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Facile synthesis of high-quality Pt nanostructures with 

controlled aspect-ratio for methanol electro-oxidation 

Yi Li, Ting Bian, Jingshan Du, Yalin Xiong, Fangwei Zhan, Hui Zhang,* and Deren 
Yang 

High-quality Pt nanobars with controlled aspect-ratio were 

synthesized by varying the amount of formaldehyde in benzyl 

alcohol containing oleylamine and exhibited substantially 

enhanced electrocatalytic properties for methanol oxidation 

relative to the commercial Pt/C. 

Platinum (Pt) is a key component of many catalysts used for a large 
number of reactions in many industrial processes and commercial 
devices due to its remarkable activity.[1] It is clear that the catalytic 
property of a Pt nanocrystal is strongly affected by its shape, which 
determines the arrangements of atoms on the surface.[2] The last 
decade has witnessed the successful synthesis of Pt nanocrystals in a 
rich variety of shapes, with notable examples including cubes, 
octahedrons, tetrahedrons, decahedrons, icosahedrons, rods, 
multipods, tetrahexahedrons, and concave cubes.[3] Among these 
shapes, well-controlled nanocubes made of Pt and exposed by {100} 
facets are particularly interesting due to their unique properties in 
different catalytic reactions. For example, Pt nanocubes enclosed 
with {100} facets were observed to enhance ring-opening ability for 
pyrrole hydrogenation and thus showed a higher selectivity to n-
butylamine as compared to nanopolyhedra exposed by a mix of 
{111} and {100} facets.[4] In addition, the electro-oxidation of 
methanol was also found to be more active on Pt {100} facets 
relative to {111} facets.[5] As such, there is a strong effort to 
synthesize Pt nanocubes in a controlled manner to tailor their 
catalytic properties.[6] In general, the use of capping agent provides a 
facile and effective approach to the synthesis of Pt nanocubes by 
selectively stabilizing the {100} facets through preferential 
chemisorptions. To this end, Yang and co-workers demonstrated the 
synthesis of Pt nanocubes with cetyltrimethylammonuim bromide 
(CTAB) as a capping agent by reducing K2PtCl4 with NaBH4 in an 
aqueous solution.[7] Recently, high-quality Pt nanocubes have been 
successfully generated through an oil-phase approach in the presence 
of a trace amount of metal carbonyls[8] or with pure CO as a capping 
agent.[9] However, most of these reports inevitably involve the 
contamination of second metal in the final product or the use of very 
toxic gas. 

Similar to a nanocube, a nanobar is characterized by six main 
side faces bounded by all {100} facets except for its anisotropic 
structure with aspect-ratio (length to width) larger than one. As 

constrained by their highly symmetric face-centered cubic (fcc) 
lattice, only a few nanobars made of noble metals including Ag, Pd, 
and a combination of them were successfully generated through 
localized oxidative etching,[10] particle coalescence,[11] or kinetic 
control[12] to break the symmetry limitation. For a system involving 
Pt, it still remains a grand challenge to synthesize the nanobars, 
especially for tuning their aspect-ratio. Here, we report a facile 
approach to the synthesis of Pt nanobars with controlled aspect-ratio 
in benzyl alcohol containing oleylamine (OAm) and formaldehyde. 
The carbon supported Pt nanobars were evaluated as electrocatalysts 
for methanol oxidation and showed substantially enhanced 
performance in terms of activity and resistance to CO poison relative 
to the commercial Pt/C. 

 

Fig. 1 (a, b) TEM images, (c) HRTEM image, and (d) XRD pattern 
of the Pt nanobars prepared using the standard procedure. The inset 
in (c) shows the 3D model of a nanobar.  

The synthetic procedure involved the reduction of Pt(acac)2 
with benzyl alcohol at 180 oC in the presence of OAm and different 
amount of formaldehyde serving as capping agents (see Supporting 
Information for the details). Figure 1, a and b shows transmission 
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electron microscopy (TEM) images of the Pt nanobars prepared 
using the standard procedure (i.e., 0.1 mL of OAm and 1.5 mL of 
formaldehyde). These TEM images clearly show that most of the 
nanocrystals had a rectangle profile due to the projection along the 
<100> zone axis. Unlike the five-fold twinned nanorods, these 
nanocrystals exhibited a homogeneous contrast from TEM 
observation, implying the formation of a bar-shaped structure. The 
average aspect-ratio, length, and width of the nanobars were 
measured to be 1.54, 7.03 nm, and 4.9 nm, respectively (Figure S1). 
The data were obtained from about 500 nanocrystals randomly 
selected from TEM images. The typical high-resolution TEM 
(HRTEM) image (Figure 1c) of an individual nanobar shows well-
resolved, ordered fringes in the same orientation, indicating a single 
crystal. The fringes with a lattice spacing of 1.93 Å can be indexed 
to the {200} planes of Pt with a fcc structure. On the basis of TEM 
and HRTEM analyses, we can propose a three-dimensional (3D) 
model for the Pt nanobars as shown in the inset of Figure 1c. Figure 
1d shows X-ray diffraction (XRD) pattern of the Pt nanobars. All the 
diffraction peaks can be indexed to the fcc Pt (JCPDS No. 04-0802). 
The broadening of the diffraction peaks can be attributed to the small 
size of the Pt nanobars. 

