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Three different anionic blue organic dyes have been intercalated into the structure of Zn2Al layered
double hydroxides, using the co-precipitation method at constant pH. Using the same synthetic
procedure, Zn2Al–Cl has been prepared and used as an adsorptive phase to retain the blue dyes from
an aqueous solution. All the organic/inorganic (O/I) hybrid LDH compounds were analyzed by X-ray
powder diffraction (XRPD), thermal analysis (TG/DTA), elemental analysis, solid state 13C nuclear magnetic
resonance (CPMAS 13C NMR), and Fourier transform infrared spectroscopy (FTIR). In the adsorption
experiments, Gibbs free energy �G values for the temperatures in a range between 10 and 40 ◦C
were found to be negative, which indicates that the nature of adsorption is spontaneous and shows
the affinity of LDH material towards the blue anionic dyes. Additionally a decrease in �G values at
higher temperature further indicates that this process is even more favorable at these conditions. The
enthalpy �H values were between physisorption and chemisorption, and it may be concluded that
the process was a physical adsorption enhanced by a chemical effect, characterized by a combined
adsorption/intercalation reaction, making these O/I assemblies reminiscent of the Maya blue.

© 2009 Elsevier Inc. All rights reserved.
1. Introduction

Hybrid organic/inorganic (O/I) assemblies constitute a suitable
approach for obtaining multifunctional materials. More specifically,
concerning the intercalation of dye organic molecules into inor-
ganic hosts, the interest stems from the peculiar molecular ar-
rangement imposed by the host structure, the thermal stability
supplied by the inorganic constituent, and the stability against the
dissolution process, the whole contributing to maintain the optical
properties of the intercalated dye.

In the domain of hybrid dye inorganic assemblies, we must
note the outstanding longevity of Maya blue which comes from
a synergistic effect. Indeed, Maya blue arises from a very stable
organo-clay complex formed of a superlattice of palygorskite ma-
trix with indigo molecules and is resistant to dilute mineral acid
and alkaline solutions, solvent treatment, moderate heat, and even
biocorrosion. Another example is the beautiful Caribbean Sea blue
color which remains unaltered after centuries of exposure under
drastic conditions of temperature and humidity of the tropical for-
est [1–3]. Whether the indigo molecules seal the channels in pa-
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lygorskite clay or penetrate into the structure channels [4,5] and
whether iron is present as nanoparticles as amorphous goethite [6]
or in substitution in the clay [7] still remain controversial topics.

In the 1990s, there was a strong interest in the dyes and their
incorporation into inorganic host structures. This was exemplified
by immobilizing compounds into zeolite open frameworks and in-
tercalation into layered smectite-type 2:1 clay minerals, as shown
in some reviews [8–11] and aromatic molecules such as substituted
stilbene, naphthalene, and phenanthrene into zeolite [12,13] and
clay minerals [14–16]. Even if most of the studies related to dyes
and mineral clays are currently devoted to environmental purposes
and more specifically to their sorption from aqueous solutions [17–
22], a renewed interest for new types of application has recently
emerged. Indeed, exceptional properties may be found from the
synergism of the two counterparts that neither the clay nor the or-
ganic dye alone exhibit as beautifully illustrated by the Maya blue
and, more recently, by synthetic hybrid materials which can find
a place in laser applications [23] or for the replacement of envi-
ronmentally toxic metal-based pigments in the paint and pigment
industry [24].

Besides that and from the point of view of the organic
molecule, the inorganic part acts to position and orientate struc-
turally the guest species. Such sandwiched inorganic organic
stacked structures have been mostly illustrated by cationic smect-
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Fig. 1. Blue dyes molecular structures. Numbering of carbon atoms to attribution of 13C nuclei NMR peaks.
ite-type mineral clays so far. Yet layered double hydroxides (LDH)
and layered hydroxide salts (LHS) [25] also constitute two families
of interest since they present a chemical versatility and a tunable
layer charge density, ranging from 0.17 to 0.41 C m−2 in layered
double hydroxides [26]. The LDH structure refers to the natural
hydrotalcite mineral, and this class of compounds is described
with the ideal formula, [MII

