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 The anion of hippuric acid, hippurate (A-), as an organic guest was intercalated into the interlayers of anionic clay, Zn/Al 
hydrotalcite-like or layered double hydroxides (LDH) host by direct co-precipitation method from aqueous solution for the 
formation of new nanohybrid compounds, Zn/Al-hippurate nanohybrids (ZAHs). Various Zn/Al molar ratios (R) = 3-5 and 
concentrations of HA (0.06-0.15 M) were used for the synthesis. ZAHs synthesized, using 0.15 M HA, was found to give well-
ordered layered nanohybrid materials with an increase of the basal spacing to 19.6-21.0 Å compared to 8.8-9.0 Å in the LDHs. 
The increase in the basal spacing is due to the insertion of A- organic moiety into the LDH interlayers. Formation of the host-guest 
type of material was confirmed by XRD, FTIR, TGA/DTG and compositional analysis. The release of the intercalated guest was 
found to be tunable in a controlled manner by Zn/Al molar ratio and is governed by pseudo-second order kinetics. Thus, by 
varying the experimental conditions, the release property of the guest anion can be tailored as required. 
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INTRODUCTION 
 
 Layered double hydroxides (LDHs), also known as 
hydrotalcite-like materials or anionic clays consist of a large 
group of natural and synthetic materials. They are formed 
when an appropriate combination of metal salts is exposed to a 
base. This leads to the formation of positively charged mixed 
metal hydroxide layers, which require exchangeable anions to 
counterbalance the positive charge [1]. The compound also 
contains various amounts of water, which is bonded to the 
hydroxide   layer  and/or  to  the  interlayer  anions,  where  the  
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metal   cations   are   octahedrally   coordinated  by  hydroxide 
groups [2]. LDHs consist of brucite-like material, Mg(OH)2. 
Each Mg2+ ion is octahedrally surrounded by six OH- ions and 
different octahedral share edges to form an infinite two-
dimensional layer. Divalent cations are partially iso-
morphously replaced by trivalent cations giving positively 
charged layers with interlayer charge-compensating anionic 
species [3]. 
 LDH can be represented by [M2+

1-xM3+
x(OH)2]An-

x/n. 
mH2O, where M2+ and M3+ are divalent and trivalent metal 
ions, respectively, An- is the interlayer anions and x as the 
M2+/[M2+ + M3+], i.e. the mole fraction of M2+ in the inorganic 
brucite layers. 
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 Among the applications of LDHs are: adsorbents for the 
removal of organic and inorganic pollutants from water, ion-
exchangers, catalyst precursors, and in pharmaceuticals for 
drug release and delivery [2,4-8]. This is due to the property of 
LDHs, which have high anionic capacity compared to cationic 
clays such as smectite and vermiculite [9]. 
 Co-precipitation method is one among many others 
adopted by many researchers to synthesize LDHs and their 
nanohybrids due to the presence of homogeneous starting 
materials [10]. Synthesis of LDHs with anions such as NO3

- 
and Cl- as counter anions has received great attention in recent 
years because of their large anion-exchange capacity [10-11]. 
Previous studies show that pH plays an important role in 
determining the resulting properties of Zn/Al-LDH and the 
exchange of nitrate by phosphate ions [12]. The anion 
exchange property was also observed when chromate was 
incorporated into LDHs to study their possible uses as 
chromate scavenging agents for green chemistry applications 
[13]. In addition, various ratios of the cations used, namely 
(M2+ = Mg, Cd, Co, Zn and Fe; M3+ = Al, Cr, Ga and Mn) have 
been previously studied to determine their effect on the 
formation of nanohybrids [7,14-15]. 
 A variety of anionic species can be intercalated into the 
interlayer of LDHs and the interlayer will expand to 
accommodate the bulky size of the guest. The formation of the 
so-called nanohybrid or nanocomposite materials can be 
accomplished by using different organic moieties [5] and 
different routes of synthesis [4,16]. 
 The objective of this study is to use Zn-Al-hydrotalcite-
like synthetic mineral, as an inorganic host for the formation 
of well-ordered, phase-pure 2D layered nanohybrid material 
by intercalation of A- into the mineral host using direct co-
precipitation method. The resulting material is subsequently 
used as a controlled release formulation by studying its release 
property.  
 
