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Metal or metal oxides with diverse superstructures have become one of the most promising functional
materials in sensor, catalysis, energy conversion, etc. In this work, a novel metal-organic frameworks
(MOFs)-directed method to prepare metal or metal oxide superstructure was proposed. In this strategy,
nodes (metal ions) in MOFs as precursors to form ordered building blocks which are spatially separated by
organic linkers were transformed into metal oxide micro/nanostructure by a green method. Two kinds of
Cu-MOFs which could reciprocally transform by changing solvent were prepared as a model to test the
method. Two kinds of novel CuO with three-dimensional (3D) urchin-like and 3D rods-like superstructures
composed of nanoparticles, nanowires and nanosheets were both obtained by immersing the corresponding
Cu-MOFs into a NaOH solution. Based on the as-formed CuO superstructures, a novel and sensitive
nonenzymatic glucose sensor was developed. The small size, hierarchical superstructures and large surface
area of the resulted CuO superstructures eventually contribute to good electrocatalytic activity of the
prepared sensor towards the oxidation of glucose. The proposed method of hierarchical superstructures
preparation is simple, efficient, cheap and easy to mass production, which is obviously superior to pyrolysis.
It might open up a new way for hierarchical superstructures preparation.

M
etal or metal oxides with diverse micro/nanostructures have become one of the most promising func-
tional materials in sensor, catalysis, energy conversion, etc, due to their superior chemical and physical
properties, such as large specific surface area, high electronic conductivity, and good catalytic activity1–4.

Up to now, numerous well-defined micro/nanostructured metal oxide (such as nanoparticles, nanotubes,
nanosheets, nanowires, etc) have been synthesized5,6. And the research on micro/nanostructures has been
recently expanded to the assembly of low-dimensional nanoscaled building blocks into unprecedented three-
dimensional (3D) hierarchical superstructures7,8. Typically, there are two strategies to construct hierarchical
superstructures: One is ‘‘bottom-up’’ route9, which has been widely applied in recent years. And it means
fabricating hierarchical superstructures from basic building block. The other is ‘‘top-down’’ approach10, which
means producing superstructures by decomposing large materials. Since the common top-down method (optical
lithography, electron beam lithography) has high requirements on experiment condition including clean room,
vacuum, etc, the solution-based ‘‘bottom-up’’ approach, which is low-cost and high efficient, is considered more
promising in precise nanofabrication.

Metal-organic frameworks (MOFs) built from metal ions (or clusters) and organic bridging ligands through
strong coordination bonds have recently received increased attention as hybrid materials11. They have emerged as
interesting functional materials due to their tunable structures with high thermal stability, organic functionality,
large pore sizes, open metal sites in the skeleton and high surface areas12,13. A wide range of applications including
heterogenous catalysis, gas storage and adsorption, drug delivery and release, multimodal imaging and sensing
have been reported14–19. Recently, it has been the focus of intense research interest because MOFs can act as
precursors to prepare metal or metal oxide hierarchical superstructures by pyrolysis20–23. For example, Yang et al.
reported the one-step themolysis of IRMOF-1 to prepare porous carbon-coated ZnO quantum dots as an anode
material in lithium ion batteries24. Das et al. explored the preparation of metal and metal oxides hierarchical
superstructures by using MOFs in detail25. As pyrolysis of MOFs has been widely explored, it is known to be a
convenient way to construct metal or metal oxides superstructures26. However, it has not taken full advantage of
various MOFs unique structure because different MOFs always result in analogous superstructures. Besides,
metal or metal oxides tend to aggregate and lose their hierarchical superstructures in pyrolysis process27.
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Therefore, other green strategies to fabricate metal or metal oxide
hierarchical superstructures based on MOFs still need to be
explored28.

In this work, two kinds of Cu-MOFs which could reciprocally
transform by changing solvent were prepared. Two kinds of corres-
ponding novel CuO with three-dimensional (3D) urchin-like super-
structures and 3D rods-like superstructures composed of
nanoparticles, nanowires and nanosheets were obtained by immers-
ing the above Cu-MOFs in NaOH solution. Unlike pyrolysis which is
inefficient, energy consumption and environmentally hazardous,
this route is green and environmentally friendly. A superior applica-
tion of the as-prepared CuO superstructures in electrochemical
detection of glucose was also investigated.

