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ABSTRACT: Micromotors are an emerging class of micromachines that could find potential 

applications in biomedicine, environmental remediation and microscale self-assembly. 

Understanding their propulsion mechanisms holds the key to their future development. This is 

especially true for a popular category of micromotors that are driven by asymmetric surface 

photochemical reactions. Many of these micromotors release ionic species, and are propelled via 
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a mechanism termed ionic self-diffusiophoresis. But exactly how it operates remains vague. To 

address this fundamental yet important issue, we have developed a dielectric-AgCl Janus 

micromotor that clearly moves away from the AgCl side when exposed to UV or strong visible 

light. Taking advantage of numerical simulations and acoustic levitation techniques, we have 

provided tentative explanations for its speed decay over time as well as its directionality. In 

addition, photoactive AgCl micromotors demonstrate interesting gravitactic behaviors that hint at 

3D transport or sensing applications. The current work presents a well-controlled and easily 

fabricated model system to understand chemically powered micromotors, highlighting the 

usefulness of acoustic levitation for studying active matter free from the effect of boundaries. 

Introduction 

Understanding and exploiting powered motion at small scales sits at the core of a number of 

fundamental and applied research areas, such as active matter,1 micromachines,2,3 

microbiology,4,5 and nanomedicine.6-9 Although the dynamics of microorganisms (such as cells 

and bacteria) and protein motors (such as kinesins and myosins) are largely understood, progress 

in mimicking such biological motion with synthetic microswimmers has been small, until the 

introduction of catalytic bimetallic micromotors about 15 years ago.10,11 Since then, a myriad of 

micromotors have been developed with various mechanisms and versatile functionalities (see, for 

example, ref. 7, 12-16 and references therein). 

Among them, chemical reactions remain a popular choice for powering micromotors,17-19 and 

many rely heavily on local chemical gradients.13 Colloids are long known to move in externally 

applied chemical gradients, a mechanism termed diffusiophoresis,20,21 but autonomously moving 

micromotors are unique for they generate their own chemical gradients locally. This is 
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conveniently termed self-diffusiophoresis,22 and is often induced by an asymmetric surface 

reaction that consumes and releases chemical species.  This reaction can be spontaneous, such as 

the dissolution of a weakly soluble salt in water,23,24 and the enzymatic conversion of a substrate 

molecule;25-28 or it can be initiated via external stimuli, light being a prominent example.29, 30 

Given that light can be remotely applied and easily tuned in both wavelength and intensity, light 

powered micromotors are quickly gaining popularity.14.31 Many of these micromotors involve a 

photochemical reaction that generates a local chemical gradient, and therefore moves by self-

diffusiophoresis. A quick survey in literature present a few notable examples based on Janus 

structures, with parts of the particle photochemically active. These include SiO2-Ag,32 TiO2-SiO2 

29 and silver-dynabead Janus spheres,33 and AgCl-AFP dimers,34 all of which move 

unidirectionally when exposed to ultraviolet (UV) light. The other important and common 

feature of these systems is that they all produce ionic species, which give rise to ionic self-

diffusiophoresis that is responsible for the operation of a large portion of existing micromotors. 

Yet, its operation mechanism still remains to be clarified. Unfortunately, existing literature can 

only provide limited insight on this issue due to practical complications including complex 

particle shapes, poor visual contrast to distinguish motor directionality, slow propulsion speed, 

and the existence of multiple possible driving mechanisms, to name a few (see SI for an 

expanded discussion). An elucidation of ionic self-diffusiophoresis is often further hindered by 

the presence of boundaries and possible electroosmotic flows as a result.   

As an effort to build a simple yet reliable model system to understand ionic self-diffusiophoresis, 

we here report a AgCl Janus micromotor powered by photochemical reactions, drawing 

inspirations from an earlier study.34 When irradiated with light, this Janus particle moves away 

from the reacting (AgCl) side and shows negative gravitaxis. Finite element simulation suggests 
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that the near-field electric field pointing from the inert to the reacting side could be the main 

phoretic force that propels this Janus particle to move away from AgCl side. Our finding 

introduces a photochemical micromotor with well controlled kinetics and interesting gravitactic 

behaviors, and presents a renewed and microscopic view of ionic self-diffusiophoresis that 

applies to a wide variety of micromotors. 

