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Abstract: Problem statement: It is known that layer double hydroxide is one of the nano ordered 
layered compounds and possesses plate-like morphology if carefully crystallized. Approach: In this 
study, Co-Sn LDH consisting of divalent and tetravalent cations was prepared with new morphology. 
XRD patterns of the prepared Co-Sn LDH showed that the interlayer spacing of the LDH was 0.78 nm 
and SEM image showed nano-needles structure. Results: By intercalation reaction with 
monocarboxylic acids at room temperature, XRD patterns indicated that the interlayered spacing 
increased to 3-4.8 nm and formed organic-inorganic nano-hybrid materials. Also, SEM images showed 
that the nano-needles structure of Co-Sn LDH changes to plate like-structure. Conclusion: Thermal 
analyses (TG, DTG and DTA) and Infrared spectrum confirmed the intercalation processes of n-capric 
acid and n-stearic acid inside Co-Sn LDH and the formation of nano-hybrid materials.  
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INTRODUCTION 

 
 Nano structured inorganic-organic or hybrid 
organic-inorganic nano composites will contribute to 
the development of science and technology.  
 Layered Double-metal Hydroxides (LDHs) are one 
of the nano ordered layered compounds having ability 
to intercalate anionic compounds, because LDHs are 
constituted by infinite sheets of brucite-type material 
charged positively, where divalent cations are replaced 
in a fraction of x by trivalent cations in octahedral 
coordination. The general formula for these compounds 
is: 
 

(M21-xM3x(OH)2)x+.(A−)x.n H2O 
 
Where: 
M2, M3 = Divalent and trivalent cations, respectively 
A = Represents interlayer anions that restore the 

electrical neutrality of the compound 
 
 The distance between two adjacent layers depends 
mainly on the nature of the interlayer species and their 
electrostatic interaction with the main layers 
 Layered double-metal hydroxides are receiving 
increasing interest in recent years owing to their 
potential applications in various technologies such as 
catalysis (Bhattacharjee et al., 2004; Choudary et al., 
2004; Li et al., 2005; Zhang et al., 2004; Climent et al., 
2004;  Perez  et  al., 2004;  Davis and Derouane, 
1991; Narayanan and Krishna, 1998) adsorption 

(Intissar et al., 2004; Zhang and Reardon, 2003), anion 
exchanges  (Dutta and Puri, 1989), medicine 
(Nakayama et al., 2003; Khan et al., 2001; Ambrogi et al., 
2001), photo applications (Guo et al., 2004), electro 
applications (Mousty et al., 1994; Therias and Mousty, 
1995; Liao and Ye, 2004) and nano-composites (Lin et al., 
2005; Wang and Zhang, 2004 ; Camino et al., 2001). A 
widespread application of LDHs is anticipated by the 
reason of the pronounced anion-exchange capacity 
toward inorganic and organic anions. 
 The present study examines the possibility of 
preparation of new morphology of layered structure. 
This new structure contains Co2+ and Sn4+ cations in 
host layers and cyanate and carbonate anions as the 
guests. Also, nano-hybrid materials were prepared 
through the intercalation reactions of this layered 
structure with organic materials. The effect of 
orientation of guest inside the lamellar region of layered 
structure on the morphology of LDH structure was 
clarified.  
 

MATERIALS AND METHODS 
 
 The Co-Sn LDH was prepared through reaction of 
cobalt and tin salts in presence of urea solution. A 
solution of cobalt nitrate and tin chloride (0.047 moles) 
were mixed under vigorous stirring and heated for long 
time  with  controlling of PH. The percentage of tin is 
22 mole%. After filtration and washing in distilled 
water, the products were dried under vacuum at room 
temperature. Also, Co-Al LDH was prepared by the 
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same method for comparison. The LDH (0.24 g) was 
mixed with the solution of organic acid sodium salt 
(0.002 moles) under Ar atmosphere with ultrasonic 
treatment and stirred 60°C for 12 h. After filtration and 
washing, the samples were dried under vacuum at room 
temperature. 
 The EDS measurements were carried out with 
JEOL JED-2140. Powder X-Ray Diffraction (XRD) 
spectra were recorded on Rigaku, RINT 2200. Thermal 
analyses (TG, DTG and DTA) of powdered samples up 
to 800°C were carried out at a heating rate of 10°C/min 
in flow of nitrogen using a Seiko SSC 5200 apparatus. 
FT-IR spectra (KBr disc method) were recorded on a 
Horiba FT-720. Scanning Electron Microscopy (SEM) 
was performed with JEOL: JSM-6330F. 
 

