
KEPCO Journal on Electric Power and Energy, Vol. 1, No. 1, September 2015 

ISSN 2465-8111     DOI http://dx.doi.org/10.18770/KEPCO.2015.01.01.175 

ⓒ 2015 Korea Electric Power Corporation. Personal use is permitted, reproduction/redistribution requires permission.  

 

175 

Facile Chemical Growth of Cu(OH)2 Thin Film Electrodes for High 

Performance Supercapacitors 
 

간단한 화학적 합성을 통한 고성능 슈퍼캐패시터용 수산화 구리 전극 
 

 

U. M. Patil, Min Sik Nam, N. M. Shinde, Seong Chan Jun† 

U. M. Patil, 남민식, N. M. Shinde, 전성찬† 

 

Nano ElectroMechanical Device Laboratory, School of Mechanical Engineering, Yonsei University, Seoul 120-749, Korea. 

 † E-mail:scj@yonsei.ac.kr; Fax: +82-2-312-2159; Tel: +82-2-2123-5817 

 

 

Abstract 

 

본 연구에서는 간단한 화학적 합성 방법을 통하여 스테인레스 기판 위에 nano-bud 형태의 수산화 구리 박막을 

형성하였다. 그리고 또 다른 합성 방법인 chemical bath deposition을 이용하여 수산화 구리 나노 구조를 간단하고 

친환경적으로 형성하였다. 수산화 구리 박막의 구조적 연구는 X-ray diffraction (XRD), X-ray photoelectron spectroscopy 

(XPS), field emission scanning electron microscopy (FESEM) 방법을 통하여 이루어졌으며 다결정의 nano-bud 형상을 

확인할 수 있었다. 또한 나노 구조로 합성된 수산화구리 전극의 전기화학적 측정은 1M KOH의 전해질 조건에서 

cyclic voltammetry (CV) and galvanostatic charge-discharge (GCD)에서 측정되었으며 340 F g-1의 높은 비 용량을 보였다. 

또한 1 mA cm-2 의 전력 밀도에서 ~83 Wh kg-1의 높은 에너지 밀도와 ~3.1 kW kg-1의 높은 출력 밀도를 가지며 향상된 

전극의 성능을 보였다. 이러한 뛰어난 의사 캐패시터의 성능은 수산화 구리의 nano-bud 형상에 의한 효과로 확인할 

수 있었다. 본 연구를 통하여 화학적 합성 방법의 확장을 통하여 수산화 구리 전극의 에너지 저장 장치로써의 

성능을 확인할 수 있었다. 

 
A facile soft chemical synthesis route is used to grow nano-buds of copper hydroxide [Cu(OH)2] thin films on stainless steel 

substrate[SS]. Besides different chemical methods for synthesis of Cu(OH)2 nanostructure, the chemical bath deposition (CBD) is 

attractive for its simplicity and environment friendly condition. The structural, morphological, and electro-chemical properties of 

Cu(OH)2 thin films are studied by means of X-ray diffraction (XRD), X-ray photoelectron spectroscopy (XPS), field emission 

scanning electron microscopy (FESEM), cyclic voltammetry (CV) and galvanostatic charge-discharge (GCD) measurement 

techniques. The results showed that, facile chemical synthesis route allows to form the polycrystalline, granular nano-buds of 

Cu(OH)2 thin films. The electrochemical properties of Cu(OH)2 thin films are studied in an aqueous 1 M KOH electrolyte using cyclic 

voltammetry. The sample exhibited supercapacitive behavior with 340 F g-1 specific capacitance. Moreover, electrochemical 

capacitive measurements of Cu(OH)2/SS electrode exhibit a high specific energy and power density about ~83 Wh kg-1 and ~3.1 kW kg-1, 

respectively, at 1 mA cm-2 current density. The superior electrochemical properties of copper hydroxide (Cu(OH)2/SS) electrode with 

nano-buds like structure mutually improves pseudocapacitive performance. This work evokes scalable chemical synthesis with the 
enhanced supercapacitive performance of Cu(OH)2/SS electrode in energy storage devices. 
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I. INTRODUCTION 

Supercapacitors are the intermediate energy storage device 

that can deliver much higher power densities than conventional 

batteries and higher energy densities than traditional capacitors. 