 

Fig. 2 TEM and HRTEM images of the Pt nanobars prepared using 
the standard procedure, except for different amount of 
formaldehyde: (a, b) 0.5, (c, d) 1, and (e, f) 2 mL. 

The aspect-ratio of Pt nanobars was readily tuned by varying the 
amount of formaldehyde. From the TEM images in Figure 2, a, c, 
and e, the aspect-ratio of the Pt nanobars gradually increased with 
the amount of formaldehyde fed in the synthesis. This demonstration 
was also supported by the corresponding HRTEM images (Figure 2 
b, d, and f). The statistical data in Figure S2 show that both the 
average length and width of Pt nanobars decreased with increase of 
the amount of formaldehyde. However, the average width decreased 
much more rapid than the average length, leading to the 

enhancement of the aspect-ratio. The strong capping capability of 
formaldehyde on the surface of Pt nanobars was responsible for the 
decrease of their length and width through inhibiting the growth.[13] 
When the amount of formaldehyde increased to 2 mL, the average 
aspect-ratio, length, and width of the Pt nanobars almost remained 
unchanged. Therefore, the amount of formaldehyde played a key 
role in controlling the aspect-ratio of Pt nanobars. 

Fig. 3 TEM images of the Pt nanocrystals prepared using the 
standard procedure, except for different period of reaction: (a) 0.5, 
(b) 1, (c) 3, and (d) 9 h. The insets in (a) correspond to the HRTEM 
images.  

In order to understand the formation mechanism of Pt nanobars, 
a series of samples obtained using the standard procedure except for 
different reaction times were collected for TEM observation. From 
Figure 3a (t = 0.5 h), numerous cubes of ~3 nm in size together with 
a large number of small nanoparticles were initially formed. Careful 
observation from the HRTEM images (inset of Figure 3a) clearly 
shows the coalescence between two adjacent nanoparticles by 
sharing a common crystallographic orientation along the <100> 
direction. As the reaction continued (Figure 3, b-d), most of 
nanocubes were gradually elongated along one of the axes (i.e., the 
<100> direction) to form nanobars with aspect-ratios larger than one. 
As such, the particle coalescence was responsible for the formation 
of the Pt nanobars due to the obligation to minimize the surface 
energy of a system under thermodynamic control. A similar 
mechanism was also suggested for the formation of Pd nanobars in 
an aqueous solution.[11] However, the higher chemical stability of Pt 
relative to Pd require the larger driving force for the coalescence 
growth, and thus the different reaction system.[3c] In addition to the 
particle coalescence mechanism, the use of OAm and formaldehyde 
was also indispensible for the formation of the high-quality Pt 
nanobars. In the absence of both OAm and formaldehyde, the final 
product was dominated by the Pt icosahedrons enclosed with {111} 
facets (Figure S3a). Interestingly, the addition of formaldehyde 
could facilitate the formation of the nanobars (see Figure S3b), 
indicating that formaldehyde acted as a surface capping agent to 
stabilize the {100} facets of the Pt nanocrystals. However, careful 
observation shows the coexistence of a small amount of 
cuboctahedrons and five-fold twinned nanorods in the presence of 
only formaldehyde. When formaldehyde was substituted with 
acetaldehyde, the reactions also led to the formation of Pt nanobars 
(Figure S4), further indicating the correlation of the bar-shaped 
structure formation to the aldehyde group. When only OAm was 
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added, Pt tended to form nanocubes and five-fold twinned nanorods, 
both of them were mainly bound by {100} facets. This result reveals 
that OAm also favored the formation of Pt{100} facets serving as a 
capping agent, which was in agreement with the previous report.[6b] 
This demonstration was also supported by the TEM observation 
when replacing OAm with other amines (see Figure S5). Taken 
together, the selective co-adsorption of aldehyde and amine group on 
Pt{100} facets eventually facilitates the formation of high-quality Pt 
nanobars. In addition, the variation on the aspect-ratio of the Pt 
nanobars could be attributed to its capping capability associated with 
the amount of formaldehyde. 

