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Heterostructures constructed with mesoporous silica and layered double hydroxides are
interesting for catalytic and drug delivery applications. Different arrangements between these
phases are possible. In this study, we prepared heterostructures by embedding layered double
hydroxides phases [M,Al,(OH),,](CO;) M = Mg** or Zn*) within the MCM41 mesoporous
silica type phase. According to our results, the most critical step of this preparation is the removal
of the organic template used to create the mesopores in the silica phase, which can be done by
calcination or extraction with solvent, normally a mixture of ethanol and a mineral acid. The
results reported in this study demonstrate that both can cause structural changes in the components
of the heterostructure at different extensions. Calcination promoted the collapse of the layered
hydroxide phases. Attempts made for their reconstruction through rehydration, which is a quite
known process, were not completely effective and also dependent on the chemical composition
of the layered phase. The complete template removal with preservation of the layered phases was
possible using the extraction method but by replacing the mineral acid with NH,Cl. However,
some discrete structural changes were identified possibly due to a partial lixiviation of Al** from
the double hydroxide layers.
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Introduction

The first study about a heterostructure prepared by
combining mesoporous silica (MS) with layered double
hydroxide (LDH) was reported in 2008.! This material
was produced with the intention of improving the catalytic
activity of the magnesium-aluminum LDH (Mg,Al-LDH)
by restricting the lateral growth of the hydroxide particles
by preparing them directly inside the mesopores of the
SBAI1S5 silica. These heterostructures can also be prepared
by depositing exfoliated LDH layers onto the surface of the
MS particles. The heterostructures with such arrangement
were already evaluated as drug carriers,>* flame retardant
additive for polymers,’ pollutant absorbers® and catalyst.’

*e-mail: mabizeto @unifesp.br
Editor handled this article: Humberto O. Stumpf (Associate)

A third possible arrangement for such heterostructures
comprises the LDH particles embedded within the MS
phase. This approach was concomitantly reported by
Liu ef al.® and Bao et al.’ to obtain drug carriers. More
recently, Harrison ef al.'® evaluated the influence of the
thickness of the MS outer layer and the diameter of the
mesopores in the release of folic acid that was previously
intercalated into the Mg,Al,-LDH. Cao et al."' produced
a core-shell type heterostructure with an ultrathin outer
layer of MS and evaluated the in vivo and in vitro release
of curcumin, previously intercalated into the LDH core.
Little attention was devoted to understanding the influence
of the synthetic conditions on the structural integrity and
organization of the phases in such heterostructure.

One of the critical steps in the preparation of
heterostructures containing the layered phase embedded
within the mesoporous silica matrix is the template removal
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from the pores of silica counterpart. The mesopores of the
silica phase can be produced using organic templates,
composed of micellar aggregates of ionic or non-ionic
surfactants,'> which must be removed from the material
to allow accessibility and diffusion within the created
pores. This removal can be done with calcination or
extraction using a mixture of ethanol and mineral acid.
However, these processes can be potentially detrimental
to the structural integrity of the layered double hydroxide
phase. Thus, in this study, we synthesized heterostructures
of the layered double hydroxide phases [M,Al,(OH),,]
(CO;) (M = Mg* or Zn*) embedded within a matrix of
the mesoporous silica MCM41 and evaluated the impact
of these template removal processes on the structural
integrity of the components of the heterostructure and on
the porosity of the material.

Experimental

MgCl,-6H,0, AICIl,-6H,0, ZnCl,, Na,CO,,
NaOH, cetyltrimethylammonium bromide (CTAB),
tetraethylorthosilicate (TEOS), and trimethylchlorosilane
(TMCS) were supplied by Sigma-Aldrich (Darmstadt,
Germany). Ammonia solution (27%), ethanol (95%),
toluene, and NH,Cl1 were provided by LabSynth (Sao Paulo,
Brazil). All reagents were used as received.

