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Abstract−−−−−−−− A new organic-inorganic hybrid ma-
terial was obtained by the intercalation of L-(-)-malic 
acids into Magnesium Aluminum layered double hy-
droxides (LDHs). The intercalation was performed 
by reprecipitation and coprecipitation method, re-
spectively, from which high crystallized su-
pramolecular chrial materials were obtained and L-
(-)-malic acid was orientated perpendicularly be-
tween layers without carbonate ions. The structure 
of supramolecular chrial materials was character-
ized using XRD, FT-IR and DSC-TG, EA, ICP, and 
the supramoleclar structural model of the compound 
was given. 

Keywords— Layered double hydroxides, L-(-)-
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I. INTRODUCTION 

Hydrotalcite-like compounds, also known as anionic 
clays or layered double hydroxides (LDHs), have been 
investigated mainly because of their potential industrial 
uses such as catalysts, electrodes, ion exchangers, opti-
cal hosts and antacids (Cavani et al.,1991; Qiu and Vil-
lemure 1997). Among layered compounds, LDHs and 
organo-LDHs represent one of the most technologically 
promising materials because of their relative ease of 
preparation (Boclair et al., 2001). The LDHs also can be 
described as layered compounds of brucite-like structure 
(Mg(OH)2), with positively charged layers due to a par-
tial substitution of divalent M2+ metals by trivalent M3+ 

metals. Between the layers there are counter anions to 
balance the electrical charge and coordinating water 
molecules (Nakayama et al., 2004; Khan et al., 2001). 
Its general formula: [M2+

1-xM
3+

x(OH)2]
x+(An-

x/n).mH2O, 
where M2+ and M3+ can be any divalent and trivalent 
metal ions (with ionic radius similar to Mg2+), x is the 
metal ratio M3+/(M2++M3+) and An- is the interlamellar 
charge-compensating anion. Certain bulky organic ani-
ons may be used as pillaring agents via anion exchange. 
LDHs are used for preparing pillared layer materials, 
most frequently organo-LDHs (Parida and Das, 2000; 
Ambrogi et al., 2001). It is especially so, if the pillars 
are chiral, as these quasi two-dimensional channel sys-
tems are not only well defined structures with huge pore 
openings, but the optically active pillars create a chiral 
environment. Materials like these may be easily found 
using in chiral field (Aisawa et al., 2001; Jiao et al., 
2008).  

The paper reports the intercalation of L-(-)-malic 
acid (MA), served as a model of chiral drug, into LDHs 
through two different methods, reprecipitation and co-
precipitation. The interaction between the host sub-
stance LDHs and the guest molecules MA was investi-
gated. And then, the supramolecular structural model of 
the compound is suggested. 

II. EXPERIMENT 

A. Synthesis of LDHs 
All reactants used in this work have high purity degree 
and all water used is distilled.  This paper adopted the 
Reichle method (Dos Reis et al., 2004) to synthesize 
LDHs. Solution A was prepared by dissolving quantita-
tive MgSO4·7H2O and Al2(SO4)3·18H2O in distilled wa-
ter maintaining a [Mg2+]/[Al 3+] molar ratio of 2. Solu-
tion B was prepared by dissolving quantitative NaOH 
and Na2CO3 (with a slight excess) in distilled water. 
LDHs was prepared by adding solution A to solution B 
in 3-4h with vigorous stirring while maintaining the pH 
> 9. The material obtained was submitted to hydrother-
mal treatment at 70 °C for 20 h. The slurry was centri-
fuged and washed several times with warm deionized 
water until neutral pH was reached and finally dried at 
70 °C for 18 h. 

B. Reprecipitation method (Ren et al., 2003) 
L-(-)-malic acid pillared LDHs (MA-LDHs) was pre-
pared by adding superfluous MA (6.5 g) to a suspension 
of the above LDHs in 100 ml distilled water. The sus-
pension slowly dissolved with effervescence and a clear 
solution was obtained. This solution was added drop-
wise to an alkaline solution (NaOH (2.0g) dissolved in 
100 ml decarbonated water) maintaining the pH above 
9, followed by refluxing for 6 h at 140 °C. The resulting 
solid was recovered by filtration, washed, and dried at 
75 °C for 14 h, giving the MA-LDHs that is named as 
sample 1. 

C. Co-precipitation method (Aisawa et al., 2001) 
7.70 g (0.03 mo1) of Mg(NO3)2·6H20 and 5.75 g (0.015 
mo1) of Al(NO3)3·9H20 were both dissolved in 20 mL 
of decarbonated water (solution C). 5.94 g (0.485 mo1) 
of sodium hydroxide and 3.91 g MA were both dis-
solved in 70 mL of deionized water (solution D). Solu-
tion C was added dropwise under vigorous stirring and 
nitrogen atmosphere to a 250 ml three-neck round-
bottomed flask. During the procedure, the pH value was 
maintained constant by continuous addition of NaOH 
solution (PH>8). The slurry was vacuum dried in an 
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oven at 75 °C for 24 h. The intercalation product thus 
obtained is named as sample 2. 

