th e  h yd razob en zen e  was o x id iz e d  In  th e  ab ove e th y l  

a lc o h o l-b e n z e n e  s o lu t io n  c o n ta in in g  l i t h iu m  e t h y l a t e ,  97/® 

th e  LiOEt was p r e c ip i t a t e d  a s  LigOg . L ith iu m  p e r o x id e  a l s o  

p r e c i p i t a t e d  when th e  l i t h iu m  e t h y la t e  was p r e s e n t  In  an  

amount e q u iv a le n t  to  o n e - h a l f  ( 1 / 2 ) o f  th e  o r ig i n a l  sodium  

e t h y l a t e .  The two sam p les had a  p e r o x id e  to  b a s s  r a t i o  o f  

0 .9 ^  and 0 , 9 6  r e s p e c t i v e l y .  The sam p les c o n ta in e d  91% and 

90p by w e ig h t LigQo and. o n ly  a t r a c e  o f  c h lo r id e .

On s t o r in g  th e  above sam p les s i x t y - f i v e  days a t  2 5° C ., 

th e r e  r e s u l t e d  a l o s s  o f  a v a i la b le  oxygen  o f  ~$.Q% and 2 . 0 % 

r e s p e c t i v e l y .  No t r a c e  o f  oxygen  was e v o lv e d  on s o l u t i o n  

in  i c e  w a te r . B oth sam p les were v e r y  f i n e l y  d iv id e d  and 

q u i t e  lo w  in  d e n s i t y .  Sam ples o f  th e  powder ap p eared  to  

rem ain  u n r e a c te d  a f t e r  tw e n ty - fo u r  h o u rs  ex p o su re  to  

a tm o sp h e r ic  c o n d i t io n s .
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I* P r e p a r a t io n  o f  Sodium S u p erox id e  and P o ta ss iu m  S u p erox id e  

from  th e  D ip e r o x y h y d r a te s  o f  Sodium P er o x id e  and P o ta ssiu m  

P e r o x id e .

The seco n d  p h ase  o f  t h i s  work In v o lv e d  th e  c o n v e r s io n  

o f  Na20 2 *2H20 2 to  Na02 and X20 2 '2H20 2 to  K02 . The r e a c t io n  

r e s u l t e d  in  th e  fo r m a tio n  o f  b o th  su p e r o x id e  and w a te r . Sev­

e r a l  p r o c e d u r e s  w ere u sed  to  ca rry  o u t  th e  c o n v e r s io n  under  

c o n d i t io n s  f a v o r a b le  f o r  t n s  e sc a p e  o f  th e  w a ter  to  p r e v e n t  

I t s  d e c o m p o s it io n  o f  th e  su p e r o x id e . The and

NagQg"2H2Q2 sam p les w ere p rep a red  a s  p r e v io u s ly  d e s c r ib e d .

A f t e r  f i l t r a t i n g  and w ash ing KP0 2 *2H20 2 w ith  a s o lv e n t  

c o n t a in in g  by volum e m ethyl a lc o h o l  In  b en zen e  c o o le d  to  

0 °  C ., th e  w h ite  c r y s t a l l i n e  m a te r ia l  was added to  a vacuum 

d e s i c c a t o r  to  d r y . R apid d e c o m p o s it io n  r e s u l t e d ,  and a f t e r  

ab ou t f i f t e e n  m in u tes  a l a y e r  o f  y e l lo w  m a te r ia l  was removed  

and a n a ly z e d  f o r  su p e r o x id e  by m easu r in g  th e  amount o f  oxygen  

e v o lv e d  by t r e a t i n g  th e  sam ple w ith  a  s o lu t io n  o f  a c e t i c  a c id  

and d ie t h y lp h t h a la t e  (m ethod o f  Seyb and K le ln b e r g ) . The 

amount o f  su p e r o x id e  In  t h i s  f i r s t  sam ple was foun d  to  b e  

abou t ^ 6%.

At a  l a t e r  d a te  more s t a b le  K20 2 *2H20 2 was o b ta in e d  by 

w ash in g  th e  p r e c i p i t a t e  w ith  a 1 0 % m eth y l a lc o h o l  s o lu t io n  

In  b e n z e n e  c o o le d  to  0 °  C. Some o f  t h e s e  sam p les showed a  

much s lo w e r  r a te  o f  d e c o m p o s it io n  u n d er vacuum . Two d i f f e r ­

e n t  e x p e r im e n ts  p rod u ced  p r o d u c ts  w ith  62% and 6l a*j% K0 2
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when t h e  IC20 2 - 2H2 02 was decom posed a t  2 5 °  C. in  two and o n e -  

h a l f  h o u rs and one week r e s p e c t i v e l y .  A seco n d  r a th e r  s t a b le  

p r e p a r a t io n  o f  K202 *2H2Q2 was decom posed a t  0 °  C. and 25° C. 

un der abou t one t o  th r e e  mm. m ercury p r e s s u r e .  A f te r  two 

w eeks th e  sam ple decom posed a t  0 °  C. showed a 6 1 . 2^ KCU 

c o n te n t  w h ile  th e  sampJLe a t  u . nad  a  kcj2 c o n t e n t .

S in c e  Traube and S c h u lz e  (3 9 ) r e p o r te d  t h a t  u l t r a ­

v i o l e t  l i g h t  had c a ta ly z e d  th e  fo r m a tio n  o f  BaO^ and CaO^ 

from  t h e  p e r o x y h y d r a te s  o f  barium  and c a lc iu m  p e r o x id e , t h i s  

m ethod was a p p l ie d  to  th e  p r e p a r a t io n  o f  Na02 and K02 . Two 

m ethods were u sed  u t i l i z i n g  u l t r a - v i o l e t  l i g h t ,  th e  one 

u s in g  a vacuum to  remove w a ter  and th e  o t h e r  a strea m  o f  

g a s  t o  sweep away th e  w a ter  form ed .

The f i r s t  m ethod u t i l i z i n g  u l t r a - v i o l e t  l i g h t  to  p rep a re  

Na02 and K0 2 made u s e  o f  a c u r r e n t  o f  oxygen  o r  ammonia g a s  

to  rem ove th e  w a ter  v a p o r  a s  i t  form ed . In  t h i s  m ethod th e  

d lp e r o x y h y d r a te s  were washed a f t e r  p r e p a r a t io n  and l e f t  on 

th e  600 c c .  f r i t t e d - g l a s s  f u n n e l .  The g a s  was th en  drawn 

th rou gh  th e  fu n n e l to  remove a s  much a s  p o s s i b l e  o f  th e  

w a ter  a s  i t  was form ed.

A q u a r ts  g l a s s  p l a t e  was cem ented o n to  a n eop ren e  sh e e t  

w ith  a  c i r c u la r  h o le  c u t  J u st  s m a lle r  th a n  th e  fu n n e l  so  

th a t  th e  neop ren e c o u ld  be s t r e t c h e d  o v e r  th e  fu n n e l  to  

make a  t i g h t  s e a l .  An o p en in g  was made in  th e  n eop ren e  a t  

th e  ed ge  o f  th e  q u a r tz  p l a t e  t o  p a s s  In  th e  g a s .
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In one ex p er im en t u s in g  t h i s  p r o c e d u r e , ammonia g a s  

was p a sse d  in t o  th e  fu n n e l and drawn th ro u g h  a  

sam ple by means o f  a v /a ter  a s p ir a t o r .  A sunlamp was p la c e d  

ab ou t te n  in c h e s  above th e  q u a r ts  window. The m a te r ia l  

b egan  to  decom pose im m ed ia te ly  and in  ab ou t f i f t e e n  m in u tes  

th e  p ro d u ct was a n a ly z e d  f o r  s u p e r o x id e . The sam ple con ­

t a in e d  695§ KOg.

Oxygen g a s  was u se d  w ith  a la r g e r  sam ple o f  

T hree s e p a r a te  a n a ly s e s  o f  t h i s  p ro d u ct g a v e  59&  b~f%, aud  

5^£ XOo. I t  was b e l i e v e d  t h a t  th e  v a r ia t i o n  in  th e  v a lu e s  

o b ta in e d  was due l a r g e ly  to  th e  n on -h om ogen lty  o f  th e  p r o -

n't®•O.u y 0

The d a ta  o b ta in e d  on th e  p r e p a r a t io n  o f  KOg i s  summa­

r iz e d  In T ab le  V I. A vacuum o f  about t h r e e  mm. o f  m ercury  

was u s e d .

T ab le  VI 

C on version  o f  K20 2 *2H202 to  K02

Run
No.

z*
O r ig in a l

Method
U sed

Time o f  
R e a c tio n

Meq. B ase  
p e r  Gram Z

/°
k o 2

Vacuum,2 5° C. 30 min.' mmmm ^ 6 .5
s i 2 . 2b F 30 m in. ------- 0 . ^ 5 69
s 6 7y R 30 m in. — — 51
S27A 3 Vacuum, 0 °  C. 2 wks. 1 2 .9 0 . 6 5 6 1 . 2
S27B 3 Vacuum,25° C. 2 wks. 1 2 . g 1 . 0 6 9 .6
S29 3 it u 1 wk. 1 2 . S o .g g 6 1 .5
S30 3 « ii 2 . 5  h r s . 1 3 .5 6 0 . 6 0 6 2 . 2

* P er o x id e  to  b a s e  r a t i o .
F -  Sunlamp, NH-? g a s  drawn th rou gh  sam ple In  f u n n e l .  
B -  Sunlamp, 0 g a s  drawn th rou gh  sam ple in  fu n n e l .
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Sample No. S29 was a llo w e d  ab ou t se v en  h o u rs on th e  

fu n n e l w h ile  a  stream  o f  ammonia g a s  was p u l le d  th rou gh  th e  

sam p le . The sam ple rem ained  q u i t e  s t a b le  w h ile  some y e l lo w  

p r o d u ct form ed . S in c e  th e  sam ple d id  n o t r e a d i ly  decom pose  

i t  was p la c e d  in  a vacuum d e s i c c a t o r .

The a ccu ra cy  o f  th e  r e s u l t s  t a b u la te d  in  T ab le  VI was 

n o t  e x tr e m e ly  g o o d . The su p e r o x id e  c o n te n t  was e s t im a te d  to  

b e  a c c u r a te  to  ab ou t f i v e  p e r c e n t .  The v a lu e s  o b ta in e d  w ere, 

no d o u b t, s l i g h t l y  h ig h  due to  l i b e r a t i o n  o f  p e r o x id e  o x y g en , 

in  m aking th e  su p e r o x id e  a n a ly s e s ,  th e  r e a c t io n  f l a s k  was 

k e p t e x a c t l y  a t  a  tem p era tu re  o f  th e  o r d e r  o f  1 2° C. f o r  

Runs S2JA th rou gh  S 30 .

Wien r e l a t i v e l y  p u re N&202*2H 2°2 was p la c e d  in  a  vacuum  

d e s i c c a t o r  to  remove b en zen e  and a lc o h o l  e s s e n t i a l l y  no 

su p e r o x id e  form ed a t  2 5 °  C. In  from  fo u r  to  e ig h t  h o u rs o f  

d r y in g .

Rapid h e a t in g  o f  NagC^'SHgOg r e s u l t e d  in  co m p le te  decom­

p o s i t i o n  to  sodium  h y d r o x id e . S low  h e a t in g  gave  t r a c e s  o f  

NaC>2 . H e a tin g  u n d er  vacuum gave  a g r a d u a l c o lo r  change from  

w h ite  to  p a le  y e l lo w .  F u r th er  h e a t in g  r e s u l t e d  in  more 

r a p id  d e c o m p o s it io n  w ith  c o n s id e r a b le  e v o lu t io n  o f  o xyg en .

Two sam p les c o n ta in in g  3 .6 % and 1 2 .6 ^  su p e r o x id e  w ere  

o b ta in e d  in  t h i s  m anner.

S in c e  Na20 2 *2H202 was q u i t e  r e lu c t a n t  in  i t s  c o n v e r s io n  

t o  Na0 2 » u l t r a - v i o l e t  l i g h t  was u se d  i n i t i a l l y  to  c a r r y  o u t  

th e  c o n v e r s io n . S in c e  was q u it e  s t a b le ,  how ever,
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I t  was much e a s i e r  to  h a n d le  th a n  th e  K20 2 *2H20 2 .

In  o r d e r  to  g e t  good c o n v e r s io n  I t  was assum ed n e c e s s a r y  

to  g e t  good ex p o su re  o f  a s  much a s p o s s i b l e  o f  th e  N&2 0 2 *2H202  

p a r t i c l e s  w ith  th e  l i g h t .  To a c c o m p lish  t h i s ,  an a p p a ra tu s  

was c o n s tr u c te d  in  w hich th e  powder sam ple was m ixed in s id e  

a  r o t a t in g  P l e x i g l a s s  tu b e  th rou gh  w h ich  th e  tr a n s m is s io n  o f  

u l t r a - v i o l e t  l i g h t  was h ig h . The a p p a r a tu s , a s  p r e v io u s ly  

d e s c r ib e d , was c o n s tr u c te d  so  th a t  a  vacuum was m a in ta in ed  

in  th e  tu b e  w h ile  I t  r o ta te d  and m ixed th e  sam ple due to  th e  

tu m b lin g  a c t i o n .

A m ercu ry -a rc  lamp was u se d  a s  a  so u r c e  o f  u l t r a - v i o l e t  

l i g h t .  S in c e  t h i s  lamp g e n e r a te d  a c o n s id e r a b le  amount o f  

h e a t ,  a fa n  was p la c e d  o v er  th e  tu b e  t o  p r e v e n t  e x c e s s  h e a t ­

in g .

About f i v e  grams o f  Na202*2H20 2 w ere p la c e d  in  th e  tu b e  

and a vacuum o f  ab ou t th r e e  mm. was m a in ta in e d  w h ile  th e  

tu b e  was r o t a t e d  under th e  l i g h t .  A f t e r  a s h o r t  p e r io d  o f  

tim e  th e  sam ple tu rn ed  p a le  y e l lo w .  In  one run a f t e r  f i f ­

t e e n  m in u tes  a p ro d u ct was removed and a n a ly z e d  f o r  su p e r -  

o x id e ,  p e r o x id e ,  and b a s e .  The p e r o x id e  to  b a se  r a t i o  was 

1 .0 $  and th e  su p e r o x id e  c o n te n t  was 1 6 .1 ,^ . A seco n d  sam ple  

c o n ta in e d  1 3 . ^  NaOp and had a  p e r o x id e  to  b a s e  r a t i o  o f  

1 .9 3  a f t e r  fo u r  h o u r s .

S in c e  K202*2H20 2 c o u ld  n o t be p rep a red  dry and a llo w e d  

t o  warm w ith o u t d e c o m p o s it io n , an i n v e s t i g a t i o n  o f  th e  decom­

p o s i t i o n  o f  K20 2 ‘ 2H20 2 in  th e  above a p p a ra tu s  was n o t made.
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C on version  o f  NagC^'SI^Og to  Na02 "by p a s s in g  oxygen  g a s  

th rough  th e  p r e c i p i t a t e  on a f r i t t e d - g l a s s  fu n n e l t o  sweep  

o u t th e  w a ter  form ed was n o t  v e r y  s u c c e s s f u l  u n le s s  th e  

sam ple was s t i r r e d .  In  one ex p er im en t a  t h in  l a y e r  o f  th e  

d a r k -y e llo w  Na02 form ed on th e  s u r fa c e  w h ile  th e  sam ple r e ­

m a in e d  v e r y  w h ite  un d ern eath ,. At th e  same tim e  th e  h e a t  

g e n e r a te d  "by th e  sunlamp r a is e d  th e  tem p era tu re  o f  th e  

Na2 0 2 *2H2C>2 a f t e r  w hich th e  m a te r ia l  decom posed v e r y  r a p id ly .

In  o r d e r  to  g iv e  b e t t e r  c o n ta c t  w ith  th e  u l t r a - v i o l e t  

l i g h t  on th e  Na2 0 2 *2H2C>2 p a r t i c l e s  and a t  th e  same tim e p r e ­

v e n t  to o  much h e a t in g  o f  th e  p a r t i c l e s ,  s e v e r a l  s tr ea m s o f  

oxygen  were d ir e c t e d  in t o  th e  fu n n e l from  a g l a s s  tu b in g  w ith  

sm a ll t i p s  drawn o u t a t  v a r io u s  p o s i t i o n s  so  t h a t  th e  J e t s  o f  

oxygen  c o u ld  b e  d ir e c t e d  o v e r  th e  e n t i r e  s u r fa c e  o f  th e  

fu n n e l and th e  p y rex  window. By r o t a t in g  th e  tu b in g  th e  dry  

Na20 2 *2H202 p a r t i c l e s  w ere s t i r r e d  and m ixed w ith  th e  w h ir l ­

in g  g a s .  In  one hou r a p ro d u ct was o b ta in e d  t h a t  a n a ly z e d  

2 7 .2% Na02 w h ile  th e  p e r o x id e  to  b a se  r a t i o  was 2 .1 5 »  T h is  

p ro d u ct was l a r g e ly  Nao2 a^d undecom posed Na2 0 2 *2H20 2 «

In  a s im i la r  manner Na2 0 2 *2H202 was added to  a  g l a s s  

b e a k e r  mounted on a  p la t fo r m  r ig g e d  on a m otor s h a f t „ The 

Na202 *2H202 sam ple was p la c e d  in  th e  r o t a t in g  b e a k e r  in  w hich  

s e v e r a l  J e t s  o f  oxygen  w ere blow n to  a g i t a t e  th e  powder and 

remove th e  w a ter  a s  i t  form ed . T h is a llo w e d  th e  u l t r a ­

v i o l e t  l i g h t  to  come In to  b e t t e r  c o n ta c t  w ith  th e  f i n e  p a r ­

t i c l e s .  However, two sam p les c o n v e r te d  In  t h i s  f a s h io n  con­
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t a in e d  1 S $  and 25% su p e r o x id e  a f t e r  ab ou t two h o u rs r e a c t io n  

t im e . The to p  o f  th e  b e a k e r  was open to  th e  a tm o sp h ere .

Sam ples o f  NagOg* 2H20 2 gave  r a th e r  lo w  y i e l d s  o f  NaQ2 

{J%) w ith  v e r y  l i t t l e  d e c o m p o s it io n  o f  th e  rem a in in g  

Na20 2 -2H2Q2 ^ en e v a c u a te d  In a 500 c c .  q u a rtz  f l a s k  w hich  

was shaken in  f r o n t  o f  a  sunlam p. See Runs S10 and S12 in  

T ab le  V II . Run S l l  g a v e  I S . 1% Na02 ; h ow ever, th e  sam ple was 

l a r g e l y  decom posed to  sodium  h y d r o x id e . The l a t t e r  sam ple  

was run f o r  th r e e  h o u rs  d u r in g  w hich t im e  th e  f l a s k  was 

a llo w e d  t o  becom e q u i t e  warm.

A t h ir d  p r o c e d u r e , u t i l i z i n g  u l t r a - v i o l e t  l i g h t ,  was 

u se d  to  rem ove th e  w a ter  in  th e  p r e p a r a t io n  o f  Na02 and K02 . 

In  t h i s  method th e  sam p les w ere added t o  l i q u i d  ammonia a t  

I t s  b o i l i n g  p o in t  a t  a tm osprierIc  p r e s s u r e .  The Na20 2 “2K20 2 

sam ple was p la c e d  in  a b e a k e r  and a  sunlam p p la c e d  ab ou t one  

f o o t  above th e  w e l l - s t i r r e d  s o l u t i o n .  A f te r  two h o u rs th e  

p r o d u ct was rem oved by f i l t e r i n g  th e  ammonia th rou gh  a  

g l a s s - c l o t h  f i l t e r .  On d r y in g  th e  m a te r ia l  v i o l e n t l y  decom­

p o s e d . Two sm a ll sa m p les , r e s e r v e d  w h ile  s t i l l  w e t , were 

a n a ly z e d . The su p e r o x id e  c o n te n t  was 7 whi l e  th e  p e r o x id e  

to  b a s e  r a t i o  was 2 . l h .

A K20 2 *2H20 2 sam ple tu r n e d  y e l lo w  when s t i r r e d  In  a 

q u a r tz  f l a s k  In  l i q u i d  ammonia. A sunlam p was p la c e d  a t  th e  

b ottom  o f  th e  f l a s k .  A f te r  f i l t r a t i o n  t h i s  sam ple a l s o  d e ­

com posed .
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The r e s u l t s  f o r  th e  v a r io u s  p r e p a r a t io n s  o f  Na02 u t i l i z ­

in g  u l t r a - v i o l e t  l i g h t  a r e  t a b u la te d  in  T ab le  V I I .

T ab le  V II

C on version  o f  NagOg'SHgOg to  NaQ2 w ith  U l t r a - v i o l e t  L ig h t

Run
No.

Z*
Original

Method
Used

Reaction
Timehrs.

Meq.Base 
per Gram Z %NaOp

S5 —  — A 2 *•» 2 5 . 0
38 P QQ B n — 1  *» “ 9. f
•39 2.99 C 0 1^.5 2 .1 -̂ 1 .9310 _ _ D 1.5 13.7 2.73 6 . 2Sll — D 3 1 3 .0? 0 . 6 0 13.7S12 «*•*» D 1 13.5 2 .8? 6 .0
S13 Sample SI2 B 1 14.0 2.15 2 7 . 2
S14 2 . 8 6 B 1.5 — 1.93 13.5
m  "7
O l  { 2 . 8 6 D '4- 2 1 . 5 0 . 3 0 40 3S1SA 2.35 E 0.25 19.4 1.08 1 6 . 1
S18B 2 . 2 2 2 *K5 1 6 . 1 1.93 1 3 A

11.5 16.9 1.59 1 1 . 6
1 6 . 5 17.5 1.39 1 2 . 6

* P er o x id e  to  b a s e  r a t i o .
A -  Sunlamp, Op g a s  p a s s e d  o v e r  sam ple In  b e a k e r .
B -  Sunlamp, Op g a s  th ro u g h  sam ple i n  fu n n e l .
C -  Sunlamp, sam ple in  l i q u i d  NK-? a t  - 3 3 °  C.
D -  Sunlamp, vacuum, sam ple In q u a r tz  f l a s k .
S -  M ercu ry-arc lam p, in  r o t a t in g  p l e x i g l a s s  tu b e  w ith  

vacuum o f  ab ou t 3 e®.

F or th e  Na02 sam p les th e  p e r o x id e  to  b a se  r a t i o ,  Z, was 

much lo w e r  f o r  some sam p les th an  o t h e r s  w ith  e s s e n t i a l l y  th e  

same su p e r o x id e  c o n t e n t .  In  some c a s e s  u n r e a c te d  Na20 2 '2H20.5 

rem ained  w h ile  o th e r  sam p les c o n ta in e d  a  c o n s id e r a b le  amount 

o f  sodium  h y d r o x id e . U n le s s  th e  a n a l y s i s  f o r  Run S I3 was 

h ig h ,  th e  sam ple c o n s i s t e d  e s s e n t i a l l y  o f  27^ Na02 w ith  th e  

rem ain d er  Na20 2 *2H20 2 .
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Sodium p e r o x id e  d ip e r o x y h y d r a te  was c o n v e r te d  s lo w ly  to  

NaOg u n d er  vacuum. Sam ples w ere s to r e d  In  sm a ll g l a s s  

" b o tt le s  in  vacuum d e s ic c a t o r s  c o n t a in in g  barium  o x id e .  At 

v a r io u s  tim e i n t e r v a l s  th e  sam p les were removed f o r  a n a l y s i s  

o f  th e  su p e r o x ld e  c o n te n t  and p e r o x id e  to  b a se  r a t i o .  B e fo r e  

rem oving  sam p les fo r  a n a l y s i s  th e  d e s ic c a t o r s  were f i l l e d  

w ith  oxygen  g a s  p a sse d  th ro u g h  a  magnesium p e r c h lo r a te  d ry­

in g  tu b e . T h is  was t o  c u t  down th e  a d d it io n  o f  w a ter  and  

carb on  d io x id e  to  th e  sa m p le s .

The r e s u l t s  o b ta in e d  f o r  th e  v a r io u s  p r e p a r a t io n s  o f  

NaC>2 # u t i l i z i n g  a vacuum o f  ab ou t th r e e  mm. o f  m ercury to  

rem ove th e  w ater# are  t a b u la te d  in  T ab le  V I I I .
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Table Till
Decomposition of Na2°2*̂ 2°2 Na°2 ^nder Vacuum

(P = 3 M . ,  T = 25° o.)

R u n Z Time Meq. Base *
N o . Original days p e r  G-ram Z N a0 2

S 1 5 2 . 2 5 2 1 . 4 2 2 2 . 5 *
4 1 7 - 7 1 . 1 5 3 6 . 6*
7 1 7 . 9 1 . 0 0 4 4 . 2 *

26 I S . 6 0 . 6 1 6 1 . 2*
1 1 5 I S . 9 0 . 4 5 6 7 . 2
1 4 2 I S .  4 0 . 4 7 5 S . 2

S i b 2 . 7 2 3 1 5 . 5
*"5 n 1# d , 1 ^ 1 0 . 7 *

p i 1 7 . 6 1 . 5 6 2 6 . 1 *
3 7 H - 5 1 . 3 5 4 4 . 6 *
45 1 6 . g 1 . 2 5 4 9 . 4 *
5 5 1 7 . 5 0 . 9 4 6 7 . 0 *

1 1 2 I S . 3 0 . 5 7 7 2 - °
1 2 9 1 S . 0 0 . 5 6 6 6 . 5

s i  9 2 . 9 S 4 o 1 5 . 4 2 . 5 0 6 . S
7 2 1 7 . 3 1 . 6 9 1 6 . 9
90 I S . 5 l . i o 3 1 . 2

100 i s . 9 1 . 1 2 2 9 . 4

3 2 0 a t  4 o °  C. 2 . 9 S 3 9 2 3 . 6 0 . 1 S 9 . 3

S 21 2 . 9 5 3 3 1 6 . 1 1 . 5 S 1 0 . 0
5 6 2 0 . 6 0 . S 2 2 4 . 3
6 5 2 2 . 9 0 . 5 6 2S . 9

322  ( I n d a r k )  2 . 9 5 1 S . 1 1 . 5 S 1 0 . 0
° 5 2 1 . 3 0 . 6 1 2 6 . 0

S 23* * 2 . 9 5 17 1 3 . S 2 . 6 4 6 . 5

S 2 4 2 . 9 1 3 3 1 9 . 4 1 . 1 3 2 0 . 3
64 2 2 . S 0 . 2 2 2 7 . 7

S 2 6 2 . 7 0 15 1 5 . 3 l . S S 1 4 . 5
1 7 . 6 1 . 1 5 2 2 . 0

% 1 9 . 5 0 . 7 0 2 9 .0
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T a b le  V I I I  (C o n tin u ed )

D e co m p o sitio n  o f  ma.2 ^ 2 ' ^ 2 ^ 2  Na02 Under Vacuum

(P = 3 mm., T = 25° C .)

