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Abstract

Two sets of resin-supported Pd(0) catalysts were compared in the hydrogenation of cyclohexene in methanol, under
ambient conditions. Two lightly crosslinked poly-{styrene/2-methacryloxyethylsulfonic acid / methylenebisacrylamide} with
different degrees of crosslinking (1 and 3 mol%), have been used as catalyst supports. Two cataysts with different palladium
loadings (0.22 and 2.2 wt%) have been prepared from each support. When the size of the particles was relatively small, the
catalysts with 2.2% and 0.22% Pd were almost equally active with respect to the amount of palladium in the reaction
mixture. In contrast, when larger catalyst particles were used, catalysts with 2.2% metal produced conversion profiles typical
of diffusion-controlled regimes (productivity decreased with increasing crosslinking). These catalysts were characterised by
combined ESR and static gradient spin echo NMR spectrometries, which have provided information about molecular motion
inside the polymer networks. © 1998 Elsevier Science B.V.

Keywords: Poly-{styrene-2-methacryloxyethylsulfonic acid-methylenebisacrylamide}; Palladium; Cyclohexene hydrogenation; Diffusive vs.
kinetic regimes; ESR; Static gradient spin echo NMR

1. Introduction changers [1-3] are two effective examples of
_ the potentidlities of this type of modern cata-

A metal catalysis performed by polymer-sup- lysts.
ported polydispersed metal phases is an emerg- Macroporous matrices possess a permanent

ing section of the modern industrial chemical porosity both in the dry and wet state. They
technology. The elegant one pot synthesis of  may be considered good candidate supports for

methylisobutylketone from acetone and dihy- metal catalysis, because the macropores are ex-
drogen and the extremely efficient deoxygena-  pected to alow the easy transport of reactant
tion of water to be used in industrial heat ex-  and product molecules to and from the metal
crystalites found on the macropore surfaces
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not possess a permanent porosity in the dry
state, but they develop a tremendous ‘surface
area [7], after swelling in convenient solvents.
This can make them potentially suitable for an
unrivalled degree of metal loading.

We have shown in our laboratories that
nanoparticles (vide infra) of palladium can be
easily and evenly dispersed throughout the bulk
of properly designed microporous resins [8,9].
Moreover, we have also shown by means of
inverse steric exclusion chromatography (ISEC)
[10,11] that a large proportion of the gel phase
volume of microporous resins based on N, N-di-
methylacrylamide are accessible to molecules of
asubstantial size in anumber of diverse swelling
media [12,13]. In Part | of this series [14] we
have shown that {styrene/2-methacryloxy-
ethylsulfonic acid / methylenebisacrylamide}
copolymers (SO;H = 1.4 meq g~ %), with a de-
gree of crosslinking ranging from 1 to 6 mol%,
are amphiphilic in nature. In fact, they exhibit
practically the same swellability (swelling vol-
ume) [14] in water as in tetrahydrofuran (THF).
Not unexpectedly, they show a very marked
compatibility with methanol, an amphiphilic
solvent, as demonstrated by their bulk expanded
volumes (BEV) [15], which are equal to 20.5
and 9.5 cm® g%, respectively, for the 1 and 3
mol% crosslinked materials. The XRM analysis
performed on these catalysts revealed a homo-
geneous distribution of metal crystalites
throughout the catalyst particles length (ca. 200
um). Moreover, a distribution of the polymer
chain concentration obtained from the ISEC
measurements provided further fine information
on morphology and textural properties. In par-
ticular, the effect of increasing crosslinking on
the molecular mobility inside the polymer net-
work can be quantified in terms of an increasing
average polymer chain concentration (av.pcc)
[10-13]. This is a valuable parameter as far as
the nanoscopic morphology is concerned. The
values of av.pcc in water were calculated as
follows, from the data reported in Table 3, GV,
and 4, L, in Ref. [14]: av. pcc = L/GV; where
GV isthe volume occupied by the gel phase and

