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ABSTRACT 
Perfect platinum (Pt) nanocubes with high density have been synthesized by controlled reduction of 
hexachloroplatinic acid in the presence of H2SO4 and HCl, employing a pair of low-resistivity fastened silicon 
(FS) wafers at room temperature. The presence of the additive charges (induced by prior etching of the silicon 
surface with HF to remove any SiO2 layer) between the interfaces of the FS surface results in a high charge 
density and facilitates fast deposition of Pt nanoparticles via electroless plating. The charge density, stirring 
time, and homogeneity of the aqueous solution influenced the geometrical shapes of the Pt nanoparticles. The 
parameters were finely tuned in order to control the nucleation and growth rates and obtain perfect Pt nanocubes. 
The perfect Pt nanocubes were single crystalline with exposed {100} facets. Per equivalent Pt surface areas, the 
perfect Pt nanocubes showed enhanced catalytic activity relative to truncated Pt nanocubes or spherical Pt 
nanoparticles for the electrooxidation of liquid feed fuels such as methanol and ethanol. Moreover, there a 
strong correlation was observed between the optical, electrical, thermal, magnetic, and catalytic properties of the 
perfect Pt nanocubes which should lead to a variety of technological applications of these materials. 
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1. Introduction 

Currently, the synthesis and growth mechanism of 
the shape-controlled platinum (Pt) nanostructures is 
of fundamental interest, and also potentially very 
useful because of their wide range of applications in 
photocatalysis [1], hydrogen production [2], liquid 
feed fuel cell catalysis [3–6], surface enhanced Raman 

scattering [7], fine chemical synthesis [8], reduction of 
pollutant gases emitted from automobiles, the synthesis 
of nitric acid, and oil cracking reactions [9]. The 
synthesis of metal nanoparticles with well-controlled 
sizes, facets, and shapes can also effectively influence 
their optical, electrical, thermal, magnetic, chemical, 
and catalytic properties [9–11]. Thus, different Pt 
nanoparticle shapes have been synthesized in high 
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density, including nanocubes [12–14], nanorods [15], 
nanotubes, [16] and dendritic nanoparticles [16–18]. 
Among these shapes, well-controlled Pt nanocubes with 
high density are particularly interesting due to their 
high catalytic activity in different catalytic reactions. 
For instance, Pt nanocubes with exposed {100} facets 
are more active and selective than conventional NO 
reduction catalysts [19]. Furthermore, the oxidation of 
ammonia almost exclusively takes place on Pt {100}  
facets [20]. 

Many previous studies have also shown that the 
presence of Pt {100} facets enhances the catalytic 
activity for hydrogen oxidation reactions and the 
oxygen reduction reaction [21, 22]. In the last few 
years, several chemical methods have been developed 
for the synthesis of Pt nanocubes [23, 24], but most of 
these methods are either tedious or difficult to control, 
making it exceedingly challenging to synthesize such 
Pt nanocubes. In addition, the fundamental factors 
dictating the formation of shape-controlled nano-  
particles have not been elucidated to date. 

In this work, we describe a new, simple, and efficient 
method for the synthesis and growth of well-dispersed 
perfect Pt nanocubes, employing a pair of low-resistivity 
fastened silicon (FS) wafers at room temperature in 
the absence of surfactant, reducing agents, additives, 
or capping materials. In addition, we found that the 
morphology and dimensions of the Pt nanocubes 
were greatly influenced by the homogeneity of the 
aqueous solutions, the dipping time, stirring time, and 

charge density of the substrate. Moreover, the perfect 
Pt nanocubes show excellent electrocatalytic activity  
and good stability in methanol and ethanol oxidation. 

