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Abstract—The substitution in layered double hydroxide-like phases (LDH) of composition
(Cott,CuZ"),AIP*(OH)6Cl -nH,0O (0<y<1) was studied by X-ray diffraction and X-ray absorption
spectroscopy. It was found that the lamellar character is maintained over the entire range of the
substitution. The local order for the composition {Co,Al} is typical of brucite-like sheets, whereas
segregation into small domains may explain the results obtained when the percentage of Cu atoms is
increased. The {Cu,Al} end-member material presents a local order around the Cu atoms closely related to
the botallackite structure as present in basic layered Cu salts, with the presence of two distinct Cu—Cu

distances.
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INTRODUCTION

Hydrotalcite-like layered double hydroxides (LDH)
can be described as positively charged brucite sheets in
which some of the Mg?" ions have been substituted by
trivalent ions such as A13+, Cr3+, etc. The excess positive
charge is counterbalanced by anions present in the
interlayer space. In the following, LDH materials are
noted as {MEMHIA} with x being the ratio between the
divalent and trivalent cations and A the interlayered
anion. The synthetic anionic clays were prepared by the
‘chimie douce’ method. The question of homogeneity in
the layers was questioned for some LDHs and other clay
materials (Vucelic et al.,, 1997; Manceau and Calas,
1986; Roussel et al., 2000). This is of importance for
catalytic applications for which large surface area
combined with good metal dispersion is needed.
Interstratification was observed, depending on the
chemical composition in the LDH system {CoyAl-
CO§_} (Thompson et al., 1999). Organization may also
be present, e.g. superlattices are observed in pyroaurite
{Mg2_3Fe-CO§} (Vucelic et al., 1997) and in {LiAl,-
OH} (Thiel et al., 1993) (Besserguenev et al., 1997). For
the latter, the ordering of the cations is explained with
the Li ions migrating into the empty octahedral sites
available in the gibbsite virgin framework. For other
systems, the lack of this ordering may be caused by the
large difference in radius between the M and M™
cations (Belloto et al., 1996). This is the case for
numerous LDH materials presenting AI** as trivalent
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cations. The interlayered anions may also induce an
organization as shown by the highly ordered two-
dimensional superlattice present in the {anAl-SOi_}
LDH sample (Bookin et al., 1993).

In the present paper, the local structure of {Cu,Al} is
studied. The reasons for our interest include the
possibility of heterogeneous catalysis combined with
oxidation-reduction reaction (Trombetta et al., 1997,
Shimizu et al., 2000). The {Cu,Al} sample is present as
a disordered material, making it difficult to establish its
structural affiliation to the LDH class of materials. It
was shown that the {Cu,Al} material, after sintering,
presents a well-dispersed mixture of CuO and CuAl,O,4
phases (Alejandre et al., 1999).

Starting with a well-crystallized {Co,Al} LDH phase,
the substitution between Co>* and Cu?* cations for the
LDH material {(Co,_,Cu,),Al-Cl} was studied by X-ray
diffraction (XRD) and X-ray absorption spectroscopy
(XAS) at Co and Cu k-edge. It is noteworthy that the two
divalent cations have the same ionic radius. The XAS
technique is known to be suitable for the study of local
order. Moreover, this highly selective technique pro-
vides information on substitution (Aitchison et al., 1999)
and in situations where a slight change of the local
environment occurs (Carrado and Wasserman, 1996;
Leroux et al, 2001la,b). As backscatterers, the two
cations are indistinguishable. Comparison of the spectra
recorded at both k-edges provides some information on
the local environment surrounding each cation. The main
purpose of this work is to understand whether {Cu,Al-
Cl} is retaining a LDH-type structure, and how cations
are accommodating the strongly destabilizing Jahn-
Teller effect of the Cu”" ions to sustain the octahedra
edge-sharing LDH sheets.
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MATERIALS AND METHODS
Synthesis

(Cu,Co/_,),Al hydrotalcite-like materials were pre-
pared by the co-precipitation method according to
Miyata (1983). A 250 ml solution containing Al, Cu
and Co of total cation concentration (Co+Cu+Al) of
1072 M was prepared from AICI;.6H,O (Aldrich),
CoCl,.6H,O (Aldrich) and CuCl,.6H,O (Aldrich). The
solution is added dropwise to decarbonated water. The
pH is kept constant at 10.7. The preparation is performed
under N, gas flowing to avoid any contact with
atmospheric CO,. The slurry is aged overnight, centri-
fuged, and then washed several times with decarbonated
water and finally dried at room temperature.

