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PART I . GENERAL SURVEY.

 oOo--------

Q oourrenoe o f  Rubber-

At p r e s e n t  rubber i s  a lm o st  e n t i r e l y  o b ta in e d  from Hevea 

b r a s i l i e n s i s ,  a p la n t  o f  t h e  b o t a n ic a l  o r d e r  E u p h orb iaceae ,  

which i s  n a t i v e  t o  t h e  v a l l e y  o f  t h e  r i v e r  Amazon- Rubber i s  

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

rubber c o n t e n t  v a r y in g  from 20 t o  40 p er  c e n t -  and depend ing  

l a r g e l y  on t h e  age  o f  t h e  t r e e -  The l a t e x  i s  u s u a l l y  p r e s e n t  in
Vv., .

a s p e c i a l i s e d  system  o f  c e l l s  or  tu b e s  which extend  t o  a l l  p a r t s  

o f  t h e  p l a n t ,  t h o s e  s i t u a t e d  in  t h e  stem or  trunk  p r o v id in g  th e  

main so u r c e  o f  su p p ly -  I n c i s i o n s  a r e  made in  t h e  lo w er  p a r t  o f  

t h e  stem , and t h e  l a t e x  which exudes i s  c o l l e c t e d -  The rubber i s  

p r e s e n t  in  t h e  l a t e x  a s  a d i s p e r s io n  in  an aqueous medium, and i s  

c o a g u la te d  by h e a t ,  or by t h e  a d d i t io n  o f  a sm a ll  q u a n t i t y  o f

c o a g u la n t  such a s  a c e t i c  a c id  or  form ic a c id -  Crude Para rubber
-A

c o n t a in s ,  b e s id e s  c a o u tc h o u c ,  r e s i n ,  n i t r o g e n o u s  s u b s ta n c e s  

(m ain ly  g lu e o - p r o t © in s ) ,  in o r g a n ic  m a tter  in  sm a ll  amounts and 

c a r b o h y d r a te s -  The n om en cla tu re  r e l a t i n g  t o  rubber i s  somewhat 

c o n fu se d ,  t h e  fundam ental hydrocarbôn which g i v e s  th e  cru d e  

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

as  "rubber” and " c a o u tc h o u c .” The l a t t e r  term i s  u sed  by t h e  

Chemical s o c i e t y  in  c o n n e c t io n  w ith  t h e  p u r i f i e d  hydrocarbon and 

w i l l  b e  u se d  throu ghou t in  t h i s  s e n s e ,  t h e  term "rubber” b e in g  

a p p l ie d  t o  t h e  cru d e  n a tu r a l  su b s ta n c e -  U n l ik e  many n a t u r a l l y

o c c u r r in g /



2 .

o c c u r r in g  o r g a n ic  s u b s ta n c e s  caou tch ou c  i s  o p t i c a l l y  i n a c t i v e ,  

though t h e  r e s i n s  a s s o c i a t e d  w ith  i t  in  t h e  cru d e  s t a t e  may show 

a c t i v i t y *

P h y s i c a l  p r o p e r t i e s *

The caou tch ou c hydrocarbon  i s  n ot d i s s o l v e d  by a l c o h o l  or  

a c e t o n e ,b u t  c ru d e  rubber d i s s o l v e s  in  b e n z e n e ,  c h lo r o fo r m ,  

carbon t e t r a c h l o r i d e  and carbon  d i s u lp h id e  w ith  p r e l im in a r y  

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

and form in g  a netw ork in  t h e  s o l u t i o n  which can b e  d e t e c t e d  by 

t h e  u s e  o f  a s u i t a b l e  s t a i n i n g  medium* The p r e l im in a r y  s w e l l i n g  

i s  e l im in a t e d  by g r in d in g  or  " m a s t i c a t i n g ,” t h e  rubber b e in g  

r e p e a t e d ly  p a sse d  betw een  s t e e l  r o l l e r s  r e v o lv in g  a t  d i f f e r e n t  

s p e e d s .  S o lu t io n  th en  t a k e s  p l a c e  much more r e a d i l y .

Rubber i s  u s u a l l y  r eg a rd ed  a s  c o n s i s t i n g  o f  an em u lso id  

sy stem , in  which both  d i s p e r s e  and c o n t in u o u s  p h a ses  a r e  m o d i f i -  

f i c a t i o n s  o f  t h e  p aren t hydrocarbon in  d i f f e r e n t  s t a t e s  o f  m o le c u la r  

c o m p lex ity *  The f a c t  t h a t  rubber a t  low  tem p era tu res  ”f r e © z e s , ” 

l o s i n g  i t s  t r a n sp a r e n c y  and becom ing hard and s t i f f ,  i s  in  a g r e e ­

ment w ith  t h i s .  On h e a t in g  in  a i r  rubber becomes s tick yjor  ”t a c k y ” 

at about 160® and m e l t s  a t  about 220®, t h e  s o l u b i l i t y  in  s o lv e n t s  

rem ain ing unchanged where t h e  h e a t in g  i s  c a r r ie d  out in  a i r  but  

b e in g  reduced  when an i n e r t  gas i s  s u b s t i t u t e d  f o r  a ir *  " T a c k in e s s ,” 

on t h e  o th e r  hand, does n o t  appear on h e a t in g  in  an i n e r t  g a s .  

" T ack in ess” i s  regard ed  as  b e in g  due t o  a d e c r e a s e  in  'the  c o m p le x ity  

o f  t h e  rubber a g g r e g a te ,  and i s  n o t  a p p a r e n t ly  ca u sed  by t h e  a c t io n  

o f  a tm ospheric  oxygen , t h e  r e s in o u s  a i r  o x id a t io n  p r o d u c ts  o f

rubber b e in g  hard and b r i t t l e *  The term s "A ggregation" and

"Disaggregation/



(1 )  (2 )  
" d is a g g r e g a t io n ” h ave  been s u g g e s te d  by W hitby and H a r r ie s  in

p la c e  o f  t h e  term s " p o ly m e r is a t io n ” and " d ep o ly m e r isa t io n "  commonly 

used  t o  e x p r e s s  ch an ges  in  th e  p h y s i c a l  s t a t e  o f  com plex  c o l l o i d s ,  

th e  ch a n g es  produced in  rubber by " m a st ic a t io n "  or h e a t in g  in  a i r  

b e in g  due t o  d i s a g g r e g a t i o n .  A tm ospheric oxygen may c a u s e  d i s ­

a g g r e g a t io n  a s  a p r e l im in a r y  t o  o x i d a t i o n .  From a s tu d y  o f  t h e  r e s i n  

e s t e r s  o f  s h e l l a c ,  which e x i s t  in  two form s, one s o l u b l e  in  a l c o h o l ,

th e  o th e r  i n s o l u b l e  and o n ly  s a p o n i f i a b l e  t o  g i v e  5 p er  c e n t  o f
( 2 )

a l e u r i t i c  a c i d ,  H a r r ie s  showed t h a t  t h e  i n s o l u b l e  form became 

a lc o h o l  s o lu b l e  a f t e r  p e p t i z a t i o n  w ith  a c e t i c  o r  form ic  a c i d ,  and 

was th en  s a p o n i f i a b l e  t o  g i v e  t h e  normal y i e l d  o f  !?0 p er  c e n t  o f  

a l e u r i t i c  a c i d .  He t h e r e f o r e  c o n c lu d ed  th a t  t h e  r e a c t i v i t y  o f  

complex a g g r e g a te s  i s  in f lu e n c e d  by th e  s t a t e  o f  a g g r e g a t io n ,  s e v e r a l  

d is p e r s e  p h a ses  form in g  by mutual a d so r p t io n  a com plex  in  which th e y  

are so  arranged a s  t o  o f f e r  no s u f f i c i e n t  p o in t  o f  a t t a c k  t o  e x te r n a l  

ch»raical f o r c e s .  Crude ru b b er , which n o rm a lly  r e s i s t s  h y d r o g e n a t io n ,  

was r e a d i l y  h yd ro g en a ted  a f t e r  thorough  m a s t i c a t i o n ,  l i g h t  p etro leu m  

b eing  u se d  as  s o lv e n t  and t h e  r e a c t i o n  c a r r i e d  out a t  o rd in a ry  tem per­

a tu res  under a few atm ospheres  p r e s s u r e .  M echanica l p l a s t i c i s i n g  

would th u s  appear to  break up th e  mutual a d so r p t io n  o f  th e  v a r io u s  

p h ases , g iv i n g  an e f f e c t  s im i l a r  t o  th a t  o f  p e p t i z a t i o n  w ith  an 

organic a c i d .  The a c t io n  o f  c o n c e n tr a te d  s u lp h u r ic  a c id  on rubber
f s )

Is o f  i n t e r e s t  in  t h i s  c o n n e c t io n .  Heim and Marquis showed th a t  

a* ch loro form  s o lu t i o n  o f  cru d e  rubber on shak in g  f o r  3 t o  F m in u tes  

with c o n c e n tr a te d  su lp h u r ic  a c id  gave on p o u r in g  i n t o  a lc o h o l  a 

white f l o c c u l e n t  p r e c i p i t a t e  which c o u ld  e a s i l y  b e  f i l t e r e d .  There

Was no apparent change in  th e  ch em ica l  c o m p o s it io n  o f  t h e  product  

t o i e ss  /



u n l e s s  t h e  a c t i o n  o f  t h e  s u lp h u r ic  a c id  was a l lo w e d  t o  c o n t in u e  f o r  

a c o n s id e r a b ly  lo n g e r  p er io d *  Here a g a in  t h e  c h e m ic a l  a c t i o n  o f  

t h e  a c id  would appear t o  be  p reced ed  by d is a g g r e g a t io n  o f  t h e  rubber
(4 )

complex* D uclaux h a s  r e c e n t l y  p rop osed  a th e o r y  which a c c o u n ts  in  a 

s a t i s f a c t o r y  way f o r  t h e  phenomena a s s o c i a t e d  w ith  t h e  s o l u t i o n  o f  

rubber* A r e v e r s i b l e  g e l  i s  u s u a l l y  assumed t o  c o n s i s t  o f  two p h a ses  

o n ly ,  s o lv e n t  and s o l i d  g e l ,  but t h i s  d oes  not a g r e e  w ith  t h e  p r o p e r t ­

i e s  o f  rubber s o lu t io n s *  An i r r e v e r s i b l e  g e l , l i k e  s i l i c i c  a c i d , l e a v e s  

on d r y in g  a porous s p o n g e - l i k e  mass which r e a c t s  n e i t h e r  p h y s i c a l l y  

nor c h e m ic a l ly  w ith  s o l v e n t s  and a b so rb s  o n ly  by c a p i l l a r i t y *  

W v e r s i b i l i t y  in  a g e l  must t h e r e f o r e  b e  due t o  t h e  p r e s e n c e  o f  a 

th ir d  p h a se  n o t  i n e r t  in  t h e  p r e s e n c e  o f  a s o lv e n t*  The s o l i d  p h ase  

i s  such th a t  t h e  c e l l s  a r e  f i l l e d ,  n o t  w ith  s o l v e n t ,  as  in  an i r r e ­

v e r s i b l e  g e l ,  but w ith  t h i s  t h i r d  su b stan ce*  The l a t t e r  i s  s o lu b l e  

in th e  s o l v e n t ,  form ing  e i t h e r  a c o l l o i d a l  or a m o le c u la r  s o lu t i o n  

w ith in  t h e  c e l l s ,  but b e c a u se  i t  i s  in c a p a b le  o f  p a s s in g  through t h e  

sem i-perm eable  w a l l s  o f  t h e  c e l l  through  which s o lv e n t  e n t e r s ,  i t  

e x e r ts  a c o n s id e r a b le  o sm otic  p r e ssu r e *  Rubber i s  assumed t o  have  

such a s t r u c t u r e ,  th e  c e l l  w a l l s  b e in g  composed o f  a su b s ta n c e  i n s o l ­

uble in  b en zen e  and s im i l a r  s o l v e n t s ,  t h e  c e l l  c o n t e n t s  or plasma  

being a v i s c o u s  l i q u i d  s o l u b l e  in  th e  same s o lv e n t s  and o f  h ig h  

m olecu lar w eigh t*  The v i s c o u s  l i q u i d  does n o t  e sca p e  even when 

the rubber i s  in  c o l l o i d a l  s o lu t io n *  S w e l l in g  i s  th u s  p u r e ly  an 

osmotic p r o c e s s*  The s o lv e n t  p e n e t r a t e s  t h e  w a l l s  o f  t h e  c e l l s  and

s w e l l in g  th e r e b y  o c c u r s ,  t h e  e x te n t  o f  t h e  s w e l l i n g  depending  on 

the s o lv e n t*  The s o l u b l e  p o r t io n  o f  t h e  c e l l  form ing t h e  plasma i s  

assumed/
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assumed t o  c o n s i s t  o f  a m ix tu r e  o f  u n e q u a l ly  p o ly m e r ise d  s u b s ta n c e s  

not e q u a l ly  s o l u b l e  in  d i f f e r e n t  s o l v e n t s .  The power o f  ad h eren ce  

o f  f r e s h  rubber s u r f a c e s  i s  th u s  due t o  t e a r i n g  o f  t h e  c e l l s  w ith  

e f f l u x  o f  t h e i r  y ic o u s  c o n t e n t s  and e x t e n s i b i l i t y  i s  due t o  de­

form ation  o f  c e l l s  c o n t a in in g  p lasm a. The s e m i - l iq u i d  s t r u c t u r e  

o f  rubber p o s t u l a t e d  above i s  n ot in c o m p a t ib le  w ith  i t s  known 

m ech an ica l s t r e n g t h .  The g e n e r a l  v iew  o f  t h e  p h y s i c a l  s t r u c t u r e  

of rubber i s  t h e r e f o r e  t h a t  i t  c o n s i s t s  o f  an a g g r e g a te  o f  caoutchouc  

m o le c u le s ,  t h e  s t a t e  o f  a g g r e g a t io n  depending  on e x t e r n a l  c o n d i t io n s  

and b e in g  in f lu e n c e d  by ch e m ic a l  a c t i o n ,  h e a t ,  m ech a n ica l trea tm en t  

and a l s o  by l i g h t .  The e f f e c t  o f  t h e  l a t t e r  i s  t o  c a u s e  a marked 

r e d u c t io n  in  t h e  v i s c o s i t y  o f  rubber s o l u t i o n s  and in  t h e  c a s e  o f  

the s o l i d  t o  a c c e l e r a t e  t h e  d i s a g g r e g a t in g  e f f e c t  o f  a tm ospheric  oxygen « 

P u r i f i c a t io n  and M o lecu la r  C om p lex ity  o f  C aoutchouc.

The p u r i f i c a t i o n  o f  caou tch ou c h as  been f a i r l y  w e l l  s ta n d a r d ise d  

by numerous w o rk ers .  The cru d e  rubber i s  shred ded , washed w ith  w ater  

to remove t r a c e s  o f  c a r b o h y d r a te s ,  e t c . ,  t h e  r e s i n  i s  removed by  

e x tr a c t io n  w ith  a c e t o n e ,  th e  d e r e s i n i s e d  product i s  d i s s o l v e d  in  

^g&zene, and t h e  s o l u t i o n  f i l t e r e d  t o  remove t h e  i n s o l u b l e  c o n s t i t u e n t#  

P r e c i p i t a t i o n  o f  t h e  b sn z e n e  s o l u t i o n  w ith  a l c o h o l  g i v e s  a product  

the a n a ly s e s  o f  which a g r e e  w e l l ,  c o n s id e r in g  t h e  d i f f i c u l t y  o f  remov­

ing t r a c e s  o f  a c c e s s o r y  s u b s ta n c e s ,  w ith  t h e  e m p ir ic a l  form ula

The i n s o l u b l e  r e s id u e  removed by f i l t r a t i o n  from t h e  b en zen e  s o lu t i o n
(25)

Contains oxygen , a c c o r d in g  t o  Weber, th e  oxygen c o n te n t  v a r y in g

in v e r s e ly  w ith  t h e  amount o f  r e s i d u e .  The c o r r e c t n e s s  o f  th e
(R )

em pir ica l form ula  h a s  been q u e s t io n e d  by K ir c h h o f ,  who c o n s id e r s  th e  

Composition o f  caou tch ou c t o  be r e p r e s e n te d  by t h e  m o le c u le

C o n s is t in g /
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c o n s i s t i n g  o f  a g g r e g a te s  o f  arran ged  in  open c h a in  s p i r a l s .

The 0-H_ fo r m u la ,  h ow ever , r e c e i v e s  support from th e  work o f
( 6 )

Pummerer and Burkard on t h e  c a t a l y t i c  h y d r o g e n a t io n  o f  c a o u tc h o u c ,  

p u r i f i e d  w ith  s p e c i a l  p r e c a u t io n s ,  t h e  p r o p o r t io n  o f  hydrogen tak en  

up c o r r e s p o n d in g  v e r y  c l o s e l y  w ith  t h a t  r e q u ir e d  t o  c o n v e r t  

to  The p r o g r e s s i v e  p u r i f i c a t i o n  o f  caou tch ou c by

Pummerer and Koch h a s  g iv e n  i n t e r e s t i n g  r e s u l t s .  T hese  may h e  

summarised a s  f o l l o w s :

(a )  Caoutchouc was f r a c t i o n a l l y  p r e c i p i t a t e d  from a b en zen e  

s o lu t i o n  by a d d i t io n  o f  a l c o h o l .  The oxygen ated  i m p u r i t i e s  were  

f i r s t  p r e c i p i t a t e d  a s  a y e l lo w  o i l .  F u r th e r  a d d i t io n  o f  a l c o h o l  

gave p r a c t i c a l l y  pure c a o u tc h o u c .  The r e s i d u a l  s o lv e n t  was removed  

by w ash in g  w ith  aceton e*

(b) The same p ro ced u re  fo l lo w e d  a s  in  (a )  f o l lo w e d  by f r a c t i o n a l  

p r e c i p i t a t i o n  from h e x a h y d r o - to lu e n e  w ith  a c e t o n e .

( c )  S o lu t io n  o f  t h e  product (b) in  l i g h t  p e tr o le u m , f o l lo w e d  by  

sh ak in g  w ith  a l c o h o l i c  p o t a s h ,  t h e  e t h e r e a l  s o l u t i o n  o f  t h e  f i n a l  

product b e in g  c l a r i f i e d  by sh a k in g  w ith  anim al c h a r c o a l .

The product from (a )  gave a c l e a r  s o lu t i o n  in  b en zen e ,  but was 

tu rb id  in  e t h e r ,  p etro leu m  e th e r  or h e x a h y d r o - to lu e n e  s o l u t i o n .

The product from (b ) was c l e a r  in  h e x a h y d r o - to lu e n e  w h i le  t h a t

from (c ) was c l e a r  in  a l l  fo u r  s o l v e n t s .  On c o o l i n g  th e  product

from (a )  a f t e r  e x t r a c t io n  w ith  a c e t o n e , c r y s t a l s  formed in  t h e  rubber

mass, c r y s t a l l o g r a p h i c  exam ination  showing t h r e e  t y p e s  o f  c r y s t a l s

in s i x  m o d i f i c a t io n s .  These a r e  a s c r ib e d  t o  t h e  p r e s e n c e  o f  s e v e r a l

in d iv id u a l  c h e m ic a l  s u b s ta n c e s  in  t h e  p u r i f i e d  p r o d u c t .  The b e n z e n e --

a lo o h o l  m other l i q u o r s  d e p o s i t e d  on s ta n d in g  f u r t h e r  f r a c t i o n s  o f  
caoutchouc /
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caou tch ou c  which g r a d u a l ly  s e t  t o  a mass o f  y e l l o w i s h  w h i t e  s p h e r ic a l  

a g g r e g a t e s ,  n o n - c r y s t a l l i n e  m a te r ia l  b e in g  removed by w ash ing  w ith  

e t h e r .  This s o lv e n t  c o u ld  a l s o  b e  u sed  f o r  r e c r y s t a l l i s a t i o n .

The c r y s t a l s  showed s tr o n g  d ou b le  r e f r a c t i o n  and became t r a n s ­

p a ren t  and p l a s t i c  a t  60®, f u s i n g  c o m p le te ly  a t  92®* They were  

p r a c t i c a l l y  n o n - e l a s t i c *  M o lecu la r  w e ig h t  d e te r m in a t io n s  gave  

n e g a t iv e  r e s u l t s .

Owing t o  t h e  c o l l o i d a l  n a tu r e  o f  t h e  hydrocarbon no s a t i s f a c t o r y  

d e te r m in a t io n s  o f  th e  m o le c u la r  w eigh t o f  caou tch ou c h ave  been made* 

The f r e e z i n g  p o in t  method h a s  g iv e n  r e s u l t s  up t o  8 ,0 0 0  but t h e  

d e p r e s s io n  o b se rv ed  in  s o l u t i o n s  o f  p r a c t i c a b l e  s t r e n g th  i s

ex trem ely  s m a l l ,  and i s  more than c o v e r e d  by t h e  e x p er im en ta l  e r r o r .
( 8 )

H in r ich sen  and K in d sch er  employed l a t e x  which was c e n t r i f u g e d  

with b en zen e t o  a c l e a r  s o l u t i o n ,  t h e  d e p r e s s io n  o f  t h e  f r e e z i n g  p o in t  

was t a k e n ,  t h e  s o lv e n t  ev a p o ra ted  and t h e  r e s i d u a l  caoutchouc and 

r e s in  w e ig h ed . The l a t t e r  was e x t r a c te d  w ith  a c e to n e  and w eig h ed ,  

i t s  m o le c u la r  w e ig h t  b e in g  th en  d eterm in ed . The v a lu e  f o r  caou tch ou c  

was found by d i f f e r e n c e  t o  be 8157, g iv in g  an e m p ir ic a l  form ula  o f  

(OaRo)/?. From d e te r m in a t io n s  o f  t h e  combined su lp h u r  in  v u lc a n i s e d
' » (9 )

rubber Bary o b ta in e d  th e  v a lu e  2720 c o r r e sp o n d in g  t o  Other

v a lu es  h a v e  been deduced from o b s e r v a t io n s  on t h e  n i t r o s i t e s ,  o z o n id e s  

and h a lo g e n  d e r i v a t i v e s  o f  c a o u tc h o u c ,  but no r e a l l y  s a t i s f a c t o r y  

r e s u l t  h a s  so f a r  been  o b ta in e d .

3be C o n s t i t u t i o n  o f  I so n r e n e  and E arly  Work on Rubber.

The d i s t i l l a t i o n  p r o d u c ts  o f  rubber were i n v e s t i g a t e d  by 

Gregory, D a lto n  and Him ly, t h e  l a t t e r  g iv i n g  t h e  name "C aoutch ine” 

to th e  f r a c t i o n  b o i l i n g  about 170®. A s y s te m a t ic  exam ination  o f  

t h e s e /
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(1 0 )

i  t h e s e  p ro d u cts  was made in  1857 hy Bouchardat and in  18^0 hy
(1 1 )

G r e v l l l e  w i l l i a m s  ' , who gave th e  a n a l y s i s  and name f o r  i s o p r e n e

and commented on th e  c o in c id e n c e  betw een i t s  c o m p o s it io n  and t h a t

o f  c a o u tc h o u c .  He a l s o  o b ta in e d  " caou tch in e"  and a hydrocarbon

"Heveene” b o i l i n g  above 500^, p r e v i o u s l y  d e s c r ib e d  and named by

B ouchardat. C a o u tch in e  was s u b s e q u e n t ly  shown t o  b e  i d e n t i c a l
'  ( 1 2 ) '

w ith  d ip e n te n e .  G ustave Bouchardat i s o l a t e d  in  a d d i t io n  b u t y le n e ,

e t h y le n e  and methane (p rob ab ly  d e c o m p o sit io n  p r o d u c ts  o f  t h e  h ig h e r
(13)

f r a c t i o n s )  w h i le  I p a t l e v  and V .W it to r f  o b ta in e d  t r l r o e t b y l - e t h y le n e
(1 4 )

a lo n g  w ith  th e  i s o p r e n e  f r a c t i o n .  In 1882 T i ld e n  s u g g e s te d  t h a t  

i s o p r e n e  was (?-m ethyl c r o t o n y le n e  ( 0 -m eth y l b u ta d ie n e )  CHgTC (OHg) .OH;

CHp. T h is  was co n f ir m ed  by t h e  s y n t h e s e s  c a r r i e d  out by Kondakov,
18) (1 6 )

I p a t i e v  and V .W it t o r f ,  and Euler* I p a t i e v  t r e a t e d  th e  i s o p r e n e -

t r î m e t h y l e t h y le n e  m ix tu r e ,  o b ta in e d  by th e  dry d i s t i l l a t i o n  o f  rubber,  

w ith  hydrobromic a c id  in  a c e t i c  a c id  s o l u t i o n ,  h y d r o ly se d  th e  p r o d u c ts  

w ith  p o tass iu m  c a r b o n a te  and o b ta in e d  a m ix tu re  o f  / 3 - d l m e t h y l - t r i -  

m e th y le n e  bromide and dim e t h y l - e t h y l  c a r b i n o l .  The |S -d ir a e t h y l - t r i ­

m eth y len e  brom ide y i e l d e d  i s o p r e n e  on h e a t in g  w ith  a l c o h o l i c  potash*  

E u le r ’ s s y n t h e s i s ,  which i s  t h e  most c o n c l u s i v e ,  c o n s i s t e d  in  c o n v e r t ­

in g  I?-methyl p y r r o l i d i n e  in t o  i t s  m e th io d id e ,  e l im in a t in g  h y d r io d ic  

a c id  to  g iv e  a b a s e ,  c o n v e r t in g  t h e  l a t t e r  in t o  i t s  m eth io d id e  and 

removing hydrogen i o d i d e .

" ' J
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Ad d i t i o n  P r o d u c ts  o f  O aputchouo.

(a ) With H alogen s.
(1 7 )

G la d sto n e  and H ih b ert  in  1888 examined t h e  b eh a v io u r  o f  

caou tch ou c tow ards th e  h a lo g e n s .  In d i f f u s e d  l i g h t  a ch lo ro fo rm

s o l u t i o n  o f  t h e  hydrocarbon was found t o  y i e l d  a d d i t io n  p r o d u c ts
*

w ith  c h l o r i n e ,  s u b s t i t u t i o n  t a k in g  p l a c e  s im u l ta n e o u s ly  w ith  t h e  
*

a d d i t i o n .  The f i n a l  product was a w h i t e  powder, c o r r e s p o n d in g  t o  

th e  form u la  ^20^14^^8* With brom ine under t h e  same c o n d i t i o n s  t h e  

p ro d u ct ,  w hich  was s im i l a r  in  ap p ea ra n ce , had t h e  ap p rox im ate  com­

p o s i t i o n  C2oRi b ®^4> e x c e s s  o f  brom ine g i v i n g  a s  f i n a l  product  

GlO^lsBrR* in  t h e  fo rm a tio n  o f  which s u b s t i t u t i o n  o ccu r r e d  a s

in d ic a t e d  by t h e  f r e e  e v o lu t io n  o f  hydrobrom ic a c i d .  The t e t r a ­
ds)

bromide was p repared  and d e s c r ib e d  by Weber, who a ttem p ted  t o

form c r y s t a l l i n e  d e r i v a t i v e s  from i t  by h e a t in g  w ith  p h e n o l ,  an

amorphous compound c o r r e s p o n d in g  t o  C ioR l^d-O ^H .s ) 4  b e in g  o b ta in e d .

This s p l i t  o f f  p h en o l on b o i l i n g  w ith  c a u s t i c  a l k a l i e s ,  p o lyh yd roxy

Compounds b e in g  formed* The d ih y d r o c h lo r id e  O ioH igO lg was a l s o

prepared by t h e  a c t io n  o f  m o is t  h y d r o c h lo r ic  a c id  gas on a d i l u t e
(1 9 )

s o lu t io n  o f  c a o u tc h o u c .  H in r ic h s e n ,  Q u e n se l l  and K indscher  

prepared and a n a ly s e d  b oth  t h e  d ih y d r o c h lo r id e  and d ihydrobrom ide,  

the h i g h e s t  a d d i t io n  product o b ta in e d  w ith  h y d r io d ic  a c id  b e in g  

a c o l o u r l e s s  s t i c k y  s u b s ta n c e .  T hese p ro d u cts  w ere  

c o l l o i d a l  in  n a t u r e ,  show ing t h e  Brownian movement in  s o l u t i o n .

The b ro m in a tio n  o f  caoutchouc in  i c e - c o l d  ch lo ro fo rm  was found t o  

be p r a c t i c a l l y  independent o f  t h e  t im e  or amount o f  bromine u se d ,  

g iv in g  t h e  te tr a b r o m id e  as  f i n a l  p r o d u c t .  I t  was f u r t h e r  shown

that /



1 0 .

t h a t  caou tch o u c  a b so r b s  io d i n e  in  s u n l i g h t ,  t h e  r e a c t i o n  b e in g

p h o to c h e m ic a l  and in d ep en d en t o f  tem perature*  The f i n a l  product

l o s t  i o d i n e  on k e e p in g ,  g i v i n g  a f i n a l  prod u ct OggHgyOyl»

O x id a t io n  would t h e r e f o r e  appear t o  h ave  o c c u r r e d .  B o s w e l l ,
(2 0 )

McLaughlin and P arker  h ave  r e c e n t l y  prep ared  a somewhat s i m i l a r  

p rod u ct OgRH^QOgl from th e  i n t e r a c t i o n  o f  ca o u tch ou c  in  carbon
( 2 1 )

t e t r a c h l o r i d e  s o l u t i o n  w ith  i o d i n e  and hydrogen p e r o x id e .  H a r r ie s

p rep a red  t h e  h y d ro h a lo g en  d e r i v a t i v e s  o f  n a t u r a l  and v a r io u s  s y n t h e t i c

c a o u tc h o u c s ,  t h e  d ih y d r o id id e  o f  n a tu r a l  caou tch ou c  b e in g  found to

l o s e  one m o le c u le  o f  h y d r io d ic  a c id  on tr e a tm e n t  w ith  s o l v e n t s .

H ea tin g  w ith  p y r id in e  or p i p e r i d i n e  in  s e a le d  tu b e s  t o  125-145®

was found t o  r e g e n e r a t e  c a o u tc h o u c ,  t h e  p r o d u c t ,  how ever, was n o t

i d e n t i c a l  w ith  t h e  n a tu r a l  h yd rocarb on . The " r e g e n e r a te d ” caou tch ou c

gave h y d r o h a l id e s  on trea tm en t  w ith  h a lo g e n  a c i d s ,  t h i s  p r o p e r ty

b e in g  r e t a in e d  a f t e r  r e p e a te d  a d d i t io n  and a b s t r a c t i o n  o f  t h e  a c i d .

Somewhat d i f f e r e n t  r e s u l t s  as  r e g a r d s  th e  a d d i t io n  o f  bromine t o
( 2 2 )

caoutchouc h ave  been  o b ta in e d  by S ch m itz ,  who u sed  caou tch ou c  

which had b een ” d e p o ly m e r iz e d ” by h e a t in g  f o r  10 h r s .  w ith  x y le n e  

at a p r e s s u r e  o f  15 a tm o sp h eres .  Brom ination  o f  t h i s  m a te r ia l  in  

carbon t e t r a c h l o r i d e  s o l u t i o n  gave a s  prim ary prod u ct Ogo^SsBriO  

f i v e  atoms o f  brom ine b e in g  tak en  up p er  in s t e a d  o f  t h e  u su a l

fo u r .  T h is  p ro d u ct  on s ta n d in g  l o s t  hydrobromic a c id  to  g iv e  

GsoHgoBrs w hich was m i c r o - c r y s t a l l i n e .  The f i r s t  product i s  regard ed  

as o f  open c h a in  t y p e ,  t h e  second  i s  p o s s i b l y  c y c l i c  but w ith  a 

sm aller  r in g  t h a t  t h e  p aren t hyd rocarb on . Of t h e  above compounds 

the d ih y d r o o h lo r id e  o f  caoutchouc h a s  been o f  c o n s id e r a b le  s e r v i c e  

i n /



1 1 .

in  su p p ly in g  m a ter ia l fo r  Harries'* work on " regen era ted ” rubber,

th u s  g i v i n g  a s ta n d a rd  o f  com parison  w ith  t h e  n a tu r a l  p r o d u c t ,  w h i l e

th e  te tr a b r o m id e  h a s  been  l a r g e l y  u se d  f o r  t h e  t e c h n i c a l  e s t im a t io n

o f  t h e  h yd rocarb on .

(b) W ith O xid es  o f  N i t r o g e n .

