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SYNOPSIS

RhCI [P (C¢Hs5)3]3 complexes have been incorporated in cellulose acetate as a dispersion
medium using cosolvent (tetrahydrofuran). The interactions between Rh(I) complexes
and cellulose acetate (CA) are examined by infrared spectroscopy and thermal analysis.
The chemical reactivities of Rh—CA films have been investigated by reacting Rh sites with
CO, H,, 0,, and C;H, in the temperature range 90-150°C and at a pressure of less than 1
atm. Three different Rh-carbonyls and a Rh-hydride species formed in CA are characterized
by their infrared spectra. Treatment of 10 or 20 wt % Rh-CA films with hydrogen (600
torr) at 150°C produces small Rh metal particles of ca. 10 A or less in diameter in CA,
which show catalytic activities under mild conditions in various reactions such as hydro-
genation of C,H,, oxidation of CO, and Fischer-Tropsch type reactions.

INTRODUCTION

Metal-containing polymeric materials have been an
active research area in recent years because of their
potential applications as versatile materials and for
the purpose of modifying polymer properties such
as increasing the glass transition temperature (7}),
decreasing the melting temperature ( T,), enhancing
adhesive properties, or increasing the electrical con-
ductivity.'™®

In these materials, central metal complex or metal
ions, surrounded by giant polymer chains, show in-
teresting physical properties and chemical reactiv-
ities different from those of the corresponding or-
dinary metal complex or polymer itself. Also, these
have been an excellent model for the metalloen-
zymes, leading to the developments of highly effi-
cient catalytic systems.”

In addition, it had been reported that when cobalt
complexes that selectively coordinate O, were in-
corporated into polymer membrane, the transport
of O, was facilitated and the permeate was enriched
in O,, suggesting that the permeation selectivities
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of organic polymers could be changed by incorpo-
ration of metal species.?

However, there have been, to the best of our
knowledge, only a few reports about the study of the
metal site interactions and the chemistry of metal
complexes in the polymer matrix. Against this
background, RhCl[P(CgHj;)3]; complexes have been
incorporated into cellulose acetate (CA), which is
well characterized and known to have good mem-
brane properties. The resulting Rh-containing
polymeric material has been investigated to under-
stand the interactions between the Rh complex and
CA, the effect of the metal complex on the thermal
property of CA, and the reactivities of Rh complex
in the polymer matrix. The results are reported in
this paper.

EXPERIMENTAL

Ten weight percent Rh-containing cellulose acetate
films were prepared by following procedure: 3.6 g of
cellulose acetate and 0.4 g of RhCI[P(CgH;)sls
(Aldrich Co.) were dissolved in 90 mL tetrahydro-
furan (Hayashi Pure Chem. Ind. Ltd.) and the re-
sulting mixture was boiled gently in the open for 10
min. After filtration of the solution to remove in-
soluble material, the filtrate was warmed to about
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60°C and the solvent evaporated until the concen-
tration of the solution reaches about 12% by weight.
After cooling to room temperature, the polymer so-
lution was cast on a glass plate using a doctor knife
(Gardner Co.). The thickness of the films was con-
trolled in the range from 10 to 20 um, which is con-
venient for study by transmission infrared spec-
troscopy. After 3 h in air at room temperature, the
yellow-colored transparent films were annealed at
110°C overnight. Other cellulose acetate films con-
taining 20, 30, 40, and 50 wt % of RhC1[P (C¢Hj)s3 13
were made similarly. These films decompose at about
200°C, but are stable below 150°C even when they
are heated for a long period at the temperature.

Elemental analysis indicates that there is no loss
of the phosphine ligand upon the incorporation of
Rh metal complex into cellulose acetate.

ANAL: Caled for 10 wt % Rh-CA film: Rh, 1.11%; P,
1.00%. Found: Rh, 1.06%; P, 0.96%.

Infrared spectra in the 4000-600 cm ! were re-
corded on Nicolet MX-S spectrometer and Hitachi
260-10 IR spectrometer. The transmission electron
microscopy analyses were performed on a JEM-
200CX microscope at 100 kV by direct observation
to investigate the Rh—CA films after reduction re-
actions with H,, as described under the Results and
Discussion. The samples were prepared by embed-
ding the metal containing films in epoxy resin and
microtoming them.

A series of measurements of the glass transition
temperature (7,) were carried out using a Dupont
Model 910 thermal analyzer. In a typical DSC scan
sequence, dg/dt was measured on heating 20°C /min
from 30 to 170°C with 2 mV /em range. Several DSC
scans were made on the cycles of heating at the above
conditions and automatically cooling to 30°C.