L isthe total length of polymer chain in the gel
phase as respectively detected by ISEC. For the
resins herein described, the average values of
av.pcc observed in water are equal to 0.16 (1%)
(P1Pd2) and 0.24 (3%) (P3Pd2) nm/nm?®,

In this paper the further characterisation of
these two materials by ESR [12,13] and the
static gradient spin echo NMR (SGSE-NMR)
[16] spectrometries is reported. Furthermore, the
catalytic activity of these resin/Pd(0) compos-
ites in the hydrogenation of cyclohexene is in-
cluded. We aso report the behaviour of cata-
lysts prepared from the same supports (the same
nanoscopic morphology), but with a lower load-
ing (1/10) of the polydispersed metal catalytic
phase. We show how the different metal 1oading
strongly affects the catalytic regime, under oth-
erwise identical conditions.

2. Experimental

All chemicals were of reagent grade. Cyclo-
hexene was purified by digtillation prior to use.
The catalysts utilised in this work are coded as
P1Pd2 (SS1IMPd2 in Ref. [14]), P1Pd02, P3Pd2
(SS3MPd2 in Ref. [14]) and P3Pd02. The for-
mer two are based on a 1 mol% crosslinked
support and the latter two on a 3 mol%
crosslinked support. P1Pd02 and P3Pd02 were
obtained exactly as were the catalysts described
previously according to

2P-SO,H + Pd(OAc), — (2P-S0;3 )(Pd?*)
+ 2HOAC, (1)
(2P-SO; )(Pd?*) + excess NaBH ,
— (2P-SO5 )(2Na*)(Pd) + products,  (2)

where P denotes a polymeric backbone. The
amount of Pd(OAc), employed ensured that the
desired metal percentage in the cataysts was
achieved. The excess of NaBH, allowed both
the reduction of Pd(ll) to Pd(0) and the full
substitution of H™ by Na*.
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ESR spectra were recorded on a JEOL JES
RE1X apparatus. About 0.25 g of material were
swollen with a 10~* M solution of TEMPONE
(2,2,6,6-tetramethyl-4-oxo-1-oxyl-piperiding) in
methanol, saturated with nitrogen. The samples
were allowed to stand in the solution for about 2
h. After the removal of the solution by filtration,
the swollen samples were placed inside the ESR
tube and the spectra were recorded at ca. 298 K.

SGSE-NMR spectra were recorded on a
Bruker SXP 4-100 MHz apparatus. The materi-
als were alowed to swell in the minimum
amount of methanol and then treated as de-
scribed just above. The spin—echo was regis-
tered at ca. 298 K. The amplitude of the signa
was measured at the constant pulse time 10 ms
by varying magnetic field gradient from 0 to
21.4Gcem™ L

2.1. ‘Palladinising’ of resins in the acid form
with palladium acetate

Typically 1 g of resin (ca. 1.4 mmol of SO,H
functional groups) was swollen in a methanol -
acetone mixture (1:1, vol /vol) and the excess
solvent was removed after 4 h upon decantation.
The swollen resin was mixed with 5 cm? of a
dark brown solution of Pd(OAc), (4.3 x 1073
M, methanol—acetone 1:1, vol /vol), under vig-
orous stirring. The fast decolouration of the
solution was observed and, at the same time, the
colour of the resin turned from white to a very
dark brown. The ion-exchange process was let
to proceed for 3 h. The exchanged resin was
washed with methanol (3 X 30 cm®) and then
dried in vacuo to constant weight (mechanical
oil pump, P = ca. 10 Pa, room temperature).

2.2. Reduction of Pd(ll) to Pd(0) in the ex-
changed resins

Typicaly 1.0 g of the Pd(I1)-exchanged resin
(0.021 mmol of metal) was swollen in the mini-
mum amount of ethanol. After standing for 4 h,
it was quickly mixed with a solution of NaBH ,

in ethanol (6.6 1072 M, 256 cm® 1.69
mmol), under vigorous stirring. After 2 h the
black material was filtered, washed with ethanol
(3% 30 cm®) and dried in vacuo to a constant
weight (mechanical oil pump, P=ca 10 Pa,
room temperature). The dry powder catalyst
was sieved and three fractions were obtained
having diameter ranges of 1-0.3, 0.3-0.1 and
less than 0.1 mm. Fractions of P1Pd2 and P3Pd2
catalysts [14] were separated by sieving as well.

