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of l ac t i c  acid.  Th i s  r e a c t i o n  goes well  on  a s m a l l  scale  
o n l y  if  one  t a k e s  a d v a n t a g e  of t h e  h e a t  of t h e  r e a c t i o n  
b y  c o m p r e s s i n g  t h e  m i x t u r e  of B a C O  3 a n d  Mg p o w d e r s  
i n to  a ha rd ,  dense  mass .  I n  p rac t i ce ,  .2 g of BaCO 3 was  
i n t i m a t e l y  m i x e d  w i t h  "5 g of Mg powder ,  a n d  t h e  
m i x t u r e  c o m p r c s s e d  in a s tee l  pe l l e t  p ress  t o  a s m a l l  
wafer .  Th i s  w a s  p l aced  in  a n  i r on  b o a t  ins ide  a n  i r on  
p ipe  t h r o u g h  w h i c h  a s t r e a m  of  H~ gas  was  f lowing,  a n d  
was  t h e n  se t  in  a f u r n a c e  a t  1,000 °. W h e n  t h e  t e m p e r a t u r e  
of t h e  p ipe  r e a c h e d  7 0 0 - 7 5 0  o r e a c t i o n  o c c u r r e d  a n d  t h e  
pe l l e t  e x p l o d e d .  T h e  p ipe  was  coo led  r a p i d l y  w i t h  w a t e r  
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Glass apparatus for converting BaC~ to acetate. 

a n d  t h e  g r a y - b l a c k  c o n t e n t s  of t h e  b o a t  t r a n s f e r e d  to  
t h e  a p p a r a t u ~  s h o w n  in  t h e  F i g u r e  for  c o n v e r s i o n  to  ace-  
t y l ene .  A c e t y l e n e  t i t r a t i o n s  a c c o r d i n g  to  WILLSTXTTER x 
i n d i c a t e d  y ie lds  of  7 5 - 8 5 %  in  t h i s  s t ep .  

Conversion o[ B a C ,  to Acetate:  B a C  2 r e a c t s  r a p i d l y  a n d  
q u a n t i t a t i v e l y  w i t h  w a t e r  t o  y ie ld  a c e t y l e n e .  T h e  m e t h o d  
t h e n  u sed  for  a c e t a t e  f o r m a t i o n  was  b a s e d  u p o n  a n  
o b s e r v a t i o n  b y  FEUCHTER "~ t h a t  a c e t y l e n e  b u b b l e d  
t h r o u g h  m o l t e n  N a O H - - K O H  was  p a r t i a l l y  c o n v e r t e d  
to  a c e t a t e .  Th i s  p r i n c i p l e  was  a d o p t e d  b y  STROSACKER 
et al. a w h o  used  sol id  N a O H  in t h e  c o m m e r c i a l  p ro -  
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d u c t i o n  of a c e t a t e .  W e  f o u n d  a p r a c t i c a l l y  q u a n t i t a t i v e  
c o n v e r s i o n  w h e n  a c e t y l e n e  was  h e a t e d  in  a sea led  t u b e  
w i t h  a l k a l i - s a t u r a t e  a sbes tos .  

T h e  a p p a r a t u s  s h o w n  in  t h e  F i g u r e  p r o v e d  c o n v e n i e n t  
for c a r r y i n g  o u t  t h e  r eac t i on .  I n  p rac t i ce ,  t h e  BaC~ was  
p l a c e d  in  A,  15 ml  w a t e r  in  D, a n d  .3 g of  a s b e s t o s  
u p o n  w h i c h  h a d  b e e n  d r i ed  .6 g I<OH in E.  T h e  ap -  
p a r a t u s  was  e v a c u a t e d  t h r o u g h  s t o p c o c k  B a n d  a l iqu id  
a i r  f l ask  p l a c e d  a r o u n d  E .  W a t e r ,  a d m i t t e d  t h r o u g h  
s t o p c o c k  C, r e a c t e d  v i o l e n t l y  w i t h  t h e  c a r b i d e  ( the  m i x -  
t u r e  was  w a r m e d  w i t h  a f l ame  for  5 - 1 0  m i n u t e s  to  
i n s u r e  c o m p l e t e n e s s )  a n d  t h e  e v o l v e d  a c e t y l e n e  p lus  
s o m e  w a t e r  c o n d e n s e d  in  E .  T u b e  E was  sea led  off a n d  
p l a c e d  in  a f u r n a c e  a t  2500 for  1 hour ,  a f t e r  w h i c h  t h e  
c o n t e n t s  were  s u s p e n d e d  in 50 m l  w a t e r ,  6 m l  of  2 0 %  
H2SO 4 were  a d d e d ,  a n d  t h e  ace t i c  ac id  was  d i s t i l l ed  ou t .  
T h e  ac id  was  i d e n t i f i e d  b y  a D u c l e a u x  t i t r a t i o n .  Y i e l d s  
of 8 0 - 9 0 %  were  o b t a i n e d  in  t h i s  conve r s ion ; ,  o v e r a l l  
y ie lds  f rom BaCO3 b e i n g  in  t h e  r a n g e  of  6 0 - 8 0  %. 
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Z u s a m m e n / a s s u n g  

