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Liquid cells have made it possible to study samples in liquid at atomic resolution in the Transmission 

Electron Microscope (TEM). These cells consist of a liquid sample sealed against the vacuum of the 

standard TEM column between two electron transparent windows. Thus far, trapping and positioning 

particles has been demonstrated [1,2,3]. By changing the structure of the imaging probe, these capabilities 

can be expanded. 

 

If used as the imaging beam, electron vortex beams (EVBs) can transfer angular momentum to the sample. 

EVBs have a helical wavefront and carry quantized orbital angular momentum (OAM) [4]. It has been 

shown this momentum can be transferred to nanoparticles on a dry substrate in a TEM and cause them to 

spin, but this has not been applied to a sample in a liquid cell [5,6]. In a liquid, this process could be used 

to create a flow within the cell. Here we attempt to rotate gold nanoparticles in a liquid cell using a vortex 

beam.  

 

For this experiment, approximately 1 µL of 5-10 nm gold nanoparticle dispersion was sealed in a 

Hummingbird Flow Cell Holder. The liquid cell was imaged in a FEI Titan FEG-TEM at 300 kV 

accelerating voltage. A diffraction grating with one fork was used to generate EVBs. The grating was 

milled into a silicon nitride membrane using a FIB and placed in the second condenser aperture. Each 

diffraction order carries 𝑚ℏ of OAM, where 𝑚 is the diffraction order number [4,7,8]. The diffraction 

order of interest was centered on a nanoparticle and focused to the size of the particle. A time series of the 

nanoparticle was captured with an exposure time of 1s or less and up to 1s between images. To observe 

the effect of beams with no OAM and beams with OAM of opposite handedness, we attempted this 

procedure with the 0, +1, and -1 diffraction orders. To measure the particle’s motion, we tracked the 

motion of peaks in the Fast Fourier Transform (FFT) corresponding to visible atomic lattice planes in the 

image. 

 

The preliminary results are promising, but further data is required to rule out other possible effects such 

as rotational Brownian motion. As can be seen in figure 1, which shows 5 frames of a 20 frame time series, 

there appears to be a consistent FFT peak rotating clockwise. However, in the larger time series the motion 

is much less clear because the particle is rolling out of plane and moving due to Brownian motion. As the 

particle tumbles, the visible atomic planes change. From image to image the FFT pattern may change too 

dramatically to be confident the cause is in-plane rotation. While in some of the data collected the 

nanoparticle appears to rotate under the electron vortex bean, the rest of the data is not consistent enough 

to definitively show that enough orbital angular momentum was transferred to the particle to cause a 

coherent rotation. By taking more data, the signal to noise ratio can be increased and rotation under an 

EVB can be demonstrated.  

 

Once it is shown that the OAM of an EVB can be transferred to a nanoparticle, this can be utilized to 

create a nanomixer. Current liquid cell technology allows the user to flow in new liquid and replace what 



is being imaged, but not to create a flow within a confined volume. The transfer of OAM from an EVB to 

nanoparticles in a flow cell could stir the liquid being imaged. This would be a novel way to interact with 

electrochemical processes in a liquid cell and study fluid dynamics on the nanoscale. 
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Figure 1. a) Five frames of a 20 frame time series of a vortex beam focused onto a nanoparticle. 

Images were taken with 0.5s exposure time and 0s between image collection. b) FFT of each image 

with a red line added to indicate a common peak and its angle from the horizontal. 
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