They can be charged and discharged at high rates with long 

cycle life and low maintenance cost. Supercapacitors can be 
divided into two types, based on the mechanism of the charge 

storage, pseudocapacitor and electric double layer capacitor 

(EDLC) [1]. In EDLC the charges are stored at the 

electrode/electrolyte interface, while for pseudocapacitors the 

charges are generated within the electrode due to a faradic 

reaction. Since the charges in EDLC are stored at the electrode 

surface, they are readily accessible and resulting in high power 

densities. In contrast, pseudocapacitive-type materials generate 

large number of charges due to redox reactions; deliver high 

energy density than that of carbonaceous materials which store 

charges only at the electrode surface by EDLCs [2,3]. Generally, 

metal hydroxides/ oxides and conductive polymers with 

multiple oxidation states, which possess a redox reaction, are 

used as pseudocapacitive materials [4].  

In current years, the research aim in finding novel materials 

progressively changing from conventional intercalation 
chemistry to conversion based mechanisms. Studies in this 

manner are principally focused on diverse transition metal 

oxides/hydroxide due to their large capacities, through 

phenomenon of electrochemistry based redox reaction. In 

accordance with high specific capacity, the conversion reactions 

in transition metal oxides/hydroxides accompanying volume 

expansion upon long cycling, results into capacity diminution. 

However, some excellent performances have been achieved with 

metal oxides/hydroxides by evolving morphology advancement 
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to various hierarchical porous nanostructures [1]-[3]. 

Regrettably, the transition metal oxides based anodes suffer 

from capacity fading and poor cycling performance due to 

substantial structural and volume changes cause severe electrode 

pulverization arising while charge/discharge processes. This 

mechanical transfusion is main obstruction which inhibits their 

use in commercial application. Therefore, it is challenging to 

improve long cycle life with high capacities in transition-metal 

oxides to fulfill emerging future demands of anode materials in 
energy storage [2]-[4]. It is important for pseudocapacitor 

materials to have high specific surface area, high electrical 

conductivity and fast charge diffusion process in order to 

achieve high power and energy densities. Hydrous ruthenium 

oxides with amorphous structure have been reported to be 

promising electrode materials for pseudocapacitors applications 

due to their intrinsically excellent quasi-metallic conductivity 

and high pseudocapacitance. However, high cost and toxic 

nature of the compound has placed huge obstacles for its large 

scale manufacture. Therefore, a lot of effort has been devoted to 

develop alternative pseudocapacitor electrode materials such as 

NiO, MnO2 and CuO [5][6]. 
Among these transition metal oxides, CuO, is an important 

p-type semiconductor having a narrow band gap (Eg=1.2 eV). It 

is promising in various fields of application such as, a potential 

field emission material, catalyst, a gas-sensing medium, in 

making optical switches and solar cells due to its 

photoconductive and photochemical properties [5][6]. CuO has 

high specific capacity (670 mA h g-1) hence considered as 

efficient anode material with merits such as, resource abundance, 

economic, non-toxic, easy production, and environmental 

friendliness [6]. Copper oxide (CuO) is one of the suitable metal 

oxides with favorable pseudo-capacitive properties, and thus 
CuO thin films synthesized by electrodeposition [5] and 

chemical bath deposition (CBD) [6] have been used in 

supercapacitors. However, highest specific capacitance is 

limited to 37 and 43 F g-1, respectively. The minor enhancement 

in the supercapacitance performance of CuO has been achieved 

by either forming hybrid films (CuO/PPA) [7] or composite with 

CNTs [8], in which the specific capacitance is limited to 65 and 

60 F g-1, respectively. In spite of these merits, due to poor 

electrical conductivity it also suffers loss of capacity upon 

cycling. Many efforts have been taken to increase the 

electrochemical performance of CuO materials. To resolve these 
difficulties, many researchers aimed their efforts in performance 

advancement by growing various micro-nanostructures, 

morphologies and hybrid composite materials with boosting 

electrochemical properties and unique structures [8]. 

