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Zone t=0s t=525s1 t=5.25s I t=5.25s

Number of particles 713 3 156 387
Area (pm?) 5961.38 314.15 1206.37 3160.32
Density (particles/pm?) 0.120 0.009 0.129 0.122

Figure S1. Calculation of the areal density of passive beads within the region of interest
for the case of a single active defect illuminated with blue light. (a) Initial distribution of
passive beads (illumination time t = 0 s). All passive beads in the field of view are taken
into account for the calculation of the areal density and are indicated with violet circles.
Scale bar, 10 um. (b) Distribution of passive beads illuminated with blue light for t = 5.25
s. Density of passive beads is calculated in different regions of interest (indicated by
colors). The highest density is in the yellow-shaded region. Scale bar, 10 um. The images

are frames of the Movie S1.
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Figure S2. The radial distribution function (RDF) for the case of a single active defect in
a matrix of passive beads. The RDF is calculated from the frames of the Movie S1 taken
at (top panel) t = 0 and (bottom panel) t = 0.7 s. The corresponding microscopy images
are shown in the main text, Figure 2. The initial RDF at t = 0 s shows only one peak
followed by a featureless signal that is indicative of an amorphous state in the system.
The appearance of discrete peaks (indicated with orange arrows) for t = 0.7 s indicates the

onset of long-range order.
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Figure S3. (a) Optical microscopy image of a single microwell. A circular structure (15
pm high and 300 um diameter) was fabricated using a negative photoresist on a glass
substrate. (b) Close-up of the panel (a) in the region indicated with dashed red circle.

Several Janus particles (black circular objects) can be seen inside the microwell.



Zone t=0s t=4.2s

Number of particles 598 174
Area (pm?) 3392.95 892.50
Density (particles/pm?) 0.176 0.195

Figure S4. Calculation of the areal density of passive beads within the region of interest
(particles indicated with violet circles)for the case when the system contains low
concentration of Janus particles (2 active defects). The images are frames of the Movie
S2. (a) Initial distribution of passive beads (t = 0 s).Scale bar, 10 um. (b) Arrangement of

particles in the system after t = 4.2 s. Scale bar, 10 um.
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Zone
Number of particles 551 140
Area (pm?) 3108.47 647.84
Density (particles/pm?) 0.177 0.216

Figure S5. Calculation of the areal density of passive beads within the region of interest
(particles indicated with violet circles)for the case when the system contains high
concentration of Janus particles (6 active defects). The images are frames of the Movie
S3. (a) Initial distribution of passive beads (t = 0 s).Scale bar, 10 um. (b) Arrangement of

particles in the system after t = 4.2 s. Scale bar, 10um.
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Figure S6. (a-c) A sequence of optical microscopy images showing the impact of 2
active defects (indicated with yellow dashed circles) on the initially amorphous matrix of
passive silica beads. Scale bar, 10 pm. The images are frames of the Movie S2. (d-f)
Voronoi diagrams illustrating the emergence of the crystalline order under blue light

illumination. Scale bar, 10 pm.
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compressed in the vicinity of Janus particles. The RDF shows only the first peak, and the

defects (shown for one simulation cell and eight images). The snapshot is taken at t = 0.1
respectively. At initial stages of the exclusion process (t = 0.1 s), passive beads are

Figure S7. Simulation data. (a) Distributions of passive beads in the presence of active
s. Scale bar, 20 um. The corresponding NND and RDF are shown as panels (b) and (c),

NND peak is very weak and broad.
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Supplementary Notes

Supplementary Note 1: Mechanisms of exclusion behavior. Janus particles are
composed of a polystyrene sphere (diameter of 2 um) covered by Ag/AgCl caps, with
nano-particulate structure of the cap.™™ When dispersed in deionized water and under blue
light illumination (wavelength of 450-470 nm and intensity 137 uW mm™), due to the
coupling of the plasmonic light absorption by Ag/AgCl cap,’ AgCl is reduced to Ag
producing protons and chloride ions. Because protons have a significantly higher
diffusivity than chlorine ions (Dy* = 9.311x10™ cm?s™ versus D¢- = 1.385x10”° cm?s™)
a local electric field around the particle is generated.!® In the far field, this electric field
points towards the surface of the cap of Janus particles.) This electric field acts
phoretically on negatively charged SiO, beads (diameter 2 um) by pulling them away

from Janus particles.

Supplementary Note 2: Voronoi diagram. Voronoi cells have a rich history of use in
the characterization and analysis of soft matter systems."® These diagrams are extensively
used to characterize phase transitions in colloidal systems, e.g. melting and crystallization,
via the statistical information about nearest neighbors in the colloidal network. Here, we
briefly summarize how the Voronoi diagrams are used to describe the transient regime
from the amorphous to the crystalline state. The yellow colored cells indicate the
fractions containing colloidal beads assembled into a crystalline hexagonal lattice. The

other colors (blue, orange, green) indicate the cells at the crystalline phase edges and
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amorphous fractions of the colloidal matrix, e.g. having five/seven nearest neighbors or

six with an imperfect geometry.

Supplementary Note 3: Mobile active defects in dense matrix. Active defects can
induce the liquid to solid transition even if they move. When the density of active defects
is low (similar to the static case), the motile active defects induces the 2D shape
patterning along the locomotion with exclusion behavior (Movie S4 and Movie S5). Once
Janus particle moves far away from its initial position, the colloidal matrix starts to relax
back to its initial sate. In the case when several active defects moving close to each other
(similar to the case of high density of the defects in the case when defects are immobile),
local crystallization of the passive matrix appears for a short time when the defect are in
close vicinity and is relaxes back once particles move away (Movie S6).

Interestingly, the use of mobile defects can potentially lower the global density of the
passive colloidal matrix needed to achieve the phase transition in comparison to the case
of immobile defects. Namely, if two or more mobile defects move towards each other
they can compress the matrix even if the initial particle density is too low to form a
crystalline phase initially. In this situation, only local crystallites are formed, which are

destroyed again, when at least one mobile defect is gone.
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Supplementary Movie files

Movie S1. (for Figure 2a-d) Trajectory recordings of passive SiO, beads moving around

a single Janus PS/Ag/AgCI particle under blue light illumination.

Movie S2. (for Figure. 3a-c) The Movie shows a phase transition in a system consisting
of immobilized Janus particles (at low concentration with 2 active defects only) located at
a dense passive matrix of SiO, beads. The measurement is carried out under blue light

illumination.

Movie S3. (for Figure. 3d-f) The Movie shows a phase transition in a system consisting
of immobilized Janus particles (at high concentration with 6 active defects) located at a
dense passive matrix of SiO, beads. The measurement is carried out under blue light
illumination.

Movie S4. Mobile single Janus particles moving under a passive matrix of SiO, beads.
Movie S5.Mobile double Janus particle moving under a passive matrix of SiO, beads.
Movie S6.The Movie shows a phase transition in a system consisting of double motile

Janus particles located at a passive matrix of SiO, beads. The experiment is carried out

under blue light illumination.
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