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a  b  s  t  r  a  c  t

Aluminum-doped  �-Ni(OH)2 microspheres  with  flowerlike  hierarchical  structure  (H-Al-�-Ni(OH)2) were
successfully  synthesized  via  a facile  hydrothermal  method  with  the  assistance  of ionic  liquid  (1-butyl-3-
methyl  imidazolium  tetrafluoroborate,  [BMIM]BF4). The  XRD  pattern  and  elemental  analysis  confirm
that aluminum  species  incorporates  into  the  lattice  of  �-Ni(OH)2; SEM  and  TEM  images  reveal that
the  as-prepared  microspheres  are  composed  of numerous  frizzy  nanoflakes  shell  attaching  vertically
to  the core.  The  resulting  H-Al-�-Ni(OH)2 sample  exhibits  a specific  surface  area  of  91.2  m2/g and  a
mesopore  distribution  (2–20  nm)  based  on  the  BET measurements.  Furthermore,  the  hierarchical  H-Al-
�-Ni(OH)2 modified  electrode  displays  a  couple  of  well-defined  reversible  redox  peaks  (�Ep =  67  mV  and
Ia/Ic =  0.91)  and  a fast  direct  electron  transfer  rate  constant  (ks =  3.32  s−1), owing  to the  high dispersion
lectrochemical sensor of  active  species  as well  as  abundant  mass  transfer  channels  which  facilitate  the mass/electron  transfer.
In  addition,  the  modified  electrode  presents  a significant  electrocatalytic  performance  towards  the  oxi-
dation of  hydrazine  with  a linear  response  range  (5.0 × 10−6–1.0 ×  10−4 M),  high  sensitivity  (144  �A/�M
cm2),  low  detection  limit  (0.8  �M)  as  well  as good  stability.  The  hierarchical  �-Ni(OH)2 with  largely
enhanced  electrochemical  behavior  demonstrated  in  this  work  can  be  used  in electrochemical  sensor

and electroanalysis.

. Introduction

Nickel hydroxide is a typical lamellar material with 2D struc-
ure which has been widely used as electroactive species in
econdary batteries, supercapacitors and sensors owing to its high
roton diffusion coefficient, high energy, low cost and low toxi-
ity [1–3]. Ni(OH)2 has a hexagonal layered structure with two
olymorphs, namely �- and �-form. The �-form is isostructural
ith hydrotalcite-like compounds, which consists of a stacking

f positively-charged Ni(OH)2-x layers with intercalated anions
o maintain the charge neutrality. In contrast, �-form has well-
rdered brucite-like structure without any intercalated species. In
lectrochemical fields, �-Ni(OH)2 exhibits superior electrochemi-
al properties due to its low oxidation potential in redox reaction
rocess [4–6]. However, further applications of �-Ni(OH)2 are

argely restricted since this phase changes rapidly to the �-form

ith more stable thermodynamics [7,8]. Therefore, how to sta-

ilize the structure of �-Ni(OH)2 without phase transformation
s a challenging goal. On the other hand, high surface area and
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© 2012 Elsevier Ltd. All rights reserved.

plentiful mesopores distribution are desirable for an excellent elec-
troactive material, which can accommodate a large number of
superficial active sites as well as facilitate mass/electron transfer.
It has been reported that the proportion of mesopores (i.e.,  pore
size: 2–50 nm)  of electroactive materials is preferable for the mass
transportation, resulting in a fast redox reaction [9].  Taking into
account the two problems mentioned above, it is of crucial impor-
tance to develop stable and well-defined micro-/nanostructure
�-Ni(OH)2 with high surface area and abundant mesopore
distribution.