D. Characterization 
Powder X-ray diffractometry (XRD) measurements 
were performed on a Rigaku Rint 6000 powder X-ray 
diffractometer, using Cu\Kα radiation at 30 mA, 40 kV. 
Fourier transform infrared (FTIR) spectra were obtained 
using a NICOLET AVATAR 360 FTIR spectropho-
tometer by the standard KBr disk method. DSC-TG 
measurement was conducted on Netzsch STA-449C 
thermal analyzer under air with a heating rate of 10 °C 
min-1 up to 1000 °C. EA and ICP were performed by 
Elementar vario EL III analyzer and SHIMADZU ICPS 
7510 Emission Spectrometer respectively. 

III. RESULTS AND DISCUSSION 

A. Control of intercalated layer’s condition 
The molar ratio of Mg/Al in intercalation product ob-
tained is 2, the XRD pattern for the LDHs, consisted of 
both sharp and symmetrical peak and some high angle 
asymmetrical peak. This provides evidence of character-
istic reflections corresponding to a well-crystallized lay-
ered phase (Fig.1 a). 

The MA-LDHs synthesized by coprecipitation and 
reprecipitation method are mainly affected by the tem-
perature of reactive system, pH, molar ratio of 
MA/LDHs, reactive time. The solvent must be decar-
bonated water lest the carbon dioxide intercalate into the 
MA-LDHs and influence the crystal structure. 

B. Crystal structure 
The powder XRD patterns of the materials are typical of 
layered material, showing the basal peak and higher or-
der reflections at low angle. The patterns of LDHs, 
sample 1 and sample 2 are shown in Fig.1. a, b, and c. 
The diffraction peaks (003), (006), (009) and (110) are 
easily recognized. The diffraction Peak (003) of LDHs 
shifts to lower angle after MA being intercalated into 
LDHs in sample 1 and 2, and their interlayer spaces are 
calculated as 1.25 nm and 1.21 nm (Table 1), respec-
tively. These values indicate that an expansion of the in-
terlayer spacing, compared with the LDHs (d003: 0.76 
nm), may be caused by the MA intercalation into LDHs 
by both reprecipitation and coprecipitation methods. 
Given the thickness of the brucite-like layer of LDHs of 
0.48 nm (Boclair et al., 2001), the gallery height are 
0.77 nm and 0.73 nm, respectively. 

These values match up to the chain length of MA, 
which demonstrates a monolayer arrangement for the 
intercalated MA oriented perpendicular to the LDHs 
layers and the carboxyl of MA joint with LDHs layers. 
The intercalation of MA anions are clearly seen in each 
case by virtue of the expanded interlayer space. Com-
paring with LDHs, the MA-LDHs have an inirratic spi-
culate peak which is proper of sandwich. All of these 
demonstrate that MA intercalated into LDHs by repre-
cipitation and coprecipitation methods successfully. 

From Fig. 1, it is also clearly observed that the re-
flection line of diffraction peak (ambient 60.8° (110)) 
was not moved, which indicates the intercalation of the 

MA has not changed the structure of layer but only has 
changed the interlayer space. 

C. FTIR spectra 
The LDHs and MA-LDHs materials are further con-
firmed by examination of the FTIR spectra shown in 
Fig. 2. a, b and c. The IR spectra of LDHs shows very 
broad bands at ambient 3448 cm-1, relating to the υ 
(OH) stretching vibration of hydroxyl groups of the host 
layers and to the interlayer and physically absorded wa-
ter molecules. The absorption peak of the spectra corre-  
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Fig. 2. FTIR spectra for Mg-Al-LDHs (a) and L-(-)-malic 
acid-LDHs. (b-reprecipitation ,c-coprecipitation) 

 
Fig. 1. Powder XRD patterns for Mg-Al-LDHs.  (a) L-(-)-
malic acid-LDHs, (b)-reprecipitation, (c)-coprecipitation 
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Table 1.  XRD date of diffraction peaks of LDHs and L-(-)-malic acid -LDHs 
2 θ/ (◦) D/nm 
L-(-)-malic acid -LDHs L-(-)- malic-LDHs 

Dif-
fraction 
Peaks Mg-Al-LDHs 

coprecipitation reprecipitation 
Mg-Al-
LDHs coprecipitation reprecipitation 

003 11.5 7.2 7.1 0.76 1.21 1.25 
006 23.3 14.7 14.6 0.38 6.0 0.61 
009 34.5 21.3 21.2 0.26 0.41 0.42 
110 60.8 61.8 61.4 0.15 0.15 0.15 

