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Intercalation of Platinum Complex in LDH Compounds
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Intercalation of platinum complex was carried out in [ZnAl],
[MgAl], and [CuAl] LDH matrix by a new method including
hydrothermal synthesis. Free carbonate products were obtained.
XRD and FTIR studies show the total exchange. However, the
geometry of the local environment of the platinum atom in the
complex appeared to be modi5ed during intercalation. By ther-
mal treatments and reduction in ethylene glycol, metallic par-
ticles dispersed on oxide powder were obtained. The resulting
calcined products could have some interest in heterogeneous
catalysis. ( 2001 Academic Press
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INTRODUCTION

Layered double hydroxide (LDH) materials are the result
of a combination of host structure resulting from the stack-
ing of inorganic layers and chemical species trapped in the
interlamellar domain. The structure looks like a brucite type
with a 2D distribution of coplanar octaedra [M(OH)

6
] which

corresponds to a hydrolyzed layer M(OH)
2

of the brucite.
The simultaneous presence of divalent and trivalent me-

tallic cations in these layers leads to a positive charge which
is balanced by anionic species trapped in the interlamellar
space with water molecules. The ratio between divalent and
trivalent metallic cations must be such that the MIII/
(MII#MIII) value is in the interval 0.2}0.4 for the majority
of couples (MII/MIII) (1). The general formula of LDH com-
ponents is then [MII

(1~x)
MIII

(x)
(OH)

2
] [Xm~

x@m
)nH

2
O].

According to the "elds of application, a great choice of
metal composition (MII/MIII) or interlayer species is pos-
sible. A main property of these materials is their anionic
exchange capacity, which makes them unique inorganic
materials for capture of organic and inorganic anions. It
permits the use of LDH in several disciplines, such as
medicine, environment, and, of course, catalysis (2}4). The
purpose of this work is to replace anionic species like Cl~
1To whom correspondence should be addressed. E-mail: Mariede}Roy@
univ-bpclermont.fr.
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and NO~
3

that are generally present in the interlamellar
space by a metallic complex (5) to obtain materials that are
active in heterogeneous catalysis. It is important to point
out that many papers have already dealt with the subject
and showed the interest of such compounds in heterogen-
eous catalysis (6). The ultimate aim is to prepare metallic
nanoparticles on support oxide by using either thermal
treatment or a direct reduction in ethylene glycol (7, 8).
Nanoparticles with at least two metallic elements have re-
cently appeared in the literature and seem interesting
enough (9, 10). The choice of [PtCl

6
]2~ anion (11) as the

complex to be trapped in the interlayer domain results in an
important structural stability, which can o!er really inter-
esting possibilities for use of Pt metal in catalysis (12}19). In
fact, we tried to obtain dispersed metallic nanoparticles
using a method which di!ers from impregnation in order to
use otherwise catalytic precursors. The synthesis of LDH
containing noble metals, and particularly platinium, in the
layers has been recently reported (20). However, di$culties
in controlling and maintaining the (Mg2`}Pt2`/Al3`) mo-
lar ratio appeared. Three di!erent new LDHs intercalated
with platinum complex were prepared. This allows us to
have in the same compound three di!erent metals. These
products, noted in this publication [ZnAlPt] (platinum
complex intercalated in ZnAl matrix), [MgAlPt] (platinum
complex intercalated in MgAl matrix), and [CuAlPt] (plati-
num complex intercalated in CuAl matrix). This diversity of
metals could give a large range of possibilities to create
nanoparticles and might also give an interesting catalysis.

EXPERIMENTAL

Synthesis

[ZnAlCl]
LDH

, [MgAlCl]
LDH

, and [CuAlCl]
LDH

with ideal
formulas [Zn

2
Al(OH)

6
]Cl )2H

2
O, [Mg

2
Al(OH)

6
]Cl )2H

2
O,

and [Cu
2
Al(OH)

6
]Cl )2H

2
O were used as precursors for the

studies of intercalation of [PtCl
6
]2~ anions in a LDH

matrix.

