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Shape control of nanostructures has received considerable attention because the properties of 
nanostructures depend on their size, shape, composition, crystallinity, and structure. For face-
centered cubic (fcc) metals, there is no intrinsic driving force for the growth of anisotropic structures 
when the seeds are surrounded by an isotropic medium. Thermodynamically, fcc metal atoms are 
expected to nucleate and grow into cuboctahedrons (with a nearly spherical shape) enclosed by a mix 
of {111} and {100} facets to minimize the total surface energy. An fcc metal can only be forced to 
grow into anisotropic nanostructures through kinetic control, although cubic symmetry is broken in 
this process. This paper describes a simple and versatile method for growing highly anisotropic 
nanostructures of fcc metals as well as HRTEM characterization of single crystal anisotropic fcc 
metal nanostructures. 
 
Anisotropic fcc metal nanostructures were synthesized by a solution-phase method [1]. Structure 
characterization was performed in a JEOL 2100F field emission transmission electron microscope 
equipped with a Gatan Enfina 1000 spectrometer and EDAX energy dispersive x-ray spectrometer. 
Under Scherzer defocus, the JEOL 2100F with a UHR pole piece has a point resolution of 1.9 Å. For 
fcc metals (such as Pd, Ag) viewed along <100> or <111> orientation, some of the interplanar 
distances are less than 1.9 Å.  In order to resolve this, HRTEM images need to be taken at Lichte 
defocus which maximizes the information limit of the microscope to 1.0 Å [2]. 
 
Figure 1 shows Ag particles nucleating and growing into cuboctahedrons (with a nearly spherical 
shape) enclosed by a mix of {111} and {100} facets that minimize the total surface area under 
normal condition. Figure 2 shows different shapes of Pd nanostructures under kinetically controlled 
synthesis; (A) a nanobar with an aspect ratio of �1 recorded along [010], (B) a nanobar with an 
aspect ratio of �2 recorded along [010], (C) a nanorod recorded along [1ī0], and (D) a nanorod 
recorded along [010]. Figure 3 shows the aging effect of Au nanoparticles and Pd nanobars (a) as 
synthesized and (b) 2 weeks later (Pd nano particles). The syntheses were performed with a molar 
ratio of KBr to HAuCl4 (or Na2PtCl6) at 30, in the presence of 75 mM PVP, and in an 11-mL 
mixture of EG (72.7%) and water at 140 °C.  
 
In summary, the anisotropic growth of fcc nanostructures can be achieved by varying the type and 
concentration of reducing agent, as well as by adjusting the reaction temperature. As expected for a 
kinetically controlled product, the anisotropic nanostructure evolved into the thermodynamically 
favored shape during an aging process [3]. 
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Figure 1.  Ag particles nucleate and grow into cuboctahedrons (with a nearly spherical shape) 
enclosed by a mix of {111} and {100} facets in order to minimize the total surface area under 
normal condition. 
 

 
 

Figure 2.  Different shapes of Pd nanostructures under kinetically controlled synthesis.  (a) nanocube 
with an aspect ratio of ~1 under 100°C, 0% ethylene glycol, (b) nanobar with an aspect ratio of �2, 
under 100°C, 9.1% ethylene glycol, and (c) nanorods under 120°C, 72.7% ethylene glycol. 
 

 
 

Figure 3.  Aging effect of Pd nanoparticles:  (a) as synthesized and (b) 2 weeks later.  The syntheses 
were performed with a molar ratio of KBr to Na2PtCl6 at 30, in the presence of 75 mM PVP, and in 
an 11-mL mixture of EG (72.7%) and water at 140 °C.  
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