Run
No.

2
O r ig in a l

Time
days

Meq. B ase  
p e r  Oram z

%
NaOg

S31 2 .7 5 5 1 6 .9 2 .0 1 6 .7
7 1 7 .7 1 .5 7 1 « .4

10 I S .  6 1 .2 5 2 9 .6
17 0 .S 1 5 3 .3

S32 2 .9 0 1 6 . S 2 .0 2 *** r*
1 17 A 1 .S 2 7 .9

10 1 7 -6 1 .5 6 1 7 .*-1 7 -1-1 I S . 5 1 .0 5 H i.g

* A n a ly s is  o f  NaOp made w ith  r e a c t io n  f l a s k  a t  room
tem p era tu re; ami o t h e r  a n a ly s e s  made w ith  f l a s k  a t  12° C.

** Sample fo u r  days in  g l a s s  tu b e  w ith  3 v o l t  G erm ic id a l  
lamp lo c a t e d  i n s id e  t u b e .  T em perature h e ld  a t  1 2 °  C. by  
w a ter  j a c k e t ,  3 mm. Hg p r e s s u r e  m a in ta in e d .

The s o lu t io n s  u se d  f o r  th e  p r e p a r a t io n  o f  th e  

HagCp-SH^Og sam p les t h a t  w ere u se d  f o r  th e  Na02 p r e p a r a t io n  

t a b u la te d  in  T ab le  V III  w ere p rep a red  a s  f o l lo w s :

Run SI 5 -  O x id a tio n  o f  th e  l a y e r  r ic h  in  m e th y la te ,
Run No. 5 h , no CaCl2 u s e d .

Run S l 6 -  S tandard  p h a s e - s e p a r a t io n  m ethod, Run No. 5^ , 
no CaClg u s e d .

Runs S19, S20 -  S tan d ard  p h a s e - s e p a r a t lo n  m ethod, Run 
No. 5 5 , s m a ll amount o f  CaClp u sed  to  remove 
H2G.

Runs S21, S22, 32 3 , S2h -  C alcium  c h lo r id e  m ethod.
Run S26 -  E s s e n t i a l l y  no m e th y la te  rem oved, CaCl2 u sed  

to  remove w a te r .
Run S31 -  Na Nfi-OCH-̂  rem oved, no CaCl2 added .
Run S32 -  W ater e x t r a c t io n  m ethod, Run No. 59B, no 

CaCl2 u s e d .

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



- 7 2 -

J .  M ethods o f  A n a ly s is  o f  P er o x id e  Compounds and S u p e r o x id e s .

The a l k a l i  c o n te n t  o f  sam p les c o n t a in in g  c a lc iu m  p e r o x id e  

and c a lc iu m  m e th y la te  was made by a d d in g  a w eighed  sam ple to  a  

sm a ll amount o f  w a ter  and th e n  a d d in g  an e x c e s s  o f  0 .1  N 

h y d r o c h lo r ic  a c id .  A f t e r  a l l  o f  t h e  s o l i d  went in t o  s o l u t i o n ,  

th e  e x c e s s  a c id  was b ack  t i t r a t e d  w ith  0 .1  n sodium  h y d r o x id e  

s o l u t i o n  u s in g  p h e n o lp h th a le ln  a s  an in d ic a t o r .

The p e r o x id e  c o n te n t  o f  th e  ab ove sam p les was d e term in ed  

by a m o d if ic a t io n  o f  HK in g z e t t s  I o d id e  M ethod1* ( 1 3 ) .  About 

0 . U- gram s o f  th e  c a lc iu m  p e r o x id e  p r o d u c ts  and 10 c c .  o f  

g l a c i a l  a c e t i c  a c id  were added to  a  b e a k e r  c o n ta in in g  w ater  

w ith  I c e .  Im m ed ia te ly  ab ou t *K) c c .  o f  a 1 0 £  p o ta ss iu m  

io d id e  s o lu t io n  was add ed . Then a few  drops o f  a s a tu r a te d  

s o l u t i o n  o f  ammonium m olyb d ate  was added t o  h a s te n  th e  l i b e r ­

a t io n  o f  io d in e  a c c o r d in g  t o  th e  r e a c t io n :

H20 2 + 2 KI + 2 HCgHgOj I g + 2 KCgHgOg + 2 HgO

W ith in  th r e e  m in u tes  th e  I o d in e  was t i t r a t e d  w ith  a 0 .1  N 

t h i o s u l f a t e  s o l u t i o n .

The p e r o x id e  and b a se  c o n te n t  o f  p e r o x id e  compounds o f  

th e  a l k a l i  m e ta ls ,  nam ely L i20 2 , L l2 0 2 * H2°2» NaOOH, 

Na20 2 *2H20 2 , and K20 2 *2H20 2 , were made by s lo w ly  d i s s o l v in g  

a w eigh ed  sam ple o f  ab ou t 0 .2  grams in  a  m ix tu re  o f  i c e  and  

w a ter  f o l lo w e d  by t i t r a t i o n  o f  th e  b a s e  w ith  0 .1  N h yd ro­

c h lo r i c  a c id  and th e n  d e te r m in a t io n  o f  th e  p e r o x id e  by th e  

t h i o s u l f a t e  m ethod.
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One c c .  o f  0 .1  N sodium  t h l o s u l f a t e  s o l u t i o n  c o r r e s ­

ponded t o  th e  f o l lo w in g  am ounts o f  th e  f o l lo w in g  compounds: 

0 .0 0 1 7 0 1  gram H20 2 

0.00229*5- gram LigOg 

0 .0 0 1 9 9 7  gram LiOOH o r  L i2 0 2 * H2 °2  

0 .0 0 2 SOI gram NaOOK o r  N&gOg’ KpOP 

0.002*5-51 gram Na20g*2Hg0g o r  NaOOH-l/2HgOg 

0 .0 0 2 9 7 0  gram K2° 2 * 2H2 °2  o r  K 00H*l/2Hg0g

The a l k a l i  and p e r o x id e  c o n te n t  o f  p o ta ss iu m  su p e r o x id e  

and sodium  su p e r o x id e  p r o d u c ts  w ere made by s lo w ly  d i s s o l v in g  

th e  w eigh ed  sam p les In w a te r  c o n ta in in g  I c e  and p r o c e e d in g  a s  

a b o v e .

The s o lu t io n  o f  th e  p e r o x id e  in  i c e  w a ter  w ith  th e  

l i b e r a t i n g  o f  th e  su p e r o x id e  oxygen  w ith o u t undue d ecom p osi­

t i o n  o f  th e  p e r o x id e  was d i s c u s s e d  by Kraus and Whyte (2 0 )  

and can  b e  r e p r e s e n te d  by:

2 K02 + w a ter  — 5-  KgOg* aq + 0 2

I t  was p o in te d  o u t t h a t  t h i s  m ethod was n ot e x tr e m e ly  

a c c u r a te  due to  some d e c o m p o s it io n  o f  th e  p e r o x id e .

The su p e ro x id e  c o n te n t  was d eterm in ed  by a  p r o c e d u r e  

d e v e lo p e d  by Seyb and K le ln b e r g  ( 3 7 ) .  A diagram  o f  th e  

a p p a r a tu s  s im i la r  to  th e  one d e s c r ib e d  by th e  a b ove  a u th o r s  

i s  shown in  F ig u r e  1 3 .

In  t h i s  p roced u re  sam p les o f  about 0 .2  grams w ere t r a n s ­

f e r r e d  t o  a sm a ll v i a l  in  a dry box c o n ta in in g  anh ydrous
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magnesium p e r c h lo r a t e .  E x tr a  p r e c a u t io n  was tak en  f o r  p o t a s ­

sium  su p e r o x id e  b e c a u se  t h e s e  sam p les p ic k e d  up w a te r  vap or  

v e ry  r a p id ly  from  th e  a i r .  The v i a l  was w eighed  and th e  

c o n te n t s  r a p id ly  t r a n s f e r r e d  to  a 125 c c .  g r o u n d -g la s s  

E rlenm eyer f l a s k  p r e v io u s ly  f lu s h e d  o u t  w ith  oxygen  w hich  

was d r ie d  by p a s s in g  o v e r  anhydrous m agnesium  p e r c h lo r a t e .

The f l a s k  was im m ed ia te ly  t r a n s f e r r e d  t o  th e  c e l l  head  w hich  

c o n ta in e d  a c o a t in g  o f  s to p c o c k  g r e a s e  to  g iv e  a t i g h t  s e a l  

to  th e  f l a s k .  The f la s k  was h e ld  t i g h t l y  in  p la c e  by means 

o f  a  rubb er ban d .

A stream  o f  oxygen  was p a s se d  th ro u g h  th e  d r y in g  tu b e s ,  

in t o  th e  f l a s k  to  f lu s h  o u t any a i r ,  and  o u t o f  th e  system  

th rou gh  a th r ee -w a y  s to p c o c k  lo c a t e d  on th e  top  o f  th e  gas  

b u r e t t e .  At t h i s  tim e th e  c o ld  w a ter  b a th  and th e  m agn etic  

s t i r r e r  were r a i s e d  so  t h a t  g a s  in s id e  th e  r e a c to r  f l a s k  

came to  c o n s ta n t  te m p e r a tu r e . D uring t h i s  tim e th e  v i a l  was 

rew e lg h ed  to  d e term in e  th e  w e ig h t o f  th e  sam ple and a secon d  

sam ple was a n a ly z e d  f o r  p e r o x id e  and b a s e  c o n te n t .

A f t e r  a b o u t 10 m in u tes  to  a l lo w  th e  tem p era tu re  to  

becom e c o n s ta n t ,  about ^ c c .  o f  d ie t h y lp h t h a la t e  (DEP) were  

added to  th e  f l a s k .  Then e x a c t ly  10 c c .  o f  a  m ix tu re  o f  

80% g l a c i a l  a c e t i c  a c id  and 20% DEP w ere added s lo w ly  d u r in g  

w hich  t im e  th e  s o lu t io n  was s t i r r e d .  The rem ain d er o f  

e x a c t ly  5 c c .  o f  DEP was added th en  to  rem ove any a c e t i c  

a c id  from  th e  g l a s s  tu b in g  to  p r e v e n t  any o f  th e  a c e t i c  a c id  

from  b e in g  added i n i t i a l l y  to  th e  n e x t  sam ple to  b e  a n a ly z e d .
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The b u r e t t e  r e a d in g  was made a f t e r  a l l  o f  th e  y e l lo w  

m a te r ia l  had d isa p p e a r e d  from  th e  sa m p le . The su p e r o x id e  

c o n te n t  was c a lc u la t e d  from

% = f ( R /w ) ( 273P /76OT)

where

f  = 0 .^ 9 1  Na02 and 0 ,6 3 5  f o r  K02 

T = tem p era tu re  o f  th e  c o o l in g  w a ter  

P = b a r o m e tr ic  p r e s s u r e  

R = b u r e t t e  r e a d in g  m inus 15

S in ce  th e  te n p e r a tu r e  o f  th e  ta p  w ater  was o f  th e  o r d e r  

o f  1 0 °  C ., th e  m a jo r ity  o f  th e  a n a ly s e s  were made w ith  ta p  

w a ter  f o r  th e  tem p era tu re  c o n t r o l .
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I I I .  RESULTS AND CONCLUSIONS

A. O x id a tio n  o f  H ydrazobenzene in  th e  P r e se n c e  o f  Calcium  

M eth y la te  and C alcium  E th y la te  and th e  R e a c tio n  o f  Hydro­

gen  P ero x id e  w ith  th e  A lc o h o la te s  in  N on-aqueous S o lu t io n s

The sodium  amalgam and m eth y l a lc o h o l  r e d u c t io n  o f  azo=  

b en zen e  in  th e  a lc o h o l  and an in e r t  s o l v e n t  su ch  a s  benzen e  

was d is c u s s e d  by s e v e r a l  I n v e s t ig a t o r s  (3»30»3D. T h is  

r e d u c t io n  r e a c t io n  p ro d u ced , f o r  exam p le , h yd razob en zen e  and 

sodium  m e th y la te  a c c o r d in g  to  r e a c t io n  { ^ ) . *

Hi_Nn + 2 CH-OH + 2 NaHgv  Ph^h' H„ + 2 CrUONa + 2x  Hg (b)2 2  p — a d d  p

In  t h i s  I n v e s t ig a t io n  c a lc iu m  c h l o r i d e  d i s s o l v e d  in  

m ethanol o r  In  th e  s o l i d  form  was added t o  th e  red u ced  s o lu ­

t i o n .  A p r e c i p i t a t e  o f  sodium  c h lo r id e  and c a lc iu m  m e th y la te  

r e s u l t e d  a s  shown b y  r e a c t io n  ( 5 ) .

CaCl2 + 2 CH-^ONa— >- Ca(OCH^ ) 2 + 2 NaCl (5 )

The s o l u b i l i t y  o f  sodium  c h lo r id e  was known t o  be  

e s s e n t i a l l y  zero  in  b en zen e  and q u i t e  lo w  in  m eth y l a lc o h o l  

a t  room te m p e r a tu r e . For t h i s  r e a so n  i t  was known th a t  th e  

sodium  io n s  c o u ld  b e  rem oved a s  sodium  c h lo r id e  a lm o st quan­

t i t a t i v e l y  from  th e  s ta n d a r d  s o lu t io n  c o n s i s t i n g  o f  about 

60% b e n z e n e . H owever, i t  was found  t h a t  c a lc iu m  m e th y la te  

was o n ly  v e r y  s l i g h t l y  s o lu b le  in  m eth y l a l c o h o l ,  th e  s o lu -
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b l l i t y  b e in g  o f  th e  o r d e r  o f  0 .0 2  grams o f  c a lc iu m  m e th y la te  

p er  100 grams o f  a lc o h o l;  th e  s o l u b i l i t y  In  b en zen e  was 

e s s e n t i a l l y  z e r o .

T hese r e s u l t s  showed t h a t  th e  exch an ge  r e a c t io n  (5 )  

ga v e  co m p lete  p r e c i p i t a t io n  o f  th e  sodium  m e th y la te  a s  c a l ­

cium  m e th y la te  w ith  e s s e n t i a l l y  an e q u iv a le n t  amount o f  

sodium  c h lo r id e .

When oxygen  g a s  was p a s s e d  th ro u g h  th e  s lu r r y  o f  g e l a t ­

in o u s  ca lc iu m  m e th y la te  and sodium  c h lo r id e  in  th e  h yd razo ­

b en zen e  s o lu t io n ,  hyd rogen  p e r o x id e  form ed and r e a c te d  w ith  

th e  c a lc iu m  m e th y la te  a s  p r e d ic t e d  by r e a c t io n s  (6 )  and ( 7 ) .

EhgNgHg + 0 2  HigNg + HOOH (6 )

Ca(00113)2 + KOOH —-*» Ca02 + 2 CH3OH (? )

Some ca lc iu m  h y d ro p er o x id e  m e th y la te  (CaOOHOCI^) may have  

form ed.

When a l l  o f  th e  c a lc iu m  m e th y la te  produced  by r e a c t io n  

(5 )  was l e f t  in  th e  s lu r r y ,  ab ou t 5^  ^he CaCOCHj) 2 was 

c o n v e r te d  to  Ca02 . T h is  showed th a t  e i t h e r  o r  b o th  o f  th e  

r e a c t io n s  ( 6 ) and (7 )  w ere In c o m p le te . The y i e l d  o f  ca lc iu m  

p e r o x id e  was a b o u t a f t e r  th r e e  h o u rs  o f  o x id a t io n  when 

o n e - h a l f  o f  th e  c a lc iu m  m e th y la te  was rem oved b e fo r e  th e  

o x id a t io n .  In  t h i s  c a s e  t h e  o x id a t io n  y i e l d  was o n ly  ab ou t  

46^ . The p r o d u c ts  o b ta in e d  in  b o th  c a s e s  were v e r y  s t a b l e .  

N ea r ly  I d e n t ic a l  r e s u l t s  w ere o b ta in e d  when e t h y l  a lc o h o l
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was s u b s t i t u t e d  f o r  m eth anol In  th e  a zo b en zen e  s o l u t i o n .

P oor r e s u l t s  f o r  th e  above r e a c t io n s  w ere d u e, no d ou b t, 

to  two f a c t o r s .  F i r s t ,  s in c e  c a lc iu m  m e th y la te  was q u it e  

I n s o lu b le  In th e  s o lv e n t  m ix tu re  u s e d , th e  r e s u l t i n g  s o lu t io n  

was o n ly  v e r y  w eak ly  a l k a l i n e .  I t  ap p eared  t h a t  h y d ra zo b en -  

zen e s p l i t s  o f f  I t s  h yd rogen  atom s w ith  oxygen  t o  form  h yd ro ­

gen  p e r o x id e  a t  a  r e a so n a b ly  r a p id  r a t e  o n ly  In  f a i r l y  a lk a ­

l i n e  s o lu t io n  un der th e  c o n d it io n s  u s e d .  T h is  a ssu m p tio n  

was r e a so n a b ly  v e r i f i e d  by th e  f a c t  t h a t  o x id a t io n  in  th e  

p r e se n c e  o f  c a lc iu m  m e th y la te  n ev er  rep ro d u ced  th e  s tr o n g  

c h e r r y -r e d  c o lo r  c h a r a c t e r i s t i c  o f  th e  o r i g i n a l  azob en zen e  

s o l u t i o n .

H owever, when 10;» o f  th e  sodium  m e th y la te  was l e f t  In  

th e  s o l u t i o n  to  I n c r e a s e  th e  a l k a l i n i t y ,  e s s e n t i a l l y  th e  

same r e s u l t s  w ere o b ta in e d . T h is  in d ic a t e d  a  n e g a t iv e  

c a t a l y t i c  e f f e c t  ca u sed  by  th e  c a lc iu m  m e th y la te .

The secon d  f a c t o r  c a u s in g  low  y i e l d s  o f  c a lc iu m  p e r o x id e  

was b e l ie v e d  to  b e  th e  c a t a l y t i c  d e c o m p o s it io n  on  th e  s u r fa c e  

o f  th e  c a lc iu m  m e th y la te . A c tu a l ly  e x c e s s  h yd rogen  p e r o x id e  

was n e v e r  found In  th e  s o l u t i o n  and i t s  d e c o m p o s it io n  by  

s o l i d  c a lc iu m  a lc o h o la t e s  was shown t o  b e  q u i t e  s tr o n g .

\1hen  s o l i d  c a lc iu m  e t h y la t e  was added to  a h yd rogen  p e r o x id e  

s o lu t io n  o f  e th y l  a lc o h o l  and a  hyd rogen  p e r o x id e  s o lu t io n  in  

b en zen e  and m eth yl a lc o h o l  c o n ta in in g  a z o b e n z e n e , n e a r ly  com­

p l e t e  d e c o m p o s it io n  r e s u l t e d  w h ile  v e r y  l i t t l e  p e r o x id e  was 

foun d  in  th e  s o l i d  p h a se .
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When w orking w ith  c a lc iu m  e t h y l a t e ,  w h ich  was p r e c i p i ­

t a t e d  from  a. h o t  e t h y l  a lc o h o l  s o lu t io n  a s  Ca(O Et) g* EStOH,

I t  was n o te d  t h a t  th e  p r e c i p i t a t e  became dark due to  o x id a ­

t i o n ,  The fo r m a tio n  o f  th e  y e l lo w - r e s in o u s  m a te r ia l  was 

a .r r e s te d  by th e  a d d it io n  o f  ab ou t O.l^o e th y le n e  d iam in e  

d ih y d r o c h lo r id e  to  th e  p r e c i p i t a t e  o r  s o l u t i o n  o f  ab ou t 2% 

CaCOEt)- in  e t h y l  a lc o h o l  a t  room te m p e r a tu r e 0

B. M ethods o f  Removing Sodium M e th y la te  from  th e  Reduced  
S o l u t io n .

Four m ethods were u sed  to  remove a l l  or  any d e s ir e d  

f r a c t i o n  o f  th e  sodium  m e th y la te  in  th e  m ethanol and b en zen e  

s o l u t i o n  c o n ta in in g  h y d ra z o b e n z e n e . A l l  o f  th e  NaOCH-̂  was 

rem oved when th e  o x id a t io n  s t e p  was s t u d ie d  in  th e  p r e s e n c e  

o f  XOCH-j, LiOCH-^, and L iO E t. V ar iou s f r a c t i o n s  o f  th e  

NaOCH  ̂ were rem oved to  stu d y  th e  p r e p a r a t io n  o f  Na-2° 2 *^ 2^2 *

iV nile th e  a d d it io n  o f  c a lc iu m  c h lo r id e  t o  th e  red u ced  

s o l u t i o n  o f  h yd razob en zen e and sodium  m e th y la te  d id  n o t  

a f f o r d  a method o f  p ro d u c in g  a h ig h -g r a d e  c a lc iu m  p e r o x id e  

p r o d u c t , i t  d id  p r o v id e  a c o n v e n ie n t  means o f  rem oving any 

d e s ir e d  f r a c t io n  o f  th e  sodium  m e th y la te . The s o l u b i l i t y  

o f  Ca(OCH^ )2 3-n m ethanol was ab ou t 0 .0 2  grams p e r  100 grams 

o f  th e  m ethanol and e s s e n t i a l l y  zero  In  b e n z e n e . H ow ever, 

th e  p r e c i p i t a t e  o f  sodium  c h lo r id e  and c a lc iu m  m e th y la te ,  

p r o b a b ly  a s  Ca{OCH^)2 *SCH^OH, was foun d  t o  b e  g e la t in o u s  

and v e r y  d i f f i c u l t  to  f i l t e r .  Slow a d d it io n  o f  a c a lc iu m
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c h lo r id e  s o lu t io n  in  m eth anol t o  th e  r a p id ly  s t i r r e d  sodium  

m e th y la te  s o lu t io n  gave  a  p r e c i p i t a t e  t h a t  f i l t e r e d  much 

more r e a d i l y .  H owever, in  b o th  c a s e s  c o n s id e r a b le  h y d ra zo -  

b en zen e  was ad sorb ed  on th e  p r e c i p i t a t e  and was q u i t e  d i f f i ­

c u l t  t o  remove by w a sh in g . F or t h i s  r e a so n  c o n s id e r a b le  

HjTarazoDsnz.3n s *73.3 .Lost# dgxfox*6 T*riG o x id s .o io n  stisp  sn d # 1̂10170— 

f o r e ,  th e  y i e l d  o f  p e r o x id e  p r o d u c ts  was c u t down som ewhat.

One ad van tage  o f  th e  c a lc iu m  c h lo r id e  method was th a t  

any w a ter  t h a t  may h ave b een  in  th e  h y d ra zo b en zen e  s o lu t io n  

was rem oved by  r e a c t io n  w ith  c a lc iu m  m e th y la te  a s  shown by 

r e a c t io n  ( 3 ) .

Ca(OCH^)g + 2 HgO — »  Ca(OH) 2 + 2 CĤ OH (S)

A. seco n d  ad van tage  o f f e r e e  oy t h i s  metnoo. r e s u x te d  

in  th e  p u r i f i c a t i o n  o f  th e  95 $  a zo b en zen e  b e fo r e  o x id a t io n .  

The dark c o lo r e d  im p u r i t ie s  w ere rem oved d u rin g  th e  f i l t r a ­

t io n  s t e p .  When t h i s  s t e p  was e lim ln a .te d  and im pure azoben­

zene was u s e d , a d s o r p t io n  o f  th e  r e s in o u s  m a te r ia l  r e s u l t e d  

on th e  p e r o x id e  p r e c i p i t a t e s .

H owever, a s  th e  f i l t r a t i o n  s te p  was c a r r ie d  o u t w ith  

much d i f f i c u l t y ,  s in c e  h yd razob en zen e  was l o s t  due to  ad sorp ­

t io n  and s in c e  ca lc iu m  m e th y la te  h a s no g e n e r a l u se  in  th e  

ch em ica l in d u s tr y  a t  p r e s e n t ,  o th e r  m ethods were worked ou t  

to  r e c o v e r  th e  sodium  m e th y la te  w hich a t  p r e s e n t  i s  an 

a r t i c l e  o f  comm erce.
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A  c o n v e n ie n t  method o f  rem oving sodium  m e th y la te  from  

th e  h y d ra zo b en zen e  s o l u t i o n  was to  s e p a r a te  two l i q u i d  p h a se s  

th a t  form ed a f t e r  c o m p le t io n  o f  th e  r e d u c t io n  s t e p .  The one  

p h a se  c o n ta in e d  th e  g r e a t e r  p o r t io n  o f  th e  h yd razob en zen e  in  

m ain ly  b en zen e  w h ile  th e  secon d  p h ase  c o n ta in e d  a b o u t 93^ 

th e  sodium  m e th y la te  in  a s o lu t io n  o f  a b o u t eq u a l volum es o f  

b en zen e  and m eth a n o l.

