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Abstract: Layered double hydroxides (LDHs) are one of the very important nano-carriers for drug delivery, due to their many advantageous 
features, such as the ease and low-cost of preparation, low cytotoxicity, good biocompatibility, protection for the intercalated drugs, and the 
capacity to facilitate the uptake of the loaded drug in the cells. In our previous studies, Mössbauer spectroscopy was applied to monitor struc-
tural changes occurring during the incorporation of Fe(III) in MgFe- and CaFe-LDHs, and the intercalation of various organic compounds in 
anionic form. Recently, we have successfully elaborated a protocol for the intercalation and release of indol-2-carboxylate and L-cysteinate in 
CaFe-LDH. The corresponding structural changes in the LDH samples were studied by XRD, HR-TEM and 57Fe Mössbauer spectroscopy. The 
Mössbauer spectra reflected small but significant changes upon both the intercalation and the release of drugs. The changes in the basal 
distances could be followed by XRD measurements, and HR-TEM images made these changes visible. 
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INTRODUCTION 
ANOMEDICINES have great potential to address some 
of the big problems in cancer therapy, such as how  

to get enough of the right drug to the right place without 
causing side effects or inducing drug resistance. Cell-
specific targeting can be accomplished by attaching drugs 
to specially designed nanocarriers.[1] Various moieties like 
iron oxide, gold, layered double hydroxide, calcium phos-
phate and silica nanoparticles, fullerenes and carbon nano-
tubes can be used as nano-carriers. Knowing the nature and 
properties of chemical bonds in the drug nano-carriers has 
high importance not only for advanced applications but 
from the point of view of toxicity, too. 

 Layered double hydroxides (LDHs) are among the 
very important nano-carriers for drug delivery, due to their 
many advantageous features, such as the ease and low-cost 
of preparation, low cytotoxicity, good biocompatibility, 
protection for the intercalated drugs, and the capacity to 
facilitate the uptake of the loaded drug in the cells.[2,3] 
 LDHs, also known as anionic clays, are found in Na-
ture and many of their representatives belong to the hy-
drotalcite supergroup. For use, they are mostly synth-
esised. The most often applied method is the co-pre-
cipitation of the component salts with the help of a base in 
solution.[4] 
 LDHs can be represented by the general formula of 
[M2+1−xM3+x(OH)2(An-)x/n] · yH2O, where M2+ is a divalent 

N 

mailto:kuzmann@caesar.elte.hu


 
 
 
370 E. KUZMANN et al.: Mössbauer, XRD and TEM Study on the Intercalation … 
 

Croat. Chem. Acta 2015, 88(4), 369–376 DOI: 10.5562/cca2683 

 

 

 

cation, M3+ is a trivalent cation, An– is an interlayer anion 
with charge n and x and y are fraction constants.[5] The metal 
cations occupy the centres of edge-shared octahedra, 
whose vertices contain hydroxide ions connected to form 
infinite two-dimensional sheets (Figure 1). Between the 
positively charged metal hydroxide layers, fully or partially 
hydrated simple inorganic anions are situated in order  
to compensate the positive charges of the layers. These 
anions can be exchanged to more complex organic  
anions forming organic-inorganic functional nanocom-
posites having technological importance in catalysis,[6] 
nanocomposite materials engineering,[7] medical and phar-
maceutical sciences.[3] 
 A number of cardiovascular or anti-inflammatory 
agents, either carboxylic acids or carboxylic derivates could 
be ion-exchanged with LDHs to have controlled release.[8–11] 
Other drugs have already been introduced between the 
hydroxide layers[3,12,13] as well. 
 There are several ways for the intercalation of drugs 
into the interlayer space of LDH, like via anion exchange  
or including the drug anion in co-precipitating mixture  
or via calcination-rehydration using the „memory effect”  
of LDHs.[14] 
 57Fe Mössbauer spectroscopy[15,16] is a useful tech-
nique to characterise LDHs, in which Fe3+ ions are constitu-
ents of the layers. In our previous works on LDHs,[17–20] 
Mössbauer spectroscopy revealed whether the iron was in 
the LDH structure formed or not[17] when the Ca: Fe[18] or 
Mg: Fe[19] ratios were altered. It could also provide with 
structural information when different organic anions were 
intercalated into a CaFe LDH.[20] 
 In this paper, the syntheses of two functional nano-
composites are described using CaFe-LDH as nanocarrier 
and cysteinate or indole-2-carboxylate as anionic interca-
lated drugs. The effects of sodium carbonate on the release 

of drugs are examined and characterisation of the obtained 
substances is given by XRD, TEM and 57Fe Mössbauer spec-
troscopy. The work was performed with the aim of prepar-
ing durable composites, which are able to act as controlled 
released drugs in pharmaceutical applications. 
 