The a c t i o n  o f  n i t r o g e n  t r i o x i d e  on caou tch ou c  was s t u d ie d  by 
(2 4 )

H a r r ie s ,  a product o f  v a r i a b l y  c o m p o s it io n  b e in g  o b ta in e d ,

depending on w hether m o is t  or dry r e a g e n t s  were u s e d .  M oist  n i t r o g e n

t r i o x i d e  g ave  w ith  a m o is t  b en zen e  s o l u t i o n  o f  caou tch o u c  a y e l lo w

amorphous powder, s o l u b l e  in  a l k a l i e s  and r e d u c in g  F e h l i n g ’ s s o l u t i o n ,

co r r e sp o n d in g  t o  t h e  c o m p o s it io n  ^ T h is  s u b s ta n c e ,

n i t r o s i t e  ”c ” was reg a rd ed  a s  a d e f i n i t e  compound, i t s  m o le c u la r

weight in  s o l u t i o n  b e in g  5 6 1 , in  agreem ent w ith  t h e  a s s ig n e d  fo r m u la .
( 2 5 )

N itr o g e n  p e r o x id e  was s t a t e d  by Weber t o  g i v e  a caou tch ou c

n i t r o s a t e  9 H. O.Np, s o l u b l e  in  a l k a l i e s  g iv in g  c o l l o i d a l  m e t a l l i cJLU Xo ^  ^
d e r i v a t i v e s .  The c o m n o s it io n  o f  t h i s  product was v e r i f i e d  by

(2 6 )  ■ (2 7 )  (28)
Alexander but H a r r ie s  and G ott10b h ave  co n ten d ed  t h a t  i t s

com p o sit io n  v a r i e s  w ith  t h e  p e r io d  o f  exp osure  to  t h e  n i t r o g e n  p e r ­

oxide and t h a t  i t  i s  more n e a r ly  d e s c r ib e d  by t h e  n i t r o s i t e  fo rm u la .  

The a c t i o n  o f  n i t r o u s  fumes on caou tch ou c does  n o t  c o n s i s t  o f  s im p le  

a d d it io n ,  o x id a t io n  t a k in g  p l a c e  s im u lta n e o u s ly  a s  shown by t h e  

p resen ce  o f  sm a ll  amounts o f  carbon d io x id e  in  t h e  i s s u i n g  g a s e s .

The n i t r o s i t e  o f  caou tch ou c h a s  been o f  s e r v i c e  in  c h a r a c t e r i s i n g

the h yd rocarb on , but h as  thrown no l i g h t  on i t s  s t r u c t u r e .
(2 9 )

Ditmar in  1902 i s o l a t e d ,  a s  a product o f  t h e  a c t io n  o f  

Concentrated n i t r i c  a c id  on c a o u tc h o u c ,  an a c id ic  s u b s ta n c e  

h a v in g /
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h a v in g  th u  c h a r a c t e r i s t i c s  o f  a m ono-basic  acid ', and m e l t in g  a t
(24)

148®- 143®' T h is  was v e r i f i e d  by H a r r ie s  and I t  was l a t e r
(3 0 )

shown by Ditmar t h a t  t h e  s u b s ta n c e  was p ro b a b ly  5 :6  or 5 :6

d in itr o -d ih y d r o c u f f l in ic  a c id  CgH,^^CgH^(NOg)g.OOOH. I t  gave

r ed , amorphous s o l u b l e  a l k a l i  s a l t s , a n d  on r e d u c t io n  w ith  t i n

and h y d r o c h lo r ic  a c id  gave a dark brown powder c o r r e s p o n d in g  to

d iara in o-d ih yd ro-p aracu m in ic  a c i d .  The above s u b s ta n c e  would

appear t o  b e  d e r iv e d  from a f à i r l y  com plex d e g r a d a t io n  product

o f  t h e  caou tch ou c  hydrocarbon-

(c)  With Ohromyl C h lo r id e .
(5 1 )

Ohromyl c h l o r i d e ,  o r i g i n a l l y  u sed  by Etard a s  a r e a g e n t  f o r

benzene h y d ro ca rb o n s ,  has  been employed t o  a c o n s id e r a b l e  e x te n t

in  c o n n e c t io n  w ith  t h e  t e r p e n e s .  A d d it io n  p r o d u c ts  o f  t h e  g e n e r a l

formula C io® 16*^^^2^^2 ^ ave  been o b t a in e d ,  t h e s e  y i e l d i n g ,o n

decfomposition w ith  w a t e r , a ld e h y d e s  or  k e to n e s  and, in  some c a s e s ,

a c id s  or  c h l o r i n a t e d  p r o d u c ts  c o n t a in in g  oxygen . The d e s c r i p t i o n

of caou tch ou c a s  a " p o ly terp en e"  and i t s  in t im a te  though o b scu re

r e l a t i o n s h i p  w ith  d ip e n te n e ,  t o g e t h e r  w ith  t h e  e m p ir ic a l

resem blance in  c o m p o s it io n  betw een i t s  h a lo g e n  d e r i v a t i v e s  and
(52)

th ose  o f  t h e  t e r p e n e s ,  l e d  Spence and G a l l e t l y  t o  i n v e s t i g a t e  

I i t s  b e h a v io u r  tow ards ohromyl c h lo r id e *  An amorphous p r o d u c t ,  

c l o s e l y  r e s e m b l in g  t h o s e  s i m i l a r l y  o b ta in e d  from t h e  t e r p e n e s ,  

and p o s s e s s i n g  an i d e n t i c a l  c o m p o s i t io n ,  v i z .  C^oH^gSCrO^lg 

was i s o l a t e d .  T h is  p r o d u c t ,  how ever, on d e c o m p o sit io n  w ith  w ater  

gave e n t i r e l y  d i f f e r e n t  r e s t a i t s from t h o s e  p r e v io u s ly  o b ta in ed  

with th e  t e r p e n e s .  Two main p ro d u cts  were se p a r a te d  a s  th e
result /



1 5 .

r e s u l t  o f  t h e  r e a c t io n *

(a )  A c h lo ro fo rm  s o l u b l e  r e s i n  o f  a dark brown c o l o u r .  An a l c o h o l i c  

e x t r a c t  o f  t h i s  s u b s ta n c e  showed pronounced a ld e h y d ic  p r o p e r t i e s ,  

r e s t o r i n g  t h e  c o lo u r  o f  S c h i f f ’ s r e a g e n t ,  r e d u c in g  F e h l i n g ’ s  

s o l u t i o n  and g i v i n g  a m irror  w ith  ammoniacal s i l v e r  ox id e*  With 

p h e n y lh y d r a z in e  a sm a ll  q u a n t i t y  o f  a c r y s t a l l i n e  p h en y lh yd razon e  

was o b t a in e d ,  m e l t in g  about 92®.

(b) A brown powder i n s o l u b l e  in  a l l  o rg a n ic  s o l v e n t s  and in  d i l u t e  

m in er a l  a c i d s ,  but s o l u b l e  in  d i l u t e  a l k a l i e s .  T h is  s u b s ta n c e  

c o n ta in e d  b o th  chromium and c h l o r i n e  (Or = 4*6^ , 01 = 4*5^) and 

was o b v io u s ly  o f  v e r y  com plex  c h a r a c te r *

The o r i g i n a l  a d d i t io n  p rod u ct w ith  ohromyl c h l o r i d e  d i s s o l v e d  

c o m p le te ly  in  w a ter  to  g iv e  a p e r f e c t l y  c l e a r  g r e e n is h  s o l u t i o n ,  

from w hich a brown gummy m ass , c o n t a in in g  t h e  c o n s t i t u e n t s  (a )  and

( b ) ,  s e p a r a te d  o n ly  on s ta n d in g  f o r  some t im e ,  or  more r a p i d l y  on 

h e a t in g .  T h is  b e h a v io u r  i s  v e r y  d i f f e r e n t  from t h a t  o f  t h e  t e r p e n e  

c h r o m y l-o h lo r id e  compounds, w hich a r e  decomposed im m ed ia te ly  by  

w ater w ith  c o n s id e r a b le  e v o lu t io n  o f  h e a t ,  e x t e r n a l  c o o l i n g  b e in g  

n e c e s s a r y  d u r in g  t h e  p r o c e s s .  The a d d i t io n  o f  t h e  chromyl c h l o r i d e  

to  c a o u tc h o u c ,  under th e  e x p er im en ta l  c o n d i t io n s ,w a s  accompanied  

by v e r y  l i t t l e  r i s e  in  tem p era tu re ,  th e  r e a c t io n  b e in g  much m ild e r  

than w ith  t h e  t e r p e n e s ,  e x t e r n a l  c o o l i n g  b e in g  n e c e s s a r y  in  t h i s  

c a se  a l s o .

With t h e  e x c e p t io n  o f  t h i s  p r e l im in a r y  paper no f u r th e r  work 

on t h e  a c t i o n  o f  chromyl c h l o r i d e  on caoutchouc h a s  been p u b l i s h e d .
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The P o ly m e r is a t io n  o f  i s o p r e n e  and I t s  H om ologues.
(11)

G r e v i l l e  W il l ia m s  i n  h i s  work on t h e  dry d i s t i l l a t i o n

p ro d u cts  o f  rubber o b se r v e d  t h a t  i s o p r e n e  on s ta n d in g  in  t h e  a i r

f o r  some months became " o z o n ise d ,"  l o s i n g  i t s  f l u i d i t y  and becom ing

v i s c o u s ,  on d i s t i l l a t i o n  unchanged i s o p r e n e  p a sse d  o v er  and t h e

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

mass, o n ly  s l i g h t l y  s t i c k y .  T h is  s u b s ta n c e  c o n t a in e d  1 0 .6  p er

c en t  o f  oxygen (C = 78*8 p er  c e n t  H = 1 0 .7  p er  c e n t )  and gave  on
( 1 2 )

burn ing  t h e  same odour a s  ru b b e r .  Bouchardat in  1875 h e a te d  

i s o p r e n e  i n  s e a l e d  tu b e s  a t  280® f o r  s e v e r a l  h o u r s ,  o b t a in in g  a 

v i s c o u s  r ed  f l u i d  w hich h e  named "colo& hene,"  t o g e t h e r  w ith  

" te r p i le n e "  ( d ip e n t e n e ) .  In 1879 h e  d e s c r ib e d  t h e  tr e a tm e n t  o f  

i so p r e n e  in  t h e  c o ld  w ith  c o n c e n tr a te d  aqueous h y d r o c h lo r ic  a c i d ,  

i so p r e n e  mono- and d ih y d r o c h lo r id e s  b è in g  form ed, t o g e t h e r  w ith  a 

n o n - v o l a t i l e  s u b s ta n c e  h a v in g  th e  approxim ate  c o m p o s it io n  o f  c a o u t ­

chouc, r e s e m b lin g  i t  in  i t s  b eh a v io u r  tow ards o rg a n ic  s o l v e n t s ,
(8 5 )

and g i v i n g  on dry d i s t i l l a t i o n  d ip e n te n e  and iso p r e n e *  Bouchardat

t h e r e f o r e  c la im e d  t o  have  prep ared  an impure s y n t h e t i c  caou tch ou c
(54)

by t h e  p o ly m e r is a t io n  o f  iso p r e n e *  T i ld e n  in  1882 and 1884

d e sc r ib e d  t h e  p r e p a r a t io n  o f  i s o p r e n e  ( in  sm all  y i e l d )  by th e

pyrogene t io  d e c o m p o sit io n  o f  t u r p e n t in e ,  and s t a t e d  t h a t  i s o p r e n e

on trea tm en t  w ith  n i t r o s y l  c h l o r i d e  gave  r i s e  to  c a o u tc h o u c .  A i

s im i la r  prod u ct was c la im e d  a s  a r e s u l t  o f  t h e  a c t i o n  o f  c o n c e n tr a te d

h y d r o c h lo r ic  a c id  on "colophene" ( th e  h e a t  p o ly m e r is a t io n  product

of  i s o p r e n e ) .  No a n a ly s e s  or d e t a i l e d  d e s c r i p t i o n s  o f  t h e s e  supposed

caou tch ou cs  w ere g iv e n .  The fo rm a tio n  b f  co lo p h e n e  by h e a t in g  isoprene;
(Sf5) I

■under p r e s s u r e  was co n firm ed  by W allaoh who n o te d  l a t e r  t h a t  i s o p r e n e  |

on / ;
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on lo n g  ex p o su re  t o  l i g h t  was c o n v e r t e d  i n t o  a tough  mass r e se m b lin g

ru b b er .  T h is  p rod u ct was n o t  f u r t h e r  i n v e s t i g a t e d .  The fo rm a tio n

o f  ca o u tch o u c  by t h e  d i r e c t  h e a t in g  o f  i s o p r e n e  was n o t  o b serv ed

by B ou ch ard at, T i ld e n  or  W a lla ch .

The sp on tan eou s  p o ly m e r is a t io n  o f  i s o p r e n e  t o  a c a o u tc h o u c -
(56 )

l i k e  s u b s ta n c e  was f i r s t  n o te d  by T i ld e n  in  1892* I s o p r e n e ,

prepared by t h e  p y r o g e n e t io  d e c o m p o s it io n  o f  s e v e r a l  t e r p e n e s ,

was fo u n d , on s ta n d in g  f o r  s e v e r a l  y e a r s ,  t o  have  become p a r t l y

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

p r o p e r t i e s  o f  caou tch ou c  in  p r e s e n c e  o f  s o l v e n t s ,  and c a p a b le  o f

v u l c a n i s a t i o n  t o  an e l a s t i c  s o l i d .  T h is  s y n t h e s i s  was co n firm ed
(5 7 )

by Weber, who put forw ard t h e  s u g g e s t io n  t h a t  c a o u tc h o u c ,  in

view o f  i t s  r e l a t i o n s h i p s  w ith  i s o p r e n e  and d ip e n t e n ’e , m ight b e

regarded a s  a p o ly t e r p e n e ,  th e  term "polyg)rene" b e in g  p r e f e r a b l e

on account o f  i t s  unknown m o le c u la r  c o m p le x i t y .  Wo a n a ly s e s  or

s p e c i f i c  t e s t s  o f  Weber’ s caou tch ou c  were g iv e n .  F u rth er  c o n f ir m a t io n
(58)

was a f fo r d e d  by P i c k l e s  in  1910 , i s o p r e n e  w hich had been a l lo w e d

to stan d  f o r  5%- y e a r s  out o f  c o n t a c t  w ith  a i r  b e in g  found t o  g i v e ,

on p r e c i p i t a t i o n  w ith  a l c o h o l ,  a w h ite  s u b s ta n c e  r e se m b lin g  immature

rubber from young t r e e s ,  and form ing  a te tr a b r o m id e  and n i t r o s i t e

e x a c t ly  r e s e m b l in g  t h o s e  o f  n a tu r a l  c a o u tc h o u c .

The t e c h n i c a l  s y n t h e s i s  o f  caoutchouc from i s o p r e n e  was f i r s t
(5 9 )  ' '

aocom plished by t h e  Bayer Company in  1909 , t h e  method employed 

being th e  h e a t in g  o f  s y n t h e t i c  i s o p r e n e ,  w ith  or w ith o u t  th e  a d d i t io n  

of a c id ,  n e u t r a l ,  or a l k a l i n e  c a t a l y s t s ,  a t  tem p era tu res  under 250®.

The p o ly m e r is in g  a c t io n  o f  sodium on i s o p r e n e  was a lm ost s im u lta n e o u è îy  

<îisc overed  /
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(40 ) (41 )
d is c o v e r e d  by Matthews and H a r r ie s  in  1 910 , t h e  l a t t e r  h a v in g

su cceed ed  in  e f f e c t i n g  t h e  same r e s u l t ,  hy  h e a t in g  i s o p r e n e  w ith

a c e t i c  a c id  at. about 100®, a l i t t l e  p r e v i o u s l y .  An exa m in a tio n  o f

th e  d e c o m p o s it io n  p r o d u c ts  o f  t h e  o z o n id e s ,  o b ta in e d  from h ea t
(4 2 )

p o lym er ised  and sodium p o ly m e r ise d  i s o p r e n e  c a o u tc h o u c s ,  l e d  H a r r ie s  

to  t h e  c o n c l u s i o n  t h a t  t h e  form er was i d e n t i c a l  w ith  n a t u r a l  c a o u t ­

chouc, t h e  sodium p o ly m e r ise d  product b e in g  d i f f e r e n t  in  s t r u c t u r e .

The two c a o u tc h o u c s  w ere d i s t i n g u i s h e d  by t h e  term s "normal" and 

"abnormal," t h e  abnormal caou tch ou c  o z o n id e  g i v i n g  on d e c o m p o sit io n  

a c e to n y l  a c e t o n e  and s u c c in i c  a c id  in  a d d i t io n  t o  l a e v u l i n i c  

aldehyde and a c i d ,  t h e  s o l e  d e c o m p o s it io n  p ro d u cts  from t h e  normal 

su b s ta n c e .  T h is  d i f f e r e n c e  i s  r e a d i l y  u n d e r s to o d ,  s i n c e  t h e  p o s i t i o n  

of t h e  m ethyl group in  i s o p r e n e  i s  unsym m etrica l w ith  regard  t o  t h e  

double l i n k a g e s ,  and may th u s  g i v e  r i s e  to  a number o f  iso m ers  during  

p o ly m e r isa t io n *

C a o u tc h o u c - l ik e  polym ers h a v e  been prepared  from t h e  hom ologues

of i s o p r e n e ,  n o t a b ly  from p ip e r y le n e  (a -m eth y l b u ta d ie n e ) ,  from

b u tad ien e  i t s e l f ,  from. O s t r o m is s le n s k i ’ ë s o - c a l l e d  caou p ren e brom ide

(p o lym erised  v i n y l  brom ide) and from d im e th y l.-e r y th r e n e  ( p>|-dimethyl

b u ta d ie n e ) .  The p o ly m e r is a t io n  o f  t h e  l a t t e r  was d is c o v e r e d  by
(4 5 )

Kondakow, who h e a te d  i t  w ith  a l c o h o l i c  p o ta sh  f o r  s e v e r a l  h o u r s ,  

o b ta in in g  a l e a t h e r - l i k e  e l a s t i c  m ass, n e a r ly  w h it e  in  c o l o u r ,  non­

v o l a t i l e  in  s team , s o lu b l e  in  hydrocarbon s o l v e n t s  but i n s o l u b l e  in  

ether , a l c o h o l  and w a te r .  A l a t e r  product o b ta in e d  by t h e  a c t io n  

of l i g h t  on t h e  hydrocarbon over  a p e r io d  o f  a y ea r  was amorphous 

and i n s o l u b l e  in  a l l  s o l v e n t s ,  s w e l l i n g  in  b en zen e .  In 1909 t h i s

su b s ta n c e /
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s u b s ta n c e  was s t a t e d  t o  b e  c o n v e r te d  I n to  a t e c h n i c a l l y  v a lu a b le

caoutchouc by h e a t in g  under p r e s s u r e ,a t  150®-200®. Kondakow d id

not c la im  t h a t  h i s  o r i g i n a l  product was a t r u e  ca o u tch o u c  and i t

has been  shown by H a r r ie s  t h a t  i t  i s  n o t  i d e n t i c a l  w i th  caou tch ou c

o b ta in e d  by t h e  h e a t  p o ly m e r is a t io n  o f  d im e t h y l -b u t a d ie n e ,  th e

o z o n id e s  o f  t h e  two s u b s ta n c e s  g i v i n g  q u i t e  d i f f e r e n t  d e c o m p o s it io n

p r o d u c ts .  In t h e  t e c h n i c a l  p r e p a r a t io n  o f  d im e t h y l -e r y th r e n e

caoutchouc i t  was found  n e c e s s a r y  t o  c o n t r o l  t h e  p o ly m e r is a t io n  o f

th e  hydrocarbon so  a s  t o  g iv e  a prod u ct i n s o l u b l e  in  a l c o h o l  but

s o lu b le  i n  b en z e n e ,  b e in g  th u s  in te r m e d ia t e  in  c o m p le x ity  t o

Kondakow’ s f i r s t  and second p o ly m er s .
(85 )

B o u ch a rd a t’ s work on t h e  p o ly m e r is a t io n  o f  i s o p r e n e  h a s
(44 )

been r e p e a te d  by Pond, f o l l o w i n g  e x a c t l y  t h e  d e t a i l s  g iv e n  by

the e a r l i e r  w orker, but w ith o u t  any t r a c e  o f  a c a o u t c h o u c - l ik e

su b sta n ce  b e in g  o b t a in e d .  The sp on tan eou s  p o ly m e r is a t io n  p r o d u c ts
(8 6 )  (8 7 )  (8 5 )

of i s o p r e n e ,  a s  d e s c r ib e d  by T i ld e n ,  Weber, W allach  and 
(8 8 )  (45 )

P ic k le s  h a v e  a l s o  been examined by H a r r ie s ,  who regard ed

them a s  b e in g  a n a lo g o u s  t o  Kondakow’ s f i r s t  d im e th y l -e r y th r e n e  

polymer and n ot t r u e  c a o u tc h o u c s .  Kond&kow has e x p r e s se d  t h e  

opinion  t h a t  t h e  i s o p r e n e  u sed  by Bouchardat and T i ld e n ,  and which  

on tr e a tm e n t  w i t h  aqueous h y d r o c h lo r ic  a c id  gave c a o u tc h o u c ,  had 

already undergone spon tan eou s  p o ly m e r is a t io n  on s ta n d in g  and th u s  

contained  c a o u tc h o u c ,  th e  ch em ica l  o p e r a t io n s  employed b e in g  w ith o u t  

e f f e c t  on t h e  f i n a l  r e s u l t .  Pond and H a r r ie s  u se d  f r e s h l y  d i s t i l l e d  

Isoprene w hich c o u ld  th u s  c o n t a in  no p o ly m e r is a t io n  p r o d u c ts .

During t h e  p o ly m e r is a t io n  o f  i s o p r e n e  a v a r i a b l e  p r o p o r t io n  o f  

dimeric /
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d im erlo h y d ro ca rb o n s ,  d ip e n te n e  and m yrcene, i s  o b ta in e d  t o g e t h e r  

w ith  c a o u tc h o u c .  The r e l a t i o n s h i p  o f  m yrcene t o  d ip e n te n e  i s  

probably  _ r.wia

DlUvtw. I 1 1 1 /<4ti
‘̂ 1. = Wi. .

C-W y- C "=

B utadiene and d im e th y l -b u ta d ie n e  (d im eth y l e r y t h r e n e ) ,  b e in g

sym m etrical in  s t r u c t u r e ,  y i e l d  o n ly  one d im e r id e ,  t h e  l a t t e r  a l s o

g iv e s  a t r i m e r i d e .  The dimer id  es  a r e  c y c l i c  in  s tr u c tu r e *
(46 )

In  1915 O s t r o m is s le n s k i  showed th a t  c a u t io u s  h e a t in g  o f

iso p r e n e  a t  80®-90® gave  a myrcen e - l i k e  hydrocarbon w ith  t h r e e

double l i n k a g e s ,  two o f  which w ere  con ju g a ted *  T h is  su b s ta n c e  was

termed ^ -m yrcen e and g iv e n  t h e  s t r u c t u r e  OHgsCH.C (Me)sCH.CH2 *CHg.

C(Me):0H2* H e a t in g  o f  t h i s  s u b s ta n c e  w ith  barium p e r o x id e  a t  60®-70®

con verted  i t  q u a n t i t a t i v e l y  i n t o  normal i s o p r e n e  c a o u tc h o u c ,  i s o p r e n e

i t s e l f  under s im i l a r  tre a tm e n t  g iv in g  an abnormal caou tch ou c*  I t  was
(4 7 )

a lso  shown t h a t  v i n y l  brom ide gave  on p o ly m e r is a t io n  a six-m embered  

c y c l i c  d e r i v a t i v e ,  1 : 8 : 5  tr ib r o m o -o y c lo h e x a n e ,  in  a d d i t io n  t o  t h e  82 

membered e r y th r e n e  caou tch ou c  brom ide, t h i s  b e in g  reg a rd ed  a s  a n a lo g o u s  

to t h e  fo rm a tio n  o f  d ip e n te n e  and m yrcene, both  s ix-m em bered, in  t h e  

p o ly m e r isa t io n  o f  i s o p r e n e ,  t o g e t h e r  w ith  t h e  s u p p o se d ly  82 membered 

ring o f  c a o u tc h o u c .

The p r o c e s s  o f  p o ly m e r is a t io n  was e x p la in e d  by assum ing th e  

d is s o c ia t io n  o f  th e  p aren t  hydrocarbon i n t o  a hydrogen atom and a fre'e  

r a d ic le ,  t h e s e  im m ed ia te ly  combined a t  t h e  ethyl©u© l i n k i n g  o f  a m ole­

cule o f  u n d i s s o c i a t e d  hydrocarbon to  g iv e  t h e  d im e r id e ,  in  th e  c a s e  

o f /
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o f  i s o p r e n e  ^ -m y rcen e .  The l a t t e r  s i m i l a r l y  com bined w ith  a n o th er

m o le c u le  o f  hydrocarbon  t o  g i v e  t h e  t r im e r id e ,  t h e  p r o c e s s  b e in g

r e p e a te d  t o  g i v e  t h e  o c ta m e r id e ,  which underwent c y c l i s a t i o n  t o

caoutchouc*  With u n sym m etr ica l h y d ro ca rb o n s ,  such a s  i s o p r e n e ,

d i s s o c i a t i o n  i n t o  a hydrogen atom and a f r e e  r a d i c l e  c o u ld

t h e o r e t i c a l l y  occu r  in  d i f f e r e n t  w ays , t h i s  would a cco u n t f o r

th e  p r e s e n c e  o f  normal and abnormal c a o u tc h o u c s  in  t h e  p r o d u c ts

o f  p o ly m e r i s a t io n .  W ith sym m etr ica l h y d ro ca rb o n s , such  a s  e r y th r e n e

and d im e t h y l - e r y t h r e n e ,  no such isom erism  c o u ld  o c c u r ,  in  f a c t ,  a s
(48 )

O s tr o m is s le n s k i  h as  shown, o n ly  one form o f  caou tch ou c  d e r iv e d

from each o f  t h e s e  i s  known#

The r a t e  o f  p o ly m e r is a t io n  o f  hydrocarbons c o n t a in i n g  c o n ju g a te d

double l i n k a g e s  i s  a f f e c t e d  in  a marked d eg ree  by  c a t a l y s t s ,  e s p e c i a l l y

th o se  c o n t a in i n g  o x y g en . Barium p e r o x id e  and o th e r  p e r o x id e s  have

been h eed  in  t h e  t e c h n i c a l  s y n t h e s i s  o f  c a o u tc h o u c ,  and t h e  a c t io n  o f

atm ospheric oxygen in  a c c e l e r a t i n g  t h e  r a t e  o f  p o ly m e r is a t io n  o f
(49)

c o n ju g a ted  d ie n e s  h as  been  n o te d  by E n g le r .  Sodium has a l s o  been  

employed a s  a c a t a l y s t  in  t h e  p r e p a r a t io n  o f  s y n t h e t i c  caoutchouc  

 ̂ but has  n o t  g iv e n  s a t i s f a c t o r y  r e s u l t s  t e c h n i c a l l y ;  t h e  o n ly  w orkable  

process  h a s  proved  t o  b e  t h a t  o f  Kondakow, d im e th y l -e r y th r e n e ,  

prepared by d e h y d r a t io n  o f  p ln a c o n e ,  b e in g  p o ly m e r ise d  in  s e a le d  m eta l  

c o n ta in e r s  a t  about 60® over  a p e r io d  o f  s e v e r a l  m onths.

S® f a r  no s a t i s f a c t o r y  th e o r y  o f  t h e  mechanism o f  p o ly m e r is a t io n  

has been g iv è n ,  t h e  r e s u l t s  g iv e n  by v a r io u s  a g e n ts  and methods b e in g

e n t ir e ly  e m p ir ic a l  in  b a s i s .
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The O o n s t l t u t i o n  o f  Caoutohouo and i t s  H om ologues.

A lthough  t h e  s t r u c t u r e  o f  i s o p r e n e  had been e s t a b l i s h e d  and

i t s  p o ly m e r is a t io n  t o  ca ou tch ou c  v e r i f i e d ,  t h e  c h e m ic a l  n a tu r e  o f

th e  p o ly m e r is e d  product rem ained o b sc u r e ,  and i t s  r e l a t i o n  w ith

th e  n a t u r a l l y  o c c u r r in g  p rod u ct was u n c e r t a i n .  The in t r o d u c t io n

o f  ozon e a s  a r e a g e n t  f o r  caou tch ou c in  1904 c l e a r e d  up many o f

th e  d i f f i c u l t i e s .  By p a s s in g  ozone through  a ch lo ro fo rm  s o l u t i o n
(5 0 )

o f  cao u tch o u c  k ep t a t  0®, H a r r ie s  o b ta in e d  on e v a p o r a t io n  o f  

th e  s o lv e n t  a v i t r e o u s  mass o f  caou tch ou c  o z o n id e .  P u r i f i c a t i o n  

by s o l u t i o n  in  e t h y l  a c e t a t e  and p r e c i p i t a t i o n  w ith  p etro leu m  

eth er  g a v e  a product o f  t h e  c o m p o s it io n  c o n t a in in g  two

ozone r e s i d u e s  f o r  each înd c o n f ir m in g  t h e  p r e s e n c e  o f  one

double bond f o r  each i s o p r e n e  n u c le u s .  On h e a t in g  w ith  w a te r  th e  

ozo n id e  was found  t o  g i v e  a s  p r o d u c ts  o f  h y d r o l y s i s ,  hydrogen p e r o x id e  

and a s u b s ta n c e  w ith  th e  r e a c t i o n s  o f  a k e to -a ld e h y d e  or  d i - a ld e h y d e .  

Prolonged b o i l i n g  gave  l a e v u l i n i c  a c id  and an a c id  M .P.195®, a p p a ren t­

l y  a s u c c in i c  a c i d .  When impure ozone was u sed  a d i -o x o n o z id e  

'^^10%6^8^x form ed, which on h y d r o l y s i s  gave t h e  same p ro d u cts  

as t h e  o z o n id e  but in  d i f f e r e n t  p r o p o r t io n s .  In 1905 H a r r ie s  

d e sc r ib e d  t h e  o z o n i s a t i o n  by improved methods and s t a t e d  t h a t  th e  

only v o l a t i l e  p r o d u c ts  o f  t h e  o z o n id e  h y d r o l y s i s  w ere l a e v u l i n i c  

aldehyde and l a e v u l i n i c  a ld eh y d e  p ero x id e*  On t h i s  e v id e n c e  he  

form ulated  caou tch ou c  a s  a polymer o f  1 , 5 ,  d im e t h y lc y c lo - o c t a d ie n e ,  

the fo rm a tio n  and h y d r o l y s i s  o f  th e  o z o n id e  b e in g  r e p r e s e n te d  a s  

fo l lo w s  :
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The p r e s e n c e  o f  l a e v u l i n i c  a c id  was regard ed  a s  b e in g  due t o  a 

secondary r e a c t i o n ,  p ro b a b ly  o x id a t io n  o f  t h e  a ld e h y d e  by t h e  

hydrogen p e r o x id e  s e t  f r e e  d u r in g  t h e  h y d r o l y s i s  o f  t h e  a ld eh y d e  

peroxide*

The p o ly m e r is a t io n  o f  1 ,5  d im e t h y lc y c lo - o c t a d ie n e  t o  c a o u t ­

chouc was assumed by H a r r ie s  t o  occur  th rou gh  t h e  s a t u r a t io n  o f  

p a r t ia l  v a l e n c e s  a c c o r d in g  t o  T h i e l e ’ s t h e o r y ,  t h e  com plex  formed  

being  e a s i l y  d e p o ly m er ised  to  g iv e  t h e  p a ren t  hydrocarbon and th u s  

r e t a in in g  i t s  u n sa tu r a te d  c h a r a c te r *  The com plex would b e  r e p r e s e n te d  

thus, t h e  d o t te d  l i n e s  d e n o t in g  p a r t i a l  v a le n c e s #

  -----------   ^  —------ Crt^.C,

—  ----------- C . 0 6 i -------------------------------- C44.