1−xMIII
x (OH)2]intra[Am−

x/m·nH2O]inter, where

MII and MIII are metal cations, A the anions, and intra and in-
ter denote the intralayer and interlayer domains, respectively. The
structure consists of brucite-like layers built up from edge-sharing
M(OH)6 octahedra. A partial and isostructural MII to MIII substitu-
tion induces a positive charge for these layers, balanced with the
presence of the hydrated interlayer anions. Owing to their high
charge density, LDH materials are sometimes considered less than
ideal hosts for many applications of porous pillared materials [27];
however, they should be able to strongly orientate the molecu-
lar arrangement within the interlayer space in a highly stowed
fashion as the anions must satisfy and compensate the forming
layer charge and therefore supply potentially strong intermolecu-
lar interactions. Conversely the inorganic LDH blocks may consider
the organic component as a textural agent, thus orientating the
textural properties of the whole as reported for the intercalation
of large macromolecules such as polymers [28–31] and biomacro-
molecules such as DNA [32–34]. Some studies have reported on
multibranched tetrafunctionalized porphyrin-type macromolecules
[35,36] and perylene-type chromophores intercalated into hy-
drocalumite [37], as well as on the reversible color change of
poly(diacetylenecarboxylates) incorporated into LDH [38], on the
photo-sensitizing efficiency of intercalated 4-benzoyl benzoate for
the oxidation of di-n-butylsulfide [39], or on the sunscreen ef-
fect of organic absorbents [40–42]. Some important findings were
suggested by Costantino and co-workers on chromophores with
donor acceptor properties [43], phenolphthalein [44], methyl or-
ange [44,45], etc. Indeed, these authors have been pioneers in
determining whether hydrotalcite-type materials were able to in-
tercalate large size dye and in obtaining information on the ori-
entation/conformation of the dye by basal spacing measurements
and photophysical properties [45,46]. They also observed shifts in
the absorption spectra associated with intermolecular interactions;
yet, co-intercalation often occurred and ill-defined assemblies were
obtained from the incorporation of large dye molecules [47,48].

Having successfully prepared polymer LDH assemblies by the
so-called coprecipitation method [26], we have developed here a
similar approach to incorporate three cumbersome commercially
blue anionic dyes, Evans blue (EB), Chicago blue sky (CB), and
Niagara blue (NB) presenting quite similar molecular structures,
into Zn/Al layered double hydroxides. The process of immobiliza-
tion was studied by direct coprecipitation synthesis and adsorption
properties onto Zn2Al–Cl LDH were also examined. In the adsorp-
tion/intercalation experiments, thermodynamic data were obtained
and attributed to adsorption/intercalation reactions.

2. Materials and methods

Dye sodium salts, Evans blue (C34H24O14N6S4Na4, direct blue
53, Aldrich, 40%) noted as EB, Chicago sky blue 6B (C34H24O16N6S4-
Na4, Aldrich 65%) noted as CB, Niagara blue 3B (C34H24O14N6S4Na4,
Aldrich, 30%) noted as NB, and ZnCl2·5H2O (Acros), Al(NO3)3·9H2O
(Acros, 99%), and NaOH (Acros, >97%) were used. The molecular
structures of the used dyes are shown in Fig. 1.

The syntheses of the Zn/Al–dye LDH were carried out using the
well-known coprecipitation method and previously described [49]
and briefly reproduced below. The amount of dye molecule was
optimized to 4 times the content of Al3+ cations, defined as the
anionic exchange capacity of the LDH material. Typically, 10−2 mol
of dye was dissolved into 500 ml of a solution of decarbonated
water. To this solution, two other solutions were added dropwise,
one containing 5 × 10−3 mol of ZnCl2·5H2O and 2.5 × 10−3 mol
of AlCl3·6H2O, and the other NaOH, 1 mol/L. The addition was
performed at constant pH of 9, under nitrogen atmosphere and
vigorous stirring, and completed after 24 h. The precipitate was
aged in the mother liquid for an additional period of time of 24 h
under nitrogen atmosphere to avoid the contamination by car-
bonate, from the atmospheric CO2. The product was centrifuged
and then washed five times with decarbonated water and dried
at room temperature. The intercalation compounds are denoted as
Zn2Al–dye, where dye is the respective dye utilized in the synthe-
sis.
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Zn2Al–Cl LDH was also synthesized using the same proportion
of Zn and Al, in the same way as for Zn/Al–dye.

Elemental analysis (H, S, Zn, and Al) was performed at the Ver-
naison Analysis Center of CNRS using inductive conduction plasma
coupled to atomic emission spectroscopy (ICP/AES). The water
molecule content was calculated from the weight loss at 200 ◦C
under air expressed by (OH)2 as ZnaAlb(OH)2(dye)c ·nH2O, where a,
b, and c were calculated from the chemical analyses and the num-
ber of water molecule n was given by TG analysis.

