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SHArK North: Investigation of Metal Oxides as Water Oxidation Catalysts
Presented by:
High School Students at Grant Park High School and Maples Met School, Winnipeg
School Division
Advisor(s): David Herbert
Co-Author(s): Chemistry Students of Grant Park High School and Maples Met School
Research Area(s): Composite Materials: Metallurgical, Non-metallic, Structural, and
Sustainable; Energy Harnessing and Storage
Abstract:
Presented by: SHArK North, Daniel McIntyre Collegiate Institute, Grant Park High School,
and Maples MET school. SHArK North is an outreach program here at the University of
Manitoba, in association with CCI Solar, where high-school students (from DMCI, Grant
Park, and Maples MET) develop research skills and explore new photoelectrode
materials for artificial photosynthesis. In particular, students investigate the application
of ternary mixed metal oxides as photoelectrodes for water oxidation, selecting from a
host of light absorbing, structural and charge compensating metal salts. This work
presents the findings of the 2018-2019 SHArK North team, with an ironmolybdenumbarium mixture providing the best activity towards water oxidation out of
the mixtures tested.
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SHArK North: Investigation of Metal Oxides as Water Oxidation Catalysts
Presented by:
High School Students at Daniel McIntyre Collegiate Institute, Winnipeg School Division
Advisor(s): David Herbert
Co-Author(s): Chemistry Students of Daniel McIntyre Collegiate Institute
Research Area(s): Composite Materials: Metallurgical, Non-metallic, Structural, and
Sustainable
Abstract:
SHArK North is an outreach program here at the University of Manitoba, in association with CCI Solar,
where high school students (from DMCI, Grant Park, and Maples MET) develop research skills and
explore new photoelectrode materials for artificial photosynthesis. In particular, students investigate
the application of ternary mixed metal oxides as photoelectrodes for water oxidation, selecting from a
host of light absorbing, structural, and charge compensating metal salts. This work presents the findings
of the 2018-2019 SHArK North Team, with various oxide metal mixtures providing the best activity
towards water oxidation out of the mixtures tested.
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Biomedical Properties of Cattail Fibre
Presented by: Hrishekesh Banik
M.Sc. Candidate at the University of Manitoba, Biosystems Engineering
Advisor(s): Mashiur Rahman
Co-Author(s):
Research Area(s): Composite Materials: Metallurgical, Non-metallic, Structural, and
Sustainable
Abstract:
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Impact of N2 injection on the microstructure of high-protein extruded puffed snacks
Presented by: Elyssa Chan
M.Sc. Candidate at the University of Manitoba, Food and Human Nutritional Sciences
Advisor(s): Filiz Koksel
Co-Author(s): Siwen Luo, Chyngyz Erkinbaev, Jitendra Paliwal, Tugrul M. Masatcioglu
Filiz Koksel
Research Area(s): Composite Materials: Metallurgical, Non-metallic, Structural, and
Sustainable
Abstract:
Extrusion is commonly used in industrial manufacturing to produce metals, plastics and
ceramics, as well as food industry, to produce aerated puffed foods. Traditionally,
puffed foods have relatively low amounts of protein and fiber; which enable desirable
characteristics including high expansion ratio, structural uniformity and textural appeal.
Physical blowing agent-assisted extrusion is an innovative technology that can be used
to manipulate expanded food structure at higher protein and fiber concentrations. The
objective of this study was to determine the impact of screw speed (150 and 200 rpm),
feed moisture content (18, 20, 22%), and physical blowing agent (i.e., nitrogen gas)
injection pressure (0, 300, 400, and 500 kPa) on the structure of extrudates made from
lentils – a high protein (~25%) and high fiber (~8%) crop. The extrudates were captured
as three-dimensional structures using x-ray micro-computed tomography imaging.
Analysis of these 3D images established that extrudate porosity and expansion index
increase with higher screw speed and lower feed moisture content. Nitrogen injection
into the extruder barrel results in numerous bubble nuclei to form, which increases the
number of cells in the extrudate. The nonlinear relationship between the number of
cells in the extrudate and nitrogen injection pressure indicates that there is an optimal
injection pressure for maximized expansion. Optimal injection pressure was a function
of screw speed. Regardless of moisture content and its impact on expansion, nitrogen
gas assisted extrusion has demonstrated great potential to create desirable physical
properties for expanded snacks that contain relatively higher amounts of protein and
fibre.
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Cellulose-Composite Toughening using unsaturated mcl-Polyhydroxyalkanoates
Presented by: Christopher Dartiailh
Ph.D. Candidate at the University of Manitoba, Biosystems Engineering
Advisor(s): David B. Levin, Nazim Cicek
Co-Author(s): Sandeep Nair
Research Area(s): Composite Materials: Metallurgical, Non-metallic, Structural, and
Sustainable
Abstract:
Medium chain length polyhydroxyalkanoates (mcl-PHAs) are naturally-occurring,
biodegradable polymers produced by various bacteria of the genus Pseudomonas. The
production of a variety of mcl-PHA monomers is determined by the metabolic activities
of microbial strains and the culturing conditions, affecting the chemical composition and
molecular weights of these polymers. In this study, P. putida LS46 was used to cultivate
mcl-PHAs from various feedstocks and we tabulate the thermal and mechanical
properties. Growth on medium-chain fatty acids results in an elastomeric polymer
exhibiting a tensile strength of 2.98 MPa and an elongation at break of 161%. The glass
transition point was observed at -36 ˚C, melting point as 53˚C and the degradation
temperature as 249 ˚C. Cultivation on long-chain fatty acids from vegetable oils
incorporated longer, unsaturated monomers into the mcl-PHAs resulting in an
amorphous polymer. Mcl-PHAs with unsaturated monomers have displayed potential
for their ability to be chemically modified. Therefore, highly-unsaturated mcl-PHAs
derived from flax oils were mixed with a conventional epoxy to produce cellulose-based
composites with the desire to improve matrix-fibre interactions. The addition of 3% mclPHAs into the epoxy toughen the cellulose composite by increasing both the tensile
strength and elongation at break such that an increase of 74.1 % in the modulus of
toughness was observed.
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Synthesis and Characterization of Ni-MAX and AlSi-MAX Composites
Presented by: Maharshi Dey
Ph.D. Candidate at the University of North Dakota, Mechanical Engineering
Advisor(s): Surojit Gupta
Co-Author(s): Sabah Javaid, Surojit Gupta
Research Area(s): Composite Materials: Metallurgical, Non-metallic, Structural, and
Sustainable
Abstract:
In this poster, we will report the synthesis and characterization of novel Ni-Cr2AlC and
Ni-Ti3AlC2 composites. During this study, all the composites were fabricated by using a
combination of cold pressing and subsequent hot pressing which helped in minimizing
the interfacial reaction between Ni and MAX phases. For comparison, the synthesis and
characterization of Al-Si matrix composites will also be reported. Finally, we report the
detailed microstructure characterization, mechanical, and tribological behavior of these
composites.