(3 8 )
This s t r u c t u r e  was c r i t i c i s e d  by P i c k l e s  on s e v e r a l  grounds*

(a) I f  ozon e i s  a b l e  t o  e f f e c t  d e p o ly m e r is a t io n  o f  t h e  caoutchouc

complex^to d im e t h y lc y c lo - o c t a d ie n e  m o le c u le s ,  o th e r  r e a g e n t s  such

as bromime sh o u ld  g i v e  s i m i l a r  r e s u l t s  form in g  a r e l a t i v e l y  s im p le

tetrabrom ide* The t e tr a b r o m id e  o f  caou tch ou c i s  a com plex su b s ta n c e

of much t h e  same ord er  a s  t h e  hydrocarbon i t s e l f .  T h is  makes t h e

e x is te n c e  o f  a l o o s e  com b in ation  o f  d im e t h y lc y c lo - o c t a d ie n e  m o le c u le s

Improbable. I f ,  on t h e  o th e r  hand, t h e  p o ly m e r is a t io n  i s  ch em ica l  
i t /
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i t  must r e s u l t  in  t h e  e l im in a t io n  o f  d o u b le  bonds and a r e d u c t io n  in  

u n s a t u r a t io n .  The e m p ir ic a l  form u la  o f  t h e  t e tr a b r o m id e  

shows t h a t  t h e  r e l a t i v e  u n s a t u r a t io n  o f  t h e  com plex i s  t h e  same a s  

that o f  two combined m o le c u le s  o f  i s o p r e n e .  P i c k l e s  fo rm u la ted  a 

m o n o -cy c lic  s t r u c t u r e ,  t h e  m o le c u le s  o f  i s o p r e n e  b e in g  c h e m ic a l ly  

combined,

t h e  u n ion  b e in g
ÇH3 .

I I 1 accom panied by a r e -
—  C. C\CM. OHv ̂
>- - ,  -  r-.-r c— ■ T" “ 1  7  IT ' arrangeraent o f  th e

double b o n d s .  T h is  a l lo w s  two doub le  bonds per 8,nd a c c o u n ts

s a t i s f a c t o r i l y  f o r  t h e  known u n s a t u r a t io n .  The fo r m a t io n  o f  t h e  

ozonide would b e  r e p r e s e n te d  t h u s ,  t h e  carbon  atoms s e p a r a t in g  a t  

the d o u b le  b on d s, and f i s s i o n  t a k in g  p la c e  a s  i n d i c a t e d  t o  g iv e

 ̂ . OinBigOa u n i t s  which
I « 3  OH, I W, ®
' I  I I I in  tu rn  break down to

C. C^;O'.0'G\C.C>H^.0Hv C^'. 0 ' . 0 : ; 0 j C -  ' ,
\------ ------- ---- --------------- ----------------------  l a e v u l i n i c  a ld eh y d e

and i t s  p e r o x id e .
(52 )

In  1912 O s t r o m is s le n s k i  showed t h a t  v i n y l  brom ide p o ly m e r is e s  

rea d ily  in  s u n l ig h t  t o  g i v e  what h e  c a l l e d  « -c a o u p r e n e  brom ide. T h is  

was shown t o  e x i s t  in  t h r e e  d i f f e r e n t  form s, s t y l e d  oc- and "J Caoup- 

rene b rom id es ,  m u tu a l ly  c o n v e r t ib le *  The change form was

i^rought about by exp osu re  t o  u l t r a - v i o l e t  l i g h t  or  by b o i l i n g  w ith  

^glacial a c e t i c  a c i d .  Caouprene brom ide i s  a s im p le r  homologue  

(demethylated) o f  caou tch ou c bromide* The l a t t e r  was a l s o  s t a t e d  

^ 0  e x i s t  in  t h r e e  form s, d i f f e r i n g  o n ly  in  t h e i r  p h y s i c a l  s t a t e  o f  

Aggregation. A form ula  a g r e e in g  w ith  t h a t  o f  P i c k l e s  was s u g g e s te d .  

jDehydrocaouprene, o b ta in e d  by removal o f  hydrobromic a c id  from caou p ren e
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■bromide, was g iv e n  t h e  form u la

*. O H .  C H . : C H . q n  : p .  c . r A e .  B < .  c « ^ . c H ^ . 0 H 6 . f .  c H ^ .

---------------------------------------------------------------------------------- cw,6<,c.meB/. Ih^

C W t f e W  >jd:hxWMU.

Dehydrooaouprene was reg a rd ed  a s  a h ig h e r  hom ologue o f  b e n z e n e ,
(55 )

but W i l l s t â t t e r  and W aser 's  work on o y o l o - o o t a t e t r e n e  shows 

th a t  dehydrooaouprene i s  n o t  a h ig h e r  hom ologue o f  b e n z e n e ,  but  

must b e  reg a rd ed  a s  ('W. cH. OH, C4l---------- cH b r id g in g  t a k in g

CH. C4.4. CH . CM. CM .  ---------- OH •

p la c e  w ith  fo r m a t io n  o f  t e tr a m e th y le n e  r in g s*

F u rth er  e v id e n c e  o f  t h e  p r e s e n c e  o f  an e ig h t  membered n u c le u s
(5 4 )

in  caou tch ou c  was g iv e n  by H a r r ie s  as  a r e s u l t  o f  t h e  s tu d y  o f  

th e  o z o n i s a t i o n  p r o d u c ts  o f  r e g e n e r a te d  c a o u tc h o u c .  Crude Para 

rubber was t r e a t e d  w ith  h y d r o c h lo r ic  a c id  g a s ,  t h e  d ih y d r o c h lo r id e  

was s e p a r a te d  and p u r i f i e d ,  and t h e  h a lo g e n  a c id  removed by h e a t in g  

with p y r id in e  in  an a u t o c la v e  a t  1 2 5 ^ -1 4 5 ° .  The r e g e n e r a te d  c a o u t ­

chouc was o z o n is e d ,  t h e  o z o n id e  i s o l a t e d  and h y d r o ly s e d , and t h e  

products o f  d eco m p o sit io n  w ere examined* T hese w ere i d e n t i f i e d  

as l a e v u l i n i o  a ld eh y d e  and a c i d , # 1 ,5  c y c l o - o c t a d i o n e ,  form ic  a c id  

and a k e t o - a c i d  Ci^H^gO.COOH* T h is  would appear t o  show th a t  

re g e n e r a te d  caou tch o u c  i s  a m ix tu re  o f  a t  l e a s t  t h r e e  d i f f e r e n t  

su b s ta n c e s ,  t h e  above p ro d u cts  b e in g  i r r e c o n c i l a b l e  w ith  a s i n g l e  

sym m etrical fo r m u la .  The a d d i t io n  and removal o f  th e  h a lo g en  

acid  may ta k e  p la c e  in  s e v e r a l  w ays, th u s  a f f e c t i n g  th e  d i s t r i b u t i o n

of th e  d ou b le  bonds in  th e  hydrocarbon . The fo rm a tio n  o f  1 , 5 ,  

c y c l o /
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o y o lo -o o ta d io n ©  may b e  r e p r e s e n te d  th u s :
h I

C.ĉ
I •

+Ha

cHxH
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GHi.
0 ,.
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oH,
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H CcrtrH
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CM I  CH.L
H ccTüH .

(5 5 )
I t  was shown a l i t t l e  l a t e r  by H a r r ie s  t h a t  t h e  supposed  

1 ,5 ,  o y c lo -o o ta d io n ©  was r e a l l y  h ep tan e^ Ç -d ion e  (CHg.CO.CHg.GHg 

CHg*00*CHg )•  T h is  s u b s ta n c e  l o s e s  t h e  e le m e n ts  o f  w ater  v e r y  

r e a d i ly  in  p r e s e n c e  o f  a l k a l i e s  or a c id s  t o  g i v e  1 -m eth y l

c y o lo -h e x e n -  5 - o n e , t h e  r e v i s e d  a c t io n  b e in g  tak en  as

V !..

Jx

CMt CA\
CM̂ CM,.
I I , 
CMu /Wt,.

-MCI 
---^

> ÇHI
CMi. cM-u
I *
CM.,, cH

. mjv

,CM.
,00%

OHv C+H
H\.o 1 I

OĤ 4- 
I «
cMt ^ 0

' s .

The l a t t e r  sh o u ld  b e  i d e n t i f i e d  a s  t h e  mono-or d ia ld e h y d e  o f 'm a lo n ic

a c id ,  but was, n o t  d e te c te d *  Under th e  c o n d i t i o n s  o f  d e c o m p o sit io n

of th e  o z o n id e  t h e  a ld eh y d e  a c id  would b e  broken up t o  g i v e  a c e t a l d e -

hyd© and carbon  d io x id e ,  t h e  p r e s e n c e  o f  t h e s e  was a c t u a l l y  o b se r v e d .

In an i n v e s t i g a t i o n  o f  t h e  d e c o m p o sit io n  p ro d u cts  o f  t h e  o z o n id e s

of s y n t h e t i c  c a o u tc h o u c s ,  prepared  by t h e  p o ly m e r is a t io n  o f  i s o p r ene
(5 6 )

in th e  p r e s e n c e  o f  o z o n id e s  or p e r o x id e s ,  or o f  sodium , Steim m ig ' 

id e n t i f i e d ^ b e s i d e s  l a e v u l i n i c  a ld eh y d e  and a c i d ,  s u c c in i c  a c id  and 

a ceton y l a c e t o n e .  To acco u n t f o r  t h e  p r e se n c e  o f  t h e  two l a t t e r ,  

sy n th e t ic  c a o u tc h o u c s  d e r iv e d  from i s o p r e n e  were assumed t o  c o n ta in  

1 :6 /
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OH,. C.M̂ . =  CM. 04^

1:6  d im e th y l ,  1 :5  o y c l o - o o t a d i e n e .  c -  OH cM-̂

CHvC.r̂ -t. =  oH.cĤl
as w e l l  as 1 :5  d im eth y l  1 :5  c y c l o - o c t a d i e n e  I 1

CH,̂ . C.Me <= OH. oH.,̂

The two s u b s ta n c e s  may b e  reg a rd ed  a s  formed b y  t h e  sym m etr ica l

and t h e  u rsy m m etr ica l  c o n d e n sa t io n  o f  two m o le c u le s  o f  iso p ren e*

Caoutchouc o b ta in e d  from t h e  a u t o -p o ly m e r i s a t io n  o f  i s o p r e n e  gave

ap p ro x im a te ly  t h e  same amounts o f  a c e t o n y l - a c e t o n e  and s u c c in ic

a c id .  N a tu ra l  caou tch ou c  gave  n e i t h e r  o f  t h e s e  s u b s ta n c e s  and

must t h e r e f o r e  b e  o f  d i f f e r e n t  c o n s t i t u t i o n  from th e  a r t i f i c i a l
(57)

p ro d u cts .  T h is  work was r e p e a te d  by H a r r ie s  u s in g  c a r e f u l l y

p u r i f i e d  i s o p r e n e  and p o ly m e r is in g  by h e a t in g  in  a s e a le d  tu b e  f o r

6  weeks a t  70®* No t r a c e  o f  a c e t o n y l - a c e t o n e  c o u ld  b e  d e t e c t e d  in

the d ec o m p o s it io n  p r o d u c ts  o f  t h e  ozon id e*  S te im m ig’ s  c o n c lu s io n s

were t h e r e f o r e  i n c o r r e c t ,  H a r r ie s  m a in ta in in g  t h a t  t h e  p ro d u cts

of p o ly m e r is a t io n  even o f  pure i s o p r e n e  v ary  g r e a t l y  w ith  trea tm en t ,

and can t h e r e f o r e  n o t  b e  s a id  t o  b e  i s o m e r ic .  In a d d i t io n  th e

iso p ren e  u sed  by Steim m ig was s t a t e d  t o  b e  impure.

The d i r o e t h y l - c y c lo - o c t a d ie n e  form u la  f o r  caou tch ou c  was abandoned
(58)

by H a rr ie s  in  1914 a s  t h e  r e s u l t  o f  c l o s e  ex am in ation  o f  th e  

decom position  p r o d u c ts  o f  a l a r g e  q u a n t i t y  o f  o z o n id e  prepared from  

reg en era ted  c a o u tc h o u c .  The l a t t e r  was prepared a s  a lr e a d y  d e s c r ib e d ,  

by h e a t in g  ca ou tch ou c  h y d r o c h lo r id e  w ith  p y r id in e  in  an a u t o c la v e .  

D i s t i l l a t i o n  o f  t h e  d eco m p o sit io n  p ro d u cts  gave t h e  f o l l o w i n g  f r a c t i o n s ;  

1* Up t o  120® ( | -m m -p r e s s ) .  This  c o n ta in e d  l a e v u l i n i o  a ld e h y d e ,  

tr a c e s  o f  m e th y l-c y c lo h e x e n o n e ,  d ia c e ty lp r o p a n e  and l a e v u l i n i o  a c i d .

11* 100®-150®. T h is  was m ain ly  l a e v u l i n i o  a c i d .

I l l /
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I l l*  1 5 0 ° -1 5 0 ^ '  T h is  was m a in ly  u n d e o a tr io n e  C i l H i g O g : l e a f l e t s  

MVP. 95®-94® T r io x im e  M.P. 1 2 5 °-1 2 4 °"

IV. 1 5 0 ^ -2 5 0 °  T h is  was m a in ly  p enta d e o a t  e t ro n e  l e a f l e t s

’t^V.P 125^ Oxime M.P. 112&-115®, t o g e t h e r  w ith  an u n d e f in e d  r e s i d u e  

of r e s i n ,  e t c .

The a c i d s  formed w ere s e p a r a te d  hy c o n v e r s io n  in t o  t h e i r  c a lc iu m

s a l t s ,  a c i d i f i c a t i o n  o f  t h e  l a t t e r  w ith  d i l u t e  su lp h u r ic  a c id  g iv i n g

the f r e e  a c i d s .  The m ix tu r e  c o n ta in e d  fo rm ic  a c id ,  a c e t i c  a c i d ,

o x a l ic  a c i d ,  l a e v u l i n i o  a c i d ,  s u c c in i c  a c i d ,  h y d r o c h e l id o n ic  a c id

( la e v u l in io  a c e t i c  a c id )  and m ethyl c y c lo h e x e n o n e  o a r b o x y l i c  a c i d ,

to g e th e r  w ith  2 0  per  c e n t  o f  u n d e f in e d  r e s id u e *

The r e s u l t s  showed t h a t  t h e  d e c o m p o s it io n  p r o d u c ts  c o u ld  n ot

be harm onized w ith  any p o s s i b l e  r u p tu r e  o f  a c y c l o - o c t a d i e n e  r in g -

The m o le c u la r  w e ig h t  o f  t h e  ca ou tch ou c  o z o n id e  in  a c e t i c  a c i d

s o lu t io n ,  which appears  to  i n d i c a t e  t h e  form ula  (C H ^ 0 _ ),  i s  ' 1 0  16 6

t h e r e fo r e  u n r e l i a b l e ,  t h e  m o le c u le  b e in g  o f  much l a r g e r  d im e n s io n s .

H arries  assumed th e  p ro b a b le  e x i s t e n c e  o f  a r in g  system  in  which

the group CHgO .CHg-CHg.CH = i s  r e g u l a r l y  r e p e a te d ,  t h e  deghee o f

p o ly m e r is a t io n  b e in g  unknown. The p r e s e n c e  o f  t h e  t e t r a k e t o n e  would

in d ic a te  a t  l e a s t  a r in g  o f  20 carbon a tom s. In th e  same paper

H arries s t a t e d  t h a t  t h e  t r i k e t o n e  and t e t r a - k e t o n e  a lr e a d y  i d e n t i f i e d

occur in  a d e f i n i t e  r a t i o  t o  one a n o th er  in  t h e  o z o n id e  d eco m p o sit io n

p rod u cts ,  and would th u s  appear to  be  g e n e r a te d  by ru p tu r e  o f  t h e  same

G yclic s t r u c t u r e .  The m o le c u la r  w eigh t o f  caoutchouc o z o n id e  in

benzene s o l u t i o n  was found t o  b e  535 (C E O r e q u ir e s  5 8 0 ) .
25 40 15

Taking t h i s  a s  b a s i s , a  r in g  o f  20 carbon  atoms would g iv e  t h e

required/
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r e q u ir e d  form u la
» »

/
\  CH ; C . C M ,. CH ■. C ,  CH... CM

CMi CĤ

A r i n g  o f  i s o p r e n e  n u c l e i  would o n ly  g iv e  l a e v u l i n i o  a c i d  and a ld e h y d e  

on d e c o m p o s it io n  o f  t h e  o z o n id e ,  hut t h e  removal o f  h y d r o c h lo r ic  

a c id  from t h e  h y d r o c h lo r id e  would p o s s i b l y  g iv e  a rearrangem ent o f  

double  b on d s, a l lo w in g  o f  t h e  fo r m a tio n  o f  h ig h e r  k e t o n e s .  R egener­

a ted  rubber o b ta in e d  by c o n s e c u t i v e  a d d i t io n  and a b s t r a c t i o n  o f  halo-:  

gen a c i d  from caou tch ou c  shows an i n c r e a s in g  p r o p o r t io n  o f  h ig h  

b o i l i n g  c o n s t i t u e n t s  in  t h e  d e c o m p o s it io n  p r o d u c ts  o f  t h e  ozon ide*

This would p o in t  t o  a p r o g r e s s iv e  s h i f t i n g  o f  t h e  d ou b le  b onds.

In c o n t in u a t io n  o f  h i s  e a r l i e r  work on caou p ren e  bromide
(59 )

(p o ly m er ised  v i n y l  brom ide) i t  was shown by O s t r o m is s le n s k i  t h a t

th e  m o le c u la r  w e ig h t  o f  t h e  s o lu b l e  m o d i f i c a t io n  o f  t h i s  s u b s ta n c e ,

as d eterm in ed  by th e  c r y o s c o p ic  method, was 1809* T h is  i s  in  a g r e e -  |

ment w ith  t h e  form u la  or e x p r e sse d  s t r u c t u r a l l y
3 2  4 8  i.“

CM. Removal o f  hydrobromic a c id  from t h i s

^ 1 .— su b s ta n c e  gave dehydrocaouprene: I

homologous s u b s ta n c e  0  (0 H_)aWa8  o b ta in e d  from t h e  bromide o f

Para-caoutChouc (OHg) 0 Br 2 g . R ed u ction  o f  caou p ren e  bromide

w ith  z in c  du st  gave e r y th r e n e  (b u ta d ie n e )  caou tch ou c and iso m e r ic  

c a o u p r e n e /
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I
caouprene in  v a r y in g  am ounts. Caouprene was found t o  g iv e  no 

d e f i n i t e  d e c o m p o s it io n  p r o d u c ts  w ith  o zo n e .  Formulae d i f f e r i n g  

from t h a t  p r e v i o u s l y  g iv e n  w ere p rop osed:

c ,  ch^.cm. c h ^ . c h  cjh. cm .̂ch.,. /O H . ch^ . c h ------------ pH.
I l l  I I  c .  C M :  T  I 1

C H , . C H , . C H . y 4 , . C H --------------- CM,  OH,

r CMyC. CM,. W  . CM,. UH CH . m , .  CM
• i l l  I II

CH.cM .̂oH. OH-1,. OH •  CM, oĤ . C, cH;

. y n  o h , Mi I., ÇH ^  .
\  I I II 7̂̂

The brom ide o f  n a tu r a l  ca o u tc h o u c ,  b e in g  hom ologous w ith  

caouprene brom ide, must t h e r e f o r e  p o s s e s s  a m on ovcyo lio  s t r u c t u r e ,  

(-0H2*CH2.0 (Me).Br.OHBR-)x and s i n c e  by t h e  a c t i o n  o f  z in c  d u st  in  

a lco h o l i t  was c o n v e r te d  r e a d i l y  and q u a n t i t a t i v e l y  i n t o  f r e e  

caoutchouc, t h e  l a t t e r  must a l s o  h ave  a m o n o -c y c l ic  s t r u c t u r e  

(-OHg.OHg.O (Me) ; CH -)%, t h e  p o s i t i o n s  o f  t h e  CH  ̂ groups and d ou b le  

bonds b e in g  f i x e d  by th e  d e c o m p o sit io n  p ro d u cts  o f  t h e  o z o n id e .  

Further r e a s o n s  w ere advanced by O s tr o m is s le n s k i  f o r  t h e  abandonment 

of H a rr ie s  d i m e t h y l - c y c lo - o c t a d ie n e  form ula  f o r  caoutchouc*  

W i l l s t â t t e r ’ s work on d im e th y l -c y c lo -o c ta d ie n ®  h a v in g  shown t h a t  

the l a t t e r  g i v e s  a c r y s t a l l i n e  te tr a b r o m id e  w ith  sharp m e lt in g  

p o in t,  n o t  com parable w ith  caoutchouc t e tr a b r o m id e ,  and th a t  i t  

p olym er ises  w ith  a lm ost e x p l o s i v e  v i o l e n c e ,  y i e l d i n g  c r y s t a l l i n e  

and horny compounds o f  v a r y in g  c o m p le x ity ,  but q u i t e  u n l i k e  

caoutchouc. By a n a lo g y  w ith  caouprene brom ide and caou p ren e  i t s e l f .  

Caoutchouc /
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caou tch ou c  would t h e r e f o r e  h a v e  t h e  fo rm u la :

CM,. CH.. rc.r^«..vcM.cH .̂ cM̂ 'l . C.no«, •, q-i.
1  -*•* I

This i s  i d e n t i c a l  w ith  th e  form ula  p rop osed  by P i c k l e s ,  who

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

in  a c l o s e d  c h a in .  T h is  form u la  i s  in  agreem ent w ith  t h e  bromine

s a tu r a t io n  c a p a c i t y  o f  ca o u tc h o u c ,  as  shown by t h e  fo rm a tio n  o f

th e  t e tr a b r o m id e ,  w ith  th e  known c o m p le x ity  o f  t h e  m o le c u le ,  and

with t h e  d e c o m p o s it io n  p r o d u c ts  o f  t h e  o z o n id e  p rep ared  from t h e

n a tu r a l  h yd rocarb on .
( 6 0 )

O l i v i e r  h as  r e c e n t l y  r e p e a te d  H a r r ie s ’ work on t h e  o z o n id e s

o f  c a o u tc h o u c ,  v a r y in g  r e s u l t s  b e in g  o b ta in e d  in  some c a s e s .  He

holds  t h e  assum ption  o f  t h e  h om ogen eity  o f  t h e  o z o n id e  t o  be

in v a l i d ,  and* t h a t  t h e  m o le c u la r  w e ig h t  o f  th e  l a t t e r  cannot

serve  as  a b a s i s  f o r  e s t im a t in g  t h a t  o f  c a o u tc h o u c ,  th e  a v a i l a b l e

ev id en ce  b e in g  i n s u f f i c i e n t  t o  a l lo w  o f  a c c u r a te  c o n c lu s io n s  a s

to th e  c o m p le x ity  o f  t h e  caou tch ou c m o le c u le  b e in g  drawn.
(41 )

A l t e r n a t i v e  form u lae  have been advanced by B o sw e ll  and
(,M)

by K ir c h h o f .  The form er re g a r d s  caoutchouc a s  r e p r e s e n te d  

by D^qH^q ,  t h e  s t r u c t u r a l  form ula  b e in g  g iv e n  às

f   CH-----------------------C (CHa)—
C H ., j c m

Ç (C H Î)—  C H  I ^  —  C  CcM i )

L —

CH — r -  d c M j )  ^

I \ h i . - - - - - - - - - - - - - C H t  I . ,
C M ----------------------------------------------  —
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This c o r r e s p o n d s  t o  a c o m b in a t io n  o f  f i v e  i s o p r e n e  m o le c u le s  

and such a compound c o u ld  u n d o u b ted ly  g iv e  r i s e  on d e s t r u c t i v e  

d i s t i l l a t i o n  t o  d ip e n te n e  and i s o p r e n e ,  in  acco rd a n ce  w ith  known 

r e s u l t s ,  t h e  fo r m a t io n  o f  d ip e n t  ene b e in g  in d ic a t e d  by t h e  d o t te d  

l i n e .  One r e s i d u e  i s  p r e s e n t  w hich c o u ld  r e a c t  a s  d im eth y l  c y c l o -  

o c ta d ie n e ,  g i v i n g  r i s e  on o z o n i s a t io n  t o  l a e v u l i n i c  a ld eh y d e  and 

a c id .  The maximum y i e l d  would corresp on d  t o  o n e - t h ir d  o f  th e  

caoutchouc ta k e n ,  a c c o u n t in g  f o r  t h e  d is c r e p a n c y  betw een t h e  

t h e o r e t i c a l  and a c t u a l  y i e l d s  o f  o z o n id e  o b t a in a b le .  The 

production  o f  o th e r  h y d ro ca rb o n s , such a s  d im e th y l -b u ta d ie n e ,  

hy d e s t r u c t i v e  d i s t i l l a t i o n  shou ld  a l s o  be p o s s i b l e .  The form ula  

r e p r e se n ts  t h e  caoutchouc m o le c u le  a s  s a t u r a t e d ,  o x id a t io n  b e in g  

supposed t o  occu r  through t h e  f i s s i o n  o f  a m o le c u le  o f  i s o p r e n e  

and sub seq u en t a d d i t io n  o f  oxygen . The u n sa tu r a te d  n a tu r e  o f  

caoutchouc, a s  e x e m p l i f ie d  by i t s  a d d i t io n  p ro d u cts  w ith  bromine  

and th e  h a lo g e n  h y d r id e s ,  i s  th u s  ig n o r e d .  K irch h o f  f l o e . c i t . )  

assumes an open c h a in  s p i r a l  s t r u c t u r e  f o r  c a o u tc h o u c ,  t h e  

fundamental u n i t  b e in g  T h is  c o n c lu s io n  i s  b ased  on th e

d iscrepancy  betw een t h e  t h e o r e t i c a l  co m p o s it io n  o f  caou tch ou c and 

that found by a n a l y t i c a l  m ethods, a d isc r e p a n c y  w hich can be  

a t tr ib u te d  t o  th e  d i f f i c u l t y  o f  p r e p a r in g  a pure specim en f o r  

a n a ly s i s .  The form ula  i s  a s  f o l l o w s :

C H .c C C M à )* ,C M . O M i, r  U
1 I "cM .
— CM
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Such a s u b s ta n c e  would g i v e  r i s e  on d e s t r u c t i v e  d i s t i l l a t i o n  to

i s o p r e n e ,  a lo n g  w ith  o th e r  l o w - b o i l i n g  h y d ro ca rb o n s ,  t h e  p r o d u c t io n

of d ip e n te n e ,  by rea rra n g em en t,  b e in g  a l s o  p o s s i b l e .  The o z o n id e

should  y i e l d  d e c o m p o s it io n  p r o d u c ts  d i f f e r e n t  from t h o s e  known to

be o b t a in e d .  The most s a t i s f a c t o r y  t e s t  o f  t h e  form ula  would b e

the  e s ta b l i s h m e n t  o f  a c h e m ic a l  d i f f e r e n c e  betw een n a tu r a l  caoutchouc

and s y n t h e t i c  caou tch ou c  p rep ared  from i s o p r e n e ,  t h e  d eco m p o sit io n

p roducts  o f  t h e  r e s p e c t i v e  o z o n id e s  b e in g  compared. I f  t h e  form ula

given  above i s  c o r r e c t  t h e r e  sh ou ld  be a marked d iv e r g e n c e  in  th e

r e s u l t s .  The c h em ica l  i d e n t i t y  o f  n a tu r a l  caoutchouc w ith  s y n t h e t i c

caoutchouc prep ared  from pure  i s o p r e n e  has been  m ain ta in ed  by 
(5 7 )  (56)

H a r r ie s ,  t h i s  however h as  been d en ied  by Steim m ig and doubts
( 6 0 ) ( 6 1 ) 

have been o a s t  by O l i v i e r  and B o sw e ll  on t h e  q u a n t i t a t i v e

form ation  o f  th e  o z o n id e  o f  n a tu r a l  c a o u tc h o u c .

The p r e s e n c e  o f  m ethane, e t h y le n e ,  b u ty le n e  and t r im e t h y l

e th y le n e ,  in  a d d i t io n  to  i s o p r e n e ,  d ip en t  ene and h ig h e r  b o i l i n g

hydrocarbons, in  th e  p y r o g e n e t ic  d eco m p o sit io n  p ro d u cts  o f  ca o u tc h o u c ,
( 6 2 )

has been e s t a b l i s h e d  by e a r l i e r  w o rk ers .  S ta u d in g e r  and F r i t s c h i  

have r e c e n t l y  shown th a t  when caoutchouc i s  d i s t i l l e d  in  vacuo  

( 0 . 5  mm.) a t  275^-320^ th e  p ro d u cts  o f  d eco m p o sit io n  in c lu d e ,  

b e s id e s  i s o p r e n e  and d ip e n t  en e , a hydrocarbon and sm all

amounts o f  Og^H^gand has two d ou b le  l in k a g e s  and

i s  p rob ab ly  a h y d ro -n a p h th a len e  d e r i v a t i v e ,  w h i le  Ugo^52 t h r e e  

double l i n k a g e s  and has p rob ab ly  a lo n g  a l i p h a t i c  s id e - c h a i n .  T hese  

r e s u l t s  a r e  in t e r p r e t e d  on t h e  b a s i s  o f  a ch a in  fo rm u la , th e  c h a in

heing assumed t o  break  up and union  ta k in g  p la c e  in  groups

o f /
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o f  1 , 2 , 4 , e t c .  carbon a tom s.

The u s u a l l y  a c c e p te d  v ie w  th a t  ca o u tch ou c  i s  d i r e c t l y  d e r iv e d

from a ch em ica l  u n ion  o f  i s o p r e n e  n u c l e i ,  a m o n o cy c lic  s t r u c t u r e

b e in g  assum ed, h as  r e c e iv e d  support from t h e  work o f  Pummerer
( 6 )

and Burkard on th e  h y d r o g e n a t io n  o f  v e r y  pure ca ou tch ou c  by th e  

method o f  P a a l  and S k i t a .  One m o le c u la r  p r o p o r t io n  o f  hydrogen was 

found t o  be absorbed  f o r  every  i s o p r e n e  r e s i d u e ,  i . e .  x Hp =

(Ct^Hio)^. I f  th e  caou tch ou c  m o le c u le  c o n s i s t e d ,  o f  a lo n g  open c h a in  

o f  i s o p r e n e  r e s id u e s  a g r e a t e r  a b s o r p t io n  o f  hydrogen would be  

e x p e c te d .  The a c c u r a c y  a t t a i n e d  in  th e  e x p er im en ta l  work e n a b le s  

th e  a u th o r s  t o  c o n c lu d e  d e f i n i t e l y  t h a t  caou tch ou c c o n s i s t s  e i t h e r  

o f  a r i n g  system  or o f  an u n u s u a l ly  lo n g  open c h a in  o f  i s o p r e n e  n u c l e i  

X > 20 . The h y d ro-caou tch ou c  o b ta in e d  resem b led  caou tch ou cn o X
c l o s e l y  i n  p h y s i c a l  p r o p e r t i e s ,  e v i d e n t l y  r e t a i n i n g  i t s  v e r y  h ig h  

m o le cu la r  w e i g h t . In a d d i t io n  caoutchouc was found t o  r e a c t  

n orm ally  w ith  p e r -b e n z o ic  a c i d ,  g iv in g  a v i s c o u s  o x id e  (OgRgO)%, 

ev id en ce  o f  th e  p r e s e n c e  o f  two d ou b le  l in k a g e s  f o r  each p a ir  o f  

i so p r e n e  r e s i d u e s .

The H v d ro sen a t io n  o f  C aoutchouc.   ^ -----------

In 1869 B e r th e lo t  found th a t  by h e a t in g  caou tch ou c  w ith

c o n c e n tr a te d  h y d r io d ic  a c id  s o lu t i o n  to  280® under p r e s s u r e  a 

number o f  hydrocarbons b o i l i n g  above 550® were o b ta in e d .  T hese  

belonged  e v i d e n t l y  to  th e  p a r a f f in  s e r i e s ,  b e in g  v e r y  s t a b l e  

towards brom ine, fuming n i t r i c  a c id  and fuming su lp h u r ic  a c i d ,  

and d id  n o t  s o l i d i f y  even on lo n g  s ta n d in g .

