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Figure1 (Color online) Individual to multi-body behaviors of bacteria. (a) Measurement of flow field around a bacterium®”. Copyright © 2011 Na-
tional Academy of Sciences. (b) Counter-clockwise motion of bacteria at liquid-gas interface. The instantaneous position of the bacteria is marked in
black, and the trajectory is in white. The white arrows indicate the initial bacterial position'®. Copyright © 2011 American Physical Society. (c) Active
transport of triangular object by bacterial suspension. The object is 262 um on one side”®?. Copyright © 2014 American Physical Society. (d) Collective
motion in bacterial colonies®!. Copyright © 2010 National Academy of Sciences
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Figure 2 (Color online) A few classic systems of synthetic active colloids. (a) Gold-platinum bimetallic microrods propelled through self-electro-
phoresis mechanism in hydrogen peroxide'¥. Copyright © 2013 Elsevier. (b) SiO,-Pt Janus microsphere moves by decomposing H,O; at the Pt side“®l,
Copyright © 2010 American Physical Society. (c) Janus SiO, microsphere is propelled by a temperature gradient produced by laser irradiation*®. (d)
Bubbles produced by the decomposition of H,O, on a Pt-SiO, microsphere moves the particle by recoil'*”). Copyright © 2016 AP Publishing. (€) Heli-
cal microparticles propelled by a rotating magnetic field. Scale bar 2 um'*®. Copyright © 2013 American Chemical Society. (f) Metallic microrods

propel in MHz ultrasound™
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FHFR (1) : H,0,(aq) — 2H" (ag) + O, (g) + 2&”

B (%) : H,0, (ag)+2H" (ag) + 26" — 2H,0(1)

B 2H,0,(ag) — 2H,0(1) + 0, (g)
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In recent years, there is mounting interesting in the study of active matters that self-propel by consuming energy and
therefore lie beyond thermal equilibrium. Examples include fish schools, bird flocks, bacteria colonies, and tissues made
of live cells, to name afew. Mobility of the individual components of these groups, coupled with communications among
group members following some simple rules, often gives rise to fascinating and complex emergent behaviors.

At the microscale, bacteria are often studied as model systems to understand how individual motion leads to collective
behaviors. More recently, synthetic colloids that demonstrate autonomous motion and interesting dynamic assembly
behaviors have been developed. Owing to their ease of fabrication, uniformity and functionalizability, these synthetic
colloids have attracted much attention in extending our capability in the study of active matters.

In this review, we highlight the recent development in the field of active colloids, which include both natural
microorganisms as well as synthetic colloids. We begin with a short overview of the research on bacteria. When isolated,
bacteria convert nutrients in the environment into directional motion randomized by Brownian motion, at a force scale
around pN. A densely populated bacteria bath, however, demonstrate complicated collective behaviors such as swarming
and the formation of biofilm. Thisis mostly attributed to hydrodynamic interaction and volume-exclusion effect at short
time scales, while at longer times the chemicals excreted by bacteria start to significantly contribute to inter-bacteria
communication.

We then turn our attention to synthetic active colloids, especially their experimental aspects. A few popular synthetic
systems are first described, focusing on their individual propulsion mechanisms. These include colloids propelled by
self-generated gradients, such as self-electrophoresis, self-diffusiophoresis and self-thermophoresis. A few other popular
mechanisms are aso briefly introduced, including bubble-propulsion, and colloids driven by external fields
(electromagnetic and ultrasound).

Synthetic microswimmers when moving close by are found to communicate and interact with each other in a variety
of ways, displaying collective behaviors ranging from clustering, schooling, and phase separation. We discuss the recent
progress in the dynamic assembly of these active colloids, highlighting the complicated interplay among chemical
gradients, electrostatic interactions, van der Waals forces and hydrodynamic interaction. It is common to find an active
colloid that interacts with its neighbors by a combination of these mechanisms, especialy for those driven by chemical
gradients where chemica reactions, dectric fields and hydrodynamic flows are intricately coupled. Although the
behaviors of active colloids often bear striking resemblance to living microorganisms, the nature of their interactions
reminds us of how fundamentally different these two types of swimmers are. Understanding their behaviors requires the
collective wisdom of experimentalists, theorists and modeling experts. A well-defined model system that promises
simple fabrication, ease of functionalization, tunability of parameters, and good reproducibility is also highly desired.

At the end of this review, we present the possible directions for future studies in this field. These include: (1) The
pursuit of new propulsion mechanisms for active colloids, particularly those that are biocompatible and/or suitable for
high population density studies; (2) better understanding of the dynamic clustering effect of active calloids; (3) further
exploration of behaviors of active colloids at high number densities; (4) the pursuit of appropriate thermodynamic
parameters to describe active colloid systems.

active colloids, self-propulsion, self-assembly, active matter, collective behaviors
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