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Many scientifically interesting and industrially important processes take place in liquids: 
electrochemistry and catalysis for biofuels are two that are vital in many applications, not limited to 
energy generation and storage.  Understanding the processes that, for example, lead to loss of storage 
capacity in batteries, or loss of reactivity due to catalyst agglomeration, sintering or poisoning is critical. 
There is thus a growing need for developing high resolution imaging and spectroscopy metrologies, 
where the system components can be studied during functioning in their reactive environments. 
Although we can perform in situ nanoscale measurements of catalytic processes in gaseous 
environments using an environmental scanning/transmission electron microscope (ESTEM), comparable 
measurements in liquids are much more challenging. 

 
We present a new MEMS-based measurement platform called the Liquid Cell, for studying systems in 
liquid/gaseous environments in situ in the TEM. The integrated platform consists of encapsulation chips 
coupled with a dedicated TEM holder, and allows controlled microfluidic flow, and application and 
measurement of electrical signals. The novelty of our approach consists in a monolithic, single-chip 
design of self-supported (“bubble-wrap”) membrane cavities, coupled with the ability to interface with a 
microfluidic system contained on a second chip. This design confers major advantages compared to 
existing liquid encapsulation solutions for the TEM [1-6]: 1. The ability to precisely and reproducibly 
control fluid layer thickness to within a few percent over the entire electron-transparent window area 
(typically 200x200 µm); 2. Good mechanical robustness to vibrations, sticking and breaking, and 
tolerance for a wide range of viscosities and superficial tension coefficients; 3. The ability to perform 
analytical TEM such as EELS/EFTEM over the entire electron-transparent window area; 4. Significantly 
reduced contamination from experimental set-up, as the chips are encapsulated in the cleanroom. 5. The 
ability to exchange the entire microfluidic circuit for new experiments, thus avoiding cross-
contamination between experiments. 
 
The chip system of the Liquid Cell is shown in Fig. 1. The cell is entirely grown on the lower chip, 
which also include Ti/Pt contacts (shown in red). The height of the cell is dictated by a sacrificial layer, 
which is subsequently etched in a hot KOH solution, leaving a pillared self-supported SiN membrane 
cavity with access ports for the liquid. A second, narrower chip shown in blue contains microfluidic 
channels patterned in SU-8, that also serve as the bonding/sealing structure to the cavity chip. The eight 
pad contacts are customizable and currently lead to an active electrode (C in Fig. 2a), a counter electrode 
(A in Fig. 2a) and two reference electrodes (B in Fig. 2a). 

 
 



a)  b)  c)  
Fig. 1. a) Liquid cell assembly of chips (cavity not visible at scale). From the bottom up: chip supporting 
the liquid cell cavity, showing inlets for the microfluidic tubing; electrical connectors (red); silicon 
nitride layer forming the top membrane of the cavity (green); resist bond layer between the two chips 
(orange); and narrower bond chip with microfluidic vias. Views of the assembled chipset, seen from b) 
the bonding chip side and  c) the back of the cavity chip side; chip is rendered transparent, so that the 
electrical connections and the microfluidic paths can be seen. 
 

    
Fig. 2. SEM images of an ex situ electrochemical deposition test of Cu from CuSO4 solution on the 
electron-transparent electrode of a half-cavity open to air, with 4 µL of CuSO4 solution drop casted. a) 
Top view of a pristine cavity, prior to adding the electrolyte; Electrodeposited CuSO4 nanoparticles on 
the Ti/Pt active electrode, after a 1 µA, 30 s Cu electrodeposition: b). Area 1 in a), furthest from bulk 
active contact C; c) Area 2 in a), half-way to contact C and d) Area 3 in a), closest to contact with C.  

a)  b)  
Fig. 3. a) 300 keV unfiltered image and thickness map acquired in EFTEM mode, of a portion of the cell 
with a water-air interface. The area is located at the center of the TEM window 200x200 um in size, but 
maps collected at various locations across the TEM window indicate that the thickness of the liquid 
layer is constant and independent of position with respect to the window edge. The t/λ value for the 
water+SiN membranes is approximately 0.8. The periodic circular structures are the SiN pillars that 
support the cavity structure and prevent membrane bowing. b). EEL spectra of water from the low-loss 
region, and nitrogen and oxygen-K edges; both valence and core-loss regions are interpretable 
quantitatively, and the plasmon region indicates predominantly single scattering. 
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