The gases used in this work, carbon monoxide,
hydrogen, oxygen, and ethylene (Dong Jin Trade
Co. high purity > 99.9%), were dried by passing
them through Drierite gas-drying units before they
were added for the reactions.

RESULTS AND DISCUSSION

Interactions between Rh Complex and CA

It was reported that when solutions composed of CA
and an equal weight of Cu(INO;3), were cast into
membranes, the Cu(II) ion became coordinated to
the acyl carbonyl oxygen of the CA.3® This presumed
coordination of the Cu(II) to the CA was evidenced

from infrared spectral studies. The IR spectra of the
membranes showed a shift to lower frequencies of
the acyl carbonyl stretching band from 1750 cm ™!
to about 1727 cm ™! and a high frequency shift of
the ether carbon-oxygen band from 1230 cm ! to
about 1255 cm ™!,

In a typical infrared spectra of 10 wt % Rh-CA
films, the characteristic bands due to phosphine li-
gands at 690, 720, 745, 1120, 1435, 1585, and 3060
cm ~! are observed in addition to the bands from CA,
and the intensities of these bands increase as the
Rh metal complex concentration increases. Besides,
the band at 1750 cm ! due to v(C=0) of CA broad-
ens to about 1700 cm ™! and the band at 1230 cm ™!
due to »(C—0) of CA broadens to higher frequency
of about 1280 ¢m ~! upon incorporation of Rh com-
plex into CA. This result is quite analogous to the
aforementioned case of CA and Cu(II) and can be
explained by the complete or at least partial coor-
dination of Rh metal, to oxygen atom of the carbonyl
group of CA. Accordingly, the coordination numbers
around the Rh metal are believed to be 5 or 6 as
described below:

CH,
¢
?Hs 07 No—ca*
1
C 1
07 So—ca+ [P(C,H,),],I:zhm
] q
] ]
[P(C¢Hj)31:RhCl |cl)
C
*CA—0~ “CH;,

CA*: cellulose acetate polymer backbone

But it should be mentioned that some of the Rh
complexes may exist without direct interactions with
CA like additives. These changes in infrared spectra
are noticeable in the cases of 10 and 20 wt % Rh-
CA films, but weak in the cases of 30 and 40 wt %
Rh-CA films as expected since the intensities of the
bands arising from the CA decrease due to the rel-
atively decreased concentration of CA itself.

T, of Rh-Containing Cellulose Acetate

As described above, the oxygen atoms of acyl groups
of CA become the primary coordinating ligands to-
ward Rh metal atoms, and accordingly the CA poly-
mer molecules could be crosslinked through their
coordination to Rh metal complexes, resulting in
the increase of T,.!%"

As expected, the glass transition temperature of
10 and 20 wt % Rh-CA increases by 10 and 18°C,



respectively in comparison to that of pure CA
(94°C). In the cases of 30 and 40 wt % Rh—CA films,
however, they are decreased to 108 and 96°C, re-
spectively. These results can be explained by the
fact that at these relatively high metal concentra-
tions the Rh complexes do not act as crosslinking
agents any more but rather cause an increase in the
mobility of CA molecules, resulting in the decrease
of T,.

Thus, in this study, we investigate the 10 and 20
wt % Rh-CA films, and these films are dried at
150°C in vacuum for 12 h to remove any adsorbed
solvents or water molecules.

Phosphine Ligand Loss of Rh—CA Film in Benzene

When 10 or 20 wt % Rh-CA films are immersed in
benzene or methanol at room temperature for 1 day,
and then dried to remove adsorbed solvent molecules
at 150°C in vacuum for 12 h, the yellow color of the
films remains unchanged, but surprisingly the char-
acteristic bands due to the phosphine ligands dis-
appear completely in their infrared spectra (see Fig.
1). When these films are reacted with CO (600 torr)
at 150°C for 1 day, two bands at 2010 and 2085 cm ™}
with equal intensities are observed in their infrared
spectra and these are believed to arise from the typ-
ical cis-Rh(I)(CO), species (see later section).
Their band intensities are exactly same as those of
corresponding Rh-CA films without the treatment
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in benzene solution, indicating that the Rh complex
itself in cellulose acetate is not eluted in benzene
solution.