Recent studies demonstrate that metal hydroxides exhibit 

higher specific capacitance than metal oxides counterparts 

[9][10]. Thus, current studies have been focused on synthesis of 

metal hydroxide thin films. Among many metal 

oxides/hydroxides, Cu(OH)2 is advantageous in terms of low 

cost and abundance in nature; therefore, it is considered a 

promising lucrative pseudocapacitive material in 

supercapacitors. There are few reports available on preparation 
of Cu(OH)2 by chemical (precipitation, SILAR, Sol-gel, 

hydrothermal, etc) and electrochemical deposition (ED) 

methods for its application in supercapacitors [11][12]. It is 

noteworthy that, for total capacitance only surface part of 

electro-active material in contact with the electrolyte can 

majorly contribute in the redox reactions for energy storage. 

Hence, smart engineering of electrode material is highly 

required. The directly growing smart multifarious 

nanostructures of metal hydroxides on conducting substrates are 

constructive for supercapacitors. Such a binder free electrode is 

more feasible offering fast electron-transport, easy electrolyte 

diffusion with more access of electro-active sites by sinking 

weight and resistance of material. Thus, synergetic 

characteristics can be instantaneously attained for improving 

specific capacitance, stability and rate performance of electrode 
components [13]. So, chemical bath deposition (CBD) can be 

facile method for Cu(OH)2 preparation. Chemical bath 

deposition method offers many advantages over other deposition 

methods such as, low temperature, any complex shaped 

conducting substrates can be used and morphology can be easily 

controlled by deposition parameters such as temperature, 

complexing agent. Furthermore, this method is simple and 

possesses the potential for large-area deposition. Still, there are 

only few reports are available on the synthesis of Cu(OH)2 on 

Ni foam and different kinds of metal substrates for supercapcitor 

application. Gurav et al prepared Cu(OH)2 thin films by CBD 

method using CuSO4 and ammonia as initial ingredients, for 
supercapacitor application [13]. Similarly, for other applications 

such as, catalysis and optoelectronic devices, Cu(OH)2 thin 

films were reported by many scientists [14][15].  

Based on above discussion, the present investigation 

reports on the synthesis of Cu(OH)2 thin films by facile 

chemical bath deposition method. The structural, and 

morphological properties of Cu(OH)2 thin films are reported 

here. Moreover, the electrochemical supercapacitor 

characteristics of Cu(OH)2 films are investigated by using cyclic 

voltammetry and charge-discharge curves in 1 M KOH 

electrolyte. The supercapacitive performance were calculated 
and analyzed in terms of specific capacitance, specific energy 

and power density with electrochemical series resistance. 

 

II. EXPERIMENTAL DETAILS 

For the growth of Cu(OH)2 thin films a facile chemical 

bath deposition (CBD) method was used. In a typical synthesis, 

an aqueous solution of 50 mL containing (0.1 M) 

Cu(NO3)2·6H2O and 0.1 M Urea (CO(NH2)2) was used under 

constant stirring. Stainless steel (SS) substrates were used for 

deposition, which were cleaned with detergent and rinsed with 
DI water along with further ultra-sonication for 10 min. The 

substrates were immersed in the prepared solution bath. The 

bath was sealed and placed in a vessel containing paraffin oil for 

constant heating and bath kept at 95°C temperature without 

stirring for 6 hours. During precipitation, a heterogeneous 

reaction occurred and Cu-based nanostructures were deposited 

on the substrates. The terminal thickness of 0.12 mg·cm-2 was 

obtained after 6 h deposition. For further deposition (more than 

6 h deposition time), decrease in film thickness observed, which 

could be attributed to the formation of outer porous layer and/or 

the film which may develop stress to cause delamination, 

resulting in peeling off the film after the film reaches at 
maximum thickness. After the 6 h reaction, thin film samples 

were cleaned by rinsing with DI water several times to remove 

the residual reactants. Then the samples were allowed to dry at 

room temperature and used as it is for further characterization. 

