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In-situ observation, which has become popular, allows us to observe on-going chemical reaction or 

phase transformation, since most of these chemical reactions arise in the presence of gas. To realize the 

in-situ experiments, two main ways have been used so far. One uses a dedicated microscope, and the 

other uses a sample holder with gas cell.  In this paper, we reports in-situ experiments using a gas cell 

holder (“Atmosphere 200”, Protochips).  

 

The microscope we used was an aberration corrected 300 kV microscope (JEM-ARM300F), which can 

be equipped with two types objective lens pole-pieces: FHP (Full High resolution Pole-piece) and WGP 

(Wide Gap Pole-piece) [1]. The microscope with FHP can achieved a STEM image resolution of 45 pm 

[2]. The WGP provides enough space for Atmosphere 200. The holder allows us to carry out stable and 

reproducible in-situ experiments under high gas pressure up to 10
5
 Pa at high temperature up to 1000 °C.  

 

Figure 1(a) shows a high angle annular dark field scanning transmission electron microscopy (HAADF-

STEM) image of TiO2 (Anatase) [111] at 300 °C under N2 gas (10
3
 Pa). 134 pm of Ti dumbbell is 

clearly resolved as shown in Fig. 1(a). The Fourier transform of the image exhibits spots of (88 pm)
-1

 as 

well as (104 pm)
-1

 as shown in Figure 1(b). Figure 1(c) shows a Cs-corrected HAADF-STEM image of 

the same sample at 300 °C under N2 gas (10
5
 Pa). We can recognize spots of (116 pm)

-1
 as well as (134 

pm)
-1

 in the Fourier transform of the image (Fig. 1(d)). These images prove that sub-Ångströme 

resolution is achievable even under high gas pressure. 

 

Elemental and chemical state analyses by EDS and EELS were tried under the high gas pressure. Figure 

2 shows the results of a redox reaction experiment for copper particles. The original sample was 

partially oxidized metallic copper, because some area shows oxide shape and some shows metallic shape 

as in the two EELS spectra, shown in bottom of the right panel. Elemental analysis by EDS and EELS, 

under N2 gas (10
3
 Pa) at 300 °C, also shows the presence of both oxidized and metallic coppers. In the 

experiment under H2 gas (10
4
 Pa) at 300 °C, the morphology of the particles significantly changed. The 

elemental analysis suggests that the most copper particles altered to be metallic. After the reduction, we 

changed the H2 gas to O2 gas (10
4
 Pa). After the gas change, the copper particles fully altered to be oxide.  

In the EELS spectra in Fig. 2, we found clear difference at the L-edge between oxidized and metallic 

coppers, one reveals a tall peak, and the metal shows step like shape. Furthermore, we found that the 

peak position of initial copper oxide is shifted to lower loss position in final oxidized copper. This 

suggests the valence state of copper has changed after the redox process. Thus, we show that elemental 

and chemical state analyses by using EDS and EELS are feasible even under high gas pressure.  

 

As described above, JEM-ARM300F with WGP and the gas-cell holder provides highly stable results of 

in-situ experiments under high gas pressure (10
5
 Pa) at a high temperature. The combination may be 

applicable to a wide range of samples such as catalysis, battery materials. 
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Figure 2. The results of EDS and EELS analyses for copper particles after redox reaction 
experiments. All analyses were obtained at 300 kV. 
 
図中の EELS Spectrum を Spectra に変えましょう． 
 

 
Figure 1. (a) Cs-corrected HAADF-STEM image of TiO2 (Anatase) [111] obtained 300 °C under N2 
gas (10

3
 Pa). (b) Fourier transform of the image shown in (a). (c) Cs-corrected HAADF-STEM image 

of TiO2 (Anatase) [111] obtained at 300 °C under N2 gas (10
5
 Pa). (d) Fourier transform of the image 

shown in (c). All images were taken at 300 kV. 