Thus, in benzene solution, the RhCI[P(CgH5)3]5
complexes in cellulose acetate are thought to lose
only phosphine ligands. In this case, acyl carbonyl
groups of CA are believed to replace the phosphine
ligands and accordingly the interactions between CA
and Rh complexes increase, resulting in the increase
of T, of the films by about 3°C in addition to the
relatively greater changes of the bands at 1750 and
1230 cm ! as discussed in the previous section. It is
quite interesting to note that such easy loss or sub-
stitution of all three phosphine ligands around Rh
metal atom in CA is unusual in comparison to the
chemistry of unsupported RhCI[P(Cg¢Hs)3]3 com-
plex.

When these Rh—CA films are treated with free
phosphine [P (CgHs)s] in benzene solution, recoor-
dination of the phosphine ligands to Rh atoms are
observed in the infrared spectra.

Reaction of Rh in CA with CO

When 10 wt % Rh-CA films, dried at 150°C in vac-
uum for 12 h, are treated with CO (600 torr) at
150°C for 12 h, three strong »(CO) bands at 2085,
2010, and 1980 (sh) cm ! are observed in their in-
frared spectra. The band at 1980 (sh) cm ! is quite
weak in its intensity when the thickness of the film
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Figure 1 IR spectra for the loss of phosphine ligands of Rh complex in benzene solution:
(a) 10wt % Rh-CA film (neat, *due to phosphine); (b) the same film after 1 day in benzene
solution; (c) after treatment with CO (600 torr) at 150°C for 1 day.
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is less than about 12 um, but it is strong when the
film is thick (over about 12 um) or the Rh metal
complex concentration is over 20 wt %. The band
at 1980 cm ! remains unchanged upon reaction with
H, or upon desorption at 150°C under vacuum for
12 h, whereas the band intensities of the other two
bands are reduced significantly by the reactions un-
der the same conditions. Also, the band does not
reappear when the film is reexposed to CO after the
reactions with H, and O,. Therefore, these results

R =

R
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Figure 2 IR spectra for the formation of Rh—carbonyl
species in CA: (a) 20 wt % Rh-CA film (neat); (b) 10 wt
% Rh-CA film, reacted with CO (600 torr), 150°C, 12 h;
(¢) 20 wt % Rh~CA, reacted with CO (same conditions);
(d) from (c¢), after reaction with H, (600 torr), 100°C,
12 h; (e) after reaction with O, (600 torr), 150°C, 12 h;
(f) after reaction with CO (600 torr), 150°C, 12 h.
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Figure 3 IR spectra for the formations of RhCI
(CO)[P(C¢H;5)3): in CA: (a) products (RhCI(CO)
[P{CsH5)3]: and unreacted RhCl[P (CsHj;);3]3)from the
reaction between CO and RhCl{P(CsgHs)s]s in KBr disc;
v(CO), 1970 cm™'; (b) same products in CA; »(CO), 1980
cem ™} (¢) from (b), after reaction with CO (600 torr),
150°C, 12 h; »(CO), 2085, 2010 cm~!; due to CA-cis
Rh(I)(CO),, 1980 cm?; due to RhC1(CO) [P(CeH;)s].-

reveal that the three bands have two different ori-
gins, as illustrated in Figure 2.

In order to ascertain the origin of the band at
1980 cm !, pure RhCl[P (CgH;);]5 in solid state is
exposed to CO (600 torr) at 150°C for 12 h, and the
resulting product is identified to be RhCI(CO)
[P (Cg¢Hs)s]., as already reported.!? It shows a strong
v(CO) band at 1970 cm ™! in IR spectrum (KBr
Disc}, and there is no appreciable change of the band
upon reactions with H, or O, at 150°C. When this



TableI Summary of CO Species
on Polymer or Silica Supported Rh

»(CO)

Assignment (cm™) Reference
Cis-Rh(CO),(A21)°Cl 2083, 2002 13
Cis-Rh(CO)(PVPy)"Cl 2085, 2010 13
Cis-Rh(CO),(PBCN)*Cl 2088, 2018 13
Cis-Rh(CO),(Si)?Cl 2085, 2015 14
Cis-Rh(CO),PSSA*Cl 2095, 2023 15

2 A21 = poly(N,N-dimethylvinylbenzylamine).

® PVPy = poly-2-vinyl pyridine.

¢ PBCN = polyvinylbenzyicyanide.

4 Sil = phosphine ligand bound on the surface of silica.
¢ PSSA = sulfonated linear polystyrene.

complex is incorporated into CA, the band shifts to
1980 cm ! (see Fig. 3).