EXPERIMENTAL 
 
Chemicals 
 The chemicals used in this study were aluminum nitrate 
nanohydrate (Al(NO3)3.9H2O, HMBG), zinc nitrate 
tetrahydrate (Zn(NO3)2.4H2O, MERCK), sodium hydroxide 
(NaOH, SYSTERM), hippuric acid (HA) (C9H9NO3, ACROS) 
and   anhydrous   sodium   carbonate   (Na2CO3,  HMBG).  All  

 
 
chemicals were used without any purification. Purified 
nitrogen gas was used for the N2 atmosphere to avoid 
carbonate (CO3

2-) contamination due to the absorption of CO2 
from the air.  
 
Synthesis of the LDH and Its Nanohybrid 
 Direct co-precipitation method was used to intercalate A- 
into the interlayer of LDH. All experiments were done under 
N2 flow to avoid the contamination by atmospheric CO2. The 
HA solution was added into a solution containing Zn(NO3)2 
and Al(NO3)3 with different Zn/Al molar ratios, R, of 3, 4 and 
5 with vigorous stirring. The resulting solution was adjusted to 
pH 7.5 by simultaneous addition of 1.0 M NaOH solution. 
Various concentrations of HA were used for the synthesis, 
including 0.06, 0.08, 0.10 and 0.15 M. The resulting solution 
was aged for 18 h in an oil bath shaker at 70 °C, filtered, 
washed and dried in an oven at 65 °C for 2 days. A similar 
method was used to prepare Zn/Al-LDH with nitrate as the 
intergallery anion (LDH) by omitting the addition of HA 
solution into the mother liquid. 
 
Characterizations 
 The resulting materials were characterized by a powder x-
ray diffractometer (Ital Structure APD 2000) and a Fourier 
transform infrared spectrometer (FTIR) model Thermo Nicolet 
Nexus, using KBr pellet technique in the range of 400-4000 
cm-1 with a resolution of 4 cm-1. The surface characterization 
of the samples was carried out by adsorption-desorption of 
nitrogen gas at liquid nitrogen temperature (77 K), using a 
Micromeritics ASAP 2000 instrument. Inductively coupled 
plasma-atomic emission spectroscopy (ICP-AES), using a 
Perkin Elmer Spectrophotometer model Optima 2000DV and 
CHNS Analyzer model CHNS-932 (LECO) were used to 
analyze the chemical composition of the samples. 
Thermogravimetric and differential thermogravimetric 
analyses (TGA/DTG) were carried out using a Mettler Toledo 
TGA/SDTA851 thermogravimetric analyzer with heating rate 
of 10 °C min-1 between 35-1000 °C, under nitrogen flow rate 
of about 50 ml min-1. The morphology of the samples was 
observed using a JEOL JSM-6400 Scanning Electron 
Microscope (SEM). 
 
Controlled Release Study 
 Release of  A-  from  the  nanohybrid  was  investigated  by 
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adding 0.6 mg of ZAHs synthesized at R = 3, 4 and 5 into 3.5 
ml of aqueous 0.0025 M Na2CO3 solution. The accumulated 
amount of A- released into the solution was measured at preset 
times using a Perkin Elmer UV-Vis Spectrophotometer model 
Lambda 35. 
 
RESULTS AND DISCUSSION 
 
Powder X-Ray Diffraction 
 Figure 1 shows the powder x-ray diffraction (XRD) 
patterns of ZAHs and LDHs that were synthesized at Zn/Al 
molar ratio, R = 3, 4 and 5 using 0.06, 0.08, 0.10 and 0.15 M 
HA at pH 7.5. Molecular structure of HA is given in the inset 
of Fig. 1. The XRD patterns show typical features of LDH and 
its intercalated compound, with sharp and intense reflection at 
low 2θ angle and less intense reflection at higher angular 
values [2]. Noteworthy also is that the intensity of the 003 
reflection of the nanohybrid generally increased as the 
concentration  of  the  HA  increased,  and at the same time the  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
ZnO phase gradually decreased. This shows that a mixed 
phase was transformed to a pure phase due to the complete 
intercalation of the A- into the LDH interlayers and this was 
achieved for all Rs values at 0.15 M HA. These materials were 
subsequently used for further characterizations (Fig. 2). In 
addition, LDHs synthesised at the same Rs were also chosen 
for comparison. As shown in Fig. 1, the basal spacing for LDH 
synthesized at R = 3, 4 and 5 is 8.8 Å, 9.0 Å and 8.8 Å, 
respectively, which is comparable to the value obtained 
previously [3]. The d-spacing for ZAHs prepared at R = 3, 4 
and 5 is 19.6, 21.0 and 21.0 Å, respectively. The increase in 
basal spacing for ZAH in comparison with their corresponding 
LDH is due to the insertion of A- which is bulkier than nitrate 
together with the spatial orientation of A- into the LDH 
interlayers. 
 