By malting u s e  o f  t h i s  method o f  rem oving sodium  m eth y l­

a t e  to  p rod u ce  p e r o x id e  compounds su ch  a s  Ns-2^ 2 ' ^ 2 ° 2  ln  a 

c y c l i c  p r o c e s s  th e  r e d u c t io n  o f  th e  a zo b en zen e  w ith  sodium  

amalgam and m eth yl a lc o h o l  would b e  made a s  p r e v io u s ly  

d e s c r ib e d .  T w o -th ird s ( 2 / 3 )  o f  th e  sodium  m e th y la te  would 

b e  rem oved in  th e  p h ase  r i c h  in  m e th y la te .  T h e r e a f te r , th e  

h y d ra zo b en zen e  would b e  rem oved from  th e  rem ain d er  o f  t h i s  

p h ase  by e x t r a c t in g  w ith  b e n z e n e . The b en zen e  s o lu t io n  

w ould b e  added to  th e  o x id a t io n  s o l u t i o n  b e fo r e  o x id a t io n  

to  p r e c i p i t a t e  Na2 0 2 *2H2C>2 . T w o -th ir d s  o f  th e  sodium  

m e th y la te  produced  on r e d u c t io n  would b e  r e c o v e r e d  by evap­

o r a t in g  th e  a lc o h o l  from  th e  s d lu t io n  a f t e r  th e  b en zen e  

e x t r a c t io n .  The o b v io u s  ad van tage  o f  t h i s  p r o c ed u r e  would  

b e  th e  r e c o v e r y  o f  th e  v a lu a b le  sodium  m eth y la te ,,

The p h ase  diagram  f o r  sodium  m e th y la te ,  m eth a n o l, and 

b en zen e  was worked o u t by R obinson (3 3 )  ♦ In  t h i s  work th e  

c o n c e n tr a t io n  o f  sodium  m e th y la te  in  a  s o lu t io n  o f  b en zen e  

and m ethanol was d e term in ed ; h ow ever, t h e  t i e  l i n e s  show ing  

th e  two l i q u i d  p h a se s  in  e q u il ib r iu m  w ere not g iv e n .  For
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t h l s  r e a so n  I t  was v ery  d i f f i c u l t  t o  make u s e  o f  th e  ph ase  

d iagram .

The above p h a se  sy stem  was r e d e te r m in e d  a t  room tem per­

a tu r e  by D op tog lon  (9 )  and th e  t i e  l i n e s  sh ow in g  th e  two 

l i q u i d  p h a se s  In  e q u il ib r iu m  were d e te r m in e d . T h is  phase  

sy stem  i s  p r e s e n te d  in  F ig u r e  lM-„

In t h i s  diagram  th e  m ole f r a c t i o n  o f  m eth anol In  th e  

a lc o h o l-b e n z e n e  s o lv e n t  I s  p lo t t e d  on th e  a b s c i s s a ,  The 

o r d in a t e ,  H, r e p r e s e n t s  th e  m oles o f  m e th y la te  p e r  m ole o f  

t o t a l  s o l v e n t .  From F ig u re  lM i t  can  b e  o b se r v e d  t h a t  w ith  

a  s u f f i c i e n t  amount o f  sodium  m e th y la te  p r e s e n t  two p h a se s  

w i l l  s e o a r a t e ,  th e  c o n c e n tr a t io n s  o f  w h ich  can  b e  read  

d i r e c t l y  from  th e  t i e  l i n e s .  ,

In  th e  red u ced  s o lu t io n  h y d ra zo b en zen e  r e p r e s e n t s  a  

fo u r th  com ponent. To d e term in e  ab ou t what p o in t  on th e  

p h a se  diagram  was reach ed  when th e  s ta n d a r d  s o l u t i o n  was 

u s e d , th e  h yd razob en zen e  was assum ed t o  b e  e q u iv a le n t  to  

b e n z e n e . With co m p lete  r e d u c t io n  SO gram s o f  a zo b en zen e  

r e q u ir e d  O .gg m oles o f  m eth y l a lc o h o l  and gave  0 .6 S  m oles  

o f  sodium  m e th y la te  and O.M-M- m oles o f  h y d ra zo b en zen e  assumed  

e q u iv a le n t  to  O.SS m oles o f b e n z e n e . The 600 e e .  o f  ben zen e  

and ^00 c c .  o f  m ethyl a lc o h o l  were e q u iv a le n t  to  6 .7 1  and 

9 . 7 M m oles r e s p e c t i v e l y .  The m ole f r a c t i o n  o f  a lc o h o l  In  

th e  f i n a l  s o lu t io n  was, t h e r e f o r e ,  0.5^- and th e  m o les  o f  

m e th y la te  p e r  m ole o f  s o lv e n t  was 0 . 0 5 3 5 .  T h is  p o in t  I s
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lo c a t e d  a t  “A" on th e  p h ase  d iagram . I t  r e p r e s e n ts  th e  

maximum c o n c e n tr a t io n  o f  m e th y la te  t h a t  can  b e  o b ta in e d  on 

r e d u c t io n  o f  th e  sta n d a rd  s o lu t io n *

The t i e  l i n e  lo c a t e d  b e lo w  p o in t  ”A" vras found by a n a ly ­

s i s  o f  th e  two p h a se s  o b ta in e d  a f t e r  r e d u c t io n  o f  3000 c c . 

o f  th e  sta n d a rd  s o l u t i o n .  The sodium  m e th y la te  c o n te n t  was 

d eterm in ed  by t i t r a t i o n  and t h e  b en zen e  and a lc o h o l  c o n te n t  

g v f  1*3.0 1 sJLcolioX wj.‘tjYi 3. 2JUOnri"b

o f  w a te r . The h y d ra zo b en zen e  rem ained  In  th e  b en zen e  a f t e r  

e x t r a c t io n  and th e  volum e o f  tn e  b e n z e n e  s o lu t io n  was mens™ 

u red  a s  p u re b e n z e n e . The top  la y e r  c o n ta in e d  1 0 .9  m oles o f  

b e n z e n e , 2 0 . s  m oles o f  a l c o h o l ,  and 1 .9 3 5  m oles o f  m e th y la te .  

The b o ttom  l a y e r  c o n ta in e d  1 0 .6  b e n z e n e , ^ .7 S  a lc o h o l ,  and 

0 .1 7 2  m e th y la te . T hese r e s u l t s  gave  a  m ole f r a c t io n  o f  

a lc o h o l  o f  0 .6 6  w ith  0 . 0 6 l  m o les o f  m e th y la te  p e r  m ole o f  

s o lv e n t  in  th e  top  l a y e r .  The r e s p e c t iv e  v a lu e s  in  th e  

lo w e r  la y e r  were O.3 1  and 0 .0 1 1 .  T hese r e s u l t s  a re  r e p r e ­

s e n te d  on th e  diagram  a s  th e  b rok en  l i n e .

The f a c t  th a t  t h i s  t i e  l i n e  l i e s  b e lo w  p o in t  "A” was 

due m ain ly  to  th e  p r e se n c e  o f  h yd razob en zen e  In th e  azoben­

zene in  th e  o r ig i n a l  s o l u t i o n .  H ydrazobenzene was p r e s e n t  

a f t e r  o x id a t io n  in  many c a s e s  due to  in c o m p le te  o x id a t io n .  

A fte r  o x id a t io n  th e  a zo b en zen e  was r e c o v e r e d  by e x t r a c t in g  

th e  a lc o h o l  and a l k a l i  w ith  w a ter  and th e n  e v a p o r a tin g  th e  

b e n z e n e . In  any a c tu a l  c y c l i c  p r o c e s s  t h i s  r e c o v e r y  s te p  

would n o t b e  n e c e s s a r y .
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From F ig u re  l h  th e  e f f e c t  o f  rem oving b en zen e  and 

m eth anol from  th e  sy stem  can  b e  d e te r m in e d . Upon f r a c t i o n ­

a t io n  o f  th e  red u ced  s o lu t io n  c o n ta in in g  h y d ra zo b en zen e  and 

sodium  m e th y la te  in  a s o lv e n t  o f  JK),£ m eth anol in  b e n z e n e ,  

an a z e o tr o p e  b o i l e d  o v e r  a t  a  c o n c e n tr a t io n  c l o s e  to  th e  

s o lv e n t  c h a r g e . The e f f e c t  o f  t m s  e v a p o r a t io n  was to  

in c r e a s e  th e  o r d in a te ,  H, e s s e n t i a l l y  on a v e r t i c a l  l i n e .

T h is  r e s u l t e d  in  a b en zen e  p h a se  lo w e r  in  m e th y la te  and a 

m eth an ol p h a se  h ig h e r  in  m e th y la te .

From F ig u re  l̂ i- th e  e f f e c t  o f  a d d in g  sodium  m e th y la te  to  

th e  red u ced  s o lu t io n  was found  to  in c r e a s e  th e  m e th y la te  con ­

t e n t  in  th e  a lc o h o l  l a y e r  and d e c r e a se  th e  c o n c e n tr a t io n  in  

th e  b en zen e  l a y e r  w h ile  a t  th e  same tim e  to  I n c r e a s e  th e  

b en zen e  and h yd razob en zen e  c o n c e n tr a t io n  in  th e  b en zen e  

l a y e r  and d e c r e a s e  th e  b en zen e  and h yd ra zo b en zen e  c o n c e n tr a ­

t i o n  in  th e  a lc o h o l  l a y e r .  The e f f e c t  o f  a d d in g  m e th y la te  

was a l s o  to  In c r e a s e  th e  d i f f e r e n c e  in  d e n s i t y  o f  th e  two 

p h a s e s ,  and, t h e r e f o r e ,  g iv e  b e t t e r  s e p a r a t io n .  A c tu a l ly  

when th e  sta n d a rd  s o l u t i o n  was u sed  th e  b en zen e  l a y e r  was 

s l i g h t l y  more d en se  th an  th e  a lc o h o l  l a y e r ;  w h erea s , when 

th e  m e th y la te  was in c r e a s e d  s u f f i c i e n t l y  in  th e  a lc o h o l  

p h a se , th e  b en zen e  l a y e r  became l e s s  d e n s e .

When to lu e n e  was s u b s t i t u t e d  f o r  b en zen e  in  th e  red u c­

t i o n  s o lu t io n  and t h i s  s o lu t io n  f r a c t io n a t e d  a f t e r  th e  

r e d u c t io n  o p e r a t io n  a c o n d e n sa te  o f  a l l  o f  th e  m ethanol was 

c o l l e c t e d  w ith  about o f  th e  to lu e n e  c h a r g e . The con cen ­
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t r a t i o n  o f  th e  c o n d e n s a te , th e  m ajor p o r t io n  o f  w h ich  b o i l e d  

s-t 6 3 . 3°  C ., was about m eth a n o l. The s o l u t i o n  rem ain in g  

in  th e  s t i l l  p o t c o n s i s t e d  o f  h yd ra zo b en zen e  in  t o lu e n e .

A l l  o f  th e  sodium  m e th y la te  was p r e c i p i t a t e d  a s  NaOCH-.

The ad van tage  o f  t h i s  m ethod was t h a t  th e  s o l i d  sodium  

m e th y la te  was r e c o v e r e d  and t h a t  th e  p r o d u c t  c o n ta in e d  no 

a lc o h o l  o f  c r y s t a l l i z a t i o n .  I n d u s t r i a l l y  th e  sodium  m eth y l­

a t e  i s  r e c o v e r e d  from a r a th e r  d i l u t e  s o l u t i o n  o f  th e  

a lc o h o l  by d i s t i l l a t i o n  o f  th e  a l c o h o l .  The f a c t  t h a t  th e  

p r e c i p i t a t e  CH-?ONa*2CH^0H form s in  th e  e v a p o r a to r  n e c e s s i -y y
t a t e s  s p e c i a l  d i s t i l l a t i o n  equipm ent t o  remove th e  a l c o h o l .

The f a c t  th a t  th e  m eth y l a lc o h o l  was more d i f f i c u l t  to  

remove from  th e  to lu e n e  and sodium  m e th y la te  p r e c i p i t a t e  

than  from  th e  to lu e n e  a lo n e  was shown by th e  d i s t i l l a t i o n  

c u r v e s  o b ta in e d , \7hen th e  m ethanol was f r a c t io n a t e d  from  

t o lu e n e ,  th e  tem p era tu re  rem ained c o n s ta n t  and th e n  r o se  

sh a r p ly  t o  th e  b o i l i n g  p o in t  o f  t o lu e n e ,  th an  th e  m eth anol 

was f r a c t io n a t e d  from  t o lu e n e  and th e  m e th y la te ,  d u r in g  

rem oval o f  th e  l a s t  p o r t io n  o f  th e  a lc o h o l  th e r e  was a 

gra d u a l in c r e a s e  in  te m p e r a tu r e . D u ring  t h i s  p e r io d  th e  

a lc o h o l  o f  c r y s t a l l i z a t i o n  was rem oved,

A. v e r y  s im p le  m ethod u se d  to  rem ove any d e s ir e d  f r a c t io n  

o f  th e  sodium  m e th y la te  from  th e  red u ced  s o lu t io n  was by  

e x t r a c t in g  th e  d e s ir e d  f r a c t i o n  o f  th e  s o lu t io n  w ith  w a te r . 

T h is  l e f t  a  h yd razob en zen e s o lu t io n  in  b e n zen e  w h ich  c o u ld  

b e  d r ie d  w ith  c a lc iu m  c h lo r id e .  T h is  m ethod worked w e l l  fo r
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la b o r a to r y  work, b u t  would n o t be d e s i r a b le  f o r  th e  In d u s­

t r i a l  p r e p a r a t io n  o f  Na2 0 2 *2H2C>2 , f o r  exam p le, b e c a u se  o f  

th e  l o s s  o f  th e  v a lu a b le  sodium  m e th y la te  and m eth y l a lc o h o l  

in t o  th e  w a ter  p h a se ,

C. P r e p a r a t io n , P r o p e r t ie s  and U ses  o f  s odium P e r o x id e  
g jp e r o x y h y d r a t eV

Sodium p e r o x id e  d ip e r o x y h y d r a te  (N a2 0 2 *2H2 0 2 )o r  

NaOOH* 1 / 2HgO2 was p rep a red  by D5Ans and F r ie d e r ic h  { H-):

(a )  from  H20 o and NagC^ in  E t20 s o l u t i o n ,  (b ) from  NaOOH and 

HgOg t o  Et^O s o l u t i o n ,  ( c )  from  NaOEt and (d ) by t r e a t ­

in g  NaOOH w ith  c o ld  EtOK, and { e ) by t r e a t i n g  sodium  w ith  

H202 in  E t20 s o l u t i o n .

The p r e p a r a t io n  o f  sodium  h y d r o p e r o x id e  h a s b e e n  d e s c r ib ­

ed by Manchot and H erzog (2 2 ) by th e  r e a c t io n  o f  oxygen  and 

a m eth anol s o lu t io n  o f  h yd razob en zen e  and sodium  m e th y la te .  

T h e .p r e p a r a t io n  was d e s c r ib e d  a l s o  i n  c y c l i c  p r o c e s s  vdiereby 

a zo b en zen e  was red u ced  by sodium  amalgam and m eth y l or  

e t h y l  a lc o h o l  in  b en zen e  and th e  a lc o h o l  t o  produce th e  

h y d ra zo b en zen e  a s  w e l l  a s  e s s e n t i a l l y  an e q u iv a le n t  amount 

o f  sodium  m e th y la te  ( 3 »3i ) .

The r e a c t io n s  were r e p e a te d  to  p rod u ce  th e  sodium  h yd ro ­

p e r o x id e  f o r  u s e  a s  an in te r m e d ia te  in  th e  p r e p a r a t io n  o f  

c a lc iu m  p e r o x id e . Tilhen th e  s o lu t io n  was c o o le d  d u r in g  th e  

o x id a t io n  i t  was n o te d  t h a t  a  p r e c i p i t a t e  r e s u l t e d  w ith  a  

r a t i o  o f  p e r o x id e  e q u iv a le n t s  to  b a s e  e q u iv a le n t s  h ig h e r
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th a n  t h a t  c o r r e sp o n d in g  t o  sodium  h y d r o p e r o x id e . A v a lu e  

o f  t h i s  r a t i o ,  Z, c lo s e  to  3 -0  was o b ta in e d  many t im e s .

The form u la  f o r  th e  compound o f  sodium  p e r o x id e  and hydrogen  

p e r o x id e  w ith  a  p e r o x id e  t o  b a s e  r a t i o  o f  3 . °  was r e p r e se n te d  

a s  Na20 2 *2H20 2 (sod ium  p e r o x id e  d ip e r o x y h y d r a te ) . The com­

pound may a l s o  b e  d e s ig n a te d  a s  H00H*2Na00H or  NaOOH*l/2H20 2 . 

The p r e p a r a t io n  o f  NaOOH by th e  ab ove method may be
~  f  Q  V / I I  \ucov i xc av V >? / j v j-s-' / j / ,

PhgNg + 2 CĤ OH + 2 NaKgx — *- PhgNgHg + 2 CH^ONa + 2x Hg (9 )

PhgNpHp + 0 2 — >- PhgNp + HOOH (1 0 )

CHjONa + HOOH — 5-  CĤ OH + NaOOH (1 1 )

The p r e p a r a t io n  o f  Na2o 2 * 2H20 2 ma-,r d e s c r ib e d  by 

r e a c t io n s  (1 2 ) ,  ( 1 3 ) > an<a- ( 1 *0 .

3 Ph2N2 + 6 CH3OH + 6 NaHgx -^ 3  PhgNgHg + 6 CH^ONa + 6xHg (1 2 )

3 PhgNgHg + 3 O g 3 PhgNg 4- 3 HOOH (1 3 )

2 CH^ONa + 3 HOOH  » -2  CH3OH + Na20 2 *2H20 2 ( I 1*-)

The r e a c t io n s  (1 2 )  and ( 1 3 ) a r e  i d e n t i c a l  w ith  ( 9 ) ana ( 1 0 ) .

The above e q u a t io n s  show t h a t  when NaOOH (Z = 2 .0 )  was 

p r e c i p i t a t e d  a t  1 0 0 % o x id a t io n  y i e l d s ,  o n ly  o n e - h a l f  o f  th e  

a l k a l i  was rem oved; w h ereas when Na20 2 *2Hg02 (Z = 3 -0 )  was 

p r e c i p i t a t e d  o n ly  o n e - t h ir d  o f  th e  a l k a l i  was rem oved.
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T h ese  r e a c t io n s  showed c l e a r l y  why sodium  me t h y la t e  must be  

rem oved in  a c y c l i c  p r o c e s s  p r o d u c in g , f o r  exam p le,

N&2 ®£? * ^ 2 ®  2 *
A s e r i e s  o f  o x id a t io n s  were made in  o rd er  to  d e term in e  

ab ou t what r a te  th e  v a r io u s  s o l i d  p e r o x id e s  p r e c ip i t a t e d  and 

u n d er what c o n d it io n s  Na^Og'SHgOjj was th e  s t a b le  s o l i d  p h ase  

p r e s e n t  in  th e  o x id a t io n  s o l u t i o n .  V a r io u s  f r a c t i o n s  o f  th e  

sodium  m e th y la te  w ere rem oved by th e  p r e c i p i t a t i o n  o f  c a l ­

cium  m e th y la te  and sodium  c h lo r id e  w ith  c a lc iu m  c h lo r id e .

The o x id a t io n  s t e p  was c a r r ie d  o u t  a t  0 °  C„ and 2 5 °  C« w ith  

no a l k a l i  rem oved, w ith  o n e - h a l f  rem oved , and w ith  tw o -  

t h ir d s  rem oved.

T hese r e a c t io n s  w ere made in  an anh ydrous medium o f  

m eth y l a lc o h o l  and b e n z e n e . A ny w a te r , p r e s e n t  in  th e  o r ig ­

i n a l  m eth an ol and b en zen e  o r  any w a ter  added d u r in g  th e  

r e d u c t io n  and h a n d lin g  o f  th e  s o l u t i o n ,  was rem oved by th e  

c a lc iu m  m e th y la te  a s  shown by r e a c t io n  ( S ) .

The r e s u l t s  showed t h a t  NaOOH was th e  s t a b le  p h ase  

p r e s e n t  when a l l  th e  sodium  m e th y la te  produ ced  in  th e  red u c­

t i o n  s t e p  a c c o r d in g  to  r e a c t io n  (9 ) was l e f t  in  th e  s o lu t io n  

d u r in g  th e  o x id a t io n  a t  te m p e r a tu r e s  o f  ab ou t 25 °  G. Sodium  

h y d ro p er o x id e  was a l s o  th e  s t a b le  p h a se  p r e s e n t  in  th e  o x id a ­

t i o n  s o l u t i o n  d u rin g  th e  i n i t i a l  o x id a t io n  tim e a t  0 °  C. 

when no m e th y la te  was rem oved p r io r  to  th e  o x id a t io n .  How­

e v e r ,  t h i s  was g r a d u a lly  c o n v e r te d  to  NagC^SHgC^. At a  

9 0 % y i e l d  o n ly  J>Q% o f  th e  m e th y la te  was removed from th e
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s o l u t i o n .  I t  was c o n c lu d e d  t h a t  th e  p r e c i p i t a t e  p r e s e n t  

d u r in g  th e  o x id a t io n  a t  0 °  C. c o n s i s t e d  o f  m ixed c r y s t a l s  

o f  NaOOH and Nao0o*2Ho0o and was n o t  a  s o l i d  s o l u t i o n .
L. S. (. C

When o n e - h a l f  ( 1 /2 )  o f  th e  m e th y la te  was rem oved p r io r  

to  th e  o x id a t io n  a t  0 °  C. and abou t 2 5 °  C ,, Na2C>2 ', 2H202 * âs 

t h e  s t a b le  s o l i d  p h a se . In  t h i s  c a s e  6o% o f  th e  rem ain in g  

m e th y la te  was rem oved a s  Ns.2° 2 * ^ 2° 2 *

When tw o - th ir d s  ( 2 / 3 )  o f  th e  m e th y la te  was rem oved. 

NapC^’ SHgC^ a g a in  was th e  s t a b le  p h a se  and ab ou t 3 0 % o f  th e  

m e th y la te  rem a in in g  a f t e r  th e  c a lc iu m  c h lo r id e  tr e a tm e n t  

was rem oved d u r in g  o x id a t io n  a s  N agC ^ 'S ^ C ^ .

The above r e s u l t s  showed a  w ide ra n g e  o f  c o n d it io n s  

u n d er w hich  Na2 0 2 °2H2C>2 wa s  more s t a b l e  th a n  NaOOH in  th e  

o x id a t io n  s o l u t i o n .  R e s u lt s  o b ta in e d  a t  a  l a t e r  d a te  showed 

t h a t  I t  was q u i t e  d i f f i c u l t  t o  p r e p a r e  NaOOH by o x id a t io n  o f  

th e  s o lu t io n  c o n ta in in g  a l l  o f  th e  sodium  m e th y la te .  NaOOH 

was e a s i l y  p r ep a red  when e t h y l  a lc o h o l  was s u b s t i t u t e d  fo r  

th e  m ethyl a lc o h o l  In th e  r e d u c t io n  s o l u t i o n .

The above r e s u l t s  showed th a t  th e  sodium  m e th y la te  con­

c e n t r a t io n  and th e  tem p era tu re  were Im p ortan t f a c t o r s  in  

d e te r m in in g  what s o l i d  p h a se s  were s t a b l e .  Low tem p era tu re  

fa v o r e d  th e  fo rm a tio n  o f  p e r o x y h y d r a te s  o f  in c r e a s e d  p e r o x id e  

t o  b a s e  r a t i o  w h ile  h ig h  sodium  m e th y la te  c o n c e n tr a t io n  

fa v o r e d  th e  fo r m a tio n  o f  p e r o x y h y d r a te s  o f  lo w e r  p e r o x id e  to  

b a se  r a t i o .
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The e f f e c t  o f  th e  a lc o h o l  c o n c e n tr a t io n  was shown in

t h i s  and p r e v io u s  work. Cunningham (3 )  showed t h a t  by

d e c r e a s in g  th e  m ethanol c o n c e n tr a t io n  anhydrous sodium

p e r o x id e  p r e c ip i t a t e d  r a th e r  th an  NaOOH. D*Ans and

F r le d e r lc h ,  on th e  o th e r  hand, showed t h a t  Na£02*2512 °2

form ed when NaOOH was t r e a t e d  w ith  c o ld  e t h y l  a l c o h o l .  The

l a t t e r  r e a c t io n  was o b se r v e d  in  t h i s  i n v e s t i g a t io n  when

sodium  h y d r o p e r o x id e  was p rep a red  and washed w ith  a m ethanol

and b e n z e n e  s o l v e n t .  The NaOOH was p a r t i a l l y  c o n v e r te d  to

NapOp*2HP0p f o r  Runs No. ho and No. 5^« In  b o th  c a s e s  th e

p r e c i p i t a t e  had a  p e r o x id e  t o  b a s e  r a t i o  c lo s e  to  2 . 0 .

A f te r  w ash in g  w ith  m ethanol and b e n z e n e  th e  p e r o x id e  to

b a s e  r a t i o s  were 1 .1 2  and 1 .2 5  r e s p e c t i v e l y .

The r a t e  o f  p r e c i p i t a t io n  o f  p e r o x id e  and th e  o v e r a l l

y i e l d  was e s s e n t i a l l y  th e  same in  a l l  c a s e s .  The y i e l d  was

b a se d  on th e  sodium  m e th y la te  form ed d u r in g  th e  r e d u c t io n

o p e r a t io n .  H owever, th e  red u ced  s o l u t i o n  c o n ta in e d  a  sm a ll
*

e x c e s s  o f  m e th y la te  due to  l o c a l  d is c h a r g e  o f  th e  amalgam 

a c c o r d in g  to  r e a c t io n  ( 1 5 ) .