EXPERIMENTAL 

Chemicals and Sample Preparation 
All materials used for the syntheses of either the LDHs [cal-
cium chloride (CaCl2, Molar Chemicals, puriss), iron chloride 
(FeCl3·6H2O, Molar Chemicals, puriss special), hydrogen 
chloride (HCl), sodium hydroxide (NaOH, VWR, a.r. grade)] 
were used as received without further purification. The 
concentrations of the iron-containing solutions were deter-
mined iodometrically. Millipore MilliQ water was used 
throughout the experiments. 
 LDH synthesis was performed with co-precipitation 
method with NaOH solution using chloride salts. In a typical 
synthesis of Ca(II) /Fe(III)-LDH, NaOH solution ([NaOH]T = 3–
5 M) was added dropwise to the vigorously stirred and, in a 
set of experiments, N2-blanketed solution containing the 
salts of the divalent metal ions (CaCl2) and the trivalent 
metal ions (FeCl3). Hydrochloric acid (HCl) was used to set 
the pH to 2. 3 M NaOH solutions were used by the end of 
the syntheses when the [OH–] was set to 0.1 M. The molar 
ratio of divalent to trivalent metal was 2 :1. The concentra-
tion of the iron solution was 0.1 M and that of hydrochloric 
acid was 0.01 M. The resulting mixture was rapidly filtered 
until air dry in a practically CO2-free atmosphere, with the 
aid of a caustic resistant vacuum filter unit (Nalgene) 
equipped with an appropriate membrane (Versapor, 0.45 
μm). The solid material was washed with small amounts of 
pure and hot NaOH solution with the same concentration. 

 

Figure 1. Schematic view of the LDH structure. 
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The moisture sensitive crystals were kept in a desiccator 
over dry SiO2 at ambient temperature. 
 The preparation of drug−LDH nanocomposites were 
performed by the rehydration-dehydration method. The 
washed and dried LDH powder was hydrothermally treated 
in a Thermolyne 21100 tubular furnace for 6 hours at T = 
393 K. The hydrothermally treated LDH powder was added 
to the aqueous ethanolic solutions (water :ethanol : NaOH 
= 5 :1 :1) of cysteine or indole-2-carboxylic acids, and the 
mixture was stirred for 7 days at 353 K under inert atmos-
phere. The resulting suspensions were filtered and washed 
three times, and then dried in a desiccator over dry SiO2. 
 To release the drugs from the LDH, both the indol-2-
carboxylate- and the cysteinate-intercalated Ca2Fe-LDHs 
were dissolved in 0.1 M Na2CO3 solution for 1 week. The 
exchange of anions occurred, since the CO32− ions are 
bonded much stronger between the layers of LDH than the 
drugs, and the total amount of the drug (indole-2-carbox-
ylate or cysteinate) was released from the interlayer space. 
After the anion-exchange reaction, the product was filtered, 
washed and dried. 
 

Sample Characterisation Methods 
Powder X-ray diffraction (XRD) patterns of the air-dried and 
heat-treated solid samples were registered at room tem-
perature in the 2Θ = 3–70 ° range by a Philips PW1710 instru-
ment or by a Shimadzu 6000 diffractometer using CuKα  
(λ = 0.15418 nm) radiation. Reflection positions were 

determined via fitting a Gaussian function. They were found 
to be reproducible within 0.05 °, therefore the uncertainty of 
the basal spacing was estimated to be ± 0.01 nm. EXRAY code 
was used for the evaluation of diffractograms. 
 The samples were studied using a JEOL, JEM 2100 
transmission electron microscope (TEM) at various magni-
fications (up to 1000000). Acceleration voltage was set to 
200 kV. The samples were dissolved in ethanol before fixing 
them on a copper grid. 
 The 57Fe Mössbauer spectra were recorded in trans-
mission geometry using a commercial Wissel system oper-
ating in the constant acceleration mode. The radiation 
source used was the 50 mCi 57Co in Rh-matrix. Samples (70 
mg of powder) were placed in a sample holder with 1.6 cm 
in diameter. The Mössbauer spectrometer was calibrated 
with a thin natural iron sheet. The isomer shifts are given 
relative to α-iron. Spectra were taken at 300 and 78 K, the 
latter were recorded using a Janis cryostat. The Mössbauer 
spectra were evaluated by a least-square fitting of Lorentzi-
ans using the MOSSWINN code. 
 

