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Abstract: The Mg/Al layered double hydroxides (LDHs) were successfully synthesized by novel aque-
ous sol-gel method. A series of europium-substituted layered double hydroxides (Mg/Al/Eu LDHs)
were also synthesized using the same sol-gel processing. The Eu3* substitution effects were investigated
in the Mgs/Al1xEux system by changing the amount of Eu®* in the crystal lattice from 0.05 to 10 mol%.
The samples obtained were characterized by X-ray diffraction (XRD) analysis, Fourier Transform Infra-

DOI: red spectroscopy (FT-IR), thermogravimetric (TG) analysis, scanning electron microscopy (SEM) and
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fluorescence spectroscopy (FLS). The results revealed that europium enters into a hydrotalcite structure

containing Mg?* and AI®* cations in the brucite-like layers.

Keywords: Layered double hydroxides, Mg/Al/Eu, sol-gel processing, europium substitution effects, luminescent properties.

1. INTRODUCTION

Layered double hydroxides (LDHs) are compounds com-
posed of positively charged brucite-like layers with an inter-
layer gallery containing charged compensating anions and
water molecules. The metal cations occupy the centres of
shared octahedral whose vertices contain hydroxide ions that
connect to form infinite two-dimensional sheets [1-4]. With
this structure the most know mineral is hydrotalcite,
[MgojsAloAzs(OH)z] (C03)0,125-0.5H20. LDHs have a well-
defined layered structure within nanometre scale (0.3-3 nm)
of interlayer and contain important functional groups. After
calcination at temperatures from 300 to 600 °C, LDHs were
converted to mixed metal oxides (MMOQO), which have the
ability to recover the original layered structure [5-7]. LDHs
have unique intrinsic advantages: their layer sizes are highly
tunable and their constituents can be conveniently controlled
and varied. LDHSs, unlike common clay minerals such as
montmorillonite, cannot swell automatically in water, and
their delamination is much more difficult due to their high
surface charge density as well as the strong attractions be-
tween adjacent nanosheets [8]. The formation and exploita-
tion of new types of layered double hydroxide
(LDH)/polymer NC hydrogels with high performance has
also been investigated [9].
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One of the most important properties is the interlayer an-
ion exchangeability, which endows LDHs the possibility of
accommodating organic UV absorbers in the interlayer space
[10]. Moreover, the LDHs have an HCI absorption capacity,
and may be used as PVC thermal stabilizer [11].

In the positively charged brucite-like layers of LDHs, a
fraction of the trivalent cations could be substituted by other
same valence cations. Rare earth doped luminescent materi-
als have drawn increasing attention as potential phosphor
materials for use in optical devices [12-14].

Recently, considerable attention has been focused on in-
corporating rare earth ions into LDHs hosts to develop new
functional materials, which resemble designed optical prop-
erties [15]. LDHs doped with Th** ions in the brucite-like
layers were prepared by a simple one-step co-precipitation
method [16, 17]. Nanosized LDHs doped with Eu®*, Yb®*,
Tb® and Nd** were prepared through the microemulsion
method [18]. The Eu®* and Nd®* were incorporated also into
hydrocalumite and mayenite [19]. The Zn/Al/Eu and
Zn/Al/Dy LDHs were also reported as perspective and effi-
cient luminescent materials [20-22]. Cerium-doped hy-
drotalcite-like precursors were also recently synthesized by
co-precipitation method [23].

LDHs can be prepared by a variety of synthesis methods.
However, the most common preparation technique is co-
precipitation method starting from soluble salts of the metals.
Sol-gel synthesis route for mixed metal oxides and related
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compounds have some benefits over other methods such as
simplicity, synthesis at low temperatures, effectiveness, suit-
ability for different systems and cost efficiency [24-27].

The main aim of this study was to investigate Eu* substi-
tution effects in the Mg,Al;<Eux systems (the Eu®* concentra-
tion in the crystal lattice was changed from 0.05 to 10 mol%)
fabricated for the first time to the best of our knowledge by
sol-gel synthesis route. The luminescent properties of
Mgs/Al1.xEux LDH samples were also investigated.

2. MATERIALS AND METHOD

Aluminium (I1I) nitrate nonahydrate (Al(NO3)3*9H,0),
98.5% (Hempur); magnesium (Il) nitrate hexahydrate
(Mg(NO3)226H20), 99% (Hempur); europium (I1I) nitrate
pentahydrate (Eu(NOs3)3*5H20, 99.9% (Sigma-Aldrich); eth-
ylene glycol (CzHsO2), 99.5% (Roth); citric acid (CsHsOy),
99.5% (Hempur).