Analysis

The results of elemental analyses performed at the
Centre d’Analyse de Vernaison, France, are reported in
Table 1. Results concerning Co:Cu:Al (y and M" o MM
ratio) follow the initial salt concentration.

Powder X-ray diffraction (PXRD) profiles were
obtained using a Siemens D500 X-ray diffractometer
with a diffracted beam monochromator CuKa source.
The Fourier transform infrared (FTIR) spectra were
recorded on a Perkin-Elmer 2000 FT spectrometer
employing the KBr dilution technique.

X-ray absorption spectroscopy

Co and Cu k-edge XAS study was performed at
LURE (Orsay, France) using X-ray synchrotron radia-
tion emitted by the DCI storage ring (1.85 GeV
positrons, average intensity of 250 mA) at the D44
beam line. The data were collected at room temperature
in transmission mode at Co and Cu k-edges (7,708.9 and
8,978.9 eV, respectively). A double-crystal Si (111)
monochromator scanned the energy in 2 eV-steps from
100 eV to 900 eV for each k-edge, and three spectra
were recorded for each sample. An accumulation time of
2 s was used per point. In the near-edge (XANES)
regions, two spectra were recorded from 7,670 to
7,810 eV for the Co k-edge and from 8,950 to
9,100 eV for the Cu k-edge with a 0.25 eV and 1 s of
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accumulation time per point, using a Si (311) mono-
chromator. Extraction and analysis of EXAFS data was
performed following standard procedures as reported
elsewhere (Leroux et al., 1999; Malherbe et al., 1999).
The x(k) signal was fitted by using the classic plane-
wave single scattering approximation:

x(K) = So’ZA;(K)sin[2k. 7 + Gi(K)],
with A;(k) amplitude equal to (Ny/k.rP)F(K)exp( —2k>c?)

where r; is the interatomic distance, ¢; the total phase
shift of the i™ shell, N, the effective coordination
number, o; the Debye-Waller factor and Fj(k) the
backscattering amplitude. The residual p factor is
defined as p = [Z(k™%exp(k) = K ineo(k))?/
2(k3xexp(k))2]”2. The commonly accepted fitting accu-
racy is of 0.02 A for the distance and ~20% for the
number of neighbors.

RESULTS
XRD pattern

The PXRD diffraction patterns of
(Coy-,Cuy),Al(OH)¢Cl.nH,O (0<y<1) are typical of
layered material with a series of basal reflections
(Figure 1). The pattern of the {Co,Al-Cl} material
exhibits sharp diffraction peaks, characteristic of the
layered double hydroxide structure. The {Co,Al-Cl}
pattern was refined using the R3m space group in
rhombohedral symmetry (eight distinct d,;; distances
were indexed). The cell parameters a and ¢ (equal to
three times the interlamellar distance) are equal to 3.064
and 23.27 A, respectively. For the substituted materials,
the 110 and 113 diffraction peaks are overlapped,
making any refinements ambiguous. The 110 peak is
usually used for the calculation of the parameter a. For
y = 0.9, The XRD peaks are broad, suggesting that the
phases are highly disordered. Nevertheless crystallized
by-products such as malachite, gibbsite, gerhardtite or
paratacamite are not observed. The coherence length
along the stacking direction was estimated from the 006
fwhm using the Scherrer formula : D, = KM,,5cos0,
where A is the X-ray wavelength, 0 the diffraction angle,
Bi/ the width at half maximum intensity and K a

Table 1. Chemical compositions as a function of y in (Co;_,Cu,),Al(OH)sCLrH,O (0<y<1)

based on elemental analysis.