RESULTS AND DISCUSSION 
 
Preparation of Nano-layered material with new 
morphology: Natural samples of layered double 
hydroxide (pyroaurite) exhibit plate-like morphology 
with plates being millimeters in thickness and 
centimeter in width (Bruun Hansen and Koch, 1995). 
Also, it is known that hydrotalcite crystals possess 
hexagonal platy morphology if carefully crystallized 
(Ogawa and Asai, 2000). A similar morphology is 
observed for Co-Al LDH with dimension of the plates 
in the order of few micrometers in width and 100 nm in 
thickness as shown in Fig. 1a. The individual plates of 
Co-Al LDH are flat and the edges of the plates appear 
rounded and hexagonal in agreement with the sharp 
edges observed on natural crystals of layered double 
hydroxides. In the case of preparation of Co-Sn LDH, 
SEM image showed nano-needles structure as shown in 
Fig. 1b. This considers a new morphology for layered 
structure.  
 However, the measured XRD pattern of Co-Sn 
LDH fits well to layered structure with no evidence for 
other phases. The peaks exhibit some common features 
of layered materials such as narrow, symmetric, strong 
peaks at low 2θ values and weaker, less symmetric 
lines at high 2θ values. The X-ray diffraction of Co-Sn 
LDH (Fig. 2b) showed the basal peaks of planes hkl 
(003), (006) and (009) agreeing with the basal peaks of 
layered structure of Co-Al LDH. The good agreement 
between the values corresponding to successive 
diffractions by basal planes, i.e., d(003) = 2d(006) = 
3d(009) for Co-Sn LDH, reveals highly packed stacks 
of brucite-like layers ordered along axis c. Dimension c 
is calculated as three times the spacing for planes (003), 
i.e., 2.34 nm. The c dimension is very close to that 
reported for natural and synthetic hydrotalcite, 2.31 nm 
(Intissar et al., 2002; Leroux et al., 2001). The XRD 

patterns of Co-Sn LDH have the main peak at 0.78 nm 
which corresponded to interlayer spacing of the LDH as 
shown in Fig. 2. This value is related to the thickness of 
the brucite-like layers (0.48 nm for hydrotalcite), as 
well as the size of the anion (and, in some cases, its 
orientation) and the number of water molecules existing 
in the interlayer. The peaks of layered structure 
disappeared by the calcination at 500°C and appearance 
of new peaks at high 2θ values as shown in Fig. 2c 
indicates the formation of metal oxides.  
 Energy Dispersive X-ray Spectrometer (EDS) 
analysis provides local information of the 
concentrations of different elements in the LDH. 
Cobalt, tin, carbon, oxygen and nitrogen are clearly 
identified in one spot on The insertion of cyanate anion 
(NCO-) into Co-Sn LDH is very easily demonstrated by 
the strong IR absorption peak at 2221 cm−1 that 
assigned to symmetrical stretching vibration mode of 
CNO as shown  in  Fig. 4. As can be noted in the Fig. 4, 
 

 
(a) 

 

 
(b) 

 
Fig. 1: SEM images of (a) Co-Al LDH and (b) Co-Sn 

LDH  
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Fig. 2: X-ray diffraction patterns of (a) Co-Al LDH; 

(b) Co-Sn LDH; (c) Co-Sn LDH with 
calcinations at 500°C 

 

 
 
Fig. 3: EDS spectra of Co-Sn LDH 
 
the carbonate anion into the interlayer space are also 
confirmed  by  clear  absorption  peaks  at  1383 and 
1508 cm−1 (Nakamoto, 2009; Miyata, 1975) and 
supported from the chemical composition. The 
stretching vibration of hydroxyl group νOH is clearly 
observed at around  3500 cm−1 (Vaccari, 1999; 
Labajos et al., 1992). These IR spectra results indicate 
that the prepared sample Co-Sn LDH has similar 
structure with Co-Al LDH structure and it was 
confirmed the presence of carbonate anions and cyanate 
anions in addition to water molecules inside the 
interlayer space of Co-Sn LDH while in case of Co-Al 
LDH, it showed carbonate anions. 

  
Fig. 4: IR spectra of (a) Co-Al LDH; (b) Co-Sn LDH; (c) 

Co-Sn LDH after intercalation with n-capric acid 
 

  
Fig. 5: Thermal analysis of Co-Sn LDH in nitrogen 

gas: (a) TG; (b) DTG; (c) DTA 
 
 Thermal characteristics of the Co-Sn LDH in 
nitrogen gas were determined by TG, DTG and DTA 
as shown in Fig. 5. Major losses of weight occur 
mainly in four steps. The TG diagram showed that the 
first weight loss up to 90°C is 4.5% and the second 
weight loss up to 200°C is 8%. This agrees with the 
amount of water, which previously mentioned in the 
chemical formula of Co-Sn LDH. The main weight loss 
occurs from 200-336°C in two steps. The first step 
corresponded to the decomposition of cyanate anion and 
the second step due to the decomposition of carbonate 
anions and dehydroxylation process. These steps 
confirmed from DTG and DTA diagrams. DTA diagram 
show  three  endothermic  peaks  as  shown  in Fig. 5a. 
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(b) 

 
Fig. 6: SEM images of Co-Sn LDH after intercalation 

with n-capric acid (a) at low magnification and 
(b) at high magnification 

 
The first peak at around 52°C corresponds to the 
desorption of surface water, the second at 250°C 
corresponds to the decomposition of cyanate anions and 
the third peak at 308°C corresponds to the 
decomposition of carbonate and dehydroxylation of 
layers Co-Sn LDH as shown in Fig. 3. 
 