X-ray diffraction patterns were recorded using MiniFlex
II diffractometer (Rigaku) using a primary beam Cu Ka radi-
ation (A=1.541838 A). The 20 angle of the diffractometer
was gradated from 8 to 80° in steps of 0.02°, with the meas-
uring time of 0.4 s per step. FT-IR analysis of compounds
was conducted using Perkin-Elmer FTIR spectrometer. All
spectra were recorded at ambient temperature in the range of
4000-400 cm-1. Thermal analysis was carried out using a
simultaneous thermal analyzer 6000 (Perkin-Elmer) in air
atmosphere at scan rate of 10 °C/min and the temperature
range from 30 °C up to 900 °C. Excitation and emission
spectra were recorded on an Edinburg Instruments FLS 900
spectrometer. The morphology of particles was investigated
using a scanning electron microscope (SEM) Hitachi SU-70.

3. EXPERIMENTAL:

The Mgs/Al;«xEux LDH samples were synthesised by the
sol-gel method from the solution of metal nitrates
Mg(NO3)2'6H20, A|(NO3)3'9H20 and EU(N03)3'6H20, dis-
solved in 50 ml of distilled water. Secondly, 0.2 M citric acid
was added and obtained solution was stirred for 1 h at 80 °C.
Next, 2 ml of ethylene glycol have been added to the resulted
mixture with continued stirring at 150 °C until the complete
evaporation of solvent. The obtained gel was dried at 105 °C
for 24 h. The mixed metal oxides were obtained by heating
the gels at 650 °C for 4 h. The Mgs/Al1.xEux LDH specimens
were obtained by reconstruction of MMO powders in water
at 50 °C for 6 h under stirring. For comparison, the Mg/Al
hydrotalcite was also synthesized and analysed.

4. RESULTS AND DISCUSSIONS:

The synthesized Mg/Al and Mg/Al/Eu LDHs were char-
acterized by XRD analysis (Figs. 1-3). Evidently, only
amorphous Mg-Al-O gel has formed during the initial stage
of sol-gel processing of LDHs (Fig. 1). After heat-treatment
of Mg-Al-O precursor gel at 650 °C, a high crystalline
mixed-metal oxide (MMO) has formed. The obtained MMO
powdered samples were treated in water at 50 °C for 6 h un-
der stirring. The XRD patterns of obtained specimens con-
firmed the formation of monophasic Mg/Al LDH during the
“reconstruction” process in water. Three characteristic peaks
of hydrotalcite at 20 of about 10° (003), 23° (006) and 35°
(009) were observed in sol-gel derived LDH samples. More-
over, two very important reflections for LDHs are also clear-
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ly seen at about 60.2° (110) and 61.5° (113). Based on the
XRD pattern, there are slight shifts of characteristic basal
plane d (003) related to the existing of different anions in the
interlayer regions. The carbonate acts as a balancing anion
because of its high affinity in the hydroxide layer over nitrate
anions. In the simplest case, anion exchange is achieved by
stirring an aqueous solution of the LDH precursor with a
large excess of the anion salt. LDHs containing carbonate
anions within the host material are less susceptible to anion
exchange reactions due to high selectivity for this anion.
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T ——MMO at 650°C
* — Mg-Al-O gel
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Fig. (1). XRD patterns of Mg-Al-O precursor gel, mixed-metal
oxide obtained at 650 °C and sol-gel derived Mg/Al LDH. The
crystalline phases are marked: MgO - ¢+ and hydrotalcite - ¢.

All synthesized europium-substituted (1-10 mol%) Mg-
Al-O gels also were amorphous powders to compare with
Mg/Al LDH (Fig. 1). According to the XRD patterns pre-
sented in Fig. 2 the heat-treated Mg/Al/Eu gels resulted in
high crystalline MMO samples. The mixed-metal oxides
transformed fully to LDH structures independent on the Eu
substitutional level (see Fig. 3). The observed shift of the
(110) reflections displacement signal toward lower values of
20 containing different concentration of Eu®* can be an evi-
dence of isomorphic incorporation of lanthanide ion in LDH.
The calculated d values for (110) peak (for 1 mol% Eu®*
1.5288 A; 5 mol% Eu®* 1.5302 A; 7.5 mol% Eu®* 1.5330 A
and 10 mol% Eu® 1.5359 A), compared with non-doped
Mg/Al d(110) = 1.5274 A monotonically increased by in-
creasing the Eu®* concentration. The monophasic Mg/Al/Eu
LDHs were obtained with amount of Eu less than 5 mol%.
With increasing concentration of europium till 7.5 mol% the
negligible amount of side Eu(OH)s phase has formed. The
formation of Eu(OH)s is mainly due to the larger ionic radius
of Eu® ions (1.08 A) in comparison of ionic radius of
AlR*ions (0.53 A). The Eu®* ions taking up the octahedral
positions of AI** ions led to the deformation of crystal lat-
tice, and the excess Eu®*ions in high basic condition crystal-
lized as Eu(OH)s.
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Fig. (2). XRD patterns of Mg/Al/Eu 1-10 mol% gels cal-
cined at 650 °C. The crystalline phase is marked: MgO - ».

