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ABSTRACT: In this work, polyaniline (PANI)-rhodium
composites have been obtained for the first time. Their
preparation procedure has involved reduction of Rh**
ions in RhCl; aqueous solutions with NaBH, in the pres-
ence of PANIL Using UV-vis spectroscopy, it has been
found that the reduction process is fast. X-ray diffraction
and Rh3d XPS studies have confirmed that metallic rho-
dium is incorporated into PANI matrix. SEM and TEM
investigations allowed to establish that the sizes of Rh
crystallites formed depend on the amount of metal in the
composite as well as on the preparation conditions. It has
been demonstrated that the composites containing Rh
nanoparticles whose size is predominantly below 10 nm

can be obtained. IR spectroscoEy has proved that PANI
chain is protonated in the Rh*" reduction process. Cata-
lytic properties of PANI-Rh composites have been investi-
gated using isopropyl alcohol conversion as the test reac-
tion. It has been found that the composites containing
Rh nanoparticles show high redox activity. Catalytic
activity of the composites in which larger, agglomerated
metal particles have been present is about three times
lower. © 2007 Wiley Periodicals, Inc. ] Appl Polym Sci 108: 447
455, 2008

Key words: polyaniline; rhodium; polymer-supported cat-
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INTRODUCTION

In modern technology, there is a constant need for
new or improved materials. They should meet the
growing and challenging requirements of, e.g., con-
temporary electronic devices. They are also neces-
sary for chemical industry in which they can serve
as raw materials or as catalysts. Development of
new catalytic systems is particularly important since
most industrial chemical processes are conducted in
the presence of catalysts, mainly in heterogeneous
conditions.

In the search for new materials, composites play
an important role. As multicomponent systems, they
combine properties of their constituents. This makes
it possible to overcome drawbacks of the substances
when used alone. Therefore, in recent years signifi-
cant scientific effort has been directed at the studies
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of various composite materials, particularly those
containing polymers.”

Conjugated polymers, showing interesting optical,
electrochemical, and electrical properties are attrac-
tive candidates for composite components. Among
these polymers, polyaniline (PANI) is undoubtedly
the most intensively investigated one nowadays.
This is because of its simple synthesis by chemical
or electrochemical methods and very good environ-
mental stability.” PANI also exhibits interesting
chemical properties. Unlike other conjugated poly-
mers, it can be interconverted between undoped,
that is nonconductive, and doped, that is conductive,
states by acid treatment, often called protonation.5
By choosing the appropriate acid, highly conductive,
processible PANT can be obtained.®”

In the literature, numerous studies devoted to the
preparation of PANI containing composites are
reported. Composites of PANI with conventional
polymers, such as poly(methyl methacrylate),”® cel-
lulose acetate,” poly(vinyl chloride),'” epoxy resins,""
etc. have been prepared. They have been demon-
strated to exhibit excellent optical properties® and
very low percolation threshold for electrical conduc-
tivity (much below 1 wt % of PANI).”** Compo-
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sites of PANI with metal particles have also drawn
considerable research interest in recent years. Ag,'*"?
Cu,'* and Au,''® have been incorporated into this
polymer matrix. Sensing properties of PANI-Cu sys-
tem towards chloroform vapors'* and those of PANI-
Au towards glucose'® have been established.

There are also a number of articles devoted to
PANI-platinum group metal composites. Such sys-
tems are very interesting because of the well-known
catalytic properties of platinum group metals.'”
However, in the literature only the studies on PANI-
Pt'®* and PANI-Pd*** composites can be found.
They have been prepared mainly by electrochemical
means and their electrochemical and electrocatalytic
properties investigated. There are significantly less
artilcles describing chemical preparation of such
composites.’’*! Additionally, up to our knowledge,
no studies have been devoted to incorporation of
rhodium particles into PANI, even though rhodium
is also an efficient catalyst.”**’