Results and Discussion
Two kinds of Cu-BTC have been successfully prepared according to
modified hydrothermal methods29. The scanning electron micro-
scope (SEM) images show the clear shape of Cu-BTC (Fig. 1A and
B). One is typically octahedral shape (Fig. 1A), and the other is firstly
identified as rod-like crystals (Fig. 1B) and further confirmed as six-
prismatic crystals by the high-magnified image (inset in Fig. 1B). The
size of the crystals would change with the increase of nucleation time.
From the XRD patterns, the octahedral crystals was confirmed to be
of the well-known HKUST-1 (curve a in Fig. 1E) and the six-pris-
matic crystals was of catena-triaqua-mu-(BTC)-Cu (curve a in
Fig. 1F)29. Fig. 1G shows the FTIR spectrum of both configurations
of Cu-BTC. The broad absorption band near 3500 cm21 is due to the
coordinated water in the materials. The characteristic bands around
1600 and 1400 cm21 are assigned to the symmetric and asymmetric
stretching vibration of the -COO- groups of the ionized ligand,
respectively30. By contrast, two additional peaks appear at 1710
and 1242 cm21 in FTIR spectrum of six-prismatic crystals
(Fig. 1G(b)), indicating the presence of carboxylic acid group.
These results suggested that BTC group only partially participates
in the coordination in six-prismatic crystals31. Unlike the symmet-
rical dimeric copper (II) carboxylate type of structural units found in

octahedral crystals, the coordination of the carboxylic acid to metal
ions is rather unsymmetrical in the six-prismatic crystal. Both kinds
of Cu-BTC were further characterized with thermogravimetric ana-
lysis (TGA) in N2 gas, as shown in curve a and b in Fig. 1H. For six-
prismatic crystals (curve b), it shows a loss of 17% due to coordinated
water vapor at 220uC, roughly corresponding to three water mole-
cules per formular unit. For octahedral crystal, there is a continuous
weight loss (27%) at low temperature (,100uC). Note that the first
step in octahedral crystal is associated with the loss of physisorbed
water and its exact amount depends on the initial hydration degree of
the material.

In this work, an interesting phenomenon was observed that the
six-prismatic crystals could convert into the octahedral crystals by
changing solvent. After the six-prismatic crystals were immersed in
an alcohol-water (451) solvent at 75uC for 8 days, they could trans-
form into octahedral crystals. Fig. 1C shows a typical SEM image of
the transformed octahedral crystals. A large number of nanoparticles
with blurry octahedral shape and several bigger ones with clear octa-
hedral shape with a diameter below 2 mm were observed. They are
much smaller than those directly synthesized ones with size from
1 mm to 10 mm. Fig. 1E (b) shows its corresponding XRD patterns.
All of these diffraction peaks could also be indexed to crystalline
HKUST-1 and no obvious peaks of impurities was detected. As for
these as-synthesized octahedral crystals, besides the diffraction peaks
belong to crystalline HKUST-1, some impurities peaks have been
detected. Therefore, the transformation from six-prismatic crystals
to octahedral crystals could be realized.

Similarly, the transformation from octahedral crystal to rod-like
crystals could also been realized by changing solvent32. Fig. 1D shows
the SEM image of the crystal prepared by immersing the octahedral
crystals in ultra-pure water for 1 day. It was observed that rod-like
crystals has been formed at a large scale. There were some subtle
differences from directly synthesized ones. Rod-like crystals trans-
formed from octahedral crystals had not the typical hexagonal cross
section as the six-prismatic crystals. XRD was used to study the dif-
ference between the rod-like structures and the six-prismatic crystals.