Samples Ymeas MYM™, o Formulae

(2]
0 0 2.18 Co00.68Al031(OH)>Cly 30(CO3 o 02 -0.62H0
0.1 0.09 2.12 Cu006C0062A1032(OH)2C1030(CO§_)002058H20
0.25 0.025 2.06 Cu,17C00.49A10.32(0H),Clo 31 (CO3 )0,02-0.8 1H,0
0.50 0.50 2.00 Cu031C0031Alo31(OH)2C1030(CO§_)002O75H20
0.75 0.75 2.01 Cig.56C00.16A10 35(0H)>Cly, 32(CO2 o 01 0.50H,0
0.90 0.90 2.19 Cu050C0008A1031(OH)2C1031(CO%_)001O63H20
1 1 2.30 Cug,69Alo 30(0H)>Clo 30(CO3 )0.01:0.90H,0

meas: measured
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constant usually taken as 0.9. A domain of 460 A was
found for the {Co,Al} material, smaller than the Cu
substitution of 150 A for {Cu,Al}. This corresponds to
~60 and 20 stacked layers, respectively. This also shows
that Cu cations induce a strong distortion in the
interlamellar organization and for the stacking sequence.
No trace of Cu(OH), was found for the Cu-rich phases.
Some broad shoulders are observed at ~17, 30 and
40°20, and this may be the manifestation of an
amorphous phase, probably Cu,(OH);Cl paratacamite
(Figure 3).

At the first glance, synthetic clay materials retain a
hydrotalcite-like structure while increasing intralayer
disorder with the Cu substitution. With a percentage of
trivalent cations constant with the substitution, i.e.
nominal layer charge also constant, the interlamellar
distance should remain the same. A slight variation of
the basal spacing is observed (Figure 2). The shrinking
of the interlayer space is due to the increase of
electrostatic attraction between the positive LDH layers
and the negatively charged anions. In the absence of
such a modification, the variation has to be explained by
a corrugation of the sheets, as observed for {Cu,Cr-Cl}
LDH material (Roussel et al., 2000). The particular
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Figure 1. XRD patterns of (Co;_,Cu,)>Al(OH)eCl.nH>O
(0<y<1) LDH-like materials. The values for y are reported.
The 30 to 70° region is magnified for {Co,Al} composition in
the inset. The reflections are identified.
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atomic arrangement then induces an increase in the
thickness of the brucite-like sheet (Velu et al., 1998).

In order to improve the crystallinity, hydrothermal
treatment was carried out; the samples were placed in a
sealed Teflon™ tube, and kept at 120°C for two days
under autogenous pressure. An increase in the crystal-
linity is observed with the heat treatment for the
materials containing less than half of the Cu cations as
M" (Figure 3). For greater Cu®* contents, the layered
structure disappeared, and a mixture of CuO and
paratacamite, Cu,(OH)sCl, is formed. The Co cations
remain either in solution or present in an amorphous
phase. It was shown previously that thermal stability and
crystallinity were highly dependent on the Cu/Al atomic
ratio (Alejandre et al., 1999).

IR spectra

The IR spectroscopy was performed on
(Co;-,Cuy),AI(OH)cCl.nH,O (0<y<1) materials
(Figure 4). The lattice vibrations appear in the 800 to
400 cm ™" frequency domain (Kloprogge and Frost,
1999). Two sharp absorbance peaks at 450 and
650 cm ™! are observed for {Co,Al}. These contributions
are assigned to M —-O lattice vibrations (Al-O - and
Co-0). With the substitution, the peaks of vibration
become broader. The featureless spectrum is character-
istic of highly disordered materials as reported for
amorphous-like materials (Leroux et al., 1999). The
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Figure 2. Variation of the ¢ parameter.
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Figure 3. XRD patterns of selected samples after hydrothermal
treatment. The y values in {(Co;_,Cu,),Al-Cl} are reported.
& and * represent paratacamite, Cux(OH)sCl, and copper
oxide, CuO, respectively.

OH-bending vibration occurs at ~1620 cm ™', Carbonate
contamination is clearly observed; the stretching vibra-
tion, v, appears at ~1370 cm ™", its position character-
istic of a symmetric coordination of the —CO*~ (Prévot
et al.,2001); v, is not clearly observed. The presence of
carbonate anions has to be explained by the pH of the
preparation and the basic surface of the synthetic
materials, adsorbing carbonate anions from the atmo-
sphere during the drying process. This contribution is
largely reduced when the substitution is fully achieved

(y=D.

