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Abstract

Inorganic ion-exchangers with a layered structure such as y-zirconium and y-titanium
phosphates, intercalated with organic diamines, are able to exchange Pt** {ons to give new in-
tercalation compounds that can be utilized in heterogeneous catalysis. The experiments per-
formed at different temperatures (25 and 45°C), show different ion uptakes, greater at 45°C and
for the materials derived from y-zirconium phosphate. After platinum cxchange, all the matc-
rials show an amorphization in the XRD if compared with their precursors. The thermal behav-
iour of the platinum materials is specific, depending on the exchanger used and the ligand in-
side the exchanger. Pt*" ion has a catalytic effect on ligand elimination in the y-zirconium
phosphate platinum compounds, but not in those derived from y-titanium. All the obtained yel-
low materials show a small step in the TG curves and simultaneously we have the PP re-
duction: this is confirmed by XRD registered at the temperatures of the thermal effect, show-
ing peaks at dy,=2.27 and 1.95 A.

Keywords: intercalation compounds, ion-exchangers, platinum complexes

Introduction

Transition metal ion compounds are usually employed in homogeneous ca-
talysis. The increasing interest in using them by anchoring these materials to in-
soluble matrices have still to be studied. Layered inorganic ion-exchangers with a
non-rigid structure, such as ¢~ [1, 2] or y-zirconium phosphates [3] (¢-ZrP, y-ZrP)
and y-titanium phosphate (y-TiP) [4], are employed not only for thcir propertics
as ion-exchangers [5] or intercalating polar organic molecules [6, 7], but also as
starting materials for the preparation of several catalysts [8, 9]. They behave as ‘het-
erogenizing’ support for various heterogeneous catalytic processes and have in-
duced us to study the phases that can be utilized. Our first studies showed that the
Pd’* materials obtained from o-ZrP diamines [such as 2,2’-bipyridyl(bipy), 1,10-
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phenanthroline(phen),  2,9-dimethyl-1,10-phenanthroline(dmp)] intercalation
compounds catalyze the oxidative carbonylation of aniline [10, 11]. Rh** jons or
their complexes with N-materials, obtained from .- and y-ZrP, effectively cata-
lyze the oxidation of CO to CO; [12] and act as a selective catalyst for the oxida-
tive carbonylation of aniline and the reductive carbonylation of nitrobenzene to
give N,N’-diphenylurea and/or N-phenyl carbamate ester 13, 14]. In continuing
the work we want to show, in this paper, the preparation, characterization and ther-
mal behaviour of some platinum materials derived from y-ZrP [15] and ¥-TiP inter-
calation compounds, that can be successfully applied in heterogeneous catalysis.

Experimental
Chemicals

Platinum chloride, 2,2’-bipyridyl, 1,10-phenanthroline and 2,9-dimethyl-1,
10-phenanthroline were Fluka puriss. products. All the other chemicals were of
the highest purity available commercially and used as received.

Preparation of materials

y-zirconim phosphate and y-titanium phosphate

v-Zr(PO4)(H,PO4)-2H,0 and y-Ti(PO4)(H,PO,)-2H,O were prepared hydro-
thermally according to the method of S. Yamanaka [16] and Allulli et al. [17], re-
spectively.

v-ZrP intercalation compounds

Four different intercalation materials with ligand: y-ZrP ratios of about 1:4
and 1.2, were obtained with bipy and dmp.
Their formulas were

v-Zr(PO4)(H2PO4)bipyo.26: 1.64H20 (y-ZrPbipyo.26);

v-Zr(PO4)(H2PO4)bipyo.440.30H20 (y-ZrPbipyg.44) and

v-Zr(PO4)(H2PO4)dmpo 26:1.73H20 (y-ZrPdmpo 26);

v-Zr(PO4)(H2PO4)dmpo.44-2.98H20 (y-ZrPdmpo.44).