Figure 1 | SEM images of octahedral (A) and six-prismatic (B) Cu-MOFs, octahedral Cu-MOFs transformed from six-prismatic Cu-MOFs (C), and six-

prismatic Cu-MOFs transformed from octahedral Cu-MOFs (D). Inset B: high-resolution image. (E) XRD of octahedral Cu-MOFs (curve a)

and octahedral Cu-MOFs transformed from six-prismatic Cu-MOFs (curve b). (F) XRD of six-prismatic Cu-MOFs (curve a) and six-prismatic Cu-

MOFs transformed from octahedral Cu-MOFs (curve b). Inset in C and D: local amplification of 2h from 5–20 degree. The red * show the additional

peaks in six-prismatic crystals transformed from octahedral Cu-MOFs. (G) FTIR of octahedral (curve a) and six-prismatic (curve b) Cu-MOFs. The

arrows point towards the additional peaks in six-prismatic crystals. (H) TGA curves of octahedral (curve a) and six-prismatic (curve b) Cu-MOFs.
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Unlike six-prismatic crystals which is highly oriented along the [220]
direction, only a part of rod-like crystals oriented along the [220] as
shown in Fig. 1F (b). Besides, several additional characteristic diffrac-
tion peaks appear as marked by stars, indicating an unknown phase
appeared.

The above results clearly demonstrate that the two different con-
figurations of Cu-BTC materials could realize quasi-reversible struc-
tural transformation. Although the octahedral crystals could not
completely transform into six-prismatic crystals, it could transform
into clavate crystals. It is believed that octahedral crystals possess
Cu2-paddle-wheel unit and the residual axial coordination site is
filled by two water molecules with weak binding. While in six-pris-
matic crystal, the Cu atoms show a distorted pyramidal coordination
geometry involving two carboxylic O atoms and three water mole-
cules33,34. We speculate that the water content in mother solution
influences the coordinate mode of Cu atom and further influences
the crystal growth direction. However, the detailed transformation
mechanism is still unknown.

CuO is an important transition metal oxide with a narrow band
gap and has been widely used in sensor, optics, electronics, catalytic,
and solar cell35–38. Up to now, only a few CuO superstructures have
been obtained, such as ‘‘dandelions’’, ‘‘honeycombs’’, ‘‘hollow micro-
spheres’’, etc39–42. Herein, two kinds of novel CuO with 3D urchin-
like superstructures and 3D rod-like superstructures composed of
nanoparticles, nanowires and nanosheets were obtained by immers-
ing the corresponding Cu-MOFs into NaOH solution. The typical
morphology of CuO hierarchical superstructures obtained from
octahedral crystal is shown in Fig. 2. As shown by low-magnified
SEM image (Fig. 2A), the CuO presents uniform urchin-like struc-
ture at a large scale with diameters around 10 mm. In the middle of
each urchin, it seems retain octahedral shape. High-resolution SEM
image (Fig. 2B) shows that the spike of 3D urchin was composed of a

large number of nanosheets. Higher-magnified SEM image (inset in
Fig. 2B) shows that some tiny nanoparticles with an average size of
25 nm first formed nanowires by ‘‘head-to-head’’ connection, then
these nanowires further formed 2D corn husks-like nanosheets by
‘‘shoulder-to-shoulder’’ oriented attachment. The corn husks-like
nanosheets with a width ranging from c.a. 100 nm in tail to 1 mm
in root and radiate from the center of octahedron to make up each 3D
urchin-like CuO hierarchical superstructures. To determine its phase
purity, typical XRD pattern was carried out and the result was shown
in Fig. 2C. As marked by blue label, the peaks at 32u, 35u, 39u, 49u, 53u
and 58u can be easily indexed to (110), (111), (111), (202), (020) and
(202) crystal plane of monoclinic-phase CuO (JCPDS Card No. 45-
937). In addition, the peaks at 0–30u can be assigned to octahedral
crystal of Cu-BTC, suggesting that the Cu-BTC could not transform
into CuO superstructures completely in a short time. The products of
octahedral Cu-MOFs immersed in 0.1 M NaOH for 1 h, 5 h, 12 h
and 24 h were characterized with TGA. As shown in Fig. 2D, the
complexes synthesized by alkali treatment for 1 h and 5 h showed
two weight loss stages. The first stage is corresponding to the depar-
ture of absorbed water molecules (,300uC according to Fig. 1H) and
the second stage is attributable to decomposition of the organic
ligands (.300uC according to Fig. 1H). The gradient of the second
weight loss stage decreased gradually with the increase of immersion
time, indicating the decrease of organic ligands. The second stage
wasn’t observed in the curve of materials synthesized by alkali treat-
ment for 12 h and 24 h revealing complete transformation from Cu-
BTC crystals to CuO and there was no organic residue.