XAS study

Because of the lack of information concerning the
intralamellar organization, XAS was performed to try to
understand the local environment surrounding the
transition metal atoms. The refinements of the reference
samples agree well with the crystallographic data
(Table 2). The moduli of the Fourier transforms are
displayed in Figure 5. The first peak for both spectra at
Cu and Co k-edge is ascribed to the shell of oxygen
atoms. This contribution is constant with the substitu-
tion. The refinement gives a Cu—O distance of 1.97 A.
An additional long Cu—-O distance is introduced in the
case of y = 0.5. Experimentally, two Cu-O shells were
first considered in the refinement. A similar approach
was undertaken for the local environment study of Cu
cations into a substituted {Mg,Al} LDH-like phase
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Figure4.IR spectra of (Co; _,Cu,)>,Al1(OH)sCl.nH,0 (0< y < 1).
The values for y are reported.

(Kockerling et al., 1997). The XAS fit results are
reported in Tables 3 and 4 for Co and Cu k-edge studies,
respectively. The quality of the fits is presented for the
compositions y = 0, 0.5 and 1 in Figure 6. The Co-0O
distances are consistent with an octahedral coordination.
It is noteworthy that Co-O is refined at a distance
slightly greater than that for the Cu—O distance. Both
transition cations are located in an octahedral oxygen
environment, as underlined by the small pre-edge
present on the XANES curves (Figure 7). The near-
edge feature is highly sensitive to the first atomic cage
surrounding the absorber. These data support the idea of
LDH layers accommodating the substitution.

The metal-to-metal contribution is contained in the
second peak of the Fourier transform. Due to their
similar atomic numbers, Cu and Co atoms cannot be
distinguished as distinct backscatters and are therefore
grouped as Me in the refinements. Nevertheless it has
been clearly shown that a study performed at different
edges could shed some light on the organization as long
as the energies of the edges are separated enough
(Leroux et al., 1999; Singh et al., 2000). To get a better
picture of the effect of the backscattering atoms on the
EXAFS response, {Cu,Cr-Cl} (Roussel et al., 2000) and
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Table 2. XAS fit results and crystallographic data for reference samples, Co(OH),, Cu(OH), and

CoALO,.
Sample Shell N R o’ p(%) or
(A) (103A3 JCPDF-data base
o} 6 2.097
Co(OH),* Co 6 3.173 03-0913
e} 6 2.10 79
Co 6 3.17 8.1 2
Cu(OH),** ¢} 2 1.929
¢} 2 1.943
o} 2 2.633
Cu 4 2.949 35-505
Cu 2 3.335
¢} 4 1.96 39
Cu 2 2.95 13 5
Cu 4 3.34 13
Co()! >0 4 1.938
—> Al(Q2) 18 3.361
—> Co(2) 18 3.361
—> Al(1) 4 3.510
CoALO,' —> Co(1) 4 3.510
Co(2)* >0 6 1.927 (O’ Neill, 1994)
-> Al(2) 6 2.866
-> Co(2) 6 2.866
—> Co(1) 6 3.361
-> Al(1) 6 3.361
0% 4.1 1.92 43 1.8
Al* 9.3 2.87 64
Co* 0.8 2.89 72
Co* 6.1 3.36 9.0 2.7

* Co(OH); crystallizes in space group P3m with trigonal symmetry, lattice parameters of a = 3.173 A

and ¢ = 4.640 A

** Cu(OH); crystallizes in Cmcm space group with orthorhombic symmetry, lattice parameters of a =

2949 A, b =10.59 A and ¢ = 5256 A

T CoALO, crystallizes in Fd3m space group with cubic symmetry, lattice parameter of a = 8.107 A.
Co(1) and Al(1) in 8a symmetry (43m), Co(2) and Al(2) in 16d (3m), O in 32e (3m)
i occupancy rate of [0.849] and [0.0755] for Co(1) and Co(2), respectively, and [0.151] and [0.9245]
for Al(1) and Al(2), respectively, giving rise to 2{0.849Co(1)+0.151Al1(1)}+4{0.0755-

Co(2)+0.9245A1(2)} = Co,Al4Os.