Room-temperature ionic liquids (RTILs), as green and efficient
recyclable solvents, have developed to a focal point of interest
in both academia and industry because of their distinct proper-
ties, including nonvolatility, wide range of liquids temperatures,
high ionic conductivity and wide electrochemical widow [10–13].
Currently, the advantages of RTILs in the preparation of noble
metal nanoparticles have been widely recognized [14–16].  Further-
more, RTILs also can be used as soft-template to synthesize some
metal oxide/hydroxide with hierarchical nanostructure owing to
their self-assembly ability [17,18].  In addition, it was  found that

a stable �-Ni(OH)2 can be obtained through partial substitution
of nickel ion by other metal ions in the nickel hydroxide lat-
tice to form a hydrotalcite-like compound [19,20].  This therefore
inspires us to fabricate a aluminum-doped �-Ni(OH)2 material with

dx.doi.org/10.1016/j.electacta.2012.07.010
http://www.sciencedirect.com/science/journal/00134686
http://www.elsevier.com/locate/electacta
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ierarchical structure with the assistance of RTILs, which would
ossess the following advantages: firstly, aluminum doping is ben-
ficial to improve the stability of �-Ni(OH)2; secondly, hierarchical
tructure with large surface area and plentiful mesopore distribu-
ion guarantees a high exposure of electroactive sites as well as a
ast mass/electron transfer.

In this work, aluminum-doped �-Ni(OH)2 microspheres with
D hierarchical architecture (H-Al-�-Ni(OH)2) were successfully
ynthesized through one-step hydrothermal method with the pres-
nce of RTILs. The uniform microspheres (particle size: 2 ± 0.3 �m)
onsist of a solid core and a flowerlike shell in which numerous
anoflakes are aligned vertically to the core, with a specific sur-

ace area of 91.2 m2/g and a mesopore distribution (2–20 nm). The
-Al-�-Ni(OH)2 modified electrode exhibits an excellent electro-
hemical behavior with a couple of well-defined reversible redox
eaks and a fast direct electron transfer rate, resulting from high
xposure of accessible active sites and a suitable mesopore distri-
ution accommodating a fast transportation pathway. In addition,
he modified electrode displays remarkable electrocatalytic per-
ormance towards the oxidation of hydrazine with a broad linear
esponse range, high sensitivity and low detection limit. The sta-
ility and reproducibility of the proposed electrode were also
emonstrated. Therefore, this work provides a facile and success-
ul paradigm for the fabrication of hierarchical aluminum-doped
-Ni(OH)2 via the RTILs approach, which can be potentially applied
s electrochemical sensors.

. Experimental

.1. Materials

Room-temperature ionic liquid 1-butyl-3-methyl imidazolium
etrafluoroborate ([BMIM]BF4) was purchased from Sigma–Aldrich.
ll other chemical reagents were of analytical grade and used with-
ut further purification, and the solutions were prepared by using
ater purified in a Milli-Q Millipore system (>18 M� cm).

.2. Synthesis of hierarchical Al-doped ˛-Ni(OH)2

In a typical experiment, Ni(NO3)2·6H2O (0.004 mol),
l(NO3)3·9H2O (0.002 mol), urea (0.018 mol) and ionic liquid

BMIM]BF4 (0.8 mL)  were dissolved in 100 mL  of deionized water.
he resulting solution was transferred into a Teflon-lined stainless
teel autoclave and heated at 160 ◦C for 12 h, and then cooled
own to room temperature. Subsequently, the precipitate was
ollected and washed thoroughly with water and absolute ethanol,
nd finally dried at 60 ◦C for 8 h (denoted as H-Al-�-Ni(OH)2).
or comparison, Al-doped �-Ni(OH)2 was also prepared in the
bsence of [BMIM]BF4 under the same conditions (denoted as
l-�-Ni(OH)2).

.3. Preparation of the working electrode

Firstly, the suspension of H-Al-�-Ni(OH)2 and Al-�-Ni(OH)2
ere obtained respectively by ultrasonic with the same concen-

ration (1 mg/ml); secondly, the working electrode was  modified
y casting 10 �l of as-prepared suspension on the surface of glass
arbon electrode (3 mm,  diameter) and dried under room temper-
ture.

