Delamination of layered double hydroxides by use of surfactants
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Delamination of the layered double hydroxide structure
[Zn,Al(OH)6][C1,H,5S04-nH,0] was realized by dispersion
in butanol; translucent colloidal solutions are stable for at
least 8 months with oriented LDH materials with extended
crystallite size being obtained; the results presented here
suggest that total delamination occurs in the colloidal
solution.

Delamination of low dimensional solids is of tremendous
practical importance in applications ranging from polymer
reenforcement,® self assembling monolayers (SAM) and Lang-
muir-Blodgett film preparation2 or emulsion stabilizations.3
Dispersions of clay minerals have been studied more ex-
tensively owing to their extended swelling properties and a
great ability to undergo surface modification with organophilic
cations.4 Exfoliation of other layered structures such as MoS,,
layered phosphates and metal oxides have also been achieved
by manipulation of the interlayer interactions.>

Layered double hydroxides (LDHs) are layered materials
constituted by a stacking of positive hydroxylated layers
[M2+;_ M3+, (OH),]*+ separated by interlayered anionic species
and water molecules [X9—,4-nH20]. They are known for their
unique anion exchange properties and their rich chemistry
which make them good catalysts or catalyst precursors.®
However, the high charge density of the LDHSs layers and the
high content of anionic species and water molecules result in
strong interlayer electrostatic interactions between the sheets
and significantly hydrophilic properties. Such dense inter-
lamellar hydrogen bonding networks lead to a tight stacking of
the lamellae. The rigid spheroidal ‘sand rose’ morphology of
intergrown platel ets prevents both accessibility to the mgjor part
of the surface or exfoliation of the sheetsin water or in any other
non-agueous solvents. However, exchange of inorganic anions
by organophilic anions, such as fatty acid salts or anionic
surfactants proceeds readily.10 This leads to a substantial
modification of the surface properties, from hydrophobic to
hydrophilic. Moreover, the van der Waals interlayer inter-
actions introduced by the introduction of such species weakens
the stacking of the layers and favours interactions with non-
agueous solvents.

The purpose of this study was to develop a method of
delamination of LDHs which will lead to a novel generation of
LDH based materias in which the total surface of the layered
compound will be rendered accessible for chemical reactivity or
for the preparation of new porous or oriented materials. The
delaminated structure of the Zn,Al(OH)eCl-2H,0O LDH phase
([Zn-Al]) would reach a theoretical specific surface aera of 800
m2 g—1, while the experimental BET measured surface areas
reach only 10-50 m2 g—1.

We have aready reported the influence of organic solvents
(ethanol, methanol, acetone, ethylene glycol, glycerol) on the
modification of the surface and porosity properties of LDHs.”
However, complete delamination of LDHSs has, as yet not been
reported. Now successful LDH delamination has been achieved
using various anionic surfactants and we report, for the first
time, stable colloidal solutions of LDHSs. In this study, we
demonstrate total delamination of the [Zn-Al] LDH using
dodecyl sulfate (DS) as an anionic surfactant and butanol asthe
dispersant.

The Zn,Al(OH)CI-2H,0 LDH precursor ([Zn,Al-Cl]) was
prepared by the coprecipitation method previously described by
Bonnet et al.® The preparation of the surfactant modified LDH
([Zn,Al-DS]) was realized by the anion exchange reaction in
deionised water of 1.00 g of [Zn,Al-Cl] with a 1.54 molar
excess (1.34 g) of sodium dodecyl sulfate (Across). Inter-
calation of the surfactant was monitored by X-ray diffraction
(Siemens D501 X-ray powder diffractometer, Cu-Ko radiation)
and FTIR spectroscopy (Perkin-Elmer-FTIR16PC). The chem-
ical formulae of the various compounds were calculated from
elemental analysis. In al cases, the Zn/Al ratio was 2.2 and for
the DS exchanged LDH, S/Al was equal to 0.98 in accord with
total exchange of the Cl anions.

Intercalation of dodecyl sulfatein Zn,Al(OH)eCl-2H,0 leads
to the expanded phase Zn,Al(OH)e(C12H25S0,4) -NHL0 ([ZNnAl-
DS]) with an increase of the basal spacing from 0.77 to 2.52 nm
(Fig. 1) as reported in the literature.12 The particle widths for
both precursor and modified LDHs were measured by SEM
(Cambridge Stereoscan 360, 20 kV, at Techinauv S.A). The
measured thickness of [Zn,Al-Cl] platelets was 0.05 um,
corresponding to astacking of ca. 60 layers, while expansion of
the basal spacing for [Zn,Al-DS] leads to lamellae thickness of
0.15 um. The number of stacked layers is retained after anion
exchange confirming that the anion exchange proceeds by a
topotactic mechanism.