Synthesis of LDH

LDH with compositions [M,Al,(OH),,]CO,.nH,0,
where M = Mg?* or Zn*" were prepared using the co-
precipitation method at pH value 9.0. In a typical synthesis
made at room temperature, 150 mL of the solution of
cations containing 4.1 g (0.02 mol) of MgCL,.6H,0O and
2.4 g (0.01 mol) of AICI;.6H,O (or 2.8 g ZnCl,-0.02 mol)
and 2.4 g (0.01 mol) of AlCI;.6H,0 and 150 mL of a
0.4 mol L' solution containing Na,CO, and NaOH were
dropped under stirring at 900 rpm into 200 mL of deionized
water (ultrapure Milli-Q water) using an automatic titrator
to maintain the pH of the mixture constant at 9.0. After
the complete addition of the solutions, the mixture was
heated to 55 °C and maintained under continuous stirring
during 16 h to promote the aging of the LDH’s particles.
Then the solid was centrifuged and washed with water
until the complete removal of the chloride ions, which
was confirmed by adding drops of an AgNO; solution to
a sample of the supernatant. Finally, the LDH samples
were ultrasonically dispersed in deionized water, frozen
in liquid nitrogen and freeze-dried. The isolated LDH
samples, hereafter identified in the text as Mg,Al,-LDH or
Zn,Al,-LDH, were characterized by X-ray diffractometry
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(XRD), Fourier-transformed infrared vibrational
spectroscopy (FTIR) and scanning electron microscopy
(SEM). The porosity of the materials was measured by
N, physisorption isotherms. The metal amounts in the
LDH were determined by inductively coupled plasma
optical emission spectroscopy (ICP-OES) while the water
amount was determined by thermogravimetric analysis
(TGA). The calculated chemical composition of the
synthesized LDH were [Mg, ,Al,(OH),, ,](CO;)-4.8H,0 and
[Zn, ,AL,(OH),,51(CO;)-7.0H,0.

Synthesis of heterostructures

The whole synthetic process of the heterostructures is
schematically illustrated in Figure 1. In a typical synthesis,
200 mg of a LDH lyophilized sample ([Mg,,Al,(OH),,,]
(CO,)-4.8H,0 or [Zn,,Al,(OH),,4](CO,)-7.0H,0) was
ultrasonically dispersed in 15 mL of deionized water;
then 0.09 g of CTAB was dissolved in 5.2 mL of an NH;
solution (27%). This mixture was kept under constant
stirring at room temperature for about 30 min and then
0.4 mL of TEOS was dropped under continuous stirring
and allowed to react at room temperature for 6 h. The final
molar ratios among the reactants were: 0.5 LDH : ITEOS :
0.1 CTAB : 68 NH; : 526 H,O. The resultant solid was
centrifuged, washed with water, dried at 60 °C in a reduced
pressure drying oven for 24 h, and then characterized by
XRD and FTIR techniques. This synthetic procedure was
carried out for both LDH phases and each of the isolated
solid samples will be abbreviated as M,Al,@MCM41,
where M = Mg or Zn. Afterward, these samples were
divided into two fractions (Figure 1). One fraction was
modified with TMCS and then calcined to remove the
template from the silica pores. The other fraction was
submitted to the template removal by extraction with an
ethanol/NH,CI solution.

According to Bao et al.,’ the post-grafting of TMCS on
the silica surface avoids the agglomeration of the particles
upon calcination, and the process was made in dry toluene
solution (50 mL) containing 0.06 mL of silane under
reflux for 24 h. This sample was then calcined at 550 °C
in a tubular furnace using a heating rate of 2 °C min’
under N, flow upon reaching the desired temperature;
then the N, flow was changed to air with the adjusted
temperature maintained for 6 h. The calcination was
repeated twice in airflow to ensure the complete removal
of any residual charred material. The heterostructures
produced by calcination will be identified hereafter as
M,Al,@MCM41,,,. (M = Mg* or Zn*"). After calcination,
the samples were rehydrated in 1 mol L' bicarbonate
solution along 72 h to promote the reconstruction of the
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LDH core. The hydrated heterostructures will be identified
from now as M,Al,@MCM41 ., s (M = Mg** or Zn*).

The other solid fraction was submitted to the template
extraction process carried out dispersing 300 mg of the
prepared heterostructure still containing CTA* into the
pores in 20 mL of a solution containing 0.4 g of NH,Cl
in ethanol (Figure 1). This dispersion was kept refluxing
under stirring for 40 h. The progression of the template
removal was monitored by FTIR analysis of samples
collected at different time intervals. When the CTA*
presence in the material was no more detected by FTIR,
the solid was washed with ethanol and dried at 60 °C in a
reduced pressure drying oven. The samples obtained by the
extraction of the organic template from the silica pores will
be identified as M,Al,@MCM41,,, (M = Mg* or Zn*"). The
characterization of all these heterostructures was carried out
by XRD, FTIR, SEM, transmission electron microscopy
(TEM) and isotherms of N,-physisorption.

