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1. Scanning electron microscopy images of colloids

FIG. S1. SEM images of (a) a hematite cube, (b) a hematite-TPM Janus colloid, (c) Ag colloids,
and (d) an Ag-TPM Janus colloid. Scalebars are 1 um.

2. ({-potential measurement of colloidal particles

The {-potential of colloids were measured by preparing a dilute suspension of parti-
cles with a volume fraction ~ 107> in Deionized water right before measurements with a
Zetasizer (NanoBrook 90PlusPALS), which has a measurement range for particles with a
diameter between 1 nm and 10 um and a {-potential between -500 mV and 500 mV. The
reported results were all averaged over three measurements for each sample, which were

completed in 3 minutes.
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3. Sizes and zeta-potentials of Ag-TPM and hematite-TPM Janus colloid

Table 1. Dag, Dyem and Drpy represent the diameter of Ag, hematite and TPM part,
respectively. R represents the center-to-center separation.

{-potential (mV)| —43+3 {-potential (mV)| —35+2
Ag-TPM Dpg (um) 1.204+0.14| Hematite- Dper (um) 1.004+0.04
Drpm (um) 1.90+0.12 TPM Dtpm (um) 1.78 £0.08
R (um) 0.92+0.13 R (um) 0.394+0.04

4. Motion of a passive colloid when it is not at one of the two preferred binding sites

FIG. S2. Motion of a passive colloid when it is not at one of the two preferred binding sites. Red
circle indicates the position and the size of the active colloid; purple circles indicate the location of
the passive colloids every 1 second; the blue solid line shows the trajectories of the passive colloid
over a period of 15 seconds. The scalebar is 5 um.



5. Finite element analysis on the chemical, electric and flow fields

To simulate the chemical reactions, the fluxes of ions Jy were set to be —D1Vc-n and 0
at the active and the inert surfaces, respectively. Here, ¢ and D are the concentration and
the diffusion coefficient of the produced electrolyte, with D+ =2D,D_ /(D +D_-). D, and
D_ are set to be the diffusion coefficients of Ag™ and OH~, which are 1.65 x 10~°m?s~!
and 5.273 x 10~°m?s~!, respectively [1]. Their high contrast in diffusivity can properly
account for between anions and cations and the negligible contribution from chemical
gradients of neutral species such as O, and H;0; in self-diffusiophoresis of active colloids
estimated previously [2H6], only ionic species were considered here. The concentration
field is described by the steady state diffusion equation, V- (D1 Vc¢) =0, with ¢ =0 far from
the particle. The flow field is governed by the stokes equation, —VP + nAu = 0, with P the
pressure, 7 the fluid viscosity, and V- u = 0, assuming the fluid to be incompressible. The
concentration gradient induces a slip velocity at the particle/solution interface according

to the equation [7],
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6. Mesoscale computer simulations

(1)

In mesocale fluid simulations, we use coarse-grained method to model the solvent as
a large number N of point-like particles of mass m with continuous positions r;(¢) and ve-
locities v;(¢). The algorithm consists of alternating streaming and collision steps. In the
streaming step, all the solvent particles move ballistically for a time 4. In the collision
step, particles are sorted into a square lattice with lattice size a, and interchange momen-
tum relative to the center-of-mass velocity of each collision cell. In our simulations the
stochastic rotation collision rule with variable collision angle o introduced by Ryder and
Yeomans [8,[9] is employed. This collision rule locally conserves mass, linear momentum,
energy and angular momentum. It can therefore be proved that the algorithm properly
captures hydrodynamic interactions, mass diffusion, thermal fluctuations and thermal con-

duction. In the simulations we take a = 1, m = 1, the system mean temperature kg7 = 0.7
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FIG. S3. Schematic representation of the catalytic (red bead) and non-catalytic (blue bead) parts
of the active Ag-TPM Janus colloid (a) and the passive hematite-TPM colloid (b). The chemical
reaction A — B happens on the surface of the catalytic part of the active Janus particle. (c) Potential
interactions of the non-catalytic part of the active Janus colloid with solvent species A (U4(r) blue
solid line) and species B (Up(r) red dashed line). (d) Potential interactions of the passive colloidal
particle with solvent species A (blue solid line) and species B (red dashed line). Here, Uy(r) is
purely repulsive, while Up(r) has an attractive tail.

with kg being the Boltzmann constant, the time step 2 = 0.1, and the mean number of
solvent particles per cell p = 50.

To mimick the catalytic reaction on the surface of the active particle, we consider the
solvent contains two species A (reactant) and B (product). When species A approaches
to the catalytic surface of the active colloid, it will turn into species B with a reaction
probability p = 1; while inverse reaction far away from the colloids is implemented in order
to input the fuel, with a reaction probability p = 0.0025. Solvent species A and B interact
with the colloids through different potentials, as displayed in Fig. S3. The interactions
of species A with the non-catalytic part of the active colloid and the passive colloid are
both described by a truncated and shifted Lennard-Jones potential, Uy (r) = 4€[(c/r)**
(o/r)'?] + ¢, for r < r., but with different particle radius c. Here, r is the distance from
the colloid center to the solvent molecules, € = 1 is the potential intensity, and r. is the

corresponding interaction range. While, solvent species B interacts with the passive colloid
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and the non-catalytic part of the active particle via Ug(r), which is constructed from the
repulsive Lennard-Jones potential U, (r) using a cubic spline interpolation, producing an
attractive tail. The interactions between the catalytic part of the active Janus particle and
the two solvent species (A and B) are the same repulsive Lennard-Jones potential. The
colloidal particles and their neighbouring solvent evolve according to molecular dynamics
scheme, in which the particle equations of motion are integrated by the velocity-Verlet

algorithm with a time step Ar = 1/50.
7. Guide to Supplementary Videos

Supporting Video S1: Video shows the spinning dynamics of the assembly of a passive
colloid with a fixed active colloid.

Supporting Video S2: Video shows the co-rotating dynamics of the assembly of a
passive colloid with a semi-fixed active colloid.

Supporting Video S3: Video shows orbiting of a free active colloid around a passive
colloid and the oppositely spinning of two passive colloids carried by an active colloid.

Supporting Video S4: Video shows the motion of a passive colloid when it is not at
one of the two preferred binding sites.

Movies S1-S4 are played at 2X of real time. Scalebars are 2 yum.

Supporting Video S5: Video shows the simulation results of rotary colloidal machines
composed of (a) a passive colloid with a fixed active colloid, (b) a passive colloid with
a semi-fixed active colloid, (c) a passive colloid with a free active colloid, and (d) two
passive colloids with a free active colloid. Passive colloids are as Janus particles only for

visualization purpose.
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