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In situ microscopy has undergone a significant evolution in the 21
st
 century. With technological 

advancements, atomic resolution in the presence of gases at ambient pressures and elevated 

temperatures has been consistently achieved [1-4]. Presently, there is a need for the standardization 

of both the design of experiments and the interpretation of data obtained from these experiments. To 

achieve this, it is vital to hone the present in situ technology for the accurate control and 

measurement of the experimental parameters. In this work, we are presenting the latest 

developments within in situ holder technology that help address these needs. 

 

The in situ holder assembly [5] consists of a window-type environmental cell (e-cell) that is 

compatible with most major, commercially available (Scanning) transmission electron microscopes 

[(S)TEMs]. Figure 1 shows the in situ e-cell holder in its present form. It is designed for observing 

sample reactions at ambient conditions and elevated temperatures within the (S)TEM. The 

interdependent variables within the reaction cell that dictate the maximum obtainable resolution and 

allowable gas pressure are the window membrane material and its shape and size (length, width and 

thickness), the size of the reactive gas molecules, the e-cell gas pressure, and the number of gas 

molecules along the path of the electron beam (gas path length ). Each of these parameters is a major 

topic of discussion in the field of in situ microscopy.  

 

 Type of Sample: To extend the research capability beyond nano particles, this in situ holder 

has a modular design that can be used with different configurations of TEM samples, 

including dimpled  3mm discs, particles deposited on grids and various types of FIB 

lamellae attached to half grids. 

 Gas Path Length (GPL): To include thicker samples and high-temperature experiments, an 

adaptive design is used to vary the GPL between 0 and 250 μm.  

 Gas Flow Considerations: The present system has the ability to obtain atomic resolution at 

ambient conditions and elevated temperatures within a (S)TEM. A steady-state gas 

environment is maintained within the vicinity of the sample. This helps to accurately 

measure the gas pressure at the sample, reduce vibrations, minimize the loss of thermal 

energy due to convection, and reduce thermal drift. 

 Contamination: Contaminants are one of the major hindrances in the field of high-resolution 

in situ microscopy. The present holder design allows the user to bake, clean, and/or replace 

gas tubes and the reaction chamber efficiently and economically to avoid cross 

contamination between experiments. 

 Thermal Considerations: Sample temperature in excess of 2000°
 
C is achievable. This holder 

uses focused infrared radiation to heat the sample. The beam spot size on the sample can be 

varied between  30 and  300 μm, which is essential for obtaining multiple data sets using a 

single sample under the same analytical conditions. Another important design parameter is 



the ability to precisely translate the laser beam over the sample. The beam can also be pulsed 

for dynamic experiments. The small heated zone and/or pulsing helps to reduce the energy 

required to obtain the desired sample temperature and reaction time, and to avoid the 

negative effects of radiation, convection, and conduction. The current research is focused on 

studying the correlation between the infrared radiation absorption rate and sample 

temperature.  

 Photo-excitation: The holder optics can be selected to transmit the desired wavelength of 

electromagnetic radiation. This is essential to accommodate in situ applications that require 

the photo-excitation of the sample. 
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Figure 1. In situ holder shown with preliminary results that were obtained using an aberration 

corrected HAADF-STEM. “TiO2 and Sn images courtesy of Shareghe Mehraeen and Patricia 

Abellan, University of California, Davis, CA, USA” 

 