A fifth material was obtained with phen, with ligand: v-ZrP ratio of about 1:2,
of formula y-Zr(PO4)(H,PO4y)pheng 44-2.04H,O(y-ZrPpheng «4). The materials
with high ligand content, were obtained by contacting at 45°C the pre-swelled
ethanolic form of y-ZrP(y-ZrPEtOH, doo.=16.4 A) (1 g), freshly prepared before
each reaction, with a 0.1 mol dm™ solution of bipy, phen or dmp in ethanol-water
(1:1) (100 cm’) for a week. The materials with lower ligand content were ob-
tained in the same way, but using a 0.01 mol dm™ solution of the ligand.
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v-TiP intercalation compounds

The pre-swelled cthanolic form of y-TiP(y-TiPEtOH, dop=15.22 A) (1 £) was
contacted w1th a2 0.01 mol dm™ solution of bipy, phen or dmp in ethanol-water
(1:1) (100 cm®) for a week, at 45°C. Three intercalation compounds of formula
composition

¥-Ti(PO4)(H2PO4)bipy0.430.53H20(y-TiPbipyo.43);
Y-Ti(PO4)(H2PO4)pheno 472.06H20(y-TiPpheno 47) and
¥-Ti(PO4)(H2PO4)dmpo.26 2.83H20(y-TiPdmpo.26) were obtained.

Platinum intercalation compounds

The platinum y-ZrP and y-TiP intercalation compounds were prepared by ion
exchange, by equ111brat1ng the 1ntercalatlon compounds (0.1 g) with a volume of
the PtClo solution 5x10™* mol dm™ , such that the amounts of ligands in the solid,
and of Pt* in the solution, were in a 1:1 molar ratio. All the batches were thermo-
statted at 25 and 45°C, for several sets of times. The suspensions were then fil-
tered, the solutions analyzed for metal content and final pH, and the solids were
washed with distilled water and air dried.

Physical measurements and chemical analysis

The thermal curves were recorded on a simultaneous TG/DTA Stanton Red-
croft 1500 thermoanalyzer, Pt crucibles, heating rate 10°C min ™', ignition up to
[100°C to constant mass, in an air and nitrogen flow. All the matenals were sub-
mitted to X-ray diffraction analysis, especially by monitoring the dog, reflection
(which is known to correspond to the interlayer distance for these ion-exchang-
ers) in order to obtain information whether or not the layered structure was main-
tained. The XRD patterns were taken on a Philips diffractometer; Ni-filtered and
CuK, radiation was used. Platinum ion contents were determined by following
the concentration changes in the supernatants by atomic absorption spectrometry
using a G.B.C. 903 instrument. The water and ligand contents of the solids were
determined from the TG curves. In Table [ the compositions of bipy, phen and
dmp y-ZrP, v-TiP intercalation compounds, from elemental chemical analysis
and thermogravimetric analysis, are listed.

Results and discussion

Materials derived from y-ZrP intercalation compounds

Platinum uptake

The platinum uptake by y-ZrP-diamine 1ntercalat10n compounds was carried
out via the batch procedure with solutions of Pt ions, at different temperatures
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(25 and 45°C) and for different times (1 and 3 weeks) in order to understand the
parameters that influence the uptake [15]. The solids were then filtered off and
washed with distilled water. The supernatant solutions were analyzed for their
Pt** content and pH. All the materials obtained are li ght or dark yellow, depend-
ing on either the platinum content or the temperature (25 or 45°C). The tempera-
ture of batch contact and the time length both influence the platinum uptake, but
we can conclude that the temperature of the experiment (45°C) achieves more
than the time Iength. Platinum-exchanged materials were obtained by contacting
samples of 0.5 mmol of the y-ZrP-diamine intercalation compounds with vol-
umes of a 5107 mol dm™ PtCl, solution in order to obtain compounds with a
molar ratio, inside the solid, 1:1=Pt:L (Z=bipy, phen, dmp). At 25°C the yellow
materials obtained show a lower platinum content, regardless of whether the ex