RESULTS AND DISCUSSION 
XRD patterns of pristine and heat-treated CaFe-LDH, in-
dole-2-carboxylate and cysteinate intercalated CaFe-LDHs 
and of those from which the drugs were released are shown 
in Figure 2. 
 The lattice parameters derived from the diffracto-
grams are given in Table 1. 
 The XRD pattern of the pristine CaFe-LDH and its de-
rived structural parameters (Table 1) are in agreement with 
those we used earlier[19] showing that the initial LDH was 
prepared indeed by the applied co-precipitation method. 
Significant differences have been observed between the X-
ray diffractograms of heat-treated, intercalated and drug-
released CaFe-LDHs. The characteristic reflections of the 
LDH disappeared, while those of brownmillerite appeared 
in the XRD on heat treatment, reflecting the known phase 
transition due to the dehydration of the LDH materials. In 
the XRD patterns of both drug-intercalated compounds, the 
newly appeared characteristic diffraction lines of LDH struc-
ture show that the memory effect worked when the heat-
treated samples were placed under rehydrating conditions. 
This, together with the small but significant changes found 
in the lattice parameters and lattice spacing (Table 1) com-
pared to those of pristine LDH indicate that the intercala-
tion of drugs did occur. The c values increased from 1.55 
nm to 1.578 nm or decreased from 1.55 nm to 1.533 nm 
after cysteinate and indole-2-carboxylate intercalation into 
CaFe-LDH, respectively. The a values remained almost con-
stant at ∼0.587 nm. This result revealed that the 2-dimen-
sional lattice structures of the LDHs were neither 
decomposed nor dissolved during the intercalation. 

 

 

Figure 2. XRD patterns of pristine CaFe-LDH (a), heat-treated 
CaFe-LDH (b), cysteinate intercalated CaFe-LDH (c), indole-
2-carboxylate intercalated CaFe-LDH (d) and after releasing 
the intercalated cysteinate (e) or the intercalated indole-2-
carboxylate (f). 
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 The basal spacings of the samples of cysteinate- and 
indole-2-carboxylate-intercalated CaFe-LDHs are different, 
due to the different charges, sizes and orientations of the 
gallery anions. Taking into account the d003 of cysteinate-
intercalated LDH (∼0.79 nm) and the thickness of the LDH 
hydroxide basal layer (0.18 nm[21]), the gallery height is cal-
culated to be ∼0.61 nm, which is close to the length of the 
cysteinate anion (0.56 nm[12]). This suggests a possible ori-
entation of interlayer cysteinate anions as shown in Figure 3, 
where the anions are accommodated vertically in the in-
terlayer region as a monolayer with the two negatively 
charged groups of individual anions attracted electro-
statically to upper and lower hydroxide layers. This arran-
gement of cysteine anion corresponds to the one suggested 
for cysteinate intercalation into MgAl-LDH.[12] 
 A possible orientation of indole-2-carboxylate in the 
interlayer space of the CaFe-LDH can also be estimated 
from the comparison of the interlayer distance and the size 
of the organic anion. The gallery height can be calculated to 
be ∼0.58 nm (by substracting the thickness of the basal 
layer from the measured basal spacing). In the present case, 
however, considering the dimensions of the indole-2-car-
boxylate anion (0.50 × 0.30 × 0.78 nm[20]), there is not 
enough space to fit two horizontal rows of molecules in the 
interlayer of CaFe-LDH. A tilted vertical arrangement of a 
single row of anions may be a possible orientation as de-
picted in Figure 4, when the charge distribution can be 
somewhat similar to that occurring for the indole-2-carbox-
ylate-intercalated CaFe-LDH prepared in aqueous acetone 
solution.[20] This model is also supported by the Mössbauer 
results (Table 2). 
 The most striking result was found in the case of drug 
release from the LDH interlayers. All lines in the X-ray dif-
fractograms were found to belong to the calcite type 
CaCO3, fully matching the fingerprint of the standard pat-
tern (ASTM card No 83-0578). Consequently, the XRD pat-
tern revealed that CaCO3 was the only crystalline phase in 
all the samples either the cysteinate or the indole-2-carbox-
ylate anion was released from the CaFe-LDH induced by 
Na2CO3. The lack of the diffraction lines typical of the LDH 

and the appearance of CaCO3 evidence the decomposition 
of LDH structure during the drug release procedure. The re-
lease of intercalated drugs proceeded via the substitution 
of drug anions by CO32– anions. Since the CO32– ions bond 
much stronger between the layers of LDH than the organic 

Table 1. Structural parameters of pristine, heat-treated, intercalated and drug-released CaFe-LDH. 

