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ABSTRACTS 

PtNix/C catalysts for improved performance and CO2 yield in ethanol fuel cells 

Diala Alqdeimat 

Pickup, Peter 

Memorial University 

 

Recently, direct ethanol fuel cells (DEFC) have been informed as attractive power sources with 

high potential for electronic devices and vehicles. Ethanol is considered as a renewable energy 

resource because it has low toxicity, easy to handle and store, and produced in large quantities 

from biomass and agricultural waste and has a high energy density of 8.0 kWh kg-1. At the 

same time, many problems have prevented the development of commercial DEFC, including 

incomplete ethanol oxidation, low current densities, low faradic efficiencies, and crossover 

through the membrane. To overcome these problems, many catalysts have been developed to 

increase the activity, selectivity, and efficiency of DEFC. Studying the effects of alloying Pt 

catalysts with Ni on the oxidation of ethanol has increased. Nickel has been found to enhance 

the activity of Pt toward the ethanol oxidation reaction because it is a more electropositive 

metal than Pt. It enhances the bifunctional mechanism, in which a more electropositive metal 

provides more hydroxide species on the surface of the catalyst and drives the oxidation of the 

adsorbed CO (COads) intermediate to produce CO2. The primary objective of this research is to 

study the performance, activity, and selectivity for the complete oxidation of ethanol to carbon 

dioxide in DEFC at PtNix/C (x is Ni:Pt molar ratio) catalysts. 



An electrochemical SERS investigation of phenolic compounds present in yellow 

lake pigments 

Maddison Eisnor 

Brosseau, Christa; Bindesri, Shruti; Svoboda, Shelley; Wustholz, Kristin 

Saint Mary’s University 

 

The identification of natural organic pigments is important for the conservation, preservation, 

and historical interpretation of artwork.   Analysis of natural dyes can be problematic by issues 

such low concentrations and the sample's complexity because of the fugitive nature of these 

dyes. In addition, these pigments are exceedingly complex, and often these mixtures are 

challenging to analyse without a separation step involved. A particularly challenging class of 

dyes are the natural yellow polyphenols (i.e., quercetin, rhamnetin, emodin, etc.). Several 

techniques have been used successfully for the identification of phenolic compounds in a 

complex mixture, but most of these methods require sophisticated instrumentation and a 

separation step. In addition, these methods may lack the sensitivity needed to detect small 

amounts of pigment remaining in a faded artwork. As a result, there is a need for innovative 

methods of analysis which can be applied to the interpretation of artworks containing natural 

dyes. In this work, cost-effective screen printed electrodes (SPEs) modified with silver 

nanoparticles (AgNP) were used to amplify the SERS response of phenolic compounds. 

Application of a voltage to the SERS substrate allows for a fine-tuning of the SERS signal, and is 

successfully used to characterize multiple dye components in a complex sample. To our 

knowledge, this work represents the first electrochemical surface-enhanced Raman 

spectroscopy (EC-SERS) study of phenolic dye mixtures. This work establishes EC-SERS as a 

useful technique for the identification of natural dyes in culture heritage objects and may be an 

important tool to the conservation of artwork. 



Thermomechanical Softwood Pulp Fibers, Filtration, and Personal Protection 

Kaleigh McLeod 

Brosseau, Christa; Singer, Robert; Jahan Nusrat 

Saint Mary’s University 

 

Now over one year into the COVID-19 pandemic, researchers are faced with finding creative 

solutions for the ongoing issues that the SARS-CoV-2 virus has caused. People all around the 

world are doing their best to fight this virus, while they are also being faced with global 

personal protective equipment (PPE) shortages. Furthermore, current PPE products are mainly 

sourced through non-renewable feedstocks.  

In contrast, wood pulp is an abundant and renewable natural resource. Currently, only one 

Canadian paper mill’s wood pulp is used in combination with synthetic polymers, such as 

polypropylene, to produce non-woven textiles. These non-woven textiles are used to produce 

3-ply disposable masks. Sourcing PPE from synthetic polymers alone is problematic because 

these polymers are produced with the use of solvents that are detrimental to the environment 

and as single-use masks these polymers accumulate in landfills.  

In partnership with Port Hawkesbury Paper, this work analyzed Nova Scotian thermomechanical 

softwood pulp (TMP) for its application in PPE. This pulp is produced in a low effluent 

mechanical process. TMP was modified with deep eutectic solvents for lignin removal and the 

filtration efficiency of treated and untreated pulp from various points throughout the paper mill 

was compared. Wood pulp based PPE would be biodegradable, therefore this would have an 

enormously positive impact on the population’s waste output. 



A Solid Catalyst with Ionic Liquid Layer – A New Concept to Improve the Activity 

of the Catalyst 

Abhishek Suryawanshi 

Peter Graham Pickup 

Memorial University 

 

Due to rising environmental concerns with the increase of population, non-renewable energy 

sources are limited. Thus, a wide range of clean energy-producing technologies is being 

developed to meet the demand. As a result, research on new energy sources has attracted 

rapidly increasing attention over the past decade[1,2]. Fuel cells are considered one of the 

cleanest power sources due to low emissions, high efficiency, and simplicity. Fuel cells cannot 

compete economically with conventional energy technologies, except in some niche areas [3,4]. 

Today the most significant barrier to the widespread commercialization of fuel cell technology 

is cost, mainly due to the expensive noble metals used as catalysts. Therefore, it is of interest to 

develop more effective catalytic systems. 

The modification of Pt/C, catalyst by ionic liquid by a concept called solid catalyst with an ionic 

liquid layer (SCILL), has been demonstrated as a facile approach to improve the catalyst activity. 

We studied ionic liquid modified 20% mass Pt/C nanoparticle catalyst as an anodic catalyst for 

proton exchange membrane fuel cells in this work. We also studied these catalysts to oxidate 

different biofuels such as methanol, ethanol and formic acid. The 20% mass Pt/C catalyst was 

modified by various alkyl-tributyl phosphonium bis(trifluoromethanesulfonyl)imide ionic liquid 

with varying alkyl chain lengths from C4-C12 in phosphonium cation with a common NTF2 

anion. The resultant catalyst was investigated for electrochemical properties such as 

electrochemical active surface area (ECAS) and catalytic activity by the Cyclic voltammetry. 

These works imply that IL modification can become a generic method to improve the catalytic 

performance of anodic catalysts. In contrast, a fundamental understanding of the boosting 

effect from IL modification at a molecular level is still needed. 

References: 

[1] K.A. Schwarz, R. Sundararaman, T.P. Moffat, T.C. Allison, Formic acid oxidation on platinum: 

A simple mechanistic study, Physical Chemistry Chemical Physics. 17 (2015) 20805–20813. 

https://doi.org/10.1039/c5cp03045e. 

[2] X. Ren, Y. Wang, A. Liu, Z. Zhang, Q. Lv, B. Liu, Current progress and performance 

improvement of Pt/C catalysts for fuel cells, Journal of Materials Chemistry A. 8 (2020) 24284–

24306. https://doi.org/10.1039/d0ta08312g. 



[3] X. Zhao, Y. Hu, L. Liang, C. Liu, J. Liao, W. Xing, Ionic liquid-mediated synthesis of “clean” 

palladium nanoparticles for formic acid electrooxidation, International Journal of Hydrogen 

Energy. 37 (2012) 51–58. https://doi.org/10.1016/j.ijhydene.2011.09.075. 

[4] T. dos S. Almeida, A.R. de Andrade, New Trends in Direct Ethanol Fuel Cells, in New and 

Future Developments in Catalysis: Batteries, Hydrogen Storage and Fuel Cells, Elsevier B.V., 

2013: pp. 429–452. https://doi.org/10.1016/B978-0-444-53880-2.00020-X. 

 



Copper-doped black titanium dioxide nanomaterials for effective broad 

spectrum photocatalytic water treatment 

Naizhen Yu 

Dasog, Mita; Zhang, Xu (supervisors)  

Nganou, Collins; Carrier, Andrew; Oakes, Ken. 

Dalhousie University 

 

Clean drinking water is a human right; however, remote and isolated Indigenous communities 

in Canada frequently suffer from contaminated water supplies, some of which have been under 

long term boil water orders for several years. This is not a simple challenge to overcome as 

solutions that work well in centralized water treatment systems do not scale well in disperse 

populations with inconsistent access to supplies and skilled labour. Ideally, low- or no-

maintenance distributed water treatment systems could be applied at point of use serving 

individual or clusters of homes. Photocatalytic water treatment is an option where adequate 

sunlight is available; however, traditional titanium dioxide photocatalysts require ultraviolet 

light, which limits available constructions materials and solar spectrum utilization. We are 

currently developing copper-doped black titanium dioxide photocatalysts with broad solar 

spectrum absorption, including visible and near infrared light to expand sunlight utilization and 

effective construction materials to include glass and transparent plastics, which otherwise filter 

the ultraviolet light necessary to activate titanium dioxide. These novel black materials convert 

sunlight into reactive free radicals that deactivate and destroy pathogenic organisms, such as 

bacteria and viruses, which are the primary contaminants of concern in remote communities. 