Fourier Transform Infrared Spectra 
 Fourier transform infrared (FTIR) is used to identify the 
existence of the guest anion (A-) in the interlayer  of  the LDH. 
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Fig. 1. XRD patterns of ZAHs synthesized at R = 3, 4 and 5 and 0.06-0.15 M hippuric acid at pH 7.5. Molecular  

                structure of hippuric acid is shown in the inset. 
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Fig. 2. XRD patterns of LDHs and ZAHs synthesized at R = 3,  
           4 and 5 using 0.15 M hippuric acid at pH 7.5. 

 
 
Figure 3 shows the FTIR spectra for HA, LDH and ZAH 
synthesized at R = 3, 4 and 5. The FTIR spectrum for LDH 
shows absorption band at 3442 cm-1 which can be attributed to 
OH group of the LDH. A shoulder observed at around 3000 
cm-1; is due to the hydrogen bonding between H2O and the 
anion in the interlayer [2]. A sharp and intense absorption 
band at 1384 cm-1, and a less intense absorption band at 1633 
cm-1 are due to the respective symmetric and asymmetric 
stretching of the NO3

- group. A weak band at around 600 cm-1 

can be attributed to the metal-oxygen bond stretching modes 
in the LDH sheets [4,12]. The FTIR spectrum of HA exhibits a 
band at 3342 cm-1, indicating the presence of N-H stretching. 
The bands at around 1500 cm-1 are due to the stretching 
vibration of aromatic ring, C=C, and absorption band  at  1746 
cm-1 is due to C=O stretching in the HA [17]. Figure 3 also 
shows the FTIR spectra of ZAHs synthesized at R = 3, 4 and 
5. These spectra show the combined spectral features of both 
the HA and LDH, confirming the presence of both functional 
groups   of    HA   and    LDH    in   ZAH.   This   verifies   the 
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Fig. 3. FTIR  spectra of  hippuric acid, LDH R4  and  ZAHs  
           synthesized at R = 3, 4, 5 using 0.15 M hippuric acid  

              at pH 7.5 
 
 
encapsulation of A- in the interlayer of LDH for the formation 
of a new host-guest type of material. 
 
