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Graphene sheets, which are single layers of carbon atoms tightly packed into two-dimensional 

honeycomb sp
2
 carbon lattices, are considered as one of the most attractive materials in potential 

applications due to their unique electronic and optical properties. For example, the high surface area of 

graphene layers makes them ideal candidates for use as catalyst support. In general, nanoparticles of 

noble metal catalysts, such as Pt, Pd, and Au, are often dispersed onto these graphene support layers 

with high surface area, since the addition of such metallic nanoparticles is expected to improve their 

efficiency of catalytic performance. In particular, Pt nanoparticles dispersed on graphene layers have 

been extensively studied for applications in fuel cells [1,2]. In reality, catalytic materials are often used 

at high temperatures. Therefore, the understanding of their thermal stability is an important factor. 

Herein, we have observed the structural changes and behavior of Pt nanoparticles dispersed on graphene 

layers at high temperatures, using aberration-corrected transmission electron microscopy (TEM), 

scanning TEM (STEM), and electron energy loss spectroscopy (EELS). Recent advancements in 

aberration correction technology for TEM have enabled us to image not only nanoparticles but also 

graphene layers at atomic resolutions [3,4]. 

 

Graphene layers were prepared by cleaving highly oriented pyrolytic graphite crystals, followed by 

dispersion in ethanol. In addition, Pt nanocolloids were diluted in ethanol, and the two precursors were 

subsequently dispersed in ethanol, mixed together, and ultrasonicated. The sonicated solution was then 

dropped onto a thin holey carbon film in a chip dedicated for a TEM specimen heating holder (Aduro, 

Protochips, USA). The samples thus obtained in the chip were observed using a TEM/STEM instrument 

with two aberration correctors (JEM ARM200F; JEOL Ltd., Japan), operating at an accelerating voltage 

of 80–200 kV. The structure and behavior of the Pt nanoparticles on the graphene layers were observed 

under heating at 500–1000°C. 

 

Before heating, the Pt nanoparticles were covered with a protective agent, and the graphene layers were 

contaminated by solvent and defective carbon. Heating to temperatures greater than 500°C facilitated the 

removal of excessive carbon compounds. Consequently, graphitic networks in the graphene layers could 

be clearly observed by aberration-corrected TEM, as shown in Fig.1. The fast Fourier transform (FFT) 

pattern (Fig.1 inset) indicates six clear spots corresponding to the graphitic network. During heating, the 

Pt nanoparticles gradually changed their shape and slightly modified their position. Of the different 

types of Pt nanoparticles observed in the image, some merged with their neighboring nanoparticles to 

form larger particles. On the other hand, some isolate ones remained as small particles even upon 

heating to 800°C. Janowska et al. reported that Pt particles on graphene layers exhibit extremely high 

stability towards temperature-induced sintering at temperatures below 700°C [5]. Furthermore, several 

single atoms on the graphene layers were observed as dark dots, as shown in Fig. 1. Further analysis 



using STEM and EELS observations confirmed that these dots correspond to Pt atoms. Moreover, it was 

found that some of the single Pt atoms anchored at the edge of graphene layers such as terraces and 

holes, though some of them migrated onto the graphene surface. In addition, catalytic etching of the 

graphene surface was rarely observed during heating, as shown in Fig. 2, if the conditions were met. The 

Pt nanoparticles and clusters moved on the graphene layers along the graphitic network, etching their 

surface. These etched paths, so called nanoscale channels, have recently attracted attention as an 

approach for nanopatterning of graphene [6]. 

 

In summary, we observed the high temperature behavior of the Pt nanoparticles on the graphene layers 

using aberration-corrected TEM. The Pt nanoparticles exhibited several types of behaviors under high 

temperature, such as merging with their neighbors to form larger particles, maintaining their shape to 

remain as single isolated nanoparticles, reducing into single atoms, and etching of graphene surface to 

form nanochannels. Further research is underway to unravel the relationship between the particle 

behavior and the graphene layers at atomic scale [7]. 
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Figure 1 TEM image of the Pt nanoparticles 

and single atoms on graphene layers at 800°C. 

(Inset: corresponding FFT pattern) 

Figure 2 TEM image of the Pt nanoparticles 

etching the surface of the graphene layers at 

700°C. 