2. Experimental 

2.1 Synthesis of Pt nanostructures 

Our synthesis of Pt nanoparticles is based on Faraday’s 
first law of electrolysis, which states that the mass of 
a substance altered at an electrode during electrolysis 
is directly proportional to the quantity of charge 
transferred at that electrode. The negative potential 
and the electrostatic force of interaction developed 
between two silicon wafers is higher than that of a 
single silicon wafer, resulting in fast deposition of Pt 
nanoparticles on the pair of fastened silicon (FS) 
wafers. The synthesis process of the Pt nanocubes 
and a possible mechanism of reduction Pt4+ ions to 
metallic Pt are illustrated in Figs. 1 and 2, respectively. 
More details are given in the Electronic Supplementary 
Material (ESM). In brief, a pair of Si wafers was dipped 
in a 10 wt.% HF aqueous solution for 5 min in order 
to remove any native SiO2 layer from the silicon 
samples. Subsequently, the silicon wafers were fastened 
together with the gap between them being ~1 µm, as 
measured by an optical microscope. Dipping the pair 
of fastened wafers in an unstirred aqueous solution 
of 2 mol/L H2PtCl6 + 1 mol/L H2SO4 which had been 
previously vigorously stirrred for either 3 h or 5 h, led  

 

Figure 1 Schematic illustration of the synthesis procedure for Pt nanocubes: (a) the Si-wafer is cut into 1.5 × 2 cm2 samples; (b) dipped
into HF aqueous solution for 5 min in order to remove any native oxide layer; and (c) then the polished side of two identical cut pieces
of the Si-wafer were fastened together and dipped into 2 mol/L H2PtCl6 + 1 mol/L H2SO4 aqueous solutions, (after stirring for (Ⅰ) 3 h
and (Ⅱ) 5 h) to form the truncated (cubes + tetrahedra) and truncated cubes respectively; (d) perfect Pt nanocubes were produced by
adding 1 mol/L HCl to the 2 mol/L H2PtCl6 + 1 mol/L H2SO4 aqueous solution (with vigorous stirring for 5 h) subsequently immersing the
pair of fastened silicon wafers 
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Figure 2 Systematic representation of Pt deposition on an HF- 
etched Si substrate 

to the formation of truncated Pt (cubes + tetrahedra) 
or truncated Pt nanocubes, respectively. The perfect 
Pt nanocubes were synthesized by dipping a pair of 
fastened silicon wafers in an unstirred aqueous solution 
of 1 mol/L HCl + 2 mol/L H2PtCl6 + 1 mol/L H2SO4 
which had been previously vigorously stirred for 5 h 
at room temperature. The nucleation and growth in 
the synthesis of the Pt nanocubes were affected by 
both physical and chemical conditions. For example, 
the stirring time used to prepare the dipping solution 
and the dipping time of the FS wafers exert a physical 
effect, while the concentrations of H2PtCl6, H2SO4, and 
HCl exert a chemical effect. For the synthesis of perfect 
Pt nanocubes, we optimized the concentrations of HCl, 
H2PtCl6, H2SO4, and the stirring time of the aqueous  
precursor solution. 

2.2 Etching of adsorbed Cl– ions 

Cl– ions were weakly adsorbed on the Pt nanostructures 
in aqueous solution and were easily removed by 
washing with deionized water. 

2.3 Electron microscopy 

Surface morphologies of the truncated Pt (cubes + 
tetrahedra), the truncated Pt nanocubes, the truncated 
Pt nanorods and the perfect Pt nanocubes were 
characterized by a JEOL JSM-6700F high-resolution 
field emission scanning electron microscope (SEM). 
Transmission electron microscope (TEM) micrographs 
were obtained using a JEOL JEM-3000F TEM operated 
at 200 kV. The TEM specimen was prepared by 
mechanically scratching the nanocube thin film using 
dissecting forceps in the presence of a small drop of 
ethanol. The scratched specimen was put onto a holey  
copper grid and dried in air at room temperature. 

