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Over the past decade, the urgent need to mi2gate climate change has driven research ac2vity 
focused on developing innova2ve materials and technologies for hydrogen and carbon 
management, as well as for energy storage. Alongside material design, increasing aEen2on has 
been given to advanced analy2cal methods that allow direct observa2on of material behavior, 
stability and degrada2on during real opera2ng condi2ons, offering valuable insights into their 
structural and chemical evolu2on at the micro- and nanoscale. 

This has been possible by exploi2ng specially designed sample holders integrated into laboratory 
scale characteriza2on setups, enabling operando studies. Among these, electrochemical liquid-
phase transmission electron microscopy (EC-LPTEM) can deliver real-2me morphological, 
structural, and chemical informa2on on cataly2c materials under applied electrochemical bias. 
EC-LPTEM is a highly demanding technique as it u2lizes miniaturized liquid cells with integrated 
three-electrode configura2ons, which needs to be compa2ble with high vacuum and electron-
transparent environments. Such limita2ons result in notable differences compared to standard 
electrochemical configura2ons, posing challenges in reproducing operando condi2ons [1,2].  

Electrochemical liquid-phase Raman spectroscopy can provide complementary informa2on, in 
par2cular on surface species and their dynamic evolu2on during the reac2on [3]. The 
combina2on of these two techniques is of high interest as enables 2me-resolved access to 
morphological, structural, and chemical informa2on. And therefore provide direct evidence of 
catalyst evolu2on and contribute to a more comprehensive understanding of the reac2on 
mechanism on catalysts and possibly could result in knowledge driven catalysts design and 
op2miza2on. 

In this study, we explore several approaches for adap2ng and op2mizing the EC-LPTEM plaXorm 
to improve experimental control. As illustra2ve examples, we present the electrodeposi2on of Zn 
nanostructures for energy storage applica2ons and the dynamic evolu2on of a copper-based 
catalyst under electrochemical CO₂ reduc2on condi2ons. Finally, we introduce complementary 
characteriza2on using Raman spectroscopy and discuss the poten2al of employing a shared 
electrochemical cell design to enable correla2ve EC-LPTEM and Raman studies. 
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