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ABSTRACT  

Nickel aluminium based layered double hydroxide (NiAl LDH) was prepared by coprecipitation method. 

NiAl LDH derives its crystal structure from brucite mineral. The sample was characterized using powder 
X-ray diffraction and Infrared spectroscopy. Specific capacitance of nickel aluminium based layered 

double hydroxide was measured using galvanostatic charge–discharge studies. A specific capacitance of 

400 F g
-1

 was obtained in 6M KOH in the potential range of 0 to 0.525 V (vs. Hg/HgO/OH
-
) for nickel 

aluminium based layered double hydroxide.  
 

Keywords: Nickel Aluminium Based Layered Double Hydroxide, Infrared Spectrum, Supercapacitor, 
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INTRODUCTION 

Layered double hydroxides have found applications in batteries, catalysis, fire retardants, sorbents, and 

optics and as precursors for the nanocatalysts etc (Li and Duan, 2005). Layered double hydroxide derive 
their crystal structure from Mg(OH)2 structure model. The structure of magnesium hydroxide comprises 

of hexagonal close packed hydroxyl ions in which the magnesium ion occupy the octahedral sites thus 

leading to Mg(OH)6 octahedrons sharing their edges to form two dimensionally [Mg(OH)2] sheets 

(Oswald and Asper, 1997). The [Mg(OH)2] sheets are stacked over each other with Vander Waals 
interactions (Wells, 1984). Isomorphic substitution of Mg2+ions in Mg(OH)2 by trivalent metal ions 

creates positive charge on the sheets with the composition to be [Mg
2+

1-xM
3+

x(OH)2]. Anions and water 

molecules will get intercalated in the interlamellar region (Ax
n-

) thus increasing the basal spacing from 4.6 
Å to 7.6 Å (Li and Duan, 2005). Nickel aluminium based layered double hydroxide electrode reversibly 

exhibits 1.7 e
−
 exchange with higher charge storage capacity in alkaline batteries and redox reaction is 

faradaic in nature (Kamath et al., 1994). But in case of a supercapacitor, we do not observe any phase 
changes or compositional variation. Carbon and activated carbon are used as electrode materials in 

electrochemical supercapacitor and (Miller et al., 1997; Wu, 2002; Pandolfo and Hollenkamp, 2006) 

exhibit theoretical capacitance of 100-300 F g
-1

 with long-term stability on cycling in different 

electrolytes (Niu et al., 1997). Electric vehicles demand higher power density at the time of starting 
(Conway, 1999). Electrochemical supercapacitors store energy due to the separation of electronic and 

ionic species at the interface of the working electrode and electrolyte (Simson et al., 2008; Want et al., 

2003). Ruthenium oxide is most widely used which exhibit specific capacitance 788 F g
-1

 (Min et al., 
2006). Even though RuO2 based compounds exhibit good pseudocapacitive nature but commercialization 

is not favored due to higher cost (Min et al., 2006). Co3O4 and CoOx based transition metal oxides are 

used as promising electrode materials for supercapacitor application and a maximum capacitance of 291 F 
g

-1
 is reported with good efficiency and better performance (Liu et al., 1999). Supercapacitors that have 

been actively sought for charge storage purpose and several metal oxides/hydroxides have been widely 

investigated. Metal oxides and layered metal hydroxides have been investigated for their application as 

supercapacitors due to the high aspect ratio. Cobalt hydroxide exhibits electric double-layer capacitance 
and pseudo-capacitance due to faradaic redox process and interfacial phenomena with the theoretical 

specific capacitance of 3460 F g
-1

 (Wang et al., 2008). As-prepared -cobalt hydroxide has a specific 
capacitance of 651 F g

-1
. Recently, graphene/cobalt oxide or hydroxide composite has been evaluated for 
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the electrochemical supercapacitor behavior and the data shows that in presence of graphene. The hybrid 

film exhibits good cycling stability, while nickel oxide capacitance retention is 87% only (Xia et al., 

2011). The electrochemical properties of nickel aluminium based layered double hydroxide are compared 

with nickel hydroxide. Co-Al LDHs have exhibited higher specific capacitance. Several methods have 
been reported to prepare layered double hydroxide with controlled size, shape and morphology (Ye et al., 

2010). Recently we have reported the supercapacitor properties of nickel hydroxide and cobalt hydroxide 

which exhibits 150 F g
-1

 and 462 F g
-1

. Electroactive surface functionalization can also assist to enhance 
the specific capacitance. However, there are no reports on the comparison of electrochemical 

supercapacitor behavior of nickel aluminium based layered double hydroxide with nickel hydroxide as 

well as other layered double hydroxides. In this article we have prepared examined nickel aluminium 
based layered double hydroxide and its supercapacitor behavior was examined during charge-discharge 

studies. 