A ttem pts  a t  t h e  h y d ro g en a t io n  o f  caou tch ou c in  th e  p r e s e n c e  

of c a t a l y s t s  h a v e ,  u n t i l  r e c e n t l y ,  g iv e n  n e g a t iv e  r e s u l t s .  By

J®8 i n g /  _____________
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u s in g  spongy p la tin u m  as c a t a l y s t ,  and h y d r o g e n a t in g  a t  270®
( 6 2 )

under 100 atm osp h eres  p r e s s u r e ,  S ta u d in g e r  and F r i t s c h i  have

su cceed ed  in  p r e p a r in g  a h y d ro -ca o u tch o u c  (CgHjQ)^? r e t a i n i n g

th e  c o l l o i d a l  c h a r a c t e r  o f  caou tch o u c  and p r o v in g  s t a b l e  tow ards

brom ine. On s ta n d in g  in  s u n l ig h t  a b s o r p t io n  o f  brom ine s lo w ly

took p l a c e ,  a c a o u t c h o u c - l i k e  prod u ct b e in g  ob ta in ed *  D ecom p osit ion

o f  h y d ro -ca o u tch o u c  a t  550^-590^ in  vacuo gave a s e r i e s  o f  p r o d u c ts

o f  t h e  ty p e  each p o s s e s s i n g  o n ly  one doub le  bond. The

lo w e s t  b o i l i n g  product was a p en t en e ,  g i v i n g  m e t h y l - e t h y l  k e to n e  on

o x id a t io n ,  b e in g  th u s  p ro b a b ly  unsymm, m e th y l - e t h y l  e t h y le n e .  From

th e  h ig h e r  f r a c t i o n s  were o b ta in e d ,  among o t h e r s ,  a hydrocarbon
_  *

0  H and , a s  h ig h e s t  b o i l i n g  c o n s t i t u e n t ,  O-nRinn" The p r e s e n c e  
15 BO

o f  t h i s  s u b s ta n c e  shows t h a t  h y d ro -caou tch ou c  must have  a v e r y

high m o le c u la r  w e ig h t .  O b je c t io n s  were r a i s e d  by H a r r ie s  t o  t h i s

c o n c lu s io n  on t h e  ground t h a t  a t  t h e  h ig h  tem p era tu re  employed

the ca o u tch ou c  must be  l a r g e l y  decomposed, th e  h y d r o g e n a t io n  p ro d u cts

ob ta in ed  b e in g  n ot n e c e s s a r i l y  d i r e c t l y  r e l a t e d  t o  th e  o r i g i n a l

hydrocarbon. The l a t e r  work o f  Pummerer and Burkard h a s  shown

t h i s  o b j e c t io n  t o  b e  i n v a l i d ,  a c o l l o i d a l  r e d u c t io n  product b e in g

obta ined  in  t h e  c o l d .  From a s tu d y  o f  t h e  therm al d e c o m p o sit io n
(64)

products o f  t h e  h yd ro-caou tch ou c  p r e v io u s ly  o b ta in e d  S ta u d in g e r  

has c o n c lu d e d  t h a t  i t  i s  formed from t h e  hydrocarbon Uĵ qH^qq in  

the same way a s  caoutchouc i s  formed from is o p r e n e ,  t h e  r e l a t i o n  

between C^q^IOO’ h i g h e s t  therm al d eco m p o sit io n  prod u ct o f  h yd ro-  

caoutchouc^ and m ethyl e t lw y l-e th y l  eh e ,  th e  l o w e s t ,  b e in g  o f  t h e  same 

typ e . From i t s  s t a b i l i t y  towards brom ine and o x i d i s i n g  a g e n ts  
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h y d r o - G  a o û t  ch 0130 i s  a s s u m e d  t o  h e a p a r a f f i n  h y d r ô o a r b o n ,  c a o u t c h o u c

i t s e l f  b e in g  r e g a r d e d  a s  an e t h y le n e  d e r i v a t i v e  o f  v e r y  h ig h  m o le c u la r

w e ig h t ,  c o n t a in in g  perhaps 1 0 0  or more m o le c u le s  o f  i s o p r e n e ,  t h e

u l t im a t e  m o le c u le  b e in g  o f  about t h e  same ord er  o f  m agnitude as  a

c o l l o i d  p a r t i c l e *  S im i la r  p r o p e r t i e s  were a s c r ib e d  t o  h yd ro-
(7)

caoutchouc by Pummerer and Koch, who p rep ared  i t  by h y d r o g e n a t io n  

o f  d i l u t e  s o l u t i o n s  ( 0 . 2  t o  0 . 6  p er  c e n t )  o f  v e r y  pure  caou tch ou c  

in p r e s e n c e  o f  spongy p la tin u m  a t  h a l f  an atm osphere e x c e s s  p r e s s u r e .  

The h y d ro -ca o u tch o u c  was o b ta in e d  a s  an opaque, v i s c o u s ,  n o n - e l a s t i c  

p a r t ly  c r y s t a l l i n e  mass (O^R^o^x g i v i n g  no d e p r e s s io n  o f  th e  m e l t in g  

P#int o f  camphor. H e a t in g  f o r  t h r e e  h ours a t  200®, th en  f o r  tw en ty  

m inutes a t  500® in  an atm osphere o f  carbon d io x id e  a t  12 mm. p r e s s u r e ,  

caused no v i s i b l e  change in  t h e  p r o d u c t ,  but a m o le c u la r  w e ig h t  

d eterm in a tio n  in  camphor gave a v a lu e  o f  1700 , t h i s  r e s u l t  b e in g  

p o s s ib ly  due t o  d i s a g g r e g a t io n  o f  t h e  h y d r o -c a o u tc h o u c .

Crude h yd ro-ca o u tch o u c  on d i s t i l l a t i o n  in  hydrogen a t  550® 

gave a y i e l d  o f  s a tu r a te d  hydrocarbon The r e s id u e , ,  which

was c o l o u r l e s s  and c o m p le te ly  s a tu r a t e d ,  had t h e  c o m p o s it io n  (0 5 8 1 0 )%, 

m olecu lar  w e ig h t  in  camphor 1500 . D i s t i l l a t i o n  a t  1 .5  mm. gave  a 

c o lo u r le s s  v i s c o u s  mass O^gHigg, b o i l i n g  a t  554^. The h y d ro -  

caoutchouc i t s e l f  was c o m p le te ly  s t a b l e  t o  a i r ,  brom ine, or  p o ta ss iu m  

permanganate a t  o r d in a r y  te m p e r a tu r e s ,  a g r e e in g  in  t h i s  r e s p e c t  w ith: . ' I
Staudinger’ s product. By reduction of caoutchouc under the same |

tut I
experim ental c o n d i t i o n s  a s  b e fo r e ^ a t  a tm ospheric  p r e s s u r e  a compound |

"  ' i
^50^86* s t a b l e  t o  brom ine,w as o b ta in e d .  |
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By t h e  r e d u c t io n  o f  ca o u tch ou c  d ih y d r o c h lo r id e  in  d i c h l o r o -
(6 5 )

e th y le n e  s o l u t i o n  in  p r e s e n c e  o f  z in c  dust H a r r ie s  o b ta in e d  a

la r g e  y i e l d  o f  o c -h y d ro -ca o u tch o u c• T h is  s u b s ta n c e  was l i g h t  y e l lo w
p o

lin c o l o u r ,  somewhat e l a s t i c  and m e lte d  a t  120 -1 5 0  , g iv in g  a

m olecu lar  w e ig h t  in  bromoform s o l u t i o n  a g r e e in g  w ith  t h e  fo rm u la e

(Cgi^Hgg^x or (0 4 9 8 7 0  I t  r e a d i l y  formed an o z o n id e  and gave  a

h y d r o c h lo r id e  and a brom ide. The e m p ir ic a l  form ula  l e d  H a r r ie s  to

conclude t h a t  t h e  caou tch ou c  m o le c u le  c o n t a in s  55 o r  40 carbon  atom s,

most p ro b a b ly  t h e  l a t t e r ,  th u s  b r in g in g  h i s  v ie w s  i n t o  agreem ent
(58 )  (58)

with t h o s e  e x p r e s se d  by P i c k l e s  and O s t r o m is s le n s k i  y e a r s ’

b e fo r e .

The com plex n a tu r e  o f  t h e  p ro d u cts  r e s u l t i n g  from th e  p y r o g e n e t ic  

decom position  o f  h y d ro-caou tch ou c  would seem t o  i n d i c a t e  t h a t  c a o u t ­

chouc i t s e l f  h a s  a much la r g e r  m o le c u le  than t h a t  u s u a l l y  a s c r ib e d  

to i t ,  t h e  ^ 4 0 ^ 6 4  form ula  b e in g  in a d eq u a te  t o  e x p la in  t h e  fo rm a tio n  

of hydrocarbons such a s  S ta u d in g e r ’ s Pummerer’ s O^QH^Qg"

These p r o d u c ts  can  s c a r c e l y  be formed by secon d ary  c o n d e n sa t io n  

during d i s t i l l a t i o n ,  s i n c e  h yd ro-caou tch ou c  c o n t a in s  no d ou b le  bonds  

and, a c c o r d in g  t o  S ta u d in g e r ,  l e a v e s  p r a c t i c a l l y  no r e s i d u e  a f t e r  

decom position  i s  c o m p le te .  With such a l a r g e  m o le c u le  no d e c i s io n  

between a c h a in  and a r in g  form ula  can b e  made.

The Qxidfl.tlnn of Qaoutchouc .
. —   ̂ ("66 y

In 1865 S p i l l e r  examined a p i e c e  o f  f a b r ic  c o a te d  w ith  

unvulcan ised  ru b b er , t h e  l a t t e r  h a v in g  become b r i t t l e  or " p e r ish e d ,"  

through lo n g  exp osu re  t o  t h e  a i r .  A b en zen e e x t r a c t  o f  th e  rubber  

coating  g a v e ,  on e v a p o r a t io n ,  a su b s ta n c e  q u i t e  d i f f e r e n t  from ru b b er ,
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s o l u b l e  in  a l c o h o l ,  i n s o l u b l e  in  carbon d i s u l p h i d e ,  and f r e e l y

s o l u b l e  in  aqueous a l k a l i e s  and a l k a l i  c a r b o n a t e s .  A n a ly s is

o f  t h i s  s u b s ta n c e  showed i t  t o  c o n t a in  oxygen , t h e  ap proxim ate

c o m p o s it io n  b e in g  *^go^48^10* was hard and r e s in o u s  in  c h a r a c t e r

and h a s  been  named "S p i l l e r ’ s r e s i n . "  The a c t io n  o f  g a se o u s  oxygen
(6 7 )

on caou tch o u c  was s u b s e q u e n t ly  i n v e s t i g a t e d  by H e r b s t ,  v/ho 

p a ssed  t h e  gas  through  a b o i l i n g  1 per  c e n t  s o l u t i o n  o f  t h e  hydro­

carbon i n  b en zen e  f o r  140 h o u r s .  Two main p ro d u cts  w ere i s o l a t e d ,  

a tr a n sp a r e n t  r e d d is h  brown syrup o f  t h e  c o m p o s it io n

and an amorphous f r i a b l e . y e l lo w  s o l i d  c o r r e sp o n d in g  t o  0 R 0 ,
10 In 3

th e  f i r s t  b e in g  s o lu b l e  and th e  second i n s o l u b l e  in  p etro leu m  

ether* A v e r y  sm a ll  amount o f  a hard b r i t t l e  r e s i n ,  s i m i l a r  in  

c o m p o s it io n  and p r o p e r t i e s  t o  th e  second  s u b s ta n c e ,  was a l s o
( 6 8 )

o b ta in e d .  The a i r  o x id a t io n  o f  rubber was a t t r i b u t e d  by K irch h of

to  a u t o x id a t io n ,  a s tu d y  o f  th e  o x id a t io n  o f  raw and v u lc a n i s e d

rubber a t  o r d in a r y  tem p era tu res  and a t  100^ l e a d in g  him to

p o s t u la t e  t h e  fo rm a tio n  o f  an u n s t a b le  p e r o x id e  ®20^16^2*

r e a c t io n  was th en  supposed  t o  p roceed  th u s  f  ^10^16®2 “

^ 1 0 % 6 ^  (H e r b s t ’ s f i r s t  product^: O^oHiaO + Og = 10% 6^5

(Herbst’s second product). The action  6 f  oxygen was more f u l l y
(69 )

examined by P each ey , who d e p o s i t e d  t h in  f i l m s  o f  p u r i f i e d  

caoutchouc ( d e r e s i n i s e d  and f i l t e r e d )  on th e  w a l l s  o f  a f l a s k  

e l e c t r i c a l l y  h e a te d  t o  85®. The m a te r ia l  was exposed  t o  t h e  

8'Ction o f  m o is t  oxygen , th e  a c t io n  b e in g  s u f f i c i e n t l y  ra p id  t o  

allow  o f  t h e  volume o f  gas absorbed  b e in g  n o te d .  I t  was ob served

that /
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th a t  th e  p r e s e n c e  o f  t h e  normal amount o f  r e s i n  (about  
a p p r e c ia b ly  r e ta r d e d  th e  a c t i o n ,  f u r t h e r ,  t h a t  t h e  amount o f

oxygen tak en  up co rresp o n d ed  c l o s e l y  t o  two m o le c u le s  p er
(70 )

^10^16 h yd ro ca rb o n . A l a t e r  i n v e s t i g a t i o n  by Peachey

and Leon co n f ir m ed  t h i s  r e s u l t ,  in  a d d i t io n  th e  p r e s e n c e  o f

v a r i a b l e  amounts o f  carbon  d io x id e  was d e t e c t e d  (about one

m o le c u le  o f  carbon d io x id e  p er  0__H, . ) •  T h is  showed th a t
10  16

t h e  amount o f  oxygen r e a c t i n g  was r a th e r  g r e a t e r  than  t h a t  

found by t h e  e a r l i e r  v o lu m e tr ic  m ethod, a p o r t io n  b e in g  u sed  

up in  t h e  fo rm a tio n  o f  carbon d io x id e .  M o istu re  was found to  

e x e r t  no a p p r e c ia b le  i n f l u e n c e  on t h e  c o u r s e  o f  th e  r e a c t i o n ,  

w h i le  t h e  n a t u r a l  r e s i n  o n ly  r e ta r d e d  th e  o x i d a t i o n ,  h a v in g  no 

e f f e c t  on t h e  f i n a l  r e s u l t .  F i f t y  grams o f  p u r i f i e d  caoutchouc  

were u se d  in  t h e  l a t e r  work, t h e  m a te r ia l  b e in g  exposed  t o  t h e  

a c t io n  o f  oxygen a t  85® o ver  a p e r io d  o f  s i x  m onths, e x t r a c t io n
f.

w ith  a l c o h o l  ev ery  second  day b e in g  employed t o  remove o x id i s e d

m a te r ia l  and ex p o se  a f r e s h  r e a c t i n g  s u r f a c e .  The r e a c t io n

product was a lm ost  c o m p le te ly  s o lu b l e  in  a l c o h o l  w ith  fo rm a tio n

o f  a y e l l o w i s h  red  v i s c o u s  gum. A f te r  f r a c t i o n a l  p r e c i p i t a t i o n

from v a r io u s  s o l v e n t s  t h i s  m a te r ia l  was f i n a l l y  s e p a r a te d  i n t o

fou r  p o r t io n s ,  d i s t in g u is h e d ^ a s  A, B, C and D.

A was a c l e a r  y e l lo w  r e s i n ,  n e u t r a l  in  c h a r a c t e r ,  i n s o l u b l e

in w a ter  but s o l u b l e  in  a l l  th e  u su a l  org a n ic  s o l v e n t s .  I t s

co m p o sit io n  co rresp o n d ed  t o  C H D . No d e r i v a t i v e s  were
16 26 3

prepared .

B was a  fàwn—cploQ red amorphou# powder, fee*^^y a c i d i c  in  

character/
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c h a r a c t e r .  I t  had d o  d e f i n i t e  m e l t in g  p o i n t , s w e l l i n g  up a t  

and n o t  c h a r r in g  below  250? I t  was i n s o l u b l e  in  w a te r ,  

carbon d i s u l p h i d e  or  p etro leu m  e t h e r ,  s o lu b l e  in  a l c o h o l  and 

a c e t o n e .  O x id a t io n  w ith  perm anganate gave m a in ly  o x a l i c  a c id .  

A ttem pts  a t  m o le c u la r  w e ig h t  d e te r m in a t io n  were a f a i l u r e  and 

no s a l t s  c o u ld  b e  o b t a in e d ,  a n e u t r a l  s o l u t i o n  g i v i n g  p r e c i p i t a t e s  

w ith  m e t a l l i c  s a l t s  c o n s i s t i n g  o f  th e  o r i g i n a l  s u b s ta n c e  in  

c o l l o i d a l  form . The approxim ate  c o m p o s it io n  was g iv e n  by th e

form ula  C H 0 .
n  y  o

C was n ot c l o s e l y  examined* I t  was a brown amorphous 

su b s ta n c e  i n s o l u b l e  in  o rg a n ic  s o l v e n t s  but s o l u b l e  in  a l k a l i e s ,

h a v in g  t h e  c o m p o s it io n  ^21^16^4*

D was a r e d d is h  brown amorphous s o l i d  i n s o l u b l e  in  a l l  

s o lv e n t s ,  a t ta c k e d  by c o n c e n t r a te d  n i t r i c  a c id  t o  g i v e  a product  

^11%3^^S* I t  had t h e  c o m p o s it io n  r e p r e s e n te d  by C^H^Og but 

did n o t  r e se m b le  B. None o f  t h e s e  p ro d u cts  co u ld  be s a id  t o  be  a 

d e f i n i t e  compound and t j i e i r  r e l a t i o n s h i p  t o  t h e  o r i g i n a l  caoutchouc  

remains o b sc u r e .

A sm a ll  q u a n t i t y  o f  hydrogen p e r o x id e  appeared t o  b e  formed  

during t h e  o x id a t i o n ,  t h e  p r e s e n c e  o f  a p e r o x id e ,  a s  shown by th e  

l i b e r a t i o n  o f  i o d in e  from p otass iu m  io d id e  and th e  developm ent o f  

a y e l lo w  c o lo u r  w ith  t i t a n iu m  s u lp h a t e ,  b e in g  ob served  in  t h e  

aqueous e x t r a c t  o f  t h e  o x id a t io n  p r o d u c t .  A t r a c e  o f  l a e v u l i n i o  

acid  and a l s o  o f  l a e v u l i n i c  a ld eh y d e  or  i t s  p e r o x id e  a l s o  appeared  

to  be p r e s e n t .

I t /



(7 1 )
I t  was p o in te d  out by O stw ald in  a n o t e  on P e a c h e y 's

f i r s t  pap er  t h a t  t h e  r a t e  o f  a b s o r p t io n  o f  oxygen in  t h e s e

ex p er im en ts  was t y p i c a l  o f  an a u t o c a t a l y t i c  r e a c t i o n ,  t h e

fo rm a tio n  o f  an u n s t a b l e  in te r m e d ia t e  product which fu n c t io n e d

as a c a t a l y s t ,  p o s s i b l y  a caou tch ou c  p e r o x id e ,  b e in g  su g g e sted *
( 6 8 )

A s i m i l a r  v ie w  was h e ld  by K ir c h h o f ,  a s  quoted  above* O str o -  
(7 2 )

m is s le n s k i  f u r t h e r  showed t h a t  caou tch ou c a c t i v â t e s  oxygen

in a s im i l a r  manner to  t h e  te r p e n e s*

The a c t i o n  o f  oxygen on t h in  f i l m s  o f  rubber a t  75®-80®
(75)

was a l s o  s t u d ie d  by K ir c h h o f ,  who c o u ld  n o t ,  h ow ever , o b ta in

d e f i n i t e  r e s u l t s .  Great v a r i a t i o n s  in  th e  r a t e  o f  o x id a t io n

were shown by d i f f e r e n t  sa m p les .

P e s in  f r e e  ru b b er , on exp osure  t o  t h e  a c t io n  o f  atm ospheric

oxygen in  f u l l  s u n l ig h t  f o r  t h r e e  m onths, was found by B o s w e l l ,
( 2 0 )

McLoughlin and Parker t o  h ave  r e s i n i f i e d  t o  t h e  e x te n t  o f  

about 30 p er  c e n t .  The r e s i n  formed was s o lu b l e  in  a c e to n e  

and was s e p a r a te d  i n t o  two f r a c t i o n s ,  one s o lu b l e  in  carbon  

d is u lp h id e ,  p o s s e s s i n g  p r o p e r t i e s  s im i l a r  to  rubber and co rresp o n d ­

ing t o  QioRigO, t h e  o th e r  i n s o l u b l e  in  carbon d i s u l p h i d e ,  hard  

and b r i t t l e  and c o r r e sp o n d in g

The p r e s e n c e  o f  l a e v u l i n i c  a ld eh y d e  in  "tacky" rubber  

alight be i n f e r r e d  from th e  o c c u r r e n c e  o f  t h i s  a ld eh y d e  in  th e  

decom position  p r o d u c ts  o f  caou tch ou c ozonide* The p r e s e n c e  o f  

an a ld eh y d ic  s u b s ta n c e  in  "tacky" rubber g iv in g  t h e  p y r r o le

r e a c t io n  and t h e r e f o r e  presum ably l a e v u l i n i c  a ld e h y d e ,  h a s  been
(74)

d etec ted  by G o rter ,  whose o b s e r v a t io n s  have been con firm ed  by  

B runi/
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(7 5 )  (76 )

Bruni and p e l i z z o l a  and by W hitby, t h e  l a t t e r  p r e p a r in g  and

c h a r a c t e r i s i n g  t h e  w ell-kn ow n  phenyl m ethy l d ih y d r o -p y r id a z in e  

d e r i v a t i v e .

The d i s a g g r e g a t in g  e f f e c t  o f  c o n c e n tr a te d  su lp h u r ic  a c id

on c h lo r o fo r m  s o l u t i o n s  o f  c a o u tc h o u c ,  a s  n o ted  by Heim and 
(3 )

M arquis, and a lr e a d y  r e f e r r e d  t o ,  has  been  f u r t h e r  s t u d ie d  by
(77)

K ir c h h o f ,  who t r e a t e d  carb on  t e t r a c h l o r i d e  s o l u t i o n s  o f  raw 

rubber w ith  c o n c e n tr a te d  su lp h u r ic  a c id  in  t h e  c o l d .  The rubber  

was found t o  g i v e  over  n i n e t y  p er  c e n t  y i e l d  o f  a b r i t t l e  powder 

which was s e p a r a te d  by e x t r a c t i o n  w ith  a c e to n e  in t o  two f r a c t i o n s ,  

a r e d d is h  brown o x id a t io n  product and a hydrocarbon o f  t h e  e m p ir ic a l  

form ula  OioHqR" The l a t t e r  gave w ith  brom ine and su lp h u r  a d d i t io n  

p ro d u cts  c o r r e s p o n d in g  t o  ^20^30^* t h e  d isa p p e a r a n c e

o f  t h r e e  d ou b le  l i n k a g e s  b e in g  a s c r ib e d  t o  th e  fo rm a tio n  o f  

t e tr a m e th y le n e  r in g s  in  t h e  rubber hydrocarbon under t h e  i n f l u e n c e  

o f  t h e  c o n c e n tr a te d  a c i d .  These o b s e r v a t io n s  w ere e x p la in e d  by 

r e f e r e n c e  t o  t h e  supposed  Cgo ^ 3 4  ®°^P^rical form ula  f o r  c a o u tc h o u c ,  

an open c h a in  s p i r a l  s t r u c t u r e  b e in g  s u g g e s t e d .  P ro lo n g ed  tr e a tm e n t  

o f  t h e  rubber s o l u t i o n  w ith  c o n c e n tr a te d  a c id  gave a s  f i n a l  prod u ct  

O1 0 H1 4 O, assumed t o  b e  i d e n t i c a l  w ith  t h e  main product o f  t h e  

spontaneous o x id a t io n  o f  t h e  caou tch ou c hyd rocarb on . P ro lon ged  

trea tm en t o f  a b en zen e  s o lu t i o n  o f  rubber w ith  c o n c e n tr a te d  

su lp h u r ic  a c id  gave an a c e to n e  s o lu b l e  r e d d ish  brown su b s ta n c e  

CjgoHgoOg, h a v in g  t h e  p r o p e r t i e s  o f  an a ld eh yd e  a c i d .  P r e c i p i t a t i o n  

o f  t h i s  s u b s ta n c e  from a l c o h o l i c  p o ta sh  s o lu t io n  w ith  d i l u t e  

su lp h u r ic  a c id  gave a product o f  t h e  same e m p ir ic a l  fo rm u la ,

m e l t i n g /
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m e l t in g  a t  9 5 ° - 9 6 °  a f t e r  r e c r y s t a l l i s a t i o n  from a c e t o n e ,r e d u c in g  

P e h l i n g ’ s s o l u t i o n  and y i e l d i n g  a p h e n y l-h y d ra zo n e  which s i n t e r e d  

a t  90® and m e lte d  a t  120®-124®.

O x id a t io n  o f  caou tch ou c  in  g l a c i a l  a c e t i c  a c i d  -  carbon t e t r a ­

c h l o r i d e  s o l u t i o n  w ith  hydrogen  p e r o x id e  was found  by B o s w e l l ,
(7 8 )

McLoughlin and P arker t o  y i e l d  a s  prim ary p rod u ct a su b s ta n c e

h a v in g  t h e  e m p ir ic a l  form ula  O^qH^qO w h ich , on s ta n d in g  in  a i r ,

absorbed  oxygen t o  g i v e  a product OgRH^QOg. T h is  was e x p la in e d

by assum ing t h e  p r e s e n c e  o f  a n u c le u s  in  t h e  caoutchouc

m o le c u le ,  t h e  l o s s  o f  a m o le c u le  o f  i s o p r e n e ,  f o l lo w e d  by t h e

a d d i t io n  o f  oxygen , g i v i n g  r i s e  t o  th e  more h i ,g h ly  oxygen ated

p r o d u c t . A form ula  f o r  caoutchouc was proposed  on t h i s ‘b a s i s

and h a s  a lr e a d y  been r e f e r r e d  t o .  The e v o lu t io n  o f  carbon d io x id e

during t h e  o x id a t io n  was n o te d .

The a c t i o n  o f  p o ta ss iu m  perm anganate, which h a s  proved o f

great v a lu e  a s  an o x i d i s i n g  agen t in  t h e  te r p e n e  branch o f  o rg a n ic
(SO) (79 )

c h e m is tr y ,  h a s  been i n v e s t i g a t e d  by H a r r ie s  and by Van Hossem.

No o x id a t io n  p r o d u c ts  d i r e c t l y  r e l a t e d  to  caou tch ou c w ere i s o l a t e d ,

th e  hydrocarbon  i t s e l f  b e in g  tran sform ed  in t o  an o i l y  m o d i f i c a t io n ,

probably  as  a r e s u l t  o f  p r e l im in a r y  d i s a g g r e g a t io n .  From th e

aqueous l i q u o r s  a f t e r  co m p le t io n  o f  t h e  r e a c t io n  H a r r ie s  se p a r a te d
( 8 0 )

a sm all amount o f  f a t t y  a c i d s .  B o sw e ll  and Hambleton, by 

a g i t a t i n g  a carbon t e t r a c h l o r i d e  s o l u t i o n  o f  caou tch ou c w ith  

aqueous p o ta ss iu m  permanganate fo r  s e v e r a l  d ays , su cceed ed  in  

e f f e c t i n g  o x i d a t i o n ,  a p a s t y  mass h a v in g  th e  c o m p o s it io n  0 g^H^QO 

b ein g  o b t a in e d .  T h is  product resem bled  caoutchouc in  p r o p e r t i e s ,  

b e in g /
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b e in g  i n s o l u b l e  in  a l c o h o l  or  a c e t o n e ,  but s o l u b l e  in  e t h e r ,

carbon  t e t r a c h l o r i d e  and p e tr o le u m  e th e r -  On s ta n d in g  in  a i r

i t  com bined w ith  oxygen , g i v i n g  a s u b s ta n c e  o f  t h e  c o m p o s it io n

®25%0^2* ^& ter s o l u b l e  p r o d u c ts  were s t a t e d  t o  b e  formed in

a d d i t io n  t o  t h e  above but no a ttem p t ap p ears  t o  h ave  been made t o

i s o l a t e  or  c h a r a c t e r i s e  them-

The a c t i o n  o f  p e r b e n z o ic  a c id  on c a o u tc h o u c ,  w ith  fo rm a tio n

o f  a v i s c o u s  o x id e  (OqHaO)? h a s  a lr e a d y  been  r e f e r r e d  t o ,  and
( 6 )

th e  same w o rk ers ,  Pummerer and Burkard, found in  a d d i t io n  t h a t  

th e  f i n a l  r e s u l t  o f  oxygen a b so r p t io n  by v e r y  d i l u t e  caou tch ou c  

s o l u t i o n s  was t h e  same as w ith  t h e  p e r a c id .  C o n cen tra ted  s o l u t i o n s  

o f  caou tch ou c were found t o  absorb g a seo u s  oxygen w ith  extrem e  

s lo w n e ss -  T h is  can be r e a d i l y  u n d ersto o d  on th e  b a s i s  o f  H a r r i e s ’ 

th e o r y  t h a t  t h e  ch em ica l  r e a c t i v i t y  o f  com plex  c o l l o i d s  v a r i e s  

i n v e r s e l y  w ith  t h e i r  d eg ree  o f  a g g r e g a t io n -  T h is  may a l s o  h e lp  

to  e x p la in  some o f  t h e  c o n t r a d ic t o r y  r e s u l t s  q u oted  above-
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EàE3LI%.

THE OXIDATION OF CAOUTCHOUC WITH POTASSIUM PERMANGANATE.H ——

- —   oOo —

The a c t i o n  o f  d i l u t e  aqueous permanganate has been s t u d ie d  by 
(5 0 )  (7 9 )  (80)

H arr ies ,  Van Possem and B o s w e l l ,  o n ly  t h e  l a t t e r  b e in g  a b le

to o b ta in  a prod u ct d e f i n i t e l y  c o n n e c te d  w ith  caoutchouc* The work 

d escr ibed  b en eath  was u n d ertaken  in  o rd er  to  i n v e s t i g a t e  th e  pro­

ducts o b ta in e d  w ith  i n c r e a s in g  p r o p o r t io n s  o f  perm anganate, th e  

products a t  each s ta g e  b e in g  i s o l a t e d  and examined. The o x id a t io n  

has been c a r r i e d  out both  in  aqueous and in  a l k a l i n e  s o l u t i o n ,  

the n e u t r a l  and a c i d i c  p r o d u c ts  b e in g  c o l l e c t e d  and, a s  f a r  as  

p o s s ib le ,  c h a r a c t e r i s e d .

The m a t e r ia l  u sed  was p la n t a t io n  c r e p e  ru b b er , f r e e d  from 

resin  by e x t r a c t i o n  f o r  t e n  hours w ith  a c e to n e  in  a S o x h le t  

apparatus. The d e r e s i n i s e d  rubber was d i s s o l v e d  in  carbon t e t r a ­

c h lo r id e ,  in  t h e  c a s e  o f  th e  m a te r ia l  f o r  t h e  n e u tr a l  o x i d a t i o n s ,  

and in  b en zen e  f o r  th e  o x id a t io n s  in  a l k a l i n e  s o l u t i o n ,  t h e  s o lu t i o n  

heing f i l t e r e d  through g la s s - w o o l  t o  remove th e  i n s o l u b l e  m a tte r .  

S u ff ic ie n t  s o lv e n t  was d i s t i l l e d  o f f  t o  g iv e  an a p p ro x im a te ly  2 

per cen t  s o l u t i o n  o f  ca o u tc h o u c ,  q u a n t i t i e s  o f  t h e  s o l u t i o n  c o n t a in ­

ing as n e a r ly  a s  p o s s i b l e  5 grams o f  hydrocarbon b e in g  u sed  f o r  

©ach o x id a t io n .  The p otass iu m  permanganate s o lu t io n  u se d  throughout  

was o f  1 p er  c e n t  s t r e n g t h ,  an e q u i-m o le c u la r  p r o p o r t io n  o f  c a u s t i c  

potash b e in g  added in  t h e  c a s e  o f  th e  o x id a t io n s  in  a l k a l i n e  s o lu t i o n  

The p ro p o rt io n  o f  permanganate used  was c a l c u l a t e d  on t h e  b a s i s  o f  

one/
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on© atom o f  a v a i l a b l e  oxygen f o r  each C H o f  c a o u tc h o u c ,  th e
10 16 '

p r o p o r t io n  b e in g  3 .8 8  grams KMnO. t o  each 5 grams o f  h yd rocarb on .  