2 NaHgx  + 2 GĤ OH — 2 CH-̂ ONa + 2x Hg + K2 (155

For t h i s  r e a so n  th e r e  w ere l e s s  e q u iv a le n t s  o f  h y d ra zo b en -  

zene th an  sodium  m e th y la te , and, t h e r e f o r e ,  a t  1 0 0 ^ o x id a ­

t io n  o f  th e  hydr& zobenzene a l l  o f  th e  m e th y la te  c o u ld  n o t  

h ave  b een  rem oved. In  a d d it io n  a  c o n s id e r a b le  amount o f  

h yd ra  zoben zen e was l o s t  in  th e  c a lc iu m  m e th y la te  p r e c i p i t a t e
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d u r ln g  f i l t r a t i o n .  On th e  o th e r  hand, th e  a zo b en zen e  u se d  

f o r  th e  r e d u c t io n  a lw a y s c o n ta in e d  some h yd razob en zen e  due 

to  In co m p le te  o x id a t io n  d u r in g  th e  p r e v io u s  p r e p a r a t io n .

The r e s u l t s  showed th a t  th e  r a te  o f  o x id a t io n  o f  th e  

h yd razob en zen e  was In d ep en d en t o f  th e  p r e c i p i t a t e  form ed  

and th e  amount o f  m e th y la te  in  s o l u t i o n .  However-, i t  sh o u ld  

b e n o te d  th a t  a t  l e a s t  10^  o f  th e  m e th y la te  l e f t  a f t e r  th e  

c a lc iu m  c h lo r id e  tr e a tm e n t was a lw ays l e f t  in  th e  s o lu t io n  

a f t e r  o x id a t io n .  When t h r e e - f o u r t h s  ( 3 /^ )  o f  th e  m e th y la te  

was rem oved, N&pGp^HpOg was p r e c ip i t a t e d  and a v e r y  sm a ll  

amount o f  m e th y la te  rem ained  w ith  a c o n s id e r a b le  amount o f  

hyd rogen  p e r o x id e .  In  t h i s  c a s e  th e  y i e l d  o f  s o l i d  p e r o x id e  

was r ed u c ed . In  o th e r  c a s e s  th e  r a te  o f  o x id a t io n  app eared  

s l i g h t l y  l e s s  when no a l k a l i  was rem oved. For exam ple a t  

0 °  C ., t h i s  may h ave  b een  d u e , in  p a r t ,  to  th e  sharp  se p a r a ­

t io n  o f  th e  two l i q u i d  l a y e r s .

In  th e  ab ove work th e  o b j e c t  was n o t t o  a c c u r a t e ly  

d eterm in e  th e  r a t e  o f  o x id a t io n .  Im portant f a c t o r s  a f f e c t ­

in g  th e  r a te  o f  o x id a t io n  th a t  were n o t  c a r e f u l ly  c o n t r o l l e d  

w ere th e  r a te  a t  w h ich  oxygen  was b u b b led  in t o  th e  s o l u t i o n  

and th e  r a te  o f  a g i t a t i o n ,  Under th e  c o n d it io n s  u s e d . In  

g e n e r a l ,  i t  to o k  from  two to  th r e e  h o u rs to  g iv e  a 9 0 % y i e l d  

b a sed  on th e  sodium  m e th y la te .

T h r e e - fo u r th s  o f  th e  sodium  m e th y la te  was rem oved in  

on e c a s e  in  an a ttem p t to  p rep a re  In  t h i s  c a s e

form ed when o x id a t io n  was c a r r ie d  o u t  a t  0 °  C.
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In  one o x id a t io n  c a r r ie d  o u t  a t  0 °  C. w ith  no m e th y la te  

rem oved a t  th e  e a r ly  B ta g e s  o f  th e  o x id a t io n  a p r e c i p i t a t e  

was o b ta in e d  th a t  had a  p e r o x id e  to  b a s e  r a t i o  o f  abou t  

f i v e .  T h is  co rresp o n d ed  t o  Na20 2 * t e 20 2 .

The Na20 2 *2Hg02 p r e c i p i t a t e  was o b ta in e d  In a s t a t e  o f  

r a th e r  h ig h  p u r i t y .  The p e r o x id e  t o  b a s e  r a t io  o f  th e  prod­

u c t  was g e n e r a l ly  o f  th e  o r d e r  o f  2 .9 6  when c a lc iu m  c h lo r id e  

was u se d  to  remove th e  m e th y la te .  The e q u iv a le n t s  o f  p er ­

o x id e  p e r  gram were o f  th e  o r d e r  o f  0 .0 ^ 0 .  Assum ing a l l  o f  

th e  p e r o x id e  p r e s e n t  a s  Na2Q2* P rod u ct w ould be

a b o u t 9 7 .5 $  Na20 2 *2H202 . H ow ever, w ith  a  p e r o x id e  t o  b a se  

r a t i o  o f  2 . 9 *̂ th e  p r e c i p i t a t e  may b e  assum ed to  be yS  m o les  

o f  Na20 2 *2H20 2 to  fo u r  m o les o f  Na20 2 *H20 2 «. I t  can  r e a d i ly  

b e  shown t h a t  t h i s  m ix tu re  w ould h a v e  ab ou t 0 .0 ^ 3 5  e q u iv ­

a l e n t s  o f  p e r o x id e  p e r  gram . Under t h i s  a ssu m p tion  th e  

above m ix tu re  would h ave  a p u r i t y  o f  and ab ou t 2$  was

s t i l l  u n accou n ted  f o r .  T h is  may h a v e  b een  s o lv e n t ,  azoben­

z e n e , o r  w a te r .

When Na20 2 *2H20 2 and NaOOH sa m p les were s to r e d  a t  

6°  C. a  v a r y in g  amount o f  d e c o m p o s it io n , r a n g in g  from  ab ou t  

0% t o  3$  an fo u r  w eeks, to o k  p la c e .  Some sam p les showed 

marked d e c o m p o s it io n  a f t e r  v a r y in g  p e r io d s  o f  tim e a f t e r  

fo u r  w eek s. However, t h i s  I s  to  b e  e x p e c te d  s in c e  th e  

sam p les were s to r e d  in  c lo s e d  b o t t l e s  su ch  th a t  th e  w ater  

l i b e r a t e d  when a  sm a ll amount decom posed c o u ld  n o t e sc a p e
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and , t h e r e f o r e ,  rem ained  on th e  sam ple and c a u se d  fu r th e r  

d e c o m p o s it io n .

To in c r e a s e  th e  s t a b i l i t y  o f  Na^O^* SHrjOg, 3% o f  CaO and 

3% o f  CaSO^ were added to  remove w a te r  t o  p r e v e n t i t s  fu r t h e r  

d e c o m p o s it io n  o f  th e  p r o d u c t . The r e s u l t s  w ere d i f f i c u l t  to  

in t e r p r e t  due to  th e  f a c t  th a t  th e  c o n t r o l  sam ple was q u i t e  

s t a b l e .  The sam ple c o n ta in in g  CaO d id  n o t g iv e  c o n s i s t e n t  

r e s u l t s .  T h is  may have b e e n  due t o  s e g r e g a t io n  o f  th e  GaQ. 

The l a r g e s t  d e c o m p o s lt io n  r e s u l t e d  w ith  CaO In  t h e  b u lk  

sam p le . T h is  sam ple c o n ta in e d  lum ps w h ile  th e  o th e r  sam p les  

p ou red  f r e e l y .  CaO may h a v e  decom posed th e  Na£0 2 *2H20 2 due 

to  i t s  a l k a l in e  r e a c t io n  w ith  th e  v e r y  weak a c e t i c  H^Og.

The r e s u l t s  a l s o  showed th a t  th e  l a r g e r  sam p les o f  

about te n  grains gave  ab ou t th e  same s t a b i l i t y  d a ta  a s  v e r y  

sm a ll sam p les o f  about 0 .2  gram s. T h is  i s  im p o rta n t in  con­

s id e r in g  th e  sh ipm ent o f  l a r g e  l o t s  o f  th e  m a t e r ia l .

S e v e r a l f a c t o r s  were b e l i e v e d  t o  c a u se  some sam p les o f  

Na20 2 *2H202  to  show l e s s  d e c o m p o s it io n  th a n  o t h e r s .  T h is  

may h ave  b een  due to  I m p u r it ie s  in  th e  c r y s t a l s  o r  to  th e  

c r y s t a l  s t r u c t u r e .  S im ila r  r e s u l t s  w ere o b ta in e d  in  th e  

d e c o m p o s it io n  o f  Na2Q2 °2H202  to  g iv e  sodium  su p e r o x id e  (NaOg) 

In  t h a t  some sam p les were c o n s id e r a b ly  more s t a b le  than  

o t h e r s .

I t  was shown t h a t  when NagC^'2H2 0 2 ^a s p r e c i p i t a t e d  

from a  s o lu t io n  (Run No. 55,  T ab le I I )  w hich was d r ie d  w ith  

c a lc iu m  m e th y la te  o v e r  n ig h t  th e  p r e c i p i t a t e  o b ta in e d  was
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p u re  (Z = 2 .9 S )  and rem ained  v e r y  s t a b le  com pared to  sam p les  

p r ep a red  by o x id iz in g  a s o lu t io n  In  w h ich  th e  sodium  m eth y l­

a t e  was removed by th e  p h a se  s e p a r a t io n  method (Run 5 ^ ).

The l a t t e r  p r e c i p i t a t e  had a  p e r o x id e  to  b a s e  r a t i o  o f  2 .7 2  

and showed ab ou t 1^ t im e s  more d e c o m p o s it io n  when s to r e d  a t  

6 ° C. f o r  21 w eeks th an  th e  form er  showed when s t o r e d  f o r  

13 w eeks a t  6° C.

The form er p r e p a r a t io n  showed e x c e l l e n t  s t a b i l i t y  a t  

room tem p era tu re  compared t o  th e  p r e p a r a t io n s  p r e v io u s ly  

made. T h is  sam ple was s t o r e d  13 w eeks a t  6° C ., th e n  two 

w eeks a t  2 5 °  C. The t o t a l  d e c o m p o s it io n  was o n ly  10 .7 ,^ .

A p r e v io u s  sam ple showed oQ% d e c o m p o s it io n  a f t e r  s to r a g e  

a t  6° C. f o r  fo u r  w eeks, th e n  a t  2 5 °  C. f o r  two w eek s.

From th e  above r e s u l t s ,  i t  was c o n c lu d e d  t h a t  when 

p r e c i p i t a t i o n  was made from  s o l u t i o n s  from  w hich  w ater  was 

c o m p le te ly  rem oved, th e  NagOg* 2KgGg ând- NaOOH) p r e c ip i t a t e d  

In  a  more s t a b le  form . When sm a ll am ounts o f  w a te r  were 

p r e s e n t  t h i s  may h ave e n te r e d  th e  c r y s t a l  l a t t i c e  and de­

c r e a s e d  th e  s t a b i l i t y  o f  t h e  c r y s t a l s .  T h is  d o e s  n o t app ear  

t o  b e  th e  c a s e  when p r e c i p i t a t e s  form  su ch  a s  NagOg *£>HgO an<3- 

NaOOH0 HgG. Sm all am ounts o f  t h e s e  compounds may form  '.Then 

w a te r  i s  p r e s e n t  in  th e  o x id a t io n  s o l u t i o n .  Sm all amounts 

o f  KagOg*2Hg0g*^ g O  a l s o  may h a v e  form ed .

The r e s u l t s  showed t h a t  NagOg*2Hg0g p rep a red  by u t i l i z ­

in g  c a lc iu m  c h lo r id e  was v e r y  s t a b le  and v e r y  d i f f i c u l t  t o
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c o n v e r t  t o  su p e r o x id e  and th a t  Na 202 *2H202 Pr e Pa r e ^ by 

u t i l i z i n g  th e  p h a se  s e p a r a t io n  method o r  w a ter  e x t r a c t io n  

and n o t u t i l i z i n g  c a lc iu m  c h lo r id e  was much l e s s  s t a b le  

and v e r y  much more e a s i l y  c o n v e r te d  to  su p e r o x id e  a s  shown 

by e v a c u a t in g  th e  sa m p le s . I t  was c o n c lu d e d , t h e r e f o r e ,  

t h a t  t h e r e  was a d e f i n i t e  r e l a t io n  b etw een  th e  r a te  o f  

su p e r o x id e  fo r m a tio n  un d er vacuum and th e  d e c o m p o sitio n  o f
c o  n  T  +• *»•»-* < 5  w  a ^ 4 <3 a " P 4  n  4  4* a 1  <i*

vxx? o a i u y x c b  a  v o ,  a. <* »«ao v c x  j»j> -x.ou u c j .  x u j .

th a t  sodium  su p e r o x id e  d id  form a t  6°  C. b e c a u se  o f  th e  f a c t  

t h a t  s e v e r a l  sam p les e v o lv e d  oxygen  when d i s s o lv e d  in  i c e  

w ater  and l ib e r a t e d  oxygen  when a n a ly z e d  f o r  su p e r o x id e .

I t  was co n c lu d ed  th a t  th e  mechanism by w hich a t  l e a s t  

p a r t  o f  t h e  Na2 0 2 *2H20 2 t h a t  decom posed a t  6° ,  and a l s o  a t  

room tem p era tu re  was by th e  s o l i d - s o l i d  o x id a t io n  r e d u c t io n  

r e a c t io n  shown by r e a c t io n  ( 1 6 ) .

Na20 2 *2H20 2 — 3-  2 Na02 + 2 H20  ( 1 6 )

H owever, s in c e  th e  r e a c t io n  p ro d u ces  w a ter  and th e  sam ples  

were s t o r e d  in  c lo s e d  c o n t a in e r s ,  d e c o m p o sit io n  o f  th e  

su p e r o x id e  to o k  p la c e  a c c o r d in g  to  r e a c t io n  ( 1 7 ) .

2 Na02 + H20 — Na2C>2 + HgO + 0 2 (1 7 )

The above r e s u l t s  showed t h a t  when Na20 2 -2H20 2 was 

p rep a red  by rem oving th e  sodium  m e th y la te  by th e  ph ase  

s e p a r a t io n  m ethod, c a lc iu m  c h lo r id e  o r  some o th e r  d eh y d ra t­

in g  a g e n t sh o u ld  b e  u sed  to  remove w a te r .
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The above m ethods r e p r e s e n t  a c o n v e n ie n t  means o f  p ro­

d u c in g  NagOg*2HgOg, a s t a b le  p e r o x id e  compound. S ta r t in g  

w ith  sodium  c h lo r id e  b r in e ,  th e  o v e r a l l  r e a c t io n  whereby 

NagOg’ SHgGg *>e p rod u ced  i s  g iv e n  by r e a c t io n  ( 1 8 ) .

6 N a d  + 3 0 2 + ^ CH^OH-KS Clg + ^ NaOCH  ̂ + NagOg-PHgOg (1 8 )

A l l  in te r m e d ia te  r e a c t io n s  may b e  c a r r ie d  o u t a t  norm al 

p r e s s u r e  and n ea r  room te m p e r a tu r e . The raw m a te r ia ls  a r e  

sodium  c h lo r id e ,  m eth y l a l c o h o l ,  and p u r i f i e d  a i r  o r  o x y g en .

S in c e  Na^Og*2HP0p can  b e  produ ced  from  th e  sodium  

c h lo r id e  a t  h ig h  y i e l d s  and lo w  c o s t  by th e  a b o v e-m en tio n ed  

p r o c e s s ,  and s in c e  th e  p r o d u ct was o f  h ig h  p u r ity  and q u i t e  

s t a b le  when h e ld  a t  te m p e r a tu r e s  o f  th e  o rd er  o f  6° C. w ith ­

o u t any s t a b i l i z e r ,  i t  i s  w e l l  w orth  w h ile  to  c o n s id e r  i t s  

p o t e n t i a l  u s e s  a s  a  so u r c e  o f  h yd rogen  p e r o x id e .

Pure NagOg*2Hg0g i s  e q u iv a le n t  to  hyd rogen  p e r o x id e  

by w e ig h t . I t s  p o t e n t i a l  u s e  a s  a  so u r c e  o f  h ig h  grad e  

a l k a l i n e  hyd rogen  p e r o x id e  f o r  b le a c h in g  p u rp o ses  was q u i t e  

o b v io u s .

S in ce  th e  NagOg02Hg0g may b e  u sed  a s  a b le a c h in g  a g e n t  

f o r  wood p u lp , e t c . ,  th e  ab ove p r o c e s s  r e p r e s e n t s  a so u rce  

o f  th r e e  p e r o x id e  e q u iv a le n t s  t o  one a l k a l i .  In  th e  p r e s e n t  

m ethod u se d  to  c o n v e r t  sodium  c h lo r id e  to  c h lo r in e  and 

c a u s t i c  by means o f  e l e c t r o l y s i s ,  th e  c h lo r in e  and c a u s t i c  

a r e  p rod u ced  in  e q u iv a le n t  am ounts.
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Any m ethods t h a t  h ave b een  u sed  to  prod u ce h yd rogen  

p e r o x id e  from  sodium  p e r o x id e  c o u ld  be u se d  to  p rod u ce  h y d ro ­

gen  p e r o x id e  s o lu t io n s  from  N s .^ 2 ' ^ 2^ 2 * H owever, much l e s s  

b a s e  n eed  b e  rem oved.

D„ P o ta ss iu m  P e r o x id e  D lo e r o x y h y d r a te .

P o ta ss iu m  p e r o x id e  d ip e r o x y h y d r a te  was
—* o V.  ̂ +-V» a a +• nO f* /-\ hT* V» yr *r> y% *r c* v> 4 wVjfA O p c t i  C u  k / j  w A X u a o x u i t  cl ^  w  v ©  w *  xi^r k i*  a o v w v j i t t i v u o  -b- aa

b en zen e  and m eth yl a lc o h o l  w ith  g a se o u s  oxygen  In th e  

p r e s e n c e  o f  p o ta ss iu m  m e th y la te .  A f te r  r e d u c t io n  a l l  o f  

th e  sodium  m e th y la te  was rem oved by p r o c e d u r e s  p r e v io u s ly  

d e s c r ib e d ,  p o ta ss iu m  m e th y la te  was p rep a red  by th e  r e ­

a c t io n  o f  p o ta ss iu m  m eta l w ith  m eth yl a lc o h o l  and t h i s  

s o l u t i o n  added to  th e  h y d ra zo b en zen e  s o lu t io n .

A lth ou gh  t h i s  p ro ced u re  was a c o n v e n ie n t  m ethod to  

p r e p a r e  th e  o x id a t io n  s o l u t i o n  c o n ta in in g  p o ta s s iu m  m eth y l­

a t e ,  on a  la r g e  s c a le  th e  s o l u t i o n  would b e s t  b e  p rep a red  

by th e  u s e  o f  p o ta ss iu m  amalgam in  th e  same manner t h a t  th e  

sodium  m e th y la te  s o lu t io n s  w ere p r e p a r e d . In  th e  p ro ced u re  

p o ta s s iu m  m e th y la te  would need  to  b e  rem oved. On th e  o th e r  

hand, p o ta ss iu m  m e th y la te  c o u ld  b e  u se d  to  red u ce  o n e - t h ir d  

o f  th e  r e q u ir e d  amount o f  h y d ra zo b en zen e  s o l u t i o n ,  w h ile  th e  

rem ain d er  would b e  p rep a red  by sodium  amalgam r e d u c t io n  

fo l lo w e d  by com p lete  rem oval o f  th e  sodium  m e th y la te .  T h is  

would e l im in a t e  th e  u s e  o f  l a r g e  am ounts o f  p o ta s s iu m
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c h lo r id e  f o r  th e  p r e p a r a t io n  o f  th e  r e q u ir e d  amount o f  

amalgam and would g iv e  sodium  m e th y la te  a s  th e  b y -p r o d u c t .

The KgOg’ SHgOg was c r y s t a l l i n e  and somewhat e a s i e r  t o  

f i l t e r  th an  Na2Q2*2H2°2* T h is  grow th  o f  l a r g e r  c r y s t a l s  o f  

£ 20 2 ' 2S20 2 ‘k*ian  Na2 °2  * 2K20 2 a g r ee d  w ith  th e  f a c t  t h a t  more 

p e r o x id e  was l e f t  in  th e  o x id a t io n  s o l u t i o n  d u r in g  o x id a t io n  

in  th e  p r e s e n c e  o f  XOCH  ̂ th an  NaOCH- .̂ O b v io u s ly  th e  l a r g e r  

s o l u b i l i t y  o f  th e  KpOg*SHgOg g a v e  c o n d i t io n s  more fa v o r a b le  

f o r  th e  grow th  o f  l a r g e r  c r y s t a l s .

A ccu ra te  a n a ly s e s  o f  w ere n e t  made b e c a u se

o f  th e  i n s t a b i l i t y  o f  th e  m a t e r ia l .  H ow ever, th e  p e r o x id e  

t o  b a s e  r a t i o  was a c c u r a t e ly  d e term in ed  by d i s s o l v i n g  th e  

f r e s h l y  p rep a red  sam p le , s t i l l  w et w ith  c o ld  b e n z e n e , in  

i c e  w a te r . The v a lu e s  o b ta in e d  were g e n e r a l ly  c l o s e  to  

t h r e e .  H owever, s e v e r a l  t im e s  a  v a lu e  o f  ab ou t 3 .5  wa® 

o b ta in e d . I t  was co n c lu d e d  t h a t  t h i s  p r o d u ct was a m ix tu re  

o f  K202 -2H20 2 and K20 2 .M-H20 2 .

S in c e  lo w  tem p era tu re  fa v o r e d  th e  fo r m a tio n  o f  

^a 2 ° 2 * ^ 2 ° 2 »  o x id a t io n s  f o r  th e  p r e p a r a t io n  o f

K202*2H 2°2 were made a t  0 °  C. In  a d d i t io n ,  th e  lo w  tem per­

a tu r e  was n e c e s s a r y  i n  o r d e r  to  p r e v e n t  d e c o m p o s it io n  o f  

th e  c r y s t a l l i n e

When k202 *2H20 2 was added t o  m eth an o l and a s o lu t io n  o f  

40^ m eth anol In  b en zen e  a t  0 °  some d e c o m p o s it io n  r e s u l t e d  

w ith  t h e  e v o lu t io n  o f  o x y g en . Some y e l lo w  K02 r e s u l t e d  in
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th e  b en zen e  s o l u t i o n .  T i t r a t i o n s  a f t e r  one hou r g a v e  & 

p e r o x id e  to  b a se  r a t i o  o f  d i s s o lv e d  m a te r ia l  o f  0 .1 5  in  

th e  *K)# a lc o h o l  s o lv e n t  and 0 .0 ^  In  th e  a l c o h o l .  B ased  

on t h e  p e r o x id e  p r e s e n t  th e  s o l u b i l i t y  was Q.Q2& and 0 .9 0  

grams o f  p e r  100 c c .  o f  th e  ko% a lc o h o l  s o lu t io n

and t h e  pure a lc o h o l  r e s p e c t i v e l y .

A lth ou gh  ab ou t e ig h t  t im e s  ab much a l k a l i  w ent In to  

th e  a lc o h o l  a s  In th e  *K)# a lc o h o l  s o lv e n t ,  th e  r e l a t i v e  

amount o f  d e c o m p o sit io n  o f  d i s s o lv e d  m a te r ia l  was la r g e r  

f o r  th e  *K3# a lc o h o l  s o l v e n t .  N e v e r t h e le s s ,  th e  t o t a l  amount 

o f  p e r o x id e  decom posed In  th e  a lc o h o l  s o l u t i o n  was about 

se v e n  t im e s  la r g e r  th an  t h a t  decom posed In  th e  **03? a lc o h o l  

s o l v e n t .

The I n s t a b i l i t y  o f  'K.^2 ' ^ - 2^2  was 8flown a- so  hy I t s  

r a p id  d e c o m p o sit io n  on a l lo w in g  th e  pow der to  become warm 

a f t e r  f i l t r a t i o n  and w a sh in g . T h is  d e c o m p o s it io n  r e s u l t e d  

in  th e  fo rm a tio n  o f  a  c o n s id e r a b le  amount o f  p o ta ss iu m  

su p e r o x id e . T h is  r e a c t io n  was u se d  to  p rep a re  p o ta ss iu m  

su p e r o x id e  in  good y i e l d s .

The most s t a b le  p r e c i p i t a t e s  o f  K^Og*2H2O2 w ere made 

by o x id iz in g  a t  0 °  G. The p r e c i p i t a t e  was rem oved by  

f i l t r a t i o n ,  washed w ith  a b en zen e  s o lv e n t  c o n ta in in g  10#  

m eth an o l a t  0 °  C. and th en  f i n a l l y  w ashed w ith  c o ld  benzen e  

t o  rem ove th e  m eth an o l. The p r e se n c e  o f  m eth yl a lc o h o l  

c a u sed  t h e  p ro d u ct to  decom pose more q u ic k ly  on d r y in g .  

W ashing w ith  l i q u i d  ammonia w ould b e  a d v a n ta g eo u s to  remove
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w a ter  a s  w e l l  a s  th e  a lc o h o l  to  I n c r e a s e  th e  s t a b i l i t y  o f  

th e  ^2^2 * ̂ 2 ^ 2  #

E. L ith iu m  P e r o x id e  M onoperoxyhydrate and L ith iu m  P e r o x id e .

L ith iu m  c h lo r id e ,  l i k e  c a lc iu m  c h lo r id e  in  t h a t  I t  was 

q u it e  s o lu b le  in  m ethanol and e th y l  a lc o h o l ,  was added to  

th e  red u ced  s o lu t io n  o f  sodium  m e th y la te  and sodium  e t h y la t e  

in  b en zen e  and th e  r e s p e c t iv e  a lc o h o ls  to  g iv e  a  p r e c i p i t a t e  

o f  i n s o lu b le  sodium  c h lo r id e .  In  t h i s  manner h yd razob en zen e  

s o lu t io n s  o f  l i t h iu m  m e th y la te  and l i t h iu m  e t h y la t e  w ere  

p rep ared  f o r  o x id a t io n .