2.3. Catalytic tests

Catalytic experiments were carried out in a
50 cm?® glass-lined stainless steel reactor, con-
nected with a flexible metal capillary to an
apparatus for measuring the hydrogen consump-
tion at a constant pressure [17].

Experiments were performed at 25°C and 0.5
MPa. In al cases, 10 cm® of a1 M solution of
cyclohexene in methanol were employed, with
an amount of the catalyst yielding a palladium
amount per unit volume of the reaction mixture
[Pd] 2.5 X 10~* mol m~2. The reactor was filled
with reactants, the catalyst and hydrogen, then
immersed in an oil bath and vigorously shaken
at a frequency of 6 Hz. Catalyst recycling tests
were performed after filtration and washing by
methanol under hydrogen and reloading the au-
toclave with the catalyst under hydrogen.

3. Results and discussion

In our previous paper [14], we showed that
uniform distributions of metal palladium in cata
lysts P1Pd2 and P3Pd2 could be easily achieved
under the reduction conditions herein described.
Owing to the lower concentration of palladium
in the catalysts P1Pd02 and P3Pd02, we could
not detect the metal by XRMA as a means to
observe its distribution in these materials. In
Refs. [8,9], it has been shown that a tendency to
obtain a uniform metal distribution increases
with a decrease in paladium(ll), and with a
high concentration and large excess of the re-
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ducing agent. Thus, in analogy with P1Pd2 and
P3Pd2 [14], paladium is also expected uni-
formly dispersed in catalysts P1PdO2 and
P3Pd02. Moreover, initia reaction rates mea-
surements over the catalyst particles of different
sizes demonstrated the uniform distribution of
the metal crystallites throughout the catalyst
particles indirectly.

On the basis of the preparation protocol, the
sets of catalysts with 2.2 and 0.22 wt% palla
dium are expected to possess the same
nanoscopic morphology [7,10,11] in a given
swelling medium. This morphology can be as-
sessed by means of ISEC as demonstrated in
Ref. [14] for P1Pd2 and P3Pd2 catalysts swollen
in water and tetrahydrofuran. Unfortunately, the
direct ISEC analysis in methanol is often not
reliable [18]. Therefore, the molecular accessi-
bility of these polymer networks (and indirectly
[12,13] their nanoscopic morphology) was aso
evaluated on the basis of the well known ESR
and of the static gradient spin echo NMR
(SGSE-NMR) [16] spectrometries in the same
solvent used in the catalytic experiments.

In the SGSE-NMR technique, aliquid sample
containing a set of magnetically active nuclei of
the same type (for instance 'H nuclei) is ex-
posed to a fixed, homogeneous magnetic field.
Then a second magnetic field is applied and
finely varied according to a known linear gradi-
ent which results in a non-homogeneous mag-
netic field. The response of the nuclei (echo
amplitude A(7,)) after a pulse sequence 90° —
7,—180° — 7, is quantitatively correlated to the
self-diffusion coefficient of the molecules [16].
If the sample to be analysed is a liquid the
experiments provide information on the transla-
tional mobility of the molecules of the liquid. If
the sample is a swollen polymer, i.e. a liquid
medium dispersed inside a microporous matrix,
SGSE-NMR gives information on the transa-
tional mobility of the molecules of the liquid
confined in the micropores of the polymeric
material. The hydrogen nuclei from the polymer
network relax very efficiently and therefore are
not expected to interfere with the spin—echo
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Fig. 1. SGSE-NMR measurements of self-diffusional coefficients.
Logarithm of amplitude (In A) vs. squared magnetic field gradient
(SMFG); methanol in bulk (O), methanol in P1Pd2 (@) and in
P3Pd2 (&).

signa of the liquid when proper duration of the
pulse T, is chosen. Under these conditions, the
height of the echo amplitude A(7,) is given by

27,
A(Tp) - AO exp T2
where T, is the spin—spin relaxation time (s), y
the magnetogyric ratio of *H (2.6737 x 10* rad
s7! G™1), G the magnetic field gradient (G
cm~1) and D the self-diffusion coefficient (cm?
s h).