The electrode materials were structurally characterized by 

XRD, XPS and FESEM measurements. The X-ray diffraction 
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(XRD) was carried out on a Rigaku Ultima diffractometer using 

Cu-Kα radiation. X-ray photoelectron spectroscopy (XPS) 

measurements were carried out on a thermo scientific 

ESCALAB 250 (Thermo Fisher Scientific, UK). The 

morphology of the composite was examined by field-emission 

scanning electron microscopy (FESEM, JSM-7001F, JEOL). 

The supercapacitive performance was carried out by forming 

three electrode electrochemical system. The three electrode 

system consist of platinum (Pt) as counter electrode, MGF as a 

working electrode and Ag/AgCl as a reference electrode in 1 M 
KOH electrolyte. Cyclic Voltammetry (CV), galvanostatic 

charge/discharge tests and electrochemical impedance 

spectroscopy (EIS) were performed using ZIVE SP2 LAB 

analytical equipment (South Korea). 

 

III. RESULT AND DISCUSSION 

A. Film formation 

Synthesis of Cu(OH)2 on GF was achieved by using CBD 

method. CBD method is one of the efficient “bottom-up” 

approaches to grow nanostructures; it is based on the formation 
of a solid phase from solution which involves three collective 

steps as nucleation, coalescence and particle growth [16]. The 

greenish-blue Cu(OH)2 thin films were prepared by chemical 

deposition method. The film growth is dominated by three 

periods: (i) an induction period (also called nucleation or 

incubation period) during which the various chemical 

equilibriums and reactions are established in the bath. The 

nuclei of the metal hydroxides formed on the substrate, (ii) the 

growth period during which the film thickness increases linearly 

with deposition time. The moment, the ionic product (IP) of the 

solution exceeds the solubility product (SP), and the solution 
reaches maximum degree of supersaturation (S = IP/SP), which 

consequently leads to the growth of nuclei and deposition of the 

film, and (iii) a terminal step where the reagent became depleted 

and film growth begins to slow down and eventually stops [13]. 

The possible reaction mechanism for the deposition of Cu(OH)2 

films is as follows: 

 In the formation Cu(OH)2, as the temperature of solution 

bath increased to 95°C, decomposition of urea (reaction 1) took 

place, producing CO2 and NH3 gradually.  

 

23
Δ

222 CO2NHOHCONHNH      (1) 

 

After decomposition of urea as per above reaction, the 
solution became alkaline, such an alkaline condition is more 

favorable to achieve supersaturation state, which is constructive 

to create more nucleation sites. 

 Simultaneously, Cu2+ from Cu(NO3)2·6H2O get mixed 

with NH3 which formed amine complex. Such amine complexed 

metal ions easily get adsorbed on the heterogeneous surface of 

the substrate by electrostatic or Van-der Wall force. The specific 

surface area of substrate makes it easy to adsorb a large number 

of amine complexed Cu2+. 

 
 

2
433

2 )Cu(NHNHCu       (2) 

 

Initially, the solution was neutral with pH about ~6-7 and 

then increased gradually and monotonically with time and 

temperature, the solution became alkalescent. At this alkalescent 

bath condition, the Cu(NH3)4
2+ is instable and the following 

reactions occur to form mixed metal hydroxides on the SS 
surface in form of nano-buds.  

 

32
12

43 4NHCu(OH)2OH]Cu[(NH) 


    (3) 

 

In the film formation NH3, released from urea, introduced 

as a complexing agent in the bath and exerts itself to control the 
release velocity of Cu2+ ions for deposition of Cu(OH)2 nano-

buds. After this reaction, lastly, green colored uniform film was 

found on the stainless steel substrate. 