When th e  h y d ra zo b en zen e  was o x id iz e d  in  b e n z e n e  and 

m eth yl a lc o h o l  c o n t a in in g  an e q u iv a le n t  amount o f  l i t h iu m  

m e th y la te  l i t h iu m  p e r o x id e  form ed, H owever, th e  p e r o x id e  to  

b a se  r a t i o  o f  t h i s  p ro d u ct was g e n e r a l ly  g r e a t e r  th an  o n e . 

T h is  showed t h a t  some L i202*H 202 was p r e s e n t  w h ich  gave  a  

p ro d u ct o f  r a th e r  p o o r  s t a b i l i t y  a t  room te m p er a tu r e .

In  c o n t r a s t  to  th e  o x id a t io n  in  th e  p r e se n c e  o f  an  

e q u iv a le n t  amount o f  sodium  m e th y la te  o r  sodium  e t h y la t e  

where NaOOH form ed , th e  r e s u l t s  showed t h a t  th e r e  was a  

s tr o n g  ten d en cy  f o r  LigOg p r e c i p i t a t e  and rem ain  s t a b le  

u n d er  th e  c o n d i t io n s  u s e d , and showed th a t  to  p rep a re  

LipC^'HpC^ th e  l i t h iu m  m e th y la te  must b e  p r e s e n t  in  th e  

s ta n d a r d  red u ced  s o lu t io n  in  an amount l e s s  th an  th e  e q u iv ­

a l e n t s  o f  sodium  m e th y la te  produ ced  In th e  r e d u c t io n  s t e p .
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I t  a l s o  I n d ic a te d  t h a t ,  s in c e  th e  l i t h iu m  p e r o x id e  was 

f a i r l y  s t a b le  in  th e  s o l u t i o n  o f  m eth y l a lc o h o l  and b e n z e n e , 

th e  norm al p e r o x id e  LipOp c o u ld  be p rod u ced  In a s t a b le  form  

In a e t h y l  a lc o h o l  and b en zen e  s o l v e n t .

To p rep a re  l i t h iu m  p e r o x id e  e t h y l  a lc o h o l  was s u b s t i ­

t u t e d  f o r  m eth anol In th e  r e d u c t io n  s o l u t i o n .  Upon o x id a t io n  

o f  a  s o l u t i o n  c o n ta in in g  an amount o f  l i t h iu m  e t h y la t e  e q u iv ­

a l e n t  to  th e  o r ig i n a l  sodium  e t h v l a t e .  LloOo w ith  a p e r o x id e  

t o  b a s e  r a t i o  o f  0 .9 S  form ed , when t h e  LiOEt was p r e s e n t  In  

an amount e q u iv a le n t  to  o n e - h a l f  o f  th e  o r i g i n a l  NaCEt,

L l 202  a g a in  form ed w ith  a  p e r o x id e  to  b a s e  r a t io  o f  0 . 9 6 .

In  b o th  c a s e s  ab ou t 97^  th e  LiOEt was removed a s  th e  

l i 2o2 .

T h ese l i t h iu m  p e r o x id e  sam p les w ere v e r y  f i n e l y  d iv id e d  

and v e ry  l i g h t  in  d e n s i t y .  No t r a c e  o f  hyd rogen  p e r o x id e  

was l e f t  In  th e  o x id a t io n  s o l u t i o n .  T h is  r e s u l t  showed a  

v e r y  lo w  s o l u b i l i t y  o f  L I2O2 i n th e  s o l u t i o n  u se d . S in ce  

th e  s o l u b i l i t y  was v e ry  lo w , th e  grow th  o f  sm a ll c r y s t a l s  

was e x p e c te d . I t  was n o te d  t h a t  th e r e  was a g r a d a t io n  o f  

in c r e a s e d  s o l u b i l i t y  and I n c r e a s e d  c r y s t a l  s i z e  f o r  th e  

p e r o x id e s  form ed w ith  l i t h iu m  th ro u g h  sodium  to  p o ta ss iu m .

The LipC^ Pr o ^u c t s  had ab ou t a 91^ p u r i t y .  The e x c e s s  

m a te r ia l  was n o t l o s t  u n d er  vacuum. I t  was co n c lu d ed  t h a t  

t h i s  m a te r ia l  was l a r g e l y  I m p u r it ie s  in  th e  l i t h iu m  c h lo r id e .  

A f t e r  s i x t y - f i v e  days th e  sam p les l o s t  Z% and a v a i la b le  

oxygen  when s to r e d  a t  room tem p era tu re  in  c lo s e d  b o t t l e s .
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T h is  i n s t a b i l i t y  may h a v e  b een  due to  th e  Im p u r it ie s  o r  

sm a ll am ounts o f  a lc o h o l  p r e s e n t .

A m ix tu re  o f  L i202 and L i20 2 *H20 2 was made by o x id i s in g  

h yd razob en zen e  in  b en zen e  and m ethanol w ith  o n e - h a l f  o f  th e  

LiOCH-j p r e s e n t .  The o x id a t io n  was made a t  0 °  C. and th e  

p r e c i p i t a t e  was washed w ith  th e  <$0 $  b e n z e n e  s o lv e n t  a t  0 °  C. 

The p r e c i p i t a t e  had a p e r o x id e  to  b a se  r a t i o  o f  1 .5 7  w hich  

co rresp o n d ed  e m p ir ic a l ly  to  L i P0 P*0.57H POp. The p rod u ct  

c o n ta in e d  SJ.0%  L l20 2 *0.57H 20 2 . The m a te r ia l  l o s t  hyd rogen  

p e r o x id e  when s t o r e d  a t  two to  th r e e  mm. p r e ssu r e  In  th e  

p r e se n c e  o f  barium  o x id e .  A f te r  e ig h t e e n  days th e  p rod u ct  

c o n ta in e d  9 1 .7 ^  L i2C2 * 0 .l6 H 20 2 and a f t e r  tw e n ty -se v e n  d ays  

90.6,^  L i202 *0.o65H 20 2 . T h ese c a l c u l a t i o n s  n e g le c t e d  th e  

p r e se n c e  o f  any l i t h iu m  h y d r o x id e  t h a t  may have form ed due 

t o  d e c o m p o s it io n  o f  a  sm a ll amount o f  L igO g.

T hese r e s u l t s  w ere com pared t o  t h o s e  o b ta in e d  by 

deF orcran d  (7 )  who p rep a red  L i20 2 *H20 2 *3H20 from  th e  r e ­

a c t io n  o f  hyd rogen  p e r o x id e  w ith  l i t h iu m  h y d ro x id e  in  

aq u eou s e t h y l  a l c o h o l .  On d r y in g  o v e r  p h osp horus p e n to x id e  

in  th e  c o ld  th e  p r e c i p i t a t e  g r a d u a lly  l o s t  w ater  and hyd rogen  

p e r o x id e . A f te r  e ig h t  d a y s L l20 2 c0 .1 $ H 20 was o b ta in e d .

The f a c t  t h a t  H20 2 d i s t i l l e d  from  th e  L i20 2 compounds 

and l e f t  undecom posed L i20 2 showed t h a t  th e  m o le c u la r  s t r u c ­

tu r e  o f  th e  p e r o x id e  compound w ith  a p e r o x id e  to  b a s e  r a t io  

o f  2 .0  was L i20 2 *H20 2 r a t h e r  than  LiOOK. The m a te r ia l  w hich
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was v e r y  w h ite  when p rep a red  became p a le  b r o w n is h -y e llo w .  

T h is  may have b een  due to  th e  o x id a t io n  o f  some ad sorb ed  

o r g a n ic  m a te r ia l  o r , more l o g i c a l l y ,  t o  th e  fo rm a tio n  o f  

t h e  su p e r o x id e  L1G2 , th e  e x i s t e n c e  o f  w hich h a s  not y e t  

b e e n  p ro v en .

when LiOCH^ was p r e s e n t  in  th e  o x id a t io n  s o lu t io n  In  

an amount e q u iv a le n t  t o  ab ou t o n e - t h ir d  o f  th e  o r ig in a l  

NaOCHg, L i20 2 *H20 2 form ed when th e  s o l u t i o n  was o x id iz e d .  

H owever, when th e  p r e c i p i t a t e  was washed w ith  a s o lv e n t  

c o n ta in in g  e q u a l vo lum es o f  b en zen e  and m eth an o l, th e  w h ite  

m a te r ia l  decom posed w ith  th e  fo rm a tio n  o f  a  b r o w n is h -y e llo w  

p r o d u c t  th a t  l ib e r a t e d  oxygen  when d i s s o lv e d  in  i c e  w a te r , 

The p e r o x id e  to  b a se  r a t i o  was 0 .9 0 5  and assu m in g  th e  

p e r o x id e  p r e s e n t  a s  L i20 2 , th e  m a te r ia l  c o n ta in e d  o n ly  75;« 

L l 20 2 . T h is  m a te r ia l  gave  a su p e r o x id e  c o n te n t  o f  

LIG2 when a n a ly z e d  by th e  method o f  seyb  and K le in b e r g .

The above r e s u l t s  in d ic a t e d  v ery  s t r o n g ly  th a t  th e  

su p e r o x id e  LIC^ d oes e x i s t .  In  th e  ab ove p r e p a r a tio n  i t  

was produ ced  by th e  o x id a t io n  o f  p e r o x id e  oxygen  by th e  

hyd rogen  p e r o x id e .

Very p u re L i2Q2 *H2Q2 was produced when th e  LlOCK^ was 

p r e s e n t  in  an amount e q u iv a le n t  to  ab ou t 30% o f  th e  o r ig i n a l  

NaOGH-j and o x id a t io n  was c a r r ie d  o u t a t  0 °  C. The p rod u ct  

was washed w ith  a 9° % b en zen e  s o lv e n t  a t  0 °  C. and sm a ll  

sam p les added to  i c e  w a ter  f o r  a n a l y s i s .  The p e r o x id e  to
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b a s e  r a t i o  was 2 .0 .  A f t e r  warming b e f o r e  e v a c u a tio n  to  

rem ove th e  b en zen e  th e  m a te r ia l  decom posed r a p id ly  t o  m ain ly  

l i t h iu m  h y d r o x id e .

The r a te  o f  o x id a t io n  o f h yd razob en zen e  in  th e  p r e se n c e  

o f  l i t h iu m  e t h y l a t e  and l i t h iu m  m e th y la te  app eared  t o  be  

s l i g h t l y  s lo w e r  than  th e  r a t e  in  th e  p r e se n c e  o f  sodium  

m e th y la te , w h ich  in  tu rn  appeared  s l i g h t l y  s lo w e r  th an  th e  

r a t e  in  th e  p r e se n c e  o f  p o ta ss iu m  m e th y la te . The d i f f e r e n c e  

in  r a t e s ,  h ow ever, was n o t g r e a t ;  th e  c o n t r o l l in g  f a c t o r  

ap p eared  t o  b e  th e  r a t e  a t  w hich  th e  oxygen  r e a c t s  th  th e  

h y d ra zo b en zen e , w hich d id  n o t depend to  a  la r g e  d e g r e e  on  

th e  a l k a l i  m eta l m e th y la te  p r e s e n t  n or  on th e  manner in  

w hich th e  hyd rogen  p e r o x id e  was p r e c i p i t a t e d .

F . F orm ation  o f  P o ta ssiu m  su p e r o x id e  from  P otassiu m  P er o x id e  
p ip  e roxyhy d'rateT

The stu d y  o f  th e  p r e p a r a t io n  o f  Na02 from  N&20 2 * 2H2 °2  

and KOg from  K20 2 *2H20 2 f o l lo w e d  from  th e  f a c t  th a t  

N a2 c>2*2H20 2 form ed a t r a c e  o f  y e l lo w  m a te r ia l  when h e a te d  on 

a m e lt in g - p o in t  a p p a r a tu s , and in  th e  same manner X^O^PHpOp 

decom posed t o  g iv e  a  y e l lo w  p ro d u ct on warming a f t e r  b e in g  

p rep a red  a t  0 °  C. The y e l lo w  m a te r ia l  d i s s o lv e d  in  i c e  

w a ter  w ith  th e  e v o lu t io n  o f  o x y g en .

The r e a c t io n  th a t  to o k  p la c e  was p o s t u la t e d  to  b e  th e  

o x id a t io n  o f  th e  p e r o x id e  oxygen  a t t a c h e d  to  th e  m eta l io n s  

by th e  h yd rogen  p e r o x id e  a s  shown by r e a c t io n  ( 1 9 ) .
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K2 °2 * 2H2 ° 2 — ^  2 K02 + 2 H2O ( 1 9 )

From th e  f a c t  t h a t  th e  su p e r o x id e  was form ed a s  th e  r e s u l t  

o f  t h e  r e d u c t io n  o f  th e  hydrogen  p e r o x id e ,  th e  above con­

v e r s io n  r e s u l t e d  in  th e  fo r m a tio n  o f  su p e r o x id e  and w a te r .  

T h e r e fo r e , from  th e  o u t s e t  i t  was o b v io u s  t n a t  in  o r d e r  to  

o b ta in  r e a so n a b le  y i e l d s ,  th e  w ater  w ould need to  b e  removed  

from  th e  r e a c t io n  s i t e  to  p r e v e n t  i t s  d e c o m p o s it io n  o f  th e  

s u p e r o x id e , s e v e r a l  p r o c e d u r e s  were u se d  to  c a rr y  o u t  t h i s  

c o n v e r s io n . Vacuum, a stream  o f  ox y g en  ga3 and ammonia g a s ,  

and l i q u i d  ammonia were u sed  t o  rem ove w a te r . U l t r a - v i o l e t  

l i g h t  was u sed  to  c a t a ly z e  th e  c o n v e r s io n  in  p r e lim in a r y  

work. At th e  o u t s e t  th e r e  was some q u e s t io n  t h a t  w h ile  a  

h ig h  vacuum r a p id ly  rem oved th e  w a te r , i t  a l s o  may h ave  

rem oved oxygen  from  th e  hyd rogen  p e r o x id e , or  o th e r w is e  

rem oved h yd rogen  p e r o x id e , o r  ca u sed  th e  su p e r o x id e  to  

d i s s o c i a t e .  F or t h i s  r e a so n  th e  u se  o f  a  g a s  strea m  ap p ear­

ed a d v a n ta g e o u s .

The r e s u l t s  o b ta in e d  on th e  p r e p a r a t io n  o f  KQg showed  

th a t  i t  form ed from  v e ry  r a p id ly  by m ere ly  a l lo w -

1 nir "frVio Vr.1 f a t  n r \ moi’m 4+ Viori o rv® r5 In
^Ai.v KS A VfW Jk -W VI. U V V sy mct.4. ua VAtk WW* -*» -k xk. Vi. V- V w \J  ,  A l t

th e  anh ydrous b en zen e  and m ethanol s o l v e n t .  *shen th e  sam p les  

w ere p la c e d  in  a d e s i c c a t o r  and e v a c u a te d  to  about th r e e  mm. 

a la r g e  amount o f  w a ter  was removed and  th e  su p e r o x id e  con ­

t e n t  was in c r e a s e d  to  ab ou t &S% KOg. A sam ple c o n ta in in g  

69^ KOg was o b ta in e d  when a sam ple o f  ab ou t t e n  gram s was
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I r r a d ia t e d  w ith  a  sunlamp w h ile  ammonia g a s  was drawn th rou gh  

th e  sa m p le . When oxygen  was u s e d  a p r o d u ct c o n ta in in g  53$

K0 2 was o b ta in e d .

I t  was c o n c lu d e d  th a t  b e t t e r  r e s u l t s  w ith  ammonia g a s  

com pared to  oxygen  was b e c a u se  o f  th e  h ig h  d e h y d r a tin g  a c t io n  

o f  th e  ammonia g a s .

The c o n v e r s io n  w ith  u l t r a - v i o l e t  l i g h t  in  l i q u i d  

ammonia a t  - 3 3 °  G. ap p eared  to  b e  q u i t e  g o o d . However, 

a f t e r  f i l t r a t i o n  th e  m a te r ia l  decom p osed . T h is  d e c o m p o s it io n  

may h a v e  b een  a v o id e d  i f  th e  t i g h t l y  p ack ed  sam ple were 

sp rea d  o u t .  D eco m p o sitio n  a l s o  r e s u l t e d  when th e  c o n v e r s io n  

was made w ith  Na^Oo*

The e f f e c t  o f  u l t r a - v i o l e t  l i g h t  on th e  p r e p a r a t io n  o f  

KQg was d i f f i c u l t  to  I n t e r p r e t ,  The r e s u l t s  o b ta in e d  w ith o u t  

th e  u s e  o f  th e  l i g h t  ap p eared  ab ou t th e  sam e. However, th e  

d e c o m p o s it io n  b e g a n .s o o n e r  and th e  d e c o m p o s it io n  tim e  was 

s l i g h t l y  l e s s  when u l t r a - v i o l e t  l i g h t  was u se d . T h is  may 

h ave b een  due l a r g e l y  t o  a  h e a t in g  e f f e c t .

When KgOg'SHgOg was added t o  a m eth yl a lc o h o l  s o lu ­

t i o n  In  b e n z e n e , d e c o m p o s it io n  w ith  th e  fo rm a tio n  .of some 

y e l lo w  KOg r e s u l t e d .  A lc o h o ls  ten d e d  t o  decom pose th e  

d ip e r o x y h y d r a te s  w h ile ,  on th e  o th e r  han d , th e y  ten d e d  to  

in c r e a s e  th e  e a s e  o f  su p e r o x id e  fo r m a tio n .

The ab ove r e s u l t s  showed th a t  was r e a d i ly

c o n v e r te d  to  KO2 a t  te m p e r a tu r e s  c l o s e  t o  room tem p era tu re  

and c o n s id e r a b ly  b e lo w  room te m p e r a tu r e . At - 3 3 °  C ., how-
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e v e r ,  th e  r a te  o f  su p e r o x id e  "was n o t  g r e a t .  S in c e  th e  con ­

v e r s io n  was r a p id  a t  room te m p er a tu r e , s in c e  l i q u i d  ammonia 

i s  a v e r y  s tr o n g  d e h y d r a t in g  a g e n t , and B ince su p e r o x id e e  

a r e  s t a b le  in  l iq u i d  ammonia, th e  c o n v e r s io n  o f  K;}02 *2H20 2 

t o  K02 in  l i q u i d  ammonia tinder p r e s s u r e  a t  te m p e r a tu r e s  

c lo s e  to  room tem p era tu re  i s  p r e d ic t e d  to  be an e x c e l l e n t  

means o f  o b ta in in g  a  h ig h e r  g ra d e  K02 p ro d u ct th a n  o b ta in e d  

th u s  f a r .

C on version  o f K202*2H20 2 to  K02 un d er h ig h  vacuum  

sh o u ld  a l s o  r e s u l t  in  th e  fo rm a tio n  o f  h ig h e r  y i e l d s .  I t  

sh o u ld  b e  n o te d  th a t  a  p r e s s u r e  o f  ab ou t th r e e  mm. m ercury  

was u sed .

The a ccu ra cy  o f  th e  a n a ly s e s  made f o r  th e  K02 sam p les  

and a l s o  th e  Na02 sam p les depended l a r g e l y  on two f a c t o r s .

I t  was e s t im a te d  t h a t  th e  su p e r o x id e  c o n te n t  was a c c u r a te  

t o  ab ou t 5 # . A n a ly se s  d ep en d in g  on  m agn etic  s u s c e p t i b i l i t y  

a r e  a c c u r a te  t o  o n ly  a b o u t 10^ .

The a ccu ra cy  o f  th e  t o t a l  p e r o x id e  c o n te n t  depended on 

r e a c t io n  ( 2 0 ) .

2 X02 + H20 -------- X20 2 *aq + 0 2 ( 20)

I t  was p r e v io u s ly  p o in te d  o u t t h a t  some p e r o x id e  d ecom p osi­

t i o n  r e s u l t e d  due to  l o c a l  h e a t in g  e f f e c t s .  F or t h i s  rea so n  

th e  p e r o x id e  c o n te n t  o b ta in e d  in  th e  above manner was some­

what lo w , th e  e x te n t  o f  w hich was n o t e s t im a te d .
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To show more c l e a r l y  th e  c o m p o sit io n  o f  th e  K0^ p r o -
C.

d u c t s  o b ta in e d  from  e v a c u a t io n  o f  K20 2 *2H20 2 , ^  w&s assurae<3- 

t h a t  no p o ta ss iu m  c a r b o n a te  o r  o th e r  im p u r i t ie s  w ere p r e s e n t ,  

and th e  p e r c e n t  by w e ig h t o f  th e  KO2 sam p les was c a lc u la t e d  

from  th e  d a ta  g iv e n  In  T a b le  VI on th e  b a s i s  t h a t  th e  

sam p les w ere com posed o f  1K>2* XQH, K20 2 "2K2G2 and H^O.

T h ese r e s u l t s  a r e  g iv e n  i n  T ab le  IX .

T a b le  IX

A pproxim ate C om p osition  o f  X02 Sam ples 

B a s is :  One gram

Bun
No.

B ase P e r o x id e
m@q.

ko 2 K20 2 -2H20 2
£>m»

KOH
£>!“. rem

32?A 1 2 .9 0 .6 1 2 0 0 . 2 3 s 0.150

S27B 1 2 .3 1 3 .0 O.6 9 6 0 .0 9 5 0 . 1 0 s 0 .1 0 1

329 1 2 . S 1 1 .3 0 .6 1 5 0 .0 7 6 0 .1 8 2 0 .1 2 7

S30 1 3 .6 8 .1 0 .6 2 2 0 0 .2 6 5 0 .1 1 5

On an a v e ra g e  th e  r e s u l t s  from  T a b le  VI in d ic a t e d  th a t  

th e  K02 p r o d u c ts  c o n t a in  ro u g h ly  2 .5  m o les  o f  K02 to  one  

m ole o f  KOH and two m o les  o f  w a ter . The w a ter  c o n te n t  

ap p eared  q u it e  h ig h .  ' T h is  may h ave b een  due l a r g e l y  t o  lo w  

p e r o x id e  v a lu e s  o b ta in e d  o r  t o  th e  p r e s e n c e  o f  c a r b o n a te .

The f a c t  t h a t ,  on an a v e r a g e , e s s e n t i a l l y  no p e r o x id e

was p r e s e n t  o th e r  th an  t h a t  in  th e  su p e r o x id e , a g a in  showed

th e  h ig h  therm odynam ic i n s t a b i l i t y  o f  K20 2 *2H20 2o
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U n d ou b ted ly , th e  w a te r  was p r e s e n t  a s  w a ter  o f  c r y s t a l ­

l i z a t i o n  on th e  KOH. The above KOg sam p les c o u ld  p o s s i b l y  

b e  c o n c e n tr a te d  by u t i l i z i n g  d i f f e r e n c e  In  p r o p e r t i e s  o f  

t h e  KCU and KOH, f o r  exam ple d e n s i t i e s .

A f t e r  th e  c o m p le t io n  o f  t h i s  work a  p a p er  was p u b lis h e d  

on th e  d e c o m p o s it io n  o f  K2°2 ^H2 °2  u n d er  k ig k

vacuum ( I S ) .  The a u th o r s  r e p o r te d  a  yi.% c o n v e r s io n  under  

h ig h  vacuum . The su p e r o x id e  c o n te n t  w as d e ter m in e d  by  

m a g n etic  s u a o e p t i b i l i t y  m easurem ents and was r e p o r te d  a c cu ­

r a t e  to  w ith in  10%. T h ese  r e s u l t s  w ere b e t t e r  th a n  th e  

r e s u l t s  r e p o r te d  In  t h i s  work; h o w ev er , a  lo w e r  vacuum was 

u se d  and p o s s i b l y  s m a lle r  sam p les wer-e u se d  su ch  t h a t  th e  

rem oval o f  th e  w a te r  was more e a s i l y  a c c o m p lish e d .

G. F orm ation  o f  Sodium S u p ero x id e  from  sodium  P e r o x id e  
B ip e r o x y h y d r a te l

1 .  E f f e c t  o f  u l t r a - v i o l e t  l i g h t  and h e a t  on t h e  con­

v e r s io n  o f  NagOp* 2Hg0g t o  NaOP. -  Sodium su p e r o x id e  form ed  

much l e s s  r e a d i l y  from  NagOg*SHgOg th a n  KOg form ed from

T h is  i s  In  agreem ent w ith  th e  f a c t  t h a t  p o ta s ­

sium  m e ta l i s  r e a d i ly  c o n v e r te d  to  th e  su p e r o x id e  w h ile  

v e r y  h ig h  p r e s s u r e  and m o d e ra te ly  h ig h  te m p e r a tu r e s  a re  

r e q u ir e d  to  o x id iz e  sodium  p e r o x id e  to  th e  su p e r o x id e  

u s in g  p u re o x y g en .

When K202 *2H202 warmed a f t e r  b e in g  p rep a red  a t  0 °  C. 

i t  r a p id ly  c o n v e r te d  t o  K02 » w h ile  r a th e r  p u re sa m p les  o f
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Ka oCp*2H2O2 and NagOg"HpOg (NaOOH) were s t a b le  when s to r e d  

a t  25° C. from  two to  e ig h t e e n  h o u rs under vacuum to  rem ove 

s o l v e n t .  When Na0o 0 ‘ 2H0Oo was h e a te d  under vacuum some
c. c. c. c.