 

MATERIALS AND METHODS 
Nickel nitrate [Ni(NO3)2 .6H2O], aluminium nitrate [Al(NO3)3 .9H2O], sodium hydroxide (NaOH) and 

sodium carbonate (Na2CO3) were procured from Merck India and used without purification. 

Nickel aluminium based layered double hydroxide was prepared by following the procedure described 
elsewhere (Roy et al., 2001). Mixed metal nitrate solutions were taken in stoichiometric ratios (Ni:Al-

0.75:0.25) and sodium hydroxide (0.1M) was simultaneously added to sodium carbonate (0.05M) solution 

at 65-70 °C and the slurry was aged for 18h at 80°C. Green colored precipitate formed was filtered 
washed with distilled water and dried at 65°C till constant weight is obtained. 

Characterization 

Sample was characterized by using a Bruker D8 Advanced powder X-ray diffractometer (Cu Kα source, λ 

= 1⋅5418 Å). Data was collected at a scan rate of 4 min-1 with 2 steps of 0.02°. Infrared spectrum was 
recorded using Bruker Alpha spectrometer (resolution 4 cm-1) in the range of 4000 to 400 cm-1with 24 

scans using attenuated total reflectance mode. 

Charge–discharge Studies 

Electrodes were prepared as follows: nickel aluminium based layered double hydroxide, graphite and 

PTFE were taken in 0.6:0.3:0.1 weight ratios and were thoroughly mixed using isopropanol solvent. 

Slurry formed was placed on nickel foam and pressed at 80-100 kg cm
-2

. Then foam was dried at 65 °C 
till constant weight is recorded. The electrodes were soaked in 6M KOH and galvanostatically (current, 

5⋅5 mA; 21 h) charged with nickel plates as counter electrodes in the voltage range of 0.0 to 0.525 V for 

three-electrode measurement using Hg/HgO/OH- as the reference electrode (Technoscience Instruments, 
India) at 28–30°C. The total specific capacitance (Cg, F g

−1
) was calculated using the discharged profile 

using the following formula:  

Cg =It/V 

where  

I = discharge current (A) per unit mass of electroactive material (A g
−1

),  

Δt = total discharge time (s),  

ΔV = the potential window (V) during discharge.  
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RESULTS AND DISCUSSION 

The pXRD pattern of Ni-Al LDH is shown in Figure 1.  

 
Figure 1: Powder X-ray diffraction pattern of NiAl (25%) layered double hydroxide 

 

The basal reflections are observed at low 2 values and weaker non-basal reflections at higher 2. The 
reflections in the Ni-Al based layered double hydroxide is indexed to rhombohedral symmetry (space 

group R-3m). We observe two successive reflections at 7.58 Å and 3.8 Å respectively, which could be 
indexed to (003) and (006) planes. The lattice parameters (a = 3.06 Å, c = 7.58 Å) could be indexed to 

(00l) and (hk0) reflections. The reflection in the mid-2 region of the pXRD pattern can be indexed to 
h0l/0kl reflections and are used to determine the specific stacking sequence of layers with respect to each 

other. The crystal structure of layered double hydroxide is shown in Figure 2. 

 
Figure 2: Crystal structure of nickel aluminium based layered double hydroxide 
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Infrared spectra of Ni-Al LDH samples are shown in Figure 3.  

 

 
Figure 3: Infrared spectrum of NiAl (25%) layered double hydroxide 

 
The broad bands in the range of 3000-3600 cm

-1
 are assigned to the stretching modes while 1630 cm

-1
 to 

the bending modes of adsorbed and intercalated water molecules in between the lamellar sheets of nickel 

aluminium based layered double hydroxide. The 3(CO3
2-

) peak around 1340-1358 cm
-1

 splits into 1357 
cm

-1
 and 1665 cm

-1
, and an additional peak was observed at 1100 cm

-1
, which can be attributed to the 

1(CO3
2-

) vibration mode. The 2(CO3
2-

) peak is observed around 840-855 cm
-1

 (Nakamoto, 2008). The 

maximum super capacitance of 400 F g
-1

 is obtained during the charge-discharge studies for nickel 
aluminium based layered double hydroxide (see Figure 4).  

 

 
Figure 4: Cycle life data of NiAl (25%) layered double hydroxide 

 

The electrochemical performance could be well explained based on the storage mechanism. The 
electrochemical redox reaction involves a reversible electron transfer processes between the anode and 

the cathode. Reversibility of electroactive nickel aluminum based layered double hydroxide determines 

the overall performance of an electrochemical capacitor.  
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Conclusion 

This study reports on the electrochemical performance of NiAl based layered double hydroxide and the 

specific capacitance of 400 F g
-1

 has been reported. This promotes us to explore other isostrucutural 

layered materials for supercapacitor properties.  

