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Introduction
Directed colloidal assembly has been an active area of research for the past
several decades[1-3] for its potential technological implications on new functional
materials, such as photonic crystals and metamaterials.[4-5] Recently, a rich
assortment of phases was observed by applying an external AC electric-field to
suspensions of colloids sandwiched between two indium tin oxide (ITO)
electrodes (Fig. 1).[6] Different colloidal crystals were assembled at the surface of
the electrode by tuning the field strength, field frequency, and salt
concentration. However, the particle interactions and mechanisms governing the
formation of different phases are not well understood, and many have turned to
simulation and theory to investigate electric-field directed colloidal assembly.

Results
Phase diagrams were constructed as a function of λ and η for a Υ of 1:1 (Fig. 4). A
theoretical model was used to calculate the free energy for idealized striped, square,
and triangular lattices. The results of the theoretical calculation were overlaid on the
simulation results to compare phase boundaries. We found excellent agreement
between theory and simulation.

Simulation	and	Theory
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Key	Parameters
ε =		Depth	of	LJ	well
rij =		Particle	separation
σ =		Particle	diameter
λ =		Dipolar	strength
θ =		Angle	between	particles
Υ =		Ntop/Nbottom
η =		Area	Fraction
T		 =		Temperature

Figure	1:		Experimental	set-up	and	examples	of	colloidal	crystals	aggregating	at	the	electrode	surface.	
Scale	bars	are	5	μm.

Figure	2:		(a)	Dipolar	interactions;	(b)	and	(c)	initial	
conditions.

Figure	4:		λ,	η representation	of	the	phase	diagram	for	Υ =
1:1.		Results	of	the	theoretical	calculation	are
overlaid	on	the	simulation	results	(striped	in	light
blue,	triangular	in	gray,	and	square	in	yellow).

Figure	6:		λ,	η representation	of	the	phase	diagram	for	Υ =	2:3.		Snapshots	of	the	different	phases	observed	are	shown
on	the	right.

Figure	7:		Comparison	of	experiment	(left	columns)	and	simulation	(right	columns)	results.		Scale	
bars	are	5	μm.		All	particles	used	in	simulation	have	a	diameter	of	1σ.

Figure	5:		λ,	η representation	of	the	phase	diagram	for
Υ =	1:2.		Snapshots	of	the	different	phases
observed	are	shown	below.

Figure	3:		Stockmayer potential	used	in	MC	simulations.		The	LJ	term models	particle	dispersion	while	the
dipole-dipole	term	models	the	dipole	moments	induced	by	the	electric-field.	

• Monte	Carlo	(MC)	simulations	were	
performed	using	a	Stockmayer
potential

• Simulation	box	confined	along	the	z-
axis	

• Fixed	number	of	particles	in	the	top	
plane	(blue)	and	bottom	plane	(red)

• Red	and	blue	particles	are	identical
• Idealized	lattice	energies	computed	

using	theory	to	determine	the	
minimum	energy	phase

Research	Goal
Gain	a	fundamental	understanding	about:
• Particle	interactions	induced	by	an	applied	AC	electric-field
• The	effect	of	confinement	and	particle	aggregation	near	the	electrode	surface

Phase	diagrams	were	constructed	as	a	function	λ and	η for	Υ =	1:2	(Fig.	5)	and	Υ =	2:3	
(Fig.	6).		Phase	boundaries	were	approximated	based	on	simulation	results.		A	diverse	
set	of	unique	phases	was	observed,	including:
• A	phase	of	zig	zag	stripes
• A	lattice	of	pentamer clusters
• A	honeycomb-like	network
• An	array	of	rectangular	bands

In order to validate our model, a comparison was made between the
experimental and simulated results. Several unique lattices were observed
(Fig. 7), including: a) stripes b) square bilayer c) triangular bilayer
d) rectangular bands e) honeycomb f) zig zag stripes g) a lattice of pentamer
clusters h) tetramers

Conclusion
We have developed a simulation model that captures the electric-field

directed assembly of colloidal particles nears the surface of an electrode. The
model was used to map out phase diagrams for varying degrees of geometric
confinement. The results of the simulation were in excellent agreement with
experimental results, as nearly all of the observed phases were successfully
simulated by varying dipolar strength, area fraction, and the ratio between
out-of-plane particles. Future	Work

Evaluation of different values of Υ will be conducted to determine the
viability of observing new structures in experiments. The effects of an electric-
field gradient will examined to determine how the phase transitions are
affected as a function of field strength. Simulations will be conducted to
determine how a rotating electric-field will affect systems of colloidal particles.
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