Providing effective water treatment solutions that do not require deliveries of outside materials 

or regular skilled maintenance fosters the social, economic, and political independence of some 

of Canada’s most vulnerable communities and promotes the most basic human rights that all 

Canadians should enjoy. 

 



Enhanced antibacterial activity of the green-synthesized iron-doped TiO2 

nanosheets against E. coli under visible light 

Marzieh Baneshi 

Zhang, Xu; Oakes, Ken (supervisor) 

Baneshi, Marzieh: Dadfarnia, Shayessteh: Haji Shabani, Ali Mohammad; Nganou, Collins; 

Carrier, Andrew 

Cape Breton University 

 

Metal doping to improve the photocatalytic activity of titanium dioxide (TiO2) nanomaterials by 

enhancing the percentage of highly reactive exposed {001} facets has become increasing 

attractive1-3. Herein, Fe-doped anatase TiO2 nanosheets (Fe-TiO2 NS) were synthesized using a 

simple and green solvothermal method. The Fe-TiO2 NS was characterized using UV-visible 

spectroscopy, Transmission electron microscopic (TEM), X-ray diffraction (XRD), and X-ray 

photoelectron spectroscopy (XPS). The synthesized Fe-TiO2 NS were 200 - 300 nm in size with 

high crystallinity in the anatase phase; Fe-doping resulted in a marked shift in absorbance 

toward the visible spectrum. Fe-TiO2 NS photo-assisted antibacterial activity was evaluated 

against Escherichia coli; relative to commercial TiO2 nanoparticles, Fe-TiO2 NS showed much 

improved bacteria killing under visible irradiation. The minimum inhibitory concentration (MIC) 

of Fe-TiO2 NS was found to be 10 ppm. The high antibacterial activity at low concentrations 

under visible light make Fe-TiO2 NS a cost-effective alternative antibacterial approach suitable 

for a wider range of applications. 



Use of Glucomannan Gel to Mimic Salivary Proteins for Evaluation of 

Astringency for a Low-Cost Sensor System 

Sydney Crain 

Burns, David H. 

University of New Brunswick, Fredericton 

 

A fast, low-cost method for astringency assessment is developed using glucomannan hydrogel 

permeation chromatography. Astringency is a term used to describe the dry, puckering, 

physical sensation resulting from the ingestion of tannin-based compounds. Often confused 

with bitterness, astringency is a physical sensation rather than a taste, that comes from a 

variety of foods such as chocolate, red wine, tea, and coffee. The level of astringency or 

physical sensation of certain foods and drinks can be altered by several factors including pH and 

temperature. Glucomannan gel is a polysaccharide, that when mixed with water and a mild 

alkali, will form a gel capable of mimicking the salivary proteins found in the mouth and throat. 

Astringency levels have been evaluated using a multitude of techniques in the literature. In this 

project, a new method was developed to assess astringency in red wine and tea in comparison 

to less astringent liquids such as soy sauce, lime juice, fruit punch, monosodium glutamate 

solution, and tonic water.  The glucomannan gel was prepared and then used to measure the 

level of astringency of a variety of compounds through serial extractions of the compounds 

after introduction to the hydrogel. Extraction concentration was determined by optical 

spectroscopy using a cell phone camera. Principle component analysis and singular value 

decomposition were then used to analyse the separation profile and to evaluate the variance 

between more and less astringent compounds. Results show distinct differences in the 

extraction profile between highly astringent and non-astringent compounds. The method 

demonstrates the feasibility of this approach for routine measurements. 

 



Boat Harbour Remediation and Resilience 

Ngoc Pham 

Oakes, Ken; Zhang, Xu ( supervisors)  

Adesida, Adekolapo; Baneshi, Marzieh; Carrier, Andrew; Ehsan, Muhammad; Hoover, Jasmine; 

Hoover, Zach; Nicholson, Amanda; Oakley, David. 

Cape Breton University 

 

Boat Harbour was historically used by the Pictou Landing First Nations people for fishing, 

hunting, and recreation. In 1967, an effluent treatment facility was constructed to discharge the 

pulp mill’s waste into Boat Harbour. This study provides a pre-remediation baseline against 

which to assess recovery of these fish populations and their contaminant burdens as sentinels 

of the surrounding ecosystem integrity. Boat Harbour, surrounding wetlands and tributary 

watercourses, and the downstream estuary were surveyed between September and October 

2019 to identify, enumerate, and characterize the fish community. Active and passive 

approaches resulted in the capture of 522 fishes. Captured fish were measured and released 

alive, with a subset retained for liver somatic index (LSI), gonadosomatic index (GSI), and tissue 

burden (metals and organics) analyses. Overall, fish were in good condition, with similar LSI and 

GSI values among most locations/groups--although small sample sizes for the subset of fish 

lethally sampled must be acknowledged as a constraint for interpreting some endpoints. Of the 

nine metals measured, most did not show significant differences among locations or when 

compared to reference fish. High levels of arsenic and lead are likely due to local geology, and 

potentially, atmospheric deposition. Organic analyses measured 17 dioxins and furans, and 9 

PAHs. Five polycyclic aromatic hydrocarbons were detected in fish tissues. Although no 

statistical tests were performed due to low sample sizes, our organic contaminant analyses data 

suggest tissue burdens may play a role in the impoverished fish community in Boat Harbour and 

associated habitats. 

 



Detecting Changes in Boreal Forest Groundwater Dissolved Organic Matter 

during the Autumn Transition Period via Study of Base-extracted Particulate 

Organic Matter 

Allison Pond 

Ziegler, Susan; Reader, Heather; Roebuck, Alan. 

Memorial University 

 

Dissolved organic matter (DOM) plays a diverse but critical role in aquatic environments. The 

flux of DOM entering the aquatic environment represents an important link between terrestrial 

and aquatic ecosystems. DOM and particulate organic matter are influenced by acidity, trace 

metal transport, as well as a variety of other conditions. In the following paper, the effects of 

changing conditions during the evapotranspiration shutdown (or autumn transition period), in 

the Pynn’s Brook Watershed in Newfoundland, on dissolved and particulate matter 

mobilization is explored. This is done using absorbance, elemental analysis, iron concentrations, 

and continuous data monitoring. The effects in both upslope and downslope wells are explored. 

It was found that there is increasing connectivity between upslope and downslope wells near 

the end of the autumn transition period, and that over this period there are evolving changes in 

source material, and mobilization of organic matter due to precipitation events. These 

relationships suggest that understanding the effects of hydrologic shifts in the landscape aid in 

monitoring and understanding the movement of organic matter in both dissolved and 

particulate phases. Finally, the effects of climate change on the autumn transition, and 

therefore organic matter movement, are explored. 



Synthesis, characterization, and mechanistic study of visible light-driven dye 

degradation via Black TiO2-Graphene quantum dots nanocomposites 

Ali Shafiee 

Oakes, Ken; Zhang, Xu; Shafiee, Ali; Aibaghi, Behzad; Ehsan, Muhammad Fahad; Nganou, 

Collins; Carrier, Andrew 

Cape Breton University 

 

Black titanium dioxide (BTiO2) is of increasing interest to researchers due to its unique 

properties which overcome limitations of pristine TiO2 through enhanced visible light 

absorption and reduced photo-generated charge carrier’s recombination [1,2]. However, its 

efficiency can be further improved by preparing composite structures with carbon-based 

materials as a co-catalyst such as Graphene quantum dots (GQDs) [3]. Herein, we prepared 

GQDs-BTiO2 nanofibers (NF) of varying GQDs doping percentages (0.1-5.0%), via a two-step 

hydrothermal method with characterization by FTIR, TEM, UV-Vis, Fluorescence, 

Photoluminescence and Zeta potential. Photodegradation and photomineralization of 

Rhodamine B (RhB) was performed to characterize the photocatalytic activity of the 

synthesized materials. UPLC-MS and spin trapping ERP analysis identified singlet oxygen as the 

main ROS produced during photocatalytic activity of the GQDs-BTiO2 nanocomposite. The 2.5% 

GQD nanocomposite exhibited optimal activity with 99% and 52% dye degradation and 

mineralization, respectively. The prepared photocatalysts also exhibited good stability over 

three cycles, which along with their photomineralization efficiency, demonstrate their 

feasibility for practical applications such as water treatment studies. 