periments were performed for a week or for three weeks. Table 2 shows the
chemical composition of the compounds obtained at 45°C, after one and three
weeks of batch contact. The pH of the supernatant solution, after the batch con-
tact, is generally lower than that at the start of the experiment: this means that the
exchange between the H' ions of the exchanger and the platinum ions is incom-
ing. The most obvious pomt to make from inspection of the chemical composi-
tion is that the maximum Pt** ion uptake for all the y-ZrP-diamine intercalation
compounds is reached at 45°C, after three weeks. The platinum uptake for all the
y-ZrP-diamine intercalation compounds is, in the order, bipy>dmp>phen. For
the materials derived from y-ZrPbipyg 44 and y-ZrPdmpg 44 we obtain compounds
that have, in the solid, a molar ratio of Pt*":L=1. The material derived from Y-
ZrPpheng 44 has, in the solid, a molar ratio of Pt L=1: :2, after a week of batch con-
tact. Note that the TG curves confirm that diamines are not severely eluted during the
exchange process, as is the case for the other t.m.i. intercalation compounds (Rh,
Pd) A small elution (<5 %) is found in 'Y—ZI‘(PO4)(H1,20PO4)Pt0‘4obipyol4g‘2.OSHQO
and in y-Zr(PO,4)(H; 20PO4)Pto sodmpg 42-1.73H,0, probably due to the complexes

in the exchangers.

XRD results

The X-ray diffraction patterns of all materials containing platinum (obtained
after 3 weeks) are slightly different and reflect a lower degree of crystallinity
than those of their precursors. The interlayer distance dog; changes, except for the
materials derived from y-ZrPbipyo 4. So we always have, after the platinum up-
take, a decrease in dop2. Other peaks we noted were: at 9.02 A (small), at 7.85 A
and 4.55 A (strong and sharpened); at 8.58 A (small), at 7.89 A and 4.52 A
(strong and sharpcned), for the compounds derived from y-ZrPbipyPt and y-
ZrPphenPt, respectively. We assume that these peaks are due to the LPt com-
plexes in the exchangers. In fact we tested the bipy-Pt and phen-Pt complexes
(synthesized, not obtained by exchanging in y-ZrP intercalation compounds the
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exchanger) by the diffractometer and we obtained the same kind of peaks. The
platinum materials derived from y-ZrPdmp show only one small peak related to
dmp-Pt at 9.25 A. Figure 1 shows the XRD patterns referring to sample V-
Zr(PO4)(H, 20PO4)Ptg 40bipyo 42-2.05H,0 at r.t, 400 and 1000°C. It is worth noting
that the big peak at 7.89 A (related to the bipy-Pt complex in the exchanger) is re-
duced in intensity at 400°C, when the reduction of Pt**—Pt’ is almost completed.
At 1000°C we obtain only the pyrophosphates and the PU(dua=2.26 A—-1.95 A)
[18]. In Table 3 we list the dyg, of the precursors and the dog; changes, at increas-
ing temperature, of the y-zirconium platinum intercalated materials. As we can
see, the layered structure of the materials is already present if they are heated at
450°C, except for the materials derived from y-ZrPphen. All the interlayer dis-
tances in the heated materials are smaller than those of the materials studied at
room temperature. We prepared the XRD patterns of the platinum y-zirconim in-
tercalation compounds heated at 500°C in the simultaneous TG/DTA apparatus,
under a nitrogen flow, with the aim to find some difference in the Pt’ formation.
We have obtained the same results as in an air flow; so we can assume that at tem-
peratures < 500°C platinum reduction occurs in both gases and the materials are
still layered.