Experimental Section 

Sample Synthesis and Fabrication 

  The monolayer of PMMA microspheres was obtained following ref. 35. A concentrated 

suspension of PMMA particles in ethanol was added to the surface of a thin layer of hexane 

floating on water. Particles spontaneously formed a monolayer. The liquid was later pipetted out, 

and the monolayer was transferred to a flat substrate (e.g silicon wafer). A thin layer (50 nm) of 

silver was then thermally evaporated by electron beam in vacuum onto this monolayer of beads 

(e-beam evaporator HHV TF500). Silver was converted into silver chloride by immersing the 

silicon wafer carrying the microsphere monolayer into FeCl3 solutions (0.01 mol/L, room 

temperature for 20 min). A small amount of polyvinylpyrrolidone (PVP, 0.025 mol/L monomer 

concentration) was also added into the solution to produce fine crystals of AgCl. The AgCl 

morphology with and without addition of PVP is shown in Fig. S1 in the Supporting 

Information. Although different in morphology, their behaviors under UV light were 

qualitatively the same. Crystalline information and chemical composition of the synthesized 

PMMA-AgCl Janus particles can be found in Fig. S2. 

Motor Experiment 
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In a typical experiment, the Janus particles were suspended in deionized water. The 

suspension was transferred into a rectangular capillary tube (Vitrocom, model 3520, thickness 

200 µm), and observed under either an upright optical microscope (Olympus BX 51M) or an 

inverted optical microscope (Olympus IX 73). Due to gravity, particles mostly sediment to the 

bottom of the experiment cell (the capillary tube), and videos were usually recorded at this plane. 

However, when irradiated with light, particles could float upward and eventually became trapped 

at the “ceiling” of the capillary tube (negative gravitaxis, discussed below). The optical 

microscope was equipped with a dual-housing adapter (model U-DULHA, Olympus) so that 

both the halogen lamp and mercury lamp could be turned on, or be switched from one to the 

other when needed. Videos were taken by a Point Grey camera mounted on the microscope 

(model FL3-U3-13E4C-C) at a frame rate of 30 frames per second, and either a 20X or 50X 

objective lens were used. Videos were then processed and analyzed by MATLAB. Particle 

coordinates were obtained, and their trajectories and speeds can therefore be calculated. 

Ultrasound Experiments 

The ultrasonic manipulation device was fabricated based on previous reports.12,36 The setup was 

constructed by attaching a piece of PZT ceramic disk (Steminc, part No. SMD12T06R412WL, 

resonance frequency 3.4 MHz) to the back of a silicon wafer with epoxy resin. On its front side, 

the experimental chamber (usually a rectangular capillary tube from Vitrocom) is fixed by 

ultrasound gels directly above the ceramic disk. During the experiment, a function generator 

(Agilent 33210A) sends a sinusoidal signal to the piezoelectric disk, which produces ultrasound 

that propagates through the aqueous microparticle suspension in the acoustic cell. At the 

resonance frequency, typically 3-4 MHz for our setup, particles floated up to the levitation plane 

at the center of the acoustic cell and moved on this plane. The acoustic forces exerted on the 
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particle is very sensitive to the driving frequency and voltage, and one can tune it carefully so 

that particles are levitated yet their light-powered autonomous motion is minimally affected by 

acoustic forces. Therefore, unlike metallic microrods that show fast autonomous motion along 

their long axis in the same ultrasound setup,36 PMMA-AgCl Janus particles are not actively 

propelled by ultrasound used in our experiment. 

Numerical Simulations 

 To understand how the surface photochemical reaction provides prolusion to a PMMA-AgCl 

particle, we have used a model originally developed by Velegol et al. for the study of self-

electrophoretic micropumps,37 but more recently adapted by Velegol et al. and Zhang et al. for 

the study of self-electrophoretic swimmers near a wall.38,39 Unlike the Janus particle in the 

previous models which releases and consumes ionic fluxes at each of the hemisphere, 

respectively, the Janus particle in our model produces H+ and Cl- ions at a flux of J only at its 

AgCl hemisphere, while the PMMA sphere is chemically inert. The electrical double layer 

(EDL) of the particle is assumed to be infinitely thin and not significantly perturbed by the 

surface reactions. The electrical boundary condition at the double layer of the AgCl hemisphere 

is set by the normal potential gradients -(∂φ/∂n) = JkBT/2en0(1/D+-1/D-), where φ is the electrical 

potential, kB is the Boltzmann constant, T is the temperature, e is the proton charge, n0 is the bulk 

concentration of ions, and D
+
 and D

- are the diffusion coefficient of H+ and Cl-, respectively. The 

electrical boundary condition at the double layer of PMMA hemisphere is –(∂φ/∂n) = 0. Outside 