3. Results and discussion 

3.1 Characterization of samples 

SEM was carried out to investigate the surface 
morphology of the synthesized Pt nanostructures  
on the surface of FS wafers. Figures 3(a)–3(c), show 
plane-view SEM images of the truncated Pt (cubes + 
tetrahedra), obtained with dipping times of 10 min, 
13 min, and 15 min respectively, in an aqueous 
solution of 2 mol/L H2PtCl6 + 1 mol/L H2SO4 at room 
temperature which had previously been stirred for 
3 h. The size of the Pt nanostructures increased as the 
dipping time of the FS wafers was increased. Figure 
3(c) clearly indicates that after dipping in the aqueous 
solution for 15 min, the product was mainly composed  

 

Figure 3 SEM images of truncated Pt (cubes + tetrahedra) 
deposited on the FS substrates at room temperature for (a) 10, 
(b) 13, and (c) 15 min (after stirring the solution for 3 h); (d) low- 
magnification TEM image of an individual truncated Pt tetrahedron; 
(e) high-resolution TEM lattice image of the region enclosed in 
the square in (d). The d-spacing between the fringes is ~0.23 nm, 
which is characteristic of the {111} planes of Pt 
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of truncated Pt nanocubes with some truncated Pt 
tetrahedra. The morphology of the truncated Pt 
tetrahedral nanostructures was further investigated 
by TEM and high-resolution transmission electron 
microscopy (HRTEM). Figure 3(d) shows a bright field 
TEM image of an individual truncated Pt tetrahedron 
nanostructure. It can be clearly seen that the size of 
the truncated Pt tetrahedron is smaller than ~80 nm. 
Figure 3(e) shows a HRTEM image taken from a corner 
of the truncated Pt tetrahedron. The measured atomic 
spacing from the HRTEM image (Fig. 3(e)) is ~0.23 nm, 
which corresponds to the {111} lattice planes of Pt, 
indicating that the truncated Pt tetrahedron grew along  
the {111} direction. 

In addition, to investigate the influence of the stirring 
time of the precursor solution on the shape of the   
Pt nanostructures, the solution of 2 mol/L H2PtCl6 + 
1 mol/L H2SO4 was stirred for 5 h before use. Figures 
4(a)–4(c) display plane-view SEM images of the 
deposited truncated Pt nanocubes obtained by dipping 
the FS wafers in the solution for 13, 15, and 20 min, 
respectively. For dipping times of 13 or 15 min, the 
vast majority (~98%) of the resulting Pt nanostructures 
were truncated nanocubes (Figs. 4(a) and 4(b)). In the 
case of a longer dipping time of 20 min, the resulting 
nanostructures consisted of a mixture of well dispersed 
truncated Pt nanocubes and Pt nanorods (Fig. 4(c)). 
The morphological evolution of the nanocubes suggests 
that the larger nanocubes or nanorods originated 
because of surface energy minimization and Ostwald 
ripening (see Fig. S-1 in the ESM): when the precursor 
solution was stirred for 3 h, a large number of 
truncated Pt tetrahedra with some truncated Pt nano- 
cubes were formed (Fig. 3(c)), whilst when the stirring 
time was extended to 5 h, only the Pt nanocubes were 
observed (Fig. 4(b)). This might be partly due to the 
homogeneity of the aqueous solution being controlled 
by the stirring time. Figures 4(d) and 4(e) show 
representative TEM and HRTEM images of an 
individual truncated Pt nanocube. From the TEM 
image, the size of the truncated Pt nanocube was 
estimated to be ~80 nm. The HRTEM image in Fig. 4(e) 
(of the same nanocube as in Fig. 4(d)) shows continuous 
lattice fringes with a lattice spacing of ~0.20 nm, which 
corresponds to the {100} planes of Pt. Furthermore, 
the selected area electron diffraction (SAED) pattern  

 

Figure 4 SEM images of truncated Pt nanocubes deposited on the 
FS substrates at room temperature for (a) 13, (b) 15, and (c) 20 min 
(after stirring the solution for 5 h); (d) low-magnification TEM 
image of an individual truncated Pt nanocube; (e) high-resolution 
TEM lattice image of the region enclosed in the square in (d). The 
d-spacing between the fringes is ~0.20 nm, which is characteristic 
of the {100} planes of Pt 

obtained by directing the electron beam perpendicular 
to the individual truncated Pt nanocube (Fig. S-2 in 
the ESM) confirmed that the truncated Pt nanocube 
was a single crystal. Figure S-3(a) (in the ESM) shows 
the corresponding particle size distribution histogram 
of the as-synthesized truncated Pt nanocubes shown 
in Fig. 4(b). It was found that the size of the truncated 
Pt nanocubes ranged from 10 nm to 50 nm, with an  
average size of 15 nm. 