0.5LDH: 1 TEOS: 0.1 CTAB:
68NH,: 526 H,0
I

M,AL@CTA-MCM41
(M= Mg or Zn)

Templateremoval Templateremoval
calcination (550 °C)  extraction (EtOH/NH ,CI)

I
M,AL@MCM41,,,
(M= Mg or Zn)

M,AL@MCM41
(M= Mg or Zn)

calc

Rehydrationin
bicarbonate solution
|

M,AL@MCM41
(M= Mg or Zn)

calc-hyd

Figure 1. Scheme of the synthetic steps for the preparation of the
LDH@MS heterostructures.

Characterization techniques

X-ray diffraction patterns (XRD) of powdered samples
were registered in a Rigaku (Tokyo, Japan) diffractometer,
model Miniflex, using Cu Ka radiation (1.541 A, 30 kV,
and 15 mA). N, physisorption isotherms were registered
at 77 K in an ASAP 2020N Automatic Physisorption
Analyzer from Micromeritics (Atlanta, USA). Samples
were degassed at 80 °C for 48 h before analysis. Scanning
electron microscopy (SEM) images were registered in a
JEOL (Tokyo, Japan) microscope, model JSM-6610LYV,
using the SEI detector. Powdered samples were deposited
on a carbon tape and then coated with gold using a Desk V
cold sputter/etch unit. Transmission electron microscopy
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(TEM) images were recorded in a JEOL (Tokyo, Japan)
microscope, model JEM 2100, operating at 200 kV and
equipped with an energy-dispersive X-ray spectroscopy
(EDS) from Oxford Instruments. Samples were prepared by
ultrasonically dispersing the heterostructures in isopropanol
followed by deposition onto a carbon-coated Cu microgrid.
Fourier transformed infrared (FTIR) spectra were recorded
in a Shimadzu (Kyoto, Japan) spectrophotometer, model
IRPrestige 21, using the diffuse reflectance mode, the
DRIFT accessory, and 4 cm™! of resolution and 264 scans.

Structural refinement

The Le Bail method"® comprising the full-pattern
decomposition of the XRD pattern of the powdered sample
was used to determine the cell parameters of LDH assuming
the typical R-3m space group. The profiles refinements
were carried out using the FullProf suit package.'* A linear
combination of spherical harmonics was used to model peak
broadening and allowing the calculation of the volume-
averaged apparent size of the crystallites in the direction
normal to the scattering planes. LaBy NIST standard was
used to take into account the instrumental effect.

Results and Discussion

As already reported in the introduction, little attention
was devoted in the already published papers on the
understanding of the influence of adopted synthetic
conditions and procedures on the structure of the component
phases of the heterostructure. The thermal treatment used to
remove the organics used as the template of the mesopores
of the silica phase can be especially detrimental. Thus, in
this study we made the synthesis of heterostructures using
low amounts of the surfactant cetyltrimethylammonium
bromide necessary to produce the mesopores in the silica
phase. We evaluated if the modifications made in the
synthetic procedure can facilitated the process of template
removal and can influenced the porosity of the formed
heterostructures.

The arrangement between LDH and MS phases in
the heterostructures was first examined by scanning and
transmission electron microscopies. The SEM images of
the lyophilized LDH precursors (Figures 2a and 2e) showed
the presence of platelet aggregated particles known as
“sand rose”. With the deposition of the silica matrix, the
initial LDH “sand-rose” aggregation was not ever observed
(Figures 2b and 2f), suggesting that the MS phase was
formed around them. For comparison purposes, the SEM
images of heterostructures synthesized as reported in the
literature® were also registered. Such images (see Figure S1
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in Supplementary Information (SI) section) showed the
presence of particles with two different shapes: one similar
to the LDH particles and a spherical one, suggesting the
presence of segregated phases. Spherical mesoporous silica
particles are formed when of ammonia and ethanol are
present in the reaction medium,' as like in the synthetic
procedure we followed from the literature that used a molar
ratio among the reactants of 1 TEOS : 0.9 CTAB : 820 NH; :
1050 EtOH : 4680 H,0.° Thus, one of the impacts of the
89% of reduction in the molar amount of CTAB without
the usage of ethanol in the reaction medium was to avoid
the formation of these segregate phases. Spherical particles
were not observed in the SEM images (Figures 2b and 2f).
The registered TEM images revealed that these particles
are formed by aggregates containing the LDH particles
embedded into the silica phase, which has the mesopores
easily observed in the images (Figures 2c and 2g). The
EDS elemental analysis (Figures 2d and 2h) confirmed the
presence of LDH in the solid. A detailed visualization of
one LDH particle was possible using higher magnification,
as shown in the inset of Figure 2c. The regularly-spaced
dark fringes represent the layers stacking of an LDH
particle. The space measured between these fringes was
7.6 A, which is equivalent to the (003) stacking planes that
also appeared as a diffraction peak in Figure 3a. The high
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intensity of the electron beam required to observe the LDH
particle in detail caused the mesostructure collapse of the
silica phase in the surrounding.