 

B. Structural studies 

The electrode materials were structurally characterized by 

XRD, XPS, Raman and FESEM measurements. The X-ray 

diffraction (XRD) was carried out on a Rigaku Ultima 

diffractometer using Cu-Kα radiation. The Fig. 1 shows X-ray 

diffraction (XRD) profiles of graphene foam and Cu(OH)2/SS 

electrodes. Five significant diffraction peaks (2q) at ~45°, 46°, 

51°,55° and 75° are attributed reflections of the crystalline peak 

of stainless steel substrate marked as ‘s’. The XRD pattern of 

Cu(OH)2/SS electrode, which reveals characteristic peaks at 

~13.3° (001), 30.8° (012), 31.9° (200) and 33.5° (11-2) belongs 
to the hydrated copper hydroxide (Cu(OH)2.nH2O) (JCPDS: 42-

0638, marked as ‘hh’) with peaks at 16° (020), 18° (110) and 23° 

(021) attributed to Cu(OH)2 (JCPDS 80-0656, marked as ‘H’) 

formation. Additionally, two peaks of Copper oxide (CuO) 

(JCPDS: 45-0937, marked as ‘O’) are found at 35.5° (002) and 

38.7° (111). This results shows that, the formed film contains 

mixed phases of Copper oxide, hydroxide and hydrated 

hydroxide. Also, the good crystallinity of the deposited films of 

Cu(OH)2 on SS can be assured by the high and sharper 

diffraction peaks.  

To obtain more detailed information about elements and 
oxidation states of the prepared Cu(OH)2/SS, X-ray 

photoelectron spectroscopy measurements were performed and 

corresponding results are presented in Fig. 2(a). Fig. 2(b) shows 

fitted spectra of Cu 2p for Cu(OH)2/SS electrode. The Cu 2p 

spectrum was best fitted by considering two spin-orbit doublets 

and two shake-up satellites. Two kinds of copper species have 
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Fig. 1.  XRD pattern of Cu(OH)2/SS thin film 
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been detected and assigned to species containing Cu2+ and Cu3+ 

ions. Specifically, peak at binding energies (BE) of 934.2 eV can 

be ascribed to Cu2+ while the peaks at BE of 941.5 and 944.1 eV 

are assigned to Cu3+. According to the literature, the position of 

Cu (2p3/2) peak for Cu(OH)2 chemical compositions is at 

binding energies of 934.2 eV [17]. To have detailed insight and 

the presence of hydroxide, O 1s core level of Cu(OH)2 thin films 

was examined (Fig. 2(c)). The fitted spectrum for the O 1s 

region is shown in Fig. 2(c) reveals oxygen contributions in 

Cu(OH)2/GF electrode. It is observed that the O1s core level 

region is composed of a broad peak centered at 532 eV for 
Cu(OH)2 composition, which is associated with bound 

hydroxide groups (OH-) and confirms the Cu(OH)2 formation 

[18]. Thus, XPS studies support the formation of Cu(OH)2 phase 

on SS substrate.  

The surface morphology of the deposits was viewed by 

field-emission scanning electron microscopy (FESEM, JSM-

7001F, JEOL). The FE-SEM micrographs of Cu(OH)2/SS 

electrode at different magnifications are shown in Fig. 3(a-b). 

Fig.  

3(a) shows that, Cu(OH)2 film is nothing but formation of 

agglomerated micro sized flowers covering the entire surface of 

the SS substrate. Interestingly, a high magnification FESEM 
image (Fig. 3(b)) reveals that individual grain composed of 

several tiny nanoparticles aggregated into a nano-buds grain. 

The smaller nano-buds range from 50 to 75 nm in diameter. 

Such morphology offers higher surface area, which provides 

structural foundation for electrochemical processes. Highly 

oriented nano-bud-like microstructure is a potential candidate 

for supercapacitor application, provides large surface area; it 

possesses loosely packed structure and advantageous for the 

electrolyte ions to access the active materials, results in Faradaic 

reaction, which may contribute to enhancement of capacitive 

performance [19].  