$ Taking into account the rate occupancy and the difference of site for Co(1) and Co(2); the average
oxygen coordination around Co is 4.25Co at 1.93 A.

Takmg into account the rate occupancy and the difference of site for Co(1) and Co(2), the Co-Me
environment is described as follows: 5.7 AI*" at 2.866 A, 0.5 Co>* at 2.866 A, 6.4 Co>* at 3.361 A.
The mean free path v of 0.77 was found for the Co/Al backscattering contribution

{Cu,Al-Cl} LDHs were compared at the Cu k-edge. A
strong decrease of the second shell is observed between
the {Cu,Cr} and {Cu,Al} samples as shown by the
comparison of the modulus of the Fourier transforms
(Figure 8). This is explained by the difference of
backscattering amplitude between the trivalent cations
(Cr**, A1*"), and amplified with the destructive inter-
ference introduced by Al atoms. Indeed, the phase
difference is ~0 between Cu-Cr and Cu-Cu, and ~3m/2
between Cu-(Me) and Cu-Al for an absorber to back-
scatter distance of 3 A (McKale et al., 1988). The
refined distance between the Cu atoms and the cations
(Co or Cu) ranges from 3.06 to 3.08 A whereas the
Co—-Me distances are slightly larger. Conversely, the
Co —Al distance is found to be shorter than that for

Cu-Al correlation. For the {Cu,Al} composition, a
second Cu-Cu shell needs to be introduced. To support
this hypothesis, the ky (k) signal was compared with the
results obtained previously, in the absence of an
additional Cu-Cu contribution (Figure 6e).

The peaks further away on the Fourier transform
curves arise from multiple scattering effects (Alberding
and Crozier, 1983), and are attributed to metallic
neighbors. The second peak (at 2a distance from the
central atom) is amplified by the so-called focusing
effect due to three atoms lying linearly to each other
(Roussel et al., 2000). These contributions are present
around Co atoms, whereas it is strongly reduced for the
Cu environment and absent for the end-member
{Cu,Al}.
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Figure 5. Moduliof the Fourier transform of (Co, _,Cu,)>AI(OH)¢Cl.nH,0O (0< y< 1) at (a) Co k-edge and (b) Cu k-edge. The values
for y are reported. Distances are not corrected from the atomic potential phase shifts.

DISCUSSION

The ordered model predicts 3M™ and 3M™ around
each divalent cation, and 6M" around the trivalent cation
(Hofmeister and Von Platen, 1992) for a ratio M to M
of 2. Our results are consistent with the description. The
refinements indicate a slight increase of Al atoms
surrounding Cu®* cations with the substitution. This
may correspond to a cation segregation, but the variation
is within the errors allowed by the technique. Because
the Al atom content is constant in the materials (Table 1)
and no depletion is observed around Co atoms, this
hypothesis should be dismissed.

The XAS refinements clearly show that the cations
(Cu,Co) polyhedra are not modified by the substitution
of Cu in spite of the spreading of the M -O band
vibration observed by FTIR. Previous study has inves-
tigated the Cu atom environment in a 10% Cu-containing
{Mg,Al} hydrotalcite-like phase (Kockerling et al.,
1997). Their finding was consistent with octahedra
elongated by the Jahn-Teller effect. In our case, axial
oxygen atoms are not depicted, a weak Cu—O contribu-
tion is found only for y < 0.5.