Table 2 Chemical compositions (wt%) and structural formulae of samples 
Sample Mg Al C Mg/Al Structural formula 
LDHs 22.1 9.4 _ 2.03 Mg0.67Al 0.33(OH)2(CO3)0.23·1.20 H2O 
DBTA-LDHs 15.1 8.7 45.4 1.94 Mg0.66Al 0.34 (OH)2[C4H4O5]0.230.94 H2O 

 

 
 
sponding to symmetric vibration of CO3

2- at 1363 cm-1 
and the peak of the spectra at 788 cm-1 is attributed to 
bending vibration of CO3

2-. The peaks of the spectra 
corresponding to the lattice vibration modes are attrib-
uted to M-O (840 and 650 cm-1) and O-M-O (430 cm-1) 
vibrations. The characteristic peaks of CO3

2- in the curve 
b and c disappeared, and two new bands at 1575 cm-1 
and 1400 cm-1 are due to anti-symmetric vibration and 
symmetric vibration of υ (coo-) mode, respectively. All 
of these demonstrate that MA is intercalated into the 
LDHs (Kloprogge and Frost, 1999). 

D. Supramolecular structure 
The supramolecular structure of MA-LDHs depicted in 
Fig. 3. The height of gallery in sample 1 and 2 are 0.77 
nm and 0.73 nm once the thickness of LDHs layers 
(0.48 nm) (Boclair et al., 2001)has been measured. It 
demonstrates that MA is intercalated into the LDHs. 
The supramolecular force is attributed to two main in-
teractions, hydrogen bond and covalent bond. The cova-
lent bond existed inside of layers is strong while the in-
teraction existed the interlayers is weak. The host sub-
stance and guest molecules form inorganic-organic 
chiral material through the interactions of electrovalent 
bond, hydrogenolysis, Van der Waals Force. 
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Fig. 4 .DSC-TG curves for Mg-Al-LDHs 

E. DSC-TG analysis 
The thermal behavior of the LDHs and MA-LDHs was 
examined by DSC-TG. The LDHs (Fig. 4.) losses 
22.82% of its weight in the first step, and about 12.17% 
in the second step. The corresponding DSC curve shows 
the first decalescent peak at 110 °C arising from loss of 
surface adsorbed water. And the second decalescent 
peak is observed around 234 °C resulting from dehy-
droxylation of the brucite-like layer and decomposition 
of intercalated carbonate anions. After the intercalation 
of MA into LDHs host, the thermal decomposition 
characteristics of the resulting product are significantly 
different from the precursor. The DSC-TG curves of 
MA-LDHs is shown in Fig. 5. Comparing the DSC 
curves of LDHs with MA-LDHs, a significant change 
can be seen on the thermal behavior of the materials af-
ter intercalation. Liberation of absorbed water from the 
galleries of the intercalate result in an endothermic peak 
at 234 °C in the DSC curve, approximately 120 °C  
higher than the corresponding peak for the LDHs indi-
cating that the water is more strongly bound in the inter-
layer galleries after intercalation of the MA. The TG 
curve shows two weight losses, the first one, 15.93% of 
weight, is attributed to the elimination of surface ab-
sorbed and interlayer water, another weight loss due to 
the dehydroxylation and combustion of MA is observed 
in the temperature of 454 °C. The account of water in-
corporated in the MA-LDHs according to the TG data is 
approximately 15.93%, which compares well with a  
 

Fig.3  Sketch of L-(-)-Malic acid-LDHs 
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Fig. 5. DSC-TG curves for MA- LDHs 

calculated value for Mg0.66Al 0.34(OH)2 (C4H4O5)0.23. 
0.94H2O of 16.0%. In the case of the MA-LDHs, the 
combustion of the intercalated MA is shown in the main 
exothermic peaks in the temperature region 454 °C, 
which are higher than the combustion temperature re-
gion(250-330°C) of MA. It indicates MA is intercalated 
into the LDHs. The thermal stability of intercalated 
LDHs increased when the MA is intercalated into LDHs 
layers.  

Based on IR spectra and DSC-TG curves, it is possi-
ble to indicate the existence of an interattraction induced 
by supramolecular interaction between the host LDHs 
layers and the guest MA molecules. 

F. Element chemical analysis 
The results from elemental chemical analysis (metals) 
are included in Table 2.  

IV. CONCLUSIONS 

In this work, a new organic-inorganic hybrid materials 
have been synthesized by the intercalation of MA into 
LDHs by coprecipitation and reprecipitation method. 
From the results of characterization, it indicates that the 
reprecipitation method is better than coprecipitation 
method. The MA-LDHs have a crystallized su-
pramolecular, inoganic-organic chiral structure and well 
thermal stability. Their interlayer spaces are expanded 
to 1.25 nm and 1.21 nm, respectively. These data in this 
paper suggest a monolayer arrangement for the interca-
lated MA oriented perpendicular to the LDHs layers. 
The thermal stability of intercalated LDHs increased 
when the MA is intercalated into LDHs layers. 
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