However, perfect Pt nanocubes could be obtained 
by adding 1 mol/L HCl to the mixture of 2 mol/L 
H2PtCl6 + 1 mol/L H2SO4 aqueous solution. To explore 
the growth mechanism of the Pt nanocubes, time- 
dependent experiments were again carried out at room 
temperature. A series of SEM images taken at different 
dipping times (t) are presented in (Figs. 5(a)–5(c)).  
As shown in Fig. 5(a), at t = 10 min, the Pt nanocubes  
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were very hard to observe in the SEM image. When 
t = 13 min, the Pt nanocubes had started to develop 
on the both side of the FS sample (Fig. 5(b)). At t = 
15 min, the Pt nanocubes had started to grow all over  
the substrate (Fig. 5(c)). 

X-ray photoelectron spectroscopy (XPS) data of the 
perfect Pt nanocubes were also recorded. Figure S-4 
(in the ESM) shows an XPS survey analysis of a Pt 
nanocube deposited on a FS sample. Two distinct Pt 
(4f7/2) and Pt (4f5/2) peaks at 71.0 and 74.2 eV, respectively, 
were clearly observed (Fig. S-5 in the ESM). These are 
typical values for zerovalent Pt [25]. Furthermore,  
no obvious shoulders at higher binding energies, 
characteristic of Pt2+ and Pt4+, were found, and no peak 
from chlorine in the Pt precursor was detected by 
XPS (Fig. S-6 in the ESM). From XPS analysis, we can  

 
Figure 5 SEM images of perfect Pt nanocubes deposited on the FS 
substrates at room temperature for (a) 10, (b) 13, and (c) 15 min 
(after stirring the solution for 5 h); (d) high-resolution TEM image 
of an individual perfect Pt nanocube. The d-spacing between the 
fringes is ~0.20 nm, which is characteristic of the {100} planes of 
Pt; (e) the corresponding SAED pattern, showing the single crystal 
structure of the perfect Pt nanocubes 

therefore conclude that the perfect Pt nanocubes were  
composed of metallic Pt. 

The morphology of the perfect Pt nanocubes was 
further investigated by HRTEM. Figure 5(d) shows 
an HRTEM image of an individual Pt nanocube. From 
the TEM image, it is clear that the Pt nanocubes have 
a perfect regular shape, with a size of ~10 nm. Figure 
S-3(b) (in the ESM) shows the corresponding particle 
size distribution histogram of the as-prepared perfect 
Pt nanocubes shown in Fig. 5(b). The size of the 
perfect Pt nanocubes ranged from 10 nm to 40 nm, 
with an average size of 14 nm. Figure 5(e) displays a 
representative electron diffraction pattern recorded by 
directing the electron beam perpendicular to the {100} 
facets of an individual nanocube and confirms that the 
Pt nanoparticles are single crystals. Based on a previous 
report, we believe that the nanocubes are formed as a 
result of fast growth along the {111} directions, and 
that the surfaces of the final nanocubes correspond  
to {100} planes [26]. 