EDL it is electrically neutral, and the electrostatic problem is solved by Laplace equation (∇2φ = 

0). Fluid flows outside EDL is governed by the Stokes flow: η∇
2
u = 0, and ∇ • u = 0, where η is 

the dynamic viscosity of the solution and u is the fluid speed. On the surface of the PMMA-
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AgCl, however, the flow boundary condition is governed by an electroosmotic slip velocity Ueo 

= �εE’/η, where ε is the medium permitivity and E’ is the tangential component of the local 

electric field. The two hemispheres carry zeta potential of �AgCl and �PMMA, respectively. Finally, 

the speed of the Janus particle can be calculated in one of three ways, the details of which can be 

found in the Supporting Information. 

This model was solved by a finite element package (COMSOL Multiphysics 5.2a) in a 2D 

axisymmetric configuration. In the simulation model, a sphere of 2.5 µm in diameter is placed at 

the center of a cylinder of 100 µm in length and 100 µm in diameter. An estimated ionic flux J of 

1.6×10-5 mol/(m2 s) was used. Details of model implementation, parameter selections and 

estimations, and meshing conditions are given in the Supporting Information. 

 

Results and discussion 

The fabrication of the Janus microparticles is illustrated in Fig. 1a. Briefly, poly(methyl 

methacrylate) (PMMA) microspheres of 2.5 µm in diameter were coated by a 50 nm layer of 

silver, which was then converted to silver chloride (AgCl) by iron (III) chloride (FeCl3) 

solution.40 The as-synthesized Janus particle had a zeta potential of -35.1±3.1 mV. Details of 

fabrication and characterization can be found in the Experimental Section and the Supporting 

Information. 
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8

 

Figure 1. Dynamics of PMMA-AgCl micromotors under light. (a) The fabrication scheme of 

PMMA-AgCl Janus particles. (b) Particle trajectories in 7.3 s under light. Inset: a scanning 

electron micrograph of a PMMA-AgCl Janus particle. (c) A representative trajectory of a 

PMMA-AgCl micromotor of decreasing speeds (color coded) over 6.9 s. (d) Experimental speed 

decay profile of a Janus micromotor in 10 s (circles), with speeds simulated at surface flux of 

1.6×10-5 (triangles) and 3.2×10-5 mol/(m2 s) (squares). (e) Motor peak speeds as a function of 

solution conductivity. 

When irradiated with ultraviolet (UV) light (~1.4 W/cm2), these PMMA-AgCl particles moved 

in water at considerable speeds away from the AgCl side; at long time intervals their trajectories 

became Brownian (Fig. 1b and Video S1). Interestingly, unlike many reported micromotors that 
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more or less maintain a constant speed over time, PMMA-AgCl micromotors slowed down 

within ~10 s in a gradual and regular way until Brownian motion took over (Fig. 1c, d, Video 

S2). Although speed decrease is often considered a disadvantage for micromotor applications, 

why and how the micromotor slows down can provide us with valuable information on its 

propulsion mechanisms (discussed later). Janus particles fabricated from polystyrene or silica 

microspheres (as opposed to PMMA) were also found to consistently move away from the AgCl 

side. Furthermore, PMMA-AgCl particles could also be activated by visible light (~0.1 W/cm2) 

of wavelengths smaller than ~600 nm. A detailed description of particle dynamics at different 

lighting conditions is given in the Supporting Information (also Video S3). 

To understand the dynamics of PMMA-AgCl micromotors, we first examine the chemical 

reaction occurring on their surfaces. When exposed to light of enough energy, AgCl decomposes 

into Ag, following:34,41 

4AgCl	+	2H2O	=	4Ag	+	4H+	+	4Cl-	+	O2					                                        (1) 

The conversion from AgCl into Ag on the particle surface is supported by crystalline and 

elemental composition characterization (Fig. S2). Note that unlike a typical heterogeneous 

reaction where the concentration of a solid reactant is considered infinite, here nAgCl is finite and 

decreasing over time because the produced Ag coats back onto the particle and blocks further 

AgCl from reacting. The apparent reaction rate v (mol/(m2 s)) of this photodecomposition 

averaged over the entire coated surface is therefore reasonably assumed to be linearly 

proportional to the amount of AgCl left on the bead (nAgCl, in mol/m2), and we obtain:  