It should be noted that the amount of any material
prepared electrochemically is always limited by the
electrode surface. There is no such limitation in
chemical syntheses. Hence, in the case of materials
with potential technical applications, e.g. catalysts,
chemical preparation is much more advantageous.
Therefore, in the present work PAN-Rh composites
have been prepared by chemical method. Physico-
chemical properties of the composites obtained have
been characterized by X-ray diffraction, scanning
and transmission electron microscopies (SEM and
TEM, respectively), X-ray photoelectron spectroscopy
(XPS), and Fourier transform infrared (FTIR) spec-
troscopy. It has been demonstrated that rhodium
nanoparticles dispersed in PANI matrix can be
obtained by a simple procedure when the appropri-
ate preparation conditions are applied. Catalytic
properties of PANI-Rh composites have been deter-
mined using isopropyl alcohol conversion as the test
reaction. It has been shown that PANI-Rh compo-
sites containing mainly small (less than 10 nm in
size) Rh particles exhibit high redox activity. Cata-
lytic activity of the composites in which larger, less
uniformly distributed metal particles are present is
significantly poorer.

EXPERIMENTAL
Synthesis of PANI

In the studies, PANI in the emeraldine base form
was applied as the matrix for incorporation of metal-
lic Rh particles. The polymer was synthesized
according to a modified method described in Ref. 30.
Thus, freshly distilled aniline was oxidized with am-
monium peroxydisulphate (molar ratio 71ox/Man
= 0.25) in 2M aqueous HCI solution. Polymerization
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was carried out for 4 h at 0°C. PANI hydrochloride
thus obtained was washed with large amounts of
HCI solution (1 : 10) and subsequently deprotonated
in 0.3M aqueous ammonia solution for 48 h, then fil-
tered, washed with water and methanol, and dried
in dynamic vacuum.

Preparation of PANI-Rh composites

PANI-Rh composites were obtained in the one-step
procedure. Rh®* ions in RhCl; aqueous solution
(0.67 X 1072 or 3.8 X 10~2 mol/dm®) were reduced
with sodium borohydride in the presence of PANL
Molar ratio of the reducing agent to Rh*" ions in all
the reaction media was equal to 2.5. Samples of vari-
ous Rh contents (0.05, 0.1, 0.2, 0.5, and 1 mol per
1 mol of PANI mer calculated as C;4H;3N4) were pre-
pared by changing the amount of RhCl; solution
contacting with PANIL Thus, a typical preparation
procedure of PANI-Rh composites adopted in the
present work was as follows: 0.337 g (9.32 X 10~* mol)
of PANI was added to the appropriate amount of
aqueous RhCl; solution to obtain the desired content
of Rh in the composite. Subsequently, to the obtained
suspension of PANI in RhCl; solution, sodium boro-
hydride was added under vigorous magnetic stir-
ring. Synthesis was carried out at room temperature
for 2 h. Finally, the obtained product was filtered,
washed with water, and dried.

During the syntheses of PANI-Rh composites,
samples of the reaction mixture were collected, fil-
tered and the UV-vis spectra of the filtrate solutions
measured. This enabled us to monitor the process of
Rh*>" ions reduction in the presence of PANI.

Characterization methods

X-ray diffraction studies were carried out on a Phi-
lips X'Pert XRD diffractometer using Cu Ka radia-
tion.

Scanning electron microscopic analysis was per-
formed on a Philips XL-30 microscope equipped
with the EDS system.

TEM investigations were carried out using a Phi-
lips CM 20 microscope. The samples were placed on
a carbon film deposited on copper grid.

UV-vis spectra in the range of 190-1100 nm were
recorded on a Hewlett-Packard HP 8453 spectropho-
tometer equipped with a diode array detector.

XPS measurements were carried out using a VSW
Manchester equipment and Al Ka radiation (1486,
6 eV, 200 W). Operating pressure in the analytical
chamber was less than 5 X 10~° mbar. Carbon Cls
photoelectron peak originating from C—H or C—C
groups was used for calibration and fixed at binding
energy (B.E.) equal to 284.6 eV.
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Figure 1 UV-vis spectra of the solutions contacting with PANI recorded during syntheses of PANI-Rh composites: (a)
initial RhCl; concentration equal to 3.8 X 10~ > mol/dm?; (b) initial RhCl; concentration equal to 0.67 X 10~> mol/dm?.