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Physicochemical surface analysis in X-ray photoelectron spectroscopy of CAD/CAM
lithium disilicate-based glass ceramics on HF etching
Presented by: Ana Carla Fernandes
Ph.D. Candidate at the University of Manitoba, Oral Biology
Advisor(s): Rodrigo Franca
Co-Author(s): Muna Bebsh, Edward Sacher, Asmaa Haimeur
Research Area(s): Composite Materials: Metallurgical, Non-metallic, Structural, and
Sustainable
Abstract:
Objective: The surfaces of four lithium disilicate glass ceramics (LDGC) were
characterized at the nanolevel. The goal was to detect the chemical alteration of the
surface on etching with hydrofluoric acid (HF).
Methods: The four LDGC tested were Celtra Duo, IPS e.max CAD, Straumann n!ce and
Vita Suprinity. Four blocks of each LDGC were sectioned to ~1 mm thicknesses. The
requirement for firing, or not, was carried out following the manufacturer’s
recommendations. The samples were then divided in two groups: a control and an
etched group. Etching was carried out using a solution of 5% HF for 20 s, rinsed for 20 s
and dried for 10 s. The atomic percentages of the first atomic layers were probed using
X-ray photoelectron spectroscopy (XPS) (n=12). The samples were also characterized
using scanning electronic microscopy (SEM).
Results: XPS showed the amounts of the major elements, Si, O and Li, were different on
etching. For all samples, trace elements such as P, Zn, Y, Na and Sr, disappeared on glass
phase dissolution. Zr and Al percentages varied, based on the LDGC analyzed. High
resolution spectra of the O1s and Si2p peaks showed that the chemical environments
were qualitative different in all samples. Following etching, SEM images showed needlelike crystals for IPS e.max CAD and n!ce, and nanometer-sized rod-like crystals for Celtra
Duo and Vita Suprinity.
Conclusion: Acid etching, using 5% HF for 20 s, modifies not only the topographic
structure, but also the chemical composition of the LDGC surface.
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Structure, composition and magnetism of transition-metal doped ε-Fe2O3
Presented by: Joann Hilman
M.Sc. Candidate at the University of Manitoba, Physics and Astronomy
Advisor(s): Johan van Lierop
Co-Author(s): Rachel Nickel, Christina Balanduk, Dr. Palash Kumar Manna
Research Area(s): Composite Materials: Metallurgical, Non-metallic, Structural, and
Sustainable
Abstract:
ε-Fe2O3 is a metastable iron oxide polymorph whose structure has only recently been
identified, and its properties are little known compared to the other iron oxides (α, and
γ-Fe2O3, and Fe3O4). Of specific interest is the unusually large magnetocrystalline
anisotropy which results in application-worthy properties as a hard-magnet
replacement that has no expensive rare-earth elements. Judicious doping of a material
can change its properties, and in this work the effects of transition-metal dopants on the
magnetism of ε-Fe2O3 were studied. ε-Fe2O3 doped with 2 and 4 percent atomic weight
of Ag, Cu, Ni, and Co were prepared. Doping percentages were verified using energy
dispersive x-ray analysis and phase purity was determined from x-ray diffraction pattern
refinement. The average crystallite sizes were found to range from 8 to 10 nm (using
transition electron microscopy). The magnetic properties were studied using a SQUID
magnetometer. We find that doping affects the magnetocrystalline anisotropy in a way
contrary to the other iron-oxides. For example, while the coercivity (a measure of the
anisotropy) of pure ε-Fe2O3 was 880 Oe at 300 K, the coercivity for 2 and 4 atomic
weight percent Cu-doped ε-Fe2O3 was 400 Oe and 350 Oe, respectively, at 300 K. From
spectroscopy results, we tracked the dopants’ site preferences and their impact on spinorbit coupling that identifies where the changes in the magnetocrystalline anisotropy
are from.
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An Eco-friendly, Nanocellulose/RGO/in-situ Formed Polyaniline for Flexible and Freestanding Supercapacitors
Presented by: Helen Hsu
Ph.D. Candidate at the University of Manitoba, Biosystems Engineering
Advisor(s): Wen Zhong
Co-Author(s): Ali Khosrozadeh
Research Area(s): Composite Materials: Metallurgical, Non-metallic, Structural, and
Sustainable; Energy Harnessing and Storage
Abstract:
There have been extensive demands for eco-friendly, light-weight, flexible and high
performance supercapacitors for advanced applications like wearable electronics, hybrid
electric vehicles and industrial grid storage. In this work, a metalless nanocellulosebased PANI/RGO electrode with excellent flexibility, mechanical strength and
conductivity was developed and assembled into sandwich-like supercapacitors. Reduced
graphene oxide (RGO) was mixed into aniline during the in-situ polymerization of PANI
to improve conductivity of the composite electrode. This eco-friendly metalless
nanocellulose based electrodes were fabricated via filtrations driven by a vacuum and
assembled into sandwich structures. The ratios between nanocellulose, PANI and RGO
were optimized to achieve both high electrochemical performance and good mechanical
properties. The composite electrode has a large active materials mass loading ratio of
16.5 mg/cm2, and the assembled supercapacitor gives small impedance at 3.90 Ω,
suggesting an excellent conductivity. This work shows a great potential of the developed
flexible and light-weight nanocellulose composites in the fabrications of supercapacitors
that can be used in a variety of biomedical applications including e-skins.
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Novel Biomedical Implants: PEEK- MAX Scaffolds Characterization
Presented by: Sabah Javaid
Ph.D. Candidate at the University of North Dakota, Biomedical Engineering
Advisor(s): Surojit Gupta
Co-Author(s): S. Javaid, M. Dey, C. Matzke, N. Kaabouch, and S. Gupta
Research Area(s): Composite Materials: Metallurgical, Non-metallic, Structural, and
Sustainable; Materials that Mimic Biology and/or Support Natural Systems Under
Environmental Stress
Abstract:
In this poster we will present the synthesis and characterization of PEEK-MAX
composites. Polyetheretherketone (PEEK) is recognized by the FDA as an implantable
biomaterial. Mn+1AXn (MAX) phases are ternary carbides and nitrides with unique
properties like thermal shock resistance, machinability, damage tolerance, among
others. Thus, it was hypothesized that the addition of MAX phases will enhance the
mechanical and interfacial properties like wettability. In this poster we will report
synthesis and characterization of novel MAX-PEEK scaffolds. We will report results on
microstructure, mechanical, and tribological behavior of these composites. It is
expected that these novel composites can be used for biomedical applications.
