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Figure1 (Color online) (&) The movement of SiO,/Pt Janus particle by bubble propulsion!®. (b) Self-electrophoresis movement of Pt-Au nanosub-
marind?., (c) Schematic diagram of the propulsion mechanism of the water-fuelled TiO,/Pt submicromotor'?¥. (d) The schooling and exclusion mation
behaviors of SiO,-TiO, Janus particles in deionized water controlled by UV irradiation'®. (e) The Grubbs catalyst modified Au/SiO, micromotors
moving by self-diffusiophoresis®. (f) Representative illustration of a self-propelled oil droplet consuming “fuel” surfactant®”. (g) The movement of
AuNS-modified Janus mesoporous silica nanoparticle motors by self-thermophoresis®
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Figure2 (Color online) (&) Electrochemical synthesis of the metal rods*®. (b) Schematic diagram of the fabrication of Mg/Pt Janus microspheres by a
simple asymmetric modification process“?. (c) Synthesis of the self-propelled spherical SiO,-Pt dimers“’. (d) Bipolar electrodeposition for the synthe-
sis of Janus particles®®. (e) Schematic illustration of 3D printing technology to fabricate microfish*®

B2 TE SRR T 19— & A . R ARERy 78, 7T LA
TEWRE | BRER AR 9K £k - AE X FR M T AR 4 N AL R
(FEI2(d)). Fiti% 3DFT BN AR % J&, WangifiiZH #o%
FH3DFTERF ARl & T ARITE AR A TE Ok D35, IF
& A R [ 9 ok 1 SRk, FTER M sk & A
VR T B SR T RGeS
A P KR T (9 THOK T35 (1 2(6).

XU THT P 45 44 1) ol £ i e T S04 oK Eh ik iz 3l i )
BB, T ol OUTHT A 45 R 1 B 4 oK B 3k B A A s i AT
EMIREL. TEGM IR S5 A — e w2 sl
Yitie)2, s g IR 5] FiE s 7 I s R TN
Wangift i 2] S e b 2 h 5 A T 4R, T LU i kG

110

i Hb 42 1) 35 32 Bl 5 1w (I813(@)). AT TFERS 2 1 &
B REYE BT 1 AU/NI A U/PEY K 28 1 SiO,/Ni/ Ptk 1
J&, TERE A S T RS TE SRR T Mz sl A
P53k M 38 3 B HE AR 153, ] LAAE 6 20 e b il 4%
T 1 22 (1K13(b)). J ke, Sancheziftii 4% B
P HUKZ 31 8 SO/ PURUK D 3k 0] DAL LA B 4R 0
S| SR ShPLIEsh. EREH, A1 T
BB A1) A B HIE 00 R R TR
BN, Dk EERIEE D R sh, N5l
Yk ik iz sh A T — A8 B (1 3(c)). At
21117 M g/ POSUTET #f K T 3k (1 SR [, 75 Pt— i
AT LA T A R A 7K B i —— 3 (N-3: 7 25 79 M Tk



(@)

UV light UV light

(b)

100 100

0 (nm)

0.8
04

-

N>

Bl 3 (P4 UR () () Ir-TiO,-Ni-Ti-SiOp £ J2 MU Dhik AR T (932 sh 42 M0, (b) i FHAKZE Dk MR FERIE T3k Ve Ay B SR S 4K
JBAR AT 20 4% B PR, () LI bk A N Rl L 4E R A9 S 1is 39, (d) Mo/PEPNIPAM S # Tk A 25 0 201, 1)L 384 (1) RSk
(IV)®; () i A TR E 3k FHAER BHUMA S [ W71

Figure 3 (Color online) (a) Schematic of the magnetic control of multilayer Ir-TiO,-Ni-Ti-SiO, Janus micromotors®. (b) Schematic of nanomoator
lithography by using a nanowire motor and Janus sphere motor as a self-propelled nanomask!®. (c) Guidance of Janus microswimmers with different
patterns®, (d) Demonstration of the drug loading (1, 11), transporting (111), and releasing (IV) behaviors of the Mg/Pt-PNIPAM Janus micromotors'®,
() Seeking and repairing microscopic mechanical cracks by artificial nanomotors to effectively restore conductivity!®
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Figure4 (Color onling) (a) Schematic illustrating the steps involved in the template-assisted preparation of the tubular microcone engind®. (b) Fab-

