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Abstract  

Platinum (Pt) nanocrystals have received great interest in recent years due to their versatility in a 
wide range of applications including catalysis, sensing and photonics. As the most promising 
catalysts for the oxygen reduction reaction (ORR), a key reaction to proton exchange membrane 
fuel cells (PEMFCs), the catalytic performance of Pt nanocrystals are greatly dependent on their 
geometric shapes. Especially, Pt icosahedral nanocrystals, characterized by {111} facets and twin 
boundaries on the surface, exhibit enhanced activity toward ORR. Here, we report a rational 
synthesis of Pt icosahedral nanocrystals with a controllable size and high quality based on a 
simple system containing Pt acetylacetonate (Pt(acac)2, metal precursor), polyvinyl pyrrolidone 
(PVP, a stabilizer), and tetraethylene glycol (TTEG, both a solvent and a reductant). By varying 
the amount of Pt(acac)2 we were able to maneuver the nucleation of Pt atoms, leading to the 
production of Pt icosahedral nanocrystals with a size ranging from 8-10 nm. To further decrease 
the size of the resultant Pt icosahedral nanocrystals, we introduced ascorbic acid (AA), a stronger 
reductant, to accelerate the generation of more Pt nuclei during the nucleation process, thus 
producing Pt icosahedral nanocrystals with a size range down to 5-8 nm and a yield greater than 
90%, which is critical to the practical use. We believe our Pt icosahedral nanocrystals will 
exhibit boosted activities toward ORR.  

Background  

Our atmosphere is being filled by harmful air pollutants, a great portion of which come from the 
internal combustion engines of cars. An alternative energy solution to this problem, which 
produces 100% clean energy, is the fuel cell car. As the key component in a fuel cell car, proton 
exchange membrane fuel cells (PEMFCs) are much more efficient than internal combustion 
engines in that they directly convert chemical energy into electrical energy and their only 
byproduct is water. The reaction that powers PEMFCs is the oxygen reduction reaction (ORR), 
whose efficiency is highly dependent on the catalytic performance of the Pt catalyst that lines the 
anode and cathode of the fuel cell. As the most promising catalysts for the ORR, the catalytic 
performances of Pt nanocrystals are greatly dependent on their geometric shapes. Pt icosahedral 
nanocrystals exhibit superior activity toward ORR than other shapes due to their {111} facets 
and high density of twin defects [1]. The PEM fuel cell is too expensive to produce commercially 
right now and we hope that through the use of Pt icosahedral nanocrystals we can lower costs 
and improve efficiency.  
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Methodology  

Our synthesis uses homogeneous nucleation, where our Pt precursor platinum acetylacetonate 
(Pt(acac)2) was reduced by tetraethylene glycol (TTEG) to create neutral Pt atoms. As the 
concentration of Pt atoms was saturated, Pt nuclei would be formed and the followed growth into 
nanocrystals. By controlling the formation of twinned nuclei through varying different reaction 
parameters, we were able to optimize the size and quality of assynthesized Pt nanocrystals. 
Polyvinyl pyrrolidone (PVP) molecular weight 29,000 was utilized as a stabilizer to prevent the 
formed nanocrystals from aggregating. The reaction was conducted at a temperature of 250 °C  
for 20 min. We also introduced a second reductant, ascorbic acid (AA), to further accelerate the 
nucleation of Pt atoms and thus lead to the formation of Pt icosahedral nanocrystals with a 
smaller size. Our synthesis has advantages compared to other procedures because of its 
quickness, simplicity, and quality. The synthesis takes place over 20 min. instead of one week, 
and our procedure does not need complex methods or hazardous chemicals such as carbon 
monoxide [1] to create high quality Pt icosahedral nanocrystals.   
  
Results  

 
The transmission electron microscopy (TEM)  

images above show the internal structures of Pt nanocrystals. Icosahedra typically have a 
hexagonal profile with variations in color due to the presence of twin boundaries. From the graph 
showing the relationship between the particle size and the amount of introduced Pt precursor, 
when a low concentration of precursor was used, fewer Pt nuclei were produced and larger 
icosahedra were observed. On the other hand, when a higher concentration of precursor was 
used, more Pt nuclei were produced and much smaller icosahedra were observed. By varying the 
amount of Pt(acac)2 we were able to maneuver the nucleation of Pt atoms, leading to the 
production of Pt icosahedral nanocrystals with a size ranging from 8-10 nm. When the 
concentration of Pt(acac)2 is further increased beyond 10 mg, we see a steady increase in Pt 
icosahedra size. A possible explanation for this observation is that the Pt(acac)2 is not being 
completely dissolved in our TTEG solvent, leading to fewer nuclei being produced and an 
increase in Pt icosahedra size.  
  
 To further decrease the size of the resultant Pt icosahedral nanocrystals, we introduced ascorbic 
acid (AA), a stronger reductant, to accelerate the generation of more Pt nuclei during the 
nucleation process. The size of obtained Pt icosahedral nanocrystals was further decreased to 5-8 
nm and a yield greater than 90%, which is critical to the practical use. In figure 2, Image (a) 
shows the highest quality Pt icosahedra that we can synthesize without the addition of AA. We 
see a slight decrease in icosahedra size when 5 mg of AA is added to our samples and a further 
decrease when 10 mg of AA is added, according to our graph. The decrease in size can be 

  

Figure  1 :   W ell defined icosahedra are circled in red in  
( a)  for reference.   Shows Pt icosahedral nanocrystals  
synthesized with (a) 1.5 mg Pt precursor, (b) with 5 mg  
Pt precursor, (c) with 10 mg Pt precursor and (d) with  
20  mg Pt precursor.   Graph above shows Pt icosahedral  
sizes with varied Pt precursor amounts.   
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attributed to the acceleration of the nucleation process, which produces more Pt nuclei. When the 
amount of AA is further increased to 15 mg and 20 mg, we observed an increase in icosahedra 
size. We also observed lower yields and a greater size distribution of Pt icosahedra when we 
added 20 mg or more of AA. There is no  

 
  
Conclusions  
  
In summary, we report a simple approach to prepare Pt icosahedral nanocrystals with a tunable 
size and high quality. By varying the amount of Pt(acac)2 we were able to maneuver the 
nucleation of Pt atoms, leading to the production of Pt icosahedral nanocrystals with a size 
ranging from 8-10 nm. To further decrease the size of the resultant Pt icosahedral nanocrystals, 
we introduced ascorbic acid (AA), a stronger reductant, to accelerate the generation of more Pt 
nuclei during the nucleation process, thus producing Pt icosahedral nanocrystals with a size range 
down to 5-8 nm and a yield greater than 90%, which is critical to the practical use. We believe 
our work offer insights into the controllable synthesis of Pt icosahedral nanocrystals with 
different sizes and high quality.  

Further Research  
  
We did not have time this summer to investigate the ORR activity of our Pt icosahedral 
nanocrystals. We believe that our Pt icosahedral nanocrystals will show boosted ORR activities 
and need to investigate whether this is true or not. High resolution transmission electron 
microscopy (HRTEM) analysis is also essential to recognize the features of Pt icosahedral 
nanocrystals such as {111} facets and twin boundaries. Finally, once we can produce larger 
quantities of Pt icosahedra, the functionalization of our Pt icosahedral nanocrystals in a PEMFC 
should also be studied.   
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