Surface-enhanced Raman Spectroscopy for Environmental Analysis: Solvent 

Effect 

Dongchang Yang 

Zhang, Xu; Servos, Mark;   

Carrier, Andrew; Nganou, Collins; Oakes, Ken; 

Other (please specify): 

 

Surface-enhanced Raman Spectroscopy (SERS) is a promising technique for quantitative and 

qualitative detection of low concentrations of molecules in aqueous environmental samples 

with high specificity and sensitivity. With advances in nanotechnology and materials sciences, 

SERS sensitivity has been significantly improved. Many factors that affect SERS detection have 

been investigated, including the dimensions and morphology of nanostructured substrates; 

however, the solvent effect on SERS has not been systematically studied. Compared to aqueous 

solutions, organic solvents have lower dielectric constants. It has been observed that SERS 

detection in low dielectric constant organic solvents (i.e. Methylene chloride, ɛ=9.93) can 

further increase technique sensitivity 109-1010 times, suggesting zeptomolar analyte 

concentrations can be detectable. Importantly, the results obtained in computational modeling 

were consistent with experimental observations, which supports the stronger electromagnetic 

enhancement of SERS substrates in organic solvents. The study of the solvent effect on SERS 

may facilitate additional applications for environmental analysis and yield fresh insights into the 

fundamental understanding of SERS enhancement mechanisms. 



Synergistic Multimodal Cancer Therapy using Glucose Oxidase@CuS 

Nanocomposites 

Brian Youden 

Servos, Mark; Jiang, Runqing (supervisor);  

Singh, Parbeen; Youden, Brian; Yang, Yikun; Chen, Yongli; Carrier, Andrew; Cui, Shufen; Zhang, 

Xu; Oakes, Ken. 

Other (please specify): 

 

Effective monomodal treatments of cancer are challenging owing to their rapid growth, cellular 

heterogeneity, rapid metastasis, and the strong possibility of developing resistance to 

therapeutics. However, these challenges can be addressed in part through multimodal 

synergistic therapies that employ a combination of treatments, particularly those which utilize 

aspects of the tumor’s adaptive biochemistry. In this study, we have demonstrated that facilely-

synthesized Glucose-oxidase-coated Copper Sulfide (CuS) nanoparticles can serve as effective 

multifunctional agents towards an in-vivo melanoma mouse model through a combination of 

glucose starvation, photothermal therapy, and synergistic (photo-)chemodynamic therapy via a 

chloride-enhanced Fenton-like reaction on the NP surface. The surface adsorbed enzymes were 

shown to be capable of converting endogenous glucose into gluconic acid and H2O2, the 

former of which could activate the CuS nanoparticles to further transform H2O2 into ROS (1O2 

or •OH) or molecular oxygen. This chloride-accelerated catalysis and the resulting anti-tumor 

efficacy could be further enhanced by concurrent photothermal/photodynamic therapy owing 

to the strong near-infrared plasmon resonance of CuS. The combined treatment strategy 

ultimately resulted in near-complete remission of the tumor bearing mice without any 

significantly observed systemic toxicity during the treatment period as determined by blood 

biomarkers and histopathological examination of the major organs. Overall, our results suggest 

that Glucose-oxidase-coated CuS nanoparticles could be a cheap and effective clinical 

treatment option. 



Synthesis and Characterization of a Borane-Appended Cobalt(III) Hydride 

Brady Austen 

Drover, Marcus.; Austen, B. J. H.; Zurakowski, J. A.; Dufour, M. C.; Bhattacharyya, M.; Spasyuk, 

D. M. 

Other (please specify): 

 

Cobalt hydrides are of significant interest based on their moderation of a number of important 

chemical processes such as proton, hydride, and hydrogen-atom transfer reactions. 

Thermodynamic considerations are key to the control of such reactions. In this regard, 

significant thought must be given to ligand design. Current catalysts implemented in CO2RR (RR 

= reduction reaction) incorporate costly, precious earth metals such as ruthenium (Ru). Herein 

we report the study of a new catalyst featuring a cobalt center with a tunable ligand scaffold. 

The ligand scaffold, 1,2-bis((diallylphosphino)ethane (tape) is a diphosphine ligand that  can be 

tailored via functionalization of its allylic regions via hydroboration, for example. In this work, 

we report the synthesis, characterization, thermochemistry, and electrochemistry of a new 

Cp*CoIII hydride complex: [Cp*Co(P2BCy4)(H)](BPh4) (Cp* = C5Me5-, P2BCy4 = 1,2-bis(di(3- 

dicyclohexylboraneyl)propylphosphino)ethane). This ligand scaffold supports a boron-rich Lewis 

acidic secondary coordination sphere, with the ultimate goal of facilitating CO2RR via Lewis 

acid/base interactions. This complex has been rigorously characterized using conventional 

means (including synchrotron radiation crystallography), thermochemistry, and 

electrochemistry to obtain a hydride pKa value as well as a Co redox couple, which together can 

be used in the Bordwell equation to provide a bond dissociation free energy (BDFE) for the 

cobalt hydride moiety. With the results from this project a new molecule can be added to the 

library of CoIII-H complexes. 



Synthesis and Characterization of Lipophilic 3,4-Hydroxypyridinone Iron(III) 

Complexes 

Megan Fitzgerald 

Westcott, Stephen 

Mount Allison University 

 

Four N-substituted 3,4-hydroxypyridinone compounds were functionalized with N-substituted 

aryl groups with hydrocarbon tails. 3,4-Hydroxypyridinone ligands were synthesized, isolated, 

and characterized utilizing 1H-NMR, FT-IR spectroscopy, and melting point analysis. These 

ligands were then used to synthesize lipophilic Fe(III) complexes. Each of the 4 complexes were 

characterized using FT-IR spectroscopy, UV-Vis spectroscopy, and decomposition point analysis. 

In addition to Fe(III) complex characterization, a preliminary X-ray structure of complex 

Fe(1A)2Cl was collected. 



Alkali Metal Azanides with a Highly Dynamic Phosphonium Fluorenylide Donor 

Tanner George 

Masuda, Jason 

Saint Mary’s University 

 

A series of alkali metal (M = Li, Na, K) salts of a bulky bidentate ligand we're prepared displaying 

a variety of η interactions with the aromatic fluorene ring system from η2 to η6 between the 

metal and the neutral phosphonium fluorenylide. The precursor hydrobromide salt and free-

base of the ligand (which occurs as multiple isomers in solution) we're also prepared and fully 

characterized. 



Ion transport into GUVs facilitated by MOFs 

Braeden Hourihan 

Not answered 

University of New Brunswick, Fredericton 

 

Vesicles have given scientists a unique insight into the functions of the human body. They are 

structures composed of lipids with a hydrophilic head and hydrophobic tail, that aggregate in 

water, and perform a variety of functions including the demonstration of certain biological 

phenomena. Recent studies have shown that with the help of an ion transporter, ions can be 

moved across the lipid bilayer of giant unilamellar vesicles (GUVs). Research within our group 

has shown that metal organic-frameworks (MOFs), which consist of metal ions coordinated to 

organic linkers to form highly porous cage-like structures with large amounts of internal surface 

area, can be anchored to vesicles causing them to become immobile for imaging purposes. The 

aim of this study was to investigate whether MOFs, when anchored to vesicles and loaded with 

ions, could disturb the lipid bilayer of the GUVs enough to also act as efficient ion transporters, 

providing an example of ion transport on a macroscopic scale, as well as a possible new way to 

treat channelopathies such as cystic fibrosis. 



Design and Synthesis of a Redox Active Diindane 

Alex MacDonald 

Briand, Glen; Masuda, Jason 

Mount Allison University 

 

The field of Green Chemistry seeks to reduce the risks and environmental impact associated 

with chemicals and chemical processes. To serve as guidelines for this purposeful design, 

Anastas and Warner introduced the 12 Principles of Green Chemistry.  One of these principles, 

catalysis, is key as the use of chemical catalysts eliminates waste that would result from the use 

of stochiometric amounts of reactant. Many of the most successful and widespread redox 

catalysts in industry today feature precious heavy transition metals, such as palladium and 

rhodium, though the toxicity and environmental impact of these metals is undesirable. In 

contrast to these expensive transition metals, the base main group metal indium possesses 

several characteristics that make it appealing for Green catalysis. Indium compounds are 

relatively non-toxic and have potential use as Lewis acid catalysts in aqueous solution.  Indium 

is typically trivalent and not intrinsically redox active, which necessitates the design of indium 

compounds in lowered oxidation states to impart redox activity. Our recent studies exploring 

the synthesis and structural characterization of novel diindane compounds in which indium is in 

the formally +2 oxidation state will be presented. 