 

C. Supercapacitive study 

Electrochemical performance was evaluated by testing by 

forming a conventional half-test cell, containing a three-

electrode system with Cu(OH)2 based nanostructured thin film 

as the working electrode, Ag/AgCl as reference electrode and 

platinum (Pt) as counter electrode in a 1 M KOH aqueous 

electrolyte. Cyclic voltammetry (CV), galvanostatic 

charge/discharge tests and EIS measurements were performed 

using ZIVE SP2 LAB analytical equipment (South Korea). The 

effect of scan rate on an electrochemical supercapacitor formed 
by Cu(OH)2 was studied in 1 M KOH in the voltage range of -

0.2 to 0.6 V and are presented in Fig. 4(a). The shape of the CV 

indicates that the capacitance characteristic is different from that 

of an electric double-layer capacitance in which the shape is 

normally close to an ideal rectangular shape. This finding 

suggests that the capacity results mainly from a pseudo-

capacitive capacitance, which is based on a redox mechanism.  

The appearance of anodic and cathodic peaks 

 
(a) 

 
(b) 

Fig. 4.  Electrochemical studies of Cu(OH)2/SS electrode. (a) 

CV curves of Cu(OH)2/SS electrode in aqueous 1 M KOH at 

different scan rates (10-100 mV s-1). (b) Galvanostatic charge-

discharge (GCD) plots of Cu(OH)2/SS electrode within potential 

window of -0.2 to 0.5 V at constant charging current from 1 to 5 
mA cm-2. 

 

 

 

 
Fig. 2.  (a) Full XPS spectra and core level. (b) Cu 2p. (c) O 1s 

spectra of Cu(OH)2 thin film. 

 

 
Fig. 3.  FE-SEM images of Cu(OH)2/SS at different (a) 7,000× 

and (b) 40,000× magnifications 
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corresponding to the Cu(OH)2/CuOOH redox reaction in the CV 

is according to the following electrochemical reaction: 

 
  eOHCuOOHOHCu(OH) 22     (4) 

 

The redox peaks confirm the redox behavior of the 

synthesized product. The redox reaction of the copper electrode 

is usually considered to be a solid-to-solid transformation. The 

active material is thought to be a single-phase Cu(OH)2, and the 

redox reaction involves the movement of protons and electrons 

into and out of the bulk of the solid phase. The area under the 

curve slowly increases with scan rate, this shows that, the 

voltammetric currents are directly proportional to the scan rate 
and thereby display capacitive behavior [20].  

The Fig. 4 (b) shows the galvanostatic charge–discharge 

(GCD) of the Cu(OH)2/SS at different constant current densities 

from 1 to 5 A cm-2. The shape of the charge–discharge curves do 

not show the characteristic of a pure double-layer capacitor 

(linear charge-discharge), but mainly pseudocapacitance (non-

linear charge-discharge), which corresponds with the result of 

the CV test [21]. The specific capacitance with different charge-

discharge current density was calculated by using following 

formula.  

 

mV

tI
C




       (5) 

 

where, ‘I’ is the applied current density in ampere, ‘∆t’ is 

discharging time, ‘V’ is potential window and ‘m’ is mass of 

active material. The specific capacitance was found to be ~340, 

290 and 220 F g-1 at 1, 2 and 5 mA cm-2 current densities, 

respectively. The specific capacitance decreases with increase in 
charge-discharge current density. The decreasing specific 

capacitance is consequence of less active material access, which 

reduces the effective utilization of material at a higher charging-

discharging rate. Maximum specific capacitance ~340 F g-1 is 

observed for Cu(OH)2/SS electrode at low charge-discharge 

current density at 1 mA cm-2. Up to now, Dubal et al. [6] have 

obtained specific capacitance of 43 F g-1 using CuO electrode 

prepared by high temperature chemical bath deposition method. 

Gurav et al. [13] have reported 120 F g-1 supercapacitance of 

Cu(OH)2 films prepared by CBD method using copper sulphate 

and ammonia as initial ingredients. Here, we obtained relatively 

high capacitance may be due to hydrous nature of Cu(OH)2 

electrode.  