Unlike the transformation from octahedral crystal to urchin-like
CuO superstructures, the rod-like shape of six-prismatic crystals was
kept after six-prismatic crystals was immersed into NaOH solution
(Fig. 3A). As indicated by the magnified SEM image (Fig. 3B), the
rod-like structure was composed of many plate-like units. The inset

Figure 2 | Low-magnification SEM image (A) and high-magnification SEM image (B) of CuO superstructure prepared by immersing octahedral Cu-

MOFs in 0.1 M NaOH for 72 h. Inset in B: partial enlargement. (C) XRD of the octahedral Cu-MOFs immersed in 0.1 M NaOH for 72 h.

The * and # show the diffraction peaks of octahedral Cu-MOFs and CuO, respectively. (D) TGA curves of complexes synthesized by immersing octahedral

Cu-MOFs in 0.1 M NaOH for 1 h, 5 h, 12 h and 24 h.
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in Fig. 3B demonstrates that the plate-like units were composed of
many tiny nanoparticles with a few ten nanometers in diameter.
Consequently, the CuO superstructures have three-order hierarchy:
nanoparticles, nanoplates and rods. As disclosed by XRD (Fig. 3C),
the sharp diffraction peaks at 2h angles of 32u, 35u, 39u, 49u, 53u and
58u corresponded to (110), (111), (111), (202), (020), (202) crystal
plane of monoclinic-phase CuO (JCPDS Card No. 45-937), respect-
ively. And the diffraction of the six-prismatic crystals was hardly
detectable. It suggested that most six-prismatic crystals have trans-
formed into rod-like CuO superstructures. Furthermore, the thermal
stability of rod-like CuO superstructures was also tested and the
result was shown in Fig. 3D. Weight loss of 44% and 41% were
observed in the TGA test of incompletely conversed six-prismatic

Cu-MOFs (1 h and 5 h) at the second stage. There was only 5%
weight loss in the stage of absorbed water molecules departure for
rod-like CuO superstructures (24 h and 72 h) while the weight loss
of six-prismatic crystals was as high as 12.5%. The well thermal
stability of the rod-like CuO superstructures revealed complete
transformation from Cu-BTC crystals to CuO and there was no
organic residues remained.

Time-dependent morphology evolution study was performed to
thoroughly understand the superstructures formation process. At the
early stage when the octahedral crystal was immersed into NaOH
solution, the rapid nucleation of nanoparticles made the smooth
surface rough quickly, as shown in Fig. 4A and E–H. After 2 h, it
was hard to identify a clear octahedral shape, but it looked more like a

Figure 3 | Low-magnification SEM image (A) and high-magnification SEM image (B) of CuO superstructure prepared by immersing six-prismatic Cu-

MOFs in 0.1 M NaOH for 72 h. Inset in B: partial enlargement. (C) XRD of the six-prismatic Cu-MOFs immersed in 0.1 M NaOH for 72 h.

(D) TGA curves of complexes synthesized by immersing six-prismatic Cu-MOFs in 0.1 M NaOH for 1 h, 5 h, 12 h and 24 h.

Figure 4 | SEM images of CuO superstructure prepared by immersing octahedral Cu-MOFs in 0.1 M NaOH for different time at room temperature: (A)

1 h, (B) 2 h, (C) 5 h, (D) 12 h, and high-magnification SEM images for different time: (E) 10 min, (F) 20 min, (G) 30 min and (H) 1 h.

www.nature.com/scientificreports
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hair bulb with dense nanowires and nanosheets outside (Fig. 4B). As
the immersing time prolonged, moiety of nanosheets formed by
nanowires began to appear and eventually the residual octahedral
centre was wrapped up by dense nanosheets to produce urchin-like
CuO superstructures (Fig. 4C and D). Fig. 5 shows the process of
transformation from six-prismatic crystals to the rod-like CuO
superstructures in details. Similar to the process that octahedral
crystals converted into urchin-like CuO superstructure, the rod-like
CuO superstructures also experienced the formation of nanoparti-
cles (Fig. 5A–F), then transformation from nanoparticles to nano-
plates (Fig. 5E–G), eventually a myriad of nanoplates gather and
grow into the rod-like CuO superstructures.