The data obtained from SGSE-NMR mea-
surements are given in Fig. 1. The solvent
self-diffusion coefficient was calculated from
the slope of the logarithmic plot of A(7,) vs.
G2

Typical ESR spectra are depicted in Fig. 2, in
which are also denoted parameters needful for
the calculation of the rotationa correlation time
() [19], i.e, h(+1) and h(—1) amplitudes of
the low- and high-field spectral peaks, resp.,
and Ah(+1) width of the low field spectra
peak. The values of these parameters were de-
termined by peak fitting. The calculation of 7
was according to the formula [19]

h(—-1)
h(+1)

Soens|, )

Ah(+1).

(4)

T=175X 10_9(1 -
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Fig. 2. Typica signals from ESR measurements; upper line:
TEMPONE in bulk methanol, lower line: TEMPONE confined in
the P3Pd2 swollen in methanol; h(+ 1), h(—1), Ah(+ 1): quanti-
ties for Eq. (4). The line titled 5G represents magnetic-flux
density 5 G.

The ESR and SGSE-NMR results are collected
in Table 1.

In order to evaluate the consistency of the
results obtained by the ESR method, SGSE-
NMR method and predictability of the
molecules mohility on the basis of av.pcc and
swellahility, it is worthwhile to discuss the be-
haviour of molecules of different type confined
in a swollen polymer.

(i) The amphiphilic nature of the investigated
materials was fairly well demonstrated by a
relatively good swellability in water (hydro-
philic agent) and THF (hydrophobic agent).
Slightly higher swellability in water in compari-
son to THF and the chemical structure of the
materials (the higher molar content of hy-
drophobic moieties than hydrophilic ones) indi-
cated that water is a better swelling agent for
the hydrophilic fraction of the polymer net-
works than THF is for the hydrophobic ones.
The BEV values observed in methanol for our
catalysts are approximately 3-5 times larger
than those observed both in water and THF
(Table 1). This large swelling volume may be
explained by the amphiphilic character of the
polymer and the high affinity of methanol to
both hydrophilic and hydrophobic domains. For
example, the polymer chain length of P3Pd2
material was 4.6 X 10® and 19.7 X 10® km g%,
in water and THF, resp. [14]. If the swelling

power of methanol is assumed to be the same
for both the hydrophilic and the hydrophaobic
fractions of the polymer networks and close to
the swelling ability of water for the hydrophilic
parts of the polymeric materials, the swellability
of these materials in methanol should be 4-6
times larger than in water or THF. This predic-
tion is in accordance with experimental observa
tion (Table 1). The assumption of the same
methanol—polymer affinity as is the affinity of
water to hydrophilic domains of the polymer
network enables us to consider the same ratios
of av. pcc measured for different polymers:
those swollen in water and those swollen in
methanol.

(ii) The precise value of swellability (the
volume which is truly occupied by the swollen
polymer mass) can only be measured by means
of ISEC [10,11]. Due to an enthalpic polymer—
methanol interaction [18], values of swellability
in methanol are not available and, we could
mainly take into account BEV quantities (BEV

Table 1

Swellability (S), bulk expanded volume (BEV), polymer chain
concentration (av.pcc) [10,11], rotational mobility () [12,13],
trandational mobility (D) [16] and derived quantities for catalysts
P1Pd2 and P3Pd2