.4. Characterizations and electrochemical measurements
Powder X-ray diffraction patterns of the product were col-
ected on a Rigaku XRD-6000 by use of a Cu-K� radiation at
0 kV, 30 mA.  The morphology of the product was  investigated
sing a scanning electron microscope (SEM; Zeiss SUPRA 55)
Fig. 1. XRD patterns of the (a) H-Al-�-Ni(OH)2 and (b) Al-�-Ni(OH)2.

with the accelerating voltage of 20 kV and the TEM image was
recorded on a JEOL JEM-2100 transmission electron microscope
with the accelerating voltage of 200 kV. Microanalysis was per-
formed by inductively coupled plasma (ICP) emission spectroscopy
on the Shimadzu ICPS-7500 instrument using solutions prepared by
dissolving the samples in dilute HCl. The specific surface area deter-
mination and pore volume and size analysis were performed by
Brunauer–Emmet–Teller (BET) and Barrett–Joyner–Halenda (BJH)
methods by use of a Quantachrome Autosorb-1C-VP analyzer. CHI
660B electrochemical workstation (Shanghai Chenhua Instrument
Co., China) was  utilized for electrochemical measurements.

3. Results and discussion

3.1. Structural and morphological characterization of
H-Al-˛-Ni(OH)2

The crystallinity of as-prepared samples was  examined by pow-
der XRD measurements (Fig. 1). A series of reflections indexed to a
typical hydrotalcite-like structure (JCPDS 48-0594) were observed
for both the H-Al-�-Ni(OH)2 and Al-�-Ni(OH)2 sample, demon-
strating that the aluminum ion was  successfully doped into the
lattice of �-Ni(OH)2. Furthermore, according to the results of ele-
mental analysis, the molar ratio of Al/Ni was calculated to be 0.46
for the H-Al-�-Ni(OH)2 and 0.48 for the Al-�-Ni(OH)2, in approxi-
mately accordance with the nominal molar ratio (nAl:nNi = 0.5).

Fig. 2A displays typical SEM image of the H-Al-�-Ni(OH)2
microspheres obtained in the presence of [BMIM]BF4, illustrat-
ing a well dispersed and near-spherical morphology with a size
of 2 ± 0.3 �m.  Fig. 2B and C reveals the morphology of an individ-
ual flowerlike architecture which consists of dozens of nanoflakes
(∼20 nm in thickness) intercrossed with each other. For com-
parison, the morphology of the Al-�-Ni(OH)2 fabricated in the
absence of [BMIM]BF4 was  illustrated in Fig. 2D,  exhibiting uni-
form nanoplatelets with diameter size of ∼500 nm and thickness
of ∼40 nm.  On the basis of the results above, it is concluded that
[BMIM]BF4 plays a crucial role in determining the hierarchical
structure of aluminum-doped �-Ni(OH)2 material. The microstruc-
ture of the H-Al-�-Ni(OH)2 was further examined with HRTEM. As
shown in Fig. 3A, the hierarchical flowerlike microspheres are uni-
form in both size and shape with particle diameter of 2 ± 0.3 �m.

Furthermore, the resulting H-Al-�-Ni(OH)2 was composed of a
solid core (∼1 �m in diameter) and a loose density shell (∼500 nm
in thickness) (Fig. 3B), which can be further confirmed by the sec-
tional image of a H-Al-�-Ni(OH)2 microsphere (Fig. S1). The HRTEM
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ig. 2. SEM images of the (A) overall of the H-Al-�-Ni(OH)2, (B and C) low- and hi
D)  Al-�-Ni(OH)2 nanoparticles with high-magnification shown in the inset.

mage (Fig. 3C) shows lattice fringes corresponding to an interpla-
ar distance of ∼0.26 nm that can be attributed to the (1 0 1) plane
f the �-Ni(OH)2 phase [21].

