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Highly crystalline microscale nanotubules of PbO with
diameters in the range of 90–600 nm and lengths up to 15mm
have been synthesized by using triblock copolymer P123 as
the template via a practical electrodeposition process.

One-dimentional (1D) structures such as nanotubes and
nanowires have been a subject of intensive research because of
their novel properties and intriguing applications in electronic,
magnetic, optical, and micromechanical devices.1,2 There are
many reports about the synthesis of 1D metals and metal oxides,
for example, nanowires of Pd,3 Ag,4 BiSb,5 and ZnO,6 nanobelts
of ZnO, SnO2, and In2O3,

7 and nanotubes of Pt, Ag, Pd,8 Pd/
Ag,9 TiO2,

10 ZrO2,
11 WO3, MnO2, Co3O4, and V2O5.

12 While
most of these studies deal with noble or transition metals, rela-
tively less is known about the 1D nanostructures of main group
elements with only a few studies including nanobelts of PbO2,

13

nanoribbons of SnO2,
14 and nanowires of GeO2,

15 In2O3,
16

MgO,17 and Ga2O3.
18 Previous researchers have shown that

1D nanostructures are more prone to charge transport than the
bulk crystalline structures.19 Although there are many reports
about nanotubules, to the best of our knowledge, studies about
the preparation of lead oxides with 1D nanostructures hence
their subsequent applications in nanoscale electronic devices
have been relatively few. In this case, synthesis of 1D PbO nano-
structures is very important. Recently, a very large variety of
oxides have been prepared by electrodeposition. This technique
presents some interesting advantages when compared with other
methods such as chemical vapor deposition, sputtering, etc. The
deposition occurs at low temperature and at atmospheric pres-
sure; the experiments are simple to perform and the instruments
are inexpensive and readily available; the film thickness can be
directly monitored by the charge consumed during the deposi-
tion process.20,21

In a galvanostatic synthesis, a delicate control can be exer-
cised over the rate of the reaction leading to deposition with
good adhesion and a controlled morphology.21 We have demon-
strated herein that tubules of lead oxide PbO could be prepared
through galvanostatic electrodeposition of Pb followed by a
spontaneous oxidation in air. In this study, an amphiphilic
triblock copolymer HO(CH2CH2O)20(CH2CH(CH3)O)70(CH2-
CH2O)20H (designated as EO20PO70EO20; Pluronic P123,
BASF) was employed as a soft template. Different reaction
conditions (e.g., the concentration of P123, HNO3) were also
found to have a profound impact on the morphologies of the
finial products. In particular, it was found that controlling the
amount of HNO3 provided a good way to adjust the morphology
of the resultant nanostructures.

A typical electroplating solution was prepared as following:
21 g of 0.1M Pb(NO3)2, was mixed with 8 g of ethanol, 0.6 g of
P123, and 1.1 g of HNO3. The mixture was stirred to form a clear

solution after 5min. An electrolysis copper and a cast lead plate
were used as the cathode and anode, respectively. The electrode-
position was conducted using a galvanostatic electroplating cir-
cuit. Constant current across the two spaced electrodes (2 cm)
was applied for 60min with a current density of 3–13mA�cm�2

at 40 �C. After deposition, the electrode was washed with etha-
nol for 5 times in order to remove the surfactant. The electrode
was subsequently dried in dry air.

The X-ray diffraction (XRD) pattern of an obtained typical
material is shown in Figure 1. Well-resolved diffraction peaks
can be observed, indicating good crystallinity of the resultant
materials. Its peak positions agree well with those of PbO in
the orthorhombic phase (JCPDS No. 05-570). The lattice
constants are a ¼ 5:48 �A, b ¼ 4:75 �A, c ¼ 5:89 �A, respectively.
The XRD patterns indicates that metallic lead exposed to air is
easily oxidized, which has also been demonstrated by previous
researchers that metallic Pb was primarily deposited, ruling
out the effect of O2 and NO3

� reduction and was then rapidly

Figure 1. XRD pattern of the typical sample.