Item Catalyst

P1Pd2 P3Pd2
SISEC-water? (cm® g~ %) 2.72 1.89
BEV-water (cm®g~1) 41 22
BEV-THF (cm®g~1) 6.3 3.9
BEV-MeOH (cm® g™ 1) 205 95
av.pec-water® (nm nm~ %) 0.16 0.24
MeOH® (ps) 60+17 115+18
D®x10%5(cm? s~ 1) 1.8+0.2 1.1+0.15
7/74 (19 =37+17)° 16 31
Do /D (Dy=25+0.3) 14 2.3

Errors in measured values were calculated on the basis of repeated
measurements (5 or 6) using the standard procedure (see e.g. [23])
for the 95% probability level.

a3wellability and average polymer chain concentration determined
in water [14].

PRotational correlation time of TEMPONE dissolved in methanol
confined inside the microporous network of the catalysts.
°Diffusion coefficient of methanol inside the microporous network
of the catalysts.

Values for bulk methanol, units are the same as for quantities in
the swollen catalyst.
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aso includes the volume of the void spaces
among the swollen polymer particles). The fol-
lowing values of ratios of BEV and ratios of S
values for P1Pd2 and P3Pd2 catalysts (Table 1)
were calculated (subscripts 1 and 2 denote
P1Pd2 and P3Pd2 catalysts, resp.):

s:S,
= 1.45, (BEV-water),:(BEV-water),
= 1.86, (BEV-THF),:(BEV-THF),
=1.61, (BEV-MeOH),:(BEV-MeOH),
= 2.15.

A discrepancy in the S ratio and the BEV-
MeOH ratio should be again explained by a
strong methanol—polymer interaction, which re-
sults in a large solvation of polymeric chains.
Due to this solvation, the polymer tends to
swell, but the crosslinking limits the process.
Therefore, the methanol—polymer interaction is
more evident for the lower crosslinked material,
and this causes the highest ratio of BEVs in
methanol in comparison with BEV's in THF and
water.

(iii) If a swollen microporous polymer is
considered as a homogeneous medium, the vis-
cosity of this medium increases with decreasing
swellability of the polymer [12,13]. A viscosity
dependence of both the trandational and rota
tiona diffuson may be expressed by the
Stokes—Einstein relationship [20], but this holds
only in the case of Brownian solutes. When the
affinity of TEMPONE to the polymeric chains
is supposed much lower than that of methanol
the interaction TEMPONE—polymer should be
practically negligible in the low concentrated
TEMPONE's solution in methanol. The poly-
meric chains are likely to be completely sol-
vated mainly by methanol molecules. Hence, a
pure ‘ Stokes behaviour of TEMPONE can be
observed when the viscosity of the medium
varies. In contrast, appreciable enthalpic interac-
tions between methanol and the polymer back-

bone (this is the reason why an ISEC analysisin
this liquid could not be carried out reliably)
raise the question of whether methanol can be
considered as a Brownian solute in our systems.
The existence of this interference makes the
rotational correlation time of TEMPONE the
more reliable quantity than the self-diffusion
coefficient of methanol.

Keeping in mind the problems mentioned, we
made comparison in quantities obtained by dif-
ferent techniques. The following relationships
were exploited in our previous work [21] to
describe relationships among swellability, rota-
tional mobility and translational mobility:

In(1/74) = a/S (5)
and
In(D/D,) = —b/S, (6)

where a and b are adjustable parameters. The
values of parameters a and b seem to be close
to each other [21], ranging from 3 to 5, when S
is given in cm®/g. If a and b are assumed to
have the same value, then

7/To=Do/D (7)
and
7,/ 71 =D1/D;, (8)

where the subscripts 1 and 2 denote values for
the material 1 and 2 respectively.