� = −
���	
�

��
= ����� =

�����

��
=

������

��
= �                                    (2) 
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where J is the ionic flux (same for H+ and Cl-, in mol/(m2 s)), k is the reaction rate constant (s-1) 

and t is time (s). This leads to a first order reaction kinetics, 

� = ���
���                                                                  (3) 

    Theories39 and our own simulation (introduced later) both suggest that the particle speed U 

scales linearly with J. We then obtain: 

� = ���
���                                                                (4) 

where U0 is the peak speed from which the motor decays over time. The particle speed profile 

over time in Fig. 2d can be fit reasonably well by Eqn. 4 (fit not shown), consistent with first 

order kinetics. It is worth pointing out that the speeds of these Janus motors did not reach zero in 

the end, not because they were continuously but slowly propelled, but rather because our 

tracking algorithm calculated an instantons speed of ~ 3 µm/s for Brownian motion. This, along 

with the observation that the speed decay profiles beyond ~ 5 s fit less well with exponential 

decays, is discussed in more details in the Supporting Information.  

The effect of solution conductivity (σ, tuned by adding different amounts of KNO3 into the 

solution) is presented in Fig 1e (see Fig. S3 for the full velocity data). Notably, micromotor peak 

speeds decreased significantly at high σ, qualitatively consistent with theories for an 

electrokinetic micromotor.42-45 We also note that the photodecomposition of AgCl is a 

complicated multistep process involving hypochlorous acid (HClO) as an important 

intermediate, whose decomposition into O2 is catalyzed by Ag+.41 However, adding a small 

amount (200 µM) of AgNO3 in the solution did not significantly change the particle dynamics 

beyond the conductivity effect. Eqn.1 is therefore considered appropriate for our discussion. 
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We now focus on the origin of the particle’s propulsion, and particularly why it moved away 

from the AgCl coated side. As mentioned earlier, the local and self-generated chemical gradients 

of the ionic species in Eqn. 1 induce ionic self-diffusiophoresis (iSD). This mechanism is 

illustrated in Fig 2 (adapted from ref. 46),46 where a silver chloride (AgCl) microparticle 

decomposes into silver (Ag) when illuminated and releases protons (H+) and chloride ions (Cl-). 

Since H+ diffuses much faster than Cl- (diffusion coefficient 9.31×10-9 and 2.03×10-9 m2/s, 

respectively), an inward electric field spontaneously forms to maintain charge neutrality in the 

bulk. Previously, this physical picture has been used to understand how nearby positively 

(negatively) charged microparticles were attracted towards (repelled from) the ion-releasing 

particle, and how fascinating collective behaviors (such as schooling) emerged when every 

particle was active.34  

 

 

Figure 2. A typical picture of ionic diffusiophoresis near a photoactive AgCl microparticle. The 

produced H+ diffuse faster than Cl-, leading to an inward electric field that moves nearby charged 

colloidal particles (large colored spheres). Adapted and modified from Fig. 3 in ref 46 with 

permission from the Royal Chemical Society, 2017. 
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But how does the ion-releasing particle itself move? Fig. 2 becomes less helpful in this regard 

because that, although it excels in explaining the pairwise interactions and collective behaviors 

among diffusiophoretic particles,29,32,34,47-49 it looks at the electric field around the particle with a 

far field approximation. If we, for example, consider the electric field depicted in Fig. 2 that is 

pointing to the left, electrophoretic motion of a negatively charged PMMA-AgCl particle 

towards the AgCl side entails, whereas in our experiments they move in the opposite direction. 

As we have noted earlier, there is no satisfactory explanation/prediction in the literature on how 

the ion-releasing Janus particle moves due to various complications. 

The solution to this inconsistency could lie in the distribution of electric and flow fields around 

the entirety of a moving Janus particle, including the near-field components, solved by finite 

element simulations (COMSOL Multiphysics, see SI for details). Specifically, the results in Fig. 

3a show a lower electrical potential near the AgCl cap and an electric field that consequently 

points inward in the far field, both in agreement with Fig. 2. However, the simulation also 

reveals additional electric field lines that point from the PMMA towards the AgCl hemisphere in 

the near field that, when coupled with the negative surface charges, create a slip velocity 

pointing in the same direction (Fig. 3b). It is this slip flow, we argue, that causes the motor to 

move away from the AgCl side. Our refreshed operating mechanism of ionic self-

diffusiophoresis is summarized in Fig. 3c.  

