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Supplementary Fig. 1: Characterization of TiO2/a-Fe203 microrobots by SEM and STEM analyses. a SEM and b STEM images
of TiO2/a-Fe20s microrobots. Scale bars are 2 pm.
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Supplementary Fig. 2: Characterization of samples by XPS analysis. XPS wide spectra of a-Fe203 microparticles and TiO2/a-
Fe203 microrobots.



C1sa-Fe,O,

O Measured
Background
— Fitted
[Jcc
Icoc

Intensity [arb. u.]

Binding energy [eV]

O 1s a-Fe,0,

O Measured
Background
— Fitted
[ Jo-Fe,0,
I Hydroxide
[ H,0 ads.

Intensity [arb. u.]

536 534 532 530
Binding energy [eV]

528

Fe 2p a-Fe,0,

Fe2p,,

et

O Measured

Intensity [arb. u.]

— Fitted
[ JpPeak1
B Peak 2
[ Peak 3
[ | sateliite
1 1 1 1

Background y

Fe 2p,,

740 735 730 725 720
Binding energy [eV]

715

710

Ti 2p a-Fe O,

O Measured

Intensity [arb. u.]

468 466 464 462 460
Binding energy [eV]

458

456

Intensity [arb. u.]

Intensity [arb. u.]

Intensity [arb. u.]

Intensity [arb. u.]

C 1s TiO,Jo-Fe,0,

O Measured
Background

O 1s TiO,/a-Fe, O,

O Measured
Background
— Fitted
[ ]Tio,
I Hydroxide
[ H,0 ads.

Binding energy [eV]

Fe 2p TiO,/a-Fe O,

O Measured

740 735 730 725 720 715 710
Binding energy [eV]

Ti 2p TiO,Ja-Fe,0,

O Measured
Background
— Fitted
[ Ti2p,,
BTz,

468 466 464 462 460 458 456

Binding energy [eV]

Supplementary Fig. 3: Characterization of samples by high-resolution XPS analysis. High-resolution XPS spectra of C 1s, O 1s,
Fe 2p, and Ti 2p for o-Fe203 microparticles and TiO2/a-Fe203 microrobots.
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Supplementary Table 1. XPS peak fitting results for o-Fe203 microparticles and TiOz/o-Fe203 microrobots.
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Supplementary Fig. 4: Influence of the on/off switching of light on the motion behavior of TiO2/a-Fe2Os microrobots. a Time-
lapse micrographs showing the trajectory of a TiO2/a-Fe20O3 microrobot at 5 s on/off switching of UV light irradiation in pure water
and b the corresponding instantaneous speed as a function of time. Scale bars are 5 um.
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Supplementary Fig. 5: Motion behavior of a-Fe:Os microparticles. a Micrograph showing the trajectories of three a-Fe20s3
microparticles under UV light irradiation in pure water for 40 s and b the corresponding instantaneous speed as a function of time. The
scale bar is 5 pm.
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Supplementary Fig. 6: Evidence of the partial corrosion of the TiOz2 layer of TiO2/a-Fe203 microrobots by XPS analysis. High-
resolution XPS spectra of a Fe 2p and b Ti 2p for TiO2/0-Fe203 microrobots before and after exposure to UV light irradiation in 1%
H202 for 5min.
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Supplementary Fig. 7: Lifetime of the speed of TiO2/a-Fe:Os microrobots. Speed of TiO2/a-Fe20s microrobots under UV light
irradiation in pure water as a function of time. Error bars represent the standard deviation, n=20 independent microrobots.
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Supplementary Fig. 8: Motion behavior of TiO2/a-Fe2Os microrobots under visible light irradiation. a Micrograph showing the
trajectory of a TiO2/a-Fe20smicrorobot under blue light irradiation in 0.5% H202 for 44 s and b the corresponding instantaneous speed
as a function of time. The scale bar is 5 pm. ¢ Microrobots’ speed as a function of H202 concentration under blue light irradiation.
Error bars represent the standard deviation, n =20 independent microrobots.
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Supplementary Fig. 9: Self-assembly of TiOz/a-Fe20s microrobots into a cluster. Time-lapse micrographs showing the clustering
process of TiO2/a-Fe2Osmicrorobots under UV light irradiation in 1% H202 for 5 s. Scale bars are 10 um.
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Supplementary Fig. 10: Absorbance spectra of 2,4D solutions subjected to different treatments. Absorbance spectra of 2,4D
solutions (5x10° M) before (0 min) and after the treatment with a UV light irradiation in pure water for 60 min, b TiO2/a-Fe20s
microrobots (1 mg mL-1) without UV light irradiation in pure water for 60 min (“no motion” condition), ¢ o-Fe2O3 microparticles (1
mg mL-1) and UV light irradiation in pure water for 60 min, d TiO2/a-Fe203 microrobots (1 mg mL-1), a radical scavenger (10mg L-1
EDTA, 10mg L2 NBT, or 0.25 L mL-1 isopropanol), and UV light irradiation in pure water for 60 min.



Supplementary Discussion 1

H>O, consumption experiments were performed to measure the H>O, consumption rate by TiO./a-Fe;Os
microrobots under UV light irradiation. For this purpose, UV-transparent cuvettes were filled with 1 mL of
solution containing microrobots (1 mg mL™?) and 1% H,O,, and exposed to UV light irradiation for different
durations (0, 10, 30, and 60 min). Afterward, microrobots were separated by centrifugation to record the UV -
Vis absorbance spectra of treated solutions. The H,O- concentration was determined from absorbance spectra
according to a previous work.* Supplementary Fig. 11 shows the time dependence of the H.O, concentration.
The slope of the linear fit in the range 0+30 min gave an H,O, consumption rate of 0.011 mol L* min®,
corresponding to 1.8x107 mol s for 1 mL of solution. To normalize the rate per unit area [mol st m?], TiOz/a-
Fe>O3 microrobots’ surface area was estimated. For simplicity, the microrobots were assumed to be peanut-

shaped a-Fe,Os microparticles consisting of two adjacent spheres with a radius of 0.56 pm, as measured by
STEM analysis. Considering that the volume (V) of a spherical particle with radius risV = % 73, the volume

occupied by a microrobot was found as ~1.5x1071 m3, Given an a-Fe,O3 density (p) of 5.3 g cm™®, the mass
(m) of the single microrobot was calculated to be 8.0x10? g through the relationm = p V. Therefore, in 1 mL
of solution with a concentration of microrobots of 1 mg mL™?, there are 1.3x10® microrobots. Since the surface
(A) of a spherical particle with radius r is A = 4 7 r2, the area exposed by a microrobot was calculated to be
7.9x10*2 m?, whereas the surface area of 1 mg of microrobots was found as 1.0x10-® m2 Consequently, the

surface area-normalized H.O, consumption rate was calculated to be approximately -1.8x10 mol st m2,
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Supplementary Fig. 11: H202 consumption experiments. H202 concentration as a function of time following H202 consumption
experiments by TiO2/a-Fe203 microrobots under UV light irradiation in 1% H20x.
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