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Homogeneous colloidal dispersions of ultrafine noble metal 

particles have been prepared by the reduction of the corresponding 
metal ions in the presence o f  protective polymers. These 
colloidal metal particles show effective and selective catalyses 
in hydrogenation of olefins.' However, separation of these 

homogeneous catalysts from reaction mixtures for the repeated use 
is difficult. Thus, immobilization of these colloidal metal 
particles to supports is required. This paper reports 
immobilization of colloidal rhodium particles onto polymer support 
by use of covalent bonding between the protective polymer and the 
support. Activities and selectivities of the resultant 
immobilized catalysts for hydrogenation of olefins are shown. 

C opoly m er of N-vinyl-2-pyrr 01 id one and m ethyl ac ryla t e 
(methyl acrylate content 32 mol%) and polyacrylamide gel having 
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a m i n o e t h y l  g r o u p s  ( a m i n o e t h y l  B i o - G e l  P -150  f r o m  B I O - R A D  
L a b o r a t o r i e s  Co.) were u s e d  as p r o t e c t i v e  po lymer  and  s u p p o r t ,  

r e s p e c t i v e l y .  Homogeneous d i s p e r s i o n  o f  po lymer  p r o t e c t e d  

c o l l o i d a l  rhodium p a r t i c l e s  was prepared as dark brown s o l u t i o n  by 

r e f l u x i n g  f o r  1 h a s o l u t i o n  o f  t h e  p r o t e c t i v e  polymer (2.0 g/dm3) 

and. RhC13 (1 . O X I O - ~  mol/dm3) i n  ethanol-water mixture (1 / I ,  v /v) .  

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

a c h i e v e d  as f o l l o w s .  One gram of d r y  p o l y a c r y l a m i d e  g e l  h a v i n g  

aminoethyl groups w a s  s u f f i c i e n t l y  swollen i n  53 em3 of water. To 

t h i s  mixture,  20 cm3 of t h e  c o l l o i d a l  d i s p e r s i o n  was added. Af t e r  

s t i r r i n g  t h e  m i x t u r e  f o r  a f ew d a y s ,  d a r k  brown c o l o r  of  t h e  

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

w h i t e  t o  d a r k  brown, due t o  t h e  i m m o b i l i z a t i o n  o f  t h e  c o l l o i d a l  

p a r t i c l e s .  These p r o c e d u r e s  a r e  s c h e m a t i c a l l y  shown i n  F ig .  1. 

The immobil izat ion w a s  s t a b l e  i n  a wide range of pH (2-13), and no 

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

washing wi th  water o r  methanol. 

Colloidal Rh using Protective 
Polymer with Methyl Acrylate 
Residues 

I 
Polyacrylamide G e l  
with Aminoethyl Groups 

(support) 

Immobilized 
Catalyst 

Fig. 1 Schematic Diagram f o r  Immobilization Procedure of 
Colloidal Rhodium Particles 

When homopolymer of N-v iny l -2 -pyr ro l idone  was u s e d  as 

p r o t e c t i v e  polymer, c o l l o i d a l  p a r t i c l e s  were n o t  immobilized t o  

t h e  s u p p o r t  a t  a l l .  No i m m o b i l i z a t i o n  o c c u r r e d  e i t h e r ,  when a 

p o l y a c r y l a m i d e  g e l  w i t h o u t  amino g roups  was used as  s u p p o r t .  

These r e s u l t s  i n d i c a t e  t h a t  t h e  p r e s e n t  i m m o b i l i z a t i o n  i s  

a s s o c i a t e d  w i t h  f o r m a t i o n  o f  a m i d e  bonds be tween  t h e  m e t h y l  
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COLLOIDAL METALS AS SELECTIVE CATALYSTS 187 

acrylate residues in the protective polymer and the amino groups 
in the gel. 