Amounts o f  perm anganate s o l u t i o n  e q u iv a le n t  t o  1, 2,  5 , 4 ,  &c. 

atoms o f  a v a i l a b l e  oxygen were s u c c e s s i v e l y  u se d ,  t h e  w e ig h t  o f  

caoutchouc p r e s e n t  b e in g  red u ced  in  th e  h ig h e r  s t a g e s  o f  th e  

o x id a t io n  ao a s  to  keep t h e  volume o f  t h e  r e a c t io n  m ix tu r e  a t  

about two l i t r e s .  The caou tch ou c and permanganate s o l u t i o n s  were  

mixed in  s to p p e r e d  b o t t l e s  o f  two to  t h r e e  l i t r e s  c a p a c i t y ,  and 

the  w hole  was m e c h a n ic a l ly  shaken a t  room tem p era tu re  u n t i l  o x id a t io n  

was c o m p le te ,  as  shown by th e  d isa p p e a r a n c e  o f  t h e  p u r p le  permanganate  

c o lo u r  in  t h e  aqueous l a y e r .  T h is  o p e r a t io n  r e q u ir e d  t h r e e  or fo u r

days w ith  t h e  s m a l le s t  p r o p o r t io n  o f  perm anganate, t h e  t im e

g ra d u a lly  i n c r e a s in g  w ith  th e  p ro p o r t io n  o f  permanganate u se d ,  two 

to  th r e e  weeks b e in g  n e c e s s a r y  in  th e  h ig h e s t  o x id a t io n s  c a r r i e d  o u t .

The g e n e r a l  p roced u re  employed in  t h e  i s o l a t i o n  o f  t h e  o x id a t io n  

products was t h e  same th r o u g h o u t , th e  r e a c t io n  m ix tu re , b e in g  a l lo w ed  

to stan d  a f t e r  c o m p le t io n  o f  th e  o x id a t io n  u n t i l  s e p a r a t io n  in t o  

two la y e r s  was c o m p le te ,  th e  manganese d io x id e  rem ain ing  in  every  

case  in  t h e  l a y e r  c o n s i s t i n g  o f  th e  o rg a n ic  s o lv e n t  and t h e  d i s s o l v e d  

o x id a tio n  p r o d u c t .  The aqueous la y e r  was removed as  c o m p le te ly  a s  

p o s s ib le  by means o f  a s ip h o n ,  and t h e  manganese d io x id e  was 

separated  from t h e  ben zen e  or carbon t e t r a c h l o r i d e  s o lu t i o n  by 

f i l t r a t i o n ,  a p r o c e s s  which proved v e r y  t e d io u s  in  th e  e a r l i e r

s tages  o f  t h e  o x id a t io n ,  owing t o  th e  v i s c o s i t y  o f  th e  s o l u t i o n .

•This was e s p e c i a l l y  th e  c a s e  w ith  th e  benzene s o lu t i o n s  o f  th e  

a lk a l in e  o x id a t io n  p r o d u c ts .  The r e s id u e  o f  manganese d io x id e  

was/



4 5 .

was washed w ith  th e  s o lv e n t  u se d  d u r in g  t h e  c o r r e s p o n d in g  o x id a t io n  

and was th e n  d r ie d  in  a i r  and powdered, a f u r t h e r  d i g e s t i o n  w ith  

s o lv e n t  h e in g  r e s o r t e d  t o  in  o rd er  t o  remove any adsorbed o x id a t io n  

product* I t  was then  r e p e a t e d ly  e x tr a c te d  w ith  h o t  w a ter  to  

se p a ra te  t r a c e s  o f  s o l u b l e  a c id  s a l t s  and was f i n a l l y  r e j e c t e d .

The f i l t r a t e  c o n t a in i n g  th e  o x id a t io n  product was d r ie d  over  

anhydrous sodium s u lp h a t e ,  t h e  e x t r a c t  from th e  manganese d io x id e  

being added:* The s o lv e n t  was then  p a r t l y  removed by d i s t i l l a t i o n  

I under red u ced  p r e s s u r e  and t h e  o x id a t io n  product was p r e c i p i t a t e d  

j b y  th e  a d d i t io n  o f  a l c o h o l ,  b e in g  o b ta in e d  a s  a w h ite  p a s t y  m ass.

I With i n c r e a s in g  oxygen c o n te n t  t h i s  p r e c i p i t a t i o n  became l e s s  

I com plete , t h e  h ig h e s t  o x id a t io n  p ro d u cts  o n ly  s e t t l i n g  out a f t e r  

I standing f o r  a c o n s id e r a b le  t im e .  With t h e s e  i t  was found n e c e s s a r y  

} to remove p r a c t i c a l l y  th e  w hole o f  t h e  s o lv e n t  b e f o r e  a d d in g  a l c o h o l .

I In a l l  c a s e s  i t  was found a d v i s a b le  to  remove th e  o r i g i n a l  s o lv e n t  

I at th e  lo w e s t  p o s s i b l e  te m p era tu re ,  r é s i n i f i c a t i o n ,  as  in d ic a t e d  

[ by th e  developm ent o f  a y e l lo w  c o l o u r a t io n ,  ta k in g  p l a c e  on h e a t in g  

I to above 50^.

I The p r e c i p i t a t e d  o x id a t io n  product was th o ro u g h ly  washed

I by d é c a n ta t io n  w ith  a lc o h o l  and then  w ith  a c e to n e ,  th e  l a s t  t r a c e s

i of s o lv e n t  b e in g  removed by ev a p o ra t io n  in  vacu o . The f i n a l  product

I  was a c l e a r  sy ru p , s l i g h t l y  y e l lo w  in  th e  low er  o x i d a t io h e ,  c o l o u r l e s s

I in th e  h ig h e r ,  and o f  v a r y in g  s t i c k i n e s s .  I t  was f i n a l l y  d i s s o lv e d

' in l i g h t  p e tr o le u m , a c l e a r  s o lu t i o n  in  each c a s e  b e in g  o b ta in e d .

I t  was found th a t  l i t t l e  change o ccu rred  in  t h e  o x id a t io n

products, even on lo n g  s ta n d in g ,  in  t h i s  s o lv e n t .  T h is  was not

the c a s e  when carbon t e t r a c h l o r i d e  was u se d ,  a s  was d is c o v e r e d  e a r ly  
i n /
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In t h e  i n v e s t i g a t i o n .  On s ta n d in g  f o r  some t im e  in  t h i s  s o l v e n t ,  

th e  f l a s k s  u se d  b e in g  f i l l e d  w ith  carbon d i o x i d e ,  two o f  t h e  f i r s t  

n e u tr a l  o x id a t io n  p r o d u c ts  were fo u n d , on a n a l y s i s ,  t o  g iv e  h ig h e r  

v a lu e s  f o r  oxygen than o t h e r s  which had been d i s s o l v e d  in  p etro leu m  

e th e r .  On exam ination  c h l o r i n e  was found t o  b e  p r e s e n t  in  both  

su b s ta n c e s  t o  th e  e x t e n t  o f  over  16 p er  c e n t .  The g e n e r a l  

appearance o f  t h e s e  c h l o r i n a t e d  p r o d u c ts  was s im i l a r  t o  th a t  o f  

caoutchouc d ih y d r o c h lo r id e .

The o x id a t io n  p r o d u c ts  were p rep ared  f o r  a n a l y s i s  by p ro lo n g ed  

; d e s ic c a t io n  in  vacuo o v er  su lp h u r ic  a c i d ,  exposure  t o  l i g h t  b e in g  

i  avoided and atm osp h eric  oxygen b e in g  e x c lu d e d .

i I t  was found in  ev ery  c a s e  th a t  p a r t i a l  p r e c i p i t a t i o n  o f  th e

} o x id a t io n  p ro d u cts  to o k  p la c e  on s ta n d in g  in  p etro leu m  e th e r  s o l u t i o n ,  

I p r e c i p i t a t i o n  b e in g  v e r y  in c o m p le te  in  t h e  c a s e  o f  t h e  s u b s ta n c e s  

i c o n ta in in g  sm a ll  p r o p o r t io n s  o f  oxygen , and o n ly  o c c u r r in g  on 

I s tand ing  f o r  some t im e .  The h ig h e r  o x id a t io n  p r o d u c t s ,  how ever,

I s e t t l e d  out a f t e r  a few h o u r s ,  th e  removal o f  th e  s o lv e n t  b e in g  

g r e a t ly  f a c i l i t a t e d  by t h e i r  assum ption  o f  a c o h e r e n t  form .

The aqueous l a y e r s  from th e  o r i g i n a l  o x id a t io n  p r o c e s s e s ,

; togeth er  w ith  t h e  c o r r e sp o n d in g  w ash in gs  from t h e  manganese d io x id e

r e s id u e s ,  w ere s a tu r a te d  w ith  carbon d io x id e  to  n e u t r a l i s e  f r e e

; ©Ikali and evap orated  n e a r ly  to  d ryn ess  on t h e  w a te r -b a th .  The

so lu t io n  o f  carbon d io x id e  during  th e  o x id a t io n  o f  caoutchouc has  
: .  (78)

oeen o b served  by B o sw e ll  b u t ,  so f a r  a s  co u ld  be a s c e r t a in e d ,

the aqueous e x t r a c t s  from t h e  n e u t r a l  o x id a t io n s  were o n ly  f a i n t l y

©-Ikaline, so th a t  no d e f i n i t e  cone I t s  ion  as  to  th e  p ro d u ctio n  o f

Carbonic /
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carb on ic  a o id  c o u ld  be drawn. The c o n c e n tr a te d  s o l u t i o n  o f  

p otass iu m  s a l t s  o b ta in e d  by ev a p o r a t io n  was a c i d i f i e d  w ith  d i l u t e  

h y d r o c h lo r ic  a o id ,  s a tu r a t e d  w ith  s a l t ,  and th o r o u g h ly  e x t r a c te d  

with e t h e r .  The e t h e r e a l  e x t r a c t s  were d r ie d  o ver  anhydrous sodium  

s u lp h a te ,  t h e  b u lk  o f  t h e  s o lv e n t  was d i s t i l l e d  o f f ,  and t h e  rem ainder  

was e v a p o ra ted  in  v a c u o . The a c id  e x t r a c t s  from each o x id a t io n  were  

s e p a r a te ly  c o l l e c t e d  and s e t  a s id e  t o  a l lo w  o f  c r y s t a l l i s a t i o n  

tak in g  p la c e #

General P r o p e r t i e s  o f  t h e  O x id a tio n  P r o d u c t s .

The o x id a t io n  p r o d u c ts  o b ta in e d  resem b led  one a n o th e r  in  g e n e r a l  

appearance, v a r y in g  from p a le  y e l l o w ,  o n ly  s l i g h t l y  e l a s t i c ,  s o l i d s  

in th e  lo w e r  s t a g e s  o f  o x i d a t i o n ,  t o  c o l o u r l e s s ,  n o n - e l a s t i c  b r i t t l e  

r e s in s  in  t h e  h ig h e r .  The low er  members were c o m p le te ly  i n s o l u b l e  

in a l c o h o l ,  even r e f l u x i n g  w ith  a lc o h o l  f a i l e d  to  d i s s o l v e  any 

a p p r e c ia b le  amount. The h ig h e r  members, p a r t i c u l a r l y  t h e  t h r e e  

h ig h e s t ,  w ere s o f t e n e d  by a l c o h o l ,  becom ing s e m i - l iq u id  and d i s s o l v i n g

com p le te ly  in  p r e s e n c e  o f  a l i t t l e  carbon t e t r a c h l o r i d e .  They were

r e a d i ly  s o l u b l e  in  e t h e r ,  b en zen e , c h lo r o fo r m , carbon t e t r a c h l o r i d e ,  

and petro leum  ether,* from th e  l a s t  s o lv e n t ,  how ever, more or l e s s  

complete p r e c i p i t a t i o n  to o k  p l a c e  on s t a n d in g ,a s  h as  a lr e a d y  been  

[ re ferred  t o .  They showed no d e f i n i t e  m e l t in g  p o i n t ,  d eco m p o sit io n  

j occurring t o  a g r e a t e r  or l e s s  e x te n t  in  alm ost every  c a s e  on

I h ea t in g .  The p r o p e r ty  o f  s w e l l i n g  in  s o l v e n t s ,  so c h a r a c t e r i s t i c

i of rubber, was shown by a l l ,  th e  ten d en cy  becoming l e s s  w ith  

; Increasin g  oxygen c o n t e n t .  T h is  would i n d i c a t e  a d e c r e a s e  in  

I  molecular c o m p le x ity  w ith  in c r e a s in g  o x id a t io n  and t h i s  i s  borne  

; o u t /
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ut by t h e  v e r y  marked r e d u c t io n  in  v i s c o s i t y  which t a k e s  p l a c e  

uring t h e  a d d i t io n  o f  oxygen . The carbon t e t r a c h l o r i d e  and 

lienzene s o l u t i o n s  o b ta in e d  a f t e r  c o m p le t io n  o f  t h e  permanganate  

iizodations w ere v e r y  much more m o b ile  and l e s s  v i s c o u s  than t h e  

ir ig in a l  s o l u t i o n  o f  c a o u tc h o u c .

A n a ly se s  o f  t h e  v a r io u s  p r o d u c t s ,  t o g e t h e r  w ith  some s p e c i a l  

e t a i l s ,  a r e  g iv e n  b e lo w .  

x id a t io n  in  F e u t r a i  S o l u t i o n .

• One Atom o f  Oxygen per O ipH i^.

T his  was a p a le  y e l lo w  s o l i d ,  s l i g h t l y  e l a s t i c ,  m e l t in g  a t  

40^-145® w ith  s l i g h t  d e c o m p o s it io n .

Analysis :

0.1787 gram s u b s ta n c e  gave 0 .R 098 gram COg î 0*1669 gram H^O*

ip i ls  c o rresp o n d s  t o  a c o m p o s it io n  C = 7 7 .8 1  per c e n t :  H = 10*58 p er  
♦  -

"Î’©nt ! 0 = 11*81 per c e n t .

I lie em p ir ica l form ula  would b e  O g^H^gO^* The c o m p o s it io n  on t h i s  

iiasis  shou ld  be

0 = 7 7 .7 8  p er  c e n t  : H = 10*57 p er  c e n t  : 0 = 1 1 .8 6  per c e n t ,  

fl* Two Atoms o f  Oxygen per

This was a p a l e  y e l lo w  s o l i d ,  s l i g h t l y  e l a s t i c ,  m e l t in g  a t

s l i g h t  d e c o m p o s it io n .

i jn a ly s ls*

0'l799 gram s u b s ta n c e  gave 0 .6 1 0 8  gram COg : 0 .1 6 6 1  gram EgO"

his Corresponds t o  t h e  co m p o s it io n

C = 77*45 p er  c e n t  ; H = 10*20 per c e n t  : 0 = 12*87 p er  c e n t .
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The e m p ir ic a l  form u la  would b e  Og^H^pOg. The c o m p o s it io n  on t h i s  

b a s is  s h o u ld  h e

C = 7 7 .5 2  p er  c e n t  ; H = 1 0 .5 1  p er  c e n t  i 0 = 1 2 .5 7  p er  c e n t .

I I I .  T hree  Atoms o f  Oxygen per

T h is  was a p a l e  y e l lo w  b r i t t l e  s o l i d ,  m e l t in g  a t  1 5 0 ° -1 5 5 °  

with s l i g h t  d e c o m p o s it io n .

A n a ly s is  ;

0*1694 gram s u b s ta n c e  gave 0 .4 7 4 1  gram COg : 0 .1 5 6 5  gram EgO.

This c o r r e sp o n d s  t o  t h e  c o m p o s it io n  

G = 76*52 p er  c e n t  : H = 10*20 per c e n t  ; 0 = 1 5 .6 0  p er  c e n t .

The e m p ir ic a l  form u la  would b e  G^qE^qO^* The c o m p o s it io n  on t h i s  

b a s is  sh o u ld  b e

0 = 7 6 .2 7  per  c e n t  : H = 1 0 .0 2  p er  c e n t  0-*= 15*71 p er  cen t*

IV. Pour Atoms o f  Oxygen per OinEiR.

T his  was a p a le  y e l lo w  b r i t t l e  s o l i d ,  m e l t in g  a t  116^-120®  

with v ery  s l i g h t  d e c o m p o s it io n .

Analysis *

0*2007 gram s u b s ta n c e  gave 0 .5 5 5 4  gram ODg : 0*1792 gram EgO*

Ibis  c o r r e sp o n d s  t o  t h e  co m p o s it io n  

G = 75*22 p er  c e n t  : E = 9*92 per  c e n t  : 0 = 14*86 p e r  cen t*

Ibe em p ir ic a l  form ula  would b e  G E .0  * The c o m p o s it io n  on t h i s20 52 Ô
basis shou ld  b e

0 = 7 6 .0 0  p er  c e n t  : H = 10*00 p er  c e n t  : 0 = 15*00 per c e n t .

E lve Atoms o f  Oxygen per G^pHx^*

This was s i m i l a r  in  appearance t o  IV, m e l t in g  a t  115^ -120°

^^th s l i g h t  d ecom p osit ion *
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A n a l y s i s ;

0*2008 gram s u b s ta n c e  gave 0 .6 4 4 0  gram OOg ! 0 .1 6 2 8  gram HgO.

T his  c o r r e sp o n d s  t o  t h e  c o m p o s it io n

* 0 = 7 5 . 5 9  p er  c e n t  ; H = 1 0 .1 1  p er  c e n t  ; 0^= 1 6 .6 0  p er  c e n t .

The e m p ir ic a l  form u la  would b e  Ô ^Hj-ç^Oj-* The c o m p o s it io n  on t h i s

b a s i s  sh o u ld  b e

0 = 7 5 .4 7  p er  c e n t  : H = 1 0 .2 0  p er  c e n t  ; 0 = 1 6 .5 5  p er  c e n t .

VTTT. E ig h t  Atoms o f  Oxygen p er  ClpHlBt

T h is  was a w h ite  b r i t t l e  s o l i d ,  m e l t in g  a t  110^- 116^ w ith  

very  s l i g h t  d ecom p osit ion *

A n a l y s i s ;

0*1554 gram su b s ta n c e  gave 0*5449 gram OOg • 0*1152 gram EgO*

This c o r r e s p o n d s  t o  t h e  c o m p o s it io n

0 = 69*47 p er  c e n t  ; H = 9*92 p er  c e n t  ; 0 = 21*24 per  c e n t .

The e m p ir ic a l  form ula would b e  0%^E^gOg. The c o m p o s it io n  on t h i s  

b a s is  sh o u ld  be

0 = 69*55 p er  c e n t  : H = 9*27 per c e n t  : 0 = 21*20 p er  c e n t .

O xidation  in  A lk a l in e  S o l u t i o n . 

lA. One Atom o f  Oxygen per  O ip E io *

T h is  was a p a le  y e l lo w  b r i t t l e  s o l i d ,  m e l t in g  a t  about 90°

w ith  no d e c o m p o s it io n .

A n a ly s is  »

0*1488 gram s u b s ta n c e  gave 0*5750 gram OOg : 0*1201 gram EgO*

This c o r r e sp o n d s  t o  t h e  c o m p o s it io n

0 = 68*57 p er  c e n t  : H = 8 .9 7  per  c e n t  ! 0 = 22*66 per  c e n t .

The/
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The e m p ir ic a l  form u la  would be The c o m p e s i t io n  on t h i s

should b e

0 = 6 8 .2 6  p er  c e n t  ; H = 9 .0 0  p er  c e n t  : 0 = 2 2 .7 6  per c e n t .  I

IIA. Two Atoms o f  Oxygen p er  O in H l6"

T h is  was a p a le  y e l lo w  s l i g h t l y  e l a s t i c  s o l i d ,  m e l t in g  a t  |

105^-110^ w ith  v e r y  s l i g h t  d e c o m p o s i t io n .  j

A n a ly s is  ;

0 .2 0 1 4  gram gave 0 .6 6 6 6  gram OOg : 0 .1 8 6 0  gram HgO. T h is  corresponde

to th e  C om position

0 = 7 6 .7 1  p er  c e n t  : H = 1 0 .2 6  p er  c e n t  : 0 = 1 5 .0 5  p er  c e n t .

The e m p ir ic a l  form u la  would b e  Gg^E^QO^. The c o m p o s it io n  on t h i s  

b a s is  sh o u ld  b e

0 = 7 6 .6 4  p er  c e n t  : H = 1 0 .2 9  p er  c e n t  : 0 = 15*17 p er  c e n t .

IITA. Three Atoms o f  Oxygen p er  G iQEi#.

T h is  was a p a l e  y e l lo w  s l i g h t l y  e l a s t i c  s o l i d ,  m e l t in g  a t  

116°-120^ w ith  s l i g h t  d e c o m p o s it io n .

A nalysis  :

0*2055 gram su b s ta n c e  gave 0 .6 6 5 0  gram OOg * 0 .1 8 7 0  gram EgO.

This C orresponds t o  t h e  c o m p o s it io n

0 = 7 5 .9 0  p e r  c e n t  ; H = 10*22 per  c e n t  ; 0 = 15*88 p er  c e n t .

The e m p ir ic a l  form ula  would b e  GggE^^O^. The co m p o s it io n  on t h i s  

b a s is  would b e

G = 7 5 .9 8  p e r  c e n t  : H = 1 0 .0 6  per  c e n t  ; 0 =  1 5 .9 7  p er  c e n t .

TVA. Pour Atoms o f  Oxygen p er  G%pEig.

This  was a p a l e  y e l lo w  b r i t t l e  s o l i d ,  m e l t in g  a t  116^-120^ w ith  

S l i g h t /
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Light d e c o m p o s it io n .  

r # l y s i s ;

0*1511 gram s u b s ta n c e  gave 0 .4 1 4 6  gram OOg î 0 .1 5 6 7  gram HgO. 

bis c o r r e sp o n d s  t o  t h e  c o m p o s it io n

0 = 74*85 p e r  c e n t  ; H = 1 0 .0 6  p er  c e n t  : 0 = 1 5 .1 1  p er  c e n t ,

he e m p ir ic a l  form u la  would b e  O2 0 B 5 2 O5 ' The c o m p o s it io n  on t h i s  

la e is  would b e

lO = 7 5 .0 0  p e r  c e n t  : H = 1 0 .0 0  p er  c e n t  s 0 = 15*00 p er  c e n t .

A* F iv e  Atoms o f  Oxygen p er

This was a p a le  y e l lo w  e l a s t i c  s o l i d ,  m e l t in g  a t  above 190°  

rith c o n s id e r a b le  d e c o m p o s it io n .

Î iS â llB ls  :

0*1401 gram s u b s ta n c e  gave  0 .4 2 8 7  gram OOg : 0 .1 5 9 9  gram HgO* 

*Phis c o rresp o n d s  t o  t h e  c o m p o s it io n

C = 85*45 p e r  c e n t  ; H = 11*09 p er  c e n t  ; 0 = 5 .4 4  p er  c e n t .

îPhe em p ir ic a l  form u la  would b e  GggEggO. The c o m p o s it io n  on t h i s  

basis Would b e

0 = 8 5 .5 5  p er  c e n t  : H = 1 1 .1 1  p er  c e n t  : 0 = 5 .5 6  p er  c e n t .

pIIlA. l i g h t  Atoms o f  Oxygen per  G^pExg*
o o

This was a p a l e  y e l lo w  b r i t t l e  s o l i d ,  m e l t in g  a t  125 -1 5 0  

^ith s l i g h t  d e c o m p o s it io n .

| â S â l Z a i s ;

0*1825 gram s u b s ta n c e  gave 0 .5 0 8 2  gram OOg î 0 .1 6 4 0  gram HgO.

This co rresp on d s  to  th e  c o m p o s it io n

0 = 7 5 . 9 4  p er  c e n t  : H = 9 .9 8  p er  c e n t  5 0 = 1 4 .0 8  p er  c e n t .

The/
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The e m p ir ic a l  form u la  would b e  The c o m p o s i t io n  on t h i s

b a s is  would be

0  = 7 6 .0 6  p er  c e n t  ; H = 9*86 p e r  c e n t  : 0 = 1 4 .0 8  p er  c e n t .

XA.Ten Atoms o f  Oxygen per

T h is  was a w h i t e  b r i t t l e  s o l i d ,  m e l t in g  a t  1 0 0 ° -1 0 2 °  w ith  

s l i g h t  d e c o m p o s it io n .

Analysis ;
*

0*1129 gram s u b s ta n c e  gave  0 .2 6 5 0  gram OOg i 0 .0 8 7 7  gram HgO*

This c o r r e sp o n d s  t o  th e  c o m p o s it io n

0 = 6 5 .5 5  p er  c e n t  : H = 8 .6 5  p er  c e n t  : 0 = 27*84 p er  c e n t .

The e m p ir ic a l  form u la  would b e  G^qH^qO^q* The c o m p o s it io n  on t h i s  

b a sis  sh o u ld  b e

0 = 6 5 .5 8  p er  c e n t  ; H = 8 .4 5  per  c e n t  ; 0 = 28*19 per c e n t .

The p r e c e d in g  r e s u l t s  show t h a t  w ith  t h e  n e u t r a l  o x id a t io n  

s e r ie s  th e  oxygen c o n te n t  in c r e a s e d  s t e a d i l y  from member t o  member, 

theproducts o b ta in e d  b e in g  g e n e r a l l y  v e r y  s i m i l a r .  In t h e  

a lk a l in e  s e r i e s  t h e r e  were c o n s id e r a b le  i r r e g u l a r i t i e s ,  IIA show ing  

a lower oxygen c o n t e n t  th a t  lA or I I I A ,  and va h a v in g  th e  lo w e s t  

proportion o f  oxygen o f  any member o f  th e  s e r i e s .  These  

i r r e g u l a r i t i e s  w ere n o t  a c c i d e n t a l ,  a n a ly s e s  o f  d u p l i c a t e  p r e p a r a t io n s ,  

and a l s o  o f  sam ples o f  caoutchouc su b m itted  to  a c o n t in u o u s  s t a g e  by  

stage o x id a t io n ,  show ing r e s u l t s  in  good agreem ent. The apparent  

discrepancy can b e  e x p la in e d  by assum ing th e  f i s s i o n  o f  a more h i g h l y  

oxygenated p o r t io n  from th e  caoutchouc m o le c u le  under th e  i n f l u e n c e  

of the  a l k a l i n e  perm anganate, l e a v i n g  a more u n sa tu r a te d  r e s i d u e .

This i s  borne out by th e  n a tu r e  o f  t h e  a c id ic  p ro d u cts  from t h e  

a-lkaline/
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a lk a l in e  o x i d a t i o n ,  an a p p r e c ia b le  amount o f  l a e v u l i n i c  a c id  b e in g  

i s o la t e d  from them . The r a t i o  o f  carbon  t o  hydrogen in  caou tch ou c  

(jis m a in ta in ed  th rou gh ou t th e  s e r i e s ,  th e  lo w e s t  carb on -h ydrogen  

fratio  b e in g  7 .2 6  in  th e  c a s e  o f  V, t h e  h ig h e s t  7 .6 2  in  th e  c a s e  o f  

A, most o f  t h e  o t h e r s  b e in g  w i t h in  0 .1  o f  th e  c a l c u l a t e d  v a lu e  

|7*5. T h is  would i n d i c a t e  t h a t  t h e  o x id a t io n  p r o d u c ts  a re  i n t i m a t e l y  

Irelated t o  t h e  p a ren t  h yd rocarb on .

'Chemical P r o p e r t i e s  o f  t h e  O x id a t io n  Product s !

The o x id a t io n  p r o d u c ts  w ere , w ith o u t  e x c e p t io n ,  n e u t r a l ,  b e in g  

■unacted on by d i l u t e  a l k a l i .  Theyviere u n sa tu r a te d  t o  brom ine and 

were a l l  a c t e d  on by aqueous a l k a l i n e  perm anganate, t h e  h ig h e r  

members, how e v e r ,  w ere a c te d  on o n ly  s lo w ly  by t h i s  r e a g e n t .  The 

presence o f  a ld e h y d ic  or k e to n ic  g ro u p in g s  was t e s t e d  f o r  by 

ref lu x in g  p o r t io n s  o f  t h e  o x id a t io n  p ro d u cts  w ith  a l c o h o l ,  th e  

a lcoh o lic  e x t r a c t s  gave no r e a c t i o n s  f o r  a ld eh y d es  w ith  S c h i f f ’ s 

reagent, P e h l i n g ’ s s o l u t i o n ,  or ammoniacal s i l v e r  o x id e ,  and d id  

not form sem icarb azon ee  when t r e a t e d  w ith  sem ic a r b a z id e  hydro­

ch lor id e . I t  was t h e r e f o r e  c o n c lu d e d  th a t  t h e  oxygen was p r e s e n t  

either in  th e  form o f  h y d ro x y l groups or in  th e  an h yd rid e  form, t h e  

oxidation p r o d u c ts  b e in g  e i t h e r  a l c o h o l s  o f  v e r y  h ig h  m o le c u la r  

height, or in n e r  o x i d e s .  To t e s t  f o r  th e  p r e s e n c e  o f  h yd ro x y l groups  

the o x id a t io n  p r o d u c ts  were h e a te d  w ith  m e t a l l i c  sodium in  dry  

benzene s o l u t i o n .  Wo e v o lu t io n  o f  hydrogen co u ld  b e  d e t e c t e d  but  

r é s in i f i c a t io n  s lo w ly  to o k  p la c e -  As t h i s  u s u a l l y  happens when

^nsaturated s u b s ta n c e s  a re  s i m i l a r l y  t r e a t e d ,  no c o n c lu s io n  c o u ld  
.  _ (2)

drawn,regard b e in g  had to  t h e  work o f  H a r r ie s ,  p r e v io u s ly

referred /
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erred t o ,  on t h e  c h e m ic a l  i n e r t n e s s  o f  com plex c o l l o i d a l  a g g r e g a t e s ,  

:)re e s p e c i a l l y  in  p r e s e n c e  o f  a p o ly m e r is in g  agent such a s  sodium .

1 6  a c t io n  o f  g a seo u s  h y d r o c h lo r ic  a c id  on a g l a c i a l  a c e t i c  a c i d -  

her s o l u t i o n  o f  t h e  o x id a t io n  p r o d u c ts  was th en  i n v e s t i g a t e d .  

n s id e r a b le  d e c o m p o s it io n  to o k  p l a c e  as  in d ic a t e d  by t h e  d ark en in g  

f  the  r e a c t i o n  m ix tu r e ,  even when c o o le d  in  i c e ,  t h i s  b e in g  most 

p t io e a b le  in  t h e  c a s e  o f  t h e  h ig h e r  o x id a t io n  p r o d u c t s .  A f te r  

emoval o f  t h e  s o l v e n t s  in  vacuo and p u r i f i c a t i o n  o f  t h e  r e s id u e  

y s o lu t io n  in  b o i l i n g  e t h y l  a c e t a t e ,  a w h ite  powdery s o l i d  was 

J t ta in e d ,  c l o s e l y  r e se m b lin g  th e  d ih y d r o c h lo r id e  o f  caoutchouc and 

jelting about t h e  same tem p e r a tu r e ,  115 -120^* T h is  would i n d i c a t e  

that th e  o x id a t io n  p r o d u c ts  a r e  s t i l l  c l o s e l y  r e l a t e d  t o  t h e  o r i g i n a l  

caoutchouc, though  in  vfhat way i s  n ot c l e a r  so f a r  as  t h i s  method o f  

(attack i s  c o n c e r n e d .  A ttem pts to  form p -n i tr o b e n z o a te s ^ b y  h e a t in g  

Jthe o x id a t io n  p r o d u c ts  w ith  p - n i t r o b e n z o y l  c h l o r i d e  in  p y r id in e  

iBoIution^gave o n ly  s t i c k y  r e s i n s ,  which c lu n g  t e n a c i o u s l y  t o  th e  

Ip-riitrobenzoic a c id  formed a f t e r  t h e  removal o f  p y r id in e  w ith  d i l u t e  

pulphuric a c i d .  S im i la r  a t te m p ts  to  form p h en y lu re th a n es  by h e a t ih g  

i^ith phenyl i s o c y a n a t e  in  b en zen e  s o lu t i o n  w ere a l s o  u n s u c c e s s f u l .  

[Determinations o f  t h e  brom ine u n s a tu r a t io n  c a p a c i t y ,  how ever, gave  

:Bome in d i c a t i o n  o f  t h e  n a tu r e  o f  th e  o x id a t io n  p r o d u c ts .

B£ominfl.tion  o f  th e  O xidation  P ro d u cts .

The p rop ortion  o f  bromine taken up in  chloroform  s o lu t io n  cannot 

be a ccu ra te ly  determ ined by o b serv a tio n s o f  co lo u r  ch an ges, th e  

addition o f a few drops o f  th e  reagent to  s o lu t io n s  o f  th e  h igh er  

oxidation p rod u cts alm ost Im m ediately producing a brownish c o lo u r a t io n .
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The us© o f  an e x t e r n a l  i n d i c a t o r ,  such as  s ta r c h -p o ta s s iu m  i o d i d e ,

is  u n s a t i s f a c t o r y  s i n c e  s u b s t i t u t i o n  o ccu rs  i f  t h e  t i t r a t i o n  be
(17)

prolonged. The method employed by G la d sto n e  and H ib b ert  i n  t h e i r  

i le te r m in a t io n s  o f  t h e  brom ine a d d i t i o n  c a p a c i t y  o f  caou tch ou c was 

[ised, a d i l u t e  s o l u t i o n  o f  t h e  o x id a t io n  product in  c h lo ro fo rm  b e in g  

reated  w ith  a m easured volume o f  a one per c e n t  s o l u t i o n  o f  brom ine  

in c h lo r o fo r m , t h e  a d d i t io n  o f  e x c e s s  o f  brom ine b e in g  ensured  by 

he u se  o f  s ta r c h - p o ta s s iu m  i o d i d e  paper a s  e x t e r n a l  i n d i c a t o r .