FTIR measurements in the middle infrared range
(400-4000 cm ™) in the transmission mode were per-
formed on a BioRad FTS60v spectrometer using KBr
pellet technique. The resolution of the experiments

was equal to 4 cm ™.

Investigations of catalytic properties

Catalytic properties of PANI-Rh composites were
determined using isopropyl alcohol conversion as
the test reaction. The experiments were conducted in
the temperature range of 370-430 K, in the flow of
nitrogen into which isopropyl alcohol was added; its
molar ratio in the mixture was equal to 0.0179. In all
the measurements, alcohol conversion degree was in
the range of 5-15%. Catalytic reaction products were
analyzed by gas chromatography. Based on the
results, specific rates of the parallel reactions taking
place in the systems, their activation energies as
well as selectivities of isopropyl alcohol conversion
towards acetone and propene were calculated.

RESULTS AND DISCUSSION
Reduction of Rh®* ions in the presence of PANI

Rh>" ions in aqueous solutions show distinct and
characteristic absorption in the UV-vis spectral range.
In these solutions, there exists a mixture of various
Rh®>" aquachlorocomplexes. Based on the positions
of absorption maxima it is possible to establish the
major complex present in the solution.”

Analysis of the UV-vis spectra is a straightfor-
ward means to qualitatively follow Rh®* ions reduc-
tion in the presence of PANI. This can be seen by ex-
amination of Figure 1 in which typical spectra of the
RhCl; solutions contacting with the polymer re-
corded in the course of PANI-Rh composites synthe-
ses are collected. The spectrum of the starting RhCl;
solution of higher concentration (3.8 X 1073 mol/
dm?) contains two absorption maxima in the visible
range: at 377 nm and 472 nm. They correspond to the
d—d electron transitions of Rh®" ion in [RhCl;(H,0);]
complex.®’ Additionally, strong absorption in the UV
range (190-300 nm) can be observed. It is connected
with ligand-metal ion charge transfers in this com-
plex.31 Thus, the spectrum shows that [RhCl3(H;O);]
has predominated in the solution. In the case of the
starting RhCl; solution of lower concentration (0.67
X 1072 mol/ dm3), spectral features in the visible
range are less distinct. However, closer inspection
reveals the maxima at 375 and 470 nm [see the inset
in Fig. 1(b)]. In the UV region, the shoulder at 275 nm
and strong absorption between 190 and 250 nm are
clearly visible. Thus, it can be concluded that in
both RhCl; solutions used in the present work for the
preparation of PANI-Rh composites, [RhCl3(H;O);]
complex has been the major one.

The UV-vis spectra change rapidly after addition
of the reducing agent (NaBH,) to the suspensions of
PANI in RhCl; solutions. All the features originating
from [RhCl;(H,0);] vanish which proves disappear-
ance of Rh®" ions from the solutions due to their
reduction. It is interesting to note that the spectra of

Journal of Applied Polymer Science DOI 10.1002/app
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Figure 2 XRD patterns of (a): PANI and PANI-Rh compo-
sites containing different amounts of Rh and (b) 0.05;
(c) 0.1; (d): 0.2; (e) 0.5; (f) 1.0 mol per 1 mol of PANI mer.

the samples collected in the initial periods of reduc-
tion (1 and 2 min) exhibit increased background.
This indicates that small metal particles are present
in the solutions. After 3 min of reduction, the back-
ground lowers and then it becomes completely flat
which can be explained by the sorption of metallic
rhodium on PANI. It should be also noted that—as
indicated by the UV-vis studies—the rate of the
Rh*" ions reduction process is not influenced by the
initial RhCl; concentration in the solution.

Hence, UV-vis spectroscopy shows that [RhCl;
(HxO)3] reduction with NaBH, taking place in aque-
ous solutions in the presence of PANI is fast. It
occurs in the solution first. However, after a very
short initial period, metal particles become trapped
in the polymer matrix.