Material d003 (nm) Lattice parameters (nm) Assignment 

  a b c  

pristine CaFe-LDH 0.778 0.58701  1.5500 CaFe-LDH 

heat-treated CaFe-LDH  0.5584 1.4600 0.5370 brownmillerite 

cysteinate intercalated CaFe-LDH 0.789 0.58703  1.57779 intercalated LDH 

indole-2-carboxylate intercalated CaFe-LDH 0.767 0.58777  1.53334 intercalated LDH 

after release of intercalated cysteinate  0.49887  1.70529 calcium carbonate 

after release of intercalated indole-2-carboxylate  0.49887  1.70529 calcium carbonate 

 

 

 

Figure 4. Schematic diagram for the possible orientation of 
indole-2-carboxylate in the interlayer space of CaFe-LDH. 

 

Figure 3. Schematic diagram for the possible orientation of 
the cysteinate ion in interlayer space of the CaFe-LDH (The 
arrows indicate the interlayer distance and the size of the 
anion). 
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anions, full exchange took place, and the total amount of the 
drug (indole-2-carboxylate or cysteinate) was released from 
the interlayer space. Under the applied circumstances, in 
Na2CO3 solution, the decomposition of LDH could occur 
according to the following reaction: 
 
 2Ca(OH)2 + Na2CO3 = CaCO3 + 2 NaOH 
 
 Our finding for the decomposition of LDH on the 
drug release is consistent with a recent work[22] in which the 
dissolution of LDH was also observed on pyrophosphate re-
moval by CaFe-LDH. 
 The above mentioned results were confirmed and 
complemented by Mössbauer spectroscopic measure-
ments and the TEM results. 
 Typical Mössbauer spectra of pristine, intercalated 
indole-2-carboxylate and cysteinate-intercalated CaFe-
LDHs and of those from which the drugs were released are 
shown in Figures 5 and 6. All spectra were satisfactorily de-
composed into a doublet in accordance with the evaluation 
of Mössbauer spectra of other LDHs.[18–20] The Mössbauer 
parameters are depicted in Table 2. 
 The Mössbauer spectrum and parameters of the 
pristine CaFe-LDH agrees well with those recorded earlier 
for the corresponding LDHs.[19,20] This spectrum corre-
sponds to high spin Fe3+ ions occupying the centres of 
shared octahedra, whose vertices contain hydroxide ions, 
which connect to form the layers of LDHs. 
 Significant and characteristic changes were found in 
the Mössbauer spectra (Figures 5 and 6) after the interca-
lation of drugs and after releasing the intercalated drugs. 
 The intercalation of both cysteinate and indole-2-
carboxylate into CaFe-LDH did not change the isomer shift 
compared to that of the pristine substance. This indicates 
that the electron density at the site of the iron nucleus re-
mained the same. This local electron density is mainly de-
termined by the hydroxides being in vicinity of iron inside 
the layer and it is not sensitive, at the resolution reflected 
by the Mössbauer isomer shift for high spin Fe3+, for the 
perturbation caused by the intercalation of different anions 
between the layers of CaFe-LDH. Similar results were 
obtained for different anions and preparation conditions in 

our previous work,[20] too. The change in the isomer shift 
values recorded at 293 K and 78 K reflects only the corre-
sponding regular temperature shift,[15] in agreement with 
the characteristics of CaFe-LDH materials.[19] 
 However, the Mössbauer spectra of intercalated 
compounds registered either at 78 K (Table 2) or at 293 K 
showed significant differences in the quadrupole splitting 
compared to those of the pristine substance. 

Table 2. Mössbauer parameters for the drug-intercalated/released CaFe-LDHs obtained from the spectra registered at 78 K. 

