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Atmospheric scanning electron microscope (ASEM) with open 
sample space observes evaporation processes 

M. Suga
1
, H. Nishiyama

1
, Y. Konyuba

1
, C. Sato

2
 

 
1
JEOL, Akishima, Japan  

2
National Institute of Industrial Science and Technology (AIST), Biomedical Research Institute, Tsukuba, Japan  
 
msuga@jeol.co.jp 
Keywords: ASEM, aggregation, crystallization 

     The atmospheric scanning electron microscope (ASEM): ClairScope (JASM-6200) is able to 
directly observe a sample in liquid or gas in the atmosphere [1]. Its sample space is open to the air 
allowing observation of rapid volume change phenomena such as evaporation processes [2]. In 
ASEM, the SEM has been redesigned to be placed upside down: the gun is set at the bottom whereas 
an ASEM dish with a sealed SiN window is placed onto a sample stage at the top as shown in Fig. 1. 
A thin SiN film is only 100 nm in thickness which is transparent to electrons and can withstand 
atmospheric pressure. For SEM imaging, the electron beam is scanned upward onto the sample in the 
ASEM dish through the SiN window and the backscattered electrons from the sample through the SiN 
window are captured by a detector situated below. Above the dish, optical microscope (OM) with 
immersion lens is set to realize quasi-simultaneous observation. In this presentation, we report 
important applications of observing evaporation processes. 
     Morphology difference in TiO2 aggregation processes depends on solvent, that  were observed 
during drying process. TiO2 particles (<100 nm) were suspended in two solvents: one is water and the 
other is ethanol. Small amount of suspensions were dropped on the SiN film of the ASEM dish, and 
their natural drying processes were observed using ASEM in situ. The suspension in water was 
monitored in Fig. 2. As water evaporated, distribution of TiO2 particles became non-uniform, and 
network like structure appeared (Fig. 2 a, b). When water was completely evaporated, large cracks 
appeared (Fig. 2 c, d). On the other hand, for the suspension in ethanol, rather uniform morphologies 
were observed during evaporation process (Fig. 3 a, b). When it was completely dried, no cracks were 
observed and its surface was rather uniform (Fig. 3 c, d). These differences may be caused by 
solvent-mediated interactions among the particles as well as by the interactions between particles and 
the substrate. The observation of evaporation-induced phenomena in situ by ASEM would be useful to 
understand various processes in material science. 
     Formation of copper sulfate crystals were observed using ASEM in situ. Copper sulfate was 
crystallized in 10 μL copper sulfate solution (173 mg/mL, 45 °C). Crystallization was induced by 
evaporation and temperature decrease on an open ASEM dish. Images captured at an interval of 120 
sec are shown in Fig. 4a and b. A bright hexagonal object with parallel opposite sides grew during 
observation; it was confirmed as a blue copper sulfate pentahydrate crystal by OM. Crystal growth was 
highlighted by subtracting images in Fig. 4c and d. Maximum outward growth was about  3.9 μm in 
Figure 4c, while other areas grew less than 0.5 μm during this 120 sec observation, exhibiting 
anisotropic growth. Fig. 4d shows growth of crystal at later time course from 216 to 224 s after Fig. 4a. 
In the 8 sec, the crystal grew rapidly by about 0.84 μm as indicated by arrows. This implies that later 
growth could be faster than earlier growth. Origins of non-time-constant anisotropic growth of crystals 
are considered to be dislocation structure, random surface adsorption, physical incorporation of 
impurities, lattice strain, deformation, etc. ASEM's capability to observe such phenomena in situ at 
high resolution would be valuable to clarify such process. 
     ASEM is not only valuable in the materials field, but also in life science including cancer research 
[3], diagnosis [4] and basic biological research [5]. Especially, since it has ability to observe 
evaporation process, it is applicable for screening of protein crystallization, which is critical for drug 
development [6]. 
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Figure 1. Configuration of the “Clairscope” ASEM. A sample space of the ASEM is open to the air, which is 

separated from vacuum by electron beam transparent SiN film. See text for the details. 
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Figure 2. TiO2 particles suspended in water monitored in situ during drying process by ASEM. Network like 

aggregations (a, b) were appeared during evaporation. After complete dry, cracks (c, d) were observed. Scale 
bar: a - c: 10 µm, c: 5 µm.  
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Figure 3. TiO2 particles suspended in ethanol monitored in situ during drying process by ASEM. Distribution of 

TiO2 particles were rather uniform except for big aggregates (a, b) during evaporation. After complete dry, no 
cracks were observed (c, d). Scale bar: a - c: 10 µm, c: 5 µm. 
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Figure 4. In situ ASEM observation images of copper sulfate crystals with time interval of 120 sec (a, b). 

Subtracted image of b minus a to emphasize crystal growth in 120 sec (c). Anisotropic growth was indicated by an 
arrow (c). Subtracted image of 224 sec after a minus 216 sec after a (d). See rapid growth indicated by arrows 
within only 8 sec (d). Scale bar: 5 µm. 

 