Physicochemical properties
of PANI-Rh composites

Physicochemical investigations of PANI-Rh systems
obtained have been performed to confirm the reduc-
tion of Rh®>" ions in the RhCl; solutions and to estab-
lish unequivocally incorporation of metallic rhodium
into the polymer matrix. Additionally, these studies
have been aimed at determining the sizes and size
distributions of metal particles formed in the systems
and at revealing their dependence on the preparation
conditions, that is, on the starting concentration of
RhCl; solution used in the experiments. Finally, we
have been interested how PANI chain changes upon
the Rh®>" ions reduction process since this could
make it possible to establish if there are any specific
interactions between the polymer and metallic rho-
dium particles. Interactions of PANI and metallic pal-
ladium have been postulated in the literature.*®
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Reduction of Rh*>" ions from the solutions result-
ing in the formation of metallic rhodium particles
which are incorporated into PANI matrix has been
confirmed by XRD studies. XRD patterns of PANI-
Rh systems obtained together with that of the start-
ing PANI are shown in Figure 2. As can be seen, all
of the patterns contain both, broad reflections in the
20 range between 12° and 35° and distinct, “crys-
talline”” maxima at 20 equal to 41° and 49°. The
broad reflections in the 20 range between 12° and
35° can be also observed in the XRD pattern of the
starting PANI. Hence, they correspond to the amor-
phous polymer phase present in PANI-Rh systems.
The “crystalline’”” reflections can be unequivocally
ascribed to metallic rhodium crystallites.** It should
be noted that the intensities of these reflections are
related to the amount of rhodium present in the sys-
tems: the intensities grow as the content of rhodium
in the samples increases. Thus, based on XRD studies
it can be concluded that reduction of [RhCl3(H,0);]
with NaBHy carried out in the presence of PANI
leads to the formation of the two-phase systems in
which metallic rhodium particles are dispersed
within PANI matrix. Based on XRD patterns, the av-
erage sizes of rhodium crystallites present in the
samples have been calculated using Scherer’s equa-
tion. According to the results, the average size has
only slightly differed for all the samples prepared
and has been in the range of 3-6 nm. Thus, XRD dif-
fraction studies suggest that in all the cases metal
nanoparticles have been formed.

Although XRD unequivocally shows the presence
of metallic rhodium in the systems, Rh3d XPS spec-
troscopy has been applied to verify if it is the only
oxidation state of rhodium incorporated into PANL
A typical Rh3d XPS spectrum of PANI-Rh system is
presented in Figure 3. It contains only one Rh3ds5,,3,2
doublet of Rh3ds,, binding energy equal to 307.6 eV.
This B.E. value corresponds to zerovalent rhodium.*

Intensity

325 320 315 310 305
Binding energy [eV]

Figure 3 Rh3d XPS spectrum of PANI-Rh composite con-
taining 0.1 mol Rh per 1 mol of PANI mer.
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Figure 4 BSE images of PANI-Rh composites containing
(a) 0.05, (b) 0.2, (c) 0.5 mol Rh per 1 mol of PANI mer pre-
pared in the solution of initial RhCl; concentration equal
to 3.8 X 107° mol/dm’.

Hence, XPS results prove that all rhodium has been
incorporated into PANI in the zerovalent, that is,
metallic state.

The sizes of rhodium particles present in PANI-Rh
composites prepared have been also determined by
scanning and transmission electron microscopic stud-
ies. BSE images of representative PANI-Rh samples
containing various amounts of rhodium are pre-
sented in Figure 4. White spots of irregular shapes
are visible in the micrographs. The number and size
of the spots occurring in the samples depend on the
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total amount of rhodium. They are numerous and sig-
nificantly larger in the composites of higher Rh con-
tents. In the BSE images of the samples containing the
lowest Rh amount (0.05 mol Rh per 1 mol of PANI
mer), white spots are few and significantly smaller.
As has been established by X-ray microanalysis, in
the spots rhodium is present. X-ray microanalysis,
however, is not able to distinguish between various
oxidation states of the elements. Nevertheless, in
view of X-ray diffraction and Rh3d XPS results, it is
clear that the white spots in BSE images of PANI-Rh
composites correspond to metallic rhodium particles.
Their size is in the range of 0.5-1.5 and 0.5-3.5 pm in
the samples containing 0.2 and 0.5 mol Rh per 1 mol
of PANI mer, respectively. Irregular shapes suggest
that they are aggregated smaller rhodium particles.