The data reported in Table 1 demonstrate that
Eq. (7) apparently holds for the P1Pd2 catalyst
(r/17o=16; D,/D=14). A higher discrep-
ancy between the values of these two ratios was
observed (3.1 vs 2.3) for the P3Pd2 catalyst.
Values of the rotational correlation time are
referred to the TEMPONE in methanol and the
diffusional coefficients are referred to the
methanol itself (self-diffusion). In spite of the
problems discussed above, quite consistent val-
ues were obtained for terms in Eq. (8) and the
ratio of av.pcc (the subscripts 1 and 2 refer to
P1Pd2 and P3Pd2, resp.),

(av.pcc),/(av.pec), = 1.5,
(m2/7y) =191,
(D,/D,) = 1.63.
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Fig. 3. Kinetic plots for the hydrogenation of cyclohexene catal-
ysed by P1Pd02 and P3Pd02 materials. Symbols are explained in
Table 2.

So, it can be concluded that all the three meth-
ods (ISEC, SGSE-NMR and ESR) give a com-
parable evaluation of the mobility differences
inside a microporous swollen polymer. It is
worthwhile to add that both correlation time and
diffusional coefficient depend on av.pcc expo-
nentially; therefore, the ratios given above need
to be considered as a qualitative comparison.
The cataysts P1Pd2, P3Pd2, P1Pd02, P3Pd02
were employed in the hydrogenation of cyclo-
hexene in methanol at ambient conditions. The
two sets of catalysts have been tested and com-
pared under the conditions described in the
experimental section. In al tests the conversion
of cyclohexane to cyclohexene was quantitative.
The catalysts could be recycled at least three
times, without any measurable loss of activity,
when the sizes of the catalyst particles were
larger than 0.1 mm (dry state) and when the
catalysts were filtered under hydrogen. Very
fine catalyst particles, with sizes lower than 0.1
mm in the dry state, were not reusable and most
solid was lost upon filtration and washing. The
kinetic plots, obtained when different fractions
of catalysts P1Pd02 and P3Pd02 were em-
ployed, are depicted in Fig. 3. From the shape
of the conversion vs. time plots the reaction
appears to occur under the true kinetic regime.
Thus, initial reaction rates (Table 2) are inde-
pendent of the trandational mobility of the
chemical species involved, in that they refer to

Table 2

91

The initia rate (¢,/) vs. the particle size (d) in the hydrogenation
of cyclohexene over polymer catalysts charged by 0.22 wt% of

palladium

Catdlyst  d(mm) &, x10° Relevant
(mol dm~3s™1)  symbol in Fig. 3

P1Pd02 <01 64 [ J

P3Pd02 <01 70 O

P1Pd02*  <0.1 59 not involved

P3Pd022  <0.1 74 not involved

P1Pd02 0.1-03 63 A

P3Pd02 0.1-0.3 62 A

P1Pd02 0.3-0.7 52 &

P3Pd02 0.3-0.7 43 *

3The next sets of catalysts prepared from original resins.

catalyst particles of different sizes. Under these
conditions the lower palladium content in each
catalyst particle (i.e. in each ‘microreactor’)
implies a reduction of the intrinsic reaction rate.
Therefore, the expected increase of the diffu-
sional resistance to the transport of matter inside
the catalysts with increasing values of their av.
pcc is not kinetically limiting. The diffusional
resistance starts to be significant for particles
larger than 0.3 mm and in this case the effect of
the increasing crosslinking degree (i.e. av. pcc)
is evident.

The results from the catalytic tests of materi-
als containing 2.2% of metalic paladium are
illustrated in Fig. 4 and Table 3. It is assumed
that the kinetic regime is achieved only when
very small (less than 0.1 mm) particles of the

T T T T
100 Oe, . A A 1
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Fig. 4. Kinetic plots for the hydrogenation of cyclohexene catal-
ysed by P1Pd2 and P3Pd2 materials. Symbols are explained in
Table 3.
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Table 3

The initial rate (£,/) vs. the particle size (d) in the hydrogenation
of cyclohexene over polymer catalysts charged by 2.2 wt% of
palladium

Catdlyst  d(mm) &, x10° Relevant
(mol dm=3s™%)  symbol in Fig. 4

P1Pd2 <01 105 [ )