Surface Properties 
Adsorption-desorption isotherm and surface area  
 Figure 4 shows the nitrogen adsorption-desorption 
isotherms of LDH, and ZAHs synthesized at R = 3, 4 and 5. 
All the adsorption isotherms are of Type IV indicating 
mesoporous type material (20-500 Å) [18]. The Type IV 
characteristics were observed with adsorption increasing 
slowly at low relative pressure in a range of 0.0-0.8, followed 
by rapid adsorption at relative pressure >0.8. For both LDHs 
and ZAHs, the maximum volume adsorbed increased when the 
R value increased. For the ZAHs synthesized at R = 4 and 5, 
the optimum uptake is higher than their corresponding LDHs, 
while for the LDHs synthesised at R = 3, the optimum uptake 
is lower than LDH. ZAHs synthesised at R = 4 and 5 show the 
desorption branch of the hysteresis loop  which  is  wider  than 
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LDH indicating different pore texture of the resulting 
materials. This is suggested to be due to modification of the 
pores as a result of the expansion of the basal spacing together 
with the formation of the new nanohybrid [3]. Figure 4 shows 
that the volume absorbed increases with the Zn/Al molar ratio, 
R. Table 1 shows the BET surface area of the LDHs and their 
nanohybrids, ZAHs. As shown in Table 1, except for R = 3, 
the surface area of the resulting nanohybrids is generally 
higher than their corresponding LDHs. For both of them, the 
BET surface area increased as the R values increased, except 
for the LDH synthesized at R = 3 in which the surface area 
decreased from 11.1 to 0.9 m2 g-1. The surface area of LDHs 
and ZAHs is in the range 0.9-3.4 and 0.9-11.1 m2 g-1, 
respectively. 
 Pore size distribution. The BJH pore size distributions for 
LDHs and ZAHs synthesized at R = 3, 4 and 5, as shown in 
Fig. 5, indicate that all the materials are of mesoporous-type. 
For both the LDHs and ZAHs, the pore volume generally 
increased as the R values increased. The BJH pore size 
distribution for LDH and ZAH synthesized at  R = 5 shows  an 
intense peak around 500 and 700 Å, compared to those 
synthesized at R = 4, which show less intense broad peaks at 
around 350 and 450 Å for LDH and ZAH, respectively. The 
intensity of the samples became less pronounced as the R 
value decreased to R = 3. The difference in peak values and 
pore volume values in the pore size distribution of LDHs and 
ZAHs indicate  the  modification  of  the  pore  texture  which 
occurred when  intercalation  of  A-  took  place,  in  agreement 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
with the formation of nanohybrids when A- was intercalated 
inside the LDH [4,19].  
 The BJH average pore diameter and pore volume (Table 1) 
show a general increase with increasing R for both LDHs and 
their nanohybrids. However, the pore diameter was found to 
decrease when the HA- was intercalated into the LDH 
interlayers for the formation of the ZAHs nanohybrids from 
196-145, 280-167 and 330-179 Å for R of 3, 4 and 5, 
respectively. The desorption pore volume also decreases from 
1.3 cm3 g-1 for LDH to 0.6 cm3 g-1 for ZAH at R = 3. However, 
for R of 4 and 5, the pore volumes of ZAH increase from 0.8 -
8.7 and 4.2-13.0, respectively, with respect to the 
corresponding LDH. 
 
Compositional Analysis 
 The organic and inorganic compositions of all the samples 
are compared in Table 1. The resulting R values for the 
synthesized LDHs are 2.9, 3.7 and 4.4, compared to the 
starting values of 3, 4 and 5 in the mother liquids, respectively.  
The corresponding final R values obtained for ZAHs are 2.7, 
3.7 and 4.6, respectively. For both the LDHs and ZAHs, a 
slightly lower R value than the original ones indicate that less 
Al3+ ions are actually present in the resulting nanohybrids. The 
value of mole fraction of Al3+ in the inorganic brucite-like 
layers (xAl) also decreased with the increasing of the Zn/Al 
molar ratio as shown in Table 1. 
 The presence of nitrogen in LDHs and ZAHs synthesized 
at  R  = 3, 4  and  5  obtained  from  CHNS  analysis  (Table 1) 

 
 

Fig. 4. Nitrogen adsorption-desorption isotherms: (a) LDHs ( , LDH R5; , LDH R4; , LDH R3),  
                 (b) ZAHs ( , ZAH R5; , ZAH R4; , ZAH R3). R = 3, 4 and 5 using 0.15 M hippuric acid  
                 at pH 7.5. 
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  Table 1. Physicochemical  Properties of  LDHs  and  Their  Corresponding   Nanohybrids,  ZAHs  Synthesized  at  Various  Zn/Al  
                 Molar Ratios at pH 7.5 
 

Thermal properties 
Temperature range (oC) 

Ri BS  

(Å ) 

BET-

SA  

(m2g-1) 

BJH-

DPV 

(cm3g-1) 

BJH-

APD  

(Å ) 

Rf C (%) N 
(%) 

XAl Ideal formula 

25-200 201-300 300-600 601-1000

TWL 

(%) 

LDHs 

3 8.8 1.1 1.3 196 2.9 - 3.1 

 

0.26

 

[Zn0.74Al0.26(OH)2][NO3
-]0.26.0.43H2O 

 

6.90 

 

15.89 

 

12.48 

 

2.76 

 

38.03

4 9.0 0.9 0.8 280 3.7 - 3.5 0.21 [Zn0.79Al0.21(OH)2][NO3
-]0.21.0.24H2O 3.92 28.10 - - 32.02

5 8.8 3.4 4.2 330 4.4 - 2.6 0.18 [Zn0.82Al0.18(OH)2][NO3
-]0.18.0.21H2O 3.60 12.60 10.39 - 26.59

Nanohybrids (ZAHs) 

3 19.6 0.9 0.6 145 2.7 23.0(57.3) 2.9 

 

0.27

 

