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1 Simulation parameters

We present the experimental values for the inverse Debye screen-
ing length κ, the Bjerrum length λB, and the zeta potential for PS
and TPM, ψPS and ψT PM , respectively, along with their conver-
sions to simulation units in Table S1.

Parameter Experimental units Simulation units

κ 0.4 nm−1 114.57σ−1

λB 0.71nm 2.5×10−3σ

ψPS −15 mV −0.58kBT/e
ψT PM −35 mV −1.36kBT/e

Table S1 Parameters used in the Yukawa potential (see Eq. 1 in the main
text) for the two types of materials, PS and TPM, in experimental units
retrieved from Ref. 1 and converted to simulation units: κ the inverse
Debye screening length, λB the Bjerrum length, ψPS the zeta potential of
polystyrene (PS) located at the tips of the triblock colloid and ψT PM the
zeta potential of 3-(trimethoxysilyl)propyl methacrylate (TPM) located
at the center of the triblock colloids.

2 Crystal Phase Characterization

To characterize the different crystalline phases, we compute the
second Legendre polynomial (sl p), and n-atic bond order param-
eters Ψ̃n, with n = 4,6,8, of each identified crystal phase. These
order parameters are also used as input for the Principal Com-
ponent Analysis (PCA) used to identify the phases in the self-
assembly simulations. They are calculated from configurations
of fully crystalline systems of triblock colloids with varying aspect
ratios λ . In Fig. S1, we show the averaged values of sl p, Ψ̃4, Ψ̃6

and Ψ̃8 for each of the crystal phases.
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Fig. S1 Values of sl p, Ψ̃4, Ψ̃6 and Ψ̃8 for each crystal phase identified,
namely brick-wall (BW), herringbone (HB), ladder-like (L) and tilted
brick-wall (BW).

3 State diagrams of triblock colloids in the colloid
number density - depletant reservoir packing frac-
tion representation

In Fig. S2(a,b), we present the state diagrams of triblock col-
loids with varying aspect ratio λ in the colloidal number density
ρ = Ncσ2/A - depletant reservoir packing fraction η representa-
tion for two different depletant-to-colloid size ratios q = σd/σPS.
In addition, regions where the second most prominent structure
with a crystal fraction Nx/Nc ≥ 0.03 corresponds to herringbone
or tilted brick-wall are indicated with dark and light blue dashed
rectangles, respectively. This analysis allows us to determine the
maximum fraction of crystalline structures for each η , as reported
in Fig. 4(a,b) of the main manuscript.Furthermore, disordered
phases are colored according to their fractal dimension d f , with
lower values for large depletant reservoir packing fractions, cor-
responding to percolating networks.

In Fig. S3, we show the state diagram of triblock colloids with
an aspect ratio λ = 1.52 in the colloid number density ρ =Ncσ2/A
- depletant reservoir packing fraction η representation for three
different depletant-to-colloid size ratios q = 0.05, q = 0.075, and
q = 0.1. The regions where the second most prominent structure
corresponds to herringbone or tilted brick-wall are highlighted
with dashed rectangles, respectively. This data is used to extract
the maximum fraction of crystal for each depletant reservoir pack-
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ing fraction η and depletant-to-colloid size ratio q as shown in
Fig. 4(c).

4 Effect of particle shape and interactions on the
state diagram of anisotropic triblock colloids

To investigate the effect of particle shape and interactions on the
state behavior, we adjust the degree of roughness and assign vary-
ing surface charges to different regions of the colloids. Specifi-
cally, we focus on an aspect ratio of λ = 1.52 and depletant-to-
colloid size ratio q = 0.05, where we observe that under certain
conditions of depletion interaction, the system nucleates into a
brick-wall phase. We begin by examining the effect of surface
charge heterogeneity associated with the two different materials.
To do so, we reverse the surface charge between the tips and
the center, essentially mimicking a triblock colloid composed of
PS in the center and TPM at the tips. Hence, the centers of the
triblock particle exhibit a stronger attraction than the the tips.
In Figure S4(b) we show the phase diagram in the colloid num-
ber density ρ = Ncσ2/A - depletant reservoir packing fraction η

representation. This state diagram is to be compared with Fig-
ure S4(a), which represents the "original" state diagram reported
for the same conditions in the main text. As observed, reversing
the surface charge impedes the nucleation of crystalline phases
as the particles primarily interact center-to-center, resulting only
in a disordered phase. Hence, we note the significance of having
a stronger charge located at the center of the particle to obtain
brick-wall and herringbone structures at λ = 1.52. Additionally,
we study the case where all beads of the colloids interact with
the same interaction potential, mimicking particles composed of
only one material, in particular of PS. As shown in Figure S4(c),
a brick-wall phase is still observed, albeit at slightly lower η .

