This article was downloaded by:

On: 23 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

vmeeumene | Journal of Coordination Chemistry
Journal Publication details, including instructions for authors and subscription information:

COORDINATION http://www.informaworld.com/smpp/title~content=t713455674
CHEMISTRY

Covalently Immobilized Colloidal Metal Particles as Selective Catalysts for

o | Olefin Hydrogenation
o ° Makoto Komiyama®™; Michitaka Ohtaki®; Hidefumi Hirai*
i Lag S @ Faculty of Engineering, The University of Tokyo, Bunkyo-ku, Tokyo ® Institute of Materials Science,
IRV University of Tsukuba, Tsukuba-shi, Ibaraki ¢ Faculty of Engineering, Science University of Tokyo,

Shinjuku-ku, Tokyo

#
p
-
-
I
.
Fresee

To cite this Article Komiyama, Makoto , Ohtaki, Michitaka and Hirai, Hidefumi(1988) 'Covalently Immobilized Colloidal
Metal Particles as Selective Catalysts for Olefin Hydrogenation', Journal of Coordination Chemistry, 18: 1, 185 — 188

To link to this Article: DOI: 10.1080/00958978808080706
URL: http://dx.doi.org/10.1080/00958978808080706

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informaworld. conftermns-and-conditions-of-access. pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |oan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this nmaterial.



http://www.informaworld.com/smpp/title~content=t713455674
http://dx.doi.org/10.1080/00958978808080706
http://www.informaworld.com/terms-and-conditions-of-access.pdf

18: 55 23 January 2011

Downl oaded At:

J. Coord. Chem. 1988, Vol. 18, pp. 185-188 © 1988 Gordon and Breach Science Publishers Inc.
Reprints available directly from the publisher Printed in Great Britain
Photocopying permitted by license only

COVALENTLY IMMOBILIZED COLLOIDAL METAL PARTICLES AS SELECTIVE
CATALYSTS FOR OLEFIN HYDROGENATION
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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 of 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.
Copolymer of N-vinyl-2-pyrrolidone and methyl acrylate

(methyl acrylate content 32 molZ) and polyacrylamide gel having
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aminoethyl groups (aminoethyl Bio-Gel P-150 from BIO-RAD
Laboratories Co.) were used as protective polymer and support,
respectively. Homogeneous dispersion of polymer protected
colloidal rhodium particles was prepared as dark brown solution by
refluxing for 1 h a solution of the protective polymer (2.0 g/dm3)
and RhCl, (1.Ox10'3 mol/dm>) in ethanol-water mixture (1/1, v/v).

The immobilization of colloidal rhodium particles was
achieved as follows. One gram of dry polyacrylamide gel having
aminoethyl groups was sufficiently swollen in 53 em3 of water. To
this mixture, 20 em3 of the colloidal dispersion was added. After
stirring the mixture for a few days, dark brown color of the
liguid layer disappeared and the color of the gel turned from
white to dark brown, due to the immobilization of the colloidal
particles. These procedures are schematically shown in Fig. 1.
The immobilization was stable in a wide range of pH (2-13), and no
release of the colloidal particles was detected after repeated
washing with water or methanol.

Colloidal Rh using Protective
Y/’ |- Polymer with Methyl Acrylate
Residues

AN

! . Immobilized
Polyacrylamide Gel Catalyst
with Aminoethyl Groups

(support)

Fig. 1 Schematic Diagram for Immobilization Procedure of
Colloidal Rhodium Particles

When homopolymer of N-vinyl-2-pyrrolidone was used as
protective polymer, colloidal particles were not immobilized to
the support at all. No immobilization occurred either, when a
polyacrylamide gel without amino groups was used as support.
These results indicate that the present immobilization is

associated with formation of amide bonds between the methyl
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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 (rj) to those of the
homogenecus colloidal rhodium dispersion (rd). The ratios
(ri/rdL a measure for the magnitude of the effect of the
immobilization on the catalytic activity, are small for
hydrophobic olefins such as cyclohexene and 1-pentene, whereas the
ratios are rather large for hydrophilic olefins such as ethyl
vinyl ether and allyl 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 Tab. 1 Activities of the Immobilized Colloidal

. . Rhodium Catalyst for Hydrogenation of Olefins
3-butenoic acid are

larger than 1. Here, Initial Rate of

Substrate Hydrogenation® ri/rq

the substrates are (r;)
highly concentrated near Cyclohexene 140 0.21
Cyclopentene 280 0.26
the catalyst by electro- 4 lgoyene 200 0.17
: . 1-Pentene 140 0.14
static attractive force Mosityl Oxide 56 0.18
between carboxylate 2-Methyl-2-Pentene 13 0.20
anion in the olefins and Ethyl Vinyl Ether 570 0.50
X . Allyl Alcohol 130 0.45
the ammonium group in 3-Butene-1-ol 130 0.44
the gel. The activities Allylamine 230 0.35
& Methyl Vinyl Ketone 320 0.43
of the present immo- Methyl Acrylate 270 0.30
bilized catalyst for pcrylic Acid 150 2.2
3-Butenoic Acid 130 3.6

hydrogenation of 1-

hexene, cyclohexene, and a) mmol Hy/mol Rh*s; at 30.0 °C under 1 atm
in ethanol/water(1:1).

ethyl vinyl ether are 2,



18: 55 23 January 2011

Downl oaded At:

188 M. KOMIYAMA, M. OHTAKI AND H. HIRAI

10, and 22 times as large
as those of commercially 0.5}
obtained rhodium carbon L]

catalyst, respectively.

Figure 2 depicts the
plot of log(ri/rd) Vs

(dge:’-'ésub)z’ where §ge1
and 6sub are the -0.5 L]

log(r;/ryg)
)

solubility parameters of
the gel as support and

the substrates, respec-  -1-0f

tively. Here, 6ge1 was B 55 T 365

taken as identical with (8ge1-0gyp)? / cal-cm3

that of water, and 6sub Fig. 2 Relationshig between log(ri/rd) and
(8701~ )< for the Immobilized
values were calculated Rh%cel%umsggtalyst
from the boiling point, density, and molecular weight.2 A fair
relationship 1s found: log(ri/rd) increases with decrease in
(5ge1'5sub)2- This result confirms the validity of the above
argument showing the importance of the interactions between the
substrate and the support, since smaller value of (Ggel‘dsub)z
corresponds to larger magnitude of the interaction.

The immobilized colloidal rhodium catalysts were easily
recovered from the reaction mixtures by decantation without
significant loss of activity. The activity in the fifth run for
hydrogenation of cyclohexene was 98% of the value of the virgin

catalyst.
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