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Recently, in-situ transmission electron microscope (TEM) observation of lithiation and 

delithiation processes of cathode or anode materials in order to improve the battery performance. 

Huang et al. observed anisotropic swelling of anodic Si nanowires during lithiation by in-situ TEM 

observation using an ionic liquid as an electrolyte [1]. But, the electrolyte is liquid in conventional 

lithium ion battery. In order to observe lithiation and delithiation processes in lithium ion battery, it 

is necesarry to develope a liquid cell, keeping liquid in vacuum, for in-situ TEM observation. About 

ten years ago, Ross et al. developed a liquid cell for TEM observation and observed electrochemical 

copper deposition on gold surfaces [2]. But, there have been very few reports related to in-situ TEM 

observation with a liquid cell. 

In this study, we developed a liquid cell with three terminals for in-situ TEM observation and 

demonstrated the process of electrochemical copper deposition on gold surfaces. 

Figure 1 shows a photograph of our developed liquid cell, which has three terminals, working, 

reference and couter electrodes. It is formed by two quartz glass glued face to face. A heat-curing 

epoxy is used to glue. The observation window is covered with 50 nm silicon nitride film to kee 

liquid inside. This liquid cell is so convenient that we can select which metals we want to use as 

these electrodes; the working and reference terminals can be obtained by metal deposition with a 

mask and the counter electrode can be prepared by a metal wire. In this observation, the working, 

reference and couter electrodes were gold (Au), gold (Au) and copper (Cu), respectively. The 

electolyte contained 0.2M CuSO4 and 0.05 M H2SO4.  

Cyclic voltanmmetry (CV) was obtained by using VersaSTAT4 and the scan rate was 25 mV/ s. 

Figure 2 shows a typical CV of this cell. The broad current peak appears around 0.15V and the 

amount of the current increases by increasing the amount of the bias voltage at negative side, which 

have been measured repeatedly druing multiple CV measurements.  

Electrochemical Cu depositon was observed simutanously with CV measurement as shown in 

Fig. 3. Darker background corresponds to the deposited Au thin film of abount 30 nm in thickness. 

Cu clusters were nucleated on the Au film as shown in Fig. 3(b) when the bias voltage was negative, 

while they were desorped as shown in Fig. 3(d) when the voltage was positive. In detail, after the 

first CV measurement, many dots of slightly darker contrast were found to remain on the Au film as 

shonw in Fig. 3(a), when Cu clusters disappeared by desorption. We consider that these dots 

correspond to the position where gold atoms were alloyed with copper atoms. During multiple CV 

measurements, Cu clusters were nucleated at the same position, corresponding to dots of slightly 

darker contrast as shown in Fig. 3(a).  

In coclusion, we developed a new liquid cell for in-situ TEM obseration. Using the liquid cell, 

we demostrated electrochemical Cu deposition process on thin Au film simultanously with 

measuring cyclic voltanmmetry. 
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Fig. 1 Photograph of our developed liquid cell with 

three terminals. 

 

                                             Fig. 2 Cyclic volanmmetry. The scan rate 

was 25 mV/ s. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3 

A series of TEM images taken from electrochemical reaction of Fig. 2. (a) at 0V in the process of Cu 

desorption, (b) at -0.2V, (c) at 0.2 and (d) at 0.1 V in the process of Cu desorption. 