Accordingly, the band at 1980 ¢cm ™! can be as-
signed to ¥(CO) of RhCl1(CO)[P(CeHjs)3]2, which
is formed by the reaction between CO and
RhC1[P(Cg¢H;);3]s in CA. Considering the effects of
film thickness and metal concentration on the in-
tensity of the band at 1980 cm ™! as discussed in
previous section, some of the RhCI[P (CgH;)3}5 in
CA is believed to exist as only additive without direct
interactions with CA polymer matrix and to form
RhCl1(CO)[P(C¢H;)s3], by the reaction with CO. At
this stage, it is not clear why the band in question
does not reappear after reactions with H, or O,, or
consecutive thermal heating, but it is thought that
its interactions with CA are increased after such
treatments. Consequently, it does not reappear in
the infrared spectra.

The bands at 2085 and 2010 cm ! with equal in-
tensities are quite similar in shape to those of other
polymer or silicone supported Rh-carbonyl species
which are characteristically assigned to cis-
Rh(I)(CO),. Examples are shown in Table 1.

When the films containing the cis-Rh (1) (CO),
species are immersed in methanol or benzene so-
lution at room temperature for 12 h and then dried
in vacuum at 110°C overnight, the two bands dis-
appear completely, and reappear after the reaction
of the films with CO (600 torr) at 150°C for 12 h.
But their intensities reduce by about 80%, indicating
that some of the Rh~carbonyl complexes in CA is
eluted in methanol solution (see Fig. 4).

This can be explained by that, upon the reaction
with CO, the Rh metal atoms are saturated by six
ligands [Cl, 3P (CsHs)s, 2CO] and the interactions
between acyl carbonyls of CA and Rh complexes
decrease, causing easy separation of the complexes
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from CA polymer matrix. Thus, RhCI[P(C¢H;)s313
complexes in CA produce cis-Rh (CO ), species upon
the reaction with CQ, and the coordinated carbonyls
are found to be active in reaction with Hy or O,.
These results are quite interesting in contrast with
the reactivities of the same Rh complex without
polymer support, in which only RhCI(CO)[P-
(CgHs)3]2 is formed and its Rh—carbonyl is not active
to H, or O, under the same conditions.'?

Reactions of Rh in CA with H, and CO

When 10 wt % (or 20 wt %) Rh~CA films are ex-
posed to H; (600 torr), the light yellow color of the

T
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Figure 4 IR spectra showing the elution of Rh—carbonyl
species formed in CA in methanol solution: (a) 20 wt %
Rh-CA film in CH;0H at RT for 12 h; (b) after reaction
with CO (600 torr), 150°C, 12 h; (¢) after 12 h in CH;O0H
at RT; (d) after reaction with CO (same conditions as
above).
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film changes to dark brown at around 90°C. This
color change is frequently observed in metal particle
formation, especially, in polymer or inorganic oxide-
supported systems.**®

In infrared spectra of the resulting Rh—CA films,
a weak band at 1990 cm 7! is observed, and it can be
attributed to rhodium monohydride. After 30 min
in air, the band disappears in the spectra, and this
result is consistently observed in repeated experi-
ments. Compared to the known Rh(I) and Rh(I1I)
hydride complexes, 1*-2° usually stable in air at room
temperature, the Rh~hydride species formed in CA
are thought to be Rh(0)-monohydride, which is
quite active in air at the ambient temperature (see
Fig. 5).

After exposure to H, (600 torr) at 110°C for 12
h, the Rh-CA films are subsequently treated with
CO at the same conditions and three v(CO) bands
at 2085, 2035, and 2010 cm ! appear in their infrared
spectra. The two bands at 2085 and 2010 cm ™! cor-
respond to the aforementioned cis-Rh(I)(CO),
species, indicating that the reduction reaction of
Rh(I) to Rh(0) by H, is not complete at the de-
scribed conditions. The new band at 2035 cm ! dis-
appears after about 30 min in air but reappears after
readmission of CO. It seems reasonable to relate this
band to Rh(0)-monocarbonyl (linear) since the
»(CO) bands due to Rh(0) linear carbonyl, obtained
by adsorption of CO on metallic Rh films* or in-
organic oxide-supported Rh samples, have been
characteristically observed in 2010-2058 cm ! re-
gion.?"® But it should be mentioned that in the case
of inorganic oxide-supported Rh complexes the re-
duction reaction under hydrogen are carried out at
above 300°C in higher H, pressure. Thus, Rh(I) in
CA is found to be reduced at relatively milder con-
ditions, though the reduction is incomplete. Also, it
is interesting to note that there was no Rh metal
particle formation in case of silica-supported
RhCI1[P (CgHs)3]3 under hydrogen for 1 month.*