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Atomistic Simulations of Diffusion Induced Grain Boundary Migration in Aluminium
Presented by: Navjot Kaur
Ph.D. Candidate at the University of Manitoba, Mechanical Engineering
Advisor(s): Olanrewaju. A. Ojo, Chuang Deng
Co-Author(s): Navjot Kaur, Chuang Deng, Olanrewaju. A. Ojo
Research Area(s): Composite Materials: Metallurgical, Non-metallic, Structural, and
Sustainable
Abstract:
Diffusion-induced grain boundary motion (DIGM) is the phenomenon of normal grain
boundary migration caused by the lateral diffusion of solutes along it. This phenomenon
is of immense technological importance because of its scientific and practical
significance in materials. Despite its technological importance and the fact that DIGM
has been first observed and studied since 1970, the physical origin of DIGM still remains
largely hypothetical. This is due to limitations of experiments as well as due to lack of
computer performance to perform high throughput simulations. Advanced research
computing is an exciting transformation to the research and innovation sector since the
dawn of computing. With the advent of various computing techniques and increased
computer power; now is thus a good time to use atomistic simulations to re-visit DIGM.
All observations made during the simulations are supported by atomic configurations
and graphical analysis at different stages of the process. It is hoped that this study
makes an important step forward towards a clear picture of DIGM after more than 10
years’ stagnation in this field.
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Network Structure of Nuclear Waste Glasses at Canister-Centerline Temperatures
Presented by: Arun Krishnamurthy
Ph.D. Candidate at the University of Manitoba, Chemistry
Advisor(s): Scott Kroeker
Co-Author(s): Scott Kroeker
Research Area(s): Composite Materials: Metallurgical, Non-metallic, Structural, and
Sustainable
Abstract:
Commercial and prototype glasses for the immobilization of high-level radioactive waste
have been comprehensively studied by a vast array of chemical and physical techniques.
However, most of this work has been done at ambient temperatures, leaving relatively
unexplored the higher-temperature regime at which radioactive glasses exist in the near
term. Considering the importance of glass network structure in critical properties such
as chemical durability and devitrification, we have used laser-heated nuclear magnetic
resonance (NMR) spectroscopy to characterize several model nuclear glasses at
temperatures up to 400°C. Compositions have been selected to evaluate the role of
temperature in molybdenum retention within the glassy phase, encompassing simple
borosilicates as well as more complex aluminoborophosphates and
borosilicophosphates, which have been shown to significantly improve molybdenum
and sulfur solubility. Magic-angle spinning NMR of 29Si, 31P, 27Al, 11B, 23Na and 95Mo
provide complementary perspectives on the structural evolution of these glasses with
temperature, revealing the limitations of studies done at ambient laboratory
temperatures and providing a basis for more relevant property predictions.
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The Influence of Post-Deposition Heat Treatments on the Microstructure and
Mechanical Properties of Wire-Arc Additive Manufactured (WAAM) ATI 718Plus
Superalloy
Presented by: Oluwasanmi Oguntuase
M.Sc. Candidate at the University of Manitoba, Mechanical Engineering
Advisor(s): Jonathan Beddoes
Co-Author(s): Olanrewaju Ojo
Research Area(s): Composite Materials: Metallurgical, Non-metallic, Structural, and
Sustainable
Abstract:
The influence of post-deposition heat treatments on the microstructure and mechanical
properties of wire-arc additive manufactured (WAAM) ATI 718Plus is presented. The
application of the standard heat treatment recommended for the wrought ATI 718Plus
results in the formation of excessive eta (η) phase particles along the interdendritic
spaces. This microstructure degrades the tensile properties of the WAAM alloy and
causes a profound anisotropic effect. The use of experimental and thermodynamic
simulation tools enable the development of Time-Temperature-Transformation (TTT)
diagrams that elucidate the stability and growth kinetics of η phase in the WAAM ATI
718Plus and allow the design of new heat treatments capable of precipitating a
moderate amount of η phase. The newly developed heat treatments significantly
improve the mechanical properties of the WAAM alloy and also reduce the anisotropic
effect.
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Synthesis and Characterization of Hybrid Phenanthridine-Carbene (N^C) Ligands and
their Transition Metal Complexes
Presented by: Robert Ortiz
Undergraduate at the University of Manitoba, Chemistry
Advisor(s): David Herbert
Co-Author(s): Rajarshi Mondal
Research Area(s): Composite Materials: Metallurgical, Non-metallic, Structural, and
Sustainable; Energy Harnessing and Storage
Abstract:
Hybrid ligands with an N-heterocyclic carbene (NHC) units have been of interest for
many different applications. These hybrid NHC ligands have been found in organic light
emitting diodes1 and catalytic complexes2. The metal complexes of these ligands are of
particular interest because the hybrid ligand generates a push-pull effect to the metal
centre, donating electron density with one unit and accepting electron density with
another. In this project phenanthridine, an aromatic three ring system containing a
nitrogen on the middle ring, was used as the π-electron accepting unit and an NHC
carbene was used as the σ-electron donor. Combining these two subunits on a ligand is
expected to give potentially interesting complexes due to the push-pull effect
generated. The synthesized hybrid proligand was used in various metalation reactions
with target complexes of iridium, palladium, silver and platinum were. The synthesized
products were characterized by multinuclear NMR and single crystal X-ray diffraction.
Iridium and platinum complexes were targeted for their potential phosphorescent
properties due to strong-spin orbit coupling in the heavy metal. Palladium complexes
were targeted for their potential catalytic properties and silver complexes were targeted
for their use in transmetallation reactions. The absorbance and emission characteristics
were probed by UV-VIS absorption and emission spectroscopy.
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Analysis of the behaviour of concrete added with EAFS and recycled glass
Presented by: Yasmin Perez
Ph.D. Candidate at the University of Manitoba, Extended Education
Advisor(s): Enrique Vera
Co-Author(s): Enrique Vera
Research Area(s): Composite Materials: Metallurgical, Non-metallic, Structural, and
Sustainable
Abstract:
This research includes the analyzes the behavior of concrete added with unconventional
materials: electric arc furnace slag (EAFS) and recycled glass (RG), in partial replacement
of conventional aggregates gravel and sand respectively. The proportion of gravel by
EAFS is 25%. The weight's substitutions of the fine aggregate (FA) by the recycled glass
are of 20%, 30%, and 40% within of ideal mix. The patron mix contains conventional
materials (100% CA and 100% FA). Compressive strength, flexural strength, and elastic
modulus were verified following the Colombian's standards established by INVIAS. The
design method used was ACI 211.1 to comply with a compressive resistance of 28 Mpa
at the age of 28 days.