The surface area and pore-size distribution are two key fac-
ors for active materials in electrochemical reaction; therefore, the
urface area and porosity of the as-prepared samples were inves-
igated by nitrogen sorption measurement (Fig. 4). In all cases,
ypical IV isotherms with a H3-type hysteresis loop (P/P0 > 0.4)
re observed, indicating the presence of mesopores. For the Al-
-Ni(OH)2, a mesoporous distribution of 6 − 10 nm was observed

rom the desorption branch of the nitrogen sorption isotherm by
sing the BJH model (Fig. 4A, inset). In the case of H-Al-�-Ni(OH)2

owever, abundant mesopores were obtained with pore size distri-
ution in 2–20 nm (Fig. 4B, inset), which is commonly attributed to
article aggregation with slit-shaped pores [22]. Moreover, the BET
urface area of the H-Al-�-Ni(OH)2 was calculated to be 91.2 m2/g,

Fig. 3. (A) Low- and (B) high-magnification TEM images an
gnification images of an individual H-Al-�-Ni(OH)2 hierarchical microsphere and

much larger than that of the Al-�-Ni(OH)2 (44.5 m2/g). The large
surface area and abundant mesopores of the hierarchical H-Al-�-
Ni(OH)2 would facilitate the effective exposure of active sites and
the mass transportation, which will be discussed in the next section.

3.2. Formation process of the H-Al-˛-Ni(OH)2 in the presence of
[BMIM]BF4

In order to study the growth process of the H-Al-�-Ni(OH)2 in
the presence of [BMIM]BF4, the intermediates of H-Al-�-Ni(OH)2 at
different reaction stages were examined by XRD (Fig. 5A). After the
reaction of 1.5 h, all the reflections of the sample can be indexed to a

�-Ni(OH)2 phase (Fig. 5A, curve a). As the reaction time is prolonged
up to 2 and 4 h, the reflection intensity attributed to �-Ni(OH)2
phase decreases continuously while a new phase, �-Ni(OH)2 is
observed with increasing intensity (Fig. 5A, curve b and c). After

d (C) HRTEM image of the H-Al-�-Ni(OH)2 material.
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Fig. 4. Nitrogen adsorption and desorption isotherms and pore-size d

2 h, the �-Ni(OH)2 phase disappears completely and all the reflec-
ions of the product can be indexed to a typical hydrotalcite-like
tructure (JCPDS 48-0594) (Fig. 5A, curve d). This phase transfor-
ation process was further confirmed by the elemental analysis

f these samples (Table S1), from which the molar ratio of Al/Ni
ncreased from 0 to 0.46 with the increase of reaction time, fur-
her demonstrating that the aluminum cations enter into the lattice
f �-Ni(OH)2. However, this phenomena of phase transformation
as not observed in the growth process of Al-�-Ni(OH)2 (Fig. 5B),

ndicating that [BMIM]BF4 imposes a great influence on the for-
ation of H-Al-�-Ni(OH)2: [BMIM]BF4 retards the incorporation

f aluminum in the initial stage, and then Al3+ gradually enters
nto the lattice of �-Ni(OH)2 accompanied with a phase trans-
ormation process, resulting in the aluminum-doped �-Ni(OH)2

aterial. In addition, the morphology evolution process of the
-Al-�-Ni(OH)2 was also investigated. As shown in Fig. S2, parti-
les with serious aggregation with diameter ranging in 30–100 nm
ere obtained after 1.5 h. As the reaction time increases to 2 h and

 h, nanoflakes appear on the exterior of the spheres accompa-
ied with size enhancement. After 12 h, hierarchical microspheres
2 ± 0.3 �m)  composed of numerous frizzy nanoflakes intercross-
ng with each other were obtained. Based on the results above, the
resence of [BMIM]BF4 plays a critical role in the structure and mor-

hology of H-Al-�-Ni(OH)2. It has been reported that the hydrogen
ond-co-�–� stack come into formation between [BMIM]BF4 and
H–or O2–, resulting in the growth of hierarchical nanostructure

23,24]. This can be used to explain the formation mechanism of

Fig. 5. XRD patterns of the (A) H-Al-�-Ni(OH)2 and 
ution curves (inset) of the (A) Al-�-Ni(OH)2 and (B) H-Al-�-Ni(OH)2.

flowerlike microspheres H-Al-�-Ni(OH)2, i.e.,  the hydrogen bond
probably formed between the hydroxyls in the surface of H-
Al-�-Ni(OH)2 and [BF4]− anions (Fig. S3), resulting in the
self-organization and epitaxial growth of the hierarchical structure.