NaOg form ed. T h is  showed t h a t  th e  In c r e a se d  tem p era tu re  

p rod u ced  s u f f i c i e n t  a c t i v a t i o n  f o r  th e  o x id a t io n  r e a c t io n  

to  p r o c ee d  a t  a  r e a s o n a b le  r a t s .

S in c e  Na2Q2 *2H20 2 was q u i t e  s t a b le ,  th e  stu d y  o f  i t s  

c o n v e r s io n  to  NaOp was made f i r s t  by means o f  u l t r a - v i o l e t  

l i g h t  and vacuum o r  a  s tr ea m  o f  oxygen  g a s  to  rem ove th e  

w a ter  form ed .

The r e s u l t s  o b ta in e d  showed th a t  a c o n s id e r a b le  amount 

o f  su p e r o x id e  form ed in  r e l a t i v e l y  sh o r t  p e r io d s  o f  tim e  

r a n g in g  from one t o  h ou r h o u r s . However, in  many c a s e s  a  

c o n s id e r a b le  amount o f  d e c o m p o s it io n  r e s u l t e d  w ith  th e  

fo r m a tio n  o f  sodium  h y d r o x id e  o r  sodium  m onoxide. The 

e f f e c t  o f  th e  u l t r a - v i o l e t  l i g h t  was d i f f i c u l t  to  I n t e r p r e t  

b e c a u se  c o n s id e r a b le  h e a t in g  r e s u l t e d .  G radual h e a t in g  o f  

&a 2 ° 2 ' ^ 2 ° 2  sarnP le s  u n d er  vacuum produ ce a g ra d u a l c o lo r  

change from w h ite  t o  y e l lo w .  F u r th er  h e a t in g  c a u se d  r a p id  

d e c o m p o s it io n  su ch  t h a t  th e  su p e r o x id e  c o n te n t  rea c h e d  o n ly

» 4* T tif.a k / u u u  j

When sam p les w ere I r r a d ia t e d  w ith  a sunlam p, th e  su r ­

f a c e  r a p id ly  tu r n e d  y e l lo w .  I t  was co n c lu d ed  t h a t  t h i s  was 

due to  th e  c a t a l y t i c  a c t io n  o f  th e  u l t r a - v i o l e t  l i g h t  a s  

w e ll  a s  th e  h e a t in g  e f f e c t .  The su p e ro x id e  c o n te n t  o f  

s e v e r a l  p r e p a r a t io n s  r ea c h e d  from  30^ to  k-0% N&02 . A
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v a r le d  amount o f  d e c o m p o sit io n  to  sodium  h y d ro x id e  r e s u l t e d  

a s  shown by th e  p e r o x id e  to  b a s e  r a t io  r ec o rd ed  in  T ab le  V II . 

T h is  v a r ie d  amount o f  d e c o m p o sit io n  f o r  th e  d i f f e r e n t  sam­

p l e s ,  u n d o u b te d ly , depended on th e  tem p era tu re  o f  th e  sam ple  

and s e v e r a l  o th e r  f a c t o r s  in c lu d in g  th e  e f f i c i e n c y  a t  w hich

uh.8 W3.t#cZ* wclS FcISOVCCl _

I t  sh o u ld  b e  n o te d  t h a t  t h i s  i n i t i a l  work on th e  prepa­

r a t io n  o f  Na02 was done In  r a th e r  cru d e  a p p a r a tu s . R e f in e ­

ment In  th e  ap p a ra tu s and p roced u re  u s e d  would u n d o u b ted ly  

in c r e a s e  th e  y i e l d  o f  Na02 from  m ethods u t i l i z i n g  u l t r a ­

v i o l e t  l i g h t .  In  l a t e r  work I t  was shown t h a t  c o n s id e r a b le  

d e c o m p o s it io n  r e s u l t e d  a t  4 0° C„ The te n p e r a tu r e  o f  th e  

Na20 2 *2H20 2 g e n e r a l ly  went above bo° C. d u r in g  th e  p rep a ra ­

t i o n s  u t i l i z i n g  u l t r a - v i o l e t  l i g h t  an d , t h e r e f o r e ,  th e  

h e a t in g  may h a v e  b een  r e s p o n s ib le  f o r  a la r g e  f r a c t i o n  o f  

th e  d e c o m p o s it io n .

A lth ou gh  th e  amount o f  Nao2 t h a t  form ed in  a g iv e n  

l e n g t h  o f  tim e was l e s s  when sam p les w ere p la c e d  in  a  q u a rtz  

f l a s k  w hich  was th en  e v a cu a te d  and p la c e d  In  f r o n t  o f  th e  

Ian® a t  a  s u f f i c i e n t  d is ta n c e  to  p r e v e n t e x c e s s  h e a t in g ,  

t h e  amount o f  d e c o m p o s it io n  o f  th e  rem a in in g  NapOp'SHpOg 

was a l s o  l e s s .  The amount o f  d e c o m p o s it io n  was a l s o  low  

in  s e v e r a l  c a s e s  where oxygen  g a s  was p a s se d  th rou gh  th e  

sam ple d u r in g  i r r a d i a t io n ,

I t  w ould  b e  a r e a so n a b le  c o n c lu s io n ,  t h e r e f o r e ,  th a t  

u l t r a - v i o l e t  l i g h t  d id  c o n v e r t th e  Na20 2 *2H20 2 to  Na02 and
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w a ter  w ith o u t much d e c o m p o s it io n  o f  th e  d ip e r o x y  h y d r a te  a s  

su ch ; w h ile  h e a t  a lo n e  c a u se d  c o n s id e r a b le  d e c o m p o s it io n  

w ith o u t  su p e r o x id e  fo r m a tio n  a s  w e l l  a s  su p e r o x id e  fo r m a tio n  

due to  th e  su p p ly  o f  th e  r e q u ir e d  amount o f  th erm a l e n e r g y .  

The l a t t e r  c b n c lu s io n  was r e a so n a b ly  v e r i f i e d  by th e  f a c t  

th a t  r a p id  h e a t in g  ox" Nap0 2 *2HgQ2 te d  in  th e  fo r m a tio n

o f  sodium  h y d r o x id e  w ith o u t th e  fo rm a tio n  o f  any t r a c e  o f  

y e l lo w  su p e r o x id e . In  e i t h e r  c a s e  t h e  w ater  form ed in  th e  

p r e s e n c e  o f  th e  su p e r o x id e  and a s  a  co n seq u en ce  o f  r e a c t io n  

(2 0 ) may h ave  gone to  decom pose th e  su p e r o x id e  i f  th e  w a ter  

w ere n o t  r e a d i ly  rem oved.

L ik e w is e , th e  w a te r  form ed in  th e  p r e se n c e  o f  s u p e r o x id e  a s  

a  r e s u l t  o f  th e  th erm al d e c o m p o s it io n  o f  th e  NagOg*2Hg0g 

w ith o u t  su p e r o x id e  fo r m a tio n  a s  shown by r e a c t io n  (2 1 )  may 

h a v e  gone to  decom pose any su p e r o x id e  th a t  may h a v e  form ed  

by r e a c t io n  ( 2 0 ) .

to  c o n v e r t  th e  sodium  m onoxide to  sodium  h y d r o x id e . The 

d e tr im e n ta l  e f f e c t  o f  h e a t in g  w as, t h e r e f o r e ,  t o  decom pose  

any su p e r o x id e  th a t  s u r v iv e s  th e  w a ter  t h a t  m ust form  a lo n g  

w ith  th e  su p e r o x id e  a s  shown by r e a c t io n  ( 2 0 ) .

Nag0p*2Hp0p 2 NaOg + 2 HgO ( 20)

2 NagOg “2Hg0g 2 NagO + 3 Og + ^ HgO ( 21)

T * "1 •»» ̂  A«I* a A ̂  4 « M ^  ̂  A A T A II'■ ,»» A* A »  A A. MIA M .A
in  uiic7 A'cau uiUi.i v/iio-'j.i.ci-i-j. O x  oxxo vvctuci' lUctj nfiv c? 
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D o p to g lo n  (9 )  showed t h a t  l i g h t  o b ta in e d  from  a  R-S 

sunlam p p rod u ced  BaQlj. from  BaOg'BHgGg w h ile  o t h e r  l i g h t  

so u r c e s  I n c lu d in g  th e  m ercu ry -a rc  lamp f a i l e d  to  g iv e  BaO^.. 

The r e s u l t s  o b ta in e d  in  t h i s  work a re  In  a g reem en t w ith  

t h i s  c o n c lu s io n  i n  t h a t  r a th e r  p oor r e s u l t s  w ere o b ta in e d  

w ith  th e  m ercu ry -arc  lam p . However, i n  t h i s  c a s e  s u f f i ­

c i e n t  d a ta  was n o t  a v a i la b l e  to  draw a  d e f i n i t e  c o n c lu s io n .

2 . Removal o f  th e  w a te r  form ed w ith  th e  sodium  su p e r -  

o x id e  by  means o f  vacuum . -  I t  was d is c o v e r e d  t h a t  NaOg d id  

form  s lo w ly  from  K a2°2*2H2 °2  w ith o u t th e  a p p l i c a t io n  o f  h e a t  

o r  th e  u s e  o f  u l t r a - v i o l e t  l i g h t .  In  f a c t ,  I t  was co n c lu d ed  

t h a t  th e  d e c o m p o s it io n  o f  th e  Map0p*2Hp02 sa m p les s to r e d  a t  

6 ° G. w as due, a t  l e a s t  In  p a r t ,  to  th e  s u p e r o x ld s  fo rm a tio n  

and su b seq u en t d e c o m p o s it io n  due t o  th e  w a te r  form ed w hich  

o b v io u s ly  c o u ld  n o t  e s c a p e  s in c e  th e  sam p les w ere s to r e d  in  

c lo s e d  b o t t l e s .

In  d e te r m in in g  th e  p e r o x id e  c o n te n t  o f  th e  sam p les  

s to r e d  a t  6° C ., i t  was n o te d  In  many c a s e s  t h a t  some oxygen  

was e v o lv e d  on d i s s o l v i n g  th e  sam p les in  I c e  w a te r . T h ese  

sa m p les  w ere a lw a y s p a le  y e l lo w  In c o lo r ,  oxygen  was n e v e r  

e v o lv e d  when f r e s h l y  p r e p a r e d  sam ples w ere d i s s o l v e d  In  i c e  

w a te r .

The above r e s u l t s  w ere u se d  to  stu d y  th e  p r e p a r a t io n  

o f  n&02 from  th e  d e c o m p o s it io n  o f  Na20 2 *2H20 2 u n d er  vacuum. 

Barium  o x id e  was u se d  in  th e  d e s ic c a t o r s  to  lo w e r  th e  vapor
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p r e s s u r e  o f  w a te r . In  t h i s  s tu d y  I t  was d is c o v e r e d  th a t  o f  

th e  p o ly p e r o x y h y d r a te s  o f  sodium  p e r o x id e , t h o s e  sam p les  

w ith  an i n i t i a l  p e r o x id e  to  b a s e  r a t io  c o n s id e r a b ly  b e lo w  

th r e e  were more r e a d i ly  c o n v e r te d  to  NaQ2 th a n  th e  r e l a t i v e ­

l y  p u re sa m p le s . L ik e w is e , th e  r e l a t i v e l y  p u re sam p les  

g a v e  b e t t e r  s t a b i l i t y  t e s t B  a t  6” C.

For t h i s  r e a so n  th e  t h e o r e t i c a l  amount o f  su p e r o x id e  

D o s s lb le  from  Na«-,0o*Hr,0o (NaOOH) and Nao0o*2H^00 was c a lc u -
CL CL CL CL c . c . c . d .

l a t e d  a t  v a r io u s  c o n v e r s io n s .

I f  Na2Q2 -2H2 C>2 r e a c te d  w ith  co m p le te  c o n v e r s io n  to  

NaC>2 a c c o r d in g  to  r e a c t io n  (2 2 ) and I f  th e r e  w ere co m p le te  

l o s s  o f  w a ter , th e  f i n a l  p ro d u ct would h ave  b e e n  100^  NsO^j•

I f  NapOg'HgC^ decom posed a c c o r d in g  to  r e a c t io n  ( 2 3 ) ,  th e  

f i n a l  p ro d u ct w ould  h a v e  b een  5^ .5^  Na02 and w ould h ave  a 

p e r o x id e  to  b a s e  r a t i o  (Z) o f  1 . 0 .  On th e  o t h e r  hand, i f  

Na^O^gHgOg decom posed a c c o r d in g  to  r e a c t io n  ( 2 ^ ) ,  th e  f i n a l  

p ro d u ct would h ave b e e n  KaO  ̂ w ith  a v a lu e  f o r  Z o f  0 . 6 6 7 .

Na2 02 *2H20 2 ----2 Na02 + 2 H20 (2 2 )

Na202-H202 — Na02 + 0.5Nag02 + H20 (23)

*7 IT--. 3 TV / \  A  » »T — /N . *7 TT A  ✓ o l t  \

j  Wci2 2 2U2 — ^ r*ciw2 ^  ^ 212W

The t h e o r e t i c a l  r e a c t io n  c u r v es  w ere c a lc u la t e d  assum ­

in g  co m p le te  l o s s  o f  w a te r  a c c o r d in g  t o  th e  m echanism s 

shown by th e  above e q u a t io n . The c a l c u l a t i o n s  a r e  ta b u la te d  

In  T a b le  x  and th e  r e s u l t s  a re  p lo t t e d  In  F ig u r e  115o
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Table X

C a lc u la t io n  o f  R a tio  o f  P er o x id e  to  B ase  v s .  Na02

S t a r t i n g
M a t e r i a l

F r a c t i o n
Reacted

S t a r t i n g M a t e r ia l  L e f t M a t e r i a l Form

grams ]
Eq.

Base
Eq.

P e r o x id e
NaO

grams 2_Eq.
Na2C

grams 2_,Eq.

•v )| /-i n nPt s. gU ̂  ** o * 1 V -*■ 1 w a O \ J KJ K J KJ

146  grams 
Mech. (1 )

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

0 . 5 73 1 3 55 1 0 0

0 . 7 5 0 . 5 1 . 5 S'2 . 5 1 . 5 0 0

1 . 0 0 0 110 2 0 0

ixao0 2 *n20 2 0 112 «■%
a 4 0 0 0 /*>

w

112 grams 
Mch. (2 )

0 . 2 5 84 1 . 5 5 1 3 .7 5 0 . 2 5 9 . 7 5 n n
y j . c

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

0 . 7 5 2 S .0 0 . 5 1 4 1 .2 5 0 . 7 5 2 9 . 2 5 0 . 7

1 0 0 0 55 1 39 1

3Na20 2 *K20 ? 0 33o
/*O 12 0 0 0 0

336 grams 
Mch. (3)

o„ 25 252 4 . 5 9 55 1 0 0

0 . 5 16S 3 6 110 2 0 0

0 . 7 5 S4 x *5 3 165 3 0 0

1 0 0 0 220 4 0 0

* C a lc u la t io n s  a re  t h e o r e t i c a l  and. b a se d  on th e  assum ed m echanism s;
(1 )  Na202 *2H20 2 = 2Na02 + 2H20 (2 )  Na20 2 -H20 2 = NaO
(3 ) 3Na20 2 *H20 2 = 4-Nao2 + Na20 + 3H20
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Table X

on of Ratio of Peroxide to Base vs. N&02 Content*

M a te r ia l  L e f t M a te r ia l Formed z
P e r o x id e %Eq.

as©
Eq.

P er o x id e
NaO

grams mq.
Na2Q

grams p Eq.
N

grams
a P0 

*  Eq. t o  B ase  
R a tio

NaOp

p £w nV n 0V n A
w

n j n

1 . 5 4 - . 5 2 7 . 5 0 . 5 0 0 0 0 2 . 5 2 0 . 0 5

1 3
r* f— x 0 0 0 0 2 . 0 39.s

0 . 5 1 . 5 S 2 . 5 1 . 5 0 0 0 0 1 . 5 6 4 -.0

0 0 110 2  . 0 0 0 0 1 .0  1 0 0 .0

2 if- 0 0 0 0 0 0 2 . 0 0

i  k 3 T "5 7 R— y  « i J O o mV 0 w_/
Q 7 K  
s  *  i  J

n  o k r>
V 0 1 7 K

— « I ^ 1 2 .  g

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

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

0 0 5 5 l 3 9 1 0 Q 1 .0 5 3 . 5

6 12 rv
KJ 0 0 0 /*>V 0 r\ 0

4 - . 5 9 55 1 0 0 1 5 . 5 0 . 5 1 . 6 7 1 7 . 1

3 6 110 2 0 0 3 1 . 0 1 1 . 3 3 35c-6
1.5 3 163 3 0 0 4 - 6 . 5 1 . 5 l . o 55.9
D 0 220 4- 0 0 62 2 0 . 6 7 ? g

and b a se d  on the assum ed m echanism s: 
p +  2 H g O  ( 2 )  =  N a O 2 +  0 . 5 h a 2 0 2  -t ^ g O

p + NagO + 3HP0
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To show th e  r e l a t i v e  amount o f  sodium  h y d r o x id e  form ed  

f o r  th e  p r e p a r a t io n s  r ec o rd ed  in  T a b le  V II , th e  e x a c t  p o in t s  

rea ch ed  on th e  p l o t  o f  su p e r o x id e  c o n te n t  a g a in s t  p e r o x id e  

t o  b a se  r a t i o  w ere p lo t t e d  f o r  Runs S10 , S l l ,  S l2 ,  S13* S l^ , 

and S17 u t i l i z i n g  u l t r a - v i o l e t  l i g h t .  The p o s i t i o n s  o b ta in e d

v* a l  n  a T  O O l  7  *r* 4 / » > 4 ts% -P o  a4 *  +*V» n  4*
A  V A  C ,  •  W i V i .  ^  Q ^ ^ i 4 4 - L  A V / a i i W ,  l * * v >  i C V V  u  v * * o w

th e  p o in t s  l i e  v e ry  c lo s e  t o  th e  t h e o r e t i c a l  c u rv e  f o r  th e  

c o n v e r s io n  o f  Na20 2 '’2H20 2 Na02 silowe<3- t h a t  a l l  o f  th e  

^a 2 °2 * 2H2 °2  wa3 c o n v e r te d  t o  NaOg and w a te r  w ith o u t any decom­

p o s i t i o n .  H owever, t h e s e  r e s u l t s  sh o u ld  n ot b e  r e l i e d  upon 

to o  h e a v i ly  b e c a u se  th e  su p e ro x id e  a n a ly s e s  were made a t  

room tem p era tu re  and, t h e r e f o r e ,  th e  v a lu e  may b e  h ig h  due 

to  d e c o m p o sit io n  o f  p e r o x id e ,,

prom T ab le  V III  th e  p e r o x id e  t o  b a s e  r a ^ Io , I ,  and th e  

% Nao2 , o b ta in e d  f o r  th e  v a r io u s  p r e p a r a t io n s  o f  NaOg by  

u t i l i z i n g  s lo w  sp o n ta n eo u s d e c o m p o sit io n  and vacuum to  remove 

th e  w a ter , were p l o t t e d  in  F ig u r e  1 5 .  The e u p e r o x id e  con­

t e n t  a t  v a r io u s  tim e  i n t e r v a l s  was p l o t t e d  in  F ig u r e  l 6 .

The d a ta  f i r s t  o b ta in e d  I n d ic a te d  t h a t  Na02  rag  p rod u ced  a t  

2 5 °  C. w ith o u t much d e c o m p o sit io n  f o r  Runs 315 and S l6„

T h is  was co n c lu d ed  from  th e  f a c t  t h a t  th e  a c tu a l  c u r v e s  ran  

q u it e  p a r a l l e l  to  th e  t h e o r e t i c a l  c u r v e s  a l s o  shown In  

F ig u r e  1 6 , e x c e p t  a t  th e  b e g in n in g  o f  th e  r e a c t io n  where con­

s id e r a b le  d e c o m p o sit io n  was e v id e n t .  Runs S I5 and 816 a l s o  

showed t h a t  th e  r a t e  o f  su p e ro x id e  fo r m a tio n  was g r e a t e r  fo r  

th e  p ero x y h y d ra te  w ith  th e  lo w e r  p e r o x id e  to  b a s e  r a t i o .
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A galn  I t  sh o u ld  h e  n o te d  t h a t  th e  v a lu e s  o b ta in e d  f o r  

th e  p e r o x id e  to  b a se  r a t i o  depended on r e a o t io n  ( 2 5 ) .

2 NaO;? + H^O >* 2 Ns-gOg * aq "t ®2 ( 25 )

I t  was shown th a t  c o n s id e r a b le  d e c o m p o s it io n  o f  th e  p e r o x id e  

r e s u l t e d  I f  th e  su p e r o x id e  sam p les w ere n o t  added s lo w ly  

w ith  s t i r r i n g  to  th e  Ic e  w a te r .

The NaOp c o n te n t  was d e term in ed  b y  th e  m ethod d e v e lo p e d  

by Seyb and K le in b e r g  a s  p r e v io u s ly  d e s c r ib e d .  For th e  

f i r s t  a n a ly s e s  made th e  r e a c t io n  f l a s k  was n o t  im m ersed in  a  

c o ld  w a ter  b a th . For t h i s  r e a so n  when th e  a c e t i c  a c id  s o lu ­

t i o n  was n o t  added v e ry  s lo w ly  w ith  good  s t i r r i n g ,  a  con­

s id e r a b le  amount o f  p e r o x id e  oxygen  was l i b e r a t e d  due to  

h e a t in g  when th e  su p e r o x id e  c o n te n t  was h ig h .  For t h i s  

r e a so n  a n a ly s e s  show ing NaO 2 c o n te n t s  o f  ab ou t w ere d i s ­

ca rd ed  f o r  ru n s S i 5 and S l6 .  The f i n a l  a n a ly s e s  w ere made 

w ith  th e  r e a c t io n  f l a s k  c o o le d  to  a b ou t 1 2 °  C.

S e v e r a l sam p les were e v a cu a te d  In  o r d e r  to  r e p e a t  th e  

good r e s u l t s  o b ta in e d  f o r  runs S i5 and S l6 .  The d a ta  f i r s t  

o b ta in e d , h ow ever, were n o t a s  good and th e  deep  y e l lo w  

c o lo r  o f  h ig h  p u r ity  KaOg was n o t  p r o d u c e d . The r e s u l t s  

o b ta in e d  f o r  s e v e r a l  p r e p a r a t io n s  a r e  p l o t t e d  In  F ig u r e  15  

and F ig u r e  1 6 . Runs SI 9 th rou gh  S2o p rod u ced  NaOg much more 

s lo w ly  and w ith  c o n s id e r a b ly  more d e c o m p o s it io n  th a t  315 and 

SI 6 .
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The r e s u l t s  o b ta in e d  f o r  Runs S22 and S23 showed th a t  

th e  e f f e c t  o f  th e  s u n l ig h t  t h a t  p a s se d  th rou gh  th e  d e s ic c a t o r  

was n e g l i g i b l e .  Two I d e n t ic a l  sam p les w ere s t o r e d  in  th e  

same d e s ic c a t o r ,  on e  in  an u n covered  b o t t l e  w h ile  th e  secon d  

was In  a  b o t t l e  c o v e r e d  w ith  dark p a p e r . I d e n t i c a l  r e s u l t s  

w ere o b t a i n e d  a f t e r  33 d a y s u n d er  vacuum and v e r y  com parable  

r e s u l t s  a f t e r  6 5 d a y s . S ee  T ab le  V I I I .

In  Runs S I9 and S20 two i d e n t i c a l  sam p les were s to r e d  

u n d er vacuum a t  2 5 °  C. and Uo° G. In  th e  b e g in n in g  su p er­

o x id e  form ed more r a p id ly  a t  **0° C ., b u t  th e  r e s u l t i n g  

p ro d u ct was m a in ly  NaOH. The e f f e c t  o f  to o  much h e a t  in  

decom p osin g  th e  w a te r  w hich g i v e s  decom­

p o s i t i o n  o f  th e  su p e r o x id e  form ed was shown a s  p r e v io u s ly  

d is c u s s e d .

B eca u se  th e  su p e r o x id e  fo rm a tio n  was c o n s id e r a b ly  

s lo w e r  and much more d e c o m p o s it io n  r e s u l t e d  f o r  th e  Rians 315 

th rou gh  S26 compared t o  SI 5 and S I6 u n d er I d e n t ic a l  c o n d i­

t i o n s  I t  was c o n c lu d e d  t h a t  th e  r a t e  and d e g r ee  o f  su p e r o x id e  

fo r m a tio n  was due to  th e  m ethod o f  p r e p a r a t io n  o f  th e  v a r i ­

o u s p e r o x y h y d r a te s  o f  sodium  p e r o x id e . The e s s e n t i a l  d i f f e r ­

e n ce  in  th e  manner In  w h ich  th e  sam p les u se d  f o r  Runs S I 5

and S I6 was th a t  no c a lc iu m  c h lo r id e  was u sed  to  remove
?

m e th y la te  o r  w a ter  in  p r e p a r in g  th e  s o l u t i o n s  f o r  o x id a t io n .

I t  was c o n c lu d e d  t h a t  t h e s e  r e s u l t s  were r e la t e d  to  th e  

r e s u l t s  p r e v io u s ly  d i s c u s s e d  on th e  s t a b i l i t y  o f  Na20p*2K2 0 2 <> 

In  one p r e p a r a t io n  (Run No. 55)  s o lu t io n  was p rep a red  f o r

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



-1 2 3 -

o x id a t io n  by th e  ph ase  s e p a r a t io n  m ethod a s  p r e v io u s ly  d i s ­

c u s s e d . Then c a lc iu m  c h lo r id e  was added to  rem ove any w ater  

and th e  s o lu t io n  a llo w e d  t o  s ta n d  o v e r  n ig h t  b e f o r e  f i l t r a ­

t io n  and o x id a t io n .  The sam ple  (Z = 2 .9 6 )  g a v e  v e r y  good  

s t a b i l i t y  d a ta  a t  6° C. and a  v ery  s lo w  r a te  o f  su p e r o x id e  

f o r m a t io n  a t  th e  b e g in n in g  o f  th e  r e a c t io n  tim e  a s  shown 

by Run S19.