Hemoglobin-Catalyzed Fenton Reactions: A Mechanism for Singlet Oxygen 

Generation 

David Oakley 

Oakes, K; Walker, T; Zhang, X. 

Carrier, A; Nganou, C; Nicholson, A; Pham, MN 

Dalhousie University 

 

Hemoglobin (Hb) is an iron-containing protein responsible for oxygen transport throughout the 

blood. The generation of reactive oxygen species (ROS) via Hb-catalyzed Fenton reactions can 

lead to oxidative stress and the development of various pathological conditions. However, the 

exact mechanism associated with this process has remained ambiguous. Herein, we 

demonstrate singlet oxygen (1O2) is the main ROS produced in Hb-catalyzed Fenton reactions, 

as opposed to previously reported hydroxyl radicals (OH•). The reaction between Hb and 

hydrogen peroxide (H2O2), leads to the formation of transient iron (IV)-oxo (ferryl) species, 

which catalyze 1O2 production. 1O2 has been shown to damage various biomolecules (e.g., 

DNA), contributing to various disease states. Hb can also be used as a green and cost-effective 

catalyst for wastewater treatment. Experiments were performed to assess whether Hb could 

degrade the organic dye methyl orange (MO) within Boat Harbour (BH) wastewater effluent. BH 

is a tidal estuary located near the Pictou Landing First Nation community in Nova Scotia, which 

treated bleached kraft mill effluent from a nearby pulp mill for over 50 years. These 

degradation experiments were successful even with low concentrations of H2O2 (0.5 mM) and 

Hb (500 nM). This result shows that this process may be useful for the degradation of organic 

micropollutants in complex wastewater matrices. 1O2 generated from this process can also be 

used in many other applications, e.g., as a reagent for industrial synthesis reactions or for 

biofilm removal and further examinations into future applications are warranted. 



Synthesis and Characterization of Novel Iminophosphineplatinum(II) Complexes 

Containing  Aliphatic Groups 

Cole Smolensky 

Westcott, Steve; Vogels, Chris 

Mount Allison University 

 

Since the discovery of its antiproliferative properties, cisplatin and its derivatives have become 

the leading treatment for cancers of the ovaries, testes, lungs, head and neck.1 Second and 

third generation platinum anticancer agents, carboplatin and oxaliplatin, were developed to 

alleviate some of the drawbacks associated with cisplatin-based drug therapy, such as 

chemoresistance and toxicity.2 It is speculated that by modifying the ligands coordinated to 

platinum, researchers can enhance drug delivery and selectivity of resulting complexes.1 

Iminophosphine ligands present a promising approach to the design of anticancer agents. The 

bidentate nature of iminophosphines induce stability at the metal center and provide steric 

bulk; an essential feature for overcoming cisplatin resistance.3 The variable R-group at the 

imine appendage can be easily adjusted to afford a variety of compounds with unique chemical 

properties. The goal of this project was to synthesize and characterize six novel 

iminophosphineplatinum(II) complexes containing aliphatic moieties. All compounds were 

characterized using multinuclear NMR and FT-IR spectroscopy and melting point assessment. 

Elemental analysis was performed on four of the platinum compounds. The cytotoxicity of each 

platinum complex will be studied in the near future using the MTT method.  

(1) Johnstone, T. C.; Wilson, J. J.; Lippard, S. J. Inorg. Chem. 2013, 52, 12234–12249.  

(2) Galluzzi, L.; Senovilla, L.; Vitale, I.; Michels, J.; Martins, I.; Kepp, O.; Castedo, M.; 

Kroemer, G. Oncogene 2012, 31, 1869–1883. 

(3) Motswainyana, W. M.; Onani, M. O.; Madiehe, A. M.; Saibu, M.; Thovhogi, N.; 

Lalancette, R. A. J. Inorg. Biochem. 2013, 129, 112–118. 

 



Solving crime from home: An Open Science approach to forensic applications of 

Raman spectroscopy. 

Liudmila Strelnikova 

Merschrod, Erika 

Memorial University 

 

Solving crime from home: An Open Science approach to forensic applications of Raman 

spectroscopy. 

As the world struggles with the consequences of the coronavirus pandemic, so do researchers. 

Many are forced to come up with the ways of performing research remotely. 

Here we present the results of a summer research project on forensic applications of Raman 

spectroscopy performed partially from home. With this work, we hope to encourage scientists 

to keep up with their work in times when there is no access to laboratories. The added benefit 

of testing at home is that the step from the lab to the real world is much shorter, and it 

provides examples of how to make scientific research more accessible beyond the laboratory. 

Raman spectroscopy is non-invasive, non-destructive, and does not require complex sample 

preparation. It can thus be an excellent tool for forensic evidence analysis, where retaining the 

samples’ original state is of paramount importance according to Locard’s Principle. We illustrate 

that Raman spectroscopy allows to distinguish between different inks from filter-tip pens. Using 

supplies available at grocery and convenience stores, along with distillation apparatus 

assembled from common household items, twenty samples were processed by paper 

chromatography with good spot separation. Calculations using Compute Canada resources 

show significant differences in the Raman spectra of various ink components. A purpose-built 

database and a web interface were created to enable sharing of forensic data related to inks 

and promote Open Science.  

 



Surrounding Nickel with a Lewis-acidic Secondary Coordination Sphere 

Joseph Zurakowski 

Drover, Marcus; Zurakowski, Joseph A.; Dufour, M. C.; Austen, B. J. H.; Spasyuk, D. M.; Nelson, 

D. J. 

 

Other (please specify): 

 

Ligand design represents a central tenet of synthetic chemistry, wherein simple modification 

can lead to major differences in reactivity. Recently, our group reported a new diphosphine 

ligand, P2BCy4 (1,2-bis(di(3-dicyclohexylboraneyl)propylphosphino)ethane), which contains 

four pendant boranes. By surrounding a metal center with the P2BCy4 ligand, we have 

influenced reactivity at the primary coordination sphere. From a saturated 18-electron 

complex, [Ni0(P2BCy4)2], we provide examples of elementary reactions: oxidative addition and 

protonation that showcase how divergent – and unique – reactivity can be achieved using the 

P2BCy4 scaffold. Approaches using other metals (non-nickel) will also be highlighted as well as 

preliminary results from density functional theory (DFT) studies that explore the ligand’s role in 

such transformations. 



Synthesis of Redox Active Indium Benzenethiolate Complexes 

Padmapriya Srinivasan 

Briand, Glen; Masuda, Jason; Mosher, Michael; Stockli, Alexander 

Mount Allison University 

 

The establishment of the Twelve Principals of Green Chemistry, of which catalysis is a primary 

tenet, has led the path to reduce waste production in chemical industry. However, industrially 

relevant catalysts typically incorporate expensive and toxic precious metals due to their 

favourable redox properties. To reduce cost and environmental impact, the catalytic redox 

properties of base metals are currently being explored.  Indium-based compounds are 

candidates for such chemical processes due to the low toxicity, relatively low cost and 

functional group tolerance of the metal centre.  Despite these potential advantages, indium is 

most stable in the +3 oxidation state and does not possess other readily accessible oxidation 

states.  To mediate this, we are exploring the use of redox active “non-innocent” ligands.  Our 

recent studies exploring the synthesis and structural characterization of organometallic indium 

compounds with the redox active ligand 1,2-benzenedithiol and 2-aminobenzenethiol will be 

presented. 



CHROMIUM (III) DIAMINO-BIS(PHENOLATE) COMPLEXES FOR POLYMERIZATION 

OF EPOXIDES, ANHYDRIDES, AND LACTIDE 

Cassie Wadman 

Kozak, Chris; Wadman, Cassie. 

Memorial University 

 

During previous work within the Kozak group, chromium diamino-bis(phenolate) complexes 

were synthesised and characterised using single crystal X-ray diffraction and matrix-assisted 

laser desorption ionization-time of flight mass spectrometry. They were used as catalysts in 

ring-opening copolymerization, ROcoP, of cyclohexene oxide and carbon dioxide. The structure 

of the first catalyst was found to be CrXL, where L = 6,6’-((1,4-diazepane-1,4-

diyl)bis(methylene))bis(2,4-dimethylphenolato) and X = Cl- (A). However, moisture present 

during sample handling caused the formation of a hydroxide containing catalyst as opposed to 

the chloride and the reaction of the first catalyst with PPNN3 (PPN = bis(triphenylphosphine)-

imminium) afforded crystals of a chromium azide complex. The first complex, with a co-catalyst 

of PPNN3, PPNCl, or DMAP, showed good activity and excellent conversions of CHO and CO2 

into polycarbonate with no signs of ether linkages, suggesting a completely alternating 

polymer. However, there was no detection of activity for ring-opening polymerization, ROP, of 

epoxides. Continuing with this work, the first catalyst was modified to contain electron 

donating tert-butyl substituents in order to promote ROP. This complex has potential to 

perform ROP of racemic lactide with an epoxide initiator as well as ROP of phthalic acid 

anhydride, again with an epoxide initiator. The goal moving forward is to test various strained 

organic compounds to determine how effective this catalyst can be in ROP of a range of 

substrates. Due to COVID-19 the laboratory research in this presentation is very limited. 