The r e a c t i o n s  w ere c a r r i e d  out a t  0 ° ,  t h e  m ix tu r e  b e in g  w e l l  shaken  

after th e  a d d i t io n  o f  th e  brom ine and a l lo w e d  t o  s tan d  f o r  f i v e  

ninutes. E x cess  o f  a s t r o n g  aqueous s o l u t i o n  o f  p o ta ss iu m  io d id e  

ffas then added, th e  m ix tu r e  was shaken so a s  to  en sure  c o m p le te  

absorption o f  r e s i d u a l  brom ine, and t h e  l i b e r a t e d  i o d in e  was 

Immediately t i t r a t e d  w ith  s ta n d a rd  sodium t h i o s u l p h a t e ,  u s in g  

starch s o lu t i o n  a s  i n d i c a t o r .  Carbon t e t r a c h l o r i d e  was t r i e d  as  

solvent but was found t o  be u s e l e s s ,  th e  brom inated  p ro d u cts  b e in g  

p r a c t ic a l ly  i n s o l u b l e  in  i t ,  form in g  a f l o c c u l e n t  p r e c i p i t a t e  which  

tendered t i t r a t i o n  e x trem e ly  d i f f i c u l t .  I t  has  been shown by v a r io u s  

Porkers th a t  i o d i n e  i s  o n ly  v e r y  s lo w ly  ab sorbed , even by caou tch ou c  

I t s e l f , i n  d i l u t e  s o l u t i o n ,  and c o u ld  n o t  th u s  in tr o d u c e  any a p p r e c ia b le  

prror in to  th e  d e t e r m in a t io n s .  The d is a g g r e g a t in g  e f f e c t  o f  t h e  

51’omine on th e  c h lo r o fo r m  s o l u t i o n s  o f  th e  o x id a t io n  p ro d u cts  was 

^f®ry marked, t h e  v i s c o s i t y  o f  th e  o r i g i n a l  s o l u t i o n s  d isa p p e a r in g  

I immediately on i t s  a d d i t i o n .  The ch lo ro fo rm  s o l u t i o n s  o f  t h e  

dominated p r o d u c ts  were p e r f e c t l y  f l u i d .  Wo a p p r e c ia b le  amount 

hydrobromic a c id  was form ed, as  was v e r i f i e d  by t i t r a t i o n  o f  
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be f i n a l  r e a c t i o n  m ix tu r e  w ith  q u a rter -n o rm a l c a u s t i c  s o d .  On 

standing, h ow ever , in  a lm ost every  c a s e ,  d e c o m p o s it io n  to o k  p la c e  

n th e  t i t r a t e d  s o l u t i o n s ,  i o d i n e  b e in g  l i b e r a t e d  and th e  s o l u t i o n s  

becoming a c i d .  Only t h e  two f i r s t  o x id a t io n  p r o d u c ts  in  each  

iieries gave s t a b l e  a d d i t io n  p r o d u c t s .  A f te r  s e p a r a t in g  and 

trying th e  ch lo r o fo r m  s o l u t i o n s  o f  t h e  l a t t e r ,  t h e  brom inated  

products w ere o b ta in e d  as  w h ite  eandy powders by p r e c i p i t a t i o n  w ith  

h lo o h o l.  They h ave  n o t  been f u r t h e r  exam ined. S e v e r a l  s e r i e s  o f  

4i)rominations w ere c a r r i e d  o u t ,  t h e  r e s u l t s  b e in g  in  f a i r  agreem en t. 

Jbe s o lv e n t  would appear to  h ave  some i n f l u e n c e  on th e  c o u r s e  o f  

;he r e a c t io n ,  . th e  b r o m in a t io n s  c a r r i e d  out in  carbon t e t r a c h l o r i d e

^solution
'(

\ Results

g iv in g  u n ifo r m ly  low r e s t l t s .  

o f  t h e  Brom ination  o f  t h e  O x id a tio n P rodu cts  1

i Product. E m pirical
Formula.

Gms.Bromine absorbed Gms. B r . uer Gram
uer gram o f  Product* M o l.P r o d u c t .

I. ^35^56^4 1 .7 9 967

:ÏI. ^25^40^5 1 .6 6 647

i l l .  ̂30^48^4 1 .6 5 779
IV.

^20^32^3 1 .4 5 464

 ̂30%0^5 1 .4 2 696

0 H 0 
35 56 8 1 .4 2 858

'ÎA. C _ • H I— 0 _ 1 .8 8 793

ÏIA.
24 38 6 *

^31^50^4 1"65 802

IIIA.
 ̂29^46^4 1 .4 0 641

I?A. 0 H 0 
20 32 3

1 .4 6 467 .
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R e s u lt s  o f  t h e  B rom ination  o f  t h e  o x id a t io n  p r o d u c ts  fO o n td .) 

Produc t

VA.

VIIIA

XA.

E m p ir ica l
Form ula .

^ 36^ 56^5

^ 30^48^10

Gms. Bromine absorbed  Gms. Br. p er  Gram 
per  gram o f  P r o d u c t . M ol. P ro d u ct .

1 .9 7

1 .5 4

1 .5 8

567

875

897-

The ap p rox im ate  e m p ir ic a l  fo rm u la e  o f  t h e s e  p ro d u cts  would b e ,  

assuming t h e  g e n e r a l  s t r u c t u r e  to  be m o n o -c y c l ic  and o f  t h e  ty p e

^n^2 n •

I. ^35^56^4®^12 or Gg^BsgfoHlgBrigO !

TA. ^24^38'^6®^10 or 0 2 4 8 3 2 ^OH)gBr1 0 .

TI. G 86^400gBr8 or G2 3 Hg8 (OH) gBrgO !

IIA. G3i Hso04®^10 or 0 3 1 8 4 7 ÔH)gBrioO :

I I I . G 3 0 8 4 8 0 4 8 ^ 1 0 or G3o845(OH)gBrioO :

IIIA. ^29^46^4^^8 or ^29®44^‘̂ ^^2®^8^2

IV. GgwBggOgBrg or GgoBgofOHjgBrgO s

I VA. ^ 2 0 ^ 3 2 0 3 ^ ^ 6
or G2 0 8 3 0 0̂ H)gBrgO

V. GëoBSOOsBrg ^ or G30H45(0H)5Brg :

VA. G 8 0 8 3 2 O Br? or G2 0 8 3 1 (OH) Br?

V l l l .
^35®56^8^^11 or  ̂35^49 (^ ^ V ^ ^ ll^  '

VIIIA. ®36^56^5^^11 or G36%3(^^^3^^11^2

Xa.
0 3 0 8 4 8 0 1 0 8 ^ 1 1 or G 3 0 8 3 8 (0 8 ) iQ B r ii .
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Prom t h e s e  r e s u l t s  i t  would appear t h a t  th e  o x id a t io n  

products  may h e  regard ed  a s  hydroxy compounds, a t  l e a s t  a f t e r  

b rom in ation , and t h e r e f o r e  p ro b a b ly  p o s s e s s  an i n i t i a l  hydroxy  

s t r u c t u r e .  The oxygen ca n n o t  be  p r e s e n t  in  k e to n ic  or a ld e h y d ic  

form, s i n c e  such  p r o d u c ts  would o n ly  r e q u ir e  h a l f  as  much brom ine  

fo r  s a t u r a t i o n  as th a t  a c t u a l l y  a b so r b e d . T h is  a l s o  a p p l i e s  t o  

an in n e r  o x id e  s t r u c t u r e ,  u n l e s s  r u p tu r e  o f  t h e  oxygen l in k a g e s  

by th e  brom ine b e  assum ed, w hich  i s  n ot so probable*  In any c a s e  

the b rom inated  o x id a t io n  p r o d u c ts  would h ave  t h e  g e n e r a l  s t r u c t u r e  

of h i ^ l y  com plex  c y c l i c  b rom o-hydrina . T hese s u b s ta n c e s  would  

probably b e  v e r y  u n s t a b l e ,  and t h i s  i s  borne out by t h e  r a p id  

decom p osit ion  o f  most o f  t h e  brom inated  p r o d u c ts ,  brom ine b e in g  

s p l i t  o f f  and t h e  r e a c t i o n  m ix tu r e s  becom ing a c i d .  I t  i s  

i n t e r e s t i n g  t o  n o t e  th a t  w h i le  IV and IVA a r e  a lm ost  i d e n t i c a l  

in  m e l t in g  p o i n t ,  c o m p o s it io n  and brom ine s a t u r a t io n  c a p a c i t y ,

V and VA a r e  q u i t e  d i f f e r e n t  in  t h e s e  r e s p e c t s ,  th e  l a t t e r  b e in g  

ap p aren tly  more n e a r l y  r e l a t e d  to  th e  p aren t c a o u tc h o u c .  On t h e  

other hand i l l  and IIIA  a r e  o f  n e a r ly  th e  same e m p ir ic a l  com­

p o s i t i o n ,  but d i f f e r  in  m e l t in g  p o in t  and in  bromine s a t u r a t io n  

c a p a c i ty .  T h ese  f a c t s  seem t o  p o in t  t o  th e  c o n c lu s io n  th a t  

caoutchouc i s  much more com plex than  i s  e x p r e sse d  by th e  

formula, t h i s  i s  in  agreem ent w ith  t h e  form ation  o f  a s a tu r a te d

hydrocarbon in  t h e  p y r o l y s i s  o f  h y d ro -ca o u tch o u c ,  as
50 102  (6 4 )  (7 )

noted by S ta u d in g e r ,  and Pummerer and Koch. S ta u d in g er  ( l o o .

c i t . )  has e x p r e s se d  t h e  o p in io n  t h a t  t h e  caoutchouc m o le c u le  i s

V ery /
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very l a r g e ,  c o n t a in i n g  p o s s i b l y  100 or  more i s o p r e n e  n u c l e i ,  a

hydrocarbon c a p a b le  o f  g i v i n g  r i s e  t o  t h e  prod u ct by

sim ple f i s s i o n  b e in g  n e c e s s a r i l y  o f  a h ig h  o rd er  o f  c o m p le x i t y .

I f  th e  o x id a t io n  p r o d u c ts  d e s c r ib e d  above b e  e x p r e s se d  as  o f

the ty p e  (C-H ) 0 which i s  a p p ro x im a te ly  c o r r e c t  a s  r e g a r d s  n 8 X y
carbon and h y d ro g en , t h e  lo w e s t  common m u l t i p l e  o f  t h e  v a lu e s  o f  

I  i s  found to  b e  4 20- T h is  would g iv e  a t o t a l  o f  420 i s o p r e n e
X
n u c le i  in  a ca ou tch ou c  com p lex , c a p a b le  o f  g i v i n g  r i s e  t o  any one  

of th e  v a r io u s  o x id a t io n  p r o d u c ts  by s im p le  a d d i t io n  o f  o x y g en .

This, how ever , i s  p u r e ly  c o n j e c t u r e ,  th e  n a tu r e  o f  th e  o x id a t io n  

products b e in g  such a s  t o  r e n d e r  i n a p p l i c a b l e  a l l  o r d in a r y  c r i t e r i a  

of p u r i ty  or  c h e m ic a l  i n d i v i d u a l i t y .

I s o la t io n  o f  t h e  A cid  P ro d u cts  o f  o x i d a t i o n :

As a lr e a d y  s t a t e d  t h e  a c i d i c  p r o d u c ts  o f  each separ& te  

ox id ation  w ere c o l l e c t e d  and s e t  a s i d e .  On c o m p le t in g  t h e  s e r i e s  

It was found th a t  t h e  q u a n t i t y  from each s t a g e  was n ot s u f f i c i e n t  

to a llow  o f  each b e in g  worked up s e p a r a t e l y ,  t h e  p r o d u c ts  o f  th e  

neutral o x i d a t i o n  w ere t h e r e f o r e  com bined, a s  were a l s o  t h o s e  

of the  a l k a l i n e  o x i d a t i o n .  The two s e r i e s  were th en  s e p a r a t e ly

in v e s t ig a te d .

M id P roducts  o f  t h e  H e u tr a l  O x id a t io n s .

A l l  o f  t h e s e  on s ta n d in g  d e p o s i t e d  c r y s t a l s  in  v a r y in g  am ounts,  

these were removed from t h e  m other l iq u o r  by f i l t r a t i o n ,  washed  

with e th e r ,  and s e p a r a t e ly  exam ined. As t h e  r e s i d u a l  p r o d u c t .

Which was dark r e d  in  c o l o u r ,  v i s c o u s  and somewhat s t i c k y ,  

obviously c o n t a in e d  a c o n s id e r a b le  p r o p o r t io n  o f  r e s i n  a c i d s ,

Which/
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which would decompose on d i s t i l l a t i o n ,  i t  was d e c id e d  t o  e e t e r i f y  

i t .  T h is  was done by n e u t r a l i s i n g  as  e x a c t l y  a s  p o s s i b l e  w ith  

aqueous sodium c a r b o n a te ,  t h e  r e s u l t i n g  s o lu t i o n  b e in g  ev a p orated  

to  d r y n e ss  and t h e  mixed sodium s a l t s  d r ie d  in  vacuo* E s t é r i f i c a t i o n  

was th en  c a r r i e d  out by r e f l u x i n g  th e  sodium s a l t s  w ith  e t h y l  io d id e  

in  drÿ b en zen e  s o l u t i o n  f o r  two d a y s .  The m ix tu r e  was f i l t e r e d  

to  remove sodium i o d i d e ,  and was th e n  d i s t i l l e d  under atm osp h eric  

p r e s s u r e ,  two f r a c t i o n s  b e in g  c o l l e c t e d ,  one b o i l i n g  below  6 0 ° ,  

th e  o th e r  betw een  6 0°  and 1 0 0 ° .  F r a c t io n a t io n  o f  t h e  f i r s t  gave  

a d i s t i l l a t e  b o i l i n g  a t  54^ -86^ , a p le a s a n t  s m e l l in g  l i q u i d  which  

gave form ic  a c id  on h y d r o l y s i s  w ith  a l c o h o l i c  p o ta sh  and a c i d i f i ­

c a t io n  o f  t h e  p o ta ss iu m  s a l t .  The f r a c t i o n  b o i l i n g  betw een 60°  

and 100°  was f u r t h e r  s e p a r a te d  by f r a c t i o n a t i o n  i n t o  unchanged  

eth y l i o d i d e  and a l i q u i d  b o i l i n g  a t  7 5 ^ -8 0 ° ,  s m e l l in g  o f  e th y l  

a c e t a t e  and g i v i n g  a c e t i c  a c id  on h y d r o l y s i s ,  t h e  l a t t e r  b e in g  

d e f i n i t e l y  i d e n t i f i e d  by i t s  c o n v e r s io n  in t o  a c e t a n i l i d e *

D i s t i l l a t i o n  was th en  c o n t in u e d  a t  14 mm. p r e s s u r e ,  a f r a c t i o n
O Q

b o i l i n g  betw een  100 and 130 b e in g  o b ta in e d .  Above t h i s  tem pera­

tu re  p r a c t i c a l l y  n o th in g  came o v e r ,  d e c o m p o sit io n  o f  t h e  r e s id u e  

of r e s i n  e s t e r s  b e in g  i n d ic a t e d  by d arken ing  in  c o lo u r  and t h e  

appearance o f  t r a c e s  o f  m o is tu r e  in  th e  d i s t i l l i n g  f l a s k .  T h is  

r e s id u e  c o u ld  n o t  b e  d i s t i l l e d  even in  a h ig h  vacuum, b e in g  

e v id e n t ly  com plex  in  c h a r a c t e r .  To s e p a r a te  th e  r e s i n  a c id  or  

acid s  t h e  r e s i d u e  was h y d r o ly se d  w ith  a l c o h o l i c  p o ta sh ,  t h e  e x c e s s  

of a l k a l i  was th e n  removed by s a t u r a t in g  w ith  carbon d i o x i d e .  A f te r  

d i s t i l l i n g  o f f  most o f  t h e  m ethyl a lc o h o l  t h e  m ix tu re  was d i l u t e d  

W ith/
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with w a te r ,  a c i d i f i e d  w ith  d i l u t e  h y d r o c h lo r ic  a c i d ,  and f i l t e r e d .  

The p r e c i p i t a t e d  r e s i n  a c id  was washed w ith  w a te r ,  r e d i s s o l v e d  in  

d i lu te  aqueous sodium c a r b o n a te ,  and r e p r e c i p i t a t e d  by th e  a d d i t io n  

of d i l u t e  h y d r o c h lo r ic  a c i d .  A f te r  f i l t r a t i o n  and thorough w ashing  

with h ot w a ter  i t  was d r ie d  in  v a cu o , t h e  f i n a l  product b e in g  a 

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

so lu b le  in  a l c o h o l ,  e t h e r ,  and a c e to n e ,  and in  d i l u t e  aqueous sodium  

carbonate and b ic a r b o n a te -  

Analysis o f  t h e  R es in  A c id -

0.1547 gram s u b s ta n c e  g a v e . 0 -5 7 6 0  gram OOg • 0 .0 9 8 2  gram HgO- 

!’h is  c o r r e sp o n d s  to  th e  c o m p o s it io n

0 = 6 6 .3 2  p er  c e n t  ; H = 7 .0 6  p er  c e n t  : 0 = 2 6 .6 2  per  c e n t .

'he e m p ir ic a l  form ula  on t h i s  b a s i s  would b e  g iv in g  a

composition c o r r e s p o n d in g  to

0 = 6 6 .1 8  p er  c e n t  : H = 6 .9 6  p er  c e n t  ; 9 = 2 6 .8 6  per c e n t .

In order t o  d e te r m in e ,  i f  p o s s i b l e ,  t h e  approxim ate m o le c u la r  

weight o f  t h i s  p r o d u c t ,  m e t a l l i c  s a l t s  were prepared w ith  a v iew  

to a n a l y s i s .  I t  was found th a t  th e  s i l v e r ,  ca lc iu m  and barium s a l t s  

Were u n s u i t a b le ,  t h e  f i r s t  g iv in g  an u n s t a b le  product which q u ic k ly  

decomposed on exp osure  t o  l i g h t ,  th e  second and t h ir d  gave f l o c c u l e n t  

p r e c ip ita te s  w hich would n o t  s e t t l e  out and f i l t e r e d  w ith  extreme  

slowness. The le a d  s a l t ,  prepared  by adding le a d  a c e t a t e  s o lu t io n  

a n e u tr a l  s o l u t i o n  o f  t h e  ammonium s a l t  o f  th e  r e s i n  a c i d ,  s e t t l e d  

ont Well and c o u ld  b e  th o r o u g h ly  washed by d é c a n ta t io n  b e f o r e

f i l t e r in g ,  i t  was washed on t h e  f i l t e r  t i l l  f r e e  from le a d  s a l t s

was then d r ie d  in  vacuo and a n a ly s e d ,  th e  le a d  b e in g  determ ined as  

®nlphate by e v a p o r a t io n  w ith  c o n c e n tr a te d  su lp h u r ic  a c i d .  The r e s u l t  o f  

a n a l y s i s /
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a n a ly s i s  was as  f o l l o w s :

0 .3 6 2 9  gram l e a d  s a l t  g ave  0 .1 0 4 3  gram PbSO^. P e r c e n ta g e  o f

lead  = 1 9 * 6 3 .  Assuming t h e  a c i d  t o  b e  d i b a s i c ,  t h i s  would

g iv e  a m o le c u la r  w e ig h t  o f  1 055-205  = 8 5 0 .  The m o le c u la r  w e igh t

of th e  a c i d ,  assum ing th e  form u la  0 . would b e  8 3 4 ,  in  f a i r45 r?o 14
agreem ent. The a c i d  was c o l l o i d a l  in  c h a r a c t e r ,  u n d erg o in g  marked 

shrinkage on d r y in g ,  in  a c c o r d a n c e  w ith  t h e  u s u a l  b e h a v io u r  o f  g e l s  

on removal o f  s o l v e n t .

The f r a c t i o n  d eB cr ib ed  ab ove , b o i l i n g  a t  1 0 0 ^ -Ï3 0 °  a t  14 mm. 

p r e s su r e ,  was f r a c t i o n a t e d  under o r d in a r y  p r e s s u r e ,  b e in g  f i n a l l y  

sep arated  i n t o  two p o r t io n s  b o i l i n g  a t  185°-188^  and 1 9 8 ° -2 0 5 °  

r e s p e c t i v e l y .  The f i r s t  f r a c t i o n ,  on h y d r o l y s i s  and e x t r a c t i o n  

of th e  a c id  w ith  e t h e r ,  was found t o  c o n s i s t  o f  e t h y l  o x a l a t e ,  

the a c id  b e in g  i d e n t i f i e d  by i t s  m e l t in g  p o in t  (189°  f o r  t h e  

anhydrous a c i d ) ,  by a n a l y s i s  o f  i t s  c a lc iu m  s a l t  and b y  t h e  

p rep aration  o f  o x a n i l i d e ,  M .P .255°  by h e a t in g  w ith  a n i l i n e .  The 

c r y s t a l l i n e  p rod u ct s e p a r a te d ,  as  a lr e a d y  m en tio n ed , from th e  

o r ig in a l  m ix tt ire  o f  a c i d s ,  was a l s o  found t o  be o x a l i c  a c i d ,  a 

fu r th er  sm a ll  q u a n t i t y  o f  th e  a c id  b e in g  s e p a r a te d  from th e  

f i l t r a t e  a f t e r  f i n a l  removal o f  t h e  r e s i n  a c id  d e s c r ib e d  ab ove .

The f r a c t i o n  o f  e s t e r  b o i l i n g  a t  1 9 8 ° -2 0 5 °  gave on h y d r o l y s i s ,  

a c i t i f i c a t i o n  o f  t h e  r e a c t io n  m ix tu r e  and subsequent e x t r a c t io n  

with e t h e r ,  a t h i c k  y e l lo w  syrup which d e p o s i t e d  c r y s t a l s  a f t e r  

removal o f  s o lv e n t  and c o o l i n g  in  i c e .  These c r y s t a l s  m e lte d  a t  

25 -3 0 °  and w ere e x trem e ly  s o lu b l e  in  w a te r .  The s i l v e r  s a l t ,  

p rep ared /
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prepared from t h e  n e u t r a l  ammonium s a l t  o f  t h e  a c i d ,  was a w h i t e  

s o l i d ,  c r y s t a l l i s i n g  in  l e a f l e t s  from hot w a te r .  A specim en gave  

on a n a l y s i s  t h e  f o l l o w i n g  r e s u l t s  0 .2 5 5 0  gram s a l t  gave  0 .1 2 4 5  gram 

Ag. Î 0 .2 5 0 1  gram 00  : 0 .0 6 8 9  gram HgO. T h is  c o r r e sp o n d s  to

the c o m p o s i t io n  Ag = 4 8 .7 4  p er  c e n t  ; 0 = 2 6 .7 5  p er  c e n t  ;

H = 3 .0 2  p e r  c e n t  : 0 = 2 1 .4 9  p er  c e n t .  T h is  would g iv e  an

em p ir ica l fo rm u la  OgH^O^Ag. T h is  would r e q u ir e  th e  c o m p o s it io n  

Ag = 4 8 .4 1  p er  c e n t  ; 0 = 2 6 .9 1  p er  c e n t  ; H = 3 .1 4  p er  c e n t  :
■

0 = 2 1 .5 4  p er  c e n t .  The a c id  was t h e r e f o r e  p ro b a b ly  l a e v u l i n i c

acid G-H O , a p rod u ct w hich  m ight r e a s o n a b ly  b e  e x p e c te d  t o  occuro o S
in th e  o x id a t io n  p r o d u c ts  o f  c a o u tc h o u c .

The rem ainder o f  th e  a c id  was p u r i f i e d  by c o n v e r s io n  in t o  

the s i l v e r  s a l t ;  t h e  l a t t e r ,  a f t e r  b e in g  p u r i f i e d  by r e c r y s t a l l i s a t i o n  

from h ot w a te r ,  was suspended in  w ater  and decomposed by p a s s in g  in  

hydrogen s u l p h i d e .  A f te r  rem oval o f  s i l v e r  s u lp h id e  by f i l t r a t i o n ,  

the aqueous s o l u t i o n  o f  th e  a c id  was c o n c e n tr a te d  by e v a p o r a t io n ,  

the r e s id u e  b e in g  d r ie d  in  v a c u o . Ho s a t i s f a c t o r y  m e l t in g  p o in t  

could be o b t a in e d ,  but t h e  a c id  was p o s i t i v e l y  i d e n t i f i e d  by 

Converting i t  i n t o  i t s  sem ica rb a zo n e .  T h is  wa.s prepared  by wa,rming 

an aqueous s o l u t i o n  o f  th e  sodium s a l t  o f  t h e  a c id  w ith  sem ic a r b a z id e  

h yd roch lor id e . The sem icarb azon e was a lm ost im m ed ia te ly  p r e c i p i t a t e d ,  

and a f t e r  s ta n d in g  f o r  some t im e  was f i l t e r e d  o f f  and r e c r y s t a l l i s e d  

several t im e s  from h o t  w a te r .  A f te r  d ry in g  on porous p l a t e  t h e  

c r y s ta ls  w ere found t o  m elt  a t  1 8 3 ^ -1 8 4 ° ,  and showed no d e p r e s s io n  

of m elt in g  p o in t  when mixed w ith  a l i t t l e  l a e v u l i n i c  a c id  sem i­

carbazone s i m i l a r l y  p r e p a red . In a d d i t io n  th e  a c id  was found t o  

g iv e /
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g iv e  iodoform  im m e d ia te ly ,  on d i s s o l v i n g  in  c o ld  sodium  

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

l a e v u l i n i c  a c i d .

The y i e l d  o f  l a e v u l i n i c  a c id  was v e r y  s m a l l ,  am ounting t o  

about one p er  c e n t  o f  t h e  caou tch ou c o x i d i s e d .

AO i d  P r o d u c ts  o f  t h e  A lk a l in e  O x id a t io n s .

T h ese  w ere worked up in  p r e c i s e l y  th e  same way a s  t h o s e  

from t h e  n e u t r a l  o x i d a t i o n s ,  th e  p r o d u c ts  o b ta in e d  b e in g  i d e n t i c a l ,  

with t h e  e x c e p t io n  o f  th e  r e s i n  a c i d .  The l a t t e r  was p r e s e n t  in  

sm a ller  amount and was a p p a r e n t ly  o f  more com plex c o m p o s i t io n ,  

though s i m i l a r  in  s o l u b i l i t y ,  and in  g e n e r a l  appearance to  t h e  

re s in  a c id  a lr e a d y  d e s c r ib e d .  A n a ly s i s  gave t h e  f o l l o w i n g  r e s u l t s ;  

A n a ly s is  o f  Lead S a l t  o f  R es in  A c id *

0 .2204  gram s u b s ta n c e  gave 0 -0511  gram PbSO^. P e r c e n ta g e  o f  

lead  = 16.84"  Assuming th e  a c id  t o  b e  d ib a s ic  t h i s  would g i v e  

a m o lecu la r  w e ig l it  o f  1507-205  = 1102 .

A nalvsig o f  t h e  R es in  A c id - 

0.1728 gram a c i d  gave 0 .4 1 0 9  gram OOg : 0 -1019  gram HgO.

This c o r r e sp o n d s  t o  th e  c o m p o s it io n

0 = 6 4 .8 5  p er  c e n t  : H = 6 .5 5  p er  c e n t  : 0 = 28-60  per c e n t .

The e m p ir ic a l  form u la  would b e  0 H ^0 , t h e  c o m p o s it io n  on
1#5 18 n

th is  b a s i s  b e in g

0 = 6 4 .75  p er  c e n t  : H = 6 .4 7  per c e n t  : 0 = 2 8 .7 8  per c e n t .

The m o lecu la r  w e ig h t  o f  t h i s  product would be 2 7 8 ,which i s  much

^00 low. GggBygOgg g i v e s  a m o le c u la r  v;eight o f  4 *  278 = 1112 ,

In f a i r  agreement w ith  th a t  o b ta in e d  from th e  s a l t  o f  th e  a c id .

The /
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The p r o p o r t io n  o f  l a e v u l i n i c  a c id  formed in  t h e  a l k a l i n e  

o x id a t io n s  was c o n s id e r a b ly  h ig h e r  than  t h a t  o b serv ed  in  t h e  

n e u t r a l  s e r i e s ,  am ounting t o  t h r e e  or fo u r  per  c e n t  o f  t h e  caou tch o u c  

used* Much l e s s  o x a l i c  a c id  was form ed, o n ly  one a c id  e x t r a c t  

d e p o s i t in g  c r y s t a l s  on s t a n d in g .  Both r e s i n  a c id s  were u n s a tu r a te d  

to  d i l u t e  a l k a l i n e  perm anganate .

I t  was th ough t t h a t  a t r a c e  o f  h ig h e r  f a t t y  a c i d ,  p o s s i b l y  

v a l e r i c  a c i d ,  was p r e s e n t  in  t h e  o r i g i n a l  a c id  e x t r a c t s ,  a s  

in d ic a te d  by t h e i r  odour, but none was a c t u a l l y  i s o l a t e d  d u rin g  

th e  w orking up.

Owing t o  th e  sm a ll  amount o f  th e  o x a l i c  and l a e v u l i n i c  a c id  

e s t e r s  o b ta in e d  d u rin g  t h e  f i n a l  f r a c t i o n a t i o n ,  i t  was found  

n e c e s sa r y  t o  com bine t h e  h i p e s t  b o i l i n g  v o l a t i l e  p r o d u c ts  from  

both s e r i e s  o f  o x i d a t i o n s ,  t h e  r e l a t i v e  p r o p o r t io n s  o f  o x a l i c  

and l a e v u l i n i c  a c id s  p r e s e n t  b e in g  in f e r r e d  from th e  amounts o f  

e s te r  o b ta in e d  from t h e  two s e r i e s .

C o n c lu s io n s .

The p r e c e d in g  work may b e  summarised as  f o l l o w s :

I* Caoutchouc on o x id a t io n  w ith  d i l u t e  aqueous p o ta ss iu m  

permanganate in  n e u t r a l  and in  a l k a l i n e  s o l u t i o n  g i v e s  a s e r i e s  o f  

oxygenated p r o d u c t s ,  r e g u la r  in  th e  c a s e  o f  t h e  n e u t r a l  o x i d a t i o n s ,  

ir r e g u la r  i n  t h e  c a s e  o f  th e  a l k a l i n e  o x i d a t i o n s .  T hese  p ro d u cts  

are o f  th e  same g e n e r a l  c h a r a c t e r  a s  t h o s e  o b ta in e d  by o th e r  

workers, d i f f e r i n g  however from th e  a i r  o x id a t io n  p r o d u c ts  in  

"boing i n s o l u b l e  in  a l c o h o l  or a c e to n e .  As has  been p o in te d  o u t ,

t h i s  i s  m a in ly  a d i f f e r e n c e  in  d e g r e e ,  th e  i n s o l u b i l i t y  fm a l c o h o l

d e c r e a s in g /
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d e c r e a s in g  w ith  I n c r e a s in g  oxygen c o n t e n t .  The com plex  s t r u c t u r e

o f  ca o u tch o u c  h as  been  shovm t o  p e r s i s t  th roughout t h e  s e r i e s .

