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a b s t r a c t   

The preparation of stable and efficient thin films with excellent energy storage and conversion capabilities 
has attracted great attention in the field of supercapacitors and electrocatalysis. Herein, hierarchical na-
nosheets-based ternary CoNiFe layered double hydroxide (LDH) thin films are prepared via an inexpensive 
and facile electrodeposition method. The structural, morphological, and electrochemical properties of films 
are systematically studied and compared with their binary counterparts. As prepared CoNiFe LDH shows a 
maximum specific capacity of 360 C g−1 at the current density of 0.4 A g−1 with a capacity retention of 51% 
even at the higher current density of 10 A g−1. Moreover, it shows excellent cyclic stability of 84% after 2000 
cycles. As an electrocatalyst, CoNiFe LDH demonstrates an excellent performance in OER, affording an 
overpotential of 196 mV at the current density of 10 mA cm−2 with a Tafel slope value of 49 mV dec−1. Also, 
it depicts excellent catalytic stability with stable operation for over 10 h. Thus, ternary CoNiFe LDH thin film 
can be used as a promising electrode material for both electrochemical energy storage and catalysis. 

© 2020 Elsevier B.V. All rights reserved.    

1. Introduction 

The continuously increasing energy consumption and concerns over 
environmental pollution require significant global efforts on efficient 
generation, storage, and transmission of energy [1]. The electrochemical 
energy storage and electrocatalysis have been considered to be the most 
effective technologies to remove the aforementioned stumbling block  
[2]. Among electrochemical energy storage devices, such as batteries and 
supercapacitors (SCs), SCs have attracted great importance owing to 
their high specific capacitance, long cycle life, and high power density  
[3]. The SC bridges the gap between conventional capacitors and re-
chargeable batteries by combining advantages of both. However, SCs are 
characterized by their poor energy density. Therefore, a variety of dif-
ferent materials has been investigated to improve the energy density of 
SCs [4]. SCs are categorized into electric double layer capacitors (EDLCs) 
and pseudocapacitors. Compared with EDLCs, pseudocapacitors de-
monstrate superior capacitive performance owing to the involvement of 

fast redox reactions and tremendous scales of electrostatic charge dif-
fusion and accumulation [5]. Electrode materials such as transition metal 
oxides, hydroxides, sulfides, carbides, nitrides, conducting polymers, etc. 
neither exhibit pure pseudocapacitive nor faradaic behavior. These ma-
terials can be classified as battery-like electrodes which have attracted 
great attention in recent years [6]. 

On the other hand, the electrochemical water splitting using 
high-performance electrocatalysts is imperative to produce oxygen 
and hydrogen for fuel cell and metal-air battery technologies [7]. 
During water splitting, the hydrogen evolution reaction (HER) is a 
straightforward process that readily happens at low overpotential. 
However, the oxygen evolution reaction (OER) (4OH− → O2 + 2H2O + 
4e−) is an arduous process owing to the sluggish four-electron 
transfer steps [2]. Previously, transition metal oxides such as RuO2 

and IrO2 have been reported as high-performance electrocatalysts 
for OER [8]. However, it is important to explore highly competent 
and inexpensive OER catalysts based on earth-abundant elements. 