The sam ple u sed  f o r  Run S i 5 was p rep a red  by o x id iz in g  

th e  h yd razob en zen e  in  th e  a lc o h o l  s o l u t i o n  r ic h  in  sodium  

m e th y la te . T h is  was th e  one p h a se  t h a t  s e p a r a te d  a f t e r  

r e d u c t io n . A f te r  o x id a t io n  th e  s o l u t i o n  was f i l t e r e d  and 

th e  p r e c i p i t a t e  -washed w ith  a b e n z e n e -m e th a n o l s o l u t i o n .  

D uring th e  w ash in g  th e  p r e c i p i t a t e  ap p eared  t o  undergo a  

change w ith  a sm a ll amount o f  d e c o m p o s it io n  shown by bub­

b l i n g .  S in ce  th e  p e r o x id e  to  b a s e  r a t i o  o f  th e  f i n a l  p rod u ct  

was 2„25 , t h i s  showed t h a t  Na202*2H2C>2 o r  NaOOH-O<,5H-2®2 

form ed from th e  NaCOH and m ethanol a c c o r d in g  to  r e a c t io n  

( 2 6 ) .

3 NaOOH + CH^OH— 5 - 2  Na00H-0.5H202 +  CH^ONa (2 6 )

T h is  same phenomenon was o b se r v e d  a l s o  when th e  r a t e  o f  

fo rm a tio n  o f  NaOOH was d e te r m in e d . In  a d d i t io n ,  D‘Ans and 

F r le d e r ic h  (k ) r e p o r te d  t h a t  Na0CHoQ .5K202 was p r ep a red  by  

r e a c t in g  NaOOH w ith  c o ld  e t h y l  a l c o h o l .

The sam ple u sed  f o r  Run S i6 was p rep a red  from  th e  same 

red u ced  s o lu t io n  th e  sam ple u sed  f o r  Run S15 made from .
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The s o lu t io n  u sed  f o r  o x id a t io n  m s  com posed o f  th e  p h ase  

p o o r  in  m e th y la te  p lu s  a  f r a c t i o n  o f  th e  p h a se  r ic h  in  

m e th y la te  a s  p r e v io u s ly  d e s c r ib e d .

The r a te  o f  su p e r o x id e  fo r m a tio n  f o r  Runs S ip  and S I6 

com pared to  Run S19 was e x tr e m e ly  f a s t *  e s p e c i a l l y  in  th e  

e a r ly  s t a g e s  o f  c o n v e r s io n . In  a d d i t io n ,  th e  s t a b i l i t y  d a ta  

p r e v io u s ly  o b ta in e d  showed th a t  th e  sam ple u se d  f o r  Run S I6 

g a v e  abou t 1^ t im e s  more d e c o m p o s it io n  in  21 weeks th a n  th e  

sam ple u se d  f o r  Run s i 9 g a v e  in  13 w eeks when s to r e d  a t  6° C.

The r e la t io n s h ip  b e tw e en  su p e r o x id e  fo rm a tio n  under  

vacuum and d e c o m p o s it io n  a t  o °  C. was d e f i n i t e l y  shown.

Near th e  c o m p le t io n  o f  t h i s  work sodium  p e r o x id e  d i -  

p e r o x y h y d r a te  was made from  a s o l u t i o n  p rep a red  f o r  o x id a t io n  

by th e  w a t e r - e x t r a c t io n  m ethod In  w h ich  no c a lc iu m  c h lo r id e  

was u se d  to  c a r e f u l ly  dry th e  b en zen e  l a y e r  o r  to  rem ove any 

o f  th e  sodium  m e th y la te  o r  w a te r  b e f o r e  o x id a t io n .  A f te r  

o x id a t io n ,  f i l t r a t i o n  and w ash in g  w ith  a  $0% b e n zen e  s o lu ­

t i o n  and th en  w ith  b e n z e n e , a  p r e c i p i t a t e  was o b ta in e d  w ith  a  

Z v a lu e  o f  2 .9 0  and a  p u r i t y  o f  SJ .2% o f  t h e . e m p ir ic a l  com­

pound Na202*1 .9H 20 2 . T h is  p r e c i p i t a t e  was u sed  f o r  Run S3 2 .

RtU a  A . ATT f~ \  jm, m ...n A ^  ^ T!>*•* try m/s r« ■«-. o »*/*> "Vŝ r
i u c  Via.2^2' 2^2 u o u u  xwi auu « a o  c y a i  ou wjr

o x id iz in g  a  s o lu t io n  a t  room tem p era tu re  w ith  no m e th y la te  

rem oved. The Z v a lu e  f o r  t h i s  p r e c i p i t a t e  was 2 .7 5 .

G e n e r a lly  NaOOH form ed in  t h i s  c a s e  b u t  i t  was foun d  th a t  

I t  d id  n o t rem ain s t a b le  i n  a l l  c a s e s ,  u n d o u b ted ly  b e c a u se  

o f  r e a c t io n  ( 2 6 ) .  An a ttem p t was made to  p rep a re  NaOOH
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by o x i d i s i n g  th e  sta n d a rd  s o lu t io n  a f t e r  c a lc iu m  c h lo r id e  

was u sed  to  remove a  sm a ll amount o f  m e th y la te ;  how ever, th e  

p r e c i p i t a t e  c o n ta in e d  a  p e r o x id e  t o  b a s e  r a t io  o f  2 .JO and 

was u sed  f o r  Run 3 2 6 . The m ethods u sed  to  p rep a re  th e  v a r i ­

o u s sam p les u sed  f o r  th e  p r e p a r a t io n  o f  NaOg were r ec o rd ed  

in  T a b le  V III*

The r e s u l t s  o b ta in e d  from  Runs S31 and S32 showed th a t

Na02 form ed v ery  much more r a p id ly  from  th e  p e r o x y h y d r a te s

p r ep a red  from  s o l u t i o n s  In  w hich  c a lc iu m  c h lo r id e  was n o t

u s e d  t o  rem ove t h e  sodium  m e th y la te  and any w a ter  p r e s e n t .

The r e s u l t s  a g r ee d  w ith  th e  o r i g i n a l  d a ta  o b ta in e d  from  Runs

S15 and S l6 ,  The sam p les u s e d  f o r  Runs S3I and S2o had

n e a r ly  i d e n t i c a l  Z v a lu e s  and w ere b o th  p rep a red  from  s o lu -
\

t i o n s  c o n ta in in g  e s s e n t i a l l y  a l l  o f  th e  sodium  m e th y la te .  

H owever, a  much s lo w e r  r a te  o f  NaO^ fo r m a tio n  was shown f o r  

Run 326 th an  Run S31, b u t  a  sm a ll amount o f  c a lc iu m  c h lo r id e  

was u se d  f o r  th e  p r e p a r a t io n  o f  th e  sam ple u se d  f o r  Run S26. 

The r e a so n  th a t  Run S2o d id  g iv e  a  b e t t e r  r a te  o f  su p e r o x id e  

fo r m a tio n  than  o th e r  p r e p a r a t io n s  u t i l i z i n g  c a lc iu m  c h lo r id e  

may h ave  b een  due t o  th e  fo r m a tio n  o f  NSL2 °2 ‘^2 °2  from  th e  

NaOOH a s  shown by r e a c t io n  ( 2 6 ) .  T h is  r e a c t io n ,  h ow ever, 

was g e n e r a l ly  accom panied  b y  a sm a ll amount o f  d e c o m p o s it io n  

and , t h e r e f o r e ,  w a te r  form ed and may h a v e  g iv e n  r i s e  to  th e  

fo r m a tio n  o f  a  l e s s  s t a b le  c r y s t a l  l a t t i c e .

From F ig u re  15  i t  can  b e  o b se r v e d  t h a t ,  a lth o u g h  Runs 

S31 and S32 gave a  r a p id  su p e r o x id e  fo r m a tio n  w ith  o r ig i n a l
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Z v a lu e s  o f  2 .7 5  and 2 .9 0 »  c o n s id e r a b le  d e c o m p o s it io n  a.galn  

to o k  p la c e  a t  th e  b e g in n in g  o f  th e  r e a c t io n  and n o t u n t i l  

th e  Z v a lu e  f e l l  to  a p o in t  c lo s e  t o  th e  t h e o r e t i c a l  c u r v es  

f o r  th e  d e c o m p o sit io n  o f  NaOOH, d id  th e  su p e r o x id e  c o n te n t  

r i s e  r a p id ly  w ith  d e c r e a s in g  Z v a lu e .  In  a d d i t io n ,  th e  

i n i t i a l  r a t e  was h ig h e r  f o r  Run S l l  w ith  th e  o r i g i n a l  Z- 

v a lu e  o f  2 .7 5  compared to  2 .9 0  f o r  Run S 32 .

T hese r e s u l t s  show t h a t  n o t a l l  o f  th e  p e r o x id e  oxygen  

in  Na20 2 s2K20 2 (NaC0K*0.5H20 2 ) went to  form  su p e r c x id e  and 

and w a te r  a c c o r d in g  to  th e  o r ig i n a l  t h e o r y .  S in c e  th e  c u r v es  

In  F ig u r e  15  b egan  to  r i s e  r a p id ly  n e a r  th e  t h e o r e t i c a l  

c u r v es  p r e d ic t e d  f o r  th e  d e c o m p o s it io n  o f  NaOOH, i t  appeared  

a s  though  su p e r o x id e  was form in g  o n ly  from  th e  NaOOH. T h is  

I n d ic a te d  t h a t  th e  m o le c u la r  s t r u c t u r e  o f  th e  p ero x y h y d ra te  

w ith  a Z v a lu e  o f  3 .0  was NaOOH * 0 . 5HpO p a s  r e p o r te d  by D’Ans 

and F r ie d e r ic h .

The above r e s u l t s  in d ic a t e d  v e r y  s t r o n g ly  t h a t  th e  

d e c o m p o s it io n  o f  Na20  

o r  p r e ce d e d  by th e  l o s s  o f  hyd rogen  p e r o x id e  ab ou t a s  shown 

by r e a c t io n  ( 2 7 ) .

2 Na00H*0.5H20 2 — ►- 2 NaOOH + HgO + 0 ,5  0 2 (2 7 )

The r e s u l t i n g  NaOOH th e n  decom posed to  form  Nao^ a s  p r e v io u s ­

l y  d i s c u s s e d .

H ow ever, r e s u l t s  w ere o b ta in e d , u t i l i s i n g  u l t r a - v i o l e t  

l i g h t  to  c a rr y  o u t th e  c o n v e r s io n , t h a t  showed th a t  e s s e n -

(•2H2Q2 o r  NaOOH * 0 . 5H20 2 was accom panied
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t i a l l y  a l l  o f  th e  was co n v e rt;ed 1:0 Na02 &nd

w a te r . These c o n v e r s io n s  w ere made o v e r  a  sh o r t  p e r io d  o f  

tim e and, t h e r e f o r e ,  rem oval o f  h yd rogen  p e r o x id e  a c c o r d in g  

t o  r e a c t io n  (2 7 ) c*ay h ave  b een  n e g l i g i b l e .  The u se  o f  u l t r a ­

v i o l e t  l i g h t  may have s u p p lie d  s u f f i c i e n t  en ergy  to  c o n v e r t  

a l l  o f  th e  to  th e  su p e r o x id e  a c c o r d in g  to  th e

o r i g i n a l  th e o r y . T h is  may in d ic a t e  a d i f f e r e n t  mechanism  

when u l t r a - v i o l e t  l i g h t  I s  u s e d . The t im e  r e q u ir e d  to  con­

v e r t  some o f  th e  Na2C>2 ' 2H2GP sam p les t o  a b o u t 20% N&0 2 was 

o f  th e  o rd er  o f  h o u rs w h ile  in  some e a s e s  d ays o r  months 

w ere r e q u ir e d  when th e  sa m p les w ere e v a c u a te d .

The above r e s u l t s  w ere o f  i n t e r e s t  in  r e l a t i o n  to  su p e r -  

o x id e  fo rm a tio n  from  o t h e r  p e r o x y h y d r a te s . F or exam ple,

s s - s i ly  l o s t  th e  h yd rogen  p e r o x id e  and was d i f f i ­

c u l t  to  co n v e r t to  L102 . Ba02 »2H20 2 e a s i l y  l o s t  hydrogen

p e r o x id e  and a l s o  was d i f f i c u l t  t o  c o n v e r t  to  BaGij. ( 9 >3 9 ) .  

S in c e  NaOOH<■ 0 . 5H20 2 o r  Na20 2 *2H20 2 l o s t  o n ly  a p o r t io n  o f  

th e  hydrogen  p e r o x id e  and was e a s i l y  c o n v e r te d  to  Na02 , I t  

may be p o s s ib l e  th a t  th e  h y d r o p e r o x id e  s t r u c t u r e  i s  much 

more r e a d i ly  c o n v e r te d  to  s u p e r o x id e .

S in c e  th e  r a te  o f  su p e r o x id e  fo r m a tio n  was s lo w  u n t i l  

a  c o n s id e r a b le  amount o f  h yd rogen  p e r o x id e  was l o s t ,  i t  

ap p eared  th a t  r e a c t io n  ( 2 7 ) niay h ave  b e e n  r a te  c o n t r o l l in g  

a t  th e  b e g in n in g  o f  th e  r e a c t io n  f o r  t h e  Na20 2 *2H20 2 sam p les  

p rep ared  from  s o lu t io n s  in  w hich c a lc iu m  c h lo r id e  was n o t  

u s e d , vfnen c a lc iu m  c h lo r id e  was u se d  th e  r a te  was v ery  s lo w
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o v e r  a  much lo n g e r  t im e , and th en  in c r e a s e d  somewhat d u r in g  

a  p e r io d  from  t h i r t y  to  s i x t y  d a y s . C o n s id e r a b ly  more decom­

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

o f  th e  p e r o x id e  to  b a se  r a t i o  when c a lc iu m  c h lo r id e  was u sed  

was n e a r ly  c o n s ta n t  a s  shown by  F ig u re  1 7 . The r a te  o f  

d e c r e a s e  in  th e  Z v a lu e  was n e a r ly  c o n s ta n t  b u t v e r y  r a p id  

a t  th e  b e g in n in g  o f  th e  d e c o m p o s it io n  when no c a lc iu m  

c h lo r id e  was u s e d .

From th e  above r e s u l t s  i t  app eared  t h a t  a  much more 

s t a b le  c r y s t a l  l a t t i c e  form ed when c a lc iu m  c h lo r id e  was u sed  

t o  rem ove m eth y la te  and any p o s s i b l e  w a te r , p e r o x id e  l o s s  

was much s lo w e r  a s  shown by s t a b i l i t y  d a ta  and d e c r e a s e  in  

Z v a lu e  on e v a c u a t io n . I t  was co n c lu d ed  t h a t  s m a ll am ounts 

o f  w a ter  in  th e  c r y s t a l  l a t t i c e  ten d ed  to  make th e  s t a b i l i t y  

much lo w e r . T h is may h ave  b een  due t o  s t r a i n s  s e t  up In  th e  

c r y s t a l s  due to  d i f f e r e n c e  in  s i z e  o f  th e  w a ter  m o le c u le s  

and th e  hyd rogen  p e r o x id e  m o le c u le s ,  a s  w e l l  a s  d i f f e r e n c e  

i n  m o le c u la r  f o r c e s .  C om plete rem oval o f  w a ter  by means o f  

th e  c a lc iu m  c h lo r id e  p r e v e n te d  th e  w a ter  from  e n t e r in g  th e  

c r y s t a l  l a t t i c e .  T h is  g a v e  b e t t e r  s t a b i l i t y .

On th e  o th e r  hand, sm a ll am ounts o f  c a lc iu m  s a l t s  may 

h a v e  p r e c ip i t a t e d  w ith  th e  p e r o x y h y d r a te s  and se r v e d  to  In ­

c r e a s e  th e  s t a b i l i t y .  The s a l t s  a l s o  may have a c te d  a s  

n e g a t iv e  c a t a l y s t s  f o r  th e  o x id a t io n - r e d u c t lo n  r e a c t io n  

r e s p o n s ib le  f o r  th e  su p e r o x id e  fo r m a tio n .
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C o n sid e r a b ly  more d a ta  ’were n e c e s s a r y  to  e lu c i d a t e  more 

c l e a r l y  th e  com plex mechanism whereby th e  p e r o x y h y d r a te s  

w ere c o n v e r te d  to  su p e r o x ld e s  a s  a  r e s u l t  o f  sp o n ta n eo u s  

o x id a t io n - r e d u c t io n  w ith in  th e  c r y s t a l s .  More d a ta  were  

a l s o  n e c e s s a r y  to  a s c e r t a in  th e  e f f e c t s  o f  c a lc iu m  c h lo r id e .

At any r a t e ,  th e  above r e s u l t s  showed t h a t  two m ethods 

o f  p r e p a r in g  lla20 2 *2H20 2 w ere o f  ex trem e im p o r ta n c e . The 

one m ethod p rep ared  c r y s t a l s  t h a t  w ere q u i t e  s t a b l e .  T h is  

s t a b le  p ro d u ct c o u ld  be s to r e d , p r e fe r a b ly  a t  a lo w  tem pera­

tu r e  su ch  a s  0 °  C. ,  and sh ip p ed  f o r  u s e  a s  a  b le a c h in g  a g e n t  

o r  o th e r  s o u r c e s  o f  o xygen . The seco n d  method p rep a red  

c r y s t a l s  t h a t  were e a s i l y  c o n v e r te d  to  su p e r o x id e . T h is  

method would b e  u se d  t o  p rep a re  ^ 3l2®2 ’ use<  ̂ ^o r

th e  p r e p a r a t io n  o f  Ma02 . The a d v a n ta g e  o f  N&02 o v e r  

NaPo c,*2H202 a s  a  so u rc e  o f  oxygen  i s ,  o b v io u s ly ,  I t s  e x c e l ­

l e n t  s t a b i l i t y  a t  o r d in a r y  tem p er a tu r es  In  th e  a b se n c e  o f  

w a ter  o r  carb on  d io x id e .  An a d d i t io n a l  ad van tage  I s  th a t  

Na0 2 c o n ta in s  a v a i la b le  oxygen  w h ile  Na20 2 «2H20 2 con­

t a i n s  3 2 aS%. T h e r e fo r e , 7 5 ®6 p a r t s  by w e ig h t o f  Nac>2 c o r r e ­

spond to  100 p a r t s  o f  Na20 2 *2H20 2 .

In  a d d i t io n a l  f a c t o r  t h a t  ap p eared  to  b e  v e r y  im p o rta n t  

In  th e  p r e p a r a t io n  o f  llao2 by th e  above p ro ced u re  was shown 

by a d e c r e a s e  in  th e  su p e r o x id e  c o n te n t  f o r  Runs S15 and S I6 . 

T h is  f a c t o r  in c r e a s e d  th e  c o m p le x ity  I n v o lv e d  In th e  mecha­

n ism  'whereby th e  su p e r o x id e  fo rm ed -b eca u se  i t  showed th a t  

w h ile  su p e r o x id e  c o n tin u e d  to  form  d e c o m p o s it io n  m ust have
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s t a r t e d .  T h is  d e c o m p o s it io n  ten d ed  t o  d e c r e a se  th e  r a te  and 

a l s o  th e  y i e l d s .  S e v e r a l f a c t o r s  may have ten d ed  to  c a u se  

t h i s  d e c o m p o s it io n .

F ir s t  o f  a l l ,  a  sm a ll  amount o f  d e c o m p o sit io n  was 

ca u sed  by c o n t a c t in g  th e  sam p les w ith  s m a ll am ounts o f  w ater  

vap or  and carbon d io x id e  when th e  sam p les were rem oved f o r  

a n a ly s e s .  R ig o ro u s p r e c a u t io n s  w ere n o t  e x e r c is e d  in  rem ov-

r to m n l  o a *  V* a w a t t  c% m  pi r l o a  1 n ^ a + ’ nT* w q  a  ■ fH  1 ItV i <^>nr
O C i i U y j U V r  U  •  M V  I *  V  *  V *  2 ^  * •  V  *  < •  <—  — V - ' - .  «# —-  U —  J

oxygen  and th e  sam p les w ere rem oved to  a dry box b e fo r e

rem oving sm a ll sam p les f o r  a n a l y s i s .

The secon d  f a c t o r  t h a t  may have ca u sed  d e c o m p o s it io n  

may have b een  due to  d i s s o c i a t i o n  o f  th e  su p e r o x id e  a c co r d ­

in g  to  r e a c t io n  ( 2S ) .

2 NaC>2 — *"■ ^a 2^2 ( 2 S )

The r e s u l t in g  p ro d u ct w ould  h ave  b e e n  sodium  p e r o x id e  and 

th e  p e r o x id e  to  b a s e  r a t i o  would h a v e  rem ained  c o n s t a n t .  

D ecom p osition  a t  c o n s ta n t  Z v a lu e s  was shown to  b e  th e  c a s e

f o r  Runs S i 5 and s i  6 a t  th e  end o f  th e  r e a c t io n .

From th e  f a c t  t h a t  sodium  su p e r o x id e  form s from  sodium  

p e r o x id e  and oxygen  a t  v e r y  h ig h  p r e s s u r e  (yO a tm o sp h eres)  

a t  tem p era tu res o f  th e  o r d e r  o f  5° 0 °  C ., i t  app eared  th a t  

th e  d i s s o c i a t i o n  p r e s s u r e  a t  2 5° C„ would have b een  v e iy  lo w  

and, th e r e f o r e ,  th e  r a t e  o f  d e c o m p o s it io n  sh o u ld  h ave  b een  

v ery  s lo w . At t h i s  t im e  s u f f i c i e n t  d a ta  were n o t  a v a i la b le  

to  show more c l e a r l y  th e  c a u se  o f  d e c o m p o s it io n . At any
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r a t e  th e  d e c o m p o sit io n  o f  th e  Na02 app eared  to  be v e r y  im por­

t a n t  In  p r e p a r in g  Na02 by th e  above p r o c e d u r e . T h is  decom - 

p o s i t i o n ,  u n d o u b ted ly , was more e f f e c t iv e ^  where th e  r a te  

o f  fo rm a tio n  o f  th e  s u p e r o x id e  was s lo w .

From th e  data, and r e s u l t s  t a b u la te d  In  T ab le  VTII th e  

c o m p o s it io n  o f  a lm o st  a l l  o f  th e  Na0 2 sam p les was c a lc u la t e d  

assu m in g  th e  p r e se n c e  o f  o n ly  NaQ2 , Na20 2 *2H20 2 , NaOH, and 

w a te r . These c a l c u l a t i o n s  a r e  ta b u la te d  in  T ab le  X I.

The above r e s u l t s  allowed t h a t  t h e  Na02 sam p les con­

s i s t e d  m ain ly  o f  NaOg and HaOH w ith  n o t  much w a te r . The 

a ssu m p tio n  th a t  th e  e x c e s s  b a s e  was NaOH w as, u n d o u b te d ly , 

in c o r r e c t  in  th a t  th e  m a te r ia l  b a la n c e  showed n e g a t iv e  w a ter  

In  s e v e r a l  c a s e s .  T h is  shox'/ed th a t  w a te r  was rem oved q u i t e  

r e a d i ly  and th a t  som eof th e  b a s e  was l e f t  a s  sodium m onoxide. 

T h is  co rresp o n d s to  th e  m echanism  p r e d ic t e d  f o r  th e  decom­

p o s i t i o n  o f  NaOOH. I t  v/as e x p e c te d  t h a t  i f  Ns20 form ed  

a lo n g  w ith  th e  NaC>2 and w a te r , th e  w a te r  would r e a c t  p r e f e r ­

a b ly  w ith  th e  s u p e r o x id e .

The above r e s u l t s  showed t h a t  sodium  su p e ro x id e  form ed  

un d er v e ry  m oderate c o n d i t io n s  from  th e  p e r o x y h y d r a te s  o f  

sodium  p e r o x id e . The o n ly  o th e r  m ethods a v a i la b le  f o r  th e  

p r e p a r a t io n  o f  Na02 I n v o lv e  v e r y  h ig h  p r e s s u r e  ana m o d e ra te ly  

h ig h  tem p era tu re  o x id a t io n  w ith  oxygen  c r  o x id a t io n  In  l i q u i d  

ammonia o f  sodium  m eta l a s  p r e v io u s ly  d is c u s s e d .  The advan­

t a g e s  o f  NaC2 o v e r  K02 I n c lu d e :  (1 )  Ha02 r e a c t s  l e e s  r a p id ly  

w ith  w a ter  and carbon  d io x id e ,  (2 )  A 7 3 .5 $  Na02 p ro d u ct i s
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Table XI

A pproxim ate C om p osition  o f  NaO2 Sam ples 
B a s le :  One gram

Run Time B ase P e r o x id e NaOo N&pOp• 2H2O2 NaOH H O
No, d ays meq. meq. gm. gm.*" gm. gm.

s i  5 4 1 7 .7 2 0 .4 0 .3 6 6 0 .3 3 4 0 .2 6 1 0 .0 3 9
7i . 1 7 Q 1 7 Q~  i • > Q. 442 n r>xo 0 .2 6 2 0 nc;7V .  V /  f

28
» * ./ 

1 8 .9 1 1 .5 0 ] 612 0 .0 1 0 o iJ o S 0 .0 7 0
115 1 8 .4 1 8 . 4 0 .6 7 2 0 0 .2 6 6 0 .0 6 2

s i  6 3 1 5 .5 3 3 .2 0 ,1 0 7 0 .7 6 4 0 .1 2 5 0 .0 0 4
24 1 7 . 0 n

V . C.OJL 0 .5 7 7 A 1 <£«*■*
N/ o

37 1 7 .5 2 3 .7 0 .4 4 6 0 . 3S0 0 .1 6 8 0 .0 0 6

k
1 6 .8
1 7 .5

2 1 .0
1 6 .5

0 .4 9 4
0 .6 7 0

0 .2 9 2
o . i o 4

0 .1 5 3
0 .1 5 5

0 .0 6 1
0 .0 7 3

112 *■* r*  -v
JLO„ J? 1 0 .4 0 .7 2 2 0 0 .2 0 6 0 .0 7 2

130 1 8 ,0 1 0 ,0 0 ,6 6 5 0 0 ,2 3 4 0 ,1 0 1

SI7 _ _ 2 1 .6 6 .4 0 .4 0 3 0 0 .5 7 2 0 .0 3 4
SIS 1 9 .4 1 7 .8 0 .1 6 1 0 .3 6 2 0 .5 0 0 — -

S19 Ho 1 5 .4 3 5 .3 0 .0 6 8 0 .8 3 0 0 .1 6 0 -----------.