E s  wi rd  eine M e t h o d e  b e s c h r i e b e n ,  m i t  d e r e n  Hi l fe  
s ich  a u s  BaCO 3 Essigs~iure h e r s t e l l e n  lliBt, die C la ode r  
C 14 s y m m e t r i s c h  als  ~ctracer,~ enth~i l t :  BaCOs wi rd  zu-  
n~ichst  zu ]3aC 2 r e d u z i e r t .  H ie r f i i r  w i rd  B a C O  s in  e ine r  
k l e i n e n  K u g e l  m i t  M a g n e s i u m p u l v e r  g e m i s c h t  u n d  ge 
p r e B t  u n d  d a n n  in r e i n e r  W a s s e r s t o f f a t m o s p h ~ i r e  a u f  
700-750  o e rh i t z t .  Das  r e s u l t i e r e n d e  K a r b i d  (BaC,)  wi rd  
l a n g s a m  m i t  ~,Vasser z e r s e t z t  u n d  d a m i t  A z e t y l e n  ge- 
w o n n e n .  Das  A z e t y l e n  w i rd  m i t  Hi l fe  v o n  m i t  K a l i u m -  
h y d r o x y d  d u r c h t r i i n k t e m  A s b e s t  a u f  2500 e r h i t z t ,  wo- 
be i  s ich  K a l i u m a z e t a t  b i lde t .  Dieses  K a l i u m a z e t a t  in 
A s b e s t  wi rd  in Schwefe ls i iu re  s u s p e n d i e r t .  D u r c h  Des t i l -  
l a t i o n  erh~ilt m a n  Ess igs i iure .  Die  A u s b e u t e  betr~igt  et-  
wa  60 -80  %. 

O n  t h e  M e c h a n i s m  of  C a t a l y t i c  H y d r o g e n a t i o n  

a n d  D e h y d r o g e n a t i o n  w i t h  R h o d i u m  I 

T h e  success fu l  use  of  s y n t h e t i c  h i g h  p o l y m e r s  in  t h e  
p r e p a r a t i o n  of h i g h l y  a c t i v e  n o b l e  m e t a l  c a t a l y s t s  led  
to  t h e  e x t e n s i o n  of  t h e i r  a p p l i c a t i o n  t o  r h o d i u m .  Fo l low-  
ing  t h e  ea r l i e r  2 p r o c e d u r e  for  p a l l a d i u m  a n d  p l a t i n u m  
we h a v e  p r e p a r e d  a r h o d i u m - p o l y v i n y l  a l coho l  c a t a l y s t  
(Rh-PVA). 

The Rh-PVA catalyst was used in the hydrogenation 
of the C---- C double bond and NO 2 group. In particular, 
nitrobenzene ~ was studied in greater detail. It is readily 
r e d u c e d  to  a n i l i n e  a t  a t m o s p h e r i c  p r e s s u r e  a n d  r o o m  
t e m p e r a t u r e  b y  s h a k i n g  i t s  a lcoho l ic  s o l u t i o n  w i t h  
h y d r o g e n  i n  t h e  p r e s e n c e  of  R h - P V A .  A d d i t i o n  of  
h y d r o g e n  t o  t h e  c a r b o n - c a r b o n  d o u b l e  b o n d  is a lso  
eas i ly  a c h i e v e d .  

T h e  b e h a v i o u r  of p a l l a d i u m  a n d  r h o d i u m  is r e m a r k -  
a b l y  d i f f e r e n t  in  t h a t  t h e  a c t i v i t y  of r h o d i u m  is g r e a t l y  
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a f f ec t ed  b y  t h e  PH of t h e  s o l v e n t  a n d  o t h e r  f u n c t i o n a l  
g roups ,  w h e r e a s  t h e  a c t i v i t y  of p a l l a d i u m  is l i t t l e  or  n o t  
i n f l u e n c e d  (Tables  I a n d  I I ) .  