Synthesis of precursors. These precursors were prepared
by a coprecipitation method at controlled pH as described
in the literature (21).
2



FIG. 1. Di!raction patterns of three LDH compounds intercalated
with Pt complex in (a) [ZnAl], (b) [CuAl], and (c) [MgAl].
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Respectively mixed solutions of ZnCl
2

(Prolabo)}AlCl
3

(Sigma, 99%), MgCl
2

(Sigma, 98%)}AlCl
3
, and CuCl

2
(Prolabo, 99%)}AlCl

3
with the expected MII/MIII ratio, hav-

ing total cations concentrations equal to 1 M, have been
used. The pH was maintained during coprecipitation at 8.5,
9.5, and 5.5, respectively, by simultaneous addition of 1 M
NaOH to the mother solution. These syntheses were
performed under a nitrogen atmosphere to prevent con-
tamination by carbonate from atmospheric CO

2
at room

temperature except for [MgAlCl] (653C). We "xed the value
of the molar ratio of MII/MIII to 2, to create a higher positive
charge for the layer, thus permitting a maximum of interca-
lation.

Anionic exchanges. The same method with little vari-
ation was used for the three precursors. The "rst step of the
exchange was carried out at room temperature, under a ni-
trogen atmosphere, and with a K

2
PtCl

6
(Strem, 99%) solu-

tion 4 times higher than the anionic capacity exchange of
the LDH, for 90 min, 80 min, and 70 min for ZnAl, MgAl,
and CuAl precursors, respectively.

In the second step, the three phases were introduced in an
autoclave at 503C under autogenous pressure of 1 kbar for
410 min and after that in an autoclave at 1203C under
autogenous pressure of 2.4 kbar for 100 min, 90 min, and
70 min, respectively.

Powered products were recovered after quenching by
centrifugation, three washing cycles with carbonate-free
water being necessary. The powders were then dried at 503C
for 12 hours.

This method of synthesis was chosen because several
attempts at using the methods commonly described, such as
simple exchange, did not permit the intercalation of the
complex.

Powder X-ray di!raction patterns were performed on
a Siemens D 501 X-ray di!ractometer using CuKa radiation
and "tted with a graphite scattered beam monochromator.
The samples as unoriented powder were scanned from 2 to
763 (2h) in steps of 0.083 with count time of 4 s at each point.
Fourier transform infrared spectra were obtained, "rst with
a Perkin Elmer 16PC spectrophotometer at a resolution of
2 cm~1 and avearing 10 scans in the 400}4000 cm~1 region
on pressed KBr pellets, and second with a Perkin Elmer
Parangon 1000 in CsI by di!use re#ectance, using a K.M.
correction between 350 and 320 cm~1.

Thermogravimetry was recorded on a Setaram TG DTA
92 thermogravimetric analyzer at a typical rate of 53C
TABL
Indexation of [ZnAlPt]

(hkl) (003) (006) (009) (010) (012)

2h (degrees) 8.32 17.20 26.04 33.96 36.98
min~1 under an air atmosphere. The nitrogen adsorption
isotherms of the samples at liquid nitrogen temperature
were recorded on a Coulter SA 100, inclulding prior pret-
reatment, which consisted of a degassing period of 500 min
at 1103C. This was done to remove the adsorbed and inter-
layer water, and to leave only anions in the interlayer space.
Pore distributions in all samples are calculated using the
BJH model on the desorption branch. Elementary analyses
were performed at the Vernaison Analysis Center of CNRS.
Scanning electron micrographs were recorded at Tech-
ninauv S.A., France. Particle size distribution was deter-
mined on a Malvern Mastersizer 2000.

Zn K edge and Pt L
III

edge. XAFS (X-ray absorption "ne
structure) studies were performed at LURE (Orsay, France)
using X-ray synchrotron radiation emitted by the DCI
storage ring (1.85 GeV positrons, average intensity of
250 mA) at the D44 line. Data were collected at room
temperature in the transmission mode at the Zn K edge
(9.658 eV) and the Pt L

III
edge (11.563 eV). Three spectra

were recorded for each sample. [ZnAlCl] and K
2
PtCl

6
were

taken as the reference materials; the theoretical functions
from McKale's tables were taken as the phase and ampli-
tude (22). The EXAFS signal treatments and re"nements
were performed with the program package developed by
A. Mickalowicz (23). The commonly accepted accuracy of
the "t is about 0.02 A_ for the distance and 10 to 20% for the
number of neighbors. The module of the Fourier transform
corresponds to the pseudo radial distribution functions
(pseudo RDF).
E 1
in R-3m Space Group