Recently, transition metal-based layered double hydroxides 
(LDHs) have attracted great attention in the field of SCs, electro-
catalysts, and electrochemical sensors because of their highly re-
versible redox kinetics, cost-effectiveness and excellent structural 
and compositional tunability [9–11]. The general formula for LDHs is 
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lent and trivalent metal cations, respectively; An− is the charge- 
balancing anion of valence n; x = M3+ / (M2+ + M3+)) [12]. Lately, the 
most popular LDHs like NiCo [13], CoAl [14], CoMn [12], NiAl [15], 
NiMn [16] have been reported as excellent electrode materials for 
electrochemical energy applications. Amongst all LDHs, much work 
has been reported on the synthesis of α-phase NiCo LDH for super-
capacitor as well as electrochemical catalytic applications. The α- 
phase exhibits larger interlayer spacing compared to β-phase which 
gives superior electrochemical performance owing to the rapid ion 
transport in the electrode. However, after a few charging-dischar-
ging cycles, the α-phase transforms into the β-phase in the presence 
of KOH electrolyte which degrades the electrochemical performance 
over time [17]. This drawback can be overcome by partially sub-
stituting host metal ions by third trivalent metal ions, such as Fe3+ or 
Al3+ which form the ternary LDH. In particular, the addition of a third 
metal ion in the binary LDH can modify the electronic structure and 
enhance the electric conductivity, offering a huge number of active 
sites with a rapid electron transfer process [7,18]. The selection of 
Fe3+ ion as a third cation is obvious because of the contribution of 
Fe3+/Fe2+ redox couple for the enhancement of electrochemical 
performance [17,19,20]. In earlier reports, CoNiFe ternary LDH has 
been prepared via complex and time-consuming methods for en-
ergy-related applications, limiting their practical applicability for 
large scale production [21–24]. 

Therefore, in the present work, Co, Ni, and Fe based ternary LDH thin 
films are prepared for the first time via rapid, inexpensive and facile 
electrodeposition method. The structural, morphological and electro-
chemical properties of the film are systematical studied and compared 
with their binary counterparts. As prepared CoNiFe LDH shows a max-
imum specific capacity of 360 C g−1 at the current density of 0.4 A g−1 

with a capacity retention of 51% even at the higher current density of 
10 A g−1. Further, it shows excellent cyclic stability of 84% after 2000 
cycles. Besides, as an electrocatalyst, the CoNiFe LDH demonstrates an 
excellent performance in OER, affording an overpotential of 196 mV at 
the current density of 10 mA cm−2 and Tafel slope value of 49 mV dec−1 

with stable operation for over 10 hours. 

2. Experimental section 

2.1. Chemicals and materials 

Analytical grade cobalt nitrate hexahydrate (Co(NO3)2·6H2O), 
nickel nitrate hexahydrate (Ni(NO3)2·6H2O), sodium nitrate (NaNO3), 
and ferrous sulfate heptahydrate (FeSO4·7H2O) were purchased from 
Sisco Research Laboratories Pvt. Ltd. (SRL), India and potassium hy-
droxide (KOH) pellets were purchased from Sigma-Aldrich, USA. The 
stainless steel (SS) of grade 304 with a thickness of 0.05 mm was 
purchased from Labtronics enterprises, India. 

2.2. Synthesis of LDHs 

The preparation of binary/ternary LDHs was achieved by electro-
deposition using a three-electrode system. The stainless steel (SS) (ex-
posed area 1 × 1 cm2), Ag/AgCl (3 M NaCl) and coiled platinum were 
used as a working, reference and counter electrodes, respectively. Prior 
to deposition, SS electrodes (1 × 6 cm2) were cleaned with deionized 
water and ethanol using an ultrasonicator. The electrodeposition bath for 
ternary CoNiFe LDH was prepared by mixing 0.1 M Co(NO3)2·6H2O, 0.1 M 
Ni(NO3)2·6H2O and 0.1 M FeSO4·7H2O in the ratio of 1:1:1. To this solu-
tion, 0.1 M of NaNO3 was added to increase the concentration of OH− 

ions, accelerating the rate of deposition which resulted into in high- 
quality uniform thin films. The electrolyte for binary LDHs such as CoNi, 
CoFe and NiFe was prepared by adding the corresponding nitrate sources 
to the deionized water in the ratio of 1:1. All the depositions were 

carried out at the cathodic current density of 1 mA cm−2 for 5 min. 
Furthermore, deposited films were dried overnight at room temperature. 
Thin films such as CoNiFe LDH, CoNi LDH, CoFe LDH and NiFe LDH were 
labeled as CNFL, CNL, CFL and NFL, respectively. Finally, prepared sam-
ples were subjected to further elemental, morphological and electro-
chemical characterizations. 