In transmission electron microscopy study, very
small Rh metal particles ca. 10 A in diameter (about
1.86 X 10'° particles per cm?) are observed. This
result means that there is very weak Brownian mo-
tion-type behavior of the produced Rh metal atoms
in CA, giving small particles by collision,? and ex-
plains why there is no formation of bridged Rh(0)
carbonyls in Rh—CA films after reduction under hy-
drogen.

Reaction of Rh in CA with O,

When the Rh-CA films are exposed to O, (600 torr)
at 150°C for 3 days, there are no appreciable changes
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Figure 5 IR spectra showing the formations of CA-
Rh(0)-H and CA-Rh(0)-CO species: (a) 20 wt % Rh-
CA film; (b) after reaction with H, (600 torr), 150°C, 12
h; (¢) spectrum taken after 20 min in air; (d) after reaction
with CO (same conditions as above); (e) spectrum taken
after 5 min in air; (f) after reaction with O, (600 torr),
100°C, 4 h.

in color of the films and in their infrared spectra
except the effect of dehydration. When the same
films are treated with CO at the same conditions,
only two strong bands at 2085 and 2010 cm ' appear
in their infrared spectra, indicating that there is no
oxidation of Rh(I) to Rh(III) at all. It is known
that Rh species in inorganic oxide supports such as
AlL,O3, S10,, MgO, and Ti0, are usually oxidized by
oxygen above 300°C.2-%

The carbonyl groups formed in Rh(I)-CA are
removed completely when reacted with O, (600 torr)



at 150°C for 24 h, and the same result is consistently
observed when the Rh—CA films are consecutively
reacted with CO, O,, CO, and O,. The product of
these reactions is easily identified as CO, by infrared
spectroscopy. In addition, when the Rh-CA films
partially reduced by hydrogen are reacted with O,
at the described conditions as above, no appreciable
oxidation of the Rh(0) atom to Rh(I) or Rh(III)
takes place, but the Rh(0)-CO species are found to
be active to O, as above.
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Figure 6 IR spectra for the cyclic reactions of Rh in
CA with H,, CO, O,, CO, H,, O,, and CO consecutively:
(a) 10 wt % Rh-CA film (neat); (b) after reaction with
H, (600 torr), 150°C, 12 h; (c) after reaction with CO;
(d) after reaction with O,; (e) after reaction with CO; (f)
after reaction with H,; (g) after reaction with O,; (h)
after reaction with CO under the same conditions as above;
(k) after 30 days in air at RT.
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Table II Summary of Rh-Carboxyl and Rh-
Hydride Species Formed in Cellulose Acetate

v (cm™) Assignment
1980 CA®*-L®RhCI(CO)
2085, 2010 CA-L;RhCI(CO),(cis)
2035 CA-Rh(0)(CO)

1990 CA-Rh(O)H

® CA = cellulose acetate matrix.
b1, = P(C¢Hs)s.

Finally, several cyclic reactions of Rh—CA films
with hydrogen, carbon monoxide, and oxygen give
rise to the same results consistently as above without
any decrease in rhodium reactivities (see Fig. 6).
The types of CA-Rh carbonyls and hydride discussed
and their frequencies are listed in Table II.

Catalytic Reactivities of Rh in CA

In the cellulose acetate matrix, the rhodium species
are found to be quite reactive toward carbon mon-
oxide, hydrogen, and oxygen at relatively mild con-
ditions. Also, small rhodium metal particles are ob-
served to be formed in CA upon the reduction re-
action with hydrogen, which are expected to be
active catalysts or catalytic precursors.'*?” There-
fore, a few catalytic reactions in simple static state
are carried out using the CA-Rh films after reduc-
tion by hydrogen at 150°C for 24 h to test the cat-
alytic potentials in a preliminary way.

Hydrogenation of Ethylene

When a 1: 1 mixture of ethylene and hydrogen (total
pressure: 1 atm) in about 720 mL flask is reacted at
110°C with 0.08 g of Rh~CA films (metal contents:
2.2 wt % ), complete conversion of ethylene to ethane
is observed in the infrared spectra of the reaction
mixture. There is no noticeable decrease of catalytic
activity of the Rh-CA films after repeated hydro-
genation reactions (five or six times). The turnover
numbers given in substrate molecules transformed
per Rh metal particle per second is estimated about
1.5 X 108.