The Use of Oxidized Biochar as a Catalyst in Esterification Reactions 

Olivia Wyper 

Kerton, Francesca 

Vidal, Juliana 

Memorial University 

 

Biochar is a carbon framework material that can be obtained from wood residues produced at 

paper mills and other wood-cutting industrial processes. Once the wood waste is obtained, it 

undergoes a process known as pyrolysis to produce biochar. Biochar can be further oxidized 

using nitric acid to create a more functional bio-based material that has the potential to work as 

a catalyst for a variety of reactions. 

Terpenols are found naturally and are known for their pleasant aroma, and so they are used as 

additives in perfumes and food. Their acetate form can be obtained via transesterification 

reactions, which can also be used in scent applications. In the past, green transesterification 

reactions of terpenols have been promoted using biological catalysts such as enzymes, which 

are pH and temperature dependent. Furthermore, traditional transesterification processes 

often use toxic reagents such as vinyl esters and hexanes as a solvent. In this presentation, we 

will describe our preliminary studies on the use of oxidized biochar in esterification of 

terpenols. By using this bio-based catalyst for the esterification of terpenols, greener reagents 

and solvents are employed to promote 100% conversion to the esters using low-intensive 

energy conditions.  

 



Garbage to Gold: Waste Valorization 

Nicholas Magliaro 

Supervisor: Dr. Stephanie MacQuarrie 

Cape Breton University 

 

Carbon fibers are versatile materials in high demand for their mechanical and electronic 

properties in a variety of applications. As opposed to other conventional materials carbon fibers 

have a high chemical resistance which can drastically prolong product lifespan if they are 

embedded within composites.  When compared to steel, carbon fibers exhibit higher tensile 

strength at only a fraction of the weight. In addition, there high tolerance to excessive heat 

paired with minimal thermal expansion is yet another desirable property. These properties 

make carbon fibers an ideal material for manufactures that intend to create high performance 

parts and materials. The current method for carbon fiber production begins with the precursor 

polymer polyacrylonitrile (PAN). This process utilizes environmentally unfriendly solvents such 

as dimethylformamide and sodium thiocyanate to produce the polymer. In addition, the 

production of the fibers from this polymer produces hydrogen cyanide and other 

environmentally unfriendly by-products, at extremely high temperatures (~2500 oC). As such, it 

is highly desirable to find a lower energy production method that that is more environmentally 

sustainable 

     In our proposed approach, we want to explore the use of two existing waste streams to build 

carbon fiber. Both lignin (from softwood lumber) and asphaltene (from bitumen) are produced 

on comparable scales and it is our hypothesis that when combined in the appropriate ratio, 

they will facilitate the creation of novel carbon fibers under less environmentally impactful 

conditions. 

 



The first example of boron-nitronate utility: Application in the Nitroaldol 

reaction vastly improves atom economy and yield 

Donald DeWolfe 

Pottie, Ian 

Mount Saint Vincent University 

 

The Nitroaldol reaction is the carbon-carbon bond forming reaction of a nitroalkane and 

aldehyde or ketone to generate the highly synthetically useful β-nitroalcohol functionality. 

Unfortunately, despite its importance, chemists have struggled to find a synthesis solution that 

solves its key drawbacks: very poor nitroalkane atom economy and low product yield. This 

research involves the study of a boron-nitronate mediated Nitroaldol reaction and how it solves 

the issues facing this reaction. This was done by first proving the existence of a boron-nitronate, 

which is a group of molecules that have been poorly investigated in the literature, and then by 

using it in the place of nitroalkane and base in the Nitroaldol reaction. An optimized synthesis 

scheme was developed by replicating and modifying some of the experimental conditions that 

are frequently used in, what is predicted to be, the very similar boron-enolate mediated Aldol 

reaction. In total, more than 20 different reactions conditions were tested and the best 

conditions resulted in a β-nitroalcohol (2-nitro-1-(p-nitrophenyl)-1-butanol) being synthesized 

in 82% yield with a diastereomeric ratio of 28:72 (anti:syn) and was characterized by NMR, IR, 

and MP, as well as theoretical Gaussian calculations. The same β-nitroalcohol was synthesized 

by a published Nitroaldol procedure and was used to confirm the synthesis of a β-nitroalcohol 

from a boron-nitronate mediated Nitroaldol reaction. 



Connecting the Vineyard to the Wine on a Microbial Level 

Lauren Grant 

Sit, Clarissa; Logan, Brandon 

Saint Mary’s University 

 

Natural wines rely on spontaneous fermentation carried out by yeasts and bacteria present on 

the grapes without the use of additives. This is different from conventional fermentations 

where grape juice is inoculated with a starter yeast, often a Saccharomyces cerevisiae. Natural 

wines are known to have complex aromas and flavours because of their fermentation process. 

This project focuses on the natural wine produced by L’Acadie Vineyards located in the 

Gaspereau Valley in Nova Scotia. The goal of the project is to connect the natural wine to the 

vineyard both microbially and chemically. To do this, yeasts and bacteria have been isolated 

from vineyard grapes from the 2019 and 2020 harvests. These isolates will be identified and 

compared to metagenomic sequencing of the natural wine lees. Any isolates from the vineyard 

also found in the wine lees may be impacting the natural wine fermentation. To determine the 

impact of each isolate, in lab fermentations will be carried out. These single inoculum 

fermentations will be compared to the natural wine produced by L’Acadie Vineyards using 

various methods such as capillary electrophoresis, liquid and gas chromatography, and mass-

spectrometry. A multi-year analysis of the natural wine will also reveal how L’Acadie Vineyards 

product is changing from year to year and if it is remaining relatively stable. Results from this 

project will benefit L’Acadie Vineyards by providing them with insight into what is impacting 

their natural wine and how. 



Synthesis of Novel Naphthopyrans via a Hetero  Diels-Alder reaction 

Nicholas Harvey 

Supervisor: Dr. Amitabh Jha 

Acadia University 

 

A new synthetic methodology was developed to obtain novel naphthopyrans decorated with 

functional groups amenable for further chemical manipulation. Starting for commercially 

available 2-naphthols, paraformaldehyde, cyclic secondary amines and diethyl 

ethoxymethylenemalonate, the synthesis was achieved in two steps. First, 2-naphthols, 

paraformaldehyde, cyclic secondary amines were converted to Mannich bases. Subsequently, 

the Mannich bases were reacted with diethyl ethoxymethylenemalonate in a microwave 

reactor to yield diethyl 3-(alkylamino)-1H-naphtho[2,1-b]pyran-2,2(3H)-dicarboxylates as 

products. The mechanism of this reaction involved a cascade of a) deamination of 2-naphthol 

Mannich bases to ortho-quinone methides, b) the reaction of liberated amine with diethyl 

ethoxymethylenemalonate to yield diethyl 2-(alkylaminomethylene)malonate, and finally c) the 

hetero Diels-Alder reaction of the ortho-quinone methides with in situ generated diethyl 2-

(alkylaminomethylene)malonate to form the final naphtho[2,1-b]pyran products. 



Exploration of Thiourea-based Ionic Ligands for Cyanide-Free Gold Recovery 

from Ore 

Megan Himmelman 

Singer, Robert D.; Brosseau, Christa L.; Himmelman, Megan L.; Blatt-Janmaat, Kaitlyn; 

Albarghouthi, Najwan; Hoare, Jacob G.; Jahanbiglary, Mojan; Crighton, James P.; Julien, Sam; 

Joorab Doozha, Amir; Biton, Makatendeka 

Saint Mary’s University 

 

Cyanidation has been used world-wide for over a century as the primary method for gold 

extraction from ore. Over the years, accidents have occurred which have resulted in 

devastation of the environment and surrounding communities. For this reason, alternatives to 

cyanidation have been of great interest but have yet to be implemented due to the high costs 

of materials and necessary changes to infrastructure which make these alternatives 

economically unfeasible. We report herein the use of novel task-specific ionic ligands for the 

extraction of gold without the use of cyanide. Pyrrolidinium and imidazolium salts are 

functionalized with a thiourea group and either the weakly coordinating anion 

hexafluorophosphate ([PF6]) or dodecyl sulfate ([DS]). Gold extraction up to 90% has been 

achieved from an aqueous solution with a methyl imidazolium-tagged [DS] salt, and the 

selectivity for gold and silver over copper and zinc has been demonstrated. The ionic ligands 

have electrochemical windows from -1.5V to +1V, which is sufficient for gold deposition and 

recovery. Investigations with model leachates, recyclability, and real ore samples will be 

discussed. 