2.3. Materials characterization 

X-ray diffraction (XRD) patterns were recorded using an X-ray dif-
fractometer (Rigaku, Ultima IV) equipped with a Cu Kα radiation source 
(λ = 1.5406 Å). The compositional studies of the samples were examined 
using energy-dispersive X-ray spectrometry (EDS) (JSM6701f, JEOL, 
Japan), X-ray photoelectron spectroscopy (XPS) (ULVAC-PHI Quantera 
SXM), Fourier-transform infrared spectroscopy (Vertex 80v, Bruker) and 
Raman spectroscopy (XperRam 200). The morphology and micro-
structure of the sample were examined using FE-SEM (JEOL JSM-7100) 
and TEM (JSM2100, JEOL, Japan). The mass of the active material on the 
SS substrate was measured by the weight difference method using an 
electronic balance (CAI-35, Contech Instruments Ltd). 

2.4. Electrochemical measurements and evaluation 

The supercapacitive and electrocatalytic performances were eval-
uated using a three-electrode system via Biologic SP-150 electrochemical 
workstation. In the three-electrode system, thin films on the SS sub-
strate, coiled platinum, and Ag/AgCl were used as a working, counter and 
reference electrodes, respectively. The freshly prepared solutions of 2 M 
and 1 M KOH were used as an electrolyte for supercapacitive and cata-
lytic studies, respectively. The electrocatalytic activity of the electrode 
was examined using linear sweep voltammetry (LSV), cyclic voltam-
metry (CV), and chronoamperometry techniques. The specific capacity of 
the electrodes was calculated from the CV curves using following re-
lation, 

=C
I(V)dv

M s
C gv

v

11

2

(1) 

where 'C' is the capacity (C g−1), 'M' is the mass of the active material (g), 
's' is the scan rate (V s−1), and I(V)dv

v
v

1

2 is the area under the CV curve. 
The specific capacity was also calculated from the GCD curves using 
following relation, 

= ×
C

I t
M

C g 1
(2) 

where 'I′ is the discharging current (A), '∆t' is the discharging time (s), 
and 'M' is the mass of the active material (g) [25,26]. Electrochemical 
impedance spectroscopy (EIS) was performed in the frequency range of 
0.1 Hz to 1 MHz. Furthermore, values of overpotential were calculated 
using following formula, 

= =E 1.23 V E 0.221 Vvs.RHE vs.Ag/AgCl (3) 

where ‘η’ is overpotential (mV), ‘Evs.RHE’ is the potential vs. RHE (re-
versible hydrogen electrode) (mV), ‘Evs.Ag/AgCl’ is the potential vs. Ag/AgCl 
reference electrode and '1.23 V' is standard thermodynamical potential 
for oxygen reduction. 

3. Results and discussion 

3.1. Preparation of LDHs 

The deposition was based on the reduction reaction of nitrate and 
sulfate ions, leading to the increase of the pH near the surface of the 
substrate, accelerating the deposition process [27]. The formation of 
binary and ternary LDHs can be described using the following re-
actions [28] and Fig. 1. 

R.C. Rohit, A.D. Jagadale, S.K. Shinde et al. Journal of Alloys and Compounds 863 (2021) 158081 

2 



+ + +NO H O 2e NO 2OH3 2 2 (4)  

+ + +SO H O 2e SO 2OH4
2

2 3
2 (5)  

++ + + +M (Co , Ni , Fe ) xOH M(OH)x 2 2 3
x (6)  

The schematic diagram shows the reduction process of nitrate and 
sulfate ions and subsequent precipitation of Co2+, Ni2+ and Fe3+ ions 
forming LDHs. 

3.2. Morphological study 

The FESEM images of CNL, CFL, NFL and CNFL samples are shown in  
Fig. 2, demonstrating the formation of distinct microstructures. As 
shown in Fig. 2A, a CNL sample was formed with a network-like struc-
ture having densely packed nanosheets. The CFL sample exhibited the 
creation of interconnected nanoflakes which are agglomerated to form 
nanoflowers like morphology (Fig. 2B). Similarly, the FESEM image of the 
NFL sample presents the formation of nanoflakes which assembled to                               

Fig. 1. Schematic of preparation of LDHs thin films.  