[Zn0.73Al0.27(OH)2][HA]0.27.0.63H2O 

 

7.60 

 

12.72 

 

28.13 

 

4.60 

 

53.05

4 21.0 6.4 8.7 167 3.7 24.1(60.3) 2.8 0.21 [Zn0.79Al0.21(OH)2][HA]0.21.0.24H2O 3.33 1.85 33.00 19.00 57.18

5 21.0 11.1 13.0 179 4.6 22.5(55.9) 2.4 0.18 [Zn0.82Al0.18(OH)2][HA]0.18.0.43H2O 5.80 2.43 25.80 12.4 46.43

   Ri = Initial Zn/Al ratio;  Rf = Final Zn/Al ratio;  BS = Basal  spacing;  BET-SA = BET surface area;  BJH-DPV = BJH desorption  pore  volume;  
   BJH-APD = BJH average pore diameter; C = Loading of HA; TWL = Total weight loss. 
 
 

 

 
Fig. 5. BJH  pore  size distributions for  LDHs (a) and ZAHs (b) synthesized at R = 3, 4 and 5 using 0.15 M  
           hippuric acid at pH 7.5: (a) LDHs ( , LDH R5; , LDH R4; , LDH R3), (b) ZAHs ( , ZAH R5;  

                                , ZAH R4; , ZAH R3).  
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indicates the presence of nitrate and A- in LDHs and ZAHs, 
respectively. However, the presence of nitrate in the ZAHs, as 
shown by a sharp absorption band at around 1385 cm-1 in the 
FTIR spectrum (Fig. 3), can not be ruled out. This can be due 
to co-intercalation and/or adsorbed species of nitrate in the 
resulting nanohybrid materials. The percentage loading of the 
hippurate anion estimated from the percentage value of carbon 
obtained from CHNS analysis, were found to be 57.3, 60.3 and 
55.9% for the ZAHs synthesized at R = 3, 4 and 5, 
respectively. 
 
Thermal Analysis  
 Figure 6 shows the TGA and DTG curves of the samples 
which can be divided into three stages; (1) removal of 
physisorbed water from the surface and hydroxide inter layers, 
(2) dehydroxylation of the hydroxide layers and (3) 
elimination and combustion of the organic anion (A-). Stage 2 
and 3 usually overlap [5]. The range of the temperature is 
determined by the nature of the metal anions, M2+ and M3+ [1]. 
The results are summarized in Table 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 TGA-DTG thermograms of LDHs and ZAHs synthesized 
at R = 3, 4 and 5 (Fig. 6) indicate the removal of water 
physisorbed on the external surface and between                 
the    hydroxides   layers   well   below   200 °C.   For   LDHs, 
dehydroxylation of the hydroxides layers occurred between 
220-600 °C and the nitrate anions are completely removed 
approximately at or higher than 650 °C. 
 For ZAHs synthesized at R = 3, 4 and 5, dehydroxylation 
of the hydroxide layers and the elimination and combustion of 
the HA- may have overlapped and occurred in the range 300-
500 °C [10] with the weight loss of 28.10, 33.00 and 25.80%, 
respectively as shown in Table 1. Only metal oxides remain 
after 600 °C. This shows that A- was thermally more stable 
when it was intercalated into the inorganic LDH host 
compared to the bare one. The results of the compositional and 
thermal analyses were used to obtain chemical formulae for 
the LDHs and ZAHs (Table 1). 
 
Surface Morphology 
 Figure 7 shows the surface morphology of LDH and ZAH  
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Fig. 6. TGA/DTG thermograms for LDHs and ZAHs synthesized at R = 3, 4, 5 using 0.15 M  

                        hippuric acid at pH 7.5. 
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obtained by SEM.  Both images  show  typical  morphology of 
the LDHs and ZAHs (Table 1). LDH and its intercalated 
compound, indicating the existence of the agglomerates of 
compact and non-porous granule structure. As shown in Fig. 7, 
there is no significant difference between the morphology of 
the LDH and ZAH and that of Zn-Al-24D nanocomposite and 
its LDH studied by Hussein et al. [20].  
 