Intensity(a.u.)
1 1 1 \—__

20(9)

Fig. (3). XRD patterns of synthesized by sol-gel method
Mg/Al/Eu 1 — 10 mol% LDHs. The Eu(OH)s; phase is
marked: *.

Thus, these results confirmed once again that highly crys-
talline LDHSs could be synthesized during hydroxylation sol-
gel derived crystalline MMO samples in aqueous media. At
high temperature of calcination, crystalline mixed oxide and
partial changes result in the local structure of the My, cati-
ons. A partial regeneration of the layered phase takes place
which is characterized by different composition and mor-

phology.
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The XRD patterns of the synthesized LDHSs contain very
sharp diffraction lines attributable only to LDH crystalline
phase at low concentration of europium. Interestingly, the
formation of sol-gel based LDHs depends on the concentra-
tion of europium in the samples.

FT-IR spectra of Mg/Al and Mg/Al/Eu LDH samples in
the region of 4000-500 cm™* are shown in Fig. 4. The spectra
recorded for all samples are very similar to each other with-
out any important differences. The absorption bands ob-
served at around 3500-3000 cm™ correspond to the stretch-
ing vibrations of hydroxyl (-OH) groups from the hydroxyl
layers and from intercalated and externally adsorbed water
molecules [28]. The broad band identified at 2974 cm™ is
assigned to the stretching mode of hydroxyl groups hydro-
gen-bonded to interlayer carbonate anions. The presence of
adsorbed molecular water was confirmed by the medium
intensity band at 1629 cm™. The strong absorption band visi-
ble at 1353 cm™ is attributed to the asymmetric vibrations
modes of CO3%. The absorption bands observed at 613 cm™
can be ascribed to the metal-oxygen M?-O and M3-O
stretching mode.

Transmittance (%)

— Eu 1mol%
— Eu 5mol%
—Eu 7.5mol%

Eu 10mol%
—— MgAl LDH

T T T T T T
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm'1)

Fig. (4). FT-IR spectra of Mg/Al and Mg/Al/Eu 1 — 10 mol%
LDHs.

The TG-DCS curves of synthesised Mg/Al and
Mg/Al/Eul0mol% LDHs are shown in Figs. 5 and 6, respec-
tively. As seen, the thermal behaviour of synthesized LDH is
not dependent on the europium substitution in the structure.
The initial mass loss about ~15% was observed in the tem-
perature range of 30-200 °C for the Mg/Al and Mg/Al/Eu
LDHs prepared by sol-gel method. These changes in mass
are due to the collapse of interlayer and evolution of ad-
sorbed water. The main decomposition of LDH samples oc-
curs via one step in the temperature range of 200-600 °C (the
mass loss ~45-48%). The second mass loss step is due to the
dihydroxylation and decomposition of the impurities of inter-
layer ionic carbonate. The observed thermal effects in DSC
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curves support the results obtained from TG measurements.
Above 600 °C the brucite-type structure collapses and a solid
solution of mixed spinel (MgAl;O4) and MgO, or Al,O; and
MgO is formed.
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Fig. (5). TG-DSC curves of the Mg/Al LDH.
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Fig. (6). TG-DSC curves of the Mg/Al/Eu 10 mol% LDH.