(015) (0014) (018) (0111) (110) (112)

41.51 46.04 47.35 51.88 60.45 61.88



TABLE 2
Interlayer Distances of Precursors and Intercalated Products

Sample [ZnAlCl] [ZnAlPt] [MgAlCl] [MgAlPt] [CuAlCl] [CuAlPt]

Interlayer 7.99 10.13 7.96 10.73 7.81 10.08
distance (As )

FIG. 2. Comparison of the di!raction patterns of [ZnAlPt] and
[ZnAlCl] compounds.
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RESULTS AND DISCUSSION

The completeness of exchange of chloride by the anionic
complex was con"rmed by chemical analysis and X-ray
powder di!raction.

X-ray powder di!raction patterns of exchanged products
are presented in Fig. 1. The [ZnAlPt] sample gives the best
PXRD pattern. In [MgAlPt] and [CuAlPt], we can observe
an important amorphous phase. However, there is no re-
maining crystallized LDH chloride precursors. The PXRD
general aspect evidences that all the samples are hardly well
ordered.

The di!raction peaks are indexed using a hexagonal cell
with rhombohedral symmetry (R31 m) (Table 1) where the
c parameter corresponds to 3 times the interlamellar dis-
tance d (003) and the a parameter which represents the
average intermetallic distance is calculated from the posi-
tion of the d (110) ray. For [ZnAlPt] and [MgAlPt] the
calculated parameters are a"3.06(3) A_ , c"30.3(9) A_ and
a"3.05(2) A_ , c"32.7(9) A_ , respectively. Interlayer distan-
ces in precursors and in exchanged products are compared
in Table 2.

For the three compounds, we observed an inversion of
intensity of the "rst two (001) peaks in intercalated products,
compared to the LDH chloride precursors (Fig. 2). This
phenomenon appeared in previous work on LDHs contain-
ing heavy interlayer molecular species such as chromate or
vanadate in a [MgAl] matrix (21, 24) and oxalate in
a [ZnAl] matrix (25).
TABL
Chemical Formula of

Sample Formulaa

[ZnAlPt] (%) [Zn
0.59

Al
0.39

(OH)
2
][Pt (Cl

3.2
(OH)

2.8
)]

0.17
,1.81 H

2
O Z

Al, 5.36; Pt, 17.23; Cl, 9.82; H, 3.13
[MgAlPt] (%) [Mg

0.63
Al

0.35
(OH)

2
][Pt(Cl

3.6
(OH)

2.4
]
0.16

.1.64 H
2
O M

Al, 6.64; Pt, 21.61; Cl, 14.12; H, 3.93
[CuAlPt] (%) [Cu

0.61
Al

0.36
(OH)

2
[Pt(Cl

2.4
(OH)

3.6
]
0.16

.0.68 H
2
O Cu

Cu, 23.52; Al, 5.95; Pt, 19.06; Cl, 8.41; H, 2.38

a Figures have been rounded to two digits. bMolar ratio.
A common feature of all the X-ray patterns is that the
second (001) di!raction line becomes more accentuated than
the "rst one. This has been attributed to the increase in
electron density in the midplane of the interlayers due to the
presence of the heavy metal. In this case, the XRD patterns
show an important intensity ratio between (003) and (006)
di!raction lines, which could be linked to the important
electronic density of Pt.

In the precursor, the position commonly assigned to the
Cl~ anion is the 18g site of the R31 m space group (26). If we
use the position with z"1/2 for the Pt atom in the ex-
changed product, the ratio between the di!usion atomic
factor of Pt and Cl~ is around 5.13 for the (003) and (006)
di!raction lines.

This would explain the inversion observed in the relative
intensities of (003) and (006) di!raction lines between the
precursor containing Cl~ anions and the exchanged phase
containing Pt complex within the layers.