For the X-ray powder diffraction (XRPD) measurements, a Phil-
ips X-Pert Pro diffractometer was used, which was equipped with a
Cu X-ray tube, graphite monochromator, and Ar-filled proportional
counter. Divergence and receiving slits were 1/16◦ and 1 mm,
respectively. Powders were backloaded in an aluminum sample
holder to produce a good sample surface and to avoid preferen-
tial orientation effects. Data were collected in a step scan mode
between 2.0◦ and 90◦ (2θ ) with a step size of 0.03◦ and a count-
ing time of 10–20 s/step, depending on the crystallinity.

The FTIR spectra were collected in a Bomem Michelson MB100
spectrometer. Tablets of KBr were prepared after mixing 1% of
the sample with dry KBr and pressed to 8 tons, being the anal-
yses performed by transmission mode, in the range from 4000 to
400 cm−1, with a resolution of 2 cm−1 and accumulation of 32
scans.

13C (I = 1/2) solid state NMR experiments were performed with
a 300 Bruker spectrometer at 75.47 MHz. The experiments were
carried out using magic angle spinning (MAS) conditions at 10 kHz
and a 4 mm diameter size zirconia rotor. 13C spectra obtained by
the proton-enhanced cross-polarization method (CP) are referenced
to the carbonyl group of glycine, calibrated at 176.03 ppm. The CP
conditions were as follows: 1H (90◦) pulse width of 3.5 μs, contact
time of 1 ms, 1H decoupling during acquisition (AQ = 29.33 ms),
and recycling time of 3 s. For the hybrid materials, 10,000 scans
were needed to obtain a proper signal to noise ratio.

The adsorption isotherms were carried out by the batch equili-
bration technique. Fifty milligrams of the Zn2Al/Cl layered double
hydroxide was dispersed in 50 ml of deionized and decarbonated
water. Dye solutions were prepared in an appropriate range of con-
centrations to obtain a final volume of 50 ml after the addition of
the inorganic sample and the pH was fixed at 7. The batch reactors
were kept at constant temperature of 10, 25, or 40 ◦C in a thermo-
static container. An UV–visible spectrometer, Lambda 2S Perkin–
Elmer, was used to measure the absorbance at specific wavelengths
according to the nature of the dye (608 nm for EB, 620 nm for CB,
and 594 nm for NB). The amount of organic adsorbed by the LDH
(qe) was determined from the difference between the initial (Ci ,
batch dye concentration) and the final concentration (Ce , adsor-
bate concentration at equilibrium after a contact time of 24 h) per
gram of adsorbent according to the relation: qe = (Ci − Ce) × V /m,
where V and m are the total volume and the adsorbate mass, re-
spectively. The adsorption isotherms were obtained by plotting (qe)
vs (Ce).

The thermal analysis measurements (TG/DTA) were obtained
in a Mettler Toledo TGA/s-DTA851e equipment, using platinum
crucibles, flow of oxygen (50 ml min−1), and heating rate of
10◦ min−1.

3. Results and discussion

The elemental analysis gave the results (expressed in percent-
age). For Zn2Al–EB, Zn = 26.62, Al = 5.66, S = 6.45; for Zn2Al–CB,
Zn = 21.79, Al = 4.71, S = 5.26; and for Zn2Al–NB, Zn = 25.74,
Al = 5.31, and S = 5.89. Using the elemental analysis and the wa-
ter content obtained by TG analysis, the chemical compositions
were determined as follows: Zn2Al–EB = Zn0.66Al0.34(OH)2-
(EB)0.082(CO3)0.006·0.49H2O; Zn2Al–CB = Zn0.65Al0.34(OH)2(CB)0.080-
Fig. 2. X-ray diffraction pattern of Zn2Al–EB (a), pure EB (b), Zn2Al–CB (c), pure CB
(d), Zn2Al–NB (e), pure NB (f).

(CO3)0.01·0.81H2O, and Zn2Al–NB = Zn0.66Al0.33(OH)2(NB)0.079-
(CO3)0.007·0.65H2O, where the amount of the tetranegative an-
ionic dye in each compounds is very close to the theoretical value
of 0.085 for EB and CB and 0.0825 for NB. It can be observed
that in all compounds the Zn/Al ratio of 2 is obtained and that
only traces of carbonate are necessary for the formula charge
balance. Taking into account the formula of Zn0.66Al0.34(OH)2-
(EB)0.082(CO3)0.006·(H2O)0.49 and Zn0.66Al0.34(OH)2Cl0.34·0.67H2O
(phase used in the adsorption experiments), the anionic exchange
capacities (AEC) are 195 and 308 meq/100 g, respectively.