The XRD patterns of starting LDHs (Figures 3a and
3e) showed the Zn,Al,-LDH more crystalline than the
Mg,Al,-LDH, as already reported in literature.'® With
the formation of the heterostructures, the diffractograms
registered before the template removal (Figures 3a and
3b) showed peaks identified with asterisks at the low angle
region attributed to the silica mesophase and peaks at higher
angles ascribed to the LDH phase.

The process of template removal using the EtOH/NH,C1
solution was monitored with vibrational spectroscopy
by periodically collecting samples of the solid from the
suspension and registering their FTIR spectra. CTA* has
characteristic high intensity vibrational bands at around
2925 and 2850 cm’!, assigned to C—H stretching modes,
and a less noticeable band at 1210 c¢cm', attributed to
C-N stretching (see Figure S2 in SI section). When these
bands disappeared completely, the extraction process was
finished. Changes in the diffraction profiles were noticed
after removing the template (Figures 3b and 3f). The
intensity of all diffraction peaks decreased and the (100)
peak attributed to the mesoporous ordering of the silica
phase became undefined.

Figure 2. SEM images of (a) [Mg,,Al,(OH),,,](CO,)-4.8H,0, (b) Mg,Al,@CTA-MCM41. The insets in (a) show magnified regions of the lyophilized
LDH sample with a detailed view of the “sand-rose” aggregates. The scale bar in SEM images is 5 um. (c) TEM image of the Mg,Al, @MCM41,,, and
the highlighted areas show the mesopores ordering of the outer silica layer in a perpendicular arrangement to the LDH particle and the detailed view of
the layers stacking of the [Mg,,Al,(OH),,,]J(CO,) particle embedded in the silica phase. (d) EDS elemental analysis of the aggregates shown in the TEM
image. SEM images of (e) [Zn,,Al,(OH),,,](CO;)-4.8H,0, (f) Zn,Al,@CTA-MCM41. The inset in (¢) shows magnified region of the lyophilized LDH
sample with the view of “sand-rose” aggregates. (g) TEM image of the Zn,Al,@MCM41,,, and (h) EDS elemental analysis of the TEM image.



Vol. 33, No. 10, 2022 Bianconi et al. 1215

) ‘ ‘ ‘ ‘ ‘ )

IZUO cps Izon ps

(0012)

(006)
(110)

Tovoen
W‘ N -

(100
~ T
=

Intensity / cps
Intensity / cps

(0012)

IZOO cps

(003)
(006)
(0015)

e
(003)

— a
% a

3
g =5

I200 cps Istm ps

10 20 30 40 50 60 10 20 30 40 50 60
20 / degree 20/ degree

Figure 3. (left) XRD patterns of the Mg,Al,@MS heterostructures and (right) of the Zn,Al,@MS heterostructures. As-synthesized with the template inside
the pores (a) Mg,Al,@CTA-MCM41 and (e) Zn,Al,@ CTA-MCM41. The peaks identified with asterisks are referred to the silica mesophase and the peaks
of LDH were indexed assuming a 3R, polytype; after template removal by extraction with EtOH/NH,CI (b) Mg,Al,@MCM41.,, and (f) Zn,Al, @MCM41.,;
after calcination at 550 °C (c) Mg,Al,@MCM41_,,. and (g) Zn,Al,@MCM41_,,; after rehydration in bicarbonate solution for 72 h to reconstructed the LDH
structure after calcination (d) Mg,Al, @MCM41_,. .4 and (h) Zn,Al,@MCM41 ;. y,q-

When the template was removed by calcination, the peak became undefined, which might be related to the
temperature required to accomplish it (550 °C) was high products of the thermal decomposition possibly occupying
enough to cause the collapse of the layered arrangement. or occluding the mesopores of the silica phase.