This phenomenon clearly points out the presence of
a heavy atom between the layers.
E 3
Intercalated Products

MII/MIII b

Cl/Ptb In intercalated products In precursor

n, 19.81; 3.2 1.51 1.98

g, 10.63; 3.6 1.79 2.06

, 23.52; 2.4 1.69 2.04



FIG. 3. Fourier transform of Pt neighbors in [ZnAlPt] at the Pt L
III

edge.
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Chemical compositions of obtained compounds are re-
ported in Table 3. In all cases, the chloride content is lower
than expected, while the hydroxyl group content is higher.
We have not found in the literature work which reports the
study of the complex evolution during the exchange in LDH
phases. But, progressive hydrolyzation of K

2
PtCl

6
to

K
2
Pt(OH)

6
is relatively well known (27}30), which leads to

intermediate compounds K
2
Pt(OH)

5
Cl, K

2
Pt(OH)

4
Cl

2
,

K
2
Pt(OH)

2
Cl

4
, and K

2
Pt(OH)Cl

5
. The Cl/Pt molar ratio

appeared di!erent in the three matrixes. It seems that it is
not the same platinum complex which is intercalated in the
di!erent matrix. But we noted also a slight decrease in the
MII/MIII molar ratio which could be explained by a partial
dissolution of the divalent ion of the layers or a dissolution}
FIG. 4. Infrared spectra of [ZnAlPt] and [MgAlPt] between
4000 cm~1 and 400 cm~1.

FIG. 5. Infrared spectra of [ZnAlPt] and K
2
PtCl

6
(A), [MgAlPt] and

K
2
PtCl

6
(B), and [CuAlPt] and K

2
PtCl

6
(C) between 350 cm~1 and

320 cm~1.
reconstruction due to hydrothermal synthesis and acidic
domain the [PtCl

6
]2~ anion (from pH 2 to 5.5) (19). The

existence of defective sheets has already been noted for



TABLE 4
Parameters of EXAFS Study at Pt LIII Edge

Sample N
1

R
1

p
1
"p

2
!
1
"!

2
N

2
R

2
Residue

[ZnAlPt] 2.73 1.99 0.0594 0.807 3.27 2.32 8.5]10~3

p
i
, Debye}Waller factor; N

i
, e!ective coordination number; R

i
, in-

teratomic distance between studied atom and its neighbors (A_ ); !
i
, factor

related to the mean free path j of the photoelectron (j"k/!); Residue,
disagreement factor.
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tetracyanoquinodimethane (31) and RuCl
5
H

2
O (32) in

[ZnAl] matrix and reported for the synthesis of pillared
clays with Keggin ions (33). An EXAFS study was conduc-
ted in order to con"rm or repute these results.

X-Ray Absorption Spectroscopy

X-ray absorption spectra were obtained at the Zn K edge
for [ZnAlCl] and [ZnAlPt] and at the Pt L

III
edge for

K
2
PtCl

6
and [ZnAlPt].

The study at the Zn K edge shows that the two pseudo
radial distribution functions are superimposed so that we
can conclude that the local order around the Zn atom in the
layers remains identical after exchange with the platinium
complex.

As to the reference compound K
2
PtCl

6
, the study at the

Pt L
III

edge gives results corresponding to the well-known
octahedral environment of the [PtCl

6
]2~ anion (11). For

the exchange compound [ZnAlPt], the parameters of re"ne-
ment of the "rst shell around the platinum atom, which
contains only a single scattering contribution, are reported
in Table 4. The results show a strongly distorted and mixed
environment around the platinum atom: 3.27 chloride
atoms at 2.32 A_ (11) and 2.73 oxygen atoms at 1.99 A_
(around Pt}O distance in [Pt(OD)

6
]2~ anion 2.06(2) A_ (34))

(Fig. 3). These values represent an average of local environ-
FIG. 6. Possible orientations of
ment of Pt atoms. These data correspond to the chemical
composition of [ZnAlPt].

IR Spectroscopy

The characteristic bands reported in the literature for the
anion [PtCl

6
]2~ are located at frequencies lower than

400 cm~1 (35), so the IR study was performed "rst between
4000 and 400 cm~1 with KBr pellet method and then in CsI
by di!use re#ectance between 350 and 320 cm~1.