3.3. Electrochemical properties of the H-Al-˛-Ni(OH)2

The electrochemical properties of the as-obtained products
were investigated by cyclic voltammetry measurement in 1.0 M
NaOH solution at a scan rate of 0.1 V s−1. No redox peaks were
observed for the bare electrode (Fig. 6A, curve a). The Al-�-Ni(OH)2
modified electrode shows one pair of redox peaks which are not
well-resolved (Fig. 6A, curve b). The redox transition involved is
attributed to the presence of Ni2+/Ni3+ species:

Ni(OH)2 + OH− ↔ NiOOH + H2O + e− (1)

However, for the electrode modified by H-Al-�-Ni(OH)2 (Fig. 6A,
curve c), a pair of well-defined redox peaks were observed at
0.363 and 0.296 V. Compared with the Al-�-Ni(OH)2 modified
electrode, the oxidation peak potential of the H-Al-�-Ni(OH)2 mod-
ified electrode moved to lower potential with a shift of 75 mV,
demonstrating a higher electrochemical activity for the H-Al-�-
Ni(OH)2. Furthermore, the peak-to-peak separation (�Ep) of the

H-Al-�-Ni(OH)2 is 67 mV,  much smaller than the reported val-
ues for �-Ni(OH)2 [25,26], and the ratio between the anodic and
cathodic peak current is ∼0.91, indicating a high reversibility for
the H-Al-�-Ni(OH)2 modified electrode. In addition, the effect of

(B) Al-�-Ni(OH)2 with different reaction time.
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ig. 6. (A) CVs of the bare GCE, the Al-�-Ni(OH)2 modified and the H-Al-�-Ni(OH)2 m
odified electrode with scan rate ranging from 0.02 to 0.2 V s−1; inset: plots of pea

can rate on the electrochemical response of the modified electrode
s displayed in Fig. 6B. Both the anodic and cathodic peak current
ncrease linearly with the increase of the scan rate from 0.02 to
.20 V s−1 (Fig. 6B, inset), indicating that the redox reaction is a
urface-controlled electrochemical process. Based on the Laviron
heory and the plots of Ep vs. log� (Fig. S4) [27], the electron trans-
er rate constant (ks) was calculated to be 3.32 s−1, larger than that
he reported value for nickel hydroxide modified electrode [28],
evealing a fast electron transfer for the H-Al-�-Ni(OH)2 material.

The enhanced electrochemical performance of the H-Al-�-
i(OH)2 was further confirmed by the electrochemical impedance

pectroscopy measurements (EIS), which is an effective method
or probing the interfacial properties of surface-modified elec-
rode. Fig. 7 displays the typical EIS for the H-Al-�-Ni(OH)2 and
l-�-Ni(OH)2 modified electrode in 0.1 M KCl solution contain-

ng the redox probe Fe[(CN)6]4−/3−. The Nyquist plots consist
f two sections: one is the linear part at lower frequencies
epresenting the diffusion-limited process; the other one is a semi-
ircle portion observed at higher frequencies corresponding to the
lectron-transfer-limited process. The semicircle diameter equals
he electron transfer resistance (Ret), which controls the electron
ransfer kinetics of the redox probe at the electrode interface [29].
n this work, Ret reflects the restricted diffusion of the redox probe
hrough the electrode interface, which relates directly to the acces-
ibility of the underlying electrode. The Ret of the H-Al-�-Ni(OH)2

odified electrode is much smaller than that of the Al-�-Ni(OH)2
odified electrode, demonstrating a lower resistance in the H-
l-�-Ni(OH)2 modified electrode and a faster electron transfer
etween redox probe and electrode surface. This can be attributed

ig. 7. Nyquist plots of the EIS for the (a) H-Al-�-Ni(OH)2 and (b) Al-�-Ni(OH)2

odified electrode in the presence of 5 mM Fe(CN)6]4−/3− in 0.1 M KCl solution.
ed electrode in 1.0 M NaOH at a scan rate of 0.1 V s−1; (B) CVs of the H-Al-�-Ni(OH)2

ent vs. scan rate in 1.0 M NaOH.