Synthesis of picolyl-substituted imidazolium salts for metal-organic frameworks 

and beyond 

Jacob Hoare 

Singer, Robert D. 

Saint Mary’s University 

 

Due to their porosity, high internal surface area, and tunability, metal-organic frameworks 

(MOFs) have a broad range of potential applications; one of the most common being gas 

separations.  Carbon dioxide is a major environmental pollutant, and carbon dioxide capture 

technologies are in high demand; thus, MOFs that efficiently, selectively, and reversibly absorb 

carbon dioxide could be very useful.  We are investigating a series of picolyl-substituted 

imidazolium salts with the ultimate goal of preparing an N-heterocyclic carbene functionalized, 

hexafluorosilicate-pillared ionic MOF (iMOF) for carbon dioxide capture.  However, the target 

ligands have applications beyond synthesis of iMOFs.  Recent results and progress, current 

avenues of study, and future directions are discussed. 



Synthesis and Characterization of β-Cyclodextrin:Essential Oil Inclusion 

Complexes for Tick Repellent Development 

Jennifer Hogenbom 

Faraone, Nicoletta; Jones, Alysson 

Acadia University 

 

Ticks are an issue of concern for anyone who enjoys the outdoors as vectors for transmission of 

many diseases, such as Lyme disease. Essential oils are used in several pest management 

applications and have been successfully employed in developing tick repellent products. The 

volatile nature of these oils causes them to evaporate rapidly, requiring protection to extend 

duration of tick repellency. In this study, the β-cyclodextrin (β-CD) inclusion complexes (ICs) 

with three different tick-repellent essential oils (EOs) were investigated. ICs were characterized 

with several methods, including evaluating the concentration of EO in the product. The volatile 

release over time from the ICs was investigated by SPME-GC-MS analysis. The IC formation 

positively impacted EO volatile release in the lemongrass IC, allowing a constant release of 

volatile compounds. ICs were tested for tick repellency and significant repellent activity was 

observed, with up to 90% repellency. The results demonstrated that β-CD has selectively 

encapsulated different EOs and the corresponding release profiles are linked to the chemical 

properties of EO components. The inclusion complex formation may improve EO tick repellent 

properties and provide a better, long-lasting repellent. 



Identifying some Oxygen-containing functional groups 

Mai Huynh 

De Baerdemacker, Stijn;  Huynh, Mai T. T.; El-Samman, Amer M. 

University of New Brunswick, Fredericton 

 

Studying functional groups forms a basis for studying organic compounds and their reactions. 

To predict the behaviors of organic compounds, computers have to learn about the functional 

groups that appear in those compounds. A computer script was developed to identify some of 

the most common oxygen-containing functional groups using MDL molfile, a text-based 

chemical file format. The project can be developed to identify other functional groups 

containing other heteroatoms. 



Large-Scale Synthesis of the Eastern Spruce Budworm, Choristoneura 

fumiferana, Pheromone, trans 11-Tetradecenal 

Salma Khodabocus 

MaGee, David; Khodabocus, Salma 

University of New Brunswick, Fredericton 

 

With forests encompassing 85% of all land in New Brunswick, the forest industry is a main 

component of the New Brunswick economy. Any threat of defoliation of forests should be 

investigated and prevented. A major insect pest capable of causing immense damage to  New 

Brunswick forests is the Eastern Spruce Budworm (SBW), Choristoneura fumiferana. 

Historically, SBW has devastated forests in New Brunswick, damaging up to 25 million hectares. 

A sudden upsurge in the population results in an infestation, which happens every 25-30 years 

in a cyclical nature. Chemical controls such as pesticides (eg. DDT) can be used to control the 

population, but the adverse affects on various bird and fish species would be catastrophic on 

such a large scale. Biological controls serve as an alternative method to control populations. 

The biological aspect of this technique involves the use of pheromone traps to disrupt mating. 

Although commercially available, the pheromone prices at $700 per gram, with the 50 million 

hectares of forest in New Brunswick, buying the commercially available pheromone would be 

economically unfeasible. Therefore, synthesising the pheromone in a “low-cost” manner is 

critical. My research focuses on synthesizing the pheromone on a large scale following two 

distinct strategies. Comparisons of effectiveness of the pheromone based on similarities to the 

naturally occurring stereospecificity will be made. We expect that the closer the ratio of the 

synthesized pheromone is to the naturally produced pheromone, the more effective the 

pheromone will be for its intended use. 



Combating White-nose Syndrome using Fungus-Derived Inhibitory Compounds 

Jennifer Kolwich 

Sit, Clarissa; Ballard, Tanisha; Donovan; Lindsay 

Saint Mary’s University 

 

In 2007, White-nose syndrome (WNS) emerged as a deadly disease in North American bat 

populations (1). Since the first documented cases, WNS has spread to 35 states and seven 

provinces, leading to population losses of over 95% in some sites (2). The disease is caused by 

an infection of the wing tissue with the invasive fungal pathogen Pseudogymnoascus 

destructans (Pd) (1). Recent studies have supported the idea that micro-ecological defenses of 

native bat-associated microbes could be the key to limiting the infection and spread of this 

deadly fungus (2).  

To find candidate microbes, samples from a colony of bats and cave sites in Eastern Canada 

were collected and isolated. These purified strains underwent pairwise assays against Pd and 

three related Pseudogymnoascus species to test for inhibitory activity. The metabolites of an 

isolated Penicillium species from one of the cave areas shows potent inhibition of Pd. The 

extracted metabolites show strong potential as a WNS therapy, as they display specific activity 

toward Pd and other non-native fungal species, but limited effect on other native cave and skin 

microbes. This presentation will outline the methodology that helped uncover the nature of the 

Penicillium strain’s activity, elucidate the structure of active biomolecules, and identify 

potential biological pathways of Pd that are being impacted by the extracted metabolites.  

1. Blehert DS, et al. Science, 2009, 323, 227.  

2. Hoyt JR, et al. Nat Rev Microbiol., 2021, 19(3), 196-210. 

 



Chemistry of Propargyl Carbocations 

Matthew Laprade 

Clyburne, Jason; Robertson, Katherine. 

Saint Mary’s University 

 

Highly unsaturated organic molecules are very reactive and readily undergo addition reactions. 

The reactivity of unsaturated molecules will be further modified by the inclusion of a 

carbocationic center. For instance, the reactivity of an alkyne is believed to increase with the 

presence of an adjacent carbocation; a structure referred to as a propargyl carbocation. The 

carbocation will withdraw electron density, causing the alkyne carbon to form a dipole moment 

and become highly reactive. We have been able to isolate several stable propargyl carbocations 

and made preliminary investigations into their chemistry. 



Using Long Lived Phosphors to Extend the Light Response of Gold Nanoparticle 

Photocatalysts 

Darian MacLean 

Hallett-Tapley, Geniece L.; Lukeman, Matthew (Acadia University) 

St. Francis Xavier University 

 

Oxidation reactions remain the most implemented route for both applications, due to their high 

importance in photoremediation and in the synthesis of pharmaceuticals to plastics. However, 

traditionally these oxidations are initiated using toxic chemicals, such as chromate or 

permanganate reagents, that have considerable environmental drawbacks. With respect to 

sustainability and ecological impact, semiconductors are recognized as being far superior to 

harmful alternatives, such as chemical oxidants. However, the two main hinderances of 

semiconductors are their need for UV light to commence chemical activity as well as the use of 

platinum and palladium precious metals. More recent research deviates away from these 

unfortunate aspects. One proposed, cost effective, solution is strontium aluminates doped with 

europium and dysprosium (SrAl 2O4:Eu2+,Dy3+), also known as persistent phosphors - 

materials used to formulate long after-glow commercial materials. This complex exhibits 

remarkable photoluminescent properties, emitting vibrant green visible light. In spite of the 

clear advantages it bears, it is strikingly underdeveloped in terms of its catalytic applications. A 

finite number of reports have demonstrated that the UV light response of TiO2 semiconductors 

have been enhanced with SrAl2O4 materials (SAOs), suggesting that its catalytic activity 

continues once the light source is removed, a consequence of its long emission activity. 

Corresponding with these claims, studies conducted recently at our university indicate that 

more energetically favourable light sources (such as blue and red lights) may possibly yield the 

same results SAO emission observed using UV light. The current contribution will examine the 

ability of these visible light active SAO composites to photocatalytically promote oxidation of a 

series of aromatic alcohols ti improve the sustainability of this process. 