Not only is our model capable of explaining the directionality of Janus motors, it also solves for 

the motor speeds using the experimentally measured reaction rate constant k (see SI for details). 

Two major assumptions were made: 1) only a thin layer of AgCl participated in the reaction; 2) k 

(the reaction rate constant, acquired by fitting the speed profile for the first 3 s) remained 

unchanged during the reaction. An initial ion flux J of ~1.6×10-5 mol/(m2
 s) was then estimated, 
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leading to particle speeds that decay exponentially from a peak speed of ~12 µm/s, which is 

roughly half of the experimental value shown in Fig. 1d. Our simulation also suggests the 

particle speed scales to J (DH+-DCl-) (Fig. S12, S14), consistent with theories.43 We acknowledge 

that the current numerical model is far from perfect, and serves better as a qualitative guide than 

a quantitative prediction. Inaccuracies could stem from the much-simplified estimation of the 

amount of reactive AgCl, or the fact that surface charges are prone to change as a result of 

surface reactions. Further improvements are under way. 

 

Figure 3. Finite element simulation of PMMA-AgCl micromotors. (a) Electrical potential (V, 

color coded) and electric field (black arrows) distribution around a Janus particle. (b) Fluid speed 

magnitude (color coded) and flow field lines (black arrows) in the reference frame of a Janus 

particle, which moves away from the AgCl side in the lab frame. (c) Schematics of how a 

PMMA-AgCl micromotor moves. 
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To corroborate our proposed mechanism of ionic self-diffusiophoresis, we consider two 

complicating factors starting with possible mechanisms other than ionic self-diffusiophoresis that 

could contribute to the motion of PMMA-AgCl particles. For example, the produced O2 (or 

HClO) in Eqn. 1, one might argue, suggests the possibility of bubble propulsion or non-ionic 

diffusiophoresis. Bubble propulsion, a mechanism responsible for a major category of 

micromotors that jet through water by bubble recoil,50, 51 can be readily eliminated since no 

bubble was observed in the vicinity of moving Janus particles. Non-ionic diffusiophoresis, on the 

other hand, is a controversial issue,43,44,52 and there is, to the best of our knowledge, no 

indisputable proof that the production of dissolved O2 or HClO alone can propel micromotors at 

~10 µm/s at the flux magnitude in our experiment. In addition, the observed scaling law between 

particle speed and solution conductivity in Fig. 2e strongly suggests an electrokinetic effect. The 

contribution of non-ionic products is therefore believed to be small. 

One might also wonder if thermal effects contribute in the form of thermophoresis. This could be 

due to, for example, the photodecomposition of AgCl. However, numerical simulation shows a 

negligible temperature gradient across the particle from the reaction enthalpy change 

(endothermic, ∆Hf = 102.79 kJ/mol) and reaction rates. Moreover, since AgCl is known to 

decompose in light, we do not expect it to show a strong photothermal effect. Ag nanoparticles, 

on the other hand, are known to show strong plasmonic resonance in the visible spectrum. 

However, thermophoresis due to photothermal Ag nanoparticles would lead to faster motors as 

the conversion from AgCl to Ag progressed, while the opposite speed profile was observed. We 

further confirm that neither PMMA-Ag Janus particles before conversion to AgCl, nor PMMA-

AgCl Janus particles after long time light exposure, showed any directional motion beyond 

Brownian motion when irradiated with light (see Fig. S7), strongly suggesting that the particle’s 
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motion was associated with the decomposition of AgCl instead of thermal effects of Ag. The 

possible contributions from heat, bubbles or non-ionic diffusiophoresis are therefore regarded as 

negligible as compared to the ionic diffusiophoresis mechanism we proposed.  

Finally, we consider the bottom substrates that Janus particles reside on (or not, see below), and 

how it may or may not affect the particle dynamics. The boundary issue arises in light of recent 

studies that have shown how charged boundaries can significantly affect the speed and 

directionality of nearby phoretic micromotors via hydrodynamic, electrostatic or phoretic 

effects.38,39,53-55 One might then argue that this boundary effect also applies to PMMA-AgCl 

particles, which naturally sediment, and changes their speeds or directionality. The most 

straightforward response to this argument is to examine the particle dynamics in the bulk 

solution far away from any boundary, but this has been experimentally challenging due to the 

fact that Janus particles are often heavier than water and naturally sediment.  

