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Fig. 1. (color online) Sketch of simulation system
setup. Chemical reaction from A to B is catalyzed
by Beads III and when the distance between system
center and B is greater than R,,, chemical reaction

from B to A takes place.
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Fig. 2. (color online) Concentration distribution of B

solvent in steady state. The employed beads-solvent
interactions are Ur g = R(3,1), U, = A(24,1), with
the reaction probability P, = 0.5.
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Fig. 3. (color online) Freely rotating rotor (a) concentration distribution of B solvent; (b) angular displace-

ment as a function of time. The employed beads-solvent interactions are Uy g = R(3,1), Unr,p = A(24,1),

with the reaction probability P = 0.5.
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Fig. 4. (color online) Angular velocity as a function
of reaction probability. The employed beads - solvent
interactions are Uy g = R(3,1), U, = A(24,1).
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Fig. 5. (color online) Angular velocity changes along
with the change of LJ potential of beads II and keep
LJ potential of beads I Uy g = R(3,1). Filled symbols
represent attractive LJ potential, and hollow symbols

represent repulsive LJ potential.
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Fig. 6. (color online) Concentration Distribution of B

solvent when two rotors are static.
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Frig s oL, b A Sk BRI BE [E € D = 16.
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K8,

® Mean w [
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Fig. 7. (color online) A pair of freely rotating motors:
(a) Concentration distribution of B solvent; (b) flow
field; (c) angular velocity as a function of the inverse

of rotor seperations 1/D.

Rl AFASYEEMNT, Bl DEmEL AL, HA Ry = 7.95 I, W EEH RN 58 4257 M, I ik 2 AL

TAERIAR SRS

Table 1. Angular motion velocity of rotor’s system with different parameters.

s YERA A& Ry s/ FE0 1r By 3k R i By ik R
1 U,s = R(3,1), Un,p = A(24,1) 20 ot 0.00281 0.00277
2 U, = R(3,1), U, = A(24,1) 20 LW 0.00409 -
3 Us = R(3,1), U, = A(24,1) 20 B 0.00392 —
4 U,s = R(3,1), U, = A(24,1) 7.95 s 0.00409 0.00424
5 U = R(3,1), U, = A(24,1) 7.95 s 0.00424 —
6 U = A(24,1), U, = R(3,1) 20 TN 0.00359 —0.00361
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Bl (c) BHB) D5 Ry = 20 JLOFMF T BRAK TIRED A, (d) MFE3) Sk Ry = 7.95 SLLKFTH B
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Pl -Lo 251 T B B RLARL TR BE 23 A1 18, (BRI X T (a)—(e), A T T, T1 S Bk 75 T B MAHL AR 5

Fig. 8. (color online) Concentration Distribution of B solvent for different conditions: (a) Two eccentric

rotors with R,, = 20; (b) one eccentric rotors with R,, = 20; (c) one concentric rotors with R,, = 20;
(d) two concentric rotors with R,, = 7.95; (e) one concentric rotors with R,, = 7.95; (f) two eccentric rotors

with Rw = 20 but different LJ potential pattern from (a)—(e) where I and II Beads interaction potential

8.0

with B solvent are exchanged.
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2 AR AN 3 A T H, O REE Ot 2 RS M)
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Abstract

Artificial micro-scale or nano-scale machines that are capable of converting energy to mechanical work, have long
been pursued by science and engineering communities for their potential applications in microfluidics, biology and
medicine. From a physics point of view, they are also ideal models to investigate fundamental statistical phenomena
in non-equilibrium active matters. Inspired by bio-machines and bio-motors like ATP synthase and flagellum motors,
we propose a simple design of rotary motors based on pure self-diffusiophoresis effects. The basic design of the rotor
consists of three colloidal beads with different surface properties, which leads to different interactions between the beads
and solvent molecules. Chemical reactions are imposed on the surface of one of the beads, which creates a source
of one of the two solvent molecules and generates a local concentration gradient. The other two beads connected to
the catalytic bead have different affinities to the solvent molecules, which leads to asymmetric diffusiophoretic forces
on the two non-catalytic beads. A net torque is thus obtained from difference of the diffusiophoretic forces between
the two non-catalytic beads. In our simulation, we employ hybrid molecular dynamics (MD) simulations and multi-
particle collision dynamics (MPC) to investigate the motion of microrotors. The binary fluid is composed with A-type
and B-type solvent particle whose interactions are described by multi-particle collision dynamics while beads-particle
interactions are modeled by molecular dynamics. In MPC, all fluid particles execute alternating streaming and collision
steps. During streaming steps, the solvents move ballistically. During collision steps, particles are sorted into square
cells and only interact with particles in the same cell under a specific stochastic rotation rule. MPC algorithm locally
conserves mass, linear momentum, angular momentum and energy, and properly captures thermal fluctuation, mass
diffusion, dissipation and hydrodynamic interactions. In our simulation, standard MPC parameters are employed which
correspond to a liquid-like behavior of fluid. In MD, beads-solvent interactions are described by Lennard-Jones potential
with different parameter combinations and the equations of motion is integrated by velocity-Verlet algorithm. To perform
hybrid molecular dynamic simulations with multi-particle collision dynamics, between two MPC collision steps, 50 MD
steps are implemented for the solvent particles that are in the interaction range of colloidal beads. We first investigate
the solvent concentration distribution around static microrotor, and confirm that the catalytic bead generates a steady-
state local concentration gradient. Net angular displacements are obtained when the rotor is allowed to rotate freely.
The rotational direction and speed of the micorotor are determined by bead-solvent interactions, the rotor geometry,
the solvent viscosity and the catalytic reaction ratio. We also study the scenario in which two rotors are placed in
close vicinity to each other. We find that the coupling between the concentration fields around the rotors reduces the

rotational speed of both rotors.

Keywords: self-diffusiophoretic microrotor, phoresis, molecular dynamic simulations, multi-particle

collision dynamics
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