In the case of the samples containing the lowest
Rh amount (0.05 mol Rh per 1 mol of PANI mer),
the use of transmission electron microscope has
proved particularly useful. Figure 5 shows TEM
images of the samples prepared in the RhCl; solutions

Figure 5 TEM images of PANI-Rh composites containing
0.05 mol Rh per 1 mol of PANI mer prepared in the solu-
tions of the initial RhCl; concentration equal to (a) 0.67
X 1072 mol/dm?, (b) 3.8 X 102 mol/dm?®.

Journal of Applied Polymer Science DOI 10.1002/app
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Figure 6 Rh particle size distribution analysis based on
TEM images of PANI-Rh composites prepared in the solu-
tions of the initial RhCl; concentration equal to (a) 0.67
X 1072 mol/dm?, (b) 3.8 X 10™% mol/dm?>.

of various initial concentrations (0.67 X 10™2 mol/
dm?® and 3.8 X 102 mol/dm?®). Two features of the
samples are most prominent. First, rhodium particles
visible in the images as black spots are smaller in
the sample obtained at lower RhCl; concentration in
the starting solution. The number of aggregated par-
ticles is also smaller in this case. Second, rhodium
particles are more uniformly distributed in PANI
matrix in the sample prepared at lower RhCl; con-
centration in the starting solution. Hence, it can be
concluded that for the synthesis of fine Rh particles
uniformly distributed in PANI, RhCl; solutions of
low concentrations should be used. Analysis of TEM
images has shown that the size of the smallest rho-
dium particles in the sample prepared in the solution
of higher RhCl; concentration is equal to 2.5 nm,
whereas that of the largest ones —50 nm. In the case
of the sample obtained in the solution of lower
RhCl; concentration, these values are 1 and 18 nm,
respectively.

Additionally, size distribution analysis has been
performed by taking into account 250 Rh particles
visible in the TEM images of the sample prepared in
the solution of higher initial RhCl; concentration and
400 particles visible in the TEM images of the sam-
ple prepared in the solution of lower initial RhCl;
concentration. Results are presented in Figure 6.
They show that the former sample contains mainly
Rh nanoparticles, whose size does not exceed 10 nm.
They constitute 82% of the analyzed particles. The
remaining 18% ones are larger than 10 nm. The pro-
portions are opposite in the case of the sample pre-
pared at higher starting RhCl; concentration in the
reducing medium: 75% of the particles larger than
10 nm and 25% smaller than 10 nm.

Thus, based on the studies carried out in the pres-
ent work it can be concluded that the size and the
degree of agglomeration of metallic rhodium par-
ticles formed upon reduction of Rh®* ions with
NaBH, in the presence of PANI are controlled by
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two factors. The first one is Rh content in the sam-
ple; the second one is concentration of Rh®>" ions in
the solution used in the reduction process. The
smallest and the least agglomerated particles can be
obtained at low amounts of Rh dispersed within the
polymer matrix using low concentration of Rh®"
ions in the solution (in the present study: 0.05 mol
Rh per 1 mol of PANI mer and 0.67 X 10~ mol/
dm?®, respectively).