Oxidation of CO by O,

A 2 : 1 mixture of CO and O, is reacted at the same
conditions as above and complete conversion of CO
to CO, is observed in the same manner, i.e., after
reaction, the »(CO) band disappears, while the bands
due to CO, at 667, 2343, 3640, and 3740 cm ! appear
in the infrared spectrum of the product in gas phase.
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Water—Gas Shift Reaction

CO (1 atm) and slight excess of equivalent H,O are
reacted in the same flask at 140°C; but in this case
the reacting flask is insulated to avoid condensation
of water, and the reaction mixture is frequently
monitored by infrared spectroscopy. During the re-
action, the intensity of the band due to »(CO) at
2143 cm™! gradually decreases and those of the
bands due to CO, increase correspondingly. After 5
days, the conversion is completed.

Fischer-Tropsch Type Reaction

A 1: 3 mixture of CO and H, (total pressure: 1 atm)
is reacted at 130°C for 5 days and surprisingly the
products are found to be CO, and mixture of hydro-
carbons such as methane and ethane. This result is
evidenced by their infrared spectra.?® This result is
quite interesting since there are no alcohols or al-
dehyde, which are typical products of F-T type re-
action.” At this stage, the function of CA polymer
matrix and the mechanism of this F-T type reaction
is unknown. However, it is believed that the “active
carbon” or “surface carbide”3%%! is involved in re-
action mechanism as below:

2CO - “C” + COq (1)

n“C” + mH2 - CH4 + C2H6 (2)

wheren =1or2, m = 2or 3, and C = “active carbon”
or “surface carbide.”

Hydroformylation Type Reaction

In connection with the above F-T type reaction, a
mixture of CoH, (100 torr), CO (200 torr), and H,
(460 torr) is reacted with 0.1 g of 20 wt % Rh-CA
films at 130°C for 5 days, and the products are iden-
tified as CO, and mixture of hydrocarbons (propane,
propene, isobutane, and small amount of ethane),
on the basis of infrared spectral analysis.?® This re-
sult is similar to those of the F-T type reaction.
Accordingly, the mechanism of this reaction is sup-
posed as above. But when only CO is reacted in the
same conditions, there is no reaction like eq. (1) at
all. Therefore, the active carbon species in Rh-CA
films are thought to be formed from carbon mon-
oxide under hydrogen.

Further investigation of the catalytic use of Rh-
CA films is underway to determine actual product
yields under controlled static and dynamic condi-
tions.

CONCLUSIONS

RhCI[P(CgH5)3]s complexes have been incorpo-
rated, using tetrahydrofuran as cosolvent, into cel-
lulose acetate which has no typically known ligand
groups such as phosphine, amine, and ionic func-
tional groups. The resulting yellow colored Rh—-CA
films of 10-20 wt % Rh complex concentration are
found to be thermally stable up to 150°C. The in-
teractions between Rh metal atoms and acyl oxygen
atoms of CA are assumed on the basis of infrared
spectral and thermal analysis data. The reactions
of 10 or 20 wt % Rh-CA films with CO in the tem-
perature range of 90-150°C result in two different
Rh-carbonyl species, which are assigned to CA-cis-
Rh (1) (CO), [#(CO): 2085 and 2010 cm '] and CA-
RhCI(CO)[P(C¢Hs)3): [#(CO): 1980 cm™'].
Treatment of the Rh—-CA films with hydrogen at
150°C produces small Rh metal particles and active
rhodium hydride species [»(Rh-H): 1990 cm ], of
which oxidation state is assumed to be zero. When
these partially reduced Rh—CA films are exposed to
CO at 150°C, new Rh(0) monocarbonyls [v(CO):
2035 cm '] are observed. These carbonyls coordi-
nated to Rh in CA are found to be quite reactive to
H, and O, under relatively mild conditions. Finally,
the Rh(I) complex supported by cellulose acetate
shows catalytic reactivities in the temperature range
of 100-150°C in the hydrogenation of ethylene, ox-
idation of carbon monoxide, water—gas shift reac-
tion, and F-T type reactions. These catalytic activ-
ities under mild conditions are believed to arise from
the small Rh metal particles in CA polymer matrix,
resulting in large metallic surface area. Further
studies involving cellulose acetate supported tran-
sition metals are in progress.
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