Fig. 2. FESEM images of (A) CNL, (B) CFL, (C) NFL, (D) CNFL samples at 30,000×, (E) CNFL at 50,000× magnification, (F) TEM image of CNFL, (G) HR-TEM image of CNFL, (H) SAED 
pattern and (I–L) elemental mapping of Co, Ni, Fe and O corresponding to TEM image. 
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form hierarchical spheres (Fig. 2C). As shown in Fig. 2D and E, the CNFL 
exhibits hierarchical nanosheets like structure. These internally con-
nected nanosheets form a strong network which can be helpful in an 
electrochemical application. The average thicknesses of deposited na-
nostructures were evaluated from the FESEM images at the magnifica-
tion of 50,000× (Fig. S1 and Table S1). The ternary CNFL sample depicted 
the average thickness of 32.8 nm which may lead to the higher surface 
area and more electrochemical active sites [29,30]. Therefore, as com-
pared to other binary LDHs, the microstructure of a ternary CoNiFe LDH 
may facilitate high surface area and open channels, rewarding superior 
catalytic and electrochemical energy storage activities. The open and 
porous structure of CNFL electrode provide excellent pathways for 
hassle-free ionic and electronic transport [31]. Furthermore, Fig. 2F 
shows the TEM image of the CNFL sample, confirming the formation of 
nanosheets like microstructure. The high-resolution TEM (HR-TEM) 
image shows lattice fringes corresponding to the interplanar spacing of 
0.25 and 0.26 nm that can be attributed to the (012) plane of CoNiFe LDH 
phase (Fig. 2G). The selected area electron diffraction (SAED) pattern 
(Fig. 2H) shows the diffraction concentric rings, verifying the poly-
crystalline nature of the CoNiFe LDH. These rings can be attributed to the 
(012), (015) and (110) crystal planes of CoNiFe LDH. Furthermore, ele-
mental mapping images (Fig. 2I–L) show a uniform distribution of the 
Co, Ni, Fe and O in the ternary CoNIFe LDH nanosheets. Similar uni-
formity was obtained in case of mapping images taken from FESEM 
(Fig. S2). 

3.3. Structural study 

XRD patterns of thin films deposited on the SS substrate are 
shown in Fig. 3A. The peak at around 10° confirms the formation of 
LDH with a hydrotalcite-like structure. Peaks at around 10°, 19.5° and 
59.8° corresponded to (003), (006) and (110) planes, respectively  

[21,32–34]. Two additional peaks at around 43.57° and 74.55° are 
attributed to the SS substrate material. The CNL sample shows two 
distinct peaks at 33.51° and 59.82° which are ascribed to the pre-
ferred growth along (012) and (110) directions, respectively [35]. The 
interplanar spacing in CNL, CFL, NFL and CNFL samples is calculated 
to be 9.2, 8.9, 10 and 9.5 Å, respectively. These values of interlayer 
spacing may sufficiently decrease the diffusion energy barrier for the 
ion intercalation and improve the interlayer conductivity [36]. 

Further, the elemental composition and chemical valence states on 
the surface of CNFL thin film were confirmed by XPS analysis as shown 
in Fig. 3(B–D). The survey spectrum confirms the presence of Co, Ni, Fe 
and O in the CNFL sample with atomic percentages of 6.91%, 3.89%, 
4.78% and 49.66%, respectively (Fig. S3). The high-resolution spectrum of 
Co 2p (Fig. 3B) depicts two distinct peaks at 780.8 and 796.7 eV which 
are attributed to the Co 2p3/2 and Co 2p1/2 atomic orbitals, respectively, 
indicating the presence of Co2+ and Co3+ ions. The high spin state of the 
Co2+ was highlighted by the two satellite peaks at 785.26 and 802.8 eV  
[26]. Fig. 3C represents the high-resolution spectrum of the Ni 2p, in 
which, 2p3/2 and 2p1/2 states were observed at 873.24 and 855.5 eV, 
respectively along with two satellite peaks at 861.3 and 879.6 eV [37]. 
The peaks at 711.3 and 724.7 eV (Fig. 3D) can be assigned to 2p3/2 and 
2p1/2, respectively, indicating the existence of Fe3+ in CoNiFe LDH [28]. 
This study confirmed the formation of CoNiFe LDH. 