 

ACKNOWLEDGEMENT 

T N Ramesh gratefully acknowledge Vision Group of Science and Technology (VGST) for awarding 
SMSYR project (2011-12) for the financial support to carryout research work. 

 

Declaration 
The author declares no conflict of interest. 

 

REFERENCES 

Conway BE (1999). Electrochemical Supercapacitors: Scientific Fundamentals and Technological 
Applications (Springer). 

Kamath PV, Dixit M and Indira L (1994). Stabilized α ‐ Ni(OH)2 as Electrode Material for Alkaline 

Secondary Cells. Journal of the Electrochemical Society 141(11) 2956-2959. 
Kazuo Nakamoto (2008). Infrared and Raman Spectra of Inorganic and Coordination Compounds, Part 

B, Applications in Coordination, Organometallic, and Bioinorganic Chemistry, 6th edition 424. 

Kuang Y, Zhao L, Zhang S, Zhang F, Dong M and Xu S (2010). Morphologies, preparations and 

applications of layered double hydroxide micro-/nanostructures, Materials 3 5220-5235. 
Li F and Duan X (2006). Applications of Layered Double Hydroxides, Layered Double Hydroxides. 

Structure and Bonding 119 193-223  

Liu TC, Pell WG and Conway BE (1999). Stages in the development of thick cobalt oxide films 
exhibiting reversible redox behavior and pseudocapacitance. Electrochimica Acta 44(17) 2829-2842. 

Miller JM, Dunn B, Tran TD and Pekala RW (1997). Electrochemical capacitors for energy 

management. Journal of the Electrochemical Society 144(5889) 89-107. 
Min M, Machida K, Jang JH and Naoi K (2006). Hydrous RuO2/carbon black nanocomposites with 

3D porous structure by novel incipient wetness method for supercapacitors. Journal of the 

Electrochemical Society 153(2) A334-338. 

Niu C, Sichel EK, Hoch R, Moy D and Tennent H (1997). High power electrochemical capacitors 
based on carbon nanotube electrodes. Applied Physics Letters 70 1480-1482. 

Oswald HR and Asper R (1977). In: Preparation and Crystal Growth of Materials with Layered 

Structures, Lieth RMA (Reidel Publishing Company) Holand 1 71-103. 
Pandolfo AG and Hollenkamp AF (2006). Carbon properties and their role in supercapacitors. Journal 

of Power Sources 157(1) 11-27. 

Roy A, de Forano C and Besse JP (2001). In: Layered Double Hydroxides: Synthesis and Post-
Synthesis Modification” In Layered Double Hydroxides: Present and Future, edited by Rives V (Nova 

Science Publishers Inc.) New York 1-37. 

Simon P and Gogotsi Y (2008). Materials for electrochemical capacitors. Nature Materials 7(11) 845-

54. 
Wang XF, Zheng Y and Ruan DB (2006). A Hybrid Metal Oxide Supercapacitor in Aqueous KOH 

Electrolyte. Chinese Journal of Chemistry 24(9) 1126-1132. 

Wang Y and Xia Y (2013). Recent Progress in Supercapacitors: From Materials Design to System 
Construction. Advanced Materials 25(37) 5336-42. 

Wang Y, Yang W, Chen C, Ding R and Ron C (2008). Fabrication and electrochemical 

characterization of cobalt-based layered double hydroxide nanosheet thin-film electrodes. Journal of 

Power Sources 184(2) 682-690. 

http://as.wiley.com/WileyCDA/Section/id-302477.html?query=Kazuo+Nakamoto
http://link.springer.com/search?facet-author=%22Feng+Li%22
http://link.springer.com/search?facet-author=%22Xue+Duan%22
http://link.springer.com/book/10.1007/b100426
http://link.springer.com/bookseries/430


International Journal of Basic and Applied Chemical Sciences ISSN: 2277-2073 (Online) 

An Open Access, Online International Journal Available at http://www.cibtech.org/jcs.htm 

2014 Vol. 4 (3) July-September, pp.16-21/Ramesh 

Research Article  

© Copyright 2014 | Centre for Info Bio Technology (CIBTech)  21 

 

Wells AF (1984). Structural Inorganic Chemistry, 5
th
 edition (Oxford science publications) (Clarendon 

Press). 

Wu NL (2006). Nanocrystalline oxide supercapacitors. Materials Chemistry and Physics 75(1) 6-11. 

Xia X, Tu J, Mai Y, Chen R, Wang X, Gu C and Zhao X (2011). Graphene sheet/porous NiO hybrid 
film for supercapacitor applications. Chemistry European Journal 17(39) 10898-10905. 

Zhao T, Jiang H and Ma J (2011). Surfactant-assisted electrochemical deposition of α-cobalt hydroxide 

for supercapacitors. Journal of Power Sources 196(2) 860-864. 

 

 

 