The high temperature promotes the dehydroxylation The layered structure of the LDH can be reconstructed
of LDH layers and the decomposition of the interlayer from the mixture of decomposed metal oxides upon
carbonate anion, with the respective formation of metal rehydration.'® Hence, the possibility of using this
oxide phases.!”!® The FTIR spectra of the calcined solids approach was investigated for the first time in this study
(see Figure S2 in SI section) confirmed the absence of to a heterostructure. Thus, the rehydration of the thermally
carbonate ions since the bands referred to this ion were treated solids was carried out in a bicarbonate solution
not present in the registered spectra as also the bands for 72 h. Diffraction peaks ascribed to the layered phases
referred to M—OH vibrations of LDH. The formation reappeared only to the heterostructure produced with the
of a crystalline MgO phase was identified as a product Zn,Al,-LDH (Figure 3h), but the peaks show low intensity
of the thermal decomposition of the LDH phase in the when compared to diffraction profile of the LDH in the
Mg,Al,-LDH heterostructure (Figure 3c). In the case of heterostructure before the calcination (Figure 3e).

the thermal decomposition of the LDH in the Zn,Al,-LDH A full pattern refinement of the XRD data was made
heterostructure, the formation of crystalline phases was to quantify the changes that occurred in the crystallites of
not observed (Figure 3g) indicating that only amorphous the LDH phase present in the heterostructures (Figure 4).
phases were formed in this process. The unit cell parameters were first determined and they are

Calcination usually improves the mesostructural related to the M*/M?>* molar ratio within LDH hydroxide
ordering of the mesoporous silica due to the formation layers." Besides, the size of the coherent domains was
of siloxane bonds among the structural [SiO,] tetrahedral estimated from the refined coefficients of the spherical
units, which results in well defined and intense diffraction harmonics model used. Due to the platelet shape of LDH
peaks. However, in the case of the heterostructures with crystals, the dimensions along the (110) and (001) directions
LDH, a decrease in the mesostructural ordering was are assimilated to the in-plane dimension L, and the

observed after the thermal treatment. The (100) diffraction thickness Ly, of the crystallites (Table 1). For instance, the
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estimated lateral size of the Mg,AlL-LDH crystallites was
compatible to the thickness of the particle observed in the
TEM image shown as an inset in Figure 2c. In the pristine
heterostructures (before template extraction) the refined data
(Table 1) indicated the formation of LDH structures with
cell parameters consistent with a M**/Al** ratio close to 2.8.

The template extraction did not affect the M?*/Al** ratio
of the LDH layer, but in the case of the heterostructure
containing Zn,Al,-LDH, the size of coherent domains of
the crystallites reduced when compared to the initial LDH
(Table 1). The presence of diffraction peaks at 20 = 27°,
29° and 58.5° indicates the presence of a mixture of
Zn0,/Zn(OH),,* which might be related to the disassembling
of the layers by AI** lixiviation.

The reconstruction of the LDH phase after the rehydration
in HCO;™ solution was partially effective for the Zn,Al,-
LDH heterostructure. The reconstructed crystallites had
coherent domains with sizes of about half the size of the
initial LDH, which were responsible for the low intensity
of the diffraction peaks observed in X-ray diffractogram
(Figure 4f). The achievement of a partial reconstruction
for this LDH phase could be related to the time spent
in hydration did not having been long enough. Another
possibility is the formation of a phase resultant from the
reaction between the silica and LDH promoted by the thermal
treatment, which precludes the reconstruction of the layered

L L L L L L
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phase. The absence of any diffraction peak that indicates
the structural reconstruction of the Mg,Al,-LDH phase
after rehydration of the calcined heterostructure, beyond
the possibilities already described before, the formation
of a stable crystalline MgO phase, as demonstrated in the
diffractogram shown in Figure 3c, can also have contributed
to unable the lamellar phase reconstruction. Thus, the use
of calcination to remove the template molecules from SiO,
in the heterostructure with LDH is not recommended, and
so, the following characterization data will be referred only
to the heterostructures where the template was removed by
extraction.

The porosity of those heterostructures after the template
removal by extraction was determined by analyzing
the isotherms curves of the N, physisorption shown in
Figure S3 in SI section. These isotherms can be classified
as type IVa, as expected to mesoporous solids,”' and the
presence of a step-down in the desorption branch at the
P/P,around 0.45 is related to porous structures with partially
blocked mesopores.?! A remarkable increase in the porosity
and surface area of the heterostructure produced with
the Zn,Al,-LDH was observed after template extraction
(Table 2). The analysis of the C parameter of the Brunauer-
Emmett-Teller (BET) equation is a way to confirm the
validity of the surface area measurement and also to estimate
the presence of micropores in the mesoporous matrix.?

