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ABSTRACT

Controlled patterning of colloidal particles to form one dimensional (1D), 2D and 3D
structures is of global interest for many applications like photonic crystals, chemical sensing
and bio-electronic devices. In particular, the use of electric fields (EFs) to guide colloidal
assembly is a facile way to exploit the nanoscale functionalities of materials in microscopic
constructs. In the past, colloids have been organised into various patterns including
microwires, nanotriangles, 2D crystals and 3D microstructures using rapid on-chip alternating
current (AC) electrokinetics. In particular, AC dielectrophoresis (AC-DEP) and AC
electrohydrodynamics (AC-EHD) have been exploited to manipulate particles with high
throughput and control. My Ph.D. research work entails understanding the basic mechanisms
involved in the colloidal assembly process using these two field-induced forces and applying
them to form tunable assemblies from synthetic particles and biological cells.

The first part of my thesis focuses on investigating the parameters involved in AC
electrokinetic driven flows and their role in controlling the formation of different gold
nanoparticle (AuNP) architectures. Since AC-DEP varies with both particle size and
frequency of the field whereas, AC-EHD depends only on the frequency, we hypothesise that
there must be a critical particle size at which transition occurs from one type of force to the
other. To test this hypothesis, we have carried out both theoretical and experimental analyses
to determine the value of this critical size. The effect of field frequency, applied voltage,
particle number, electrolyte concentration and electrode geometry and size on the AuNP
microstructures have been investigated in detail. Our results indicate that there does exist a
size threshold below which AC-EHD dominates, while AC-DEP governs the particle
assembly process above it. The EHD force leads to film formation and the DEP force results
into microwires. To initiate the assembly process a minimum particle number, a low

electrolyte concentration and an optimum frequency range is required. The microwires grow

vi



in two different modes: surface or bulk depending on the frequency of the field, and never
short circuit being on the same potential.

The second part of my thesis involves AC-DEP driven fabrication of “0D” cellular
microarrays of live bacterial cells with tunable densities at a single cell level. We have
performed detailed optimization of electrical parameters of the microarray chip to achieve
maximum cell capture efficiency. The microarrays have also been used to carry out
phenotypic assessment, cell counting in mixtures and real-time viability studies in the
presence of antibiotics using optical microscopy and impedance spectroscopy. We believe
that our research paves ways for developing new platforms for multiplexed sensing,
heterogeneous cell population studies and ultrafast drug susceptibility testing to reduce the
use of broad-spectrum antibiotics and hence, the emergence of new antibiotic resistant

strains.
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DEFINITIONS OF TERMS AND SYMBOLS USED IN THE TEXT

Symbol Notes Units
e Elementary charge with a value equal to | Coulomb, C (As)
1.602176634x1071° C
Zj Valence of ions, where, z = %
kg Boltzmann constant equal to 1.38064852x1072 J/K Joules/Kelvin, JK!
T Absolute temperature Kelvin, K
n; Number concentration of ions L!
7 Surface potential Volts, V (A kg m? s73)
{ Zeta potential Volts, V (A kg m? s73)
k™1 | Debye length Meter, m
£ Dielectric permittivity Farad/meter, Fm™' (A2
kg ' m3 s
n Viscosity Pascal.s, Pa.s (kg m™!
sh
E, Electric field Volt/meter, Vm!
vV Electric potential Volt, V
v Velocity Meter/s, ms™!
U Electrophoretic mobility m? Vgt
K Clausius—Mossotti (CM) factor unit less
o Electrical conductivity Siemens/meter, Sm’!
mw | Maxwell-Wagner charge relaxation time Second, s
W Frequency Hertz, Hz
Wc Crossover frequency is the frequency at which DEP | Hertz, Hz
force changes it sign from positive to negative
s A dimensionless quantity written as pi with value equal
to 3.14
r Particle radius Meter, m
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Fryp— Electrohydrodynamic force
Fpgp— Dielectrophoretic force
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LB — Langmuir Blodgett

CNTs — Carbon nano tubes

ITO — Indium tin oxide

PDMS - Polydimethylsiloxane
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IPTG - Isopropyl B-D-1-thiogalactopyranoside
HEPES - 4-(2-hydroxyethyl)-1-piperazine ethanesulfonic acid
EDL - Electrical double layer

H — Magnetic field

m — Magnetic dipole

QDs — Quantum dots

FEM - Finite element method

S.typhi - Salmonella typhi

E.coli - Escherichia coli

UTAS - Micro total analysis systems

HP - Helmoltz plane

iHP — Inner Helmoltz plane

oHP — Outer Helmoltz plane

SP — Slip plane

U,, - Electroosmotic velocity

Uep- Electrophoretic velocity

CM - Clausius—Mossotti function

ROT - Electrorotation

tw-DEP - Travelling wave dielectrophoresis
nDEP — Negative dielectrophoresis

pDEP — Positive dielectrophoresis

ICEO - Induced charge electroosmosis

IDE — Interdigitated electrode
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SAM - Self-assembled monolayer

PR — photoresist

UV — Ultraviolet

rpm — Revolutions per minute

rcf — Relative centrifugal force

SERS - Surface-enhanced Raman scattering
OD - Optical density

YFP — Yellow fluorescent protein

FoV — Field of view

ELISA — Enzyme linked immunosorbant assay
PCR — Polymerase chain reaction

LPS — Lipopolysaccharide
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