The reason that octahedral crystal transformed into urchin-like
CuO superstructure while six-prismatic crystals turned into rod-like
CuO superstructure could be interpreted as the difference from
internal coordination mode. When the Cu-BTC was immersed into
NaOH solution, reaction occurs according to the following steps43,44:

Cu-BTC z NaOH?Cu OHð Þ2 ð1Þ

Cu OHð Þ2 ?CuO z H2O ð2Þ

For octahedral crystals, Cu2-clusters are connected with four carbox-
ylate groups to give a paddle-wheel unit as shown in Fig. 633. The
short Cu-Cu internuclear separation of 0.26 nm is reasonable for
CuO nanoparticles to connect into nanowires. From the view inside
the pore (Fig. 6), the axis of Cu2-clusters point towards the pore
center makes it easy to form urchin-like structure that radiate outside
from the centre. On the other hand, owing to MOFs’ infinite ordered
arrangement, these paralleled CuO nanowires further assemble into
nanosheets and eventually form 3D urchin-like superstructures.
While, in six-prismatic crystals, two of the three carboxylic groups
of the acid are used as ligands to Cu atoms, bridging them to give
polymeric zigzag chains. Such zigzag chains are connected into

Figure 5 | SEM images of CuO superstructure prepared by immersing six-prismatic Cu-MOFs in 0.1 M NaOH for different time at room temperature:

(A) 5 min, (B) 10 min, (C) 30 min and (D) 5 h. Corresponding high-magnification images were shown in (E), (F), (G) and (H).

Figure 6 | Schematic illustration of the formation process of hierarchical CuO superstructure from two kinds of Cu-MOFs.

www.nature.com/scientificreports
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sheets via hydrogen bonds, and neighboring sheets are connected
each other via hydrogen bonds too (Fig. 6)34. The zigzag chains
nature makes the produced nanoparticles hard to form nanowires
while easy to gather into nanosheets. Thanks to the slender shape of
six-prismatic crystals itself, it transform completely into rod-like
CuO superstructure. Furthermore, from the thermodynamic view-
point, the bigger particles grown from small primary nanoparticles
through an oriented attachment mechanism are driven by the force
to eliminate the high energy surfaces45.

Nitrogen adsorption–desorption isotherms were measured to
evaluate the surface area and the pore size distribution of CuO super-
structure and the results were shown in Fig. S2A. The tails steeply
increased at the relative pressure near to 1.0 revealed the presence of
macroporosity. The majority of pores are located in the region of
mesopore. Both the samples display average pore size distribution at
ca. 20.0 nm as shown in the pore size distributions curve calculated
from the nitrogen adsorption branches (Fig. S2B). The BET surface
area of the urchin-like CuO and rod-like CuO is 20.5 m2 g21 and

40.6 m2 g21, respectively, both are higher than that of most reported
CuO nanostructures46–48. Those nanostructures interweave together
to form an open porous structure and are expected to facilitate elec-
trolyte penetration into the electrode particles, thus providing more
active sites.

The nonenzymatic glucose sensors are developed based on both
CuO superstructures. Firstly, the electrochemical behaviors of CuO
superstructure/carbon paste electrode (CPE) were both investigated
by CVs in 0.1 M NaOH solution as shown in Fig. 7. In Fig. 7A, there
are two anodic peaks (peaks I and II) and three cathodic peaks (peaks
I9, II9 and III) in the scanning potential range. The cathodic peaks at
0.2 V (peak I’) and 20.65 V (peak II9) are attributed to the reduction
of Cu21RCu1 and Cu1RCu, respectively. While the anodic peaks at
20.35 V (peak II) and 20.2 V to 0 V (peak I) are attributed to the
oxidation of CuRCu1 and Cu1RCu21, respectively49. The cathodic
peak around 21.0 V (peak III) is due to the reduction of soluble O2.
In Fig. 7B, the result is similar to that in Fig. 7A except the peak
potential shows a little deviation.

Figure 7 | CVs of urchin-like CuO superstructure/CPE (A) and rod-like CuO superstructure/CPE (B) in 0.1 M NaOH at 100 mV s21. CVs of urchin-like

CuO superstructure/CPE (C) and rod-like CuO superstructure/CPE (D) in the absence (curve a) and presence (curve b) of 5.0 mM glucose in

0.10 M NaOH at 50 mV s21. Typical amperometric response of urchin-like CuO superstructure/CPE (E) and rod-like CuO superstructure/CPE (F) to

successive injection of glucose into the stirred 0.10 M NaOH. Insets in E and F: (a) the corresponding calibration curve and (b) interference testing.