Table 1 shows catalytic activities of the resultant 
immobilized colloidal rhodium catalyst for hydrogenation of 

various olefins at 30°C under 1 atm, together with the ratios of 

the activities of the immobilized catalyst (Ti) to those of the 
homogeneous colloidal rhodium dispersion (rd). The ratios 

(ri/rd), a measure for the magnitude of the effect of the 
immobilization on the catalytic activity, are small for 

hydrophobic olefins such as cyclohexene and I-pentene, whereas the 
ratios are rather large for hydrophilic olefins such as ethyl 
vinyl ether and ally1 alcohol. These facts show that the 
activities of the immobilized catalyst are mainly governed by the 

effective concentrations of the substrates in the vicinity of the 
catalyst. The effective concentrations are dependent on the 
interactions between the substrates and hydrophilic acrylamide gel 
as support. Quite significantly, the ratios for the hydrogenation 

of acrylic acid and for 

3-butenoic acid are 

larger than 1. Here, 

the substrates are 

highly concentrated near 
the catalyst by electro- 
static attractive force 
between c arboxyla te 
anion in the olefins and 

the ammonium group in 

the gel. The activities 

of the present immo- 
bilized catalyst for 
hydrogenation of 1 -  

hexene, cyclohexene, and 
ethyl vinyl ether are 2, 

Tab. 1 Activities of the Immobilized Colloidal 
Rhodium Catalyst f o r  Hydrogenation of Olefins 

Initial Rate of 
Substrate Hydrogenationa) ri/rd 

('1) 

Cyclohexene 140 0.21 

1 -Pentene 140 0.14 
Mesityl Oxide 86 0.18 
2-Methyl-2-Pentene 13 0.20 

Ethyl Vinyl Ether 570 0.50 
Ally1 Alcohol 130 0.45 

Allylamine 230 0.35 

Methyl Acrylate 270 0.30 

Cyclopentene 280 0.26 
1 -Hexene 200 0.17 

3-Butene-1-01 130 0.44 

Methyl Vinyl Ketone 320 0.43 

Acrylic Acid 150 2.2 
3-Butenoic Acid f 30 3.6 

a) mmol H2/mol Rhms; at 30.0 "C under 1 atm 
in ethanol/water ( 1 : 1 1. 
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10, and 22 t imes  a s  l a r g e  

as those of commercially 0.5- 

o b t a i n e d  rhodium c a r b o n  

c a t a l y s t ,  respect ively.  - 
Figure 2 d e p i c t s  the  hm 0 

\ 

p l o t  o f  l o g ( r i / r d )  v s  id  - 

0 

-...- ..... -. 

2 a, 
('gel-bsub) J where 6 g e l  2 
a n d  G s u b  a r e  t h e  -0-5. 

s o l u b i l i t y  p a r a m e t e r s  of 

t h e  g e l  as s u p p o r t  and 

t h e  s u b s t r a t e s ,  r e s p e c -  -'-O. 

e e  

e e  
e .  

I 
t i v e l y .  Here,  6gsl was 0 1 0 0  2 0 0  300 
t a k e n  as  i d e n t i c a l  w i t h  

that Of  water, and Gsub Fig. 2 Relationshis between log(ri/rd) and 

v a l u e s  were c a l c u l a t e d  Rhodium Catalyst 
from t h e  b o i l i n g  p o i n t ,  d e n s i t y ,  and m o l e c u l a r  weight .2  A f a i r  

r e l a t i o n s h i p  i s  found: l o g ( r i / r d )  i n c r e a s e s  w i t h  d e c r e a s e  i n  

(6gel-6,ub)2 / cal-cm-3 

(6gei-6sub) for the Immobilized 

(6ge l -bsub)  2 . T h i s  r e s u l t  c o n f i r m s  t h e  v a l i d i t y  of  t h e  above 

argument showing t h e  importance of t h e  i n t e r a c t i o n s  between t h e  
2 s u b s t r a t e  and t h e  s u p p o r t ,  s i n c e  s m a l l e r  v a l u e  of  (6gel-6sub) 

corresponds t o  l a r g e r  magnitude o f  t h e  in te rac t ion .  

The i m m o b i l i z e d  c o l l o i d a l  rhodium c a t a l y s t s  were  e a s i l y  

r e c o v e r e d  from t h e  r e a c t i o n  m i x t u r e s  by d e c a n t a t i o n  w i t h o u t  

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

h y d r o g e n a t i o n  of cyc lohexene  was 98% o f  t h e  v a l u e  o f  t h e  v i r g i n  

c a t a l y s t .  
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