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Construction methodology of sustainable car hood from hemp-glass fiber reinforced
epoxy composite.
Presented by: Md Shadhin
M.Sc. Candidate at the University of Manitoba, Biosystems Engineering
Advisor(s): Mashiur Rahman
Co-Author(s): Mashiur Rahman
Research Area(s): Composite Materials: Metallurgical, Non-metallic, Structural, and
Sustainable
Abstract:
Light-weight technical textiles are of growing field of interest in automotive, aircraft,
and spacecraft industries. The application of natural fibre polymer for producing
composite parts for a car is a fastest gaining ground for constructing car roof, hoods,
trunk chassis, door panel, door body, etc. In particular, fibre polymers (natural and
synthetic) alongside resins are frequently used materials in recent days for
manufacturing these automotive structures. Glass and hemp are few of these fibre
polymers to be used as reinforcement materials with resin matrix to form the composite
structures. Previous studies had mostly used the nonwoven hemp as a reinforced
polymer material. No previous studies highlighted the comprehensive application of
optimized twisted woven structure of hemp polymer with a chemical coating on it for
improvised stiffness properties. This chapter of current ongoing research study focused
on the aspect of using woven hemp and glass fabric structure in reinforcement with
epoxy resin as matrix for manufacturing the hood of a car. It can be hypothesized that,
1/1 plain twisted and coated woven structure of hemp polymer will exhibit superior
mechanical properties in comparison to the nonwoven counterpart for a better synergy,
when applied with 1/1 plain woven glass polymer structure. Because, woven substrates
are formed from interlacements of multiple spun yarns that is inherently stronger than
the particulate nonwoven hemp and glass substrate made with random staple length of
polymers. Furthermore, while fabricating woven hemp fabric optimized warping speed
and yarn tension have been introduced to get the maximum tensile strength.

Poster Number: 17

The dependence of oxidation resistance on gamma prime intermetallic size for
superalloy IN738LC
Presented by: Mallikarjuna Heggadadevanapura Thammaiah
Ph.D. Candidate at the University of Manitoba, Mechanical Engineering
Advisor(s): William Caley, Norman Richards
Co-Author(s): William Caley, Norman Richards
Research Area(s): Composite Materials: Metallurgical, Non-metallic, Structural, and
Sustainable
Abstract:
Whereas the microstructure of aero-engine components must contain strengthening
phases such as carbides and intermetallics, their influence on oxidation resistance has
received limited attention. To assess the effect of γ’ intermetallic size on the oxidation
resistance of IN738LC, coupons (four sizes γ’; monomodal distribution) were subjected
to isothermal and cyclic oxidation between 750–950 °C for 150 h/cycles. Parabolic
oxidation was found in all cases; based on rate constants, samples with the largest
starting γ’ were the most oxidation-resistant. Activation energies calculated from
precipitate free zone (PFZ) thickness measurements were higher for samples with larger
γ’ (324 kJ/mole vs 279 kJ/mole).
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Antibacterial and conductive Functionalized carbon nanotube -loaded Chitosan Polycaprolactone
nanofibrous scaffold for wound healing: enhanced protein Corona adsorption and improved cell
behavior
Presented by: Iman Yousefi
Ph.D. Candidate at the University of Manitoba, Biosystems Engineering
Advisor(s): Wen Zhong
Co-Author(s): Rodrigo Franca, Wen Zhong
Research Area(s): Composite Materials: Metallurgical, Non-metallic, Structural, and Sustainable;
Materials that Mimic Biology and/or Support Natural Systems Under Environmental Stress
Abstract:
Electrospun scaffolds are widely applied to regenerate damaged or lost tissues. Once scaffolds
enter the physiological fluids, their surface is covered by protein corona consisting of a wide variety
of biomolecules. The formation of these biomolecules coating complex affects cellular response.
The purpose of this study is to synthesize new, conductive and antibacterial Chitosan (CS) /
Polycaprolactone (PCL) nanofiber loaded with functionalized multiwalled carbon nanotubes and
investigate the role of electrical stimuli in cell growth and adhesions on scaffolds. Also, we
examined the effects of fiber size diameter and scaffold composition on type and amount of
proteins adsorbed onto the surface of nanofibrous scaffolds. Physicochemical and morphological
features of the conductive scaffolds were studied. Dispersion stability test demonstrated
functionalization through acid-treatment played a pivotal role in enhancing dispersibility and
solubility of carbon nanotubes (CNTs). Field emission scanning electron microscope (FESEM) results
showed that incorporation of F-CNTs into nanofibrous meshes significantly reduced fiber diameter
about 50% from 205 to 97 nm, that is suitable for the targeted application. Mechanical and
biodegradability of conductive scaffolds were augmented with the addition of F-CNTs.
Hydrophilicity properties of PCL considerably improved by blending with CS and F-CNTs. Also, the
presence of both F-CNTs and CS in nanofiber induced antibacterial synergistic effects through the
antibacterial nature of CS and penetration of F-CNTs into bacteria membrane, disrupting bacterial
cell well. Protein corona studies showed that nanofiber compositions and surface areas of scaffolds
played key roles in an adsorption of special proteins such as those in the range of 50-85 kDa and
above 200 kDa that contribute to cell proliferations and adhesions. Moreover, scaffolds containing
F-CNTs exhibited higher biocompatibility and improved cell attachments and proliferations with
electrical stimulation that those without electrical stimulation. These combined properties of PCL
/CS-F-CNTs scaffolds make them suitable wound dressing materials.
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Abstract:
Grain boundary migration controls the overall microstructural evolution of
polycrystalline materials during mechanical deformation or thermal processing. While
the migration of most grain boundaries is thermally activated, i.e., the grain boundaries
move faster at a higher temperature, there is certain type of grain boundaries that show
athermal or even antithermal behavior, which moves faster at a lower temperature. In
this research, we report the thermal behavior of 388 grain boundaries in Ni that are
sampled by a recently proposed fast atomistic approach. With this method, the critical
driving force required to initiate the grain boundary motion other than the grain
boundary mobility was extracted to evaluate the ability of a certain type of grain
boundary to move. In particular, this method is able to capture the thermal behavior of
grain boundaries at low temperatures, e.g., 100K- 600K, that is typically not possible for
any existing methods, or grain boundaries that are typically reported to be immobile
previously. For example, we were able to evaluate the migration of coherent twin
boundaries for the first time which shows an interesting anti-thermal behavior.
