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Optical manipulation of microscopic particles is a well-established field that recently culminated 

in the Nobel Prize in Physics 2018 award to Arthur Ashkin “for the optical tweezers and their 

application to biological systems”. Even though optical tweezers can manipulate biological entities 

such as bacteria, viruses, mammalian cells and even intracellular organelles, optical trapping in 

biological fluids remains challenging1. For in vitro drug testing, however, optical manipulation in 

biological fluids is essential to acquire information that can be employed to estimate in vivo 

activity. This is where our BioBots, 3D-printed microtools with functionalized surfaces, come in. 

Our microtools include spherical trapping handles and additional features designed for individual 

applications. We fabricate the microtools by direct laser writing (DLW) in the IP-L 780 photoresist 

on a Nanoscribe. The two-photon polymerization process taking place in the Nanoscribe allows us 

to achieve a resolution of ~200 nm. To selectively functionalize these microtools with gold, we 

use DLW to add a mask on top of the structures and expose only selected areas to physical vapor 

deposition (PVD). The gold areas on the microtools can be directly exploited for thermoplasmonic 

applications2 or further functionalized using well-established thiol chemistry. The IP-L 780- 

derived polymer can be functionalized using an anthraquinone amine photolinker3. Surface 

functionalization with certain molecules (e.g. PEG) should allow us to reduce chemical 

interactions between our BioBots and biological samples4 and therefore improve the BioBots’ 

mobility. For optical manipulation, we employ holographic optical tweezers (HOTs) and a 

proprietary biophotonics workstation (BWS)5. 

To further enhance the optical manipulation of these BioBots in biological samples, we are 

working on including wavefront correction algorithms6 for the spatial light modulator (SLM) 

pattern generation of our optical trapping setups in order to improve light focusing in turbid media. 
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