
FABRICATING SILVER NANOSTRUCTURES ON A 
MICROELECTRODE PLATFORM FOR SENSING 

APPLICATIONS
JOSHUA RAVEENDRAN

Here we present a novel method for rapidly assembling extended and ultra-sensitive SERS-active silver nanostructures on a microelectrode
platform using an alternating current (AC) electric field. The silver nanostructures grow outwards from the edges of the microelectrodes
and along the surface of the insulating microelectrode support. By modifying the surface between microelectrodes, the nanostructures
growth becomes largely 2-dimensional, improving the stability of the nanostructures and increase surface coverage. The morphology of the
structures can be tuned by varying either the applied voltage or the solution composition. The benefit of the sensing structures being
attached to a microelectrode platform is demonstrated by improving the adsorption of rhodamine 6G with electrically driven flows and
electrokinetically trapping FITC-tagged avidin from a liquid sample. Finally, the nanostructures were transferred to PDMS and used as a
flexible sensor to detect thiram, a common pesticide, on the skin of an apple.



PREPARATION AND TESTING OF GRAPHENE OXIDE 
MEMBRANE FOR HEAVY WATER FILTRATION

AIDA MOHAMMADI

The Canadian designed CANDU reactors are pressurised hydrogen isotopes reactors, relying on heavy water. Heavy water provides
significant efficiencies in the reactor design, allowing the use of un-enriched uranium fuels. Heavy water is composed of the hydrogen
isotope deuterium, which is heavier and less stable than hydrogen. Also, Tritium is a radioactive isotope and filtering the tritium out is
potentially of significant economic benefit both because it alleviates the costs associated with long-term storage of the heavy water, but
also because both non-tritiated heavy water and tritium are commercial commodities. Membrane technology is of great interest in many
separation processes, including isotopic water purification.
In this work, we investigate a combination of experimental and modeling approaches for testing of graphene oxide (GO) laminar
membrane as a heavy water filtration system. Initially, a pressurized stainless-steel assembly is successfully designed for filtration of an
isotropic water mixture (D2O-H2O). Subsequently, we demonstrate the filtering of water isotope mixture using commercial GO laminar
membranes. The results confirm that the separation level reported in the literature can be achievable by our designed assembly. In the next
step, we synthesize several in-house GO laminar membranes through a vacuum-assisted self-assembly process. The filtration performance
of the prepared membranes is evaluated and it reveals rejections of D2O at least 12% at an optimum operating temperature. Potential
improvement of the GO laminar membranes for water isotope mixture is a long-term goal of this research work.



ELECTROKINETIC ASSEMBLY OF GOLD NANOPARTICLES 
INTO SENSITIVE AND FUNCTIONALIZABLE SURFACE-
ENHANCED RAMAN SCATTERING-BASED SENSORS 

HANNAH DIES

Surface-enhanced Raman scattering (SERS) can enable ultrasensitive detection of chemical and biological analytes in fluid samples.
However, a major obstacle to its application arises from difficulty in producing the noble metal nanostructures required for SERS-active
surfaces. Notably, gold nanostructures have the benefits of being inert, enabling longer shelf life and reduced oxidation, and easily
functionalizable, enabling attachment of biological molecules for specific biosensing. Here, we present a method for producing gold
SERS substrates via the alternating current electrokinetic assembly of gold nanoparticles from a colloidal suspension into two main
(frequency-dependent) structures: (1) nanowires that form along electric field lines, and (2) “nanotrees”, that branch and create extended
surfaces for sensing. This study identifies specific electrokinetic regimes that promote one type of assembly over another. Ultimately, we
demonstrate the sensing capabilities of these gold nanostructures via: (1) the sensitive chemical detection of rhodamine 6G (a Raman
dye) and thiram (a pesticide); and (2) a specific biological assay to detect streptavidin on biotin-modified gold nanostructures.



A NOVEL MICROFABRICATED NI-MH MICROBATTERY
ON A GLASS SUBSTRATE

ALI KHAZAELI



DIELECTRIC RELAXATION AND ELECTRICAL IMPEDANCE 
SPECTROSCOPY FOR IMPROVED UNDERSTANDING OF 

ELECTRICAL DOUBLE LAYER STRUCTURE
MAHMOUD KHADEMI

Dielectric relaxation (DRS) and electrochemical impedance spectroscopy (EIS) measure the dielectric and conductive properties of a
system as a function of the frequency of an applied electrical signal (voltage or current). The main difference between the methods is
the frequency range that is investigated. DRS frequencies can be on the order of Gigahertz while EIS measurements are usually not
above Megahertz frequencies. Both are well established characterization methods in electrochemistry but they are to a much lesser
extend applied in interface science. In this presentation, we give an overview on different works where we utilize EIS and DRS to
investigate the interface properties of dispersed (DRS) and non-dispersed (EIS) media. On the one hand, we apply DRS to aqueous
micellar solutions of sodium dodecyl sulfate (SDS). Using extensive theoretical framework, we are able to extract the zeta potential of
the micelles from the experimental data. In contrast to the conventional zeta potential measurement methods, DRS is applicable to any
sample regardless of its polarity, viscosity, concentration, and turbidity. On the other hand, we use EIS to investigate the diffuse and
Stern layer structure of the electrical double layer of blocking electrodes in contact with polar and non-polar surfactant solutions.



ECONOMICS OF LARGE-SCALE SOLID MICROALGAL
BIOFUELS PRODUCTION FOR INDUSTRY

KRISTIAN KRAEMER



EFFECT OF TERMINAL ELECTRON ACCEPTORS 
(I.E. REDOX CONDITIONS) ON GREENHOUSE GAS 

EMISSIONS IN OIL SANDS TAILINGS
MICHAEL TAWADROUS
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