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SYNTHESIS AND STRUCTURAL CHARACTERISATION OF LDH- 
ORGANIC INTERCALATES 

WINNIE KAGUNYA, MALAMA CHIBWE AND WILLIAM JONES* 
Department of Chemistry, University of Cambridge, Lensfield Road, 
Cambridge CB2 lEW, UK 

Abstract A range of layered double hydroxide-organic intercalation 
compounds have been prepared and characterised using powder XRD and 
IR spectroscopy. Two procedures have been used to prepare the 
intercalates. The first is by the conventional co-precipitation direct 
synthesis method. The other involves the so-called rehydration route. In 
most cases comparable results are obtained by both methods. Depending 
upon the nature of the anion both monolayer and bilayer guest 
arrangements seem possible. 

INTRODUCTION 

There is currently much interest in the synthesis and application of layered 
double hydroxides (LDHs) and in particular in procedures for incorporating large 
anionic species into the gallery regions of such host matrices.lv2 The layer charge 
carried by LDHs, however, is significantly larger than that found in clays - 
particularly those clays with catalytic potential.3 Several approaches to anion- 
incorporation in such high charge materials have, therefore, been reported, 
including various anion exchange processes, direct synthesis (co-precipitation) 
and rehydration after calcination.4-9 Both organic and inorganic guests have 
been incorporated. 

We describe here the synthesis of a range of aromatic organic intercalates 
(benzoate, terephthalate, p-toluene-sulphonate, trans-cinnamate, l-naphthoate- 
carboxylate and 9-anthracene carboxylate) and compare the properties of these 
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materials as a function of the method of preparation. Two methods of synthesis 
are used. The first is by co-precipitation (CP) and the second by rehydration of a 
previously calcined host (RM). We begin by comparing RM and CP as general 
strategies for preparing organic intercalates and then discuss specifically the role 
of the RM method as a general synthetic procedure. 

EXPERIMENTAL 

We have used a magnesium-aluminium carbonate LDH (Mg:Al ratio of 2:l) as the 
parent material for the present study. The respective intercalates will be 
designated as MGBE (benzoate), MGTE (terephthalate), MGPT (p-toluene- 
sulphonate), MGCN (trans-cinnamate), MGNA (1 -naphthoate-carboxylate) and 
MGAT (9-anthracene carboxylate). 

(i) Synthesis via the co-precipitation method (CP).43 
Typically, an organic solution was prepared by mixing 0.1 moles of organic acid 
and 0.2 moles of NaOH in 200 ml of deionized water. Into this was added, over a 
one hour period and with extensive nitrogen purging and vigorous stirring, a 
solution containing 0.2 moles of Mg(N03)2.6H20 and 0.1 moles of 
Al(N03)3.9H20 in 160 ml water. The resulting gel was then aged at 75 f 2 "C for 
18 hours, cooled and filtered. The material was dried at 105 "C for 18 hours and 
then analysed. 

(ii) Synthesis via the rehydration method (RM).* 
0.1 moles of the organic acid and a stoichiometric amount of sodium hydroxide 
were added to 100 ml of water at 68 f 3 "C, purged with nitrogen and refluxed 
for 25 minutes. The pH values of the various solutions were observed to lie 
between 10 and 11.5. The pH of the solution was then slowly lowered to 4.5 by 
the addition of the corresponding acid. After maintaining this pH for 25 minutes, 1 
g of MgAl carbonate LDH which had been calcined at 550 "C for 18 hours was 
added. The mixture was stirred for 25 minutes and then filtered, washed under N2 
with hot water, and dried in an evacuated desiccator overnight. In the synthesis 
of the MgAl LDH intercalated with 9-anthracene carboxylate anions, washing of 
the LDH with acetone was necessary before drying to remove the carboxylic acid 
which had been adsorbed on the surface. 
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RESULTS AND DISCUSSION 
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The powder X-ray diffraction patterns (CuKa radiation) for MGBE obtained via 
the RM and CP methods are shown in Fig. 1. The patterns are characteristic of an 
intercalated LDH although there are significant differences in the interlayer 
spacing and the peak widths, with the reflections of the CP product being 
narrower than those of RM. Indexing of the patterns conf i i s  that each contain 
only a single phase. The d-spacing for the lowest (001) reflections are 16.33 and 
7.74 A for RM and CP respectively, which assuming the thickness of the cationic 
layers in the LDHs to be similar to that of brucite (4.8 A), results in gallery heights 
of 11.53 and 2.94 8, for the RM and CP products respectively. The largest 
dimension of the benzoate anion is approximately 8.6 8, i.e. ca. 25 % less than the 
gallery height of the product prepared via RM. The value associated with the CP 
route probably indicates carbonate or hydroxide rather than benzoate anion 
incorporation. 