Kinetic Release 
 The release profiles of A- into 0.0025 M Na2CO3 aqueous 
solution from the interlayer of ZAHs synthesized at R = 3, 4 
and 5 during 0-800 min is shown in Fig. 8. The release rate of 
A- from ZAH synthesized at R = 5 was found to be the most 
rapid compared to those synthesized at R = 3 and 4. The 
release of accumulated HA- at saturated level was achieved at 
around 100 min for R = 5 and at around 400 min for both R = 
3 and 4. The release profiles of the nanohybrids show that the 
percentage release of A- decreases with the increase of Zn/Al 
molar ratio, R.  
 The data for the A- release from the nanohybrids into 
aqueous carbonate solution were fitted into various models. 
The resulting parameters and the plots obtained are shown in 
Table 2 and Fig. 9, respectively. As shown in the table, the 
correlation coefficient (r2) values for pseudo-second order 
kinetic equation was found to give the best fit compared to the 
other models used in this work for all the nanohybrids. As a 
result, the time taken for A- concentration to increase to half of 
its initial values (t1/2), are compared in Table 2.  
 The value of t1/2 increases as the xAl value increases. This 
can be explained by the fact that when the xAl increases, then 
the inorganic LDH layers become more positively charged and 
therefore the electrostatic interactions between the host and the 
guest become stronger. As a result, release of the guest 
becomes more difficult. Similar trend can be observed for the 
release of the saturated percentage, and therefore, a similar 
explanation can be offered.  
 
CONCLUSIONS 
 
 A new host-guest type nanohybrid material has been 
successfully synthesized by hybridization of hippurate moiety 
as the organic guest into the interlayer of anionic clay or 
hydrotalcite-like mineral host. Factors such  as  concentrations 

 
 

 

 
 

Fig. 7. SEM micrographs for LDH and ZAH at 5000x. 

 
 

 
Fig. 8. Release profiles of HA into 0.0025 M Na2CO3 aqueous  
           solution from ZAHs synthesized at R = 3, 4 and 5 using  
          0.15  M   hippuric   acid at    pH  7.5:  ,  ZAH R3;  ,  

           ZAH R4; , ZAH R5.  
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Table 2. Percentage Release, Rate Constants (k), Half Life (t1/2) and Correlation Coefficients (r2) Obtained  from Fitting of the 
               Release  Data  of   HA-  from  ZAHs  Nanohybrids  Synthesized  at  R = 3, 4 and 5 into  0.0025 M Na2CO3   Aqueous 

                        Solution 
 

r2 Other parameters for 
pseudo-second order 

 
 
ZAHs 
(R) 

 
 

Saturated percentage 
release (%) 

Zeroth order First order Parabolic 
diffusion model 

Pseudo-second 
order 

k (10-4) 
(M min-1) 

t1/2 
(min) 

3 84.35 0.91 0.98 0.97 0.91 2.02 110 
4 79.10 0.70 0.83 0.89 0.99 2.56 78 
5 74.29 0.26 0.28 0.28 0.98 9.07 23 
aKinetic equations 

Zeroth order First order Pseudo second order 
 

Parabolic 
diffusion 

x = kt + c -log(1-x) = kt + c t/Mi = 1/k2Mf
2 + (1/Mf)t Mi /Mf  = kt0.5 + c 

 ax is the percentage release of hippurate, HA- at time, t (min) and c is a constant. k, Mi  and Mf  is  the rate  constant, the initial 
and final concentration of hippurate, respectively. 

 
 
 

 

Fig. 9. Fitting of HA release data using zeroth-, first- and pseudo-second-order kinetics, and parabolic diffusion equations for  
             ZAHs nanohybrids synthesized at R = 3, 4 and 5 using 0.15 M hippuric acid at pH 7.5. 
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and the  Zn/Al  molar  ratio  were  important  parameters  to be 
optimized in order to get a well-ordered, phase-pure layered 
nanohybrid material. In addition, the Zn/Al molar ratio 
controlled the surface properties of the resulting LDH and the 
nanohybrid. Based on the increase of basal spacing, FTIR, 
TGA/DTG and compositional analyses, it is clear that the 
hippurate moiety was actually intercalated into the 
interlamellae of the host, brucite interlayers, for the formation 
of new nanohybrid compounds. The release study indicates 
that hippurate-intercalated LDHs show a controlled release 
property, where the guest anion, hippurate, can be ion 
exchanged in aqueous Na2CO3 solution. The kinetics and the 
ion exchange process were found to be dependent on the 
Zn/Al mole ratio and this can be used to tailor the release 
property of the guest anion.  
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