
Confidential (2024/5/7) 

 

Supplementary Information for  1 

Highly Efficient Three-dimensional Optical 2 

Condensation of Microbes Using a Gold-coated 3 

Optical Fibre Module 4 

Kota Hayashi,1,2,3 Mamoru Tamura,1,4 Masazumi Fujiwara,1,5 Shiho 5 

Tokonami,1,3,*,# and Takuya Iida1,2,*,# 6 

 7 
1 Research Institute for Light-induced Acceleration System (RILACS), Osaka Metropolitan University, 8 
1-1, Gakuen-cho, Naka-ku, Sakai, Osaka, 599-8531, Japan 9 
2 Department of Physics, Graduate School of Science, Osaka Metropolitan University, 1-1, Gakuen-cho, 10 
Naka-ku, Sakai, Osaka, 599-8531, Japan 11 
3 Department of Applied Chemistry, Graduate School of Engineering, Osaka Metropolitan University, 12 
1-2, Gakuen-cho, Naka-ku, Sakai, Osaka, 599-8531, Japan 13 
4 Department of Material Engineering Science, Graduate School of Engineering Science, Osaka 14 
University, 1-3 Machikaneyama, Toyonaka, Osaka, 560-8531, Japan 15 
5 Department of Chemistry, Graduate School of Life, Environmental, Natural Science and Technology, 16 
Okayama University, 3-1-1, Tsushimanaka, Kita Ward, Okayama, 700-8530, Japan 17 
*Correspondence to: (T.I.) t-iida@omu.ac.jp; (S.T.) tokonami@omu.ac.jp  18 
#These authors contributed equally to this work. 19 
  20 



Confidential (2024/5/7) 

 

 21 
Supplementary Movie 1. Optical condensation of polystyrene particles (diameter: 22 
1 μm) with an optical fibre module positioned at a considerable distance from the 23 
substrate (Real time). Laser irradiation started at 5 s after the movie started, and 24 
stopped after 60 s irradiation. The diffusion process of particles can be observed 25 
after stopping laser. 26 
 27 
Supplementary Movie 2. Optical condensation of polystyrene particles (diameter: 28 
2 μm) an optical fibre module positioned on the substrate (Real time). Laser 29 
irradiation started at 5 s after the movie started, and stopped after 60 s irradiation. 30 
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Fig. S1: Schematic of optical system for optical condensation. 46 
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 50 
Fig. S2 Geometry of calculation model for the estimation of the number of 51 
assembled particles and assembly efficiency. 52 
 53 

 54 

 55 

 56 
Fig. S3 Transmission images of optical condensation of 1 μm polystyrene particles 57 
on a gold-coated substrate at 60 s as comparable experiments. Concentrations: (a) 58 
4.55 × 108, (b) 4.55 × 107, and (c) 4.55 × 106 particles/mL. Scale bar: 50 μm 59 
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 60 
Fig. S4 Simulation model of COMSOL Multiphysics. Fibre model placed (a) at the 61 
centre of the observation microwell and (b) on the substrate (side view). (c) top view 62 
of the model. 63 
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Fig. S5 Experimental value of decreased laser power and temperature. (a) The 65 
decreased laser power at the tip of the gold-coated fibre measured by a laser power 66 
meter. Error bar: standard deviation. (b) Experimental result of the thermography on 67 
the gold-coated fibre with laser irradiation at 320 mW. Scale bar: 250 μm. 68 
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