The above results show that the 1 mol/L HCl and 
1 mol/L H2SO4 in the aqueous solution both play 
distinct roles in the formation of the Pt nanostructures. 
In the absence of HCl, with an aqueous solution of 
2 mol/L H2PtCl6 + 1 mol/L H2SO4, SO4

2– ions from H2SO4 
had a negligible effect on the synthesis of the Pt 
nanocubes because the concentration of H2SO4 was 
lower than the concentration of H2PtCl6. Figure 4(c) 
shows a typical SEM image of the truncated Pt nano- 
cubes at t = 20 min, which consist of a mixture of small 
Pt cubes and rods. This observation implies that H2SO4 
alone is able to induce the etching and dissolution of 
seeds and thus, direct the product towards truncated 
single crystal nanocubes. The truncated shape may 
arise because there are sufficient H+ and Cl– ions for 
etching and dissolution (as shown in Fig. S-7(a) in the 
ESM). On the other hand, when HCl was added to the 
aqueous solution of 2 mol/L H2PtCl6 + 1 mol/L H2SO4, 
Cl– ions from HCl should have a marked effect on the 
synthesis of the perfect Pt nanocubes because they 
can reduce the surface energies of the {100} facets of 
the seeds by binding strongly to them, thus, leading to 
the formation of perfect nanocubes. The presence of 
Cl– ions in the aqueous solution stabilizes the single 
crystal and therefore Cl– ions also can prevent the  
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nanocubes from aggregating or sedimentation, by 
providing electrostatic repulsion forces between the Pt  
nanocubes (as shown in Fig. S-7(b) in the ESM) [27]. 

To compare the kinetic effects and the effect of the 
FS wafer on the geometrical structure, Pt nanoparticles 
were also deposited on a single silicon substrate by 
electroless deposition. After etching the outer SiO2 
layer, a single silicon substrate was dipped for 6 h in 
a solution of 1 mol/L HCl + 2 mol/L H2PtCl6 + 1 mol/L 
H2SO4 which had been vigorously stirred for 5 h at room 
temperature. A long deposition time was employed 
so that the kinetic factor has negligible effect on the 
synthesis and growth of Pt nanoparticles. Figure S-8(a)  

(in the ESM) shows that the resulting Pt nanoparticles 
were spherical. This might be due to the low charge 
density on the single silicon wafer compared to that on 
a pair of FS wafers in very close proximity in aqueous 
solution. The charges were developed on the silicon  
surface by etching in HF aqueous solution. 

3.2 Catalytic activity tests 

Finally, the size-, shape-, and structure-controlled 
synthesis of Pt nanoparticles allows us to study surface- 
dependent properties such as catalytic activity. 
Figures 6(a) and 6(b) show cyclic voltammograms  
for methanol and ethanol oxidation on the perfect Pt  

 
Figure 6 Comparison of the catalytic activity and stability of the Pt nanoshapes. Cyclic voltammograms for (Ⅰ) perfect Pt nanocubes,
(Ⅱ) truncated Pt nanocubes, (Ⅲ) truncated Pt (cubes + tetrahedra), and (Ⅳ) spherical Pt nanoparticles obtained at a scan rate of 25 mVs–1 in
(a) 1 mol/L H2SO4 + 1 mol/L methanol and (b) 1 mol/L H2SO4 + 1 mol/L ethanol; chronoamperometric curves for (Ⅰ) perfect Pt
nanocubes, (Ⅱ) truncated Pt nanocubes, (Ⅲ) truncated Pt (cubes + tetrahedra), and (Ⅳ) spherical Pt nanoparticles recorded at ~0.40 V in
oxygen-free (c) 1 mol/L H2SO4 + 1 mol/L methanol and (d) 1 mol/L H2SO4 + 1 mol/L ethanol. The results demonstrate that the perfect
Pt nanocube electrode showed excellent catalytic activity and stability for the oxidation of methanol and ethanol 
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nanocubes (Fig. 5(b)), truncated Pt nanocubes (Fig. 4(b)), 
truncated Pt (cubes + tetrahedra) (Fig. 3(c)), and 
spherical Pt nanoparticles (Fig. S-9 in the ESM) at 
room temperature. As shown in Figs. 6(a) and 6(b), 
the onset potential for methanol and ethanol 
electrooxidation with the perfect Pt nanocubes was 
lower than that for the truncated Pt nanocubes, 
truncated Pt (cubes + tetrahedra), or spherical Pt 
nanoparticles, indicative of faster electrode kinetics 
[28]. In addition, the perfect Pt nanocubes showed a 
peak current density higher than that for the truncated 
Pt nanocubes, truncated Pt (cubes + tetrahedra), or 
spherical Pt nanoparticles. The current densities were  
calculated by normalizing to the actual Pt area. 