To find out the changes of PANI chain occurring
upon reduction of Rh®" ions in the presence of the
polymer, we have investigated PANI-Rh composites
using FTIR and N1s spectroscopies. FTIR spectra are
collected in Figure 7 in which—for comparison—the
spectrum of the starting polymer is included. Analysis
of the spectra shows that upon the reduction process
some IR bands characteristic for PANI change their
positions. This concerns mainly the following bands:

« the band at 1585 cm ™' due to quinoid ring C—C
and C=N stretching vibrations® which shifts to
1575-1572 cm ™' in the spectra of PANI-Rh com-
posites;

. the band at 1495 cm ™' originating from benze-
noid ring C—C stretching vibrations®* occurring
at 1487-1484 cm™' in the spectra of PANI-Rh

composites;
=
=
8
c
(1]
L
2
L
=
a
400 600 800 1000 1200 1400 1600 1800

Wavenumbers (cm -1)

Figure 7 FTIR spectra of (a) PANI and PANI-Rh compo-
sites containing different amounts of Rh, (b) 0.05, (c) 0.1,
(d) 0.2, (e) 0.5, (f) 1.0 mol per 1 mol of PANI mer.
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« the band at 1163 cm ™' assigned to CH in-plane
deformations® which lowers in intensity upon
incorporation of Rh into the polymer. Simultane-
ously, a new band located at 1140-1127 cm !in
the spectra of PANI-Rh composites can be

observed.

Such changes in the IR spectra of PANI prove
doping (protonation) of the polymer.** Most prob-
ably, this protonation is due to the reaction between
PANI and HCI formed in the course of consecutive
reactions taking place in the reducing medium. They
are as follows:

NaBH, + 2H,0 — NaBO, + H,
2[RhCl3(H,0),] + 3H, — 2Rh + 6HCI + 6H,0

It should be noted that the signs of PANI protona-
tion in the IR spectra grow as the amount of Rh in the
samples increases. Thus, the band originating from
quinoid ring C—C and C=N stretching vibrations
gradually shifts to lower wavenumbers (1585 cm ™',
1583 cm ', 1580 cm ™!, 1577 em ™!, 1572 em ™' in the
spectra of the composites containing 0.05, 0.1, 0.2,
0.5, and 1.0 mol Rh perl mol of PANI mer, respec-
tively). The growth in intensity of the band at 1140-
1127 em ™! due to the protonated segments of PANI
with respect to that at 1163 cm ™" ascribed to unproto-
nated ones can be also observed. Since with the
increase of the amount of the reduced Rh®" ions, the
amount of HCI evolved grows, stronger protonation
of the polymer in the composites of higher Rh con-
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tents revealed by IR spectroscopy seems to confirm
the conclusion that HCl is the protonating agent.

It is worth noting that protonation of PANI has
been also established by N1s XPS: spectra of all
PANI-Rh composites prepared have contained the
components at B.E. values above 400 eV which are
due to protonated nitrogen atoms.*

Catalytic properties of PANI-Rh composites

Isopropyl alcohol conversion is a useful test to deter-
mine activity of various catalysts.’*** In the course
of this process two parallel reactions take place:

1. dehydration of the alcohol resulting in the for-
mation of propene given by the equation:

(CH3),CHOH — CH;CH=CH, + H,0

2. dehydrogenation of the alcohol leading to ace-
tone in accordance with the following equation:

Propene is formed on the acidic centres of the cat-
alyst, whereas acetone—on the redox ones. Hence,
determination of selectivity of isopropyl alcohol con-
version to propene and acetone makes it possible to
conclude on acid-base and redox properties of the
catalyst surface.

Results of isopropyl alcohol conversion conducted
in the presence of PANI-Rh composites containing
0.05 mol Rh per 1 mol of PANI mer prepared in the

b} -7.5
-
o
E x 2
g X
5, 85
o
e
= 97
=
(&)
< 1

-9,5 -

'10 Ll LI LI

2.2 23 2,4 2,5 26
10%T (K™

Figure 8 Arrhenius plots of isopropyl alcohol conversion carried out in the presence of PANI-Rh composites containing
0.05 mol Rh ger 1 mol of PANI mer in the solutions of the initial RhCl; concentration equal to (a) 0.67 X 102 mol/dm?,

(b) 3.8 X 10

mol/dm?>. 1-conversion to propene, 2-conversion to acetone

Journal of Applied Polymer Science DOI 10.1002/app
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TABLE I
Selectivity and Activation Energy of Catalytic Isopropyl Alcohol Conversion Performed in the Presence of PANI-Rh
Composites Containing 0.05 mol Rh per 1 mol of PANI mer

Selectivity (%) Activation
energy®
T =380 K T = 400 K T=420K (kJ/mol)
Sample Propene Acetone Propene Acetone Propene Acetone En E.»
A 2.0 98.0 1.5 98.5 1.2 98.8 74 40.0
B 0.0 100.0 0.0 100.0 2.3 97.7 29.1 75.5

Sample A: prepared in the solution of the initial RhCls concentration equal to 0.67 X 10> mol/dm? Sample B: 3.8

X 1072 mol/dm?®.

