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h i g h l i g h t s g r a p h i c a l a b s t r a c t

� Monodisperse cobalt hydroxide
nanocubes and nanowires are
synthesized.

� Morphology and size of Co(OH)2 are
tuned by CTAB content and reaction
time.

� Co(OH)2 nanowires electrode ex-
hibits high performance and long
cycle life.

� As-prepared asymmetric super-
capacitor shows high voltage and
energy density.
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a b s t r a c t

A facile hydrothermal process with hexadecyltrimethyl ammonium bromide (CTAB) as the soft template
is proposed to tune the morphology and size of cobalt hydroxide (Co(OH)2). Monodisperse b-phase
Co(OH)2 nanowires with uniform size are obtained by controlling the CTAB content and the reaction
time. Due to the uniform well-defined morphology and stable structure, the Co(OH)2 nanowires material
exhibits high capacitive performance and long cycle life. The specific capacitance of the Co(OH)2 nano-
wires electrode is 358 F g�1 at 0.5 A g�1, and even 325 F g�1 at 10 A g�1. The specific capacitance retention
is 86.3% after 5000 chargeedischarge cycles at 2 A g�1. Moreover, the asymmetric supercapacitor is
assembled with Co(OH)2 nanowires and nitrite acid treated activated carbon (NTAC), which shows an
energy density of 13.6 Wh kg�1 at the power density of 153 W kg�1 under a high voltage of 1.6 V, and
13.1 Wh kg�1 even at the power density of 1.88 kW kg�1.

� 2014 Elsevier B.V. All rights reserved.

1. Introduction

Design and synthesis of nanocrystals with well-defined mor-
phologies is significant in tailoring their properties [1]. Cobalt

hydroxide nanocrystals have attracted more attentions due to
their application in supercapacitor [2e4], additive materials for
alkaline secondary batteries [5,6] and electrochemical heteroge-
neous catalysis [7,8]. Morphology, nanostructured phase and
particle size of cobalt hydroxide nanocrystals affect their
conductive properties and specific capacitance in supercapacitor
[9e11], as well as their catalytic activity for electrochemical re-
actions [12]. Furthermore, the cobalt hydroxides with well-
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defined morphologies are the precursors for the shape-controlled
synthesis of cobalt oxides [13e16], which have been widely used
in supercapacitor [13], lithium ion battery [14], heterogeneous
catalysts [16], and so on.

Various morphologies of Co(OH)2 nanocrystals, such as nano-
column [17], nanowire [13,18,19], nanocone [11], and nanoflake
[2,4,20e22], have been successfully synthesized by different
methods. As reported, the reaction temperature, surfactant content,
ion concentration and aging time [4,22e24] play important roles in
the morphology and size of Co(OH)2 nanocrystals. Co(OH)2 nano-
flakes and nanoflowers were widely used for supercapacitor and
exhibited high specific capacitance due to their pseudo-capacitive
behaviors [2,4,21]. However, monodisperse Co(OH)2 nanowires
have rarely been used in the supercapacitor. Due to the

well-defined structure, Co(OH)2 nanowires may exhibit high
capacitance and good stability for practical application.

In this work, nanosized cobalt hydroxides with morphologies of
nanocube and nanowirewere synthesized via a facile hydrothermal
process with CTAB as the soft template. Morphology and particle
size can be controlled by the CTAB content and reaction time. The
electrochemical capacitive performance of Co(OH)2 nanowires was
evaluated by cyclic voltammetry and galvanostatic chargee
discharge measurements. Asymmetric supercapacitor was assem-
bled using Co(OH)2 nanowires as cathodic electrode and HNO3
treated activated carbon (NTAC) as anodic electrode. Capacitive
performance, cycle life and efficiency of Co(OH)2 nanowires/NTAC
based asymmetric supercapacitor were measured to investigate its
potential application in electric vehicles and energy storage.

Fig. 1. Typical TEM images of Co(OH)2 nanocrystals obtained from the hydrothermal process for 4 h at 120 �C with the CTAB content of 2.75 mM (a), 6.90 mM (b), 13.8 mM (c),
69.0 mM (d), 138 mM (e) and 690 mM (f).
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