P3Pd2 <01 111 O

P1Pd22 <01 97 not involved
P3Pd22 <01 105 not involved
PdPd2 0.1-0.3 89 A

P3Pd2 0.1-0.3 67 A

P1Pd2 0.3-0.7 40 &

P3Pd2 0.3-0.7 24 *

3The next sets of catalysts prepared from original resins.

catalyst are employed. The hindrance of the rate
due to the diffusion of reactantsincreases rapidly
with increasing the catalyst particle size. The
shape of the conversion vs. time for experi-
ments with the largest particles (larger than 0.3
mm) suggests clearly that the diffusion con-
trolled regime has been obtained. Expectedly,
the reaction is faster for the less crossiinked
matrix due to the lower diffusional resistance.
The lower diffusional resistance is aso featured
by the lower av.pcc, higher S and BEV, as well
as, by ESR and SGSE-NMR data (Table 1).
The values of the initia reaction rate ob-
served over small catalyst particles are signifi-
cantly different for all the tested catalysts. When
the percentage of paladium is relatively high
(2.2 wt%), the activity is remarkably higher
(initial rates; 105 and 111X 10° mol dm™3
s~ ! for the P1Pd2 and P3Pd2, respectively) than
in the case of catalysts with a low metal load
(0.22 wt%, initial rates. 64 and 70 X 10~°> mol
dm~—2 s~* for the P1Pd02 and P3Pd02, respec-
tively). To confirm this finding, al catalysts
were prepared once more and catalytic tests
with the smallest particles were repeated. The
values of initial rates obtained with this second
set of catalysts were comparable with those
reported in Tables 2 and 3. This proved that the
molar specific activity of palladium crystallites
dispersed into a polymeric support depends on
the percentage loading of palladium in the cata-
lyst. Probably, an optima vaue of palladium

load exists, and finding out this maximum should
be of interest. On the other hand, cataysts
containing more palladium than, e.g., 1 wt% are
not of great practical interest, due to the diffu-
siona resistance when larger catalyst particles
are used. Therefore, the optimization of the
molar specific activity of palladium is important
only from the theoretical point of view.

4, Conclusions

Pd catalysts were made up from amphiphilic
resins featured by the 0.16 and 0.24 nm nm™—3
polymer chain concentration. The catalysts ex-
hibited a kinetic behaviour dependent on the
textural properties, metal load and catalysts par-
ticle size. For 0.2 wt% meta loading a true
kinetic regime was observed for catalysts parti-
cles ranging from 0.1 to 0.3 mm, while a diffu-
sion control was observed for 2.2 wt% metal
loadings. In the latter catalysts productivity in-
creased with the decreased polymer chain con-
centration.

The instrumental technique SGSE-NMR was
tested. It complements procedures used before
(XRMA, ISEC, ESR, X-ray powder diffraction)
[8,9]. All these methods allow the achievement
of a wide spectrum of information and can help
in tailoring new polymer supported metal cata-
lysts, as well as in analysing problems occurring
during the exploitation of common polymeric
catalysts.

The results presented herein act in favour of
a wider utilisation of crosslinked polymer net-
works in metal catalysis. The rather common
belief that metal crystallites dispersed into poly-
meric supports are ‘buried’ in an essentialy
impenetrable maze of polymer chains is just a
bias. The diffusion resistance due to the support
nature can be suppressed under the proper tai-
loring of a catalyst and operating conditions
(lipophilic properties of the support, cross-
linking degree, catalyst particle size, loading of
metal, pressure, temperature, etc.). The diffu-
sional resistance may aso be useful in some
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cases. A polymer-supported metal catalyst with
a controlled nanoscopic morphology could be
designed to alow a controlled diffusion of
molecules throughout the catalyst particles. Un-
der such a controlled diffusional regime, the
polymer network acts as a ‘molecular sieve
similar to the action of zeolite catalysts, with
the advantage of wider and easier routes to the
functionalisation and the metal loading of the
solid materials.

Finaly, the polymer network could, for in-
stance, chemically interact with the reagents
and, or the products. This feature is important
for a multifunctional catalysis [22].
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