The X-ray diffraction patterns for the terephthalate intercalates are shown 
in Fig. 2. The patterns may be indexed on the basis of a unit cell of dimensions a 
and c of 3.04 and 14.69 A, and 3.05 and 14.41 8, for RM and CP products 
respectively. Such interlayer values are consistent with a theoretical d-spacing 
value of 14.6 A for an LDH intercalated with terephthalate anions oriented close 
to perpendicular to the cationic layers.5J0 

The diffractograms for MGAT and MGNA intercalates prepared using RM 
index to a repeat distance of 21.64 and 20.43 8, respectively. With a single row of 
anions perpendicular to the cationic layers an interlayer spacing similar to that for 
a benzoate anion intercalate (i.e. 13.4 A) would be expected. The actual values 
suggest, however, that bilayer-like arrangements of 9-anthracene carboxylate and 
1-naphthoate carboxylate anions may in fact be present within the galleries. The 
possibility of anions intercalating so as to form bilayers is supported by work on 
single-crystal data on pure sodium salts of chloro-cinnamate anions.11 Such an 
arrangement allows a favourable electrostatic interaction of the carboxylic group 
with the cationic layer and a van der Waal interaction between the hydrocarbon 
part of the guest molecules. The XRD patterns for MGAT and MGNA indicate, 
however, that additional phases are present. It is not clear at this stage whether 
this is the result of hydroxide or carbonate intercalation or perhaps the organic 
molecule lying parallel to the LDH sheets. All three possibilities would result in 
similar d-spacings. 
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Diffraction patterns characteristic of an intercalated material are also 
observed for MGCN and MGPT prepared via RM. The repeat distances are 19.86 
8, for MGCN and 18.84 8, for MGPT. These should be compared to the calculated 
values of 15.7 and 14.8 A respectively based on simple geometrical models. The 
differences in the observed and expected interlayer spacings suggest that p- 
toluene sulphonate and trans-cinnamate anions are not arranged as a single row 
between the cationic sheets. The pattern for MGPT suggests that an additional 
phase (possibly formed by the intercalation of either carbonate or hydroxide 
anions in the galleries or the p-toluene sulphonate anions oriented parallel to the 
cationic layers) is also present. 

102030405060 70 
20 I degrees 

Fig. 1. Powder X-ray diffraction 
patterns of (a) MgAl LDH after 
calcination, (b) MGBE via RM 
and (c) MGBE via CP 

20 I degrees 

Fig. 2. Powder X-ray diffraction 
patterns of (a) MgAl LDH after 
calcination b) MGTE via RM 
and (c) MGTE via CP 
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Infra-red spectroscopy confirms that the incorporation of organic guest is 
possible by both routes. Fig. 3 shows the infrared spectra of the parent LDH 
before and after calcination to the precursor. The spectra indicate some residual 
carbonate in the precursor.l* The infrared spectra of MGCN prepared via RM is 
shown in Fig. 4. The relatively broad bands are likely to be the result of the 
overlap of peaks due to 'free' and intermolecular hydrogen bonded vibrations of 
the 0 - H  groups. Hydrogen bonding is expected between the interlayer water and 
the structural hydroxide groups as well as with the guest anions. 

There is some evidence from IR that acid molecules may be present in the 
interlayer region. These may be due to two factors. The carboxylic acid molecules 
may be intercalated along with the carboxylate anions (as has been observed in 
studies of the structure and dynamics of LDHs intercalated with fatty acids)l3. 
Alternatively, some of the carboxylate anions may be strongly bonded to the 
hydroxide groups in the cationic layers such that they exhibit vibrations as 
though they were in the neutral acid form. 

Fig. 3. IR of (a) MgAl LDH with 
carbonate as the charge-balancing 
anion and (b) after calcination 
to give the RM precursor. 

Fig. 4. IR spectra of (a) the 
precursor for RM synthesis and 
(b) product following exposure 
to a solution of sodium cinnamate 
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DISCUSSION 

An aim of this study has been to further investigate the rehydration route as a 
means of incorporating organic anions and to investigate whether there is any 
significant difference between the properties of the materials so produced and 
those made by direct synthesis. For most guest species comparable XRD and IR 
results are obtained. Where there are differences it is likely that slight variation in 
preparation procedure will allow for improved synthesis. There is evidence that 
neutral organic molecules may be introduced during synthesis. 

A variety of structural patterns may be adopted by the guest within the 
interlayer region - either as a monolayer or in some instances bilayers. Further 
details concerning possible models will be presented elsewhere and methods for 
improving the crystallographic order of such intercalates will be described. The 
use of glycerol in assisting the incorporation of guests via the rehydration route 
has already been shown to influence the quality of the product via RM.14 
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