 

Fig. 4 (a, b) Specific activities and (c, d) mass activities of methanol 
oxidation on three Pt nanobars with different aspect-ratios in 0.1 M 
HClO4/0.5 M methanol solution at a sweeping rate of 50 mV/s, 
including commercial Pt/C. 

The Pt nanobars with three different aspect-ratios (i.e., 1.29, 
1.45, and 1.54) were loaded onto a carbon black support (Vulcan 
XC-72) and then evaluated as electrocatalysts for methanol oxidation 
(MOR). To simplify the description, these three catalysts were 
denoted as Sample 1, Sample 2, and Sample 3, respectively. We 
benchmarked their electrocatalytic activity against the commercial 
Pt/C catalyst (E-TEK). Figure S6 shows cyclic voltammograms 
(CVs) of these four catalysts recorded at room temperature in an Ar-
purged 0.1 M HClO4 aqueous solution at a sweep rate of 50 mV/s. 
The electrochemically active surface area (ECSA) was calculated by 
measuring the charges collected in the H adsorption region from 
0.05 to 0.4 V. The three Pt nanobars exhibited similar ECSAs with 
values of 21.9, 30.7, and 27.7 m2/g, respectively (see Table S1), 
which were much smaller than that of commercial Pt/C (71.7 m2/g), 
probably due to the remained organic species (e.g., OAm and benzyl 
alchol) adsorbed on the surfaces of such nanocrystals and the size 
effects.  Figure 4a shows CVs of these four catalysts for MOR at 
room temperature in an aqueous solution containing 0.1 M HClO4 
and 0.5 M methanol at a sweep rate of 50 mV/s. In general, the If/Ib 
ratio value (in which If and Ib are the forward and backward current 
densities, respectively) is used to evaluate the poisoning tolerance of 
the catalyst to the carbonaceous species.[14] Compared to the 
commercial Pt/C (1.24), all three Pt nanobars catalysts showed the 
higher If/Ib ratio value with a sequence of Sample 2 (1.6) >Sample 1 
(1.32) > Sample 3 (1.29). The CO stripping was used to study the 
adsorption of CO on Pt surface, as the bonding strength of CO on Pt 
sites can be directly correlated to the change of potential position 
due to the oxidation (Fig. S7). For commercial Pt/C, this oxidation 
peak locates at 0.84 V, while all the Pt nanobars have the oxidation 

peak below 0.8 V. These observations further confirm that the Pt 
nanobars have higher CO poisoning tolerance than the commercial 
Pt/C. In addition, these three {100}-cased nanobars also exhibited a 
remarkably higher specific activity towards MOR relative to the Pt/C 
(E-TEK) covered by mixed {111} and {100} facets. This result 
indicated that the {100} facets offered a higher MOR activity than 
the {111} facets, which was consistent with the previous report.[5] 
After being normalized over the ECSAs, their peak current densities 
in the forward anodic scan were singled out, as shown in Figure 4b. 
It is clear that the Pt nanobars with aspect-ratios of 1.45 (Sample 2) 
and 1.54 (Sample 3) show the highest forward current density (1.70 
vs 1.68 mA/cm2) for MOR, which is 1.3 and 3.3 times higher than 
those of Sample 1 and commercial Pt/C, respectively. In addition, 
the mass activities of Samples 2 and 3 are also higher than that of the 
commercial Pt/C. The different electrocatalytic performance of the 
Pt nanobars with different aspect-ratios can be attributed to the size 
effect. The size of the Pt nanobars in Samples 2 and 3 was much 
smaller than that in Sample 1, resulting in the higher electrocatalytic 
activity toward MOR. 

Conclusions 

We have demonstrated a facile approach for the synthesis of the 

Pt nanobars in high-quality with both OAm and formaldehyde 

as capping agents. The aspect-ratio of the Pt nanobars was 

simply tuned by varying the amount of formaldehyde fed in the 

synthesis. When supported on carbon, the Pt nanobars exhibited 

enhanced electrocatalytic activity and CO poison tolerance for 

MOR relative to the commercial Pt/C probably due to the facet 

and size effects. The high-quality Pt nanobars can be further 

used as seeds to construct various bimetallic nanocrystals with 

a complex structure, thereby opening up new opportunities to 

design advanced catalysts with enhanced performance for a rich 

variety of potential applications. 
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