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Graphitization of polymers is an effective way to synthesize nanocrystalline graphene on different
substrates with tunable shape, thickness and properties [1]. The catalyst free synthesis results in
crystallite sizes on the order of few nanometer, significantly smaller compared to commonly prepared
polycrystalline graphene [2]. Even though this method provides the flexibility of graphitizing polymer
films on different substrates, substrate free graphitization of freestanding polymer layers has not been
studied yet. For the first time, we report on the thermally induced graphitization and domain growth of
free standing nanocrystalline graphene thin films using in situ TEM techniques to study the different
processes contributing to the graphene growth.

The photo resist used as precursor for the nanocrystalline graphene preparation is the commercially
available microposit S1085. The resist was spin coated onto a MEMs based heating chip (Protochips
Inc.) (figure 1a). The initial heating was carried out ex sifu at 107 mbar at a temperature of 600 °C for 5
hours. The resulting thin films were analyzed by local Raman spectroscopy, confirming a uniform
carbonization over the heating area (figure 1b). Free standing partially graphitized films had formed
across the holes of the supporting film on the heating chip, confirming that a substrate free
graphitization is possible. The Raman signature of the free standing film (peak positions and Ip/Ig ratio)
is almost identical to a film graphitized on a SiO, terminated Si wafer (figure 1c¢). This confirms that
graphitization without any catalytic support of the substrate yields very similar materials. These free

standing films were the starting point for a detailed in situ TEM graphitization study at temperatures up
to 1200 °C.

In situ TEM observations of the free standing carbonized films were carried out using high resolution
transmission electron microscopy (HRTEM), selected area electron diffraction (SAED) and electron
energy loss spectroscopy (EELS) techniques to analyze the graphitization with temperature by looking
at domain structure & size, crystallinity, and sp*/sp’ ratio. The analysis showed that the growth of the
nanocrystalline domains in the intermediate temperature range of 600°C - 1000°C mainly proceeded by
consuming amorphous carbon present around the domains. After heating to 1000°C, essentially only sp2
carbon (figure 2g) is left in the [001] texture dominated film (figure 2¢). Further growth of the domains
at higher temperatures (1000-1200 °C) was facilitated by the merging of small crystalline domains
forming bigger ones. The merging of domains occurred both by migration of smaller domains on the
surface of larger ones as well as around the edges to the vacuum leading to an extension of the larger
domain underneath. However, both mobile and stationary (pinned) domains with varying size and shape
were observed. The partially stacked graphene layers exhibit a preferential misorientation of 22” (figure
21). Further details of the processes observed in situ will be discussed in the presentation.
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Figure 1. (a) Schematic of the sample preparation procedure, (b) G peak position in the active area of
the heating chip, (c) Raman spectra of free standing and SiO, supported film at 600 °C.
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Figure 2. (a-d) Evolution of nanocrystalline domains with temperature, (e) and (f) SAED intensity
profiles and carbon core loss EELS edge at different temperatures, (g) crystallite size evolution and (h)
sp” fraction at different temperatures, (i) HRTEM image of the graphitized layers, FFT from the marked
regions showing a misorientation of 22° is given in inset.

https://doi.org/10.1017/51431927617009278 Published online by Cambridge University Press


https://doi.org/10.1017/S1431927617009278