With the "rst study we could note that the IR spectra
shown in Fig. 4 correspond to compounds free of carbonate
contamination. The main absorption band centered
at 3477 cm~1 corresponds to the vibration l(OH) of the
hydroxyl group forming the brucite-like layers as well as the
interlamellar water. The other intense band at 1600 cm~1 is
normally assigned to the vibration resulting from the water
molecule d(H

2
O). The bands appearing at frequencies lower

than 800 cm~1 correspond to the metal}oxygen vibration
d(M}OH). Bands at 2985 and 2901 cm~1, which appear in
the exchange products, are characteristic of hydrocarbon
contamination.

The higher crystallinity of the host network of [ZnAlPt]
is evidenced by the high resolution of the lattice vibration,
which appears in the wavenumber range (400}650 cm~1).
The IR spectra between 400 and 4000 cm~1 are typical of
LDH.

The comparison of infrared spectra curves (which are all
on the same scale) of K

2
PtCl

6
, [ZnAlPt], [MgAlPt], and

[CuAlPt], obtained between 350 and 320 cm~1, is shown in
Figs. 5A, 5B, and 5C. For [ZnAlPt], the bands may be
tentatively attributed to the IR-active band E

u
which corres-

ponds to a trans [PtCl
4
(OH)

2
]2~ and to IR-active bands

B
2
}A

1
which correspond to trans [PtCl

3
(OH)

3
]2~ (29, 30).

We could then obtain a mixture of the two compounds.
For [MgAlPt], the bands may be tentatively attributed to
IR-active bands B

1
}B

2
which correspond to a cis [PtCl

4

the complex between the layers.



FIG. 7. TG data of [ZnAlPt].

FIG. 8. Di!raction patterns of [ZnAlPt] (A), [MgAlPt] (B), and
[CuAlPt] (C) calcined respectively at (a) 4003C, (b) 5003C, (c) 6003C, (d)
7003C, (e) 8003C, (f ) 9003C, and (g) 10503C. The di!raction rays which
appear at high temperature correspond to oxide or mixed oxide.
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(OH)
2
]2~. For [CuAlPt], the band may be tentatively at-

tributed to the IR-active band A
2u

which corresponds to
a trans [PtCl

2
(OH)

4
]2~.

As was shown by the study on XRD, the platinum atom is
present between the ZnAl layers and is surrounded by both
chloride and oxygen atoms, forming a distorted octahedral
environment. So the species observed in the interlamellar
domain after exchange could be the mixed-ligand species
[PtCl

(6~x)
(OH)

x
]2~.

Investigations on the intercalation of metal complexes
into LDH have shown that guest}host interactions can
a!ect the orientation and stability of intercalated complexes
(36, 37). The metallic complex of platinum within the hy-
drotalcite layers can intercalate in two di!erent orienta-
tions, which correspond to di!erent basal spacing of 10.13
and 10.08 A_ , respectively. [ZnAlPt] and [CuAlPt] with the
e!ective C

3
axis are perpendicular to the brucite-like layers

and aligned along the z axis and 10.73 A_ , while [MgAlPt]
with the e!ective C

2
axis of the pseudo octahedral anion is

perpendicular to the brucite-like layers and aligned along
the z axis (Fig. 6).

These two di!erent possibilities of orientation could ex-
plain the di!erence in basal spacing observed between
[ZnAlPt], [CuAlPt], and [MgAlPt]. It could be due to
a more important basicity in the [MgAlPt] phase resulting
from the higher value of pH during the precipitation of
precursor. The basicity which is inversely connected to
electronegativity (1.2, 1.65, and 1.9 for Mg, Zn, and Cu,
respectively) could create more interactions between hy-
droxyl groups and the layers.