IT. The c h e m ic a l  c h a r a c t e r  o f  t h e s e  o x id a t io n  p r o d u c ts  appears

from t h e  e x p e r im e n ta l  e v id e n c e  t o  b e  th a t  o f  hydroxy-com pounds,

t h e i r  i n e r t n e s s  tow ards t h e  u s u a l  r e a g e n t s  f o r  th e  h y d ro x y l

group b e in g  a s c r ib e d  e i t h e r  t o  t h e  com plex  n a tu r e  o f  t h e  a g g r e g a t e ,
(2 )

in  a cco rd a n ce  w ith  t h e  v ie w s  o f  H a r r ie s ,  or t o  t h e  arrangement  

o f  t h e  h y d r o x y l  groups t h e m s e lv e s .  On th e  b a s i s  o f  t h e  a c c e p te d  

s t r u c t u r e  o f  t h e  caou tch ou c  m o le c u le ,  t h e s e  would b e  p r e s e n t  as  

a d ja cen t  seco n d a ry  and t e r t i a r y  g r o u p in g s ,  t h e  l a t t e r  in  p a r t i c u l a r  

b ein g  e a s i l y  d eh yd rated  t o  g iv e  a n o n - r e a c t i v e  in n e r  o x id e  

s t r u c t u r e .  The p r e s e n c e  o f  h y d ro x y l groups i s  f u r t h e r  co n firm ed  

by th e  p r o p o r t io n  o f  oxygen p r e s e n t  in  t h e  lo w e s t  members o f  t h e  

o x id a t io n  s e r i e s ,  t h e  amount b e in g  g r e a t e r  in  t h e  c a s e  o f  I  and 

lA than t h a t  a v a i l a b l e  in  th e  perm anganate u se d .  H aving reg a rd  

to  t h e  s im u lta n e o u s  fo r m a t io n  o f  a c i d i c  p r o d u c ts ,  though in  

small q u a n t i t y ,  c o n t a in i n g  a much h ig h e r  p r o p o r t io n  o f  oxygen  

than t h e  caou tch ou c  o x id a t io n  p r o d u c t s ,  i t  must be co n c lu d ed  t h a t  

the perm anganate o x id a t io n  o f  caoutchouc in  d i l u t e  s o l u t i o n s  g i v e s ,  

as f i n a l  p r o d u c t ,  a p o ly -h y d r o x y  compound. N oth ing  d e f i n i t e  can  

be s a id ,  owing t o  t h e  i m p o s s i b i l i t y  o f  e n su r in g  c h e m ic a l  p u r i t y ,  

as to  t h e  c h e m ic a l  i n d i v i d u a l i t y  o f  t h e  o x id a t io n  p r o d u c t s ,  but  

the c h a r a c t e r i s t i c s  o f  th e  p ro d u cts  a s  a w hole  a r e  t h o s e  o f  a 

d e f in i t e  o x id a t io n  s e r i e s ,  r a th e r  than t h o s e  o f  a com plex m ix tu re  

of oxygénât ed su b stan c  e s •
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TII- The s u g g e s t io n  h a s  been  made t h a t  t h e  com plex n a tu r e  o f  t h e  

products  i s  due to  t h e  p r e s e n c e  in  t h e  caou tch ou c  m o le c u le  o f  a 

much l a r g e r  a g g r e g a t e  o f  i s o p r e n e  r e s i d u e s  than i s  e x p r e sse d  in  

the u s u a l  fo rm u la .

TV* The a c i d i c  p r o d u c ts  o f  t h e  o x id a t io n  h ave been  shown t o  

c o n s i s t  o f  t h e  two lo w e s t  members o f  th e  f a t t y  a c id  s e r i e s ,  form ic  

acid and a c e t i c  a c i d ,  t o g e t h e r  w ith  o x a l i c  a c id  and l a e v u l i n i c  

acid- In  a d d i t io n  com plex  r e s i n  a c i d s ,  c o l l o i d a l  in  c h a r a c t e r  

and o f  h ig h  m o le c u la r  w e ig h t ,  h ave  been  i s o l a t e d  from b oth  s e r i e s  

of o x i d a t i o n s .

Ï



PART I I I .

The O x id a t io n  o f  Caoutchouc w i th  Chromyl C h lo r id e .
(32)

The p r e l im in a r y  work o f  Spence and G a l l e t i y  on t h i s

r e a c t i o n  h a s  a lr e a d y  b een  m e n tio n e d . In  v ie w  o f  th e  r e s u l t s

o b ta in e d  i t  seemed d e s i r a b l e  to  i n v e s t i g a t e  more c l o a e l y  th e  

n a tu r e  o f  t h e  p r o d u c ts  form ed, b o th  w ith  regard  to  t h e i r  

b e a r in g  on t h e  c o n s t i t u t i o n  o f  ca o u tch o u c ,  and on th e  mechanism  

o f  th e  Etard r e a c t i o n .  The g e n e r a l  p roced u re  was t h a t  employed 

by Spence and G a l le t ly *  , carbon t e t r a c h l o r i d e ,  how ever , b e in g  

used th ro u g h o u t a s  s o lv e n t  in  p la c e  o f  carbon d i s u l p h i d e .  

P r e lim in a ry  t r i a l s  showed t h i s  change o f  s o l v e n t s  to  be d e s i r a b l e ,  

th e  s t a b i l i t y  o f  carbon t e t r a c h l o r i d e  tow ard s  chromyl c h lo r id e  

in  th e  a b se n c e  o f  m o is tu r e  b e in g  a t  l e a s t  eq u al to  t h a t  o f  

carbon d i s u l p h i d e .  The in f la m m a b i l i t y  o f  th e  l a t t e r ,  in

view  o f  th e  v e r y  d i l u t e  s o l u t i o n s  u sed  and t h e  la r g e  bu lk  o f  

the r e a c t i o n  m ix tu r e s ,  made t h e  u se  o f  a n o th e r  s o lv e n t  a lm ost  

n e c e s s a r y .

The caou tch ou c used  th rou gh ou t was p a le  p l a n t a t i o n  c r e p e ,  

d e r e s in i s e d  by e x t r a c t i o n  f o r  10  hours w ith  a c e t o n e .  The 

m a te r ia l  was d i s s o lv e d  i n  c a r e f u l l y  d r ie d  carbon t e t r a c h l o r i d e  and 

f i l t e r e d  th rou gh  g l a s s  w ool to  remove I n s o lu b le  m a tte r ,  th e  

r e s u l t in g  s o l u t i o n  b e in g  c o n c e n tr a te d  t o  g iv e  as  n e a r ly  as  

p o s s ib le  a caou tch ou c c o n te n t  o f  2 p er  c e n t .  F r e sh ly  d i s t i l l e d  

chromyl c h l o r i d e ,  i n  t h e  p r o p o r t io n  o f  2 ,2 8  grams f o r  each  gram o f  

caoutchouc t o  be t r e a t e d ,  was s i m i l a r l y  d i s s o l v e d  i n  dry  

carbon/



carbon t e t r a c h l o r i d e  to  g i v e  a 5 per  c e n t ,  s o l u t i o n .  The 

w eig h t  o f  caou tch o u c  u se d  in  c a r r y in g  ou t an o x i d a t i o n  was 

u s u a l l y  25 gram s, t h i s  b e in g  as  much as  co u ld  c o n v e n ie n t ly  be 

d e a l t  w ith  i n  t h e  l a t e r  s t a g e s  o f  e x t r a c t i o n .  The chromyl 

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

amounts to  t h e  caou tch ou c  s o l u t i o n ,  th e  m ix tu re  b e in g  w e l l  

shaken a f t e r  each a d d i t io n  to  ensure  com p le te  r e a c t i o n .

The caou tch ou c chromyl c h lo r id e  compound sep a ra ted  im m ed ia te ly  

as a dark brown amorphous powder, t h e  v i s c o s i t y  o f  th e  

s o lu t i o n  s t e a d i l y  d im in is h in g  w i t h  each a d d i t io n  o f  chromyl 

c h lo r id e ,  t h e  f i n a l  m ix tu re  b e in g  as f l u i d  a s  the. s o lv e n t  

u se d .  As n o ted  by Spence and G a l i e t l y ,  v e r y  l i t t l e  h e a t  

was ev o lv ed  d u r in g  th e  r e a c t i o n ,  e x t e r n a l  c o o l in g  b e in g  

u n n e c e s sa r y .  The q u a n t i ty  o f  chromyl c h l o r i d e  r e q u ir e d  to  

com plete th e  r e a c t i o n  was found to  be as n e a r ly  as p o s s i b l e  

th a t  co r r e sp o n d in g  to  t h e  fo r m a t io n  o f  an a d d i t io n  product o f  

t h e  typ©.C^QÏÏ^^.2Crü^Cl^, t h e  r e a c t i o n  w ith  caoutchouc  

bein g  th u s  norm al, no secon d ary  r e a c t io n s  t a k in g  p l a c e .  To 

ensure com p le te  fo r m a t io n  o f  t h e  chromyl c h lo r id e  compound, a 

few drops in  e x c e s s  o f  t h e  t h e o r e t i c a l  amount o f  chromyl 

c h lo r id e  were added and t h e  r e a c t i o n  m ix tu re  was a l lo w ed  to  

s e t t l e ,  t h e  r e a c t i o n  was taken t o  be com p le te  when t h e  

supernatant l i q u i d  remained s l i g h t l y  red in  c o lo u r .

A f te r  co m p le t io n  o f  t h e  r e a c t i o n  t h e  i n s o l u b l e  chromyl 

c h lo r id e -c a o u tc h o u c  compound was sep a ra ted  from t h e  s o lv e n t  by 

f i l t e r i n g /



f i l t e r i n g  a s  r a p i d l y  a s  p o s s ib l e *  th e  dark brown amorphous r e s id u e  

b e in g  washed on t h e  f i l t e r  w ith  dry carbon t e t r a c h l o r i d e  t i l l  f r e e  

from t r a c e s  o f  chromyl c h lo r id e ,a n d  f i n a l l y  d r a in e d .  A n a ly s i s  o f  

samples c a r e f u l l y  d r ie d  in  vacuo and i g n i t e d  showed t h e  co m p o s it io n  

to  a g ree  s a t i s f a c t o r i l y  w ith  t h a t  in d ic a t e d  above, f u r t h e r  v e r i f y i n g  

the r e s u l t s  o f  Spence and G a l l e t l e y .  When f r e e  from s o lv e n t  

the caou tch ou c chromyl c h l o r i d e  compound i s  a l i g h t  brown 

amorphous s o l i d ,  i n s o l u b l e  in  o r g a n ic  s o l v e n t s  n o t  c o n t a in in g  

hydroxyl g r o u p s ,  s lo w ly  decomposed b y ^ tn o is t a T 6 '  and im m ed ia te ly  

decomposed by w a te r .

The chromyl c h lo r id e  compound was decomposed by adding i t  

in sm a ll  q u a n t i t i e s  to  a l a r g e  volume o f  i c e - c o l d  w a te r ,  th e  

mixture b e in g  v i g o r o u s l y  shaken a f t e r  each a d d i t i o n .  Very 

l i t t l e  r i s e  in  tem p era tu re  to o k  p l a c e ,  th e  compound r a p id ly  

d is s o lv in g  t o  g i v e  a p a le  g r e e n  o p a le s c e n t  s o l u t i o n ,  When th e  

whole o f  t h e  chromyl c h l o r i d e  compound had been  added th e  

mixture was a llo w ed  to  stand  f o r  some h o u r s ,  th e  g r e e n  c o lo u r  

becoming s t e a d i l y  d a r k e r ,  w h i le  a f l o c c u l e n t  g r e e n i s h  w h ite  

so lid  s e p a r a te d .  To preVemt o x id a t io n  o f  t h e  d ec o m p o s it io n  

products by l i b e r a t e d  chrom ic a c id  a sm a ll  q u a n t i ty  o f  sodium  

su lp h ite  was added, t h i s  a p p a r e n t ly  had some e f f e c t  in  h a s t e n in g  

the d e c o m p o s it io n .  When t h e  l a t t e r  appeared t o  be com plete  th e  

mixture was .th orou gh ly  e x t r a c te d  w ith  c h lo ro fo rm . Ether and 

carbon t e t r a c n l o r i d e  w ere t r i e d  a s  e x t r a c t i o n  media but were  

found to  be u n s a t i s f a c t o r y ,  th e  f l o c c u l e n t  s o l i d  f l o a t i n g  in  

t h e /
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th e  form er and r e n d e r in g  s e p a r a t io n  a lm ost i m p o s s i b l e ,  w h i le  

th e  d e c o m p o s it io n  p r o d u c ts  proved  to  be v e r y  much l e s s  

s o lu b le  in  t h e  l a t t e r  th a n  i n  c h lo r o fo r m . The p r o c e s s  o f  

e x t r a c t i o n  proved to  b e  v e r y  t e d i o u s ,  t h e  c h lo r o fo r m  b e in g  

absorbed by t h e  c o l l o i d a l  d e c o m p o s it io n  p r o d u c ts  and r e q u ir in g  

s e v e r a l  h ou rs  t o  s e t t l e  i n  s p i t e  o f  i t s  d e n s i t y .  The s o lu b le

p o r t io n  o f  th e  d e c o m p o s it io n  p r o d u c ts  was f i n a l l y  o b ta in e d  a s  

a dark brown b r i t t l e  r e s i n  by d i s t i l l a t i o n  o f  th e  d r ie d  

ch loroform  e x t r a c t s  and e v a p o r a t io n  o f  th e  r e s i d u e .  As a l s o  

found by Spence and G a l i e t l y , s t e a m  d i s t i l l a t i o n  o f  th e  d e c o m p o s it io n  

mixture gave no v o l a t i l e  p r o d u c t s .

To en su re  com p le te  d e c o m p o s it io n  o f  t h e  chromyl cn lo r id e ,  

compound, t h e  r e a c t i o n  m ix tu re  was re  f lu x e d  on t h e  w a te r  bath  

for  s e v e r a l  hours a f t e r  co m p le t io n  o f  t h e  p r e l im in a r y  e x t r a c t i o n .  

Further e x t r a c t i o n  w ith  ch lo r o fo r m  ^ v e  a f u r t h e r  sm a ll  y i e l d  

of th e  dark brown r e s i n  m entioned ab ove . When e x t r a c t i o n  was 

complete t h e  aqueous l i q u o r ,  c o n t a in in g  a c o n s id e r a b le  p r o p o r t io n  

o f  ch loro form  i n s o l u b l e  m a tte r ,  was h e a te d  to  e x p e l  t h e  s o lv e n t  

and was th e n  f i l t e r e d  w h i le  h o t .  The r e s i d u e ,  w hich  was 

pale g r e e n is h  brown i n  c o lo u r ,  was washed f r e e  from chromium 

salts w ith  h o t  w a te r ,a n d  was th en  d r ie d .  A f te r  b o i l i n g  w ith  

aleoliOl to  remove t r a c e s  o f  r e s i n  i t  was f i n a l l y  o b ta in e d  as  a 

l ig h t  g r e e n i s h  brown, v e r y  f i n e l y  d iv id e d  powder, i n s o l u b l e  in  

water and i n  a l l  n e u t r a l  o r g a n ic  s o l v e n t s .



5 .
Resin from  t h e  D eco m p o sit io n  o f  t h e  Chromvl C h lo r id e  Compound.

T ills  was o b ta in e d  in  a c o n v e n ie n t  form by e v a p o r a t in g  a c h lo r o ­

form s o l u t i o n - i n  v a c u o . and pow dering t h e  r e s i d u e ,  t h e  f i n a l  p roduct  

being a dark brown r e s i n  w ith  a c r y s t a l l i n e  f r a c t u r e .  I n s o lu b le  

in w ater  and in  d i l u t e  a l k a l i e s *  r e a d i l y  s o l u b l e  in  a l c o h o l  

and a c e to n e ,  somewhat l e s s  so in  e t h e r ,  l e a v i n g  p r a c t i c a l l y  

no r e s i d u e .  I t  h a s  a lr e a d y  been  d e s c r ib e d  by Spence and 

G a l le t ly ,  who found i  t  t o  be a ld e h y d ic  in  p r o p e r t i e s ,  and t h i s  

has been  v e r i f i e d .  An a l c o h o l i c  e x t r a c t  o f  t h e  r e s i n  was 

found to  d e c o l o u r i s e  d i l u t e  a c id  permanganate s o l u t i o n ,  r e s t o r e  

the c o lo u r  t o  S c h i f f ' s  r e a g e n t ,  red u ce  P o h l in g * s  s o l u t i o n  and 

am ioniacal s i l v e r  o x id e  s o l u t i o n ,  and was a l s o  found t o  d e v e lo p  

an in t e n s e  y e l lo w  c o lo u r  when h e a te d  w ith  d i l u t e  c a u s t i c  so d a .

Prom th e  a l c o h o l i c  e x t r a c t  Spence and G a l l e t l y  o b ta in e d  a sm a ll
0

quantity o f  a c r y s t a l l i n e  p h en y lh y d ra so n e ,  m e lt in g  a t  about 92 . 

Attempts to  r e p e a t  t h i s ,  by tr e a tm e n t  o f  an a l c o h o l i c  e x t r a c t  

of the r e s i n  w ith  p h e n y lh y d r a z in e  a c e t a t e  i n  a c e t i c  a c id  

so lu t io n ,  h ave  n o t  been s u c c e s s f u l ,  t h i s ,  how ever, w i l l  be 

referred  to  l a t e r .

Attem pts to  p rep a re  a sem icarbazone o f  th e  r e s i n  a ld eh yd e  

^ere more s u c c e s s f u l .  These w ere c a r r ie d  out by add ing  to  an 

a lco h o lic  s o l u t i o n  o f  t h e  r e s i n  a c o n c e n tr a te d  aqueous s o l u t i o n  

of sem ica rb a z id e  h y d r o c h lo r id e  and sodium a c e t a t e ,  t u r b i d i t y  

being c le a r e d  by th e  a d d i t io n  o f  a l i t t l e  a lc o h o l*  The 

hixture was a l lo w e d  t o  stand  f o r  a f o r t n ig h t  and was th e n  

fraction a lly /
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f r a c t i o n a l l y  p r e c i p i t a t e d  w ith  w a te r .  The p r e c i p i t a t e d  

sem icarbazone was f i l t e r e d  o f f  and d r i e d ,  and was th e n  p u r i f i e d  

by making à s a tu r a t e d  s o l u t i o n  in  h o t  a l c o h o l ,  c o o l i n g ,  and 

f i l t e r i n g  o f f  th e  p r e c i p i t a t e .  T h is  was r e p e a te d  u n t i l  no 

change i n  t h e  c o lo u r  o f  t h e  p r e c i p i t a t e  co u ld  b e  o b se r v e d .

The f i n a l  prod u ct was a p a le  y e l lo w  v e r y  f i n e l y  d iv id e d  amorphous 

powder, r e a d i l y  s o lu b l e  in  a l c o h o l ,  a c e t o n e ,  o r  e t h y l  a c e t a t e ,  

in so lu b le  i n  ch lo ro fo rm  or carbon d i s u l p h i d e .  I t  was o b v i o u s l y  

resinous in  c h a r a c t e r ,  g i v i n g  dark red s o l u t i o n s  i n  a l c o h o l  and 

acetone and had no d e f i n i t e  m e l t in g  p o i n t ,  d a rk en in g  i n  c o lo u r  

when heated' and decom posing c o m p le te ly  above Z>(Xp t o  g iv e  a 

black l i q u i d ,

ia a ly .s is  o f  Sem icarb,a.zone o f  R e s in  Aldehyde.,.

0*1545 gram s u b s ta n c e  g a v e  1 1 .4  c c s ,  m o is t  N a t  16^C and 750  

p r e s s u r e .

This g i v e s  a n i t r o g e n  p e r c e n ta g e  o f  8 , 5

The u s u a l  method o f  s e p a r a t io n  o f  a ld eh y d es  by means o f

sodium b i s u l p h i t e  proved to  be o f  l i t t l e  u se  in  p u r i f y in g  t h e

resin a ld e h y d e .  An a lco h o  1 - e t h e r  s o l u t i o n  o f  t h e  r e s i n  was

treated w ith  a s a tu r a t e d  aqueous s o l u t i o n  o f  f r e s h l y  prepared

sodium b i s u l p h i t e ,  t h e  m ix tu re  b e in g  shaken a t  i n t e r v a l s  and

allowed to  rem ain f o r  s e v e r a l  w eek s .  The c r y s t a l l i n e  p r e c i p i t a t e

9̂-s removed by f i l t r a t i o n ,  washed w ith  a l c o h o l  and e t h e r ,  and

(decomposed w ith  d i l u t e  sodium c a r b o n a te .  The m ix tu re  was

thoroughly e x t r a c t e d  w ith  e t h e r ,  a sm all q u a n t i ty  o f  a s t i c k y  
ye llo w /



y e llo w  syrup b e in g  o b ta in ed  on e v a p o r a t io n  o f  t h e  s o l v e n t .  A 

fr e sh  q u a n t i t y  o f  b i s u l p h i t e  s o l u t i o n  was added to  th e  o r i g i n a l  

s o lu t io n  o f  t h e  a ld e h y d e ,  and t h e  p r e c i p i t a t e d  c r y s t a l s  were  

sep arated ,w ash ed  and decomposed as b e f o r e .  S e v e r a l  r e p e t i t i o n s  

of t h i s  p r o c e s s  gave  as f i n a l  prod u ct a s m a l l  q u a n t i t y  o f  a w h it e  

j floe oui en t  s o l i d ,  p o s s e s s i n g  t h e  c h a r a c t e r i s t i c s  o f  an a ld e h y d e ,  

j, but i n s u f f i c i e n t  in  amount to  a l lo w  o f  c h a r a c t e r i s a t i o n .  On 

I prolonged s ta n d in g  i n  c o n ta c t  w ith  t h e  b i s u l p h i t e  t h e  c o lo u r  o f  

the s o lu t i o n  deepened t o  a dark r e d ,  and on e v a p o r a t io n  o f  t h e  

mixture a v e r y  deep red s o l u t i o n  was o b ta in e d ,  which on a c i d i f i ­

cation w ith  d i l u t e  h y d r o c h lo r ic  a c id  gave a y e l l o w i s h  brown 

f lo c c u le n t  p r e c i p i t a t e  o f  a r e s i n  a c i d .  T h is  would i n d i c a t e  

that th e  r e s i n  a ld eh yd e  had undergone o x i d a t i o n ,  p rob a b ly  th rou gh  

absorption o f  a tm o sp h er ic  o x y g e n .

In o rd er  to  c h a r a c t e r i s e  more co m p le te ly  th e  r e s i n  a ld e h y d e ,  

oxidation w ith  d i l u t e  n i t r i c  a c id  was r e s o r t e d  t o .  The 

aldehyde was h e a te d  on t h e  w a ter  bath  w ith  f i v e  p er  c e n t  n i t r i c  

acid, th e  o p e r a t io n  b e in g  co n t in u ed  u n t i l  a product c o m p le te ly  

soluble in  d i l u t e  sodium  ca rb on ate  was o b t a in e d .  During th e  

heating th e  c o lo u r  o f  t h e  s o l i d  s lo w ly  changed from dark brown 

■to a much l i g h t e r  c o lo u r ,  a sm a ll  q u a n t i ty  o f  chromium s a l t s  

passing in to  s o l u t i o n .  The r e a c t i o n  would appear t o  g i v e  an 

Almost q u a n t i t a t i v e  y i e l d  o f  a c id ;  w ith  t h e  e x c e p t io n  o f  t h e  

chromium s a l t ,  w h ich  c o lo u r e d  th e  aqueous l i q u o r  dark r e d ,  and 

^as only v e r y  s lo w ly  p r e c i p i t a t e d  by sodium h y d r o x id e  o r  ammonia,

AO a p p rec ia b le  amount o f  s o lu b le  product was o b t a in e d .  On 
completion//



8 ,
co m p le tio n  o f  t h e  r e a c t i o n  t h e  r e s i n  a c id  was f i l t e r e d  o f f ,  

washed w ith  h o t  w a te r ,  and d r i e d .  I t  was p u r i f i e d  by d i s s o l v i n g  

i t  i n  d i l u t e  aqueous sodium c a r b o n a te ,  f i l t e r i n g  to  remove t r a c e s  

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

d i l u t e  h y d r o c h lo r ic  a c i d .  I t  was f i l t e r e d  o f f ,  r e d i s s o l v e d  in  

sodium c a r b o n a te ,  r e p r e c i p i t a t e d  by th e  a d d i t i o n  o f  a c i d ,  and 

was f i n a l l y  f i l t e r e d  and washed on th e  f i l t e r  w ith  h o t  w a ter  

t i l l  f r e e  fr&m sodium s a l t s ,  When m o is t  i t  was a l i g h t  brown 

g e la t in o u s  s o l i d ,  o b v i o u s l y  c o l l o i d a l  i n  c h a r a c t e r ,  s h r in k in g  on  

drying in  vacuo t o  a dark brown b r i t t l e  r e s i n .  T h is  r e s i n  was 

in so lu b le  i n  w a te r ,  s o lu b l e  in  a l c o h o l  and a c e to n e ,  and d i s s o l v e d  

imm ediately i n  sodium ca rb on ate  and b ic a r b o n a te  s o l u t i o n s  and in  

ammonium h y d r a t e ,  t h e  s o l u t i o n s  b e in g  dark red i n  c o lo u r .

With a v iew  to  o b t a in in g  some id e a  o f  t h e  m o le c u la r  c o m p le x ity  

of t h i s  a c id ,  one o f  i t s  m e t a l l i c  s a l t s  was p r e p a r e d . For th e  

reasons g iv e n  in  c o n n e c t io n  w ith  th e  p r e c e d in g  work on th e  r e s i n  

acids from t h e  permanganate o x i d a t i o n s ,  th e  le a d  s a l t  was s e l e c t e d .  

This was prepared  by adding le a d  a c e t a t e  s o l u t i o n  to  a n e u t r a l  

so lu t io n  o f  th e  ammonium s a l t  o f  t h e  a c i d ,  t h e  p r e c i p i t a t e d  

lead s a l t  b e i n g ’ washed by d é c a n t a t io n ,  and f i n a l l y  on th e  f i l t e r ,  

t i l l  f r e e  from  s o lu b l e  le a d  s a l t s .  A f te r  d r y in g  in  vacuo i t  

ob ta in ed  a s  a dark brown r e s i n ,  p r a c t i c a l l y  i n s o l u b l e  in  t h e  

usual o r g a n ic  s o l v e n t s .  Owing t o  t h e  p r e se n c e  o f  t r a c e s  o f  

chromium in  t h e  r e s i n  a c i d ,  which would have v i t i a t e d  t h e  u su a l  

method o f  e s t im a t in g  le a d  by e v a p o r a t io n  w i th  s u lp h u r ic  a c id ,  

the organ ic  m a tte r  i n  th e  sam ples a n a ly se d  was d e s tr o y e d  by 

h e a t in g /
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; h e a t in g  w ith  n i t r i c  a c i d .  A f te r  e v a p o r a t io n  o f  e x c e s s  o f  n i t r i c  

i acid t h e  r e s id u e  was d i s s o l v e d  i n  w a ter ,  mixed w ith  an eq u a l  

i  volume o f  a l c o h o l ,  and t h e  le a d  was p r e c i p i t a t e d  w ith  s u lp h u r ic  

: a c id ,  b e in g  f i n a l l y  w eighed  a s  s u l p h a t e ,

0 ,2 8 1 0  gram su b s ta n c e  g a v e  0 ,0 8 5 5  gram PbSO Lead - 2 0 ,7 9  p er
4 cen t

Assuming, as  i n  p r e v io u s  c a s e s ,  t h e  a c id  t o  be d i b a s i c ,  t h i s  would  

g ive  a minimum m o le c u la r  w e ig h t  o f  996 -  205 s  791 f o r  a d i b a s i c  

acid ,

Ana.lvsl.a o f  R e s in  A c id .

0 ,1 7 2 0  gram s u b s ta n c e  gave 0 ,3 8 4 8  gram CO^: 0 ,1 1 6 7  gram H^O.
2

0 :0 0 1 8  gram CrwO ( r e s id u e )  ,  (Ù à
This would g i v e  Carbon % 6 1 ,1  p er  c e n t :  Hydrogen = 7 ,5  p er  c e n t :

Oxygen 3 0 ,3  p er  c e n t ;  R esid u e  1 , 1  p er  c e n t .

The chromium p e r c e n ta g e  i s  to o  low to  a l lo w  o f  chromium b e in g  a

p o ss ib le  c o n s t i t u e n t  o f  th e  a c i d ,  and i t  may t h e r e f o r e  be

regarded as an a d s o r p t io n .  The r e s u l t s  c a l c u la t e d  on t h i s

b a s is  would g i v e

Carbon «■ 6 1 ,7 2  p er  c e n t :  Hydrogen *  7 ,6 7  p er  c e n t .

Oxygen z  3 0 ,6 1  per  c e n t .  T h is  would corresp on d  t o  an

ompirioal form ula  C_ H'gO , The co m p o s it io n  o f  t h i s  would be
8  1^ 3

Carbon -  61*55 p er  c e n t :  Hydrogen % 7 ,6 9  p er  c e n t ;

Oxygen % 3 0 ,7 6  p er  c e n t .

The m olecu lar  w e igh t  would be 1 5 6 , a v a lu e  much to o  low in  v ie w  o f

the p r o p e r t ie s  o f  t h e  a c i d .  The form ula  C ^  ^60^15 g i v e
a /



l ü .

a m o le c u la r  w e ig h t  o f  15ô x  5 -  7 8 0 ,  i n  f a i r  agreement w ith  

th e  v a lu e  7 9 l  f o r  t h e  le a d  s a l t ,  o r ,  a l l o w in g  f o r  t h e  chromium 

r e s i d u e ,  778#

The a c id  sh o u ld  i n  tu rn  be d^erived from  a d i ­

a ld eh yd e o f  t h e  c o m p o s it io n  r e p r e s e n te d  by ^^Q^go^lS* Tho 

d i-s e m ic a r b a z o n e  o f  t h i s  a ld eh y d e  shou ld  h a v e  a n i t r o g e n  c o n te n t  

o f  8 # 6  p er  cen t#  That a c t u a l l y  found by e x p e r im e n t ,  as  p r e v i o u s l y  

s t a t e d ,  was 8*5 p er  cen t#

The r e s i n  a c id  was un s a tu r a te d  t o  d i l u t e  aqueous a l k a l i n e  * 

perm anganate, in  a d d i t i o n  t h e  deep red  c o lo u r  o f  i t s  sodium and 

ammonium s a l t s  in  s o l u t i o n  m ight p o s s i b l y  i n d i c a t e  t h e  p r e se n c e  

o f  h y d ro x y l g r o u p s .  I t  had no d e f i n i t e  m e lt in g  p o i n t ,  

b la c k e n in g  when h e a te d  above 2 0 0 ° and rem a in in g  s o l i d  a t  2 4 0 ° ,

I t  was th o u g h t  t h a t  e s t é r i f i c a t i o n  o f  t h e  a c id  m ight y i e l d  m ethy l  

e s t e r s  w hich co u ld  be d i s t i l l e d  under reduced p r e s s u r e ,  th u s  

a f fo r d in g  a means o f  p u r i f i c a t i o n #  The sodium  s a l t  o f  t h e  

r e s in  a c id  was t h e r e f o r e  prepared by adding a s l i g h t  e x c e s s  o f  

the a c id  to  a s o l u t i o n  o f  sodium ca r b o n a te ,  f i l t e r i n g ,  and 

evap orating  t o  d r y n e s s ,  t h e  r e s id u e  o f  sodium s a l t  b e in g  d r ie d  

in  vacuo #  ̂ E s t é r i f i c a t i o n , a p p a r e n t ly  took  p la c e  r e a d i l y ,  t h e  

benzene s o l u t i o n  soon becom ing c o lo u r e d .  When t h e  r e a c t i o n  

was c o n s id e r e d  t o  b e  co m p le te ,  t h e  benzene was d i s t i l l e d  o f f ,  

bhe l a s t  t r a c e s  b e in g  removed in  vacuo# The r e s id u e  was 

bhen e x tr a c te d  w ith  h o t  a l c o h o l ,  u n t i l  p r a c t i c a l l y  c o lo u r le s s #  

Evaporation o f  t h e  a l c o h o l  l e f t  a dark red b r i t t l e  r e s i n ,  

e v id e n t ly  o f  com plex n a t u r e ,  much more e a s i l y  s o l u b l e  in  a l c o h o l

a n d /  ^ umo t&tAA. oourtAct <nOfc cvwuMAwir
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and e t h y l  a c e t a t e  th a n  t h e  o r i g i n a l  a c i d .  I t  decomposed  

on h e a t in g  and co u ld  n o t  he d i s t i l l e d  w ith o u t  b r e a k in g  down,

A v e r y  s i m i l a r  p rod u ct was o b ta in e d  by th e  F is c h e r  S p e ie r  e s t é r ­

i f i c a t i o n  m ethod, a s u s p e n s io n  o f  th e  sodium s a l t  o f  t h e  a c id  

in  a b s o lu t e  m eth y l a lc o h o l  b e in g  r e f lu x e d  on th e  w a te r  b a th  

w h ile  a s low  stream  o f  h y d r o c h lo r ic  a c id  g a s  was p a sse d  th rou gh  

th e  r e a c t i o n  m ix tu r e ,

J n s o lu h le  R es id u e  fro_m_the .ChromyL C h lo r id e  Compound,

T h is  was f i n a l l y  o b t a in e d ,  as  a lr e a d y  d e s c r ib e d ,  a s  a 

l i g h t  g r e e n i s h  brown powder, i n s o l u b l e  in  a l l  n e u t r a l  o r g a n ic  

s o l v e n t s .  On p r o lo n g e d  h e a t in g  i n  g l a c i a l  a c e t i c  a c id  or  

anhydrous fo r m ic  a c i d ,  i t  p a ssed  c o m p le te ly  in to  s o l u t i o n .

