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It has been previously reported that bacteria exhibiting a collective motion spin a gear-shaped particle that are
much larger than themselves. Such a collective biological motion is expected to be useful for the development of novel
energy conversion systems. In our laboratory, we observed that Pt catalytic particles, which have a simpler structure
than living organisms, exhibit a unique collective motion (repeated cluster formation and collapse) in an aqueous
ethanol solution. Herein, we demonstrate the extraction of mechanical work from this collective motion. We observed
that the collective motion of the Pt particles causes translation for spherical particles and spinning motion for a gear-
shaped particle. Furthermore, we estimated the energy conversion efficiency from chemical energy to mechanical work

via collective motion of the Pt catalytic particles.
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Fig. 1 Snapshots of particles used in our experimental (a) Pt
catalytic particles (aggregates) (b) spherical silica particles
(c) a gear-shaped particle
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Fig. 2 Fabrication of gear-shaped particles by nano-resolution 3D printer based on two-photon
polymerization (a) schema of nano-resolution polymerization (b) photograph of fabricated particles

on fused silica substrate
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2CH3CH20H + 02 (dissolved) — 2CH3CHO + 2H20 (1)
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Fig. 3 (a) Snapshots of the collective motion of Pt particles and the active transport of a
spherical particle induced by the collective motion (b) Trajectory of a spherical particle

propelled by the collective motion of Pt particles (c) Velocity of a spherical particle
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Fig. 4 (a) Snapshots of the collective motion of Pt particles and the spinning motion of a gear-shaped particle
induced by the collective motion (b) Angular velocity and displacement angle of a gear-shaped particle

rotated by the collective motion of Pt particles
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Eq. (1)
2CH3CH,0H + 0, (dissolved)
— 2CH3CHO + 2H,0 (1)

Chemical energy

v v %
Kinetic energy Work
E,

E;
~10-10 ~103
Total
ETotal
~10-13

Fig. 5 Energy conversion efficiency from chemical energy to mechanical work via

collective motion of the Pt catalytic particles
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Fig. 6 Time course of dissolved oxygen concentration in Pt
particle suspension (particle concentration: 1.5 g/L)

containing 0.34 M ethanol
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=

Table 1 List of variables for estimation of each energy conversion efficiency (£, E,, and Er,,)

Variabe Value [Unit] Note

i 8.9x107* Pas cited from Table 7. 1-9 (pure water (25°C)) in Ref. [5]
m, 7x107" kg calculated from Eq. (5)

d, 4x107°m measured from Fig. 1a and other snapshots
v, 3x107° m/s estimated from Fig. 1 in Ref. [2]

r 7x107* mol/(kg-s) estimated from Fig. 6
AH —4.0x10° J/mol calculated from Table 10. 10-1, 10-3 in Ref. [5]
p 2.1x10* kg/m? cited from Table 4. 1-1 in Ref. [5]

d, 2.0x10* m measured from Fig. ¢

1.1x1073 rad/s . .
, . estimated from Fig. 4b
(= 3.9 degree/min)
n, ~10%[-] estimated from Fig. 4a
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Sci. 107 (2010) 9541-9545.

D. Yamamoto, T. Takada, M. Tachibana, Y. lijima, A. Shioi,
K. Yoshikawa, Micromotors working in water through artifi-
cial aerobic metabolism, Nanoscale 7 (2015) 13186-13190.
D. Yamamoto, T. Takada, Y. Io, M. Kubouchi, Y. Okamoto,
E. Okita, K. Yoshikawa, A. Shioi, Collective motion of
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VE=PLHRIANF -2 SFIURZMO 2 [l & ] AR HF 78 & B 6F % (20H01878, 22K06095,
DWTEDLEHM R T AN F LY AT AORAKIZO% 22K03560) DK EZ 2T Tiibh7zd D ThH b, Z2IC
BB ENWITE B, HLTHEEET 5,
Nomenclature

d : particle diameter [m] o : angular velocity of a particle [rad/s]
E @ energy conversion efficiency [-]
m : mass of a particle [ke] Subscript
n  : number of particles contributing to energy conversion 1 : Process No. 1

[-] 2 : Process No. 2
7 catalytic reaction rate of Eq. (1) [mol/(kg-s)] C : input by the chemical reaction (Eq. (1))
v : translational velocity of a particle [m/s] g : gear-shaped particle
W . work rate [J/s] p : Ptparticle (aggregate)
AH : enthalpy of reaction of Eq. (1) [J/mol] S : spinning
i @ viscosity of dispersant [Pa-s] T : translational
p : density [kg/m?]
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