Furthermore, the specific energy (SE, Wh kg-1), and the 

specific power (SP, kW kg-1) calculated from the charge-

discharge curve, using following equations (6, 7), respectively.  

2

2

1
VCSE s       (6) 

t

SE
SP


       (7) 

 

where, ‘Cs’ is specific capacitance, ‘V’ is operating potential 

window and ‘∆t’ is discharging time. The calculated specific 

energy and power density from charge-discharge curves is 

shown in the typical Ragone plot (Fig. 5). The maximum energy 

density about 83 Wh kg-1 at power density 3.1 kW kg-1 observed 

for Cu(OH)2/SS electrode, which is comparable with other metal 

oxides [21][22] and hydroxides [23]-[27]. 

To better understand the enormous benefit of the Cu(OH)2 
in supercapacitors, EIS measurements were employed at open 

circuit potential (OCP) over the frequency range of 1 MHz and 

10 mHz for Cu(OH)2/SS electrode and shown in Fig. 6. The 

complex-plane plot shown in Fig. 6 consists of a small 

semicircle at higher frequencies with a transition to a linear part 

at low frequencies. A sharp increase in ‘Zim’ at lower frequency 

is attributed to the capacitive behavior of the material. However, 

the semi-circle at higher frequencies implies charge transfer 

resistance (Rct) at the electrode/electrolyte interface [21][28][29]. 

Apparently, the solution resistance (Rs) of the Cu(OH)2/SS 

electrode (2.8 Ω) is much smaller, indicating a lower contact 
resistance. Along with negligible charge transfer resistance (Rct) 

is observed for Cu(OH)2/SS electrode (15.1 Ω) attributed to 

significant charge transfer and faster ion-transport behavior of 

composite electrode [28][29]. An impedance arc of a semicircle 

is visible in the high frequency region, attributed to the 

complicated interfaces at the Cu(OH)2– Cu(OH)2 nano-buds and 

Cu(OH)2–substrate contacts since, electron hopping at these 

interfaces occurs during the charge/discharge processes [29]. 

This result signifies that the Cu(OH)2 based electrode possesses 

lower contact and charge-transfer impedances. The porous 

Cu(OH)2 nano-buds structure shortens ion diffusion paths and 

 
Fig. 5  Typical Ragone plot of energy density Vs power density 
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Fig. 6.  Electrochemical impedance spectrum within 1 MHz to 

10 mHz frequency region Nyquist plot of Cu(OH)2/SS 

electrodes. 
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facilitates migration of electrolyte ions at a large current density, 

as a result, ion diffusion and electron transfer accelerated at high 

cycling rates for the Cu(OH)2/SS electrode. 

This structural and electrochemical capacitive result 

signifies that, the Cu(OH)2/SS electrode possesses good 

supercapacitor behavior. Also, the direct growth of Cu(OH)2 by 

CBD method on SS avoids the addition of binder to attach nano-

materials over metal-based current collector in traditional 

electrode fabrication process, which not only hamper the charge 
transport rate, but also increases the total mass of the electrode. 

 

IV. CONCLUSIONS 

In summary, a CBD method was successfully employed for 

the deposition of Cu(OH)2 microflowers consist of nano-buds 

onto SS surface. The structural analysis pattern revealed the 

polycrystalline and hydrous nature of the Cu(OH)2 thin films. 

Formation of Cu(OH)2 compound is also confirmed by XPS 

analysis. The FESEM images revealed the formation of 

microflowers of nano-buds covering the entire substrate surface 

area. The nano-bud like morphology of Cu(OH)2 electrode 
reveals maximum specific capacitance up to ~340 F g-1. This 

enhanced Cu(OH)2/SS electrode performance open up further 

scope in symmetric, asymmetric, non-aqueous and solid state 

supercapacitive devices as per requirement of application (high 

energy or power). Thus, the facile CBD synthetic approach may 

provide a convenient route for the preparation of Cu(OH)2/SS as 

efficient electrode in energy storage application. 
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