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Abstract:
Cu-Sn-Zn ternary alloys are extensively used in industrial applications due to their
attractive appearance, excellent corrosion and wear resistance. The objective of this
work was to investigate corrosion and wear resistance of Cu-Sn-Zn alloying coatings
which are fabricated by a hybrid method combining multi-ply plating (MPP) technology
with diffusion heat treatment. The corrosion resistance of Cu-Sn-Zn ternary alloys with
three different Sn contents is studied by potentiodynamic polarization. The corrosion
current density (icorr) decreases while the polarization resistance (Rp) increases with
the increase of Sn concentration, indicating Sn has a favorable effect on corrosion
resistance of the Cu-Sn-Zn ternary alloys. The corresponding wear behavior is examined
using ball-on-disk tribometer with a 100Cr6 ball as a counterpart. It is observed that the
Cu-6.7Sn-3.3Zn exhibites lowest wear loss rate and highest wear resistance among the
three Cu-Sn-Zn ternary alloys.
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Abstract:
Terahertz (THz) radiation lies in between microwave and far-infrared in the
electromagnetic spectrum. Until recently generation and detection of THz waves have
been challenging and hence the term ‘THz gap’ was used to refer to this spectral region.
With ever improving methods of generating THz pulses, novel material properties and
ultrafast electronic and magnetic dynamics can now be measured in this gap. We have
constructed a THz spectrometer specifically intended to measure magnetodynamics
including fundamental precessional modes of spins which often lie in the THz range. Our
THz spectrometer primarily consists of 2 parts: generation and detection of THz. For
generation we use tilted pulse front subpicosecond near-IR pulses inside a Lithium
Niobate crystal for efficient generation of THz pulses via optical rectification. For a table
top setup, this is the most efficient generation scheme to date. For detection we are
using Electro-Optic sampling which allows us to trace out the electric field of the
picosecond THz pulses in time domain. In addition to ultrafast spin precession, our THz
spectrometer will allow us to probe ultrafast spin currents. Initial experiments focus on
resonant coupling of THz light to fundamental spin precession in antiferromagnets and
ferrimagnets and searching for THz emission from thermally generated ultrafast spin
currents in ferromagnet/heavy-non-magnet bilayers. This THz spectrometer will provide
us with a new method of characterizing novel materials for applications in spintronic
devices.
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Abstract:
A study of maghemite nanoparticles on a two dimensional triangular array was carried
out using a sLLG approach. Results for simple dipoles show the expected phase
transition to a ferromagnetic state at a finite temperature but with a ground state
exhibiting a continuous degeneracy that was lifted by an order-from-disorder
mechanism at infinitesimal temperatures. The nanoparticle array consisted of 7.5~nm
diameter maghemite spheres with bulk-like superexchange interactions between Feions in the core, and weaker exchange between surface Fe-ions and a radial anisotropy.
We find that the vacancies on the octahedral sites in the nanoparticles combine with
the surface anisotropy to produce an effective random temperature-dependent
anisotropy for each particle [1]. This leads to a reduction in the net magnetization of
the nanoparticle array at zero temperature compared to the simple dipole array.
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Abstract:
Strong coupling between photonic fields and magnetic materials can produce a hybrid
magnon-photon mode known as a magnon-polariton. Long lived polaritons can be
supported inside electromagnetic cavities where dissipation of resonant
electromagnetic modes has been minimized. These long lived polaritons are known as
cavity magnon-polaritons (CMPs). Until Now, CMP research has been focused on
Gigahertz CMP modes of large magnetic elements, and thin films of magnetic materials
at the millitmetre scale. Terahertz (THz) radiation occupies the spectra range bridging
the infrared and microwave regions of the em spectrum, the range of 0.3 THz to 10 THz
(submillimetre wavelength). We describe here a series of experiments planned to search
for the presence of THz frequency CMP modes using a free space time domain THz
spectrometer and etalons formed using magnetic crystals.
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Abstract:
The research area of 2-dimensional (2D) materials came into existence with the
discovery of graphene that was awarded the Nobel Prize in Physics in 2010. Afterward, a
wide range of 2D materials has been predicted theoretically. 2D materials hold promise
for applications in various fields including solar energy conversion, water filters,
biomedical applications etc. To further exploit the properties of these 2D materials, two
methodologies have been considered in literature – adsorption and doping. In the
present study, silicene which is a two-dimensional allotrope of silicon has been chosen
because of its strong interactions with adsorbates as compared to graphene. Also,
actinide complexes have been considered to understand the chemistry occurring
between heavy-elements and 2D materials. For studying the adsorption of Accomplexes on the silicene surface two different approaches have been followed- a
metal-centered and material-centered approach. The principal questions which will be
addressed in the present study are the strengths of adsorption, periodic trends for
materials, and the effect on the electronic structure of silicene (Band Gap). Accomplexes including AcO2(OH)2, AcO2(NO3)2 and AcO2CO3 where Ac= U, Np, and Pu
have been adsorbed on Silicene flakes such as Si42H16 and Si64H20 as well as on
periodic silicene surfaces. Different conformations of adsorbed Ac-complex have been
analyzed. In the most stable conformation, both oxo ligands of Ac-complex bind to Si
atoms of silicene, thus, leading to the reduction of the central actinide metal atom.
Further, there is a charge transfer occurring from silicene to the Ac-complex resulting in
a small bandgap opening in the 2D-silicene. Geometrical parameters such as bond
length, bond angles and the buckling parameter of silicene have undergone some
changes as a result of interactions occurring between Ac-complex and silicene.

Poster Number: 24

Wavefront shaping of elastic waves in a disordered two-dimensional medium:
activation of “eigenchannels”
Presented by: Sebastien Kerhervé
PDF at the University of Manitoba, Physics and Astronomy
Advisor(s): John H. Page
Co-Author(s): Sebastien O. Kerhervé, John H. Page
Research Area(s): Quantum and Extreme Materials: Discovery Science and Sensors
Abstract:
The propagation of elastic waves in heterogeneous media is strongly influenced by
multiple scattering, which is affected by the resonances inside the material and leads to
the creation of a long time coda in pulsed experiments. In such materials, the coda
observed inside the sample is hundreds of times longer than the emitted signal. Thanks
to a laser interferometer, we measured directly the displacements induced by the
elastic waves in a sample composed of a single layer of brazed aluminum beads and
studied the properties of the coda. Because of the two-dimensional nature of this
sample, we had access to the wave displacements for all beads in the sample.
The wave transport inside this sample occurs via the coupling between the modes
(resonances) of each bead. Using a single emitter, we initially observed some higher
transmission channels through the medium: high signals are measured on some beads
but not on the neighbouring ones. To better control this behaviour, our goal is to
activate a specific channel using a multi-element transducer array to “shape” the elastic
wave that is emitted into the sample. The “eigenchannels” of the sample are found
using a singular value decomposition of the transmission matrix, enabling a wavefront
shaping technique to be used to selectively observe some “high” or “low” transmission
channels. Thus, it is possible to design the transducer emission pattern so that we
observe a high level signal at some specific places for specific frequencies.