TG Data

The thermal decompositions of [ZnAlPt] (Fig. 7),
[MgAlPt], and [CuAlPt] are rather similar, and
correspond to chemical compositions. The desorption of
adsorbed water is complete around 1203C while the desorp-
tion of structural water molecules occurs at higher temper-
atures and is complete at 2303C. The next step consists of



TABLE 5
Thermal Evolution of Intercalated Productsa

Compound 4003C 5003C 6003C 7003C 8003C 9003C 10503C

[ZnAlPt] Am.Ph.}ZnO Am.Ph.}ZnO ZnO}Pt ZnO}PtO
2
}Pt ZnO}PtO

2
}Pt ZnO}ZnAl

2
O

4
}PtO

2
}Pt ZnAl

2
O

4
}Pt

[MgAlPt] Am.Ph.}MgO}Pt Am.Ph.}MgO}Pt Am.Ph.}MgO}Pt Am.Ph.}MgO}Pt Am.Ph.}MgO}Pt
[CuAlPt] Am.Ph. Am.Ph. Am.Ph. CuO}CuAl

2
O

4
}Pt CuO}CuAl

2
O

4
}Pt CuO}CuAl

2
O

4
}Pt Am.Ph.}Pt

aAm.Ph, amorphous phase.

338 BEAUDOT, DE ROY, AND BESSE
simultaneous loss of water molecules resulting from hy-
droxyl groups' decomposition and chloride anions coming
from the platinum complex. These two decompositions are
not separated precisely but it is obvious that the deshyd-
roxylation occurs at lower temperature than the decomposi-
tion of intercalated anion (38). The end of complex
decomposition occurs around 8203C.

The study was completed by XRD analysis of samples
heated at di!erent temperatures from 4003C to 10503C. The
patterns of [ZnAlPt], [MgAlPt], and [CuAlPt] are shown
in Figs. 8A, 8B, and 8C.

For [ZnAlPt] and [CuAlPt] three stages are observed as
the temperature increases: "rst the amorphization of LDH
material followed by the appearance of metallic oxide and
mixed metallic oxide. The crystallinity of these oxides
decreases at high temperature while metallic platinum is
formed.

We can note that the di!raction lines of metallic platin-
ium appear at a lower temperature for [MgAlPt] (4003C)
than for the other compounds, so it seems that more Cl~
anions could lead to an earlier appearance of metallic plati-
num. For the [(Mg}Pt)/AlCO

3
]
LDH

phase, Basile et al. (20)
indicated the appearance of metallic platinum around
6503C. At a temperature higher than 7003C the three cal-
cined phases are characterized by the coexistence of metallic
platinum and amorphous metallic oxides.

The di!erent phases and temperature domains observed
are reported in Table 5 for the three compounds.

Presented in Table 6 is the size of crystallites obtained by
the law of Debye}Sherrer applied to the (111) ray of metallic
platinum for [ZnAlPt] during a thermal evolution.

Another way to obtain metallic platinum dispersed in an
inorganic matrix is to submit the intercalated LDH to
a reducer treatment. With this aim, we obtained the com-
TABLE 6
Size of [ZnAlPt] Crystallites during a Thermal Evolution

from the Platinum Ray (111)

Temperature 6003C 7003C 8003C 9003C 10503C

Size A_ 742 788 1242 1492 1688
pound [ZnAlPt] under re#uxing ethylene glycol over
3 weeks under a nitrogen atmosphere with polyvinylpyr-
rolidone as catalyst (8).

The X-ray di!ractogram of this resulting product is pre-
sented in Fig. 9. The di!raction lines of metallic platinum
are smaller and broader than these observed for calcined
phases.

It seems that, in this case, the metallic platinum is more
dispersed in the midst of amorphous oxide phase; this could
lead to a possible catalytic application.

Some phases have been observed by scanning electron
microscopy. At room temperature [ZnAlPt] has no &&sand
rose''morphology observed in [ZnAlCl] (25), but appears as
hexagonal plates which are dispersed. It is probably the
e!ect of the hydrothermal part of synthesis (pressure). Cal-
cined phases at 4003C showed large crystallites of ZnO with
small attached spherical particles of ZnAl

2
O

4
. Calcined

phases at 9003C present a porous aspect (Fig. 10).
In order to get the most information on [ZnAlPt]

compounds, we performed a granulometric study at room
temperature, where we noted an average particle size distri-
bution of 19.5 lm. To complete these data, we have cal-
culated the coherence length along c : ¸

c
, by the Debye}

Sherrer law (39). ¸
c
of [ZnAlPt], [MgAlPt], and [CuAlPt]
FIG. 9. Comparison of di!raction patterns of [ZnAlPt] calcined at
10503C and [ZnAlPt] treated in ethylene glycol.