Characterization of Crab Biochar from Slow and Fast Pyrolysis 

Stephanie Macquarrie 

MacQuarrie, Stephanie, Hawboldt, Kelly, Mercer, Shantelle 

Cape Breton University 

 

This is the first study that compares slow and fast pyrolysis of snow crab waste (Chionoecetes 

opilio).  Impact on structural features, thermal stability, chemical composition and product yield 

(char and liquid) are discussed.  Slow pyrolysis was accomplished at a rate of 6°C/minute with a 

final temperature of 500 °C for 3.5 hours while   fast pyrolysis  of the crab waste was done at 

500 ºC for five minutes.  Slow pyrolysis yields higher volumes of biochar, while fast pyrolysis 

yields higher volumes of bio-oil.  Structural characterisation includes surface area (BET), FT-IR, 

porosity, zeta potential, solid state NMR, XRD, TEM and SEM.  Calcite was the primary element 

in both chars identified by XRD, proximate analysis and FT-IR and solid state 13C NMR.  

However, slow char exhibits more residual functional groups from the organic components of 

the waste. 
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Characterization of Crab Biochar from Slow and Fast Pyrolysis 

Shantelle Mercer1 Dr. Stephanie MacQuarrie 2 

1. M.Eng.  Student in Process Engineering 

2. Cape Breton University  

Abstract 

This is the first study that compares slow and fast pyrolysis of snow crab waste (Chionoecetes 

opilio).  Impact on structural features, thermal stability, chemical composition and product yield 

(char and liquid) are discussed.  Slow pyrolysis was accomplished at a rate of 6°C/minute with a 

final temperature of 500 °C for 3.5 hours while   fast pyrolysis of the crab waste was done at 

500 ºC for five minutes.  Slow pyrolysis yields higher volumes of biochar, while fast pyrolysis 

yields higher volumes of bio-oil.  Structural characterisation includes surface area (BET), FT-IR, 

porosity, zeta potential, solid state NMR, XRD, TEM and SEM.  Calcite was the primary element 

in both chars identified by XRD, proximate analysis and FT-IR and solid state 13C NMR.  

However, slow char exhibits more residual functional groups from the organic components of 

the waste.  

 



A Two Electron Transfer Neutral Bipolar Bispyridinylidene Molecule for a 

Symmetric Organic Redox Flow Battery 

MD AL RAIHAN 

Dyker, C. Adam; Raihan, Md Al 

University of New Brunswick, Fredericton 

 

Symmetric organic redox flow batteries (SORFBs) represent a promising approach for highly 

stable large-scale energy storage systems. In SORFBs, a single redox active organic molecule is 

used as both an anolyte (negative) and catholyte (positive) materials. Designing such multi-

redox active molecules is challenging and relatively few examples are in the literature. In our 

group, a bispyridinylidene (BPYME) multi-redox molecule has been studied as an active material 

in a symmetric non-aqueous redox flow battery. It is worth mentioning that BPYME is the first 

two-electron storage molecule that exhibits double-redox activity at −0.82 and −1.92 V versus a 

Ag/Ag+ reference electrode, with remarkable chemical stability. The cyclic performance of 

active material is investigated in a static cell and able to achieve good cyclability (0.05% 

capacity fade per cycle), with capacities of up to 80% of the theoretical value and coulombic 

efficiencies above 96%. A detailed study of this unique multi-redox molecule, such as solubility 

and stability of all the redox states, as well as the flow cell characteristics, is under 

investigation. Overall, the preliminary study of this multi-redox molecule provides valuable 

insights for designing SORFBs for grid-sale energy storage. 

Keywords: Redox-active molecule, energy storage, redox flow battery, coulombic efficiency 



Design of Visible-Light Activated Gold Nanoparticle/Niobium Oxide Perovskites 

for Application in Water Decontamination 

Dreenan Shea 

Hallett-Tapley,Geniece 

Dalhousie University 

 

Contamination of the global water ways by industrial waste is a pressing environmental issue. 

Furthermore, global availability of clean drinking water remains a struggle. Many common 

drugs, such as estradiol and antibiotics, are present in water samples and have been proven to 

bioaccumulate within human tissues. To date, research in this area has been focused on the use 

of light as of means of “photodegrading” these aqueous pollutants. Much of this work has 

focused on the use of UV light sources (high energy UVA and UVB sources) that is non-selective 

and damaging to other inhabitants of the water ecosystem. The use of light-activated solids 

with visible light response may improve upon this process. Titanium dioxide (TiO2) is a popular 

semiconductor due to its low cost and high photostability. However, alone, TiO2 also requires 

harmful UV light to activate the short-lived electron transport capacity of the solid, known as an 

electron-hole pair. While not ideal, UV activation of TiO2 is an improvement over direct UV 

irradiation, as recyclability of the active solid introduces an element of “sustainability” to the 

photodegradation pathway. However, TiO2 is plagued with many shortcomings: (i) requiring 

high energy UV light for light induced activity to be observed and (ii) complete removal of the 

solid is quite difficult due to its small particle size (~30 nm). The latter is of large concern due to 

the potential contamination of the watershed with fine particulate matter. Potassium niobum 

oxide perovskites (KNbO 3) is a solid with similar light-active properties to TiO2, but holds a 

clear advantage due to its larger particle size (~1 mm) allowing for more facile catalyst recovery. 

The work to be discussed in this 

contribution will investigate synthesis of gold nanoparticle/KNbO3 catalysts. Decoration of the 

KNbO3 surface with Au nanospheres (AuNP; λmax = 530 nm) can extend the lifetime of the 

electron-hole pair (required for effective degradation of water pollutants) and, most 

importantly, increase the response of the solid to favour the use of lower energy (visible) light. 

The ability of the AuNP/KNbO3 composite to facilitate the photodegradation of pharmaceutical 

pollutants, such as estradiol, tetracycline and erythromycin, will be discussed. Several 

parameters will be examined in an effort to maximize the efficiency of the photodegradation 

route, including the influence of environmental pH, as well as a variety of photocatalyst and 

pollutant concentrations. 



Conformational Study of Unsaturated Organic Compounds: Computational 

Analysis using the Bent Bond/Antiperiplanar Hypothesis 

Natasha Vatcher 

Deslongchamps, Ghislain; Deslongchamps, Pierre 

University of New Brunswick, Fredericton 

 

Computational chemistry is a field that allows us to explore the ever-expanding depths of 

chemistry in ways that we have never been able to before. In this particular study, 

computational chemistry methods were used to study the bent bond/antiperiplanar hypothesis 

(BBAH) through the analysis of unsaturated systems. The study and interpretation of 

unsaturated acyclic systems, cyclohexenes and methylenecyclohexanes can provide further 

insight in supporting the bent bond/antiperiplanar hypothesis (BBAH) orbital model and allow 

for a better understanding of conformational preferences. For this study, quantum single point 

calculations were carried out on the relaxed potential scan output for a series of unsaturated 

molecules in order to determine their relative energies at varying dihedral angles. The data 

obtained from this study was analyzed and compared to experimental and computational 

literature data reported in previous studies. The results were then interpreted using the BBAH 

model. 



Repellent and acaricidal effects of basil essential oil and rock dust on ticks 

Haozhe Vincent Wang 

Faraone, Nicoletta; Hillier, Kirk 

Acadia University 

 

Ticks, such as blacklegged ticks (Ixodes scapularis) and American dog tick (Dermacentor 

variabilis) are vectors of several pathogens that negatively impact animal and human health. In 

recent years due to global warming, the threat of disease transmission has risen significantly, 

resulting in an increased demand for environmentally safe, tick repellent and acaricidal 

products. Natural products, such as essential oils and inert rock dust, are prospective 

alternatives to manage these pests. Basil (Ocimum basilicum, L.) has been reported to have 

promising pest repellent activity. We extracted and characterized essential oils from different 

basil varieties. Over 50 compounds were identified. We tested basil oils for long-term repellent 

activity towards nymphs of blacklegged ticks using horizontal bioassays at different 

concentrations. In addition, we combined basil essential oils with an inert material (i.e., granite 

rock dust) with known insecticidal properties to assess acaricidal activities against adult ticks. 

Among the tested basil varieties, Jolina essential oils (15% v/v) repelled 96% of tested ticks up 

to 2 hours post-treatment. In acaricidal tests, the combination of essential oils from Aroma 2 

var. at 10% w/w with rock dust resulted in 100% tick mortality after only 24 hrs post-exposure. 

The use of essential oils alone, and in combination of rock dust, represents an innovative and 

environmentally-friendly approach to manage ticks and reduce the spread of vector-borne 

diseases. 



Isolation of asperuloside from the Canadian medicinal plant Mitchella repens 

Janet Debly 

Gray, Christopher A.; Johnson, John A. 