Applied potential: (E) 0.60 V and (F) 0.55 V. mCu-MOFs/mgraphite 5 1510.

www.nature.com/scientificreports
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The electrocatalytic activities of both CuO superstructure/CPEs
toward the oxidation of glucose have also been investigated in 0.1 M
NaOH (Fig.7C and D). When 1.0 mM glucose was added into elec-
trolyte, both sensors exhibited a remarkable catalytic current beyond
300 mA at 0.50–0.60 V (curve b). The current might result from the
electrocatalytic oxidation of glucose by Cu31 species as compared
with that in the absence of glucose (curve a). The catalytic mech-
anism for glucose oxidation might be as following: Cu21 species was
firstly oxidized to Cu31 species in higher potential then glucose was
oxidized by Cu31 species, which resulted in the regeneration of Cu21

species. According to the above CV results, the possible redox mech-
anism could be assumed as follows:

2CuO z H2O? 2CuOOH ð3Þ

2CuOOH z glucose? 2CuO z 2H2O z gluconolactone ð4Þ

This result provides the first evidence that both novel CuO super-
structures have good electrocatalytic ability towards glucose oxida-
tion, which could be attributed to their small particle size and large
enough surface area.

The mass ratio of CuO to graphite (mCuO/mgraphite) in the prepar-
ing process of CuO superstructure CPE was optimized as shown in
Fig. S1. The mass ratio of 1510 was chosen as the optimum ratio and
used to prepare electrodes for further investigation. Amperometric
measurements were carried out at 0.60 V and 0.55 V for the urchin-
like (Fig. 7E) and the rod-like (Fig. 7F) CuO superstructure/CPE by
successive injection of glucose into a stirring 0.1 M NaOH, respect-
ively. The oxidation current on urchin-like CuO superstructure/CPE
reached a maximum steady-state value within 5 s. The oxidation
current was proportional to glucose concentration in the range of
0.5–8.5 mM (r 5 0.9960) with a slope of 48.89 mA mM21 (inset a in
Fig. 7E). The detection limit was estimated to be 43 mM based on the
criterion of a signal-to-noise ratio of 3. Similarly, the linear range of
glucose detection on the rod-like CuO superstructure/CPE was
determined to be from 0.5 mM to 10 mM (r 5 0.9969) with a slope
of 55.98 mA mM21, and the detection limit was estimated to be
77 mM (inset a in Fig. 7F). The performance of our sensor and those
reported in literature work regarding the performance of glucose
assay were summarized in Table 150,51. While glucose sensors based
on glucose oxidase have made good progress, here we only list the
sensors based on inorganic materials for comparison52,53. It indicates
that our sensors have better catalytic activity and sensitivity towards
the oxidation of glucose, which might results from the small size
nature and large surface area of as-formed CuO superstructures.

Since some easily oxidative species always coexisted with glucose,
interference test was also investigated here as shown by inset b in
Fig. 7E and 7F. For the CuO superstructure/CPE, chemicals such as
saturated BrO3

2, 20-fold concentration of Cl2 and NO2
2 showed no

interference for the determination of glucose. While saturated IO3
2

and 2-fold concentration of SO3
22 showed obvious interference to

the oxidation of glucose.
The stability, repeatability and reproducibility of both sensors

were also investigated. After the CuO superstructure/CPE was stored
at room temperature for two weeks, the current response to 0.1 mM
glucose only decreased by 3.21% and 7.04% for the urchin-like and
the rod-like CuO superstructure/CPE, respectively. The repeatability
of successive amperometric measurements of 0.1 mM glucose for 4
times was carried out. A relative standard deviation values (RSD) of
4.75% and 2.63% were calculated for the urchin-like and the rod-like
CuO superstructure/CPE, respectively. The reproducibility of the
response to 0.1 mM glucose obtained with five different sensors
was also evaluated with a RSD of 4.05% and 3.05% for the urchin-
like and the rod-like CuO superstructure/CPE, respectively.