Sample δ (mm/s)/Fe Δ (mm/s) 

pristine CaFe-LDH 0.47±0.002 0.46±0.004 

CaFe-LDH intercalated with indole-2-carboxylate 0.47±0.002 0.54±0.004 

released ( with Na2CO3) from CaFe-LDH intercalated with indole-2-carboxylate 0.47±0.002 0.70±0.004 

CaFe-LDH intercalated with cysteinate 0.47±0.002 0.59±0.004 

released ( with Na2CO3) from CaFe-LDH intercalated with cysteinate 0.47±0.002 0.70±0.004 

 

Figure 6. 57Fe Mössbauer spectra of the pristine CaFe-LDH 
(a), the indole-2-carboxylate intercalated CaFe-LDH (b) and 
after releasing of intercalated indole-2-carboxylate (c), 
registered at 78 K. 
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Figure 5. 57Fe Mössbauer spectra of the pristine CaFe-LDH 
(a), the cysteinate-intercalated CaFe-LDH (b) and after 
releasing of intercalated cysteinate (c), registered at 78 K. 
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 An increase in the quadrupole splitting from 0.46 
mm/s to 0.54 mm/s or to 0.59 mm/s was observed  
(Table 2) upon the intercalation of indole-2-carboxylate and 
cysteinate, respectively. No considerable temperature de-
pendence was detected in the quadrupole splitting bet-
ween 293 K and 78 K. These observed differences in 
quadrupole splitting values upon the drug intercalation into 
the LDHs are in the similar range to those obtained for an-
other anion intercalation[20] or when the Ca: Fe ratio was 
changed in LDHs.[19] 
 Since the quadrupole splitting is proportional with 
the local electric field gradient (EFG), the changes in quad-
rupole splitting can be connected with the changes in the 
EFG. The changes in the EFG are due to changes in the 
charge distribution around the iron atom, which can be 
caused by change in the molecule symmetry (spatial ar-
rangement of ligands) or by the change in the molecular 
composition (by changing the charge of the ligand).[15] In 
the case of the intercalation of the drugs into the CaFe-LDH, 
the increase in quadrupole splitting can be explained by 
lowering the symmetry of charge distribution in the com-
pound. Furthermore, the intercalation of different anions 
into the interlayer space of the CaFe-LDH can modify  
the charge distribution differently, producing different 
ligand contributions to the EFG, consequently, resulting in 
different quadrupole splitting values. Therefore, the quad-
rupole splitting characteristic of an anion intercalated at a 
given condition can indicate the spatial arrangement of 
anions between the layer, as was demonstrated previously 
when the same anion was used but the solvent was 
different.[20] The quadrupole splitting value (0.54 mm/s) 
belonging to the CaFe-LDH intercalated with indole-2-
carboxylate under the present conditions differed 
significantly from that (0.64 mm/s) reported earlier[20] for 
the same anion intercalated also in aqueous ethanol 
solution. Furthermore, the presently found quadrupole 
splitting is in agreement with that observed previously 
upon the intercalation of indole-2-carboxylate in aqueous 
acetone solution,[20] which suggests that the spatial 
arrangement of the anions between the layers can be close 
to that established upon intercalation with aqueous 
acetone solution. Since the XRD results excluded the spatial 
arrangement of anions, which was assigned for the 
aqueous ethanol solution[20] and limited the original ar-
rangement found at the intercalation with aqueous ace-
tone solution, an arrangement with somewhat tilted anions 
is proposed as depicted in Figure 4. 
 The present Mössbauer results confirm the interca-
lation of both the indole-2-carboxylate and the cysteinate 
ions into CaFe-LDHs, and support the model proposed for 
the spatial arrangement of the anions between the layers 
(Figures 3 and 4). 

 Upon treatment with Na2CO3 solution to release the 
intercalated drugs from both the cysteinate- and indole-2-
carboxylate-intercalated CaFe-LDH, the Mössbauer spectra 
revealed a broader doublet with isomer shift δ = 0.47 mm/s 
and quadrupole splitting of δ = 0.70 mm/s at 78 K. It was 
observed that typically the same Mössbauer parameters 
occurred at the release of both drugs from CaFe-LDHs both 
at 78 K and correspondingly at 293 K, too. To assign this 
component, CaCO3 formation was taken into consideration, 
which occurred during the release reaction when the 
structure of the LDH decomposed and CaCO3 remained the 
only crystalline phase in the system according to the results 
of XRD and TEM analyses. Consequently, the doublet can 
be assigned to ferrihydrite, which is poorly ordered, often 
called „amorphous iron hydroxide” or hydrous iron oxide, 
which commonly forms in iron-containing solutions, and 
more importantly, its Mössbauer parameters match with 
those of ferrihydrite both at 78 K and at 293 K.[23] Note that 
another known iron-hydroxide or oxyhydroxide phases 
should give observable characteristic pattern contribution 
in the XRD of these samples, which was not the case. 
 Accordingly to the XRD, TEM (see later) and Möss-
bauer results obtained with the LDHs from which the inter-
calated drugs were released, the mechanism of the release 
process occurring in the Na2CO3 + drug-intercalated CaFe-
LDH solution, can be summarised as follows: 