University of New Brunswick, Saint John 

 

Plants are one of the richest sources of natural products, however, there remains many plant 

species that have not yet been investigated. The objective of this research was to use nuclear 

magnetic resonance (NMR) guided fractionation to isolate natural products from an extract of 

the medicinal plant Mitchella repens (family Rubiaceae). Mitchella repens was traditionally 

used by Aboriginal Peoples of Canada for the treatment of rheumatic diseases (arthritis, 

inflammation, etc.), dermatological conditions, menstrual and/or labour pain, convulsions in 

children, and gastrointestinal problems. The fractionation of the plant extract was achieved 

using a modified Kupchan solvent-solvent partition and high-performance liquid 

chromatography and resulted in the isolation of the iridoid monoterpenoid glycoside, 

asperuloside. The structure and absolute configuration of asperuloside was confirmed using 2D 

and 13C NMR data, high resolution electrospray ionization mass spectrometry, and polarimetry. 

Although this compound was first isolated in 1925 and is commonly found in the plant family 

Rubiaceae, this is the first report of its isolation from the genus Mitchella. 



Fundamental investigation of QA/QC of birch bark processing 

Andrew Dicks 

Bierenstiel Matthias*, Kaliaperumal Raj,  Dicks Andrew, Boudreau Sarah  Desveaux Brianna 

Cape Breton University 

 

Birch bark is an inexpensive and renewable natural resource that can be used as starting 

material for value added products such as pharmaceutically active betulin and other bark 

derived products. Efficient and reliable processing improvement of the bark is required to 

extract higher amounts of these valuable compounds. In our research on improved QA/QC, the 

outer bark layers were subjected to mechanical ball mill grinding to get homogeneous fractions 

for thermogravimetric and infrared analyses. Layers analysis of the bark revealed the influence 

of climatic conditions on the outer birch bark chemical compositions and functional groups 

responsible for betulin, lupeol and betulinic acid structures. 



Visible Light Mediated Refinery Waste Degradation using Noble Metal 

Nanoparticle/Niobium Oxide Composites 

Megan Ethier 

Hallett-Tapley, Geniece L.; Lukeman, Bertolo, Sophia; LeVernois, Mackenzie; MacLean, Darian 

St. Francis Xavier University 

 

Refinery waste treatment has been a strong subject of interest in the oil and gas industry. While 

current methods mainly rely on filtration and adsorption, problems in treatment occur when 

many polyaromatic hydrocarbons (PAH) appear in refinery effluents. Recent studies have used 

bacterial-mediated oxidation treatments using superoxide, hydroxyl, and peroxyl radical 

reactive oxygen species. However, the high NaCl concentrations in refinery wastewater is 

detrimental to microorganism survival. A potential solution to this issue is semiconductor 

photocatalysis and advanced oxidative processes (AOP) using visible light because the catalyst 

can be recycled, the use of light energy and removal of harsh chemical oxidants. Reports have 

shown the capability of photocatalytic degradation over TiO2 to an environmentally 

appropriate level, but most trials are inefficient and time consuming. Cost effective PAH 

degradation remains to be an ongoing issue. Consequently, refinery waste continues to pose a 

threat on human health and the environment. The current goals of this work are two fold and 

will be discussed in this presentation: 

1) Create a variety of mixed noble metal nanoparticle semiconductors to assist in catalyzing 

refinery waste decomposition using AOP and the visible light spectrum. The fabrication of gold 

nanoparticles (green light) and cuprous oxide nanoparticles (blue light) on potassium niobium 

oxide will be the materials of interest. Potassium niobium oxide is used to allow the catalyst to 

be more effectively recycled due to its larger particle size and also due to its layered structure 

to limit PAH diffusion and improve access to catalytic active sites, in contrast to the drawbacks 

associated with TiO2 . Nanoparticles will be used to extend the light activation into more 

favourable visible wavelength regions and away from the less desirable UV activation of metal 

oxide semiconductors. 

2) Test the abilities of the gold and copper nanoparticle catalysts to photodegrade PAH. Current 

work has successfully shown a sixty percent degradation of several polyaromatic hydrocarbons, 

including fluorene, over a seven-hour period using the gold catalyst. AOP with hydroxy radicals 

was therefore proven effective. Ongoing work is being done to test the photocatalytic abilities 

of the copper nanoparticle catalyst since it is more cost effective and attempt to improve upon 

its major drawback – that the catalyst is easily oxidized. 



Evaluation of the Longevity, Antibacterial, Antioxidant, and Anti-inflammatory 

Efficacies of Honey Extracted from Lozenges 

Petra Larsen 

Dr. Marya Ahmed 

University of Prince Edward Island 

 

Honey is a well-loved and natural food product, which in addition to being a good alternative to 

processed sugar, also has many associated health benefits.  These benefits include a variety of 

activities, such as antibacterial, antifungal, antioxidant, anti-inflammatory, and probiotic 

efficacies.  Honey from different floral or regional origins can have differing chemical and 

biological profiles, which ultimately impacts the extent to which a type of honey can exhibit 

these beneficial properties.  It is also possible to consider changes between unprocessed honey 

and honey products, such as skin-care and cosmetics, or food products, including candies and 

jams.  It is an important factor for both consumers and vendors that these honey products 

maintain their beneficial health properties.  The objective of this project is to evaluate the 

chemical, biological, and health properties of honey that has been extracted from lozenges. 



Photocatalysis for C-H Bond Activation 

Mackenzie LeVernois 

Hallett-Tapley, Geniece L. 

St. Francis Xavier University 

 

A move to more environmentally friendly synthesis of pharmaceuticals and chemical products is 

highly desired by both the science community and our planet. Currently, the synthesis of 

unsaturated ketones using C-H bond activation is a key step in the synthesis of progesterone 

hormone contraceptives, but the current methods have drawbacks, including but not limited to 

the use of strong oxidizing agents and lengthy reaction times. Previous publications have shown 

titanium dioxide (TiO2) materials doped with NiOx nanoparticles as promising catalysts for C-H 

bond activation with visible light, but the drawback of the small particle size of TiO2 (~30nm) 

makes it hard to remove the catalyst for recycling. In comparison, KNb3O8 has show to be an 

effective semiconductor in several organic transformations, but requires UV light as an energy 

source. To make KNb3O8 a more attractive alternative than TiO2, we can dope the 

semiconductor with a variety of nanospecies to reduce the activation energy required and 

extend the photoresponse of the materials into the visible regime of the light spectrum. Work 

from the Tapley lab has shown promising photocatalytic ability of palladium doped KNb3O8 in 

the oxidation of benzyl alcohols, using blue LEDs as energy source. Throughout this research 

period, we will investigate the photocatalytic abilities of Pd doped KNb3O8 composites as 

possible catalysts for synthesizing unsaturated ketones and discuss attempts to expand the 

design of these catalyst to encompass more cost-effective metals, such as gold or copper. 



Regeneration of value from Pharmawasets material via Thermochemical 

conversion 

Ali Shafiee 

MacQuarrie, Stephanie; Shafiee, Ali; Edwards, Blaine; 

Cape Breton University 

 

In the shadow of a worldwide pandemic, the importance and need for pharmaceutical research 

is abundantly clear. In Canada alone, 25 billion units of pharmaceuticals are dispensed every 

year, and of that 30% of the total product ends up as waste, about 1.1 million kilograms per 

year. How these pharmaceuticals are wasted has impacts both economically and 

environmentally [1,2]. Decomposition of pharmawaste to generate a value-added carbon-based 

material called char can help reduce the environmental impact and possibly create a high-value 

product that could be used in a variety of applications.  Char due to its high surface area and 

functional groups may be utilized in different applications such as water/air treatment, 

remediation, construction and even the detergent industry [3]. We’ve demonstrated the 

potential of pharmaceutical wastes to create carbon-rich char with significant surface area, 

interesting surface properties and high-value applications.  The obtained chars were 

characterized via BET, FTIR, elemental analysis. The chars have a significant surface area ranging 

from 100-315 m2/g, and FT-IR indicates the presence of some surface functionality that may be 

tailored for specific applications. 



Green Synthesis of Symmetrical Cationic Gemini Surfactants 

Olivia Singer 

Singer, Robert; Campbell, Jacob; Hoare, Jacob; Marangoni, Gerrard; Masuda, Jason 

Saint Mary’s University 

 

Gemini surfactants are composed of two hydrocarbon tails with corresponding polar 

headgroups, linked via a covalent spacer. The synthesis of these surfactants is a very active area 

of research due to their application as catalysts and other applied areas of study. The 

modification of green microwave techniques developed in the Singer research group have 

resulted in the significant improvement of the syntheses of N, N’-bis(dimethylalkyl)- , -