rication of polyelectrolyte multilayer with nanorockets through the nanoporous template-assisted layer-by-layer (LbL) assembly'®. (c) Schematic dia-
gram of arolled-up microtube consisting of PYAu/Fe/Ti multilayers on a photoresist sacrificial layer™. (d) Preparation of bilayer PANI/Pt microtubes

through electrochemical growth™
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Figure5 (Color online) (a) Ultrasound modulated motion of a chemically powered PEDOT/Ni/Pt microenginé™. (b) Temperature controlled motion
of a polymeric Pt-jet™. (c) Microrockets for capture and isolation of cancer cells™. (d) MIP-based micromotor and the strategy for capture and
transport the target proteinl’”. (€) Schematic process for the degradation of pollutants water by multifunctional micromotors'™
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Figure6 (Color online) (a) Schematics to demonstrate the preparation of the TiO, microtubes by a dry spinning method (1), the radial and axial con-
centration distribution of O, in the confined void and outside space of the TiO, tube at different diffusion time(11)1*4. (b) Depiction of steps used during
fabrication of Pt roll-up microengines via TEM grid template/PMMA sacrificial layer route (1) or TEM grid template/H,O, assisted lift-off route (I1) .

(c) SEM images of the four types of prepared Pt micro/nanctubes using membrane templates with different pore sizes®. (d) Schematic illustration for
the formation mechanism of the pot-like MnFe,O, micromotord®
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Self-propelled micro-/nanomotors (MNMs), which are defined as micro-/nanodevices capable of converting various
energy into autonomous motion, can be used to pick up, transport, and release various cargoes within a liquid medium.
They have important potential applications, for example, in drug delivery, biosensors, protein and cell separation,
microsurgeries and environment remediation. This review comprehensively introduces the design strategies and
structures of self-propelled MNMs along with an outlook for their future development. It starts with the summary of the
propulsion mechanisms of self-propelled MNMs of bubble recoiling and self-phoresis induced by the asymmetric release
of products or heat. For bubble recoiling propulsion, the continuous momentum change is caused by a jet of bubbles,
while for self-phoresis propulsion, the MNMs move in a local electric field, concentration gradient, surface tension
gradient, or temperature gradient, etc. After systematically and in-depth understanding these propulsion mechanisms, it
has been pointed out that the key to design self-propelled MNMs is to construct an asymmetric field across micro-/
nanoparticles. Following this clue, the structures evolution and simplification methods of self-propelled MNMs are
reviewed. Janus structures and multilayer-tubular structures, which are prepared through asymmetric modification
process, electrochemical synthesis, template-assisted method, rolled-up nanotech, etc., have been firstly proposed to
construct asymmetric fields across micro-/nanoparticles for their propulsion. However, the complicated structure and
preparation process hinder the application of MNMs. Anisotropic single-component irregular particles, tubes and
bowl-like MNMs, which are obtained by dry spinning method, “growing-bubble’-templated self-assembly, etc., have
been subsequently achieved by utilizing their anomalous morphology and the nucleation preference of bubble molecules
on different surfaces. This kind of MNMs show somewhat simple structure and can be easily fabricated, but the motion
direction is till difficult to control because of the Brownian motion. Isotropic semiconducting MNMs have been recently
developed by taking advantage of the limited light penetration depth in the isotropic photoresponsive particles, of which
the motion is independent of the rotational Brownian motion. This suggests a remarkable breakthrough in design strategy
of MNMs due to the simple isotropic structure of the motor and the controllability in both motion direction and speed by
light. Besides the evolution of self-propelled MNMs from the complicated structure to the simplified one, some
remarkable progresses have aso been made on the motion control, functionalization, etc. For example, the speed and
state of MNMs can so far be easily adjusted by the concentration of fuels, the intensity of externa fields, etc. The
direction can be controlled accurately by magnetic field, electric field, light, etc. Numerous complex tasks can also be
performed effectively, such as protein separation, drug delivery, environmental detection and remediation, etc. Lastly, an
outlook is aso provided on the future development and main challenges of self-propelled MNMs. The future
development of MNMs should be focused on improving energy conversion efficiency through optimization of structures,
exploring new propulsion mechanisms and endowing MNMSs with environmental responses for self-navigation, detection,
and specific operations. In this way, MNMs will approach to the practical applications in biomedicine, environment
treatment, microengineering, etc.

micro-/nanomotor s, self-propulsion, asymmetric field, structure simplification
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