Preparation of Nano-hybrid materials: The reaction 
products of Co-Sn LDH with n-capric acid show a clear 
plate-like morphology indicating that the needle 
morphology could convert to plate like morphology. 
Also, the average size of the organic compounds 
containing crystallites is much larger than that for the 
samples before intercalation reactions as shown in Fig. 6. 
 The XRD patterns showed that new peaks were 
observed at low 2θ indicating interlayer spacing 3.0 nm 
after the reaction of Co-Sn LDH with n-capric acid as 
shown in Fig. 7a. Also, by the treatment of Co-Sn LDH 
with longer organic acid, stearic acid, new peaks were 
observed at lower 2θ indicating interlayer spacing 4.8 
nm as shown in Fig. 7b.  

  
Fig. 7: X-ray diffraction patterns of Co-Sn LDH after 

intercalation with (a) n-capric acid 
(CH3(CH2)8COOH) and (b) stearic acid 
(CH3(CH2)16COOH) 

 
 Also, the existence of organic compound into Co-
Sn LDH after intercalation reactions was confirmed by 
the results of IR spectroscopy as shown in Fig. 4c. In 
the IR spectrum of the reaction products of Co-Sn LDH 
with straight chain of aliphatic acid such as n-capric 
acid, the carbon-hydrogen stretch absorption at near 
2900 cm−1 and the carbon-hydrogen bending band at 
1470 cm−1 were observed as shown in Fig. 4c. Also, the 
new peaks at near 1540 and 1400 cm−1 appeared. The 
absorption at 1540 cm−1 is assigned to the symmetric 
stretching vibration of carboxylate and the absorption at 
1400 cm−1 is assigned to the asymmetric stretching 
vibration of carboxylate.  
 In addition, the absorption band of hydroxyl group 
did not disappear while the absorption bands of cyanate 
and carbonate anions disappeared. TG curves of n-
capric acid and the reaction product of Co-Sn LDH 
with n-capric acid sodium salt are shown in Fig. 8. 
Figure 8 indicated that decomposition temperature of n-
capric acid Shifted to higher temperatures by 
intercalation. These results suggested occurrence of the 
intercalation reaction of organic acids with Co-Sn LDH.  
 
Mechanism of controllable morphologies of LDHs: 
According to decomposition of urea, the earlier 
investigators (Shaw and Bordeaux, 1955) indicated 
that the ammonium cyanate is an intermediate with 
decomposition of urea and the complete 
decomposition of urea produced carbonate anions as 
shown in Eq. 1 and 2: 
 
Urea → NH4

+CNO−  (1) 
 
NH4

+CNO− + 2H2O + 2H+ → NH4
+ + H2CO3 (2) 
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Fig. 8: Thermal Gravimetric (TG) of (a) n-capric acid 

only, (b) the reaction product of Co-Sn LDH 
with n-capric acid and (c) n-capric acid sodium 
salt only 

 

 
 
Fig. 9: Schematic representation of Co-Sn LDH for 

nano-needle structure 
 
 Therefore, the decomposition of urea considers as a 
source for cyanate and carbonate anions. The powder 
XRD patterns are not sufficiently high quality to allow 
us to carry out structure determination. However, by 
interlayer spacing and the size of the guest ions, 
orientation of guest ions was considered. From known 
layer thickness, 0.48 nm, the interlayer spacing 
available for the anion was calculated as 0.30 nm. By 
comparison with the size of cyanate anion, 0.34 nm and 
in presence of carbonate anions, there is a competition 
process occurred between both anions. This leads to 
needles structure. Where the presence of carbonate 
anions in the interlayer spacing will push two cyanate 
anions  (-1)  to  attack  tin  cation  (+2)  from  one  side. 

 
 
Fig. 10: Schematic representation of nano-hybrids Co-

Sn LDH with plate-like structure 
 
So, this leads to stearic repulsion between bulky 
cyanide groups, which cause curling of the layers 
giving needles structure as shown in Fig. 9. 
 After intercalation reactions with long chains of 
fatty acids, anions exchanges were occurred and the 
organic species inserted among the layers into lamellar 
region instead of carbonate and cyanate anions. 
Because of the long chains of organic species and 
disappearance of carbonate and cyanate anions, needles 
structure changed to plate-like structure as shown in 
Fig. 10. 
 

CONCLUSION 
 
 In this study, the results presented in this work 
show that the formation of layered double hydroxides is 
not limited to plate-like morphology, although these are 
the only morphology reported by many researchers. 
SEM images showed that layered materials can exist as 
a needles and plate-like structure. Also, we compared 
among the morphologies of Co-Al and Co-Sn LDHs. 
Anion-exchange reactions were successful in replacing 
inorganic anions with organic anions into Co-Sn LDH 
and changing its morphology. Furthermore, we 
discussed the formation mechanisms of different 
morphologies of LDHs.  
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