L L L L L L

©
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20 / degree
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Figure 4. The full XRD patterns refinement of the LDH phase in (a) Mg,Al,@ CTA-MCM41, (b) Mg,Al,@MCM41,,, and (c) Mg,Al,@MCM41 ;1,4
The full XRD patterns refinement of the LDH phase in (d) Zn,Al,@ CTA-MCM41, (e) Zn,Al, @MCM41,,, and (f) Zn,Al,@MCM41_, ;.. Experimental
XRD pattern (red cross), calculated pattern (solid black line), difference profiles (solid blue line), and Bragg reflections (green ticks).
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Table 1. Cell parameters (R-3m space group) and dimensions of LDH platelets obtained from the profile refinement of XRD data of heterostructures

Bianconi et al.

Size of LDH crystallites
Heterostructure Crystalline phase Cell parameters / A thickness Ly, /in-plane M?*/AP* ratio
L(no)/ A
a=3.047(1)
Mg,Al,@CTA-MCM41 LDH ¢ =22.924(3) 90/185 2.8
a=3.0478(1)
Mg,Al,@MCM41,, LDH ¢ =22.936(3) 100/175 2.8
Mg,Al,@MCM41  1yq LDH not detected
a=3.0747(1)
Zn,Al,@CTA-MCM41 LDH c=23241(3) 170/220 2.8
a=3.07470
LDH ¢ = 22.660(4) 100/175 2.8
Zn,Al,@MCM41,,, Imm2
Zn(OH), a=23.07lb=8.04
c=3.30
a=3.065(1)
Zn,Al,@MCM41, 1,4 LDH c=22.58(1) 65/70 22

LDH: layered double hydroxides.

As this parameter is related to the energy of monolayer
adsorption, it acquires high values when a gas monolayer is
formed in a microporous environment.?! If C value is lower
than 50 a monolayer overlaps with a multilayer bringing an
imprecision to the value of the calculated surface area. When
C value is lower than 2, the BET method is not applicable.?!
The C value of the pristine LDH phases reduced after the MS
deposition (Table 2) due to the formation of the mesopores,
which also promoted an increasing of the surface area.
However, the C parameter of the BET equation decreased
to around 60 in Zn,Al,@MCM41,,,, a value expected for
solids containing ordered mesoporosity, which indicated that
the pores in this heterostructure was more accessible than in
Mg, Al,@MCM41,,,. Thus, the mixture of EtOH/NH,Cl used
to remove the template possibly promoted a lixiviation of
the Mg,Al,-LDH and the products of this process seem to
have deposited in the mesopores. The same effect was not
observed to the Zn,Al,-LDH, suggesting that this material
is resistant to the lixiviation.

Conclusions

In this study, we evaluated the influence of the
chemical composition of the layered double hydroxides

on the structural stability and porosity of heterostructures
produced with the LDH phases embedded within
mesoporous silica. We also made modifications in the
synthetic procedure, related to the decrease in the amount
of CTAB without using ethanol as co-solvent that avoided
the formation of segregated phases as observed in the
procedure reported in the literature. The most critical
step was the removal of the template used to create the
mesoporosity in the silica phase. Calcination led to the
collapse and thermal degradation of the LDH phase. The
attempts made to reconstruct the layered arrangement by
rehydration were partially effective only to the Zn,AlL-LDH
phase. The Mg,Al,-LDH phase was also sensitive to the
removal of the template using a mixture of ethanol and
NH,CI, as the resultant heterostructure showed a decrease
in the available volume of pores, which we believe to be
related to the deposition of the products from the lixiviation
of the LDH particles inside the mesopores. In our data, the
Zn,Al,-LDH phase was more adequate than Mg,Al,-LDH
to construct the heterostructures. Synthetic efforts are
still necessary to provide better control of the structural
organization between the inorganic phases that constitute
the heterostructure.

Table 2. Porosity data of the pristine LDH and the heterostructures with empty pores after template removal with EtOH/NH,Cl

Material C parameter Specific surface area / (m? g') Pore volume / (cm?® g)
[Mg,,AL(OH),,,](CO5) 173 104 0.68
Mg,Al,@MCM41,,, 117 217 0.34
[Zn, ,AL,(OH),,)(CO;) 246 16 0.23
Zn,Al,@MCM41,,, 62 378 0.51
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Supplementary Information

Supplementary data (SEM images, FTIR spectra and
N, physisorption isotherms) are available free of charge at
http://jbcs.sbq.org.br as PDF file.
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