A,__AA.,AA_,AM__J\M IL J\,_J\V i

400°C

Intensity

10 20

Fig. 1 XRD of ¥-Zr(PO)(H, ,,PO,)Pt, ,bipy,..,-2H,0 at r.t, 400 and 1000°C
Thermal behaviour

Figures 2 and 3 show the TG/DTA curves of the platinum intercalation com-
pounds (materials obtained at 45°C, after 3 weeks) compared with those of their
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Fig. 2 TG curves of platinum y-zirconium phosphate intercalation compounds in comparison
with their precursors
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Fig. 3 DTA curves of platinum y-zirconium phosphate intercalation compounds in compari-
son with their precursors
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precursors. Figure 2 shows the mass loss of the y-ZrPLPt samples in comparison
with their parent compounds. For all the obtained materials two pronounced
losses are observed in the TG curves: the first is due to the elimination of inter-
lamellar water and occurs between 25 and 250°C; the second, in the range
250-850°C, is related either to the decomposition of the organic diamine or to the
loss of water, owing to the condensation of the existing hydrogen phosphate
group to the zirconium pyrophosphate phase. The decomposition of the organic
ligand takes place at different temperatures, depending on the diamine present,
the last traces of carbonaceous residues being completely lost at 1100°C. At
350°C (for the y-ZrPbipyPt and y-ZrPdmpPt materials) and at 420°C (for the y-
ZrPphenPt) the TG curves show a small and marked step. At these temperatures
we have together with the combustion of the ligands the Pt**—Pt’ reduction. This
is confirmed by the X-ray diffraction as we have seen previously. When these
tcmperatures are reached, the Pt*" present in the solid, linked to the ligands, un-
dergoes a sudden reduction to Pt’. Particular attention should be paid to the TG
curve obtained for the y-ZrPphenPt material which shows an unusual behaviour
in the curve at the temperature previously mentioned (420°C). We shall see the
same behaviour in the analogue material derived from y-TiPphen. Figure 3 gives
the D'TA curves for all the y-ZrPLPt samples, compared with those of their pre-
cursors. Note that for all the materials, except for those derived from Y-
ZrPdmpg ,sPt, the diamine begins to decompose at lower temperatures
(~70-100°C) than their parents. That could be a consequence of the good cata-
lytic effect of the platinum on the complete oxidation of the carbon formed in the
solid during ligand decomposition. Furthermore, in all the precursors the
diamine decomposes and combusts with two more or less pronounced exother-
mic peaks for the platinum compounds (except for the material derived from -
ZrPdmpy 26), only one exothermic peak with a shoulder is present. We deduce
that in these materials the diamine is mostly co-ordinated to the metal ion; the
quantity not coordinated to the platinum interacts directly with the exchanger.
We also performed some experiments in a nitrogen flow, to discover eventual dif-
ferences and to confirm that the exothermic peaks are related to the decomposi-
tion of diamine. The furnace atmosphere 1s particularly important in the exami-
nation of organic materials and the selection of the most appropriate atmosphere
can greatly enhance the value of the method. Figure 5 gives the DTA curves of -
ZrPdmpg 26Pt and v TiPbipyo 43Pt under different gas flows air and nitrogen. The
curves obtained under a nitrogen flow show betwen 250 and 500°C endothermic
peaks, and not exothermic ones, as would be expected for organic decomposi-
tion, based on literature reports [19]. We note that these endothermic peaks occur
at temperatures lower than those of the corresponding exothermic peaks. May be
in a nitrogen flow the decomposition of the organic matter occurs earlier.

J. Thermal Anal., 53, 1998



FERRAGINA, CAFARELLI: Zr AND Ti PHOSPHATES

200

O'HOT ¢ "dwp Mg ("od” T Fod) LA
O'HL6 1 P uoyd™ g Cod’ 'H) "o ILA
O'H96 1- 4dig* g ("od™ ") Od)LL+

$O0M £ I01JE POUIEI|O S[eLIdRW | 1d

OHop ¢ dupt g ("0d" 'H)("od) LA P O0dwpgir-A
O%Hs6 14 “uoyd® g (Pod™ 'mCod)iLA % 0uoydqyL-A
O°H76 1 *4d19” 14 ("0d™ 'H) (o) 1L+ WOLdigq1L-A

Joam ~ ._u.Cﬁ UQ:_NQQO Sjeliajewr +mu& 1—&—,.—.\».