XRPD patterns of Zn2Al–EB, Zn2Al–CB, and Zn2Al–NB and their
respectively pristine dyes are shown in Fig. 2.

From the XRPD patterns, all the intercalation compounds ap-
pear as well crystallized and a large number of basal peaks, in-
dicating the presence of an ordered stacking sequence. The ob-
served basal distance was of 20.6 Å for Zn2Al–EB, 20.4 Å for
Zn2Al–CB, and 23.4 Å for Zn2Al–NB, respectively. The different
basal distances are explained by the fact that both EB and CB
have functionalized groups located at the same positions, and a
herringbone-type accommodation is then observed for these in-
terleaved molecules, whereas for NB the functionalized groups are
disposed on a same side of the molecule. A gap in the electronic
density along the stacking sequence suggests that NB is disposed
in double layer arrangement within LDH interlayer space, as previ-
ously reported [49].

In comparison with the XRPD patterns of the pure dyes, it was
observed that the obtained intercalation compounds were not con-
taminated neither with the dye used in the synthesis nor with
carbonate and/or chloride. Our results are in agreement with a
previous study reporting the incorporation of EB within LDH in-
terlayer space [50], but the LDH compound was very ill defined
in the later case, showing low crystallinity and small crystal sizes.
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Fig. 3. 13C CPMAS NMR spectra: pure EB (a), Zn2Al–EB (b), pure CB (c), Zn2Al–CB (d),
pure NB (e), Zn2Al–NB (f).

The arrangement of the dye molecules was already described in a
previous publication [49].

Solid state NMR 13C CP-MAS spectra of the dye molecules and
their hybrid LDH derivatives are displayed in Fig. 3 and the num-
bering of carbon atoms is displayed in Fig. 1.

Organic blue molecules present a naphthalene cycle on which
the four sulfonate groups are linked, C(8) and C(10) for CB and EB,
and C(5) and C(9) for EB, and with amino and hydroxyl groups on
C(1) and C(3), respectively. We were interested in observing the ef-
fect of the layer entrapment on the NMR spectra. However due to
the strong overlapping in the resonance lines, it is difficult to scru-
tinize such an effect, and the assignment of the carbon nuclei atom
is reported in the figure for guideline only. Nevertheless, it can be
observed that the spectra of CB and EB dye molecules superimpose
quite well with their corresponding hybrid phases. It means that in
both cases the dye anion is keeping its chemical integrity and that
the electrostatic attraction between them and the inner surface
of LDH host material is not sufficient enough to change the car-
bon atom local environment. Interestingly, the spectrum is slightly
different between the NB and its LDH-related intercalated phase.
A down-field shift is observed for C(5) and C(9), directly con-
nected to the sulfonate groups, and a same shift is observed for the
methylene group C(17), while all the other carbon nuclei remain at
a similar chemical shift. These perceptible shifts may be related to
some much stronger interaction between NB and LDH layers.

The FTIR spectra of the Zn/Al–dye LDH are shown in Fig. 4,
which are dominated by the vibration peaks of the dyes.

The strong and broad absorption band observed around 3434
cm−1 corresponds to the O–H stretching vibration of the layer sur-
face and/or interlayer water molecules and the band in 1625 cm−1

is due to O–H bending vibration of water molecules. The lower
values of O–H stretching vibration in comparison with the free OH
Fig. 4. FTIR spectra: pure EB (a), Zn2Al–EB (b), pure CB (c), Zn2Al–CB (d), pure
NB (e), Zn2Al–NB (f).

groups (>3650 cm−1) indicate that the OH groups are involved in
hydrogen bonding with the dyes. The bands observed in the low-
frequency region of the spectrum (<600 cm−1) can be interpreted
as the lattice vibration modes, such as the M–O–H vibration and
O–M–O stretching. In the I/O hybrids, the symmetric sulfonate vi-
bration peak at 1040 cm−1 shows a slight shift to lower frequency
regions, when compared with those of the pure dye salts, the same
occurs to the asymmetric sulfonate vibration around 1170 cm−1.
This fact indicates that the interactions between the intercalated
dye anions and the hydroxide layers are different from those in the
dye salts. The characteristic vibration band of azo groups appears
around 1492 cm−1. The remaining peaks are due to the stretch-
ing and bending vibrations of the aromatic rings framework. The
similarity of spectra in the range between 1750 and 500 cm−1, in
comparison with the Zn/Al–dye LDH and the respective pure dyes,
indicates that the molecular structures of the blue dyes anions are
similar in both situations.