I t  d i s s o l v e d  f a i r l y  r e a d i l y  i n  d i l u t e  sodium  h y d r a te  on h e a t i n g ,  

g iv in g  a v e r y  deep red  s o l u t i o n ,  th e  same r e s u l t  b e in g  

o b ta in e d ,  b u t much more s lo w ly ,  w ith  sodium ca rb o n a te  s o l u t i o n .

The i n s o l u b l e  r e s i d u e ,  on a n a l y s i s ,  was found to  c o n ta in  

both chromium and c h lo r in e  In  a p p ro x im a te ly  t h e  same p r o p o r t io n s ,

•the v a lu e s  b e in g  about !%■ p e r  c e n t ;  h ig h e r  th an  t h o s e  found by

Spence and G a l l e t l y ,

i a a l Y s I s  o f  I n s o lu b le  R e s id u e .

C hlorine: 0 ,5 2 8 0  gram su b s ta n c e  gave 0 ,1 2 7 6  gram.AgCl,
C h lo r in e  -  5 ,9 8  p e r  c t , 

Chromium: 0 ,5 3 6 0  gram ” ” 0 ,0 5 0 4  gram.Cr 0
Chromima a 6 ,4 6  " “

C*l658 gram s u b s ta n c e  g a v e  0 ,3 0 6 5  gram CO^* 0 ,1 0 7 3  gram H^O;

0*0174 gram r e s id u e  (Cr 0 ) ,  ,

This Corresponds to  Carbon « 5 0 ,4 2  p e r  c e n t :  Hydrogen & 7 , 1 9  p er  cent  

Residue * 1 0 ,4 9  p e r  c e n t .
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The com p le te  c o m p o s it io n  i s  C » 5 0 ,4 2 ^ ;  H % 7 ,1^ ^ ; O s  2 9 , 9 5 / ;

Cr = 6 . 4 6 / :  Cl = 5 * 9 ^ *

No e m p ir ic a l  fo rm u la  o f  r e a s o n a b le  s i z e  can be c a l c u l a t e d  on 

t h i s  b a s i s ,  i t  i s  t h e r e f o r e  a d v i s a b le  to  regard  t h i s  su b s ta n c e  

as a c o l l o i d a l  a d s o r p t io n  p r o d u c t ,  t h e  c o n s ta n c y  o f  t h e  

c h lo r in e  and chromium c o n t e n t ,  as n o ted  by Spence and G a l l e t l y ,  

b e in g  due t o  t h e  c o n s ta n c y  o f  t h e  c o n d i t io n s  under which  

th e  w hole r e a c t i o n  was c a r r ie d  out w ith  d i f f e r e n t  sam ples  o f  

ca o u tch o u c .  As w i l l  b e  shown l a t e r ,  i t  i s  n o t  a n e c e s s a r y  

product o f  t h e  d e c o m p o s it io n  o f  t h e  caou tch ou c chromyl c h lo r id e  

compoudd; i t  i s  perh ap s b e s t  c o n s id e r e d  as r e p r e s e n t in g  an 

in te r m e d ia te  s t a g e  i n  t h e  a c t i o n .

As s t a t e d  above , th e  i n s o l u b l e  r e s id u e  was found to  

d i s s o l v e  c o m p le te ly  in  g l a c i a l  a c e t i c  a c id  on h e a t in g ,  a p a le  

green  o p a le s c e n t  s o l u t i o n ,  r e m in is c e n t  o f  t h e  o r i g i n a l  aqueous  

s o lu t io n  o f  th e  chromyl c h lo r id e  compound, b e in g  o b t a in e d .

Heating was co n t in u ed  u n t i l  a sm a ll  q u a n t i t y  o f  t h e  r e a c t io n  

m ixtu re , on d i l u t i o n  w ith  w a te r ,  gave  no t r a c e  o f  g r e e n  r e s i d u e .  

The m ixtu re  was th e n  c o o le d  and l a r g e l y  d i l u t e d  w ith  w a te r ,  a 

brown r e s in o u s  s o l i d  b e in g  p r e c i p i t a t e d ,  and t h e  chromium rem ain­

ing in  th e  aqueous l i q u o r .  The r e s i n  was f i l t e r e d  o f f ,  washed

w ith  h o t w a te r ,  and d r i e d .  I t  was f i n a l l y  o b ta in e d  a s  a

dark brown powder, a lm ost c o m p le te ly  s o lu b le  i n  c h lo ro fo rm ,  

la r g e ly  so i n  a l c o h o l .  The a l c o h o l i c  e x t r a c t  gave  s im i l a r  

aldehyde r e a c t i o n s  to  t h e  ch lo ro fo rm  s o lu b le  r e s i n  o b ta in e d  

i n /
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in  t h e  f i r s t  p a r t  o f  t h e  o x i d a t i o n ,  and a l r e a d y  d e s c r i b e d .  A 

sem icarbazone was t h e r e f o r e  p rep ared  e x a c t l y  as  in  t h e  f i r s t  

case*  T h is  was s e p a r a te d  by f r a c t i o n a l  p r e c i p i t a t i o n  w i t h  

w a te r ,  and was p u r i f i e d  as f a r  as  p o s s i b l e  by r e p e a te d  

p r e c i p i t a t i o n  from  a h o t  c o n c e n tr a te d  a l c o h o l i c  s o l u t i o n ,

A n a ly s is ,  o f  S e m ic a rb a z o n e  o f  In t.e rm edA ate .  A ld eh y d e .

0 ,1 6 6 4  gram su b s ta n c e  gave  1 0 , 4  c c s*  m o is t  a t  I 6 ° c  and 

751 m m ,press . N it r o g e n  -  7 , 2  p e r  c e n t .  The a ld eh yd e

sem icarbazone was a p a le  y e l l o w  f i n e l y  d iv id e d  powder, v e r y  

r e a d i ly  s o lu b l e  i n  a l c o h o l  and a c e t o n e ,  i n s o l u b l e  i n  ch lo ro fo rm  

or carbon d i s u l p h i d e .  I t  showed no d e f i n i t e  m e l t in g  p o i n t ,  

darkening i n  c o lo u r  when h e a te d ,  and decom posing to  a b la c k  

l iq u id  above 3 0 0 ° ,  I t  was e v i d e n t l y  r e s in o u s  i n  c h a r a c t e r .

The c o r r e sp o n d in g  a c id  was prepared^ as a lr e a d y  d e s c r ib e d ,  

by h e a t in g  w i th  f i v e  p er  c e n t ,  n i t r i c  a c i d ,  t h e  f i n a l  product  

bein g  p u r i f i e d  by p r e c i p i t a t i o n  o f  t h e  sodium s a l t  w i t h  d i l u t e  

h y d r o c h lo r ic  a c i d .  I t  was f i n a l l y  i s o l a t e d  a s  a dark brown 

r e s in ,  s o lu b l e  i n  a l c o h o l  and a c e t o n e ,  and d i s s o l v i n g  r e a d i l y  in  

d i l u t e  aqueous sodium ca rb o n a te  and b ic a r b o n a t e ,  and in  ammonium 

h y d ra te ,  t o  g i v e  d e e p -r e d  s o l u t i o n s .  From t h e s e  th e  a c id  was 

p r e c ip i t a t e d  by t h e  a d d i t io n  o f  d i l u t e  m in era l a c id  a s  a 

l i g h t  brown f l o c c u l e n t  s o l i d ,  s h r in k in g  c o n s id e r a b ly  on d ry in g  

and e v id e n t ly  c o l l o i d a l  i n  c h a r a c t e r .  I t  had no d e f i n i t e  

m eltin g  p o i n t ,  decom posing a t  about 2 1 0  ̂ t o  a b la c k  l i q u i d ,  

^ a l y s i s /
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A n a ly s is  o f  In t .erm ed lA t 0 .A c ld  from  I n s o l u b l e

0 ,1 7 7 4  gram s u b s ta n c e  gave  0 ,4 0 1 2  gram CO^î 0 ,1 1 4 3  gram 

H 0: 0 ,0 0 2 9  gram r e s id u e  (CrpOJ , The chromium In t h i s
2  3

c a se  a l s o  i s  t o o  s m a ll  i n  amount to  b e  regard ed  a s  a 

c o n s t i t u e n t  o f  t h e  a c i d .  T r e a t in g  i t  as  an a d s o r p t io n ,  t h e s e  

f i g u r e s  would g i v e  t h e  c o m p o s it io n

Carbon % 6 2 ,6 7  p er  c e n t :  Hydrogen = 7 ,2 7  p er  c e n t :

Oxygen = 3 0 ,0 6  p er  c e n t .

The e m p ir ic a l  form u la  c o r r e sp o n d in g  t o  t h i s  would be lO*

On t h i s  b a s i s  th e  c o m p o s it io n  sh o u ld  be

Carbon = 6 2 ,9 2  p er  c e n t ;  Hydrogen = 7 ,1 2  p er  c e n t :  Oxygen -  2 9 , 9 6 / ,  

The le a d  s a l t  o f  th e  a c id  was prepared  and p u r i f i e d  a s  f a r  a s  

p o s s ib l e  by t h e  method a lr e a d y  g i v e n .  I t  was v e r y  s im i3 a r  

in  g e n e r a l  ap pearance to  t h e  le a d  s a l t  o f  t h e  a ld eh yd e  r e s i n  

a c id .

A n a ly s i s o f  Lead S a lt ,  i^ f ,A c lh  frorg In t ,erm ed la te  A ld eh yd e .

0 ,2 8 4 9  gram su b s ta n c e  gave 0 ,0 6 7 3  gram PbSO ,
4

Lead % 1 6 ,1 3  p e r  c e n t .

Assuming t h e  a c id  t o  be d i b a s i c  t h i s  would g iv e  q m o le c u la r  

weight o f  1 2 8 4 -2 0 5  z  1 0 7 9 ,  o r  i f  th e  chromium r e s id u e  i n  th e  

acid  be a l lo w e d  f o r ,  1 0 5 8 ,

The co m p o s it io n  C^oH^cO. -, would g i v e  an e m p ir ic a l  form ula  w e ig h t28 do 1 0

Of 534, D ou b lin g  t h i s  form ula  would g i v e  C orresponding

to  a m o le c u la r  w e ig h t  o f  1 0 6 8 , i n  f a i r  agreem ent w ith  th e  

v a lu e  o b ta in e d  from  t h e  le a d  s a l t  and w ith  th e  g e n e r a l  p r o p e r t i e s  

o f  th e  a c id .

T h e /
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The a c id  shou ld  b e  d e r iv e d  from  a d i - a l d e h y d e ,  ^56^76^18* 

th e  d i - s e n i ic a r b a a o n e  o f  w hich would h ave a n i t r o g e n  c o n te n t  o f  

7 ,3  p er  cen t*  That found e x p e r im e n t a l ly ,  a s  s t a t e d  above  

was 7 , 2  p er  c e n t .

T h is  a c i d ,  l i k e  t h e  a c id  from  t h e  o r i g i n a l  r e s i n  a ld e h y d e ,  

was u n sa tu r a te d  tow ards d i l u t e  a l k a l i n e  p e r n a n g a n a te *

Acid from  t h e  In so lu b le . .  R eM d u e.

The p a le  g re e n  i n s o l u b l e  r e s i d u e  from  th e  d e c o m p o s it io n

o f  th e  chromyl c h l o r i d e  compound was fou nd , a s  p r e v io u s ly

m en tion ed , t o  d i s s o l v e  f a i r l y  r e a d i l y  i n  h o t  d i l u t e  sodium

h y d r a te ,  th e  saae  a c t i o n  t a k in g  p l a c e ,  but more s lo w ly ,  w ith

sodium c a r b o n a te  s o lu t io n *  The l a t t e r  was used  i n  p r e f e r e n c e

to  t h e  form er a s  b e in g  l e s s  l i k e l y  to  cau se  any d r a s t i c  ch em ica l

change* A f t e r  p ro lo n g e d  h e a t in g  on t h e  w a ter  b a th ,  th e

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

th e  whole o f  t h e  o r g a n ic  m a tte r  p a ssed  in to  s o l u t i o n ,  l e a v in g  a

r e s id u e  o f  chromium h y d r o x id e .  The a l k a l i n e  e x t r a c t s ,  which

were deep red  i n  c o lo u r ,  w ere a c i d i f i e d  w ith  d i l u t e  h y d r o c h lo r ic

a c id ,  A l i g h t  brown f l o c c u l e n t  p r e c i p i t a t e  s e p a r a te d ,  which

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

in  sodium ca rb o n a te  and r e p r e c i p i t a t i o n  w ith  d i l u t e  h y d r o c h lo r ic
*

a c id .  A f t e r  w ashing w i t h  h ot w a te r  t i l l  f r e e  from sodium s a l t s  

th e  a c id  was d r ie d  in  v a c u o , u n d erg o in g  sh r in k a g e  t o  a dark  

brown b r i t t l e  r e s i n ,  v e r y  s i m i l a r  in  appearance and s o l u b i l i t i e s  

to  t h e  two r e s i n  a c id s  p r e v io u s ly  d e s c r i b e d .  L ik e  them i t  

u n sa tu r a te d  t o  d i l u t e  aqueous a l k a l i n e  p erma^nganate *

^ ^ i y s i s / *
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AnalYsl_s o f  A d d  fro m  I n a o l u b l e  B es ld u e ..

0 .1 7 7 1  gram s u b s ta n c e  gave 0 ,3 9 7 7  gram CO^: 0 .1 3 2 0  gram 

B_0: 0 ,0 0 3 5  gram r e s i d u e  (Cr^Q ) * T r e a t in g  t h e  r e s id u e

o f  chromium o x id e  as an a d s o r p t io n ,  as i n , t h e  p r e v io u s  c a s e s ,  

t h i s  would g i v e  t h e  c o m p o s it io n  Carbon -  6 2 ,4 8  p er  c e n t :  

Hydrogen s  8*45 p er  c e n t :  Oxygen s  2 9 ,0 7  per  c e n t .

The e m p ir ic a l  form u la  c o r r e s p o n d in g  to  t h i s  would be

th e  c o m p o s it io n  on t h i s  b a s i s  shou ld  be Carbon -  6 3 ,0 1  p er

cen t:  H ydtogen = 8 ,3 5  p er  c e n t :  Oxygen r  2 8 ,6 4  p e r  c e n t .

The lea d  s a l t  o f  t h e  a c id  was p repared  and p u r i f i e d  as a lr e a d y  

d e s c r ib e d ,  i t  was v e r y  s i m i l a r  in  appearance to  th e  c o r r e sp o n d in g  

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

0 .2 9 1 2  gram s u b s ta n c e  gave 0 .0 8 3 8  gram PbSO^* Lead -  1 9 , 6 5 /  

Assuming t h e  a c id  t o  b e  d i b a s i c ,  t h i s  would g iv e  a m o le c u la r  

weight o f  1 0 5 4 -2 0 5  r  8 4 9 ,  o r  i f  t h e  chromium r e s id u e  in  t h e  

acid  be a l lo w e d  f o r ,  8 2 8 ,  The form ula  g iv e n  above , ^4 4 ^ 7 0 ^ 1 5 » 

would g i v e  a m o le c u la r  w e ig h t  o f  8 38 , i n  good agreem en t.

T h is  a c id  was o f  t h e  same complex c h a r a c te r  as  t h o s e  a lr e a d y  

d e sc r ib e d ,  m e l t in g  w ith  d e c o m p o s it io n  above 240°C. A ttem pts  

were made to  e f f e c t  p u r i f i c a t i o n  th rou gh  i t s  m ethyl e s t e r ,  

a l t e r n a t i v e  methods o f  p r e p a r a t io n  b e in g  t r i e d  f o r  t h i s *  The 

sodium s a l t  o f  t h e  a c id  when h e a te d  w ith  d im e th y l  s u lp h a te  in  

benzene gave  as f i n a l  product a dark-«red r e s i n ,  v e r y  s o lu b l e  

In a lc o h o l ,  a c e to n e  and a c e t i c  e s t e r .  T h is  r e s i n  decomposed on

h e a t in g /
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h e a t in g  and was a s  i n t r a c t a b l e  as  t h e  o r i g i n a l  a c i d .

E s t é r i f i c a t i o n  o f  t h e  a c id  i t s e l f  by t h e  F i s c h e r  S p e ie r  method 

gave a v e r y  s i m i l a r  p r o d u c t .

The r e l a t i o n s h i p s  e x i s t i n g  b etw een  t h e  t h r e e  a c id s  d e s c r ib e d  

are c o m p le te ly  o b s c u r e .  In  t h e  ab sence  o f  any s a t i s f a c t o r y  

means o f  d e t e n a in in g  t h e  a c t u a l  m o le c u la r  w e ig h t s  o f  t h e s e  

p r o d u c ts ,  no i n d i c a t i o n  o f  t h e  d eg ree  o f  m o le c u la r  c o m p le x ity  

can b e  o b t a in e d .  I f  t h e  fo rm u la e  be w r i t t e n  so a s  to  g i v e  th e  

same number o f  oxygen  atoms i n  e a c h ,  t h e y  becom e, i n  th e  o rd er

in  which t h e  a c id s  are  d e s c r ib e d ,  C^Q^ôO^lô* ^42^58^15* ^44^70^15* 

The a c id  o b t a in e d  by tr e a tm e n t  o f  t h e  i n s o l u b l e  r e s id u e  w ith  

sodium c a r b o n a te  th u s  c o n t a in s  t h e  h ig h e s t  p r o p o r t io n  o f  h yd ro g en ,  

the lo w er  h yd rogen  c o n te n t  o f  th e  o t h e r  two b e in g  p o s s i b l y  due 

to th e  o x i d i s i n g  e f f e c t  o f  t h e  d i l u t e  n i t r i c  a c id  u sed  i n  t h e i r  

p r e p a r a t io n .  The f i r s t  two are  o f  n e a r ly  t h e  same e m p ir ic a l  

co m p o sit io n ,  but d i f f e r  c o n s id e r a b ly  in  t h e  p r o p o r t io n  o f  le a d  

p resen t  i n  t h e i r  l e a d  s a l t s .  I f  t h e  f i r s t  a c id  i s  regard ed  a s  

d ib a s i c ,  th e  secon d  may be regarded  as t r i b a s i c ,  t h e  a c id s  

o th e r w ise  b e in g  v e r y  s i m i l a r .

I t  i s  p o s s i b l e  t h a t  t h e  i n s o l u b l e  r e s id u e  from  t h e  

d ecom p osit ion  o f  t h e  caou tch ou c  chromyl c h lo r id e  compound 

r e p r e se n ts  an in te r m e d ia t e  s ta g e  i n  t h e  d e c o m p o s i t io n ,  b u t  i t s  

dom piex ity , as  shown by t h e  f a c t  t h a t  t h e  s m a l le s t  e m p ir ic a l  

formula r e p r e s e n t in g  i t s  co m p o s it io n  i s  C^g^^y^O^^CrgCl^,

■(î̂ ould i n d i c a t e  t h a t  i t  i s  m ere ly  ah a d s o r p t io n  p ro d u ct  o f  t h e  

aldehyde r e s i n  i t s e l f .  I t s  s o l u b i l i t y  in  a c e t i c  and form ic

aoids/
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a c id s ,  w ith  fo r m a t io n  o f  an a ld eh y d e  r e s i n ,  may s im p ly  b e  due t o  

d is a g g r e g a t io n ,  t h e s e  a c i d s  h a v in g  been  shown by H a r r ie s  to  e f f e c t  

" p e p t i z a t io n ” o f  com plex o r g a n ic  c o l l o i d s .  The s o l u t i o n  o f  t h e  

in s o l u b l e  r e s i d u e  i n  sodium ca rb o n a te  may s i m i l a r l y  be due t o  

slow o x id a t io n  o f  t h e  r e s i n  a ld eh y d e  b y  a b s o r p t io n  o f  atm osphere  

oxygen, t h e  a c id  so formed p a s s i n g  in t o  i t s  sodium s a l t  i n  

p resen ce  o f  t h e  a l k a l i .  In  any c a se  t h e  r e s u l t s  o f  t h e  chromyl 

c h lo r id e  o x i d a t i o n  o f  caou tch o u c  i n d i c a t e  t h a t  t h e  hydrocarbon  i s  

o f  v e r y  com plex s t r u c t u r e  and h ig h  m o le c u la r  w e ig h t ,  th e  a ld e h y d e  

r e s in  and i n s o l u b l e  r e s id u e  c o n s t i t u t i n g  p r a c t i c a l l y  th e  e n t i r e  

y ie ld  o f  d e c o m p o s it io n  p r o d u c t ,  and o c c u r r in g  i n  a p p ro x im a te ly  

equal q u a n t i t i e s  when t h e  r e a c t i o n  i s  c a r r ie d  o u t  In t h e  u su a l  

manner.

la k e r  S o lu b le  Pro d u c ts  o f.  t h e .D x i d a t i o n .

The o c c u r r e n c e  o f  l a e v u l i n i c  a c id  a s  a normal product o f  t h e  p er ­

manganate o x i d a t i o n  o f  caou tch ou c  made i t  v e r y  p ro b a b le  t h a t  i t  

would be p r e s e n t  among t h e  d e c o m p o s it io n  p ro d u cts  o f  th e  chromyl 

c h lo r id e  o x i d a t i o n .  T h is  id e a  was supported  by t h e  f a c t  t h a t  

Spence and G a l l e t l y  i s o l a t e d  from th e  ch lo r o fo r m  e x t r a c t s  o f  

the o x id a t io n  p r o d u c ts  a s u b s ta n c e ,  g i v i n g  a p h en y lh yd razon e  which  

melted about 92° and was c r y s t a l l i n e .  L a e v u l in i c  a ld eh y d e  

Pbenylhydrazone i s  an o i l ,  and cannot be induced  d i r e c t l y  ; 

to or y St a I l l s  ë,; but t h e  p h en ylh yd razon e o f  l a e v u l i n i c  a c id  I s  

0 ry s t a l l  in  e and m e l t s  a t  1 0 8 ° .

A f te r  com p le te  e x t r a c t i o n  o f  th e  r e s i n  a ld eh yd e  and rem oval
o f /
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o f  t h e  i n s o l u b l e  r e s id u e  by f i l t r a t i o n ,  t h e  aqueous l i q u o r  

from t h e  d e c o m p o s it io n  o f  th e  chromyl c h lo r id e  compound was  

s a tu r a te d  w ith  s a l t  and e x t r a c t e d  w ith  e t h e r ,  A sma3l amount 

o f  a s t i c k y  y e l lo w  syrup was o b ta in e d  on rem oval o f  t h e  s o l v e n t ,  

a drop o f  t h i s  su b s ta n c e  gave a v e r y  d i s t i n c t  p y r r o le  r e a c t i o n  

a f t e r  h e a t in g  w ith  a l c o h o l i c  ammonium a c e t a t e .  T h is  would  

p o in t  to  th e  p r e s e n c e  o f  l a e v u l i n i c  a ld eh yd e  in  t h e  aqueous  

r e s i d u e ,  e x t r a c t i o n  b e in g  ren d ered  d i f f i c u l t  by t h e  la r g e  

bulk  o f  t n e  l a t t e r  and t h e  s o l u b i l i t y  o f  t h e  a ld eh yd e  i n  w a te r .

In o r d e r  to  remove any l a e v u l i n i c  a ld eh yd e  o r  a c id  e x t r a c te d  

by t h e  c h lo r o fo r m  a lo n g  w ith  t h e  a ld eh yd e  r e s i n ,  t h e  l a t t e r  

•was washed w ith  a l i t t l e  e t h e r ,  th e  w a sh in g s  b e in g  added to  

th e  e t h e r  e x t r a c t  from  t h e  aqueous r e s i d u e .

The y e l lo w .s y r u p  o b ta in e d  by e v a p o r a t io n  o f  t h e  e t h e r  

e x t r a c t s  was d i s s o l v e d  i n  a l c o h o l ,  a s tr o n g  aqueous s o l u t i o n  o f  

sem ica rb a z id e  h y d r o c h lo r id e  and sodium acet& te  was added, and 

th e  m ix tu re  was a l lo w e d  to  stand f o r  a f o r t n i g h t .  The m ix tu re  

was th en  eva p o ra ted  to  d r y n e s s  in  vacuo and washed w ith  sm a ll  

p o r t io n s  o f  a b s o lu t e  a l c o h o l .  These e x t r a c t s  on e v a p o r a t io n  

gave a s t i c k y  r e s id u e  from  w hich  n o th in g  c r y s t a l l i n e  cou ld  be  

s e p a r a te d ,  t h e  p r e s e n c e  o f  t h e  v e r y  s o lu b le  r e s i n  sem icarbazone  

making p u r i f i c a t i o n  a lm ost im p o s s ib l e .

In  o rd er  to  p r o t e c t  th e  l a e v u l i n i c  a ld e h y d e ,  i f  form ed, from  

o x id a t io n  by t r a c e s  o f  chromic a c id  s e t  f r e e  d u r in g  t h e  

d eco m p o sit io n  o f  t h e  caoutchouc chromyl c h lo r id e  compound, 

t h e /  .



the  l a t t e r  o p e r a t io n  was c a r r i e d  out in  one c a s e  u s in g  w a ter  s a tu r a te d  

with su lp h u r  d i o x i d e .  D eco m p o sit io n  o f  t h e  chrom yl c h l o r i d e  compound 

took p l a c e  v e r y  r a p i d l y  and c o m p le t e ly ,  t h e  s o l e  product b e in g  th e  

aldehyde r e s i n ,  no t r a c e  o f  I n s o l u b l e  r e s id u e  b e in g  form ed. T h is  

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

m ediate p rod u ct o f  d e c o m p o s it io n ,  p o s s i b l y  formed by un ion  o f  two 

or more m o le c u le s  o f  p a r t l y  decomposed chromyl c h l o r i d e  compound.

The f i n a l  r e s u l t  would b e  a p rod u ct o f  more com plex  c h a r a c t e r  than  

the a ld eh y d e  r e s i n ,  but c a p a b le  o f  d e c o m p o sit io n  t o  a s im i l a r  

su b stan ce . T h is  i s  born e out by i t s  b eh a v io u r  tow ard s  sodium  

carbonate and g l a c i a l  a c e t i c  a c i d ,  a s  a lr e a d y  d e s c r ib e d .  The i n s o l u b l e  

r e s id u e ,  once form ed, i s  p e r f e c t l y  s t a b l e  tow ards su lp h u ro u s  a c id ,  

i t  i s  th u s  p r o b a b le  t h a t  t h e  a c t io n  o f  t h e  l a t t e r  i s  t o  p r e v e n t  

In tram olecu lar  p o ly m e r is a t io n  d u rin g  th e  d e c o m p o s it io n .  T his  method 

of d eco m p o sit io n  was n o t g e n e r a l l y  u s e d ,  e x t r a c t io n  o f  th e  r e s in o u s  

products b e in g  r en d ered  ex tr e m e ly  d i f f i c u l t  by t h e  a b se n c e  o f  th e  

in so lu b le  r e s i d u e ,  w hich  s e r v e d  t o  d i s t r i b u t e  them more c o m p le te ly  

through th e  aqueous l i q u o r ,  and th u s  red u ced  t h e i r  extrem e s t i c k i n e s s  

in p resen ce  o f  t h e  s o lv e n t  u se d  f o r  e x t r a c t i o n .

A fte r  c o m p le te  rem oval o f  t h e  r e s i n s  by e x t r a c t i o n  w ith  c h l o r o ­

form, th e  aqueous r e s i d u e  was h e a te d  t o  e x p e l  t h e  rem ainder o f  t h e  

so lv e n t .  I t  wasjfchen c o o l e d ,  s a tu r a t e d  w ith  s a l t ,  and e x t r a c te d  w ith  

ether. The e t h e r e a l  e x t r a c t s  on ev a p o r a t io n  y i e l d e d  a sm a ll  amount 

of a y e l lo w  sy ru p , a drop o f  which g ave  a v e r y  d e f i n i t e  p y r r o le

reaction  a f t e r  h e a t in g  w ith  a l c o h o l i c  ammonium a c e t a t e .  This  syrup  
was /
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was d i s s o l v e d  in  RO p er  o e n t  a c e t i c  a c id  and t r e a t e d  w ith  an

aqueous s o l u t i o n  o f  p h e n y lh y d r a z in e  a c e t a t e ,  t h e  m ix tu r e  b e in g

warmed and a l lo w e d  t o  s ta n d .  Wo c r y s t a l s  s e p a r a te d  and, even

a fte r  e v a p o r a t io n  t o  d r y n e s s  in  vacuo and e x t r a c t i o n  o f  t h e  r e s id u e

with a l c o h o l ,  no c r y s t a l l i n e  product c o u ld  be i s o l a t e d .  The a l c o h o l i c

BXtracts, h ow ever , a f t e r  e v a p o r a t io n  t o  d ry n ess  and tre a tm e n t  w ith

d i lu te  h y d r o c h lo r ic  a c i d ,  gave a sm a ll  q u a n t i t y  o f  a product which

c r y s t a l l i s e d  from a lc o h o l  in  p a le  y e l lo w  l e a f l e t s  and m e lte d  a t  
0 0

195 -196  • I t  would th u s  appear t o  b e  1 -p h e n y l-S -m e th y l -d ih y d r o -  

p y r id a z in e ,  t h e  most c h a r a c t e r i s t i c  d e r i v a t i v e  o f  l a e v u l i n i c  

aldehyde. The chrom yl c h l o r i d e  o x id a t io n  o f  caou tch ou c  would  

th ere fo re  appear to  g i v e  r i s e  t o  a sm a ll  amount o f  l a e v u l i n i c  

aldehyde, t h i s  b e in g  o x i d i s e d  to  l a e v u l i n i c  a c id  under th e  o r d in a r y  

co n d it io n s  o f  th e  r e a c t i o n .

C on clu sion s .

I* The o x id a t io n  o f  caou tch ou c  w ith  chromyl c h l o r i d e  g i v e s  r i s e  

to two main p r o d u c t s ,  a r e s i n  w ith  a ld e h y d ic  p r o p e r t i e s ,  o x i d i s à b l e  

to a c o r r e sp o n d in g  a c i d ,  and a com plex  i n s o l u b l e  product c o n t a in in g  

hoth chromium and c h l o r i n e .

II* The i n s o l u b l e  product u n d erg o es  d e c o m p o sit io n  on h e a t in g  w ith  

g la c ia l  a c e t i c  a c i d ,  chromium and c h l o r i n e  b e in g  e l im in a te d  and a 

i*©sin o f  a ld eh y d e  p r o p e r t i e s  b e in g  form ed. T h is  r e s i n  a ld eh y d e  i s  

s-lso o x i d i s a b l e  t o  a c l o s e l y  r e l a t e d  r e s i n  a c i d .

I II .  The i n s o l u b l e  prod u ct i s  a l s o  decomposed on p ro lo n g ed  h e a t in g  

^ith aqueous sodium c a r b o n a te ,  a r e s i n  a c id  b e in g  formed w ith  th e  

e lim in ation  o f  chromium and c h l o r i n e .

17. The i n s o l u b l e  r e s id u e  does  n ot appear when th e  ca o u tch ou c  chromyl 

( C h lo r id e /
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c h l o r i d e  compound i s  decomposed by su lp h u ro u s  a c i d .  T h is  h a s  been  

e x p la in e d  by assum ing t h a t  t h e  i n s o l u b l e  p rod u ct a r i s e s  through  

p o ly m e r is a t io n  o f  t h e  chrom yl c h l o r i d e  compound d u rin g  d eco m p o sit io n .  

V. The p r o b a b le  p r e s e n c e  o f  l a e v u l i n i c  a ld e h y d e  a s  a d e c o m p o s it io n  

product h a s  been  shown. The r e l a t i o n s h i p s  betw een  th e  v a r io u s  

p rod u cts  and t h e  caou tch o u c  hydrocarbon  a r e  so f a r  c o m p le te ly  

o b scu re , t h e  i m p o s s i b i l i t y  o f  a s c e r t a i n i n g  th e  p u r i t y  or o t h e r w is e  

of th e  o x id a t io n  p r o d u c ts  making c o n j e c t u r e  u s e l e s s .
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