Dispersion of [ZnAl-DS] in water, methanol, ethanol,
propanol or hexane under reflux conditions leads to unstable
suspensions which settle after afew hours and only aminor part
of the material wasdispersed. Dispersion in methanol appearsto
be kineticaly controlled by the slow replacement of water
molecules by methanol. After one week stirring, ca. 50% of the
LDH can be exfoliated. By contrast, reflux in butanol at 120 °C
for 16 h leads to atranslucent colloidal solution, which remains
stablefor at least 8 months. Up to 1.5 g of [Zn,Al-DS] per liter
of butanol can be dispersed. Similar results have been obtained
with higher acohols such as pentanol and hexanol.

The size of the LDH colloids was measured by dynamic light
scattering (Zetasizer—Malvern instrument). The mean equiva-
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Fig. 1 Diffraction patterns of (a) [Zn,Al-Cl], (b) [ZnAl-DS], (c) [Zn,Al—
Cl]recov, (d) [anAl—DS] recov-
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Fig. 2 TEM micrographs of [Zn,Al-DS] dispersed in (&) butanol and (b)
ethanol.

lent spherical diameter (ds) isca. 140 nm, smaller than thewidth
of the hexagonal sheets measured by SEM (200 nm). Transmis-
sion electron micrographs of [ZnAl-DS] particles recovered
from the colloidal solution [Fig. 2(a)] show assemblies of
dispersed platelets all oriented parallel to the grid surface and
confirm that delamination has occurred at the layer level while
aggregates of stacked sheets are observed for the same materials
dispersed in ethanol [Fig. 2(b)]. Thisarguesin favour of atotal
delamination in butanol.

We note that the hydration state of the modified LDH is a
critical parameter. Delamination was only observed when the
organo-LDH compounds were previously dried under vacuum
at room temperature for 1 day but not when a freshly wet
prepared LDH was used or if the [Zn,Al-DS] was thoroughly
dried under vacuum at 80 °C for 4 h. Such intense drying leads
toanew DS containing LDH phase with asmaller basal spacing
of 1.68 nm corresponding to atilted intertwined DS singlelayer.
ThisLDH displays adensely packed structure which isresistent
to exfoliation. It appears that the use of butanol with a boiling
point higher than that of water and reflux conditions allows for
arapid replacement of all the intercalated water molecules by
the solvent molecules. This seems to be the key process to
completely exfoliate of the solid material.

When butanol is removed from the colloidal solution by
evaporation (120 °C) or by lyophilization, a new LDH phase
([Zn2Al-DS) ecov) isobtained with larger size and well oriented
platelets as shown by an SEM micrograph [Fig. 3(a)]. This
extended bidimensional orientated material displays a basa
spacing of 2.93 nm in accord with incorporation of butanol in
theinterlamellar spaces. Thetypical ‘sand rose’ morphology of
the LDH precursor is then lost and a thin film of LDH is
obtained.

Comparison between FTIR spectra of the oriented LDH and
[ZnAl-DS), particularly in the 400-1800 cm—1 wavenumber
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Fig. 3 SEM micrographs of () [ZnyAl-DS|iecov and (b) [ZnoAl—
COxlrecov-

range in with unchanged lattice vibrations are superimposed on
surfactant vibrations, confirms that the LDH structure is
retained after delamination. When NaCl or Na,CO; are added to
the colloidal solution, flocculation of particles occurs and
reversible back anion exchanges to give [Zn,Al—-Cl] ecov and
[Zn2Al-CO3] ecov results (Figs. 1, 3(b)). Therecovering of LDH
structures under solvent extraction or precipitation confirmsthe
presence of delaminated LDH in the colloidal solution.

The preparation of colloidal solutions of LDHS appears to be
of substantial importance for the development of novel
chemistry of the LDHSs. It is now possible to develop the
chemistry of LDHs in non-agueous media, e.g. for electro-
chemistry applications. Ultrathin films based on LDHs can now
easily be prepared by a soft chemistry route. Preparations of
novel based-L DH materialswith improved chemical or porosity
properties are now envisaged through interstratified LDH/LDH,
LDH/clay, LDH/polymer or nanoporous LDH/SiO, materials.
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