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Abstract:
Already in 1958, Anderson had shown that a one-dimensional system shows no diffusion
in the presence of spatial disorder. Anderson localization though can be observed in
classical physics and has been well understood in isolated and time-independent
systems. Recently, these systems have become of major interest as it could be shown
that even with interactions they will show a stable localization and therefore will not
thermalize. This is not true in the "real world" as coupling to the environment subjects
the system to dephasing, particle loss, etc. And will lead the system to diffusion and
thermalization. We investigated the remnants of Anderson localization when subjected
to time-dependent disorder, where we have found a mapping to time-independent
systems under global noise. Depending on the parameters we have found that the
system can show diffusion or long-lasting remnants of localization. Further, the timedepending non-interacting system seems to mimic the time-independent interacting
one for certain time-periods, which will be relevant for experiments.
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Abstract:
As part of our investigation into the chemistry of pi-extended N-heterocyclic ligands, we
have prepared a series of tridentate, monoanionic N^N^O phenanthridine-based ligands
(phenanthridine = 3,4-benzoquinoline) and their corresponding Zn(II) and Pt(II)
complexes. Crystal structures reveal pseudo-octahedral (Zn(II)) and square planar (Pt(II))
coordination geometries around the metal centre. The photophysical and chemical
properties of these complexes are studied using various spectroscopic techniques and
DFT/TDDFT.
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Abstract:
The Su Schrieffer Heeger (SSH) model is one of the simplest quantum mechanical
systems with a non trivial topology. Although there have been some physical
realizations/proposals to create the SSH model in an optical lattice, the SSH model is
most important as some kind of a base case for studying topology. In this poster, I
present some results that indicate that an SSH model could be used as a quantum
memory.
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Abstract:
Antibiotic resistance is a global healthcare problem. As current treatments are failing,
we need to develop new methods to attack infectious pathogens. One of the most
difficult infection routes to control is the transmission of bacterial infections via biofilms
on reusable medical devices such as catheters and endoscopes. Biofilms are significantly
more difficult to treat than planktonic bacteria due to their extracellular matrix –a dense
layer that acts as a protective shield by preventing the diffusion of macromolecules such
as antibiotics. However; magnetic nanoparticles can be used to penetrate this matrix.
This research examines how different shapes of iron oxide nanoparticles can be loaded
with CTAB (cetyltrimethylammonium bromide —a weak biocide) to effectively kill
Methicillin-resistant Staphylococcus aureus (MRSA) biofilms. Sphere, cube and tetrapodshaped nanoparticles were synthesized via iron oleate decomposition. After
characterization using transmission electron microscopy (TEM), x-ray diffraction (XRD)
and SQUID magnetometry, the nanoparticles were loaded with CTAB and the loading
was verified via thermogravimetric analysis (TGA). Biological tests using MRSA biofilms
show the efficacy of the systems vary with particle shape and subsequent CTAB loading.
The enhanced loading of the non-spherical shapes is attributed to local changes in
surface charge distribution near the edges and corners.
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Abstract:
We propose that topological spin textures in magnetic insulators may serve as effective
mechanical subsystems for optomechanical experiments [Proskurin et al, PRB 98,
220411 (R) (2018)].
Our idea is based on the observation that low-energy dynamics of such magnetic
structures as domain walls in ferromagnets or soliton lattices in chiral helimagnets can
be described in terms of several effective mechanical degrees of freedom known as
collective variables thus making them behave analogously to massive mechanical
particles. By adding a pinning potential to magnetic impurities, we obtain a magnetic
analogue of a mechanical oscillator, which frequency is determined by the pinning
strength (usually in the GHz range). We demonstrate that inside a microwave cavity,
such oscillator can feel the radiation pressure force from cavity photons effectively
leading to the same Hamiltonian that is used in cavity optomechanics. Moreover, using
the inverse Faraday effect, it is possible to make the effective optomechanical coupling
sensitive to the helicity of light, which makes the magnetic texture analogous to the
chiral oscillator interacting with polarized cavity electromagnetic field.
Low damping of some magnetic insulators (e.g. YIG) together with GHz range of
oscillator frequencies make it possible to address quantum regime of oscillator
dynamics, challenging in pure mechanical systems, which maybe useful for application
quantum information processing.
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Abstract:
In this research, the design and fabrication of an advanced photo-electrochemical
sensor were described. The sensor was fabricated based on micro-optical gold coated
and insulating materials. This micro-optical ring electrode (MORE) combines the
advantages of electrochemical and optical methods in a microscale system and will be
implemented for the local analysis and characterization of photoactive materials. This
sensor can be used in electrochemical measurements in various applications such as
material characterization, corrosion evaluation and study of biological samples. MOREs
were fabricated using an Au-coated optical fibre and its insulation with epoxy resin. The
cross section of the tip was polished using a rotating polishing machine and diamond
films to achieve a smooth surface with an exposed gold ring. The structure and surface
of fabricated MOREs were characterized using scanning electron microscope (SEM) at
the Manitoba Institute for Materials (MIM) before and after polishing. The electrodes
were fabricated at different sizes and the effect of the thickness of insulating epoxy on
the electrode’s response is currently under investigation. The functionality of the
fabricated MOREs was assessed by cyclic voltammetry(CV).
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Abstract:
We report on coherent and dissipative coupling between a magnon mode and an antiresonance in a microwave cavity. By placing a ferrimagnetic sphere within the cavity, we
observe both level repulsion and attraction. A careful examination reveals distinct
differences in line shape and phase evolution between them. For a quantitative
understanding of the interactions between the magnon mode and cavity antiresonance, we develop a model which precisely describes all experimental observations.
Our work sets the footing for understanding the strong coupling between magnon
modes and cavity anti-resonances. In addition, it also confirms the ubiquity of level
attraction in coupled magnon-photon systems, which may help to deepen the current
understanding of magnon-based light-matter interactions.
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Abstract:
Co3O4 is a transition metal oxide with strong antiferromagnetic order mediated by
exchange interactions (quantifying the overlap of the electronics wavefunction between
the Co and O) between Co2+ ions. In Co3O4 exchange interactions can take the form:
Co2+- O - Co2+, or Co2+- O - Co3+- O - Co2+. As such, Co3+ plays an important role in the
magnetic properties due to its presence in the interaction pathway. These interaction
pathways are disrupted at the surface enabling Co3O4 nanoparticles to display very
interesting magnetic properties, including induced surface ferromagnetism, and an
antiferromagnetic spin-flop transition that yields an inverted hysteresis loop.