72 1 7 .3 2 9 .2 0 .1 6 9 0 .6 3 5 0 .2 2 0 ------------

90 1 8 .5 2 0 .4 0 .3 1 2 0 .3 5 8 0 ,3 1 7 0 .0 0 3
100 1 8 .9 2 1 .1 0 .2 9 4 0 .3 8 2 0 ,3 3 2 — -

S20 39 2 3 .6 4 .3 0 .0 9 3 o .o 6 4 0 .8 4 3 0 . 0
S21 1 8 .1 2 8 .6 0 .1 0 0 0 .6 5 2 0 .2 9 5

56 2 0 ,6 1 8 .8 0 . 2^3 0 .3 0 0 0 .4 8 5 **• — w *

65 2 2 .9 1 2 .9 0 .2 8 9 0 .1 8 5 0 .6 0 3

S23 17 1 3 . 8 3 6 .3 O.0 6 5 0 .3 5 4 0 .0 8 2 0 . 0
S24 1 9 , 4 2 1 .8 0 .2 0 3 0 .4 4 i - —

64 2 2 .8 5 .1 0 .2 7 7 0 .0 0 4 0 .6 4 6 0 .0 6 3

S26 15 1 5 .3 2 8 .7 0 .1 4 5 0 .6 3 5 0 ,1 7 1 0 .0 4 9
33 1 2 .6 2 0 .2 0 .2 2 0 0 .3 9 1 0 .5 2 6 0 .0 6 3
43 1 9 .5 1 3 .6 0 .2 9 0 0 .2 0 2 0 .4 3 2 0 .0 7 6

S31 5 1 6 .9 3 4 .1 O.O87 0 .7 9 3 0 .1 8 0
7 1 7 .7 2 7 .6 0 .1 8 4 0 .5 9 0 0 .2 5 0

10 1 8 .6 2 3 .3 0 .2 9 6 0 .4 3 5 0 .2 9 5

332 5 1 6 .8 3 3 .8 0 .0 2 5 0 .8 1 0 0 .2 0 6
7 1 7 . 4 3 1 .6 O.O79 0 .7 3 5 0 .2 3 4 — -

10 1 7 .8 2 8 .3 0 .1 7 4 0 .6 1 0 0 .2 5 2
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e q u iv a le n t  t o  a 100 ^  KC>2 p r o d u ct in  a v a i la b le  o x y g en , and 

( 3 ) Sodium su p e r o x id e  w i l l  s e r v e  a s  a  so u rc e  o f  oxygen  in  

th e  same manner t h a t  S Q 2  s e r v e s  w h ile  i t  d o e s  n o t  r e q u ir e  

th e  v a lu a b le  p o ta s s iu m .

The o v e r a l l  r e a c t io n  f o r  th e  p r e p a r a t io n  o f  ha02 from  

N a d  i s  g iv e n  by r e a c t io n  ( 2 9 ) .  A l l  in te r m e d ia te  r e a c t io n s  

w ere c a r r ie d  o u t a t  room te m p e r a tu r e .

2  N a C l  +  3  0 Q +  4  CKtpOH — ► 3  £ U  +  h  N aO & U  +
2  3 *  > ( 2 9 )

2 NaOp + 2 H20

The in e x p e n s iv e  m a t e r ia ls ,  sodium  c h lo r id e ,  oxygen  o r  p u r i ­

f i e d  a i r ,  and m eth yl a lc o h o l  were c o n v e r te d  to  v a lu a b le

c h lo r in e ,  sodium  m e th y la te , and su p e r o x id e .
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IV. SUMMARY

R e c e n t ly , em p hasis h a s  b een  p la c e d  on th e  o x id a t io n  w ith  

p u r i f i e d  a i r  o r  g a se o u s  oxygen  o f  c e r t a i n  e a s i l y  o x id iz a b le  

o r g a n ic  m a te r ia ls  su ch  a s  a n th ra q u in o n e  and h yd razob en zen e  

a s  a  means o f  p ro d u c in g  p e r o x id e  o x y g e n . One su ch  c y c l i c  

p r o c e s s  was d e s c r ib e d  w hereby: (a )  sodium  amalgam and m eth yl 

o r  e th y l  a lc o h o l  were u se d  to  red u ce  a zo b en zen e  d i s s o lv e d  in  

th e  a lc o h o l  and b en zen e  to  g iv e  h y d ra zo b en zen e  and th e  

sodium  a lc o h o la t e  and (b ) o x id a t io n  o f  th e  h yd razob en zen e  to  

s p l i t  o f f  h yd rogen  p e r o x id e  w hich  was p r e c i p i t a t e d  a s  sodium  

h y d ro p er o x id e  (NaOOH), sodium  p e r o x id e  o c ta h y d r a te , sodium  

h y d ro p er o x id e  m onohydrate ( NaOOH-HpO) o r  a s  anhydrous sodium  

p e r o x id e .  Sodium p e r o x id e  form ed o n ly  when th e  a lc o h o l  con­

c e n t r a t io n  was h ig h ly  red u ced  In  w h ich  c a s e  th e  r e d u c t io n  

s t e p  was q u i t e  s lo w . T hese compounds w ere a l l  r e l a t i v e l y  

u n s ta b le  when p rep a red  un d er th e  c o n d i t io n s  u s e d .

(1 )  A m ercury e l e c t r o l y t i c  c e l l ,  m ercury c i r c u l a t i n g  

system  and an e l e c t r i c a l  pow er so u r c e  c o n s i s t i n g  o f  a t r a n s ­

form er and a se len iu m  b r id g e  r e c t i f i e r ,  h a s  b e e n  c o n s tr u c te d  

f o r  th e  p r e p a r a t io n  o f  sodium  amalgam o f  u n iform  s tr e n g th

In  a c o n t in u o u s  m anner. The te c h n iq u e  o f  th e  o p e r a t io n  o f  

t h i s  u n i t  h a s b een  p e r f e c t e d .  The amalgam v/as u se d  to  ca rry  

o u t th e  above w ell-k n ow n  r e d u c t io n .

(2 )  When c a lc iu m  c h lo r id e  was added to  th e  red uced  s o lu ­

t io n  I t  was found  t h a t  i n s o lu b l e ,  g e la t in o u s  c a lc iu m  methy1 -
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a t e  and sodium  c h lo r id e  form ed . 'When th e  h y d ra zo b en zen e  was 

o x id iz e d  w ith  oxygen  In  th e  p r e se n c e  o f  th e  c a lc iu m  m e th y la te ,  

th e  o x id a t io n  was In co m p le te  and h yd rogen  p e r o x id e  decompo­

s i t i o n  r e s u l t e d  on th e  s u r fa c e  o f  th e  c a lc iu m  m e th y la te .

(3 )  Sodium p e r o x id e  d ip e r o x y h y d r a te  (KTap0o e2H20 0 ) was 

made in  a new c y c l i c  p r o c e s s  w ith  a  y i e l d  o f  o v e r  jQ% b a sed  

on th e  amount o f  r e d u c t io n . The p ro d u ct made was abou t  

pu re a compound vvhlch i s  e q u iv a le n t  t o  J0 %

h yd rogen  p e r o x id e  and i s  an e x c e l l e n t  p o t e n t i a l  so u r c e  o f  

p e r o x id e  o x y g e n .

(h ) The p u re  sodium  p e r o x id e  d ip e r o x y h y d r a te  was c r y s ­

t a l l i n e  and v e r y  e a sy  t o  f i l t e r  and w ash . The dry p rod u ct  

was e a sy  to  h a n d le  and c o u ld  b e  pou red  on th e  dry s k in  w ith ­

o u t c a u s in g  undue b u r n in g .

(5 )  S in c e  in  a c y c l i c  p r o c e s s  p ro d u cin g  Na^C^’ SHpOg 

o n ly  o n e - t h ir d  o f  th e  sodium  m e th y la te  was rem oved, new 

m ethods were d e v e lo p e d  t o  rem ove th e  e x c e s s  m e th y la te  from  

th e  red u ced  s o l u t i o n .  The one method in v o lv e d  th e  p r e c i p i ­

t a t i o n  o f  c a lc iu m  m e th y la te  w hich gave th e  a d v a n ta g e  o f  

p ro d u c in g  h ig h ly  anhydrous sy s tem s b e c a u se  o f  th e  rem oval o f  

th e  w ater  a s  c a lc iu m  h y d r o x id e . A se co n d  method r e c o v e r e d  

th e  v a lu a b le  sodium  m e th y la te  a s  a  p u re  p ro d u ct c o n t a in in g  

a t  l e a s t  NaOCHjj.

( 6 ) A new c y c l i c  p r o c e s s  h a s  b een  d e v e lo p ed  f o r  th e  

p r e p a r a t io n  o f  p o ta ss iu m  p e r o x id e  d ip e r o x y h y d r a te  

(K20 2 »2H20 2 ) i n  good y i e l d s .  The p r o d u c t was c o n s id e r a b ly
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l e s a  s t a b le  than  Na^Og*2H20 2 « I t s  s t a b i l i t y  was in c r e a s e d  

c o n s id e r a b ly  when s to r e d  a t  te m p e r a tu r e s  b e lo w  0 °  C.

(7 )  L ith iu m  c h lo r id e  was c o n v e r te d  to  l i t h iu m  p e r o x id e  

m onoperoxyhydrate (LIpC^’HgOp) a new c y c l i c  p r o c e s s  in  

good y i e l d s .

( s )  By s u b s t i t u t in g  e t h y l  a lc o h o l  In  th e  red u ced  sy stem  

th e  l i t h iu m  c h lo r id e  was c o n v e r te d  t o  anhydrous l i t h iu m  

p e r o x id e  (L igC ^) dn y i e l d s  c o n s id e r a b ly  above 9 0 ^ b a s e d  on  

th e  amount o f  r e d u c tio n .. H owever, th e  p ro d u ct c o n ta in e d  

ab o u t 92^ LlpOp,

(9 )  The above p r o c e s s e s  r e p r e s e n t  th e  o n ly  e c o n o m ic a lly  

f e a s i b l e  method a v a i la b le  f o r  th e  p r e p a r a t io n  o f  th e  a b o v e -  

m en tion ed  anh ydrous p e r o x id e  com pounds.

{10} By an e n t i r e l y  new r e a c t io n  a sodium  su p er-ox ide  

p r o d u ct c o n t a in in g  ab ou t ~{0 % NaOp was p rep a red  from  

NagOp'SHgOg* R e a c tio n  m echanism s h ave  b een  p o s t u la t e d  and 

th e  e x p e r im e n ta l r e s u l t s  compared fa v o r a b ly  w ith  th e  th e o r y .

(1 1 )  7*hen Na^Og*2Hp0 g was p r ep a red  by u t i l i z i n g  c a lc iu m  

c h lo r id e  t o  rem ove sodium  m e th y la te  and w a te r , I t  was fou n d  

t h a t  i t s  c o n v e r s io n  to  NaOg was l e e s  e f f i c i e n t ,  b e in g  o f  th e  

o r d e r  o f  15  t im e s  s lo w e r  than  th e  c o n v e r s io n  when th e  

Na2° P “^H2 °2  ^a s  Pr «Pared  fey o th e r  m ethods n o t u t i l i z i n g  c a l ­

cium c h lo r id e  to  rem ove w a ter  and sodium  m e th y la te .

(1 2 )  C o r r e sp o n d in g ly , I t  was shown t h a t  th e  d ecom p osi­

t i o n  o f  th e  NagQg*aigGg when s to r e d  in  c lo s e d  c o n t a in e r s  a t  

6°  c .  was a b o u t 15  t im e s  g r e a t e r  when c a lc iu m  c h lo r id e  was
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n o t  u sed  p r io r  to  th e  o x id a t io n  to  remove w a te r .

(1 3 )  $hen Na2Q2 *2H2Q2 NaOOH, p rep ared  In  th e  above  

manner, w ere s to r e d  a t  6°  C. 2% to  d e c o m p o s it io n  r e s u l t e d  

In  fo u r  w eek s. Pure sodium  p e r o x id e  d ip e r o x y h y d r a te  p r e ­

p ared  from  an e x tr e m e ly  anhydrous medium l o s t  l e s s  th an  yfo

£ tb  1 .6  O X y g B H  v i C i B T i  B u O r B d  X 3  w e e k s  B . X  6 ^  C .  T h e  s a f f iS

p r e p a r a t io n  l o s t  l e s s  th an  10% a v a i la b l e  oxygen  when s to r e d  

a t  room tem p era tu re  f o r  a p e r io d  o f  two weeks compared to  

Sô b d e c o m p o s it io n  f o r  sam p les l e s s  c a r e f u l ly  p r e p a r e d .

(lU-) Sodium su p e r o x id e  form ed more r a p id ly  from  sodium  

p e r o x id e  d ip e r o x y h y d r a te  when u l t r a - v i o l e t  l i g h t  and h e a t  

w ere a p p l ie d .  H owever, to o  much h e a t  c a u se d  u n d e s ir a b le  

d e c o m p o s it io n .

^xp) e v id e n c e  was p r e s e n te d  th a t  I n d ic a t e s  t n a t  x ltn lu m  

p e r o x id e  mo nop e ro xyhydra t  e e x i s t s  a s  Li^CU'HpO^ w h ile  sodium  

p e r o x id e  d ip  e ro x y h y a ra t e e x i s t s  a s  H20 2 *2N&0 GH.

(1 6 ) A sm a ll amount o f  l i t h iu m  eu p e r o x id e  (L I0 2 ) was 

p rep a red  from  th e  L l20p*H20 p . The e x ls t a n c e  o f  LIG2 had  

p r e v io u s ly  n o t b een  p r o v e n .

( 1J ) p o ta s s iu m  p e r o x id e  d ip e r o x y h y d r a te  was v e r y  

r e a d i ly  c o n v e r te d  to  a p o ta ss iu m  su p e r o x id e  p ro d u ct c o n ta in ­

in g  ab ou t 7 0 ^ KOg.

( I S )  I t  was p r e d ic t e d  th a t  th e  y i e l d  o f  b o th  N&02 and 

K0 2 c o u ld  h a v e  b een  in c r e a s e d  in  th e  new ly d e v e lo p e d  m ethods  

u sed  by Im provem ent in  o p e r a t in g  t e c h n iq u e s .
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( 1 9 ) I t  was found in  w ork ing  w ith  a l c o h o la t e s  th a t  

e th y le n e d la m ln e  d ih y d r o c h lo r id e  s t a b i l i z e d  th e  v a r io u s  a l c o ­

h o la t e s  from  o x id a t io n  t o  r e s in o u s  m a t e r ia l s .
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V I . AP? El'll)IX

A. Run No. P r e p a r a t io n  o f  Na20 2 *2H20 2 «

R ed u ctio n  s o lu t io n :

61*- grains a zo b en zen e  

hgo c c .  o f  t h io p h e n e - f r e e  b en zen e  

320 c c .  o f  m eth anol 

A zobenzen e red u ced  in  r e d u c t io n  v e s s e l ;  10 c e .  o f  t h i s  

s o lu t io n  r e q u ir e d  6 0 .7  c c .  o f  0 .1 0 ^ 2  N h y d r o c h lo r ic  a c id .

S i 5 c c .  u se d  f o r  o x id a t io n .

NaOCH-T in  red u ced  s o lu t io n :

8 1 5 ( 0 . 1 0 ^2 ) 6 .6 7  = 566 meq.

CaCl~ (9 6 $ ) t o  remove o n e - h a l f  o f  th e  m e th y la te :
w

( 5 6 6 / 2 ) ( 0 . 0 5 5 5 / 0 . 9 6 ) = 1 6 .M- grams 

The c a lc iu m  c h lo r id e  was added and t h e  s o lu t io n  was s t i r r e d  

f o r  one h o u r , f i l t e r e d ,  and w ashed. Ten c c .  o f  895 c c .  

c o l l e c t e d  r e q u ir e d  2 9 .6  c c .  o f  a c id .

NaQCH  ̂ in  o x id a t io n  s o lu t io n :

6 9 5 ( 2 . 9 6 ) 0 . 10^2 = 278 meq. 

f  = ( 2 7 8 / 5 6 6 ) = 0 .^ 9  

S o lu t io n  was p la c e d  in  o x i d i z e r  in  i c e  b a th  and oxygen  was 

p a s s e d  In to  th e  s o lu t io n  w ith  s t i r r i n g .  At v a r io u s  tim e  

I n t e r v a l s  10 c c .  o f  th e  w e l l - a g i t a t e d  s lu r r y  was rem oved, 

f i l t e r e d ,  and th e  p r e c i p i t a t e  washed w ith  a  c o ld  s o lv e n t  

c o n s i s t i n g  o f  60% b en zen e  and hofi m eth a n o l. The p r e c i p i t a t e  

was added to  I c e  w a te r  and a n a ly z e d  f o r  b a se  and p e r o x id e .
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The f i l t r a t e  was a n a ly z e d  f o r  b a s e . The r a t e  o f  p e r o x id e  

p r e c i p i t a t e d  as Na^Og‘HgOp i s  t a b u la te d  in  T ab le  X I I .

T a b le  X II  

R ate o f  P er o x id e  P r e c io i t a t e d

Time
m ln .

Meq. KG1 
f o r  p p t .

Meq.
Na2S20 'jj 
f o r  p p t .

Meq. 
HC1 f o r  
f i l t r a t e X z Y

15 0 .3 7 5 2 .5 3 1 .3 2 0 . 312* 2 . 90** q ̂  idf-K***

52 -» T ) 1 3 .9 1 1 .3 2 3 0 . 50^ 2.92 0.72

33 1 .7 9 5 .2 7 1 . 22^ 0 .5 9 5 2 .9 5 0 .S 62

* X = 0 . 3 7 5 / ( 0 .S 75 -4- 1 .3 2 )
** z  = 2 . 5 3 / 0 . 3 7 5  

*** Y = 2 . 9 0 (0 . 3 1 2 } ( 0 .^-9 )

S o lu t io n  was f i l t e r e d ,  th e  p r e c i p i t a t e  ’was washed w h ite  w ith  

th e  Go% b en zen e  s o lv e n t  a t  0 °  C. and d r ie d  un der vacuum. No 

f u r t h e r  a n a l y s i s  was made.

B . Run No. 59B, p r e p a r a t io n  o f  Na202 o2H~Q2 .

R ed u ctio n  c a r r ie d  o u t a s  In Example A.

1120  c c .  red u ced  s o lu t io n  u s e d . 7^7 c c .  e x t r a c t e d  w ith  

w a te r . The b en zen e  s o lu t io n  was d i s t i l l e d ;  ~[Q c c .  c o l l e c t e d  

to  rem ove w a te r . 7°  c c . ° f  b e n z e n e , 200 c c .  o f  m eth a n o l, and 

373 c c ® ° f  th e  o r ig in a l  red u ced  s o l u t i o n  added to  th e  hydra-* 

zob en zen e  s o l u t i o n ,

O x id a tio n  was c a r r ie d  out a t  0 °  C. f o r  abou t tw o h ou rs  

a f t e r  w h ich  th e  s o lu t io n  was f i l t e r e d  and th e  p r e c i p i t a t e
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w ashed w ith  10^ m eth anol In  b en zen e  th e n  w ith  b e n z e n e . The

precipitate was dried one hour under vacuum. About 15 grams
was collected, some lost.

W eight of sam ple for a n a ly s i s ;

7 .1 2 2 6 vial plus sample 
6 .3 9 6 6 vial
0 .7 2 6 0 gram sample

Sample added to ice water; 9 5 .6  cc. of 0.1035 N HC1 required. 
10 cc. of acetic acid, 4o cc. of 10^ XI solution, and three 
drops of a saturated ammonium molybdate solution were added. 
277.7 cc- 0.1053 N sodium thiosulfate solution was re­
quired.

Meq. b a s e  p er  gram;

9 5 .6 ( 0 .1 0 3 5 /0 .7 2 6 0 )  = 1 3 .6 7  

Meq. p e r o x id e  p e r  gram;

2 7 7.7 (0 .1 0 3 3/0 .7 2 6 0) = 39.55 
Peroxide to base ratio;

39.55/13.67 *= 2 .9 0

Meq. of peroxide per gram In pure Na20p“l „9K202:
(2 + 3 .S ) / (?S  + 61$-. 6)1000 = *40.65 

p u r ity  o f  sam ple:

(39.55/^.65)100 = 31.2% Na20 2 ‘1 .9K20 2
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C. Run No, 5S , P r e p a r a tio n  o f  Ko00 * 2HQ0-,.
 --------- ,c...- .....................................................— ^  - c: c  d . c .

10S0 c c .  o f  red uced  s o lu t io n  o b ta in e d  a s  in  Example A. 

10 c c .  r e q u ir e d  7 9 .9  c c .  a c id .

T h is  s o l u t i o n  was e x tr a c t e d  w ith  w a te r . 650 c c .  o f  

h y d ra zo b en zen e  s o lu t io n  i n  b en zen e  o b ta in e d . About 10 g r a s s  

CaClg added end th e  s o lu t io n  a llo w e d  to  sta n d  o v e r  n ig h t .  

NaoCH-j in  reduced  s o lu t io n :
*1 A  f<A /  —?  AA \ A 1  A * » r  r<A Ax u b u \ ( , ? y ; u . i u p p  =  m e q .

KOCH^ s o l u t i o n  ( 3 .5 9  nieq. p e r  c c . )  was ad d ed  so t h a t  t h e  

KOCH- ttas p r e s e n t  i n  a n  am ount e q u i v a l e n t  t o  o n e - h a l f  o f  

o r i g i n a l  IlaOCH^:

(S 9 2 / 2 ) ( 1 /3 .5 9 )  = 12^  c c .

200 c c .  m eth anol added and th e  o x id a t io n  c a r r ie d  o u t a t  0 ° C. 

f o r  th r e e  h o u r s . S o lu t io n  was f i l t e r e d  and th e  p r e c i p i t a t e  

washed w ith  a  c o ld  s o lu t io n  o f  1 0 £  m eth an ol in  b en zen e  th en  

w ith  b e n z e n e .

Sm all amount o f  p r e c i p i t a t e  added to  i c e  w ater  f o r  

a n a l y s i s .  3 7 .2  c c .  o f  a c id  and 7 2 .7  c c ,  o f  t h i o s u l f a t e  

r e q u ir e d .

P er o x id e  to  b a se  r a t io :

7 2 .7 ( 0 .1 5 6 2 ) / 3 7 .2 ( 0 .1 0 3 5 )  = 2 .9 5
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D. R»n S30. P r e p a r a t io n  o f  K02 from  XpOg'PHgO^.

K202 *2H202 p r e p a r e d  I n  Run No. 58 , Exam ple C.

M a te r ia l was p la c e d  In  d e s ic c a t o r  a t  2 5° 0 . and evacu ­

a te d  to  about 3 mm. A f te r  1 .5  h o u rs sam ple was r a p id ly  

d ecom p osin g . A f t e r  2 .5  h o u rs  r e a c t io n  app eared  c o m p le te .  

Sample a llo w e d  in  vacuum o v e r  n ig h t ,  

h e ig h t  o f  sam p les f o r  a n a ly s is :

N o. 1 N o. 2
1 0 .3 5 2 6  6 .4 4 3 7  v i a l  p lu s  sa m p le

9 .7 6 x 8  6 .2 8 7 0  v l a l
0 .5 9 0 8  O.1 5 6 7  gram sam ple

P e r o x id e  and b a s e  a n a l y s i s ,  Sam ple N o. 2 ad d ed  to  I c e  w a te r :  

20.5  c c .  o f  HC1

S. 5 cc= ° f  N&pSpO^

2 0 .5 ( 0 .1 0 3 5 / 0 .1 5 6 7 )  = 13.56 meq. b a s e  p e r  gram  

S . 5 ( 0 . 1 4 S7 / O . I 5 6 7 ) = S .O S  m eq. p e r o x id e  p e r  gram  

S u p e r o x id e  a n a l y s i s :

T « 1 2 .5 °  0 .

P = 741 nun.

6 1 .9  c c .  0 2 e v o lv e d

% m 2  = ( 6 1 . 9 / 0 . 5 9 0 8 ) 0 .635( 273/ 285o5 ) ( 7 4 1 /7 6 0 )  = 6 6 . 2%

M a t e r ia l  b a la n c e ,  B a s i s :  o n e  gram:

0 . 6 2 / 0 . 0 7 1  =  S . 7 2  m e q .  K02

13.56  -  8 .7 2  = 4 .74  m eq. b a s e  a ssu m ed  K0H

4 .7 4 ( 0 .0 5 6 )  = O.2 6 5  gram K0H

R em aining 0 .1 1 5  gram assum ed w a te r
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