to the unique structure of the H-Al-�-Ni(OH)2: the mesopore dis-
tribution provides mass transportation channels and shortens the
diffusion path, which facilitates the electron transfer between the
probe molecule and electrode.

3.4. Electrocatalytic behavior of the H-Al-˛-Ni(OH)2 towards
hydrazine

The electrocatalytic behavior of the H-Al-�-Ni(OH)2 modified
electrode towards the oxidation of hydrazine was investigated
by CVs in a 1.0 M NaOH solution (Fig. 8A). For the bare GCE, no
obvious current response was  found in the presence of 20 �M
hydrazine (Fig. 8A, inset). For the H-Al-�-Ni(OH)2 modified elec-
trode, however, a remarkable increase in anodic peak current
was observed after the addition of 20 �M hydrazine, demonstrat-
ing that the H-Al-�-Ni(OH)2 material has a strong electrocatalytic
activity towards hydrazine. Furthermore, the anodic peak current
enhances along with the increase of hydrazine concentration. The
amperometric response of the H-Al-�-Ni(OH)2 modified electrode
towards hydrazine was further examined by chronoamperome-
try. Curve a in Fig. 8B exhibits the typical current-time curve
for the H-Al-�-Ni(OH)2 modified electrode with a successive
addition of hydrazine. A linear relationship between anodic cur-
rent and the concentration of hydrazine was obtained in the
range 5.0 × 10−6 − 1.0 × 10−4 M.  The calibration equation can be
expressed as i (�A) = 12.4 + 10.2c (�M),  with a correlation coeffi-
cient of 0.9993. The detection limit was  estimated to be as low
as 0.8 �M based on S/N = 3. The sensitivity was calculated to be
144 �A/�M cm2, which is superior to the previously reported
modified electrodes (such as C/ZnO, Au/ppy/GCE and Nano-Au/Ti
[30–32]). Furthermore, the required time for steady-state response
was 2.0 s, faster than those reported values [33–35].  In addition,
the electrocatalytic activity of the Al-�-Ni(OH)2 modified electrode
was also investigated (Fig. 8B, curve b), which shows much weaker
response with lower sensitivity with the same hydrazine concen-
tration. The results above demonstrate that the H-Al-�-Ni(OH)2
possesses better electrocatalytic activity than that of Al-�-Ni(OH)2,
owing to its specific hierarchical structure. Moreover, the elec-
trocatalytic response of �-Ni(OH)2 modified electrode towards
hydrazine was also investigated as a comparison sample (Fig. S5),
further confirming that the electrocatalytic activity of �-Ni(OH)2
can be largely enhanced by forming Al-doped �-Ni(OH)2 with hier-
archical architecture.
In order to give an insight into the electrocatalytic process, the
relationship between currents and the scan rate was  investigated.
As can be seen in Fig. 9A, the catalytic oxidation current increases
with increasing scan rate and the peak current is proportional to



262 X. Kong et al. / Electrochimica Acta 80 (2012) 257– 263

Fig. 8. (A) CVs for the H-Al-�-Ni(OH)2 modified electrode with different concentration of hydrazine at a scan rate of 0.1 V s−1 in 1.0 M NaOH solution; inset was  the CVs of
the  bare GCE in the absence and presence of hydrazine (20 �M); (B) typical amperometric response of the (a) H-Al-�-Ni(OH)2 and (b) Al-�-Ni(OH)2 modified electrode to
successive addition of 5 �M hydrazine into 1.0 M NaOH solution. Applied potential was 0.35 V. Inset: (c) the calibration curve of I–C obtained by chronoamperometry and (d)
the  magnification of one step.
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ig. 9. (A) CVs of the H-Al-�-Ni(OH)2 modified electrode in 1.0 M NaOH solution co
B)  Chronoamperometric response of the modified electrode at potential step of 0.
lopes  of the straight lines shown in (a) against the hydrazine concentration.