Table I 
Influence of PH on the rate of reduction of nitrobeazene 

PH 

3 
7 

10 

k - 10 5 

Rh Pd 

0.69 1"62 
0.30 1"62 
1"38 1-57 

Table I I  

Influence of substituents on the rate of reduction of nitrobenzene 

p - C N  
p - C H O  
p - N O  2 

Substance 
Rh 

11"1 
10"8 
10"4 

k • 106 

Pd 

18"9 
18"7 
18"5 

p - C O O H  
p - I .  
p-c1 
p - B r  

N o n e  
p - O C H  3 
p - N H 2  

i0"I  
9 '25 
9"02 
8"79 
8.33 
6"25 
1"85 

18"5 
1 18"5 

18"5 
18"5 
18-5 
18"5 
18"5 

T h e s e  s t r i k i n g  d i f fe rences  s ugges t  t h a t  t h e  m e c h a n i s m s  
of  h y d r o g e n a t i o n  w i t h  R h - P V A  a n d  P d - P V A  m a y  be  
d i f f e r en t .  A ser ies  of s u b s t i t u t e d  n i t r o b e n z e n e s  (Tab le  I I )  
a n d  p r o p y l e n e  d e r i v a t i v e s  (Tab le  I I I )  were  s t u d i e d .  T h e  

Table I I I  
Influence of adjacent groups on the hydrogenation of C=C 

Compound k • l0 t (Rh) 

A l l y l a m i n e  . . . . . . . . .  
Acry l i c  ac id  . . . . . . . .  
A c r y l o n i t r i l e  . . . . . . . .  
Al lyl  a l coho l  . . . . . . . .  
Allyl  a c e t a t e  . . . . . . . .  
Al ly l  e t h y l  e t h e r  . . . . . .  
Ac ro l e in  . . . . . . . . . .  

3"12 
2 '63 
2"12 
2"08 
1"94 

"97 
"28 

T h e  R h - P V A  c a t a l y s t  is e f fec t ive  a lso in  t h e  de- 
h y d r o g e n a t i o n  of  f o r m i c  ac id  a n d  i s o p r o p y l  a l coho l  a t  
95 0C. T h e  p r e s e n c e  of  e l e m e n t a r y  su l fu r  i nc r ea se s  t h e  
r a t e  of d e h y d r o g e n a t i o n .  K i n e t i c  s t ud i e s  s h o w  t h a t  t h e r e  
is a s t o i c h i o m e t r i c  r e l a t i o n s h i p  b e t w e e n  r h o d i u m  a n d  
s u l f u r :  

Table I V  

Rate of decomposition of HCO2H by Rh (5 rag) in the presence of S 

Amount of S 
(rag) 

0 5 
1 7 
2 9 
5 19 

cm 3 of gas evolved in minutes 

15 20 1° I 
6.5 i 

11 
16 
27 

7"5 flocc. 
12 flocc. 
23 27 
37 45 

T h e  i n f l u e n c e  of s u l f u r  was  also s t u d i e d  in  t h e  h y d r o -  
g e n a t i o n  of ma le i c  ac id  a n d  n i t r o b e n z e n e  in  o r d e r  to  
c o r r e l a t e  t h e  m e c h a n i s m s  of h y d r o g e n a t i o n  a n d  d e h y d r o -  
g e n a t i o n .  S u l f u r  p r o v e d  to  b e  t ox i c  in  t h e  f o r m e r  case.  

T h e  a v a i l a b l e  e v i d e n c e  r e g a r d i n g  t h e  i n t e r a c t i o n  ol 
s u l f u r  p o i n t s  to  a twofo ld  r61e: (1) S u l f u r  in  c o n j u n c t i o n  
w i t h  r h o d i u m  m a y  ac t  as a h y d r o g e n  a c c e p t o r  1, h y d r o -  
gen  b e i n g  s u b s e q u e n t l y  l i b e r a t e d  in  m o l e c u l a r  f o r m  a n d  
c o m b i n e d  w i t h  su l fu r  as  H~S w h o s e  p r e s e n c e  h a s  b e e n  
d e t e c t e d .  (2) A n  i n t e r m e d i a t e  c o m p l e x  ( S - R h - H - s u b -  
s t r a t e )  is a p p a r e n t l y  f o rmed .  T h e  a t t a c h m e n t  of  s u l f u r  
t o  t h e  r h o d i u m  a t o m  w e a k e n s  t h e - H - s u b s t r a t e  l i nkage .  
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Z u s a m m e n [ a s s u n g  