FIG. 11. N
2

adsorption/desorption isotherms of [ZnAlPt] of noncal-
cined phases.
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compounds have been calculated from the (003) and (006)
planes employing the Debye}Sherrer equation t"0.9j/
(b cos h), where t is the crystallite size (for us ¸

c
), j is the

wavelength of the radiation used, b is the full width at
half-maximum (FWHM) in radians (we subtracted the ex-
perimental width obtained with a silica spectrum), and h is
the Bragg di!raction angle; the values are 422 A_ , 267 A_ , and
251 A_ , respectively, for [ZnAlPt], [MgAlPt], and [CuAlPt].

Specixc Surface Area

Synthetic LDH compounds are widely used as precursors
for the preparation of mixed oxide catalyst (40). We carried
out a systematic analysis of the nitrogen adsorption/desorp-
tion of the LDH intercalated with platinum oxide. These
macroscopic properties can be directly related to the inner
FIG. 10. SEM of [ZnAlPt] at room temperature (a) and calcined at
9003C (b).
structure of the material and to its morphology. The
N

2
adsorption/desorption curves of compounds at room

temperature (Fig. 11) are typical of mesoporous materials.
A similar behavior was described for LDH reference mater-
ials such as [ZnAl] and [MgAl] containing chloride or
carbonate (41). In most cases, the exchange of chloride
anions by platinum complex have no signi"cant e!ect on
the surface area (from 44 to 32.9 m2/g for [MgAlPt] and
from 25 to 42 m2/g for [ZnAlPt]). This could be due to
a compact arrangement of anions. This was already
observed with the oxo-anions (42).

In calcined phases [ZnAlPt] and [CuAlPt] (4003C), we
observed decreases or no signi"cant variations as a result of
the thermal treatment. The speci"c surface areas are low as
for the chloride precursors, but mesoporous structure is also
preserved. An explanation was given to account for this
phenomena (43); it consists of rapid dehydration followed
by rapid crystallization of metal oxides. The speci"c surface
areas of [MgAlPt] at 4203C and [ZnAlPt] at 5103C, just
after the appearance of metallic particles platinum, are re-
spectively 83 m2/g and 69 m2/g. These values are interest-
ing. For [MgAlPt] speci"c surface areas are 89 m2/g at
4703C, 107 m2/g at 6203C, and 86 m2/g at 8903C. At these
temperatures we did not observe an important decrease in
the speci"c surface area, in contrast to the results of Basile
et al. (20) describing LDH with platinum in the layers
(197 m2/g at 6503C and 55 m2/g at 9003C). The authors
think that the presence of segregated side phases (such as
metallic platinum, which is observed at this temperature)
decreases the surface areas, probably by occlusion of the
smallest pores and/or structural rearrangement. So, with an
intercalation of platinum complex method, we have at lower
temperature smaller but constant speci"c surface areas than
for LDH with platinum in the layer (20).
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CONCLUSION

The study, carried out on the intercalation of platinum
complex in LDH, shows the reality of this intercalation by
XRD and FTIR spectoscopy. But, we can note amorphous
phases in [MgAlPt] and [CuAlPt]. A total exchange occur-
red without carbonate impurities. However, elementary
analysis revealed an evolution of the complex composition
with the loss of Cl~ anions; this result could be linked to the
modi"cation of the geometrical environment of the Pt atom
observed in the XAFS study. The best hypothesis is the
progressive hydrolization of the complex, hydroxyl group
by hydroxyl group. We noted di!erences in the loss of Cl~
anion in the three products, so we saw the importance of the
metallic components of the matrix. The evolution of the
interlayer distances in the three products was probably due
to the di!erences in basicity which determine the amount of
hydroxyl group replacing Cl~ in the pseudo octahedral
anion. Speci"c surface areas obtained after thermal treat-
ment seem to be interesting, but the important fact is the
appearance of metallic particles of platinum in mixed oxides
support obtained on calcined phases and on phases treated
in ethylene glycol. The relatively good dispersion could
permit a use in catalysis (tests on [MgAlPt] are in progress).
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