dLL-A woly paureiqo spunodurod ) jo uonisodwod [esruayD) ¢ [qey,

J. Thermal Anal., 53, 1998



201

FERRAGINA, CAFARELLI: Zr AND Ti PHOSPHATES

wyl 96¥1 L0791 O"Hoz 7 *dwptt 14("0d” WO LL+A 09°LI Y dwpgr A
9671 9611 €€°L1 O'HLE T Puayd® g0’ ' (Pod)LL+ 0LLY Fluaydqrr A
86°¢1 6L€! LYyl O°H96'1-*" *Ad1* 14 ("0d"" 'O LA 0L V1 OkdiqqiyA
2.05€ 0,052 11 7

Y 00y +~£Amﬁ..>. % 290 LA

sareradws] swWos e psjeay sfeuareul 14 TJLI-A 91 Jo QX S 9L

J. Thermal Anal., 53, 1998



FERRAGINA, CAFARELLI: Zr AND Ti PHOSPHATES

202

opug

oxg

s1osmaoId 1ay) it vosuedwios ur spunodwos uoneeaseiut areydsoyd wnuem-A wnuned Jo seand VLA/OL b 814

Do /omienddun |
009 oot 00z 0
T T T v T ni-
- 0

\.\ al

0z

ox

: oy
135 Ydpgi -4 0$
: STOUP R A wemerneemeeeee 0

W g g A

BOuad qph oo

1™ OAdigdi] -4
£F Ohdigqry K oo .

oL
08
06

Do /ampmnadura ]

oneL 008 009 00r 00g 0
T T

v T T T s T T

SL
08
8
06
56
00t

1475 %dwipqry

odwpgry 4 e

s9
0L
SL
08
<8
06
S6
ont

s9
0L
SL
08
S8
06
$6
001

17 Okdigqy A T

114 Q,EEEHA ...............

0,,/SSO] SSBIN

J. Thermal Anal., 53, 1998



FERRAGINA, CAFARELLI: Zr AND Ti PHOSPHATES 203

Materials derived from y-TiP intercalation compounds

Platinum uptake

The platinum uptake by y-TiP-diamine intercalation compounds was effected
employing the same procedure as for y-ZrP-diamines, at 25 and 45°C, for 1 and 3
weeks of batch contact, with a PtCl, solution. The experiments performed at
25°C showed that the Pt** uptake by the ¥-TiP intercalation compounds was the
same, for both 1 and 3 weeks; so we can deduce that the uptake does not depend
on the time of contact between the exchanger and the platinum ions, but depends
on the temperature. The batch contact time length is not as important as in the
case of y-ZrPL. Table 4 shows the chemical composition for the platinum mate-
rials obtained at 45°C, after 1 and 3 weeks of batch contact, between platinum
chloride solution and the intercalated y-titanium phosphate samples. The materi-
als are yellow (dark or light depending on the platinum content and the tempera-
ture at which the experiments were performed. We note that in the case of y-tita-
nium intercalation compounds both the temperatures and the ligand present in-
side the exchanger are parameters that influence the platinum uptake. As was the
case for the y-ZrP-diamines, the ion uptake is in the order bipy>dmp>phen. The
material y-Ti(PO4)(I1; 74PO4)Pty 13dmpo 26-1.40H,0 has a ratio P L=1 2, we do
not obtain materials with a ratio Pt*":L=1:1.

XRD results

The XRD patterns of the platinum materials are very similar to those of their
precursors; we note only a light amorphization and a small reduction in dog:
(~0.5 A), almost negligible with respect to their parents. The maximum amorphi-
zation that we note is in the materials derived from y-TiPdmp; in all cases the
amorphization increases with the increase of uptake of Pt™*ions. We note also the
peaks related to the LPt complexes, the same as in the case of platinum y-zirco-
nium intercalation compounds. The material derived from y-TiPdmp shows a
sharpened peak (when the uptake is appreciable) at 8.42 A. In this case the inten-
sity of this peak is greater than that of the interlayer distance dop.=17.87 A and it
is proportional to the platinum content. When the platinum materials are heated
at 350-450°C, the peak at 8.42 A (related to LPt) starts to decrease and the Pt’
peaks appear, as happens in the similar platinum materials derived from y-ZrPL.
Table 5 gives the dog, values of the y-TiPLPt compounds heated at some tempera-
tures. The materials remain layered up to 350°C (with a decrease of 0.89-2.37
and 1.35 A compared with the value obtained at room temperature) but they are
rather amorphous. At < 500°C the LPt peaks disappear completely and in the
amorphous materials (due to the ligand combustion) only Pt” is present. If the
heating is performed in a nitrogen flow we obtain the same results as in an air
flow.
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Fig. 5 DTA curves of y-ZrPdmp, ,Pt and y-TiPbipy,, ,,Pt under different gas flows (air - and
nitrogen —)