I have been able to synthesize three different shapes of nanoparticles. Spheres of
diameter 9 nm, cubes of side length 17 nm, and hexagonal plates with a diameter of 76
nm and a thickness of 8 nm. Structural characterizations indicate that the different
shapes occur with different planes at the surface of the particles. This allows us to
reveal the underlying physics of the different properties based on the exposed surface
plane and Co3+-to-Co2+ ratio. Magnetic characterizations including SQUID
magnetometry and x-ray absorption spectroscopies which show that the spin-flop and
surface ferromagnetism is based on changes in the exchange at the surface. This can
lead to hysteresis loops that are inverted over a range of temperatures between 10 K
and TN, but which show ‘normal’ hysteresis below 10 K. The strength of the exchange
interactions coupled with the shape and resulting exposed surface planes decide the
overall magnetism.
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Abstract:
Reciprocity is important and common in natural systems. However, sometimes it’s
advantageous to break it with practical applications and functional designs, especially in
the linear regime. Recently, the cavity magnonics and cavity spintronics systems have
attracted a lot of attention for their fundamental interest and great potential in
quantum information processing. We focus on our efforts to address the realization of
nonreciprocity in the coupled cavity photon-magnon system and we experimentally
observed the nonreciprocal microwave propagation induced by the interference
between coherent coupling and dissipative coupling within a specially designed setup.
This is an entirely new method to get nonreciprocity and it provides a new perspective
to investigate non-reciprocal phenomena in the linear response regime. Together with
the high tunability and extendibility of the cavity magnonics system, more interesting
physics and a suite of practical applications are to be vividly portrayed.
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Abstract:
Many sensors used for materials characterization utilize passive microwave resonators
where the shift in the resonant frequency of the resonator is related to the change in
the dielectric properties of the material. However, passive resonators can suffer from
low quality-factor due to resonator element losses and presence of the material under
test. Thus, such sensors do not provide high sensitivity to small changes in the material
dielectric properties. We present an active-resonator based sensor, with a very highquality factor, for real-time dielectric characterization of nano-liter volume
biofluids. The sensor consists of a split ring resonator operating in the microwave
frequency region. The gap of the split ring acts as the sensing region, where a
microfluidic channel is placed, any change in the dielectric properties of the fluid in the
channel causes a shift in the resonant frequency. An active regenerative feedback loop
is coupled to the ring resonator to compensate for losses, and this provides a highquality factor. The sensor was tested using different concentrations of analytes with
known permittivity. The active resonator provides a quality factor of 44500, and the
sensor offers a sensitivity of 75 kHz per unit change in relative permittivity for values
between 1 and 50 and a relative permittivity resolution of 0.015/√Hz.
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Abstract:
Rational design of nanoparticle system properties (size, shape, composition) has lead to
the realization of biomedical applications. While the efficacy of a nanoparticle system
can be determined by a direct measure of their desired action (e.g. bacteria kill rates),
these experiments provide only an inference into the design attributes to be optimized.
Furthermore, typical determinations of nanoparticle surface properties are performed
in ideal conditions that do not accurately reflect application conditions. Nano-surfaces
undergo dynamic charge equilibriation when introduced into biological media, forming
an interface that ultimately mediates the nano-biological interaction. This equilibriated
charge distribution, or protein corona, is determined not only by media composition
(ion and protein population), but by the local charge distribution on the nanoparticle
surface that can be further influenced by external stimuli such as magnetic fields. The
influence of external magnetic fields is of particular importance for applications that
take advantage of the magnetic properties of nanoparticles such as targeted drug
delivery and magnetic hyperthermia.
Charged particles in suspension will move coherently in an electric field, producing
pressure oscillations that depend directly on the properties of the protein corona. I have
developed a new electroacoustic technique that removes the restrictions of typical
characterization techniques and allows direct measurements of nanoparticle mobilities
in application conditions, including external magnetic fields. Electroacoustic results are
presented for silica and iron-oxide nanoparticle systems in different media and field
conditions. Experiments performed on non-spherical magnetic nanoparticles showed
orientation dependent mobilities, providing new information about protein corona
formation.
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Abstract:
Urinary albumin level is an important indicator of kidney damage in chronic kidney
disease (CKD) but effective routine albumin detection tools are lacking. In this paper, we
developed a low-cost and high accuracy microfluidic urinary albumin chip (UAL-Chip) to
rapidly measure albumin in the urine. The UAL-Chip offers three major features: (1) we
incorporated a fluorescent reaction assay into the chip to improve the detection
accuracy; (2) we constructed a passive and continuous mixing module in the chip that
provides user-friendly operation and greater signal stability; (3) we applied a pressurebalancing strategy based on the immiscible oil coverage that achieves precise control of
the sample-dye mixing ratio. We validated the UAL-Chip using both albumin standards
and urine samples from 12 CKD patients and achieved an estimated limit of detection
(LOD) of 5.2 µg/ml. The albumin levels in CKD patients’ urine samples measured by UALchip is consistent with the traditional well-plate measurements and clinical results. We
foresee the potential of extending this passive and precise mixing platform to assess
various disease biomarkers.
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Abstract:
Recently, a new type of dissipative coupling caused by the cavity Lenz effect was
revealed in the cavity magnon polariton system, which gives new possibilities to longrange coupling between magnets. By placing two ferrimagnetic spheres within a cavity,
we observe both level repulsion and level attraction between magnon-like modes. A
comprehensive model has been developed based on a recent theory of magnon photon
coupling, which quantitatively describes experimental observations. In the presence of
both coherent and dissipative coupling, our work revisits the cavity mediated coupling
with an exotic degree of freedom, which paves the way for controlling and utilizing lightmatter interactions.
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Abstract:
A resistive coupling circuit is used to model the recently discovered dissipative coupling
in a hybridized cavity photon-magnon system. With this model as a basis we have
designed a planar cavity in which a controllable transition between level attraction and
level repulsion can be achieved. This behaviour can be quantitatively understood using
an LCR circuit model with a complex coupling strength. Our work therefore develops
and verifies a circuit method to model level repulsion and level attraction and confirms
the universality of dissipative coupling in the cavity photon-magnon system. The
realization of both coherent and dissipative couplings in a planar cavity may provide
new avenues for the design and adaptation of dissipatively coupled systems for practical
applications in information processing.

Poster Number: 38

Level Attraction in Metamaterials
Presented by: Yutong Zhao
M.Sc. Candidate at the University of Manitoba, Physics and Astronomy
Advisor(s): Can-Ming
Co-Author(s):
Research Area(s): Quantum and Extreme Materials: Discovery Science and Sensors
Abstract:
As a general physical phenomenon, level attraction arising from the dissipative coupling
effect widely exists in diverse systems, for instance, the recent discoveries in
optomechanical system1, coupled cavity magnon system2 and cavity trion-polariton
system3. In this work, we report some experimental evidence which indicates the level
attraction can also exist in metamaterials. By coupling two sets of resonant structures,
we observed the coalescence of hybridized modes in frequency domain. For
quantitatively understanding this level attraction phenomenon, a comprehensive model
has been adopted and all experimental observations can be well explained.
