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Introduction
Colloidal self-assembly is a promising bottom-up route to a wide variety of
3-dimensional structures -- from clusters to crystals.1 The scope for tuning
the interactions between colloidal particles offers enormous opportunity for
programming their self-assembly. Hierarchical self-assembly of colloidal
building blocks, currently at an early stage of exploration, can pave the way
for structures ordered at multiple levels to rival biological complexity.
However, programming hierarchical colloidal self-assembly faces a major
challenge in bridging hierarchies of multiple length- and time-scales,
associated with structure and dynamics respectively, along the self-
assembly pathways. Here we explore a design principle to address the
challenge of this multi-scale design problem and exploit it to demonstrate in
silico the hierarchical self-assembly of triblock patchy colloidal particles into
a colloidal crystal via octahedral clusters formed at the intermediate level.

In the present study, we introduce a design framework that exploits a
hierarchy of interactions with triblock patchy colloidal particles. Our patchy
particles are spherical in shape, having two distinct attractive patches A
and B at the poles across a charged band in the middle, closely resembling
those synthesized by Chen et al.2 Such triblock spherical particles,
synthesized at the micron scale, were shown to undergo staged assembly
triggered by stepwise change of the ionic strength of the medium; however,
the assembly in the first stage produced a distribution of cluster sizes (see
Figure 1), posing serious limitations to the formation of colloidal crystals in
the next stage.2

Model and Methods
In a novel prescription, we used a
hierarchy of patch-patch interactions,
𝜖 > 𝜖 > 𝜖 , where 𝜖  is the depth
of the potential due to the patch i - patch
j interaction, together with screened
electrostatic repulsion between the
middle bands (see Figure 2). We
initially performed basin-hopping global
optimisation studies to identify the most
stable structures on the potential energy
surface for finite-size clusters of patchy
particles under consideration. The
studies of finite-size systems revealed a
clear propensity for structural hierarchy.
We found the relative strengths of the
patch-patch interactions along with the
patch widths to be critical design
parameters to mitigate the challenge of
obtaining small clusters of colloidal
particles, the so-called colloidal
molecules, in uniform size and shape at
the intermediate level.

We then carried out a series of
Brownian dynamics simulations of N =
500 patchy particles in periodic systems
at five different volume fractions. For
each volume fraction, the system was
initially equilibrated at a temperature
𝑇∗ = 1 and was subjected to cooling by
reducing the temperature in steps while
ensuring equilibration at each
temperature studied.
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Results and Discussion

With careful selection of model
parameters identified by means of the
global optimisation studies, octahedral
colloidal clusters were produced in
nearly 100% yield for certain values of
the volume fraction φ upon cooling the
systems (Figure 3). The figure shows
how the number of the octahedral units
gradually increased as the temperature
was lowered.

The radial distribution functions, shown
in Figure 4, reveal a gradual growth of
the structural features upon cooling for
φ = 0.3.

A snapshot of a representative low-
temperature configuration is shown in
Figure 5, showing crystalline order for
octahedral clusters formed at the first
level of assembly.

We considered the distribution of 𝑞 and
𝑞 calculated for individual centers of
octahedral clusters.3 The distribution,
shown in Figure 6, is consistent with
that of a bcc crystal.

In order to gain insight into gelation,
which competes with crystallisation, we
are currently studying a system with a
different set of model parameters. Upon
quenching to a low temperature at a
relatively low volume fraction, the
system forms a colloidal gel - a
kinetically arrested system-spanning
network. This is shown in Figure 7. In
this case, the network is formed via
aggregation of a large number of small
clusters and the system shows the
propensity to form tetrahedral clusters.

Conclusion
Here we introduced a generic design framework to address the challenge of

a multi-scale design problem and exploit the framework to demonstrate in
silico the hierarchical self-assembly of triblock patchy colloidal particles into a
body centered cubic colloidal crystal via octahedral colloidal molecules. Such
a conceptual framework opens up the prospects of reliably programming
hierarchical self-assembly of colloidal particles into an unprecedented level of
sophistication.
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Figure 2: The effective potential energy for a pair of colloidal particles as function of the 
pair separation at different orientations for two different values of the model parameter S.

Figure 4:  The radial distribution function at
three different temperatures for φ = 0.3.

Figure 1: A hierarchical self-assembly scheme for triblock 
patchy particles (image taken from reference 2).    

Figure 6: Probability distribution of the local bond-orientational order parameters 
𝑞 (𝑖) for 𝑙= 4 and 6 for octahedral subunits for the configurations at T* = 0.05.

Figure 3: The number of octahedral clusters formed at 
different temperatures and packing fractions.

Figure 7: The growth of a system-spanning network with time following 
quenching for the system with 𝜖 : 𝜖  5: 2.5, 𝛿 = 80°, 𝛿 = 40° at 𝑇∗ =
0.1, 𝜙 = 0.04 for 𝑁 = 864. The inset shows a snapshot of the gel.

Effective Potential 

U r , 𝛀𝐢 , 𝛀𝐣 = U r + U r , 𝛀𝐢, 𝛀𝐣 ∗ w r

Figure 5: A snapshot of a representative low-
temperature configuration for the system with
𝜖 : 𝜖  5: 1, 𝛿 = 85°, 𝛿 = 40° at 𝑇∗ =  0.05,
  𝜙 = 0.3 for 𝑁 = 500.