Furthermore, a chronoamperometry study was 
carried out to determine the stability of electrocatalytic 
activity towards methanol oxidation–reduction and 
ethanol oxidation–reduction. Figures 6(c) and 6(d) show 
chronoamperograms of the four electrodes, which 
were obtained by measuring the steady-state reaction 
current density at an electrode potential of ~0.4 V. 
After the polarization for 200 s, the current density in 
methanol electrooxidation for the perfect Pt nanocubes, 
the truncated Pt nanocubes, the truncated Pt (cubes + 
tetrahedra), and the spherical Pt nanoparticles were 
~1.45, ~0.29, ~0.18, and ~0.16 mA/cm2 respectively. A 
similar pattern was also observed for the current 
densities in ethanol electrooxidation, i.e., highest in 
the case of the perfect Pt nanocubes (~2.01 mA/cm2), 
moderate in truncated Pt nanocubes (~0.66 mA/cm2), 
and lowest in truncated Pt (~0.27) and spherical Pt 
nanoparticles (~0.016 mA/cm2). These results show that 
the perfect Pt nanocubes have much higher activity 
than the other nanostructures, with a steady-state 
current that is over five times, eight times, and nine 
times higher than those of the truncated Pt nanocubes, 
truncated Pt (cubes + tetrahedra), and spherical Pt 
nanoparticles, respectively. The perfect Pt nanocubes 
exhibit both good stability and high electrocatalytic 
activity towards oxidation of methanol and ethanol. 
The enhanced electrocatalytic property of the perfect 
Pt nanocubes can be attributed to the exposed Pt{100} 
faces of the single crystals. CO oxidation activity is 
known to be higher on Pt{100} faces than on Pt{111} 
and Pt{110} and, consequently, the CO poisoning effect 
on Pt{100} faces is much lower [29]. In addition, the 
edges of stepped {100} faces can induce cleavage of 

C–C or C–H bonds in CH3OH and CH3CH2OH with 
much higher efficiency than those in truncated Pt 
nanocubes, truncated Pt (cubes + tetrahedra), and 
spherical Pt nanoparticles [30]. Consequently, our 
facile synthesis of perfect Pt nanocubes will have a 
great impact on the development of high-performance  
liquid-feed fuel cells. 

4. Conclusions 

We have demonstrated, for the first time, a simple 
and efficient method for the synthesis and growth of 
well-dispersed perfect platinum (Pt) nanocubes, 
employing a pair of low-resistivity FS wafers at room 
temperature in the absence of surfactants, additives, 
capping materials, and reducing agents. The perfect 
Pt nanocubes deposited on the FS wafers exhibited a 
much higher catalytic activity and stability for methanol 
and ethanol oxidation than truncated Pt nanocubes, 
truncated Pt (cubes + tetrahedra) or spherical Pt nano- 
particles. Moreover, we found that the morphology 
and dimensions of the Pt nanocubes were greatly 
influenced by the homogeneity of the aqueous 
precursor solution, dipping time and charge density. 
For example, with increasing homogeneity of the 
solution, > 98% of the cubes were formed with sharp 
edges. Prolonged dipping times of the FS substrate 
resulted in the formation of both cubes and nanorods. 
High-charge density accelerates the deposition of Pt 
nanocubes, as is evident by comparing the FS wafer 
with a single silicon wafer. We believe that this new 
and simple method will open a door to the synthesis 
of other metals (for instance silver, gold, and copper) 
with well-controlled shape, size, and facets for optical, 
electrical, thermal, magnetic, and catalytic applications. 
Further work is still underway to synthesize such 
other metal nanostructures by the same process. 
Besides the shape-controlled synthesis of other metals, 
this facile synthesis process also allows a deeper 
understanding of the fundamental aspects of shape-  
controlled nanoparticle formation. 
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