Furthermore, electric controlled level attraction has also been realized in experiment by
incorporating an actively tunable component into one resonant structure. Our work
spots the dissipative coupling effect in metamaterials, which may have been ignored in
this research field over time. The experimental observations reported in this work may
offer us new insight to characterize and design metamaterials.
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Abstract:
Recent studies on Typha spp. commonly known as cattail have revealed its prospect of
being used as a new source of natural fiber. An investigation was carried out to examine
the influence of extraction time and temperature on physical and mechanical properties
of cattail fibres for composite applications. The fibres were obtained from the leaves of
Typha latifolia L. using a fixed concentration (4%, w/v) of NaOH with four levels of
temperature (70, 80, 90, and 95° C) and five levels of time (4, 6, 8, 10, and 12 h). The
two-way factorial ANOVA revealed that properties such as fibre yield, breaking load, and
extension at break were influenced significantly by time, temperature, and their
interaction. Fibre diameter was influenced significantly by both time and temperature,
and for the breaking stress of fibre the effects of temperature and the interaction
between time and temperature were found significant. The properties revealed that
these fibers can be used in composite applications.
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Abstract:
Majority of burn injuries warrant emergency care and hospitalization. Inappropriate
treatment can delay the wound healing which might lead to the development of severe
scarring or infections which can lead to life-threatening complications. In this study, an
anti-fouling, bio compatible, antibacterial wound dressing was developed by 3D printing
oil-infused polydimethylsiloxane (PDMS) containing antibacterial nanosilver. Bacterial
adherence and cytotoxicity were evaluated, and murine full-thickness skin defect wound
model was used to evaluate wound healing capability.
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Abstract:
Buildings account for around 30% of total global final energy use and 20% of energyrelated greenhouse gas emissions. Advanced, high-performance building envelopes are
often characterised by materials of high embodied energy that result in significant
carbon emissions in their production. Hempcrete is a carbon-negative building material.
However, since hempcrete properties significantly depend on various factors,
commercial application of hempcrete in the construction industry and development of
codes and standards requires comprehensive experimental tests and analysis in order to
obtain reliable information about thermal properties of different hempcrete formulas.
Phase Change Materials (PCMs) are innovative material that stores and releases heat
when the temperature matches its melting and freezing point. Previous studies have
concluded that the use of PCM in buildings can reduce heating and cooling energy
consumption by 5 to 30% in residential buildings as well as shift and shave peak heating
and cooling loads when utilized strategically. Therefore, the focus of this research
project is development of the hempcrete mixes that are made of the locally sourced bioaggregate filler materials and their integration with the PCMs for application in different
building types such as residential buildings and greenhouses.
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Abstract:
Visible light catalysis has been a long-standing topic of interest in chemistry, as light is
an accessible and abundant source of energy. The same cannot be said for most
catalysts used to harness light for synthesis, which typically contain iridium or
ruthenium such as the widely used ruthenium (II) tris(2-2′-bipyridine) (= Ru(bpy)32+).
These metals are expensive and rare in the Earth’s crust. To enhance sustainability, iron
is being targeted to replace ruthenium in photoredox catalysis. Since both are group 8
metals, one could expect similar electronics and reactivity. However, the iron analogue
of Ru(bpy)32+, Fe(bpy)32+, does not have the same advantageous excited state properties.
The reactive excited state is quickly deactivated by relaxation to low-lying metalcentered states. In this project, a set of three pseudo-octahedral complexes containing
bis-phenanthridine ligands were targeted for synthesis. Phenanthridine, a three-ring
aromatic heterocycle, was used in designing ligands for its low-lying ϖ* orbitals which
can participate in charge transfer states and allow for longer lived excited states.
Tridentate pincer ligands with phenanthridine imine character were synthesized and
used to support an iron center. Physical properties of the complexes which are relevant
to catalysis will be discussed.
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Abstract:
Hydrogenation is used extensively in industry. In the food industry, it has applications in
the processing of vegetable oils where it converts liquid vegetable oils into solid or semisolid fats, allowing control over melting point. In the petrochemical industry,
hydrogenation is used to convert alkenes and aromatics into saturated alkanes
(paraffins) and cycloalkanes (naphthenes) because alkenes tend to form hydroperoxides
which can form gums that interfere with fuel handling equipment. In synthetic
chemistry, asymmetric hydrogenation has implications in pharmaceuticals,
agrochemicals, fragrances and flavouring. Substrates for hydrogenation are not limited
to alkenes and alkynes, but they can also be aldehydes, imines and nitriles which are
converted into the corresponding saturated compounds – alcohols and amines. Usually
this process requires the use of H2 and complex catalysts. In this project, we are using
two classes of N-heterocyclic compounds as substrates for hydrogenation – alphaketoesters and benzoxazinones. Conventionally, the C=N and C=O bonds in these
compounds can be hydrogenated with the addition of complex catalysts such as 1,1’spirobiindane-7,7’-diol-derived chiral phosphoric acids. This research involves
synthesizing these substrates, and electrochemically reducing their C=O and C=N bonds
enantioselectively through a renewable method using weakly acidic conditions. We have
also hydrogenated these substrates chemically using a known literature method so that
the electrochemically hydrogenated product can be compared with chemically
hydrogenated product.
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Abstract:
Solid oxide fuel cells (SOFCs) convert chemical energy directly into electricity. Scalability,
fuel flexibility, low maintenance, and high efficiency are some of the major advantages
of SOFCs as combustion engine substitutes. The primary challenge for SOFCs is the high
operating temperature (almost 1000°C). At low temperatures the oxide anion charge
carriers lack sufficient mobility in the SOFCs. Whereas high temperatures may mobilize
cations causing structural transitions with a possible quenching of ion conduction. Thus,
the major challenge in the field is to create structures with mobile anions, disordered
with respect to anionic vacancies, and rigid cationic sublattices at as low operational
temperatures as possible.
We explore the temperature-dependent order-disorder competition in the fluorite
superstructure pair Sc2VO5+δ (cubic) – Sc2VO5+δ’ (tetragonal) we chose as a model. Both
phases can be obtained from the same precursors and are related through hightemperature non-topotactic chemistry. With X-ray and neutron powder diffraction
assisted by X-ray absorption spectroscopy and magnetic susceptibility measurements,
we primarily focus on the structure and reactivity of the ordered phase, including
topotactic and non-topotactic redox reactions. Understanding the conditions of hightemperature ordering in the cationic sublattice can model the interplay between
temperature, structure and anion mobility in SOFCs.