The FTIR spectrum (Fig. 3E) of CNFL also supported the formation of 
CoNiFe LDH with the strong band at 3284 cm−1 corresponding to the 
stretching vibrations of the hydroxyl group [38]. The bending vibrations 
of H2O molecules present in interlayers appeared at 1634 cm−1 [13]. The 
band at 1348 cm−1 represents the stretching vibration of the NO3 groups 
in the LDH interlayers [39]. The sharp peak at 1091 cm−1 was attributed 
to the S‒O stretching vibration in the sulfate ions [40]. The bands at 
around 400–800 cm−1 are attributed to stretching vibrations of M‒O and 
M‒OH bonds (M = Co, Ni and Fe) [41]. As shown in the Raman spectrum 
(Fig. 3F) of the CNFL film, the characteristic peaks at 477 and 532 cm−1 

Fig. 3. (A) XRD patterns of SS, CNL, CFL, NFL and CNFL samples, high resolution spectrum of (B) Co 2p, (C) Ni 2p and (D) Fe 2p of CNFL thin film, (E) FTIR and (F) Raman spectra of 
CNFL sample. 
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are related to the M‒O and M‒OH bonds (where, M = Co, Ni, Fe) [42,43]. 
Peaks originated at 651 and 975 cm−1 can be attributed to the sulfate 
ions in the interlayer spacing [44]. The presence of nitrate ions can be 
confirmed by the peak obtained at 1037 cm−1 [45]. Therefore, the Raman 
spectrum supports the formation of CoNiFe LDH. 

3.4. Supercapacitive study 

The electrochemical performance of prepared electrodes was char-
acterized using a three-electrode system via CV and GCD techniques. CV 
curves of CNL, CFL, NFL and CNFL film electrodes were presented at the 
scan rate of 5 mV s−1 in Fig. 4A (CV curves at various scan rates can be 
seen in Fig. S4). Interestingly, all electrodes exhibited distinct redox 
peaks, confirming the faradaic battery-like behavior. As the scan rate was 
increased, oxidation and reduction peaks shifted towards more positive 
and negative potentials, respectively owing to the rapid redox reaction at 
the electrode-electrolyte interface [46]. Specific capacities of CNL, CFL, 
NFL and CNFL were calculated to be 53, 272, 8 and 338 C g−1, respec-
tively. It is seen that the ternary CoNiFe LDH exhibited excellent specific 
capacity as compared to other binary LDHs. It can be attributed to the 
enhanced electrical conductivity and electrochemically active sites cre-
ated by the incorporation of a third transition metal cation [47]. More-
over, the interconnected nanosheets like microstructure of ternary 
CoNiFe LDH facilitates high surface area for efficient and rapid charge- 
discharge reactions at the electrode/electrolyte interface. Also, the open 
and porous structure provides hassle-free ionic and electronic diffusion 
through the electrode. Furthermore, the specific capacity of CNFL elec-
trode was also calculated from the GCD curves. It was found as 360, 338, 
326, 316, 268, 239, 215 and 187 C g−1 at the current densities of 0.4, 0.6, 