Finally, we investigate how the roughness of individual parti-
cles affects their assembly by changing the number of beads used
to tessellate the PS and TPM spheres. In Figure S4(d), we show
the phase diagram of triblock colloids with a size ratio of λ = 1.52
and N = 375 beads used to tessellate each particle, resulting in
a bead surface density of ρbσ2 = 2.28. We notice a shift in the
depletant concentration at which brick-wall structures emerge, as
anticipated, given that a different number of beads affects the
overall depth of the potential.

5 Nucleation

To investigate the nucleation behavior of the phases under ex-
amination, we conduct multiple simulation runs, allowing us to
study various nucleation pathways for the same set of parame-
ters. In particular, we focus on the aspect ratio λ = 1.52 and
depletant-to-colloid size ratios q = 0.05 and q = 0.075, which yield
the highest fraction of particles in a crystalline environment. In
Fig. 5 of the main manuscript, we present one of the simulation
runs corresponding to q = 0.075 and η = 0.8. Here, we report an
additional simulation with the same parameters in Fig. S5. Com-
paring the two simulations, we observe analogous nucleation be-
havior. Initially, a small crystallite emerges, serving as a seed for
the alignment of the surrounding particles, leading to the growth
of a larger crystal grain. This progressive increase in the size of
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Fig. S2 State diagrams of triblock colloids with varying aspect ratio λ in
the colloid number density ρ = Ncσ2/A - depletant reservoir packing frac-
tion η representation for depletant-to-colloid size ratio (left) q = 0.05 and
(right) q = 0.075. Five different phases are identified, namely brick-wall
(BW) (squares), herringbone (HB) (circles), ladder-like (L) (triangles),
tilted brick-wall (TBW) (triangles down) and disordered (D) (diamonds)
structures. For each state point, the most prevalent phase is reported.
The symbols corresponding to crystal phases are colored according to the
maximum crystal fraction Nx/Nc, following the color scale displayed at
the upper part of the Figure. Symbols of the disordered phase are colored
according to the value of their fractal dimension d f , following the color
scale located at the middle of the figure. Regions where HB occurs in
less than 3% are marked with dark blue dashed rectangles, while TBW
regions are delineated by light blue dashed rectangles.
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Fig. S3 State diagrams of triblock colloids with varying aspect ratio λ = 1.52 in the colloid number density ρ = Ncσ2/A - depletant reservoir packing
fraction η representation for depletant-to-colloid size ratio q = 0.05,0.075, and 0.1 (from left to right). Five different phases are identified, namely brick-
wall (BW) (squares), herringbone (HB) (circles), ladder-like (L) (triangles), tilted brick-wall (TBW) (triangles down) and disordered (D) (diamonds)
structures. For each state point, the most prevalent phase is reported. Except for the disordered phase, symbols are assigned colors according to the
maximum crystal fraction Nx/Nc, following the color scale displayed in the Figure. Symbols for the disordered phase are colored according to their
fractal dimension d f based on the color scale also displayed in the Figure. Regions where HB occurs in less than 3% are marked with dark blue dashed
rectangles.
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Fig. S4 State diagrams of triblock colloids with fixed aspect ratio λ = 1.52 and depletant-to-colloid size ratio q = 0.05 in the colloid number density
ρ = Ncσ2/A - depletant reservoir packing fraction η representation. Two different phases are identified, namely brick-wall shown with squares and
disordered structures with diamonds. Panel (a) represents the model used in the main text with N = 197 number of beads per particle, (b) same
conditions of number of beads per particle as in (a) but with surface charges reversed between center and tips, in (c) all beads interacting through
the same potential corresponding to the tips of the original model, and (d) same conditions as in (a) but with N = 375 beads per triblock particle.

the crystal grain over time is evident from the time evolution of
the fraction of particles in the largest crystal grain and the corre-
sponding principal component, as shown in Fig. S5(b) and (c).

We extend our investigation to the nucleation of a system with
q = 0.05, as illustrated in Fig. S6. Once again, we observe a
similar behavior, with the formation of crystal grains that, after
40% of the total simulation time, merge leading to the formation
of a larger crystal structure. This phenomenon is captured by a
steeper increase in the fraction of particles in the largest crystal
grain and the corresponding first principal component.

