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A layered double hydroxide–oleate intercalation compound
was successfully synthesized by a reconstruction method under a
hydrothermal condition from calcined hydrotalcite. The LDH–
oleate intercalation compound exhibits attractive properties such
as the reversible themoresponsive change in the basal spacing
and the swelling in organic solvents.

Intercalation of organic guest species into layered inorganic
solids is a way of producing ordered inorganic–organic assem-
blies with unique microstructures controlled by host–guest and
guest–guest interactions.1 Layered double hydroxides (LDHs)
are a class of layered materials, which consist of positively
charged brucite like layer, where someM2þ cations are substitut-
ed with M3þ cations to give positive charge, and the charge com-
pensating interlayer exchangeable anions.2 LDHs have exten-
sively been investigated for such applications as catalysts,3 ad-
sorbents,4 ceramic precursors,5 reaction media for controlled
photochemical,6 and electrochemical reactions,7 and bioactive
nanocomposites.8 For the cation exchangeable layered materials,
cationic surfactants have been intercalated and the properties of
the resulting intercalation compounds have been investigated ex-
tensively.9 The intercalation of unsaturated alkylammonium ions
into smectite and the effects of unsaturation on the nanostruc-
tures have been reported.16 As to the LDHs, the intercalation
of anionic surfactants has also been reported,10–15 however, the
variation of the materials and the characterization and properties
of them are still lacking. In the present study, we examined the
synthesis and characterization of an oleate intercalated LDH.

Three methods, ion exchange, coprecipitation, and recon-
struction have been used for the synthesis of the intercalation
compounds of LDH.2 The reconstruction method, which was
usually conducted under ambient pressure, was conducted under
a hydrothermal condition in the present study. Following is a
typical synthetic procedure; 0.200 g of hydrotalcite, which was
synthesized by the hydrothermal method reported previously,15

was calcined in air at 600 �C for 24 h. The calcined hydrotalcite
was allowed to react with 70mL of an aqueous solution of
sodium oleate (the concentration was 3:5� 10�4 mol/L) in a
Teflon-lined autoclave at 150 �C for 1 d. After cooling to room
temperature, the solid precipitate was collected by centrifugation
and washed with deionized water for three times and dried at
60 �C.

A sharp diffraction peak with the d value of 3.9 nm accom-
panying higher reflections was observed in the X-ray diffraction
pattern21 of the product (Figure 1), indicating the formation of a
layered material. The infrared spectrum18 of the product showed
the absorption bands characteristic to oleate anion such as C–H
stretching vibration (2935 and 2863 cm�1) and COO� (1450 and
1400 cm�1). From the chemical composition of the product (Mg:

10.6, Al: 5.5, C: 45.8mass%, which was determined by CHN
analysis and ICP), the chemical formula was determined to be
Mg0:68Al0:32(OH)2.0.33(C18H34O2

�). These results confirmed
the successful formation of the LDH–oleate intercalation com-
pound. By the reconstruction under ambient pressure, intercala-
tion compounds with similar basal spacings were obstained,
though the diffraction peaks were weak as shown in Figure 1c
for the product prepared at room temperature for 24 h. The lower
oleate content of the product prepared at room temperature is a
reason for the weak diffraction peaks. Thus, the importance of
the hydrothermal condition to prepare intercalation compounds
with high structural regularity was shown. Recently, it was re-
ported that the intercalation of metal oxalato complexes into
LDHs proceeded under a hydrothermal condition and that the
products contained no carbonate contaminants.19 The present
LDH–oleate intercalation compound also contained no carbo-
nate. Thus, the complexation of LDHs with organic anions under
hydrothermal conditions seems to be effective ways to synthe-
size intercalation compounds.

Figure 2a shows the SEM image of the LDH–oleate interca-
lation compound.20 The hexagonal platy morphology (Figure 2b)
of the hydrotalcite used as the precursor15 was retained.

As a characteristic of the present LDH–oleate intercalation
compound, thermal change in the nanostructure was investigated
using in situ XRD diffraction study in the temperature range
between �50 �C and 140 �C.17 Figure 3 shows the variation of
the X-ray diffraction pattern of the LDH–oleate intercalation
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Figure 1. X-Ray powder diffraction patterns of the (a) hydrotalcite
and (b and c) the LDH–oleate intercalation compounds prepared
under hydrothermal condition (b) and at room temperature (c).
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compound recorded during the heating and cooling. The basal
spacing decreased upon cooling (3.4 nm at �50 �C) and subse-
quent heating resulted in the recovery of the basal spacing to
the original value (3.9 nm). The change was thought to be due
to the packing density of the intercalated oleate. The thermal be-
havior observed in the present system reminds researchers to in-
vestigate the effects of temperature on the properties of LDH–or-
ganic intercalation compounds especially as a filler to organic
polymers.

Another notable property of the present LDH–oleate interca-
lation compound is the swelling in organic solvents. Figure 4 is a
photograph of the suspension containing 25mg of the LDH–
oleate intercalation compound in 40mL of n-hexane after mag-
netic stirring for 60min. The transmittance at the wavelength of

600 nm was 30% for the present suspension.
In summary, we have successfully synthesized an oleate–

Mg/Al LDH intercalation compound by the reconstruction
method under hydrothermal condition. The LDH–oleate interca-
lation compound exhibits such unique physicochemical proper-
ties as swelling in organic solvents and reversible thermal nano-
structural change.
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Figure 2. Scanning electron micrographs of (a) the LDH–oleate
intercalation compound and (b) the LDH–CO3

2� used as the pre-
cursor. Scale bar: 20mm.
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Figure 3. The in situ XRD patterns of the LDH–oleate intercala-
tion compound at the temperature range between �50 and 140 �C.

Figure 4. Photograph of the suspension of the LDH–oleate inter-
calation compound in n-hexane.

Chemistry Letters Vol.34, No.6 (2005) 811

Published on the web (Advance View) May 14, 2005; DOI 10.1246/cl.2005.810