 Exchange of anions occurs, the CO32− ions effuse the 
drug from the interlayers of LDH 

 The drug released from the LDH being in the solu-
tion, is filtered and washed out 

 The structure of LDH gradually decomposed 

o CaCO3 is formed 

o Ferrihydrite is formed 

 Our procedure for the drug release from LDH may be 
useful drug delivery method, since the LDH structure will be 
dissolved during the drug release and the formed com-
ponents (CaCO3 and ferrihydrite) are not toxic and digestible. 
 TEM micrographs of the pristine, the indole-2-car-
boxylate- and cysteinate-intercalated CaFe-LDHs and of 
those from which the drugs were released are shown in Fig-
ures 7–10. The HR-TEM results confirm the results obtained 
by XRD and Mössbauer spectroscopy. 
 HR-TEM micrographs of the pristine CaFe-LDH (Fig-
ure 7) reveal highly ordered structure showing the stacking 
of the LDH layers. The basal spacing value estimated from 
the TEM images is comparable to the one obtained by XRD 
analysis. 
 HR-TEM micrographs in Figures 7 and 8 show chan-
ges in the structure morphology compared to that of  
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Figure 7. HR-TEM micrographs of pristine CaFe-LDH. 
Micrograph (b) was recorded at higher resolution than (a), 
as indicated by the scale bars. 

  

 

Figure 8. HR-TEM micrographs of the CaFe-LDH intercalated 
with indole-2-carboxylate. Micrograph (b) was recorded at 
higher resolution than (a), as indicated by the scale bars. 

  

 

Figure 9. HR-TEM micrographs of CaFe-LDH intercalated 
with cysteinate anion. Micrograph (b) was recorded at 
higher resolution than (a), as indicated by the scale bars. 

  

 

Figure 10. HR-TEM micrograph (a) and diffraction pattern 
(b) for the cysteinate-intercalated CaFe-LDH after release 
on Na2CO3. 

(a)                                                                       (a) 
 
 
 
 
 
 
 
 
 
(b)                                                                        (b) 
 
 
 
 
 
 
 
 
 
 
 
 
 
(a)                                                                        (a) 
 
 
 
 
 
 
 
 
 
(b)                                                                        (b) 
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the pristine material, which is due to intercalation. The lay-
ered structure of LDH is preserved in both the cysteinate- 
and indole-2-carboxylate-intercaleted LDHs, in good agree-
ment with the XRD results. While the equidistance charac-
ter of layers remains similar to that of the pristine 
compound after cysteinate intercalation (Figure 8), a fluc-
tuation of intercalated layers are reflected for indole-2-car-
boxylate intercalation (Figure 7). This is consistent with the 
suggested models of orientation of intercalated anions in 
the LDH depicted in Figures 3 and 4, since the cysteinate 
anion can be accommodated easily between the layers, 
while indole-2-carboxylate can be hardly fitted, and it may 
cause some corrugation in the layers. 
 The morphology of intercalated CaFe-LDH after re-
lease with Na2CO3 (Figure 10) is significantly different from 
those shown in Figures 7–9. The layered structure changed 
to a granular one. The image is consistent with that of a 
precipitated calcite, and the electron diffraction pattern  
can also be associated with CaCO3,[24] since the value of  
d-spacing correlates with those of calcite. Consequently, 
the TEM results can confirm the XRD result, i.e. the 
formation of CaCO3 occurs via the decomposition of LDH 
when the drug is released with Na2CO3. 
 

CONCLUSION 
Cysteinate and indol-2-carboxylate drug anions could be 
successfully introduced in-between the layers of CaFe-LDH. 
The success of intercalation was verified by XRD, HR-TEM 
and 57Fe Mössbauer spectroscopic methods. Approximate 
views on the arrangement of anions between the layers 
were given taking into consideration the interlayer dis-
tances (XRD and TEM), size data (molecular modelling) and 
charge distribution (Mössbauer) of the anions. 
 Most importantly, it was shown that decomposition 
of LDH occurs at the release of drugs in Na2CO3 solution 
when CaCO3 and ferrihydrite are formed. 
 57Fe Mössbauer spectroscopy is a suitable and useful 
method to characterise Fe-containing LDH materials. 
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