Thermal behaviour

Figure 4 gives the TG/DTA curves of the y-titanium platinum intercalation
compounds as compared with those of their precursors. The thermal behaviour is
similar for all materials, the common result being the small step in the TG curves,
at different temperatures (depending on the ligand present) related to the reduc-
tion of Pt** —Pt°. As we can see in the figure, the steps occur at 280, 350 and
420°C for the materials derived from y-TiPbipy, y-TiPdmp and y-TiPphen, re-
spectively. We noted the same behaviour for the platinum materials derived from
y-zirconium intercalation compounds. We see only in the case of the materials
derived from y-TiPbipyPt that the temperature of the step was lower than that ob-
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served for the derivatives of y-zirconium (280°C vs. 350°C). The decomposition
temperatures of the ligands are the same as those of their precursors, exept for y-
TiPbipyPt which is lower (~50°C). The DTA curves have stronger and more
sharpened exothermic peaks compared to their precursors, related to the decom-
position of the ligands and we suppose also the reduction of platinum. This is evi-
dent especially as concerns y-TiPphenPt whose TG curve shows no step, but a
very complicated inflection as we saw for the analogous derivative of y-ZrP. For
the platinum material derived from y-TiPdmp the evidence, in the DTA curve, is
that the strong exothermic peak at 800°C due to pyrophosphate formation, is sig-
nificantly reduced in the presence of platinum ions. The hydration water of the
materials is lost at 25-250°C and the value does not exceed 2.5 mol/mol ex-
changer (as we can see in the chemical composition of Table 4). The last loss in
the TG curves is due to the water loss in the condensation to pyrophosphate, of
the phosphate group: it is interesting to note that in the DTA curves the tempera-
ture of oi-cubic pyrophosphate formation of the platinum compounds is lower
(~100°C) than that of the analogous precursors. We performed some experiments
in a nitrogen flow (Fig. 5) and we have drawn the same conclusion as in the case
of the y-zirconium platinum materials.

Conclusions

Platinum ions can be inserted between the layers of y-zirconium and y-tita-
nium phosphates by ion exchange, at 25 or 45°C, using as starting materials their
intercalation compounds with bipy, phen or dmp aromatic diamines. The inter-
layer distances of these compounds are large enough to allow the diffusion of
Pt** ions and hence Pt**/H" ion exchange. y-ZrP intercalation compounds ex-
change more platinum ions than y-TiP intercalation compounds; in the obtained
yellow materials there is no release of diamines. The obtained materials are not
as crystalline as their precursors. The interlayer distance remains that of the re-
spective starting compounds, for materials derived from y-TiPL, but there is a de-
crease for materials derived from y-ZrPL, except for those derived from y-
ZrPbipyo.44. All materials show, in the XRD pattern, peaks related to the LPt
complexes; these peaks decrease when the materials are heated and they disap-
pear completely at ~450°C, when Pt’ is formed. The thermal behaviour of ail
platinum materials is very similar for the compounds derived from y-ZrPL or y-
TiPL; in the latter case we do not have the catalytic effect of the platinum on the
temperature of ligand decomposition. In the TG curves we note, at different tem-
peratures depending on the ligand present, a small step and simultaneously the
P¢** —Pt” reduction. When the experiments are performed in a nitrogen flow the
reduction of platinum is obtained under the same conditions as in an air flow.
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