The microstructure for the synthesized LDH samples was
determined from the SEM micrographs. The SEM micro-
graphs of calcined Mg/Al precursor and sol-gel derived LDH
sample are shown in Fig. 7. The mixed metal oxide obtained
by calcination of Mg-Al-O gel at 650 °C is composed of the
network of spherical nanoparticles varying in size from ap-
proximately 2 to 5 um. A layered double structure was re-
covered after reconstruction procedure in water, showing the
formation of plate-like particles with hexagonal shape (Fig.
7b). The surface morphology of Eu®*-substituted LDH sam-
ples is very similar for all specimens independent of the sub-
stitutional level. Fig. 8 shows the representative SEM micro-
graphs of sol-gel synthesized Mg/Al/Eu 1mol% and
Mg/Al/Eu 10mol% samples. As seen, small fibrous plate-like
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particles with hexagonal structure are aggregated as in the
case of non-substituted LDH sample. So, all sol-gel derived
Mg/Al/Eu LDHs consist of the larger hexagonally shaped
particles varying in size from approximately 250 to 500 nm.
The surface morphological features of sample with highest
europium content are more pronounced consisting of hexag-
onally shaped nanostructures in LDHs. Finally, the complete
regeneration LDHs samples from MMO in aqueous media
has been observed.

70 5.0kV 6.3mm x2.50k SE(M)

Fig. (7). SEM micrographs of MMO (a) and sol-gel synthe-
sized Mg/Al LDH (b).

The emission spectra obtained at room temperature of all
the Mg/Al/Eu LDH samples under excitation at 320 nm are
presented in Fig. 9. As seen, all samples share similar emis-
sion profiles. The emission spectra of Mg/Al/Eu LDHs
shows three main emissions in the wavelength range of 500—
740 nm. In all spectra, the emission bands characteristic for
SDo—"F; (J=1, 2, 3, 4) transitions of Eu®* ions were observed.
The emission peaks are referred to the typical three Do—"F;
(591 nm) °Do—'F; (615 nm) and *Do—7F4 (703) transitions
of Eu® ion. The emission due to *Do—"F, transition is the
strongest, indicating that Eu* ions occupy a low-symmetry
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site. >Do—'F; transition called as a hypersensitive transition.
This can be caused by the addition of another molecule (for
example, a competitive ligand) by a variation of the ionic
strength of the solution (addition of a salt), by a variation of
the polarity of the solvent (addition of another solvent), or by
a variation of the pH value of the solution (addition of an
acid or a base) when working in aqueous solutions. The
presence of the low-symmetry structure containing the Eu®*
can only be observed in the nanocrystal line products, the
results allow to exclude the adsorption of Eu®* on the surface
of LDHs [29]. When Eu®* ions occupy the sites with inver-
sion symmetry, the Do—’F; transition, typical magnetic
dipole transition, should be relatively dominant; while, if
there is no inversion symmetry at the sites of Eu®* ions,
>Do—'F; transition should be relatively dominant [30]. It is
clear that the photoluminescence intensity in the Mg/Al/Eu
LDH phase increases with increasing the Eu®* concentration,
and reaches the maximum when the concentration of Eu®* is
7.5%. With further increasing amount of europium the inten-
sity of emission decreases due to the concentration quench-
ing. As the concentration of Eu®* increases, the distances
between Eu®* ions in the layers will be shortened, which
dramatically increases the interaction of ions and causes se-
rious concentration quenching. This fact suggested that Eu®*
ions replaced AI** in the host lattice.

Fig. (8). SEM micrographs of Mg/Al/Eu 1mol% (a) and Mg/Al/Eu
10mol% (b) LDHs.
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Fig. (9). Photoluminescence emission spectra of Mg/Al/Eu®* LDHs
(Aex = 320 nm).

CONCLUSION

The Mg/Al/ layered double hydroxides (LDHs) were
successfully synthesized by novel aqueous sol-gel method.
In the sol-gel processing route, the LDHs were obtained after
the decomposition of Mg-Al-O precursor gels and following
“reconstruction” of intermediate crystalline MMO samples
in aqueous media. The same synthesis parameters were suc-
cessfully applied for the synthesis of europium-substituted
Mg/AI/Eu®* 0.05-10 mol% LDHs. Interestingly, the for-
mation of sol-gel based Mg/Al/Eu** LDHs depends slightly
on the concentration of europium used in the samples. With
increasing the concentration of europium till 7.5 mol% the
negligible amount of side Eu(OH)s phase has formed. The
typical LDH microstructure was determined from the SEM
micrographs. The sol-gel synthesized LDH samples consist-
ed of hexagonally shaped particles varying in size from ap-
proximately 250 to 500 nm. The Iluminescence of
Mg/Al/Eu** LDHs was also investigated in this study. The
emission peaks are referred to the typical three *Do—'F;
(591 nm) and *Do—'F; (615 nm) 5Dg—'F4 (703 nm) transi-
tions of Eu®* ion. It was also suggested from these results,
that Eu®* replaced AI®* ions in the host lattice.
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