In summary, this study provides a novel green route to synthesize
novel metal oxide superstructures from MOFs. Two kinds of CuO
hierarchical superstructures have been synthesized based on two

different configurations of Cu-BTC materials. Because of the small
size and high surface area of the resulted CuO superstructures, the
final products exhibit an excellent and stable electrocatalytic activity
toward the electrochemical oxidation of glucose. The inner structure
of MOFs plays a key role in controlling the hierarchical superstruc-
tures of the prepared CuO. Due to the structural diversity of MOFs,
the proposed approach could be extended for the preparation of
other metal oxide with a number of potential applications.

Methods
Materials. Graphite powder, liquid paraffin, and d(1)-glucose was purchased from
Aladdin. 1,3,5-Benzentricarboxylic acid (BTC) was obtained from the Sigma-Aldrich
(Milwaukee Wisconsin). Cu(NO3)2?3H2O, absolute ethanol and other reagents
were purchased from Beijing Chemical Reagent Factory (Beijing, China). All reagents
were of analytical grade and used without further purification. All solutions were
prepared with ultra-pure water, purified by a Millipore-Q system (18.2 MV cm).

Instrumentation. The scanning electron microscopy (SEM) analysis was taken using
a XL30 ESEM-FEG SEM at an accelerating voltage of 20 kV equipped with a Phoenix
energy dispersive x-ray analyzer (EDXA). The samples for SEM observation were
prepared by placing 10 mL Cu-BTC suspension on a silicon surface, followed by
drying at room temperature. X-ray powder diffraction (XRD) data were collected on a
D/Max 2500 V/PC X-ray powder diffractometer using Cu Ka radiation (l 5

0.154056 nm, 40 kV, 200 mA). Fourier transform infrared spectra (FTIR) were
recorded on a Nicolet 6700 FTIR spectrophotometer. Thermogravimetric analysis
(TGA) was carried out with a SDT 2960 Simultaneous DSC-TGA, TA Instrument. All
electrochemical measurements were performed on a CHI 660C electrochemical
workstation (Shanghai, China) at ambient temperature. A conventional three-
electrode system was employed including two kinds of CuO/CPE as working
electrode, a platinum wire as auxiliary electrode and a SCE saturated KCl as reference
electrode. The cyclic voltammetric experiments were performed in a quiescent
solution. The amperometric experiments were carried out under a continuous
stirring. 0.1 M NaOH as the supporting electrolyte solution was purged with high
purity nitrogen for 15 min prior to each measurement and a nitrogen atmosphere was
kept over the solution during measurements.

Synthesis of Two Kinds of Cu-BTC. Octahedral Cu-BTC was synthesized by
solvothermal method. Typically, 8 mL 0.35 mol/L Cu(NO3)2 aqueous solution and
24 mL 0.10 mol/L BTC ethanol solution was stirred by magnetic for 10 min. Then
the suspension was filled into a Teflon container and placed into an autoclave, and left
for 8 days in a preheated oven at 75uC. After the synthesis mixture in a water/ice bath
was cooled, the crystalline product was filtrated and washed with a mixed alcohol-
water (151) solution and dried at 100uC for 12 h. The six-prismatic crystal was
prepared by the same procedure expect the suspension contained 17.5 mL 0.10 mol/
L Cu(NO3)2 aqueous solution and 12 mL 0.20 mol/L BTC ethanol solution.

Preparation of CuO Hierarchical Superstructure. 1.0 g of the prepared Cu-BTC
was immersed into 50 mL 0.1 M NaOH solution. Then magnetic stirring was
employed to ensure sufficient reaction between Cu-BTC and NaOH. When reactions
were accomplished, the product was isolated by filtering, and washed thoroughly with
distilled water to give CuO superstructure.

Preparation of the CuO Superstructure/CPE. The CuO hierarchical superstructure/
CPE was prepared as follows. Graphite powder and CuO hierarchical superstructure
were mixed in different ratio, and several drops of liquid paraffin was added. After it
was carefully grinded in an agate mortar for 20 min, a homogenized paste was
formed. The homogenized mixture was packed firmly into a clean and dry glass tube
(5 mm in inner diameter and 1.0 cm in length). The electrical contact was established
with a copper wire connected to the paste. After natural drying at room temperature,
the surface of the electrode was smoothed by lightly friction on the weighing paper
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