Finally, we also identify the seed for the herringbone phase, as
shown in Fig. S7.

6 Disordered phases
In Fig. S8, we present representative simulation snapshots show-
ing the different phases obtained for triblock colloids with an
aspect ratio of λ = 2.13 for a depletant-to-colloid size ratio of

q = 0.075, a colloid number density of ρ = Ncσ2/A = 0.024, and
varying depletant reservoir packing fractions η . Initially, at low η ,
the colloids exhibit a liquid-like behavior, before forming crystal
grains and percolating network structures as η increases. Upon
reaching the highest investigated η value, no crystalline order is
observed, and the overall structure resembles that of a percolat-
ing gel.

In Fig. S2 and Fig. S3, we color the disordered phases accord-
ing to their fractal dimension d f . We observe that percolating sys-
tems exhibit a d f < 1.9 and are primarily found at high depletant
reservoir packing fractions.

7 3D Structures
In Fig. S9, we present representative simulation snapshots of the
three-dimensional candidate crystal structures obtained using the
floppy box Monte Carlo algorithm, as described in the Methods
section, for varying aspect ratios λ . Additionally, we provide
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q = 0.075

Fig. S5 (a.I-IV) Representative time-lapse simulation snapshots showing the formation of brick-wall crystals, (b) the fraction of brick-wall crystal
Nx/Nxc as a function of simulation time t/τ, and (c) the first principal component (PC1) as a function of simulation time t/τ in a system of triblock
colloids with aspect ratio λ = 1.52, depletant-to-colloid size ratio q = 0.075, depletant reservoir packing fraction η = 0.8 and colloid number density
ρ = Ncσ2/A = 0.026 for the largest crystal grain identified in the last timestep of the simulation, reaching a size of Nxc particles. Red colloids highlight
seeds of two grains that will be part of the largest crystal grain at the last timestep of the simulation. Grey colloids are not considered for the
calculation of Nx/Nxc in (b) and for the PC1 in (c).

Supplementary Data 1, comprising the respective HTML files that
facilitate the visualization of these configurations from different
perspectives.

Notes and references
1 M. Liu, X. Zheng, V. Grebe, D. J. Pine and M. Weck, Nature

Materials, 2020, 19, 1354–1361.
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⇢ = 0.028

Fig. S6 (a.I-IV, d.I-IV) Representative time-lapse simulation snapshots showing the formation of brick-wall crystals, (b,e) the fraction of brick-wall
crystal Nx/Nxc as a function of simulation time t/τ, and (c,f) the first principal component (PC1) as a function of simulation time t/τ for two
independent simulation runs, respectively, in a system of triblock colloids with aspect ratio λ = 1.52, depletant-to-colloid size ratio q = 0.05, depletant
reservoir packing fraction η = 1.05 and colloid number density of ρ = Ncσ2/A = 0.028 for the largest crystal grain identified in the last timestep of the
simulation, reaching a size of Nxc particles. Red colloids highlight the seeds that will be part of the largest crystal grain at the last timestep of the
simulation. Grey colloids are not considered for the calculation of Nx/Nxc in (b,c) and for the PC1 in (e,f).
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Fig. S7 (a.I-IV) Representative time-lapse simulation snapshots showing the formation of a herringbone crystal in a system of triblock colloids with
aspect ratio λ = 1.52, depletant-to-colloid size ratio q= 0.05, depletant reservoir packing fraction η = 1.05 and colloid number density ρ =Ncσ2/A= 0.028
for the largest crystal grain identified in the last timestep of the simulation. Red colloids highlight the seed that will be part of the herringbone crystal
in the last timestep of the simulation.

𝜂

Fig. S8 Representative simulation snapshots showing a system of triblock colloids with aspect ratio λ = 2.13 for increasing depletant reservoir packing
fraction η = 0.60,0.80,0.90,1.05, and 1.2 (from left to right) with values of fractal dimension d f = 1.95,1,75,1.75,1.74 and 1.82 respectively, at a fixed
depletant-to-colloid size ratio q = 0.075 and colloid number density ρ = Ncσ2/A = 0.024.

2.13 2.501.52 1.68

aspect ratio

1.30

Fig. S9 Representative simulation snapshots obtained with the floppy box Monte Carlo algorithm showing 3D systems of triblock colloids with
increasing aspect ratio λ = 1.30,1.52,1.68,2.13 and 2.50 (from left to right).
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