Mit  Hi l fe  e ines  n e u e n  R h o d i u m p o l y v i n y l a l k o h o l - K a -  
t a l y s a t o r s  w u r d e  de r  M e c h a n i s m u s  k a t a l y t i s c h e r  H y d r i e -  
r u n g e n  u n d  D e h y d r i e r u n g e n  u n t e r s u c h t .  Aus  d e n  m i t g c -  
t e i l t e n  V e r s u c h s e r g e b n i s s e n  g e h t  he rvo r ,  d a b  m o l e k u l a -  
r e r  W a s s e r s t o f f  d u r c h  R h o d i u m  i on i s i e r t  wird,  w~ihrend 
m i t  P a l l a d i u m  a t o m a r e r  W a s s e r s t o f f  g e b i l d e t  wird .  Bei  
de r  U n t e r s u c h u n g  y o n  D e h y d r i e r u n g e n  w u r d e  fes tge-  
s te l l t ,  daB diese  R e a k t i o n e n  in  G e g e n w a r t  y o n  e l emen-  
t a r e m  Schwefe l  b e s c h l e u n i g t  we rden .  D c r  Schwefe l  
w i r k t  e n t w e d e r  als  W a s s e r s t o f f a k z e p t o r  ode r  n i m m t  a n  
e ine r  K o m p l e x b i l d u n g  tel l .  

r e d u c t i o n  of  t h e  NO~ g r o u p  w i t h  R h  is a c c e l e r a t e d  b y  
e l e c t r o n - a t t r a c t i n g  p a r a - s u b s t i t u e n t s ,  wh i l e  i t  r e m a i n s  
u n a f f e c t e d  in  t h e  case  of Pd .  W i t h  p r o p y l e n e  d e r i v a t i v e s ,  
h y d r o g e n a t i o n  of C =  C w i t h  R h  is f a v o r e d  b y  t h e  po la r -  
i t y  of t h e  a d j a c e n t  g roups .  

T h e  r e su l t s  i n d i c a t e  t h a t  r h o d i u m  i o n i z e s  m o l e c u l a r  
h y d r o g e n ,  t h e  p o s i t i v e  H + b e i n g  t h e  e f f ec t i ve  s t a r t i n g  
a g e n t  1. P a l l a d i u m ,  on  t h e  o t h e r  h a n d ,  s e e m s  to  f o r m  
a t o m i c  h y d r o g e n  H ' .  These  a s s u m p t i o n s  a re  s u p p o r t e d  
b y  a s t epwi se  r e d u c t i o n  of n i t r o b e n z e n e ,  b y  t h e  elec- 
t r o n i c  c o n f i g u r a t i o n s  of P d  a n d  R h  a t o m s  a n d  b y  t h e  
d i f f e r e n t  n a t u r e  of t h e  a d s o r p t i o n  of h y d r o g e n  b y  t h e s e  
me ta l s .  

1 R. KVHN, Naturwiss. 13, 171 (1925). 
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D i f f u s i o n s m e s s u n g e n  a n  K a u t s c h u k  

H o c h m o l e k u l a r e  S tof fe  ze igen  u n t e r  e i n e r  ?iufleren me-  
c h a n i s c h e n  B e a n s p r u c h u n g  g a n z  b e s o n d e r e ,  e i g e n t i i m -  
l i che  E f f e k t e ;  es l i eg t  d e s h a l b  n a h e ,  a u c h  das  i n n e r e  
m e c h a n i s c h e  V e r h a l t e n ,  i m  spez ie l len  die  i n n e r e  Beweg-  
l i chke i t  d iese r  S tof fe  zu  u n t e r s u c h e n .  P r i nz ip i e l l  k a n n  
dies  u n t e r  a n d e r e m  in  de r  ~Veise g e s c h e h e n ,  d a b  m a n  
[ r emde  Te i l chen ,  i n s b e s o n d e r e  so lche  y o n  m o l e k u l a r e n  
A b m e s s u n g e n  a ls  S o n d e n  in  das  zu u n t e r s u c h e n d e  M a t e -  
r ia l  e i n b r i n g t  u n d  i h r e  ]3ewegl ichke i t  b e s t i m m t ;  p r a k -  