The TG/DTA analysis for the Zn2Al–dye and the pure dyes is
shown in Fig. 5. The three intercalated compounds exhibit a ther-
mal behavior that is composed by a dehydration of the compound
by loss of water adsorbed and intercalated into the LDH (endother-
mic event), followed by a second endothermic event due to de-
hydroxylation of the LDH matrix and exothermic events due to
burning of the organic dyes.

For the Zn2Al–NB, it was observed in the DTA curve an en-
dothermic peak centered at 114 ◦C due to loss of water molecules
and its represents a loss of mass of 16.2% in the TG curve, a small
endothermic peak at 263 ◦C due to matrix dehydroxylation, and
at 560 and 610 ◦C appears two exothermic peaks that correspond
to a loss of mass of 27.4% due to the burning of the intercalated
anionic dyes. The Zn2Al–CSB shows a endothermic peak at 100 ◦C
relative to the loss of water (13.1% loss mass), the dehydroxylation
process appears at 244 ◦C, and a large exothermic peak centered at
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Fig. 5. TG/DTA curves of the Zn Al–EB (a), EB (b), Zn Al–CSB (c), CSB (d), Zn Al–NB (e), NB (f).
2 2 2
575 ◦C relative to the oxidation of the dye (29.9% loss of mass). In
the Zn2Al/EB, endothermic peaks at 91 ◦C (12.5%) and 249 ◦C were
observed, which can be attributed to the loss of water and to a
dehydroxylation process, respectively. It was observed also exother-
mic peaks at 561 and 584 ◦C and a small peak at 602 ◦C due to
loss of mass related to the desorption and breakdown of the dye
as well as probable evolution of NOx and SOx.

After the intercalation process, it was possible to observe an
increase in the thermal stability of the dyes. Indeed the compar-
ison of TG/DTA curves between the pure dyes and their interca-
lated derivative phases let us observe that the dye decomposition
event observed around 300 ◦C is largely shifted to 470 ◦C and up
to 530 ◦C.

Fig. 6 shows the adsorption isotherms of the blue dyes onto a
LDH Zn2Al–Cl phase for each blue dye at three different investi-
gated temperatures.

The adsorption data are usually presented as adsorption iso-
therm at constant temperature and the interpretations may use
several adsorption equilibrium models to describe the liquid/solid
interface phase, such as the Langmuir, Freundlich, and Redlich–
Peterson [17,51]. The Langmuir model is the most used and com-
mon model to describe the adsorption properties. This model sup-
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Fig. 6. Adsorption isotherms for Evans blue (a), Chicago sky blue 6b (b), and Niagara
blue 3b (c), onto Zn2Al–Cl phase.

poses that the adsorption sites are homogeneous and each site is
accommodating one molecule only. Moreover the adsorption oc-
curs in a monolayer form and there is no interaction between
adsorbed molecules. The Langmuir isotherm is represented by

qe = qm KL Ce

1 + KL Ce
. (1)

Its linear expression can be written as

Ce

qe
= 1

qm KL
+ Ce

qm
, (2)

where qe is the amount of dye adsorbed per unit mass of adsor-
bent (mg/g), Ce is the equilibrium dye concentration (mg/L) and
qm and KL are the Langmuir constants representing the monolayer
adsorption capacity (mg/g) and the energy of adsorption (L/mg),
respectively. The plot of Ce/qe versus Ce gives a straight line with
a slope of 1/qm and an intercept of 1/qm KL , from which qm and
KL can be obtained. Table 1 shows the Langmuir constants for the
blues adsorbed in the Zn2Al–Cl phase.

The adsorption isotherm constants obtained were used to cal-
culate the thermodynamic parameters such as Gibbs free energy,
enthalpy, and entropy. The equilibrium experiments performed at
three temperatures showed an increase in the amount of dye ad-
sorbed, implying an endothermic nature of the adsorption process.
The Gibbs free energy change (�G) is the basic criterion of spon-
taneity and a negative value indicates that the reaction is spon-
taneous. By using the equilibrium constant KL obtained for each
temperature from the Langmuir model, �G can be calculated by
using Eq. (3) and the enthalpy and entropy change (�H and �S ,
respectively) can be determined by using Eqs. (4) and (5),

�G = −RT ln KL, (3)

�G = �H − T �S, (4)
Table 1
Langmuir constants for the blue molecules adsorbed onto Zn2Al–Cl phase.