0.8, 1, 3, 5, 7 and 10 A g−1, respectively (Fig. 4B). Specific capacities ob-
tained from CV and GCD curves are in good agreement with each other. 
The maximum value of specific capacity in the present case is quite 
comparable with values reported in the literature for ternary and binary 
LDHs (Table 1). Generally, OER parasitism limits the charge storage 
performance of faradaic battery type electrodes and it must be sup-
pressed as much as possible by shifting the onset potential towards a 
more positive side [58]. Although the OER parasitism in the ternary 
CoNiFe LDH was dominant, the charge storage performance was not 
compromised which may be attributed to the existence of high apparent 
surface area and the number of electrochemically active sites. Moreover, 
the CNFL electrode shows capacity retention of 51% even at the higher 
current density of 10 A g−1 (Fig. S5D). It can be ascribed to the open and 
porous structure of the ternary CoNiFe LDH, providing easy and rapid 
pathways for electronic and ionic transport. Also, the cyclic stability of 
CNL, CFL, NFL and CNFL electrodes were examined at the current density 
of 10 A g−1 for 2000 GCD cycles (Fig. 4C). Capacity retentions of 70%, 48%, 
98% and 81% were obtained for CNL, CFL, NFL and CNFL electrodes, re-
spectively. Although the NFL electrode exhibited excellent cyclic stability 
of 98%, the poor specific capacity hinders its practical application in 
supercapacitor. On the other hand, the ternary CoNiFe LDH displays 
excellent cyclic stability of 81.4% after 2000 cycles which is far better 
than other binary LDHs. The improved stability performance is attrib-
uted to the addition of the third cation in the ternary LDH. 

Additionally, electrical parameters of electrodes were estimated by 
using the EIS (Fig. 4D). Nyquist plots of CNL, CFL, NFL and CNFL elec-
trodes are shown in Fig. 3D, depicting a distinct semicircle at a higher 
frequency region. The equivalent circuit fitted for the impedance data 
consisted of bulk electrolyte resistance (Re) and the charge transfer re-
sistances (Rct1 and Rct2). The Rct1 represents the charge transfer 

Fig. 4. (A) CV curves of CNL, CFL, NFL and CNFL electrodes at the scan rate of 5 mV s−1, (B) GCD curves of CNFL electrode at different current densities, (C) the variation of capacity 
retention and cycle number and (D) Nyquist plots of CNL, CFL, NFL and CNFL electrodes (top inset: magnified higher frequency region and bottom inset: equivalent circuit 
diagram). 
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resistance between the electrode and the electrolyte, whereas the Rct2 

denotes the internal grain resistance of the electrode [59]. The Re in-
cludes the electrolyte resistance, internal resistance of the active mate-
rials and contact resistance between the electrode material and the 
substrate [60]. The magnified inset image clearly shows that the ionic 
resistances of all the electrodes were almost negligible. The contribution 
of intrinsic and ionic resistances (Re) of CNL, CFL, NFL and CNFL elec-
trodes were estimated as 1.23, 0.99, 1.36 and 1.9 Ω, respectively. Rct1 

values for CNL, CFL, NFL and CNFL electrodes were calculated as 0.35, 
0.27, 0.42 and 0.16 Ω, respectively. Rct2 values of CNL, CFL, NFL and CNFL 
electrodes were found to be 16.1, 34.67, 470.7 and 11.64 Ω, respectively. 
The value of Rct1 for the CNFL electrode found to be lower than Rct2, 
implying the efficient electron transport between the electrode and the 
electrolyte [59]. Also, the CNFL electrode exhibited the lower value of 
Rct2, signifying ingenious electronic transport in the electrodes. Vertical 

spikes in the lower frequency region represent the Warburg impedance 
which is related to the ionic diffusion in the electrolyte [61]. In the case 
of the CNFL electrode, an ambiguous semicircle in the higher frequency 
followed by a vertical spike in the lower frequency infers a rapid charge 
transfer process which is controlled by the ion diffusion [62]. The lower 
resistance of ternary CNFL LDH may be attributed to the addition of a 
third metal ion that not only enhances the electrical conductivity but 
also intensifies the electrochemical performance of the electrode. 

3.5. Electro-catalytic study 

The OER catalytic activity of prepared LDHs was analyzed by re-
cording the iR compensated LSV curves (Fig. 5A). The overpotential re-
quired to achieve the current density of 10 mA cm−2 for thin film 
catalysts CNL, CFL, NFL and CNFL was estimated as 217, 212, 258 and                                   

Table 1 
Comparison of specific capacity of CoNiFe LDH with reported values.       