1/2, indicating a diffusion controlled electron transfer mechanism
or the oxidation of hydrazine on the H-Al-�-Ni(OH)2 modi-
ed electrode. Furthermore, the diffusion coefficient of hydrazine
n the modified electrode was studied by chronoamperometry
ethod (Fig. 9B). The diffusion coefficient can be obtained accord-

ng to the Cottrell equation [36]:

 = nFAD1/2C/�1/2t1/2 (2)

here D is the diffusion coefficient; C is the concentration of
ydrazine; n is the number of transferred electron; F is the Faraday
onstant; A is the electrode area. According to Eq. (2),  the plot of cur-
ent (I) versus the reciprocal of the square root of time (t−1/2) should
e linear (Fig. 9B, inset a); inset b shows the slope as a function
f hydrazine concentration. Based on Eq. (2),  the diffusion coeffi-
ient (D) is calculated to be 2.4 × 10−4 cm2 s−1, much higher than
hose reported values for the PHQ/Pt and CoPP/GCE modified elec-
rodes (1.4 × 10−5 cm2 s−1 and 4.0 × 10−5 cm2 s−1, respectively)
37,38], revealing a fast diffusion rate for the hydrazine on the H-
l-�-Ni(OH)2 modified electrode. The results above demonstrate
hat the H-Al-�-Ni(OH)2 displays a high electrocatalytic activity
owards hydrazine, which is related to the following reasons: the
arge surface area of the H-Al-�-Ni(OH)2 provides a large num-
er of superficial electroactive sites; furthermore, the abundant
ng 60 �M hydrazine at different scan rate; inset: plots of peak current vs. scan rate.
r various hydrazine concentrations; inset: (a) plots of I vs. t−1/2 and (b) plot of the

mesopores in the structure offer effective diffusion channels for
mass transportation between active sites and underlying electrode.

Furthermore, the stability and reproducibility of the modified
electrode were also investigated. Ten successive amperometric
measurements of 10 �M hydrazine on the same modified electrode
yielded a reproducible current with the relative standard devia-
tion (RSD) of 2.9%, demonstrating that the electrode can be used
repeatedly for the detection of hydrazine. The stability of the mod-
ified electrode was also checked in 10 �M hydrazine by using the
same electrode over a period of one week, and the electrochemi-
cal response maintained 93.2% of its initial response. In addition, to
evaluate the applicability of the modified electrode, the recovery of
hydrazine was determined by standard addition method for three
samples. The dates given in Table S2 display satisfactory results
with the recovery in the range 97.2–103.5%. The results indicate
that the H-Al-�-Ni(OH)2 modified electrode can be effectively used
as electrochemical sensor for the determination of hydrazine.

4. Conclusions
In summary, three-dimensional hierarchical Al-doped �-
Ni(OH)2 microspheres were successfully synthesized via a
facile hydrothermal method with the assistance of ionic liquid
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[BMIM]BF4). The flowerlike H-Al-�-Ni(OH)2 microspheres consist
f a solid core and a loose shell composed of intercrossed nanocrys-
als. Furthermore, the H-Al-�-Ni(OH)2 modified electrode displays
mproved electron transfer kinetics and excellent electrocatalytic
ctivity towards hydrazine. This can be ascribed to the specific 3D
rchitecture with enhanced surface area and suitable mesopore dis-
ribution, providing sufficient active sites and diffusion channels
or the reactant and thus facilitating the mass/electron transfer. It
s expected that the approach in this work can be used to synthesize
ther hierarchical materials with enhanced electrochemical behav-
or for the fabrication of electrochemical sensors and electronic
evices.
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