To address this issue, we designed an ultrasonically manipulation device to trap particles on a 

pressure nodal plane by megahertz acoustic standing waves (Fig. 4a),12,36 the principle of which 

has been widely studied and exploited in the field of microfluidics and acoustofluidic devices.56-

58 On this levitation plane ~100 µm away from either the top or bottom surface (Video S4), 

illuminated PMMA-AgCl particles moved away from the AgCl side with speed profiles 

comparable to when they were near boundaries. These results strongly suggest that boundaries 

had minor effect on either the speed or the directionality of AgCl Janus micromotors. Since the 

focus of the current study in on the individual dynamics of AgCl micromotors, we leave the 

discussion on this interesting and somewhat surprising insensitivity to walls to a future study. 
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An interesting consequence of the PMMA-AgCl micromotors moving away from the AgCl side 

is its negative gravitaxis (Fig. 4b, Video S5, S6): some particles that were initially settled at the 

cell bottom could, when irradiated with strong light, rise up in the z direction and out of focus. In 

~10 s they reached the top cell cover (cell height ~200 µm), where they resumed 2D activity and 

gradually slowed down. A quantitative comparison between their dynamics at the bottom, in the 

bulk, and at the surface, however, is challenging due to limitations of tracking techniques as well 

as their gradual loss in speeds. We also note that these gravitactic particles were not permanently 

trapped at the top boundary; they readily sediment if light was turned off, or if their speeds 

decayed below a certain level (threshold not measured). Such negative gravitaxis might be 

explained by a simple density argument: since AgCl has a higher density (5.56 g/cm3) than water 

and PMMA (1.18 g/cm3), the AgCl side of the Janus particle preferably orients towards the 

bottom and, when activated by light, propels the particle upward and away from the AgCl side. 

Such a preferred orientation was experimentally confirmed for PMMA-AgCl particles 

sedimented near a substrate under weak light, which shows a probability of 64.5% having the 

AgCl cap tilted downward (statistics acquired from 45 Janus spheres, see SI and Fig. S8 for 

details). 
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Figure 4. The effect of boundaries on light driven PMMA-AgCl micromotors. (a) Motors are 

levitated by acoustic standing waves and move in the bulk solution away from the AgCl side 

(silver color) after the ultrasound was turned off. A few representative trajectories are presented 

on the right, with particle velocities color coded. (b) Motors undergo gravitaxis under light and 

move from the bottom to the top of the experimental cell. One representative motor trajectory 

from the bottom to the top of the cell is presented on the right. 

 

Gravitactic micromotors were previously observed for chemically propelled Janus 

micromotors,59,60 but light-induced negative gravitaxis opens up new and interesting possibilities. 

For example, one can imagine that these gravitactic micromotors act like scuba divers and can, 

when cued by light, transport cargos or analytes located at the bottom or in the bulk solution to 
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the surface, where further analysis or assembly awaits. When the mission is finished or their 

service is no longer needed, particles dive back down, waiting to be summoned again. This kind 

of activated but independent “commute” between the bulk and an interface is significantly 

different from almost any kind of micromotors to date that only dwell near an interface, and 

enables the autonomous yet controlled exploration of their 3D environments. Although this 

vision is tempting, we acknowledge the limitation of the current AgCl micromotors such as their 

short lifetimes and long response times, both on the order of seconds. In addition, AgCl 

micromotors consumes their active chemicals (AgCl) over time and are therefore not reusable or 

sustainable, although efforts on recycled micromotors based on silver halide have been 

reported.61 Improvement of the photoactivated Janus micromotor and a more thorough study of 

its gravitactic effect is currently underway. 

Conclusion 

To summarize, we have developed a photoactive dielectric-AgCl Janus motors that, when 

illuminated with UV or strong visible light, moved away from the AgCl side and showed 

negative gravitaxis. The photodecomposition of AgCl into H+ and Cl- are believed to induce 

ionic self-diffusiophoresis, leading to an exponential speed decay. Through control experiments 

far from any boundaries, combined with finite element simulation, the moving direction of 

PMMA-AgCl micromotors is believed to be due to the near-field slip flow from the uncoated to 

the coated side. These motors also showed negative gravitaxis and creamed to the top surface 

when illuminated, a potentially useful feature for sensing applications and cargo transport in 3D. 

The current study improves our understanding of ionic self-diffusiophoresis, and might shed 

light on the future designs of chemically powered micro- and nanomachines. Additionally, the 
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unique benefit of acoustic levitation demonstrated in this study opens up great opportunities for 

studying active matter away from boundaries. 
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