T
(◦C)

qm

(mmol/g)
KL

(L/mmol)
R2

EB 10 0.284 59.924 0.9956
25 0.512 1025.774 0.9992
40 0.638 1393.689 0.9992

CB 10 0.285 155.601 0.9976
25 0.505 784.456 0.9955
40 0.535 1082.639 0.9987

NB 10 0.151 80.564 0.9954
25 0.558 1253.894 0.9990
40 0.778 1647.270 0.9985

Table 2
Thermodynamic data for the blues adsorbed on the Zn2Al–Cl phase.

T
(◦C)

�G
(kJ/mol)

�H
(kJ/mol)

�S
(J/K mol)

EB 10 −9.64 78.31 313.70
25 −17.19
40 −18.88

CB 10 −11.88 48.16 213.64
25 −16.52
40 −18.19

NB 10 −10.33 75.12 304.83
25 −17.68
40 −19.29

ln KL = −�G

RT
= −�H

RT
+ �S

R
, (5)

where T is the temperature (K), R the universal gas constant
(8.314 J mol−1 K−1), and KL the Langmuir constant. The van’t Hoff
plot of ln K L as a function of 1/T (figure not shown) yielded
a straight line from which �H and �S were calculated from
the slope and intercept, respectively (see Table 2). The change
of free energy for physisorption is usually between −20 and
0 kJ/mol, whereas chemisorptions are in the range of −80 to
400 kJ mol−1 [52]. The �G values for the used temperatures are
negative, which indicate that the nature of adsorption is sponta-
neous and that the affinity of LDH material toward the blue organic
dyes is strong. More negative values of �G at higher temperatures
show that the process is more favorable under these conditions.
The �H values are in the middle of physisorption and chemisorp-
tion, and it may be concluded that the process was a physical
adsorption enhanced by a chemical effect (intercalation reaction).
The positive value of �H indicates that the adsorption is endother-
mic and further suggests that adsorption is a physisorption involv-
ing weak forces of attraction. The positive value of �S indicates
a rather good affinity of the material with dye molecules and is
a sign of an increase in the degree of freedom of the adsorbed
species [17,51,52].

The phases isolated after the adsorption experiments were sys-
tematically submitted to X-ray diffraction studies. As can be seen
in Fig. 7, the partial replacement of chloride ions by the anionic
dye is occurring concomitantly with the adsorption process.

By analysing the powder diffraction patterns series for each dye,
the intercalation process is found to be more pronounced for the
EB since the dye anions are intercalated into the interlayer do-
main, while for CB and NB, a partial intercalaltion was observed
only. In the case of EB series, based on the calculated intercala-
tion indices, the amount of retained dye is attributed mainly to an
intercalation reaction, especially in high concentration solutions.
Indeed the intercalation process confirms the values of �H near
to chemisorption values and further indicates that the adsorption
process is of mixed physical and chemical nature. This fact can
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Fig. 7. X-ray diffractions patterns of the compounds obtained after the ad-
sorption studies at 25 ◦C and 1 g/L of concentration: Zn2Al–Cl (a), EB ad-
sorbed/intercalated (b), CB adsorbed/intercalated (c), and NB adsorbed/intercalated
(d).

indicate that the Langmuir isotherm does not make a distinction
among the external adsorption sites and the interlayer sites of LDH.
Some recent works have also demonstrated that such phenomena,
intercalation, and adsorption processes may also occur in different
other matrices [53–57].

4. Summary

As demonstrated by XRPD characterization, the intercalation of
dye molecules into LDH lattices yields to an ordered molecular
arrangement. It is noteworthy that after either adsorption and/or
intercalation, the interfacial interaction between the blue molecule
and the LDH material preserves them from dissolution. Therefore
the observed increase of the thermal stability combined with the
stabilization against dissolution makes these organic/inorganic as-
semblies reminiscent of the Maya blue and of the Bauer et al.
study [37].

The adsorption studies have shown that the adsorption process
does not occur on the surface of the LDH only but an intercalation
process is also occurring concomitantly according to the thermo-
dynamical values, which were found to be in agreement with the
XRPD characterizations. We believe that such intercalated/adsorbed
organic/inorganic and stabilized materials may be potentially in-
teresting as colored filler for polymer and cements as pointed out
recently [36,49,56].
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