The environment for the transition cations is mainly
unaffected by the substitution. A noticeable difference in
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Figure 6. Refinement of the first two shells (-O, and -Me, Al) for (Co;_,Cu,)>Al(OH)Cl.nH50, (a) y=0, (b) y=0.5 (Co k-edge), (¢) y
=0.5(Cuk-edge) and (d) y=1.Therefinement for { Cu,Al} usingone Cu-Cu shell is displayed in (e) (see text). The dotsrepresent the
experimental data.

the metal to metal distance is observed, slightly atomic scale, with the increase of y. This can be
exceeding the errors allowed by the XAS technique. explained by: a phase mixture; the interstratification of
This seems to indicate that the transition cations do not the two cation aluminate sheets, as observed in the case
interact strongly with each other, i.e. do not mix at the of cationic mineral clays (Sakharov et al., 1999), or
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Table 3. Co k-edge EXAFS results for Table 4. Cu k-edge XAS results for
(Co;_,Cu,)>AI(OH)sCLnH,0 (0<y<1). (Coy_,Cu,)>AI(OH)CLrH,O (0<y< D).
Composition  Shell N R o’ p (%) Composition  Shell N R o’ p (%)
(1072 A? (1072 A?
Co-O 5.7 2.06 8.1 Cu-O 53 1.97 5.8
CorAl Co-Al 2.6 3.09 10. 2 CurAl Cu-Cu 2.3 3.00 12.3 1 1%
Co-Co 44 3.11 9.8 Cu-Cu 1.6 3.17 17.2
- £
Co-0 54 205 6.4 Cu-Al 3.6 3.14 15.0
Co;sCupsAl  Co-Me 5.0 3.12 9.4 1 Cu-O 4.0 1.96 5.8
Co-Al 4.9 3.11 9.8 Cu;5CogsAl  Cu-Me 1.4 3.06 8.1 0.5
Co-0 58 206 3.1 Cu-Al 3.0 3.19 12.5
Co;oCu Al  Co-Me 3.7 3.12 10.8 5 Cu-O 4.2 1.97 6.7
Co-Al 33 3.11 10.4 Cu-O 0.3 2.18 6.7
CunoCoroAl cyme 22 307 120 99
Co-O 56 204 75 Cu-Al 22 319 14.0
CopsCu;sAl  Co-Me 35 3.12 10.8 1
Co-Al 33 3.11 104 Cu-O 4.5 1.98 7.0
Cu-O 0.6 2.26 7.0
CoosCotsAl e 26 308 100 07
Cu-Al 1.8 3.17 14.4

synthetic LDH materials (Thompson et al., 1999); and
the presence of (Co,Al) and (Cu,Al) clusters in the
sheets, as shown for Ni clay minerals (Manceau and
Calas, 1986).

As indicated by XRD (Figure 1), a solid-solution is
present in the range 0 <y< 0.75. No great broadening
of the diffraction peaks is observed as for interstratified
material (Rajamathi et al., 2000). Therefore, the mono-
tonous decrease of the second coordination shell cannot
be explained either by the presence of phase mixture or

a
Co k-edge
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<
N
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2

=

o
8

< 0.00 0.75

0.75
7706 7710 7714
1 ‘ 1 ! 1 1 | 1 1 ) L L

7700 7720 7740 7760 7780 7800
E (eV)

* mean free path ycyar was taken equal to ycoa; from the
CoAl,O, refinement (Table 2)
** fit is of 25% in absence of the Al shell

by any phenomenon of interstratification. Moreover it
would be rather unrealistic, from a stability point of
view, for {Co,Al} regular sheets to face {Cu,Al}.
Presumably, the increase in the Debye-Waller factor

Cu k-edge

0.25

Absorption (a. u.)

8970 8975 8980 8985
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Illllll
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Figure 7. XANES spectra of (Co;_,Cu,)>Al(OH)¢Cl.nH,O (0<y<1) at (a) Co k-edge and (b) Cu k-edge. The values for y are

reported. The spectra are offset for clarity.
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shows that a local disorder is present around the Cu
cations for the {Cu,Al} composition.

A more reasonable explanation is the presence of two
types of domain {Co,Al} and {Cu,Al}. The same
approach has been undertaken to understand the forma-
tion of NiPS; amorphous material by the ‘chimie douce’
route (Fragnaud et al., 1993) or the intracrystalline
distribution in some clay minerals (Manceau and Calas,
1986). By varying the {Co,Al} domain size, the
contribution of the bulk material is distinguished from
its border. Figure 9 gives the relative part of each
absorber to backscatter (Co—Co and Co—-Cu) contribut-
ing to the second shell, this depending on the {Co,Al}
domain size. It is clearly shown that a size ranging
between 5 and 10 nm? would give rise to an important
excess of Co atoms, the border effect representing <10%
of all the transition cation neighbors. As observed by
microscopy, the platelets are in the order of 100 to
300 nm in size, allowing hypothetically a large number
of domains (>3000). This may explain the absence of
phase separation for y = 0.5. The size of (Cu,Al)
domains can be estimated from the average number of
second neighbors. This results in a mean area diameter
of 25 to 50 A, close to the values observed for Ni clay
minerals (Manceau and Calas, 1986).