Figure 2. SEM images of lead oxide electrodeposited from dif-
ferent solutions containing (a–c) 21 g of 0.1M Pb(NO3)2, 8 g of
ethanol, 0.6 g of P123, and 1.1 g of HNO3, with b and c the high-
er magnification images of a; (d) 21 g of 0.1M Pb(NO3)2, 8 g of
ethanol, 0.6 g of P123, and 0.7 g of HNO3; (e) 21 g of 0.1M
Pb(NO3)2, 8 g of ethanol, 2.9 g of P123, and 1.1 g of HNO3;
(f) 21 g of 0.1M Pb(NO3)2, 8 g of ethanol, 2.0 g of P123, and
no HNO3.
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oxidized and converted into �-PbO upon exposure to air as a re-
sult of reaction at the solid/gas interface after the electrodeposi-
tion.22

Figure 2a shows the representative low-magnification scan-
ning electron microscope (SEM) image of the PbO product, in
which aggregated bundles can be observed. It is very possible
that nucleation of a solid phase initially occurred on some spots
of the substrate surface and subsequent crystal growth proceeded
radically in different directions at the bulk solution. This radial
structure can be more clearly seen in Figure 2b, displaying an in-
dividual flower-like aggregation. Figure 2c shows the SEM im-
age of the product at higher magnification. It can be seen that the
diameter of PbO tubules is in the range of 90–250 nm, and the
length of tubules can reach 15mm. For comparison, samples ob-
tained from other synthetic solutions with different concentra-
tions of HNO3 and P123 are also shown. When the amount of
HNO3 was decreased to 0.7 g, or the amount of P123 was in-
creased to 2.9 g, high-magnification SEM images (inset in
Figures 2d and 2e) show similar tubules structure with the diam-
eters in the range of 90–600 nm and with degraded uniformity.
EDX analysis of sample (Figure 2e) shows that there is much
more carbon in the PbO tubules (5wt%) compared with that
in the sample shown in Figures 2a–2c (undetectable), implying
that P123 molecules may tend to adsorb on the surface of tubules
under this synthetic condition. It is thus postulated that the film
growth is relatively retarded as compared to that shown in
Figure 2b, because of the higher ratio of P123 to HNO3. In this
case, the P123 molecules could be deposited together with sam-
ple and intermingle in the sample crystal structure. From a solu-
tion without HNO3 at all, PbO product was observed as sheets
interwoven to each other (Figure 2f).

It can be seen that the concentrations of HNO3 and P123 are
two key factors to achieve the tubular morphology. In order to
investigate their roles in the deposition process, the polarization
measurement of Pb electrodeposited from 0.1M Pb(NO3)2 elec-
trolyte with and without HNO3 and P123 has been carried out.
Figure 3 shows the curves of current density versus potential
for different electrolytes. The curves can be divided into three
parts, the first part is before point a, the second part is ab section,
and the third part bc section. The hydrogen starts to form at point
a and is generated quickly in ab section. After point b, Pb parti-
cles begin to deposit and as the major product in bc section. It
can be clearly seen that the addition of HNO3 favors while
P123 inhibits the generation of hydrogen, which can be attribut-
ed to the nonionic surfactant nature of P123 that can adsorb on

the surface of the cathodic Cu, thus prevent the hydrogen gener-
ation. The addition of HNO3 has no contribution to the formation
of PbO and only supplies hydrogen ions. So the competition of
hydrogen evolution with the electrodeposition of Pb is important
during the synthesis. It is worth noting that block copolymer
P123 could have another role in the synthesis: as a nonionic sur-
factant, it could adsorb on the surface of Cu and block some
space and/or on the surface of Pb materials during the reaction,
hence modulate the growth kinetics of the Pb seeds, which is
controlled probably by its different adsorption energies on vari-
ous crystallographic facets of Cu and/or Pb. Similar phenomena
have been observed in the growth of silver nanostructure by us-
ing PVP as a soft template.4 During the growth period, the crys-
tallization rate is so high that a preferential growth dominates.
The inorganic and organic nutrients are consumed rapidly near
the nuclei, leading to the growth of radial structures.

In summary, we report here a practical approach to synthe-
size PbO microscale nanotubules via electrodeposition by using
nonionic surfactant P123 as a template. It is the first time that
PbO tubules with orthorhombic structure can be achieved by
electrodeposition. By controlling the relative amount of P123
and HNO3, the morphology of the resultant nanostructures can
be adjusted.
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Figure 3. The lead polarization curves from different solutions.
B is the local magnification of A. (1) 0.1M Pb(NO3)2; (2) 21 g of
0.1M Pb(NO3)2 and 1.1 g of HNO3; (3) 21 g of 0.1M Pb(NO3)2,
8 g of ethanol, and 0.6 g of P123; (4) 21 g of 0.1M Pb(NO3)2, 8 g
of ethanol, 0.6 g of P123, and 1.1 g of HNO3; (5) 21 g of 0.1M
Pb(NO3)2, 8 g of ethanol, 0.6 g of P123, and 0.7 g of HNO3. Scan
rate: v ¼ 5mV�s�1, Temperature: 40 �C.
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