* E;1 denotes activation energy of dehydration reaction resulting in propene; E,» denotes activation energy of dehydra-

tion reaction resulting in acetone.

solutions of various initial RhCl; concentrations are
presented in Figure 8 and Table I. It is seen that
both catalysts show mainly redox activity giving pre-
dominantly acetone as the product of the catalytic
process. Selectivity towards dehydrogenation reac-
tion exceeds 97% in the whole temperature range
studied (Table I).

However, significant difference in the redox activ-
ity of the catalysts can be observed. The sample pre-
pared in the solution of lower initial RhCl; concen-
tration is about three times more active than that
obtained in the solution of higher initial RhCl; con-
centration. Moreover, catalytic dehydration process
carried out in the presence of the former sample pro-
ceeds in the kinetic region in the whole temperature
range studied. In contrast, it transforms into the dif-
fusion region very quickly when the latter sample is
applied as the catalyst. This is proved by almost hor-
izontal course of curve 2 in Figure 8(b).

It should be also noted that the activation energy
value of the dehydration process proceeding in the
presence of more active catalyst (40 kJ/mol, Table I)
is characteristic for very active redox catalysts.

There are numerous factors that can affect activity
of a supported heterogeneous metal catalyst. Among
them, high dispersion of the catalytic centers on the
support and their good accessibility for the reacting
molecules are very important to obtain an efficient
catalyst. Both these factors are influenced by physi-
cal properties of a support, that is, its surface area
and porosity. Sufficiently high surface area of a sup-
port prevents metal particles from aggregation, that
is, makes it possible to obtain their high dispersion.
On the other hand, the presence of open pores
within which catalytic sites are located, and their
appropriate sizes for the reacting molecules, provide
good accessibility. This is particularly important in
the case of branched molecules, such as isopropyl
alcohol whose catalytic conversion has been studied
in the present work.

Results of the catalytic tests performed indicate
that PANI as a support for Rh catalysts shows good

Journal of Applied Polymer Science DOI 10.1002/app

physical properties. Under appropriate preparation
conditions, samples containing highly dispersed
metal nanoparticles exhibiting high catalytic activity
in isopropyl alcohol conversion have been obtained.
Therefore, the observed differences in the activity of
both catalysts studied should be related to the prop-
erties of the catalytic centers and not to those of
PANI support. They can be explained by differences
in the Rh particle size distributions on the support.
As has been already stated, the sample prepared in
the solution of lower initial RhCl; concentration has
contained predominantly uniformly distributed Rh
nanoparticles whose size has been below 10 nm
(Figs. 5 and 6). In the other sample, larger, agglomer-
ated particles have been present. Better dispersion of
metallic particles resulting in their higher surface
area on which the catalytic process can proceed,
causes their higher catalytic activity.

CONCLUSIONS

It has been shown that polyaniline (PANI)-rhodium
composites can be prepared by simple reduction of
Rh>" ions carried out in the presence of the polymer.
The size distribution of metallic particles incorporated
into PANI matrix depends on the initial concentration
of Rh®" in the reducing medium as well as on the Rh
content in the sample. The composites containing
mainly Rh crystallites whose size has not exceeded
10 nm have been obtained at low concentration of
Rh>" ions in the reduced solution (0.67 X 10~2 mol/
dm’) and low Rh content (0.05 mol Rh per 1 mol of
PANI mer). They exhibit significantly higher activity
in the catalytic isopropyl alcohol conversion process
than the composites containing larger Rh particles.
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