The {Co,Al} ‘cluster’ has a brucitic intralayer
arrangement in agreement with the structural refine-
ment of Co,AI(OH)CIl. The refined XAS distances for

Cu Cr
2
<
3
[y
- CuzAl

11 J L ‘ L1l I I 111 I L1 1 | il I Il | 1111 I 1 1
0 1 2 3 4 5 6 7 8
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Figure 8. Comparison of the moduli of the Fourier transform for
{CuxCr} (Roussel et al., 2000) and {Cu,Al} LDH-like phases at
Cu k-edge. Distances are not corrected for phase shift.
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{Cu,Al} are close to the data reported for the local
structure of the two-dimensional Cu,(OH)3X copper
hydroxide (X is an interlayer anion, paratacamite is
obtained when X = Cl) (Jiménez-Lopez et al., 1993;
Fujita et al., 1997). This material exhibits a botallack-
ite-type structure in which Cu atoms have two distinct
sites of coordination [4+42] and [4+1+1], and the
distorted CuOg polyhedra are sharing edges. Three
Cu—Cu distances (3.02, 3.15 and 3.25 /D%) are found for
the botallackite (Jiménez-Lopez et al., 1993). In our
sample, the amplitude of the second peak is not
constant, indicating the presence of a second type of
neighbor, AI** cations. This leads us to suggest that Al
atoms are closely related to Cu atoms, dismissing any
formation of copper hydroxide phases such as Cu(OH),,
Cu,>(OH)3X or what was reported for Co hydrotalcite-
like phases in which the positive charge of the layers
was restored by a partial protonation of the hydroxyl
ions compensating the absence of trivalent ions
(Kamath et al., 1997). The local order of Cu atoms in
{Cu,Al} is described from Cu,(OH)3;X with some of the
Cu?* cations replaced by Al**.

This may be extended to the substituted materials.
For low y values, the second shell is not modified, and
the linear cation arrangement is present. The CuOg
polyhedra are then intimately mixed with the LDH-like
framework. With the increase of y, Cu polyhedra
segregate into domains, and finally, its local structure
changes from brucite to a botallackite-type structure.
The loss of linear arrangement around the Cu atoms is
evidenced by the disappearance of the focusing effect
(FE) peaks (Figure 5). This may be explained by highly
corrugated {Cu,Al} domains surrounded by ordered
{Co,Al} domains. It is noteworthy that the FE peaks are
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Figure 9. Variation of the number of neighbors of the second
shell as a function of {CoAl} domain size.
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observed for the basic Cu salt (Jiménez-Lopez et al.,
1993). This shows that Al** cations induce a strong
distortion of the layers, thus preventing the formation of
paratacamite or botallackite-type structures on a large
scale. Additionally, the local LDH-like structure is
restored by a small number of CoOg polyhedra
(y = 0.25).

CONCLUSIONS

It was established that Cu®* cations have a destabiliz-
ing effect as shown by the structural comparison of
{Cu,Cr} and {Zn,Cr} LDH-like phases (Roussel et al.,
2000). These phases are described in the R3m and P31
space groups, respectively. With the substitution in
(Co;-,Cu,)>Al(OH)cCl.nH,O (0<y<1), it was shown,
in the present work, that Cu and Co cations do not
present the same local environment. In particular, this
was shown by the second coordination shell and with the
correlation arising from linear cation arrangement.
Finally, it was found that the local structure surrounding
Cu cations changes from a brucite to botallackite-type
environment with the substitution. The description of the
Cu-substituted phases as intralayer domains explains
reasonably well the results gathered by the XRD and
XAS techniques.
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