S.No Material Potential window (V vs Ag/AgCl) Specific capacity (C g−1) Reference   

1 CoNiFe LDH/CNFs 0–0.6  721.8 [21]  
2 FeCoNi LDH 0–0.55  539 [24]  
3 NiCoFe (OH)2/polyaniline −0.4–0.8  860.4 [35]  
4 Graphene/NiAl LDH 0–0.6  468.9 [48]  
5 NiAl LDH@Ni foam 0–0.5  397.5 [49]  
6 MnCo LDH 0–0.5  229.95 [50]  
7 MnNi(OH)2 LDH 0–1  160 [51]  
8 ZnNiCo LDH 0–0.6  183 [52]  
9 CoAl LDH/GO −0.1–0.55  501.8 [53]  

10 CuCo LDH 0–0.55  433.95 [54]  
11 Graphene/Co(OH)2 0–0.5  237 [55]  
12 NiCoFe LDH 0.05–0.55  912.5 [56]  
13 CoNiFe LDH 0.1–0.45  344.75 [57]  
14 CoNiFe LDH (CNFL) −0.2–0.4  360 This work 

Fig. 5. (A) iR compensated LSV curves of CNL, CFL, NFL and CNFL electrodes at the scan rate of 5 mV s−1, (B) histogram of overpotentials of different catalysts achieved to attain the 
current density of 10 mA cm−2, (C) Tafel plots obtained from the LSV data and (D) chronopotentiometric curve of CNFL at the constant current density of 10 mA cm−2 for 10 h. 
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196 mV, respectively (Fig. 5B). The histogram shows that the ternary 
CoNiFe LDH is the best OER catalyst among the other binary LDHs. The 
improved catalytic activity of ternary LDH is attributed to the synergic 
effect of Co, Ni and Fe elements in the LDH. Besides, the open and na-
nostructured morphology of ternary LDH with the high surface area 
could enable an ample amount of electroactive sites for electrocatalytic 
reactions [63]. Furthermore, the Tafel slopes of CNL, CFL, NFL and CNFL 
catalysts were estimated as 51, 53, 66 and 49 mV dec−1, respectively 
(Fig. 5C). The Tafel slope of ternary CoNiFe LDH is the lowest as com-
pared to other binary LDHs, indicating the capability of ternary LDH as a 
potential electrocatalyst for OER activity. As shown in Fig. 5D, the sta-
bility of the CNFL catalyst was studied using chronopotentiometry at the 
constant current density of 10 mA cm−2 for 10 h. The potential was in-
creased from 1.44 to 1.46 V after 10 h which demonstrates that the 
ternary CoNiFe LDH is a promising electrocatalyst for OER activity. The 
catalytic activity of the ternary LDH is far better than that of the LDHs 
reported previously in the literature (Table S2). 

4. Conclusion 

In summary, Co, Ni and Fe based binary and ternary LDHs were 
successfully prepared via facile electrodeposition method and their 
electrochemical performances were compared. This study concludes 
that the ternary CoNiFe LDH exhibits better electrochemical perfor-
mance for both supercapacitor and OER catalytic applications as com-
pared to binary CoNi, CoFe and NiFe LDHs. The ternary CoNiFe LDH 
shows a maximum specific capacity of 360 C g−1 at the current density of 
0.4 A g−1 with a capacity retention of 51% even at the higher current 
density of 10 A g−1. It also exhibits excellent stability of 81.4% after 2000 
GCD cycles. In the case of electrocatalytic study, ternary CoNiFe LDH 
requires a minimum overpotential of 196 mV to reach the current 
density of 10 mA cm−2 with Tafel slope value of 49 mV dec−1. The CNFL 
shows the excellent catalytic stability with a very small increment in the 
overpotential (1.44–1.46 V) after 10 h. Thus, the electrodeposited ternary 
CoNiFe LDH is a promising electrode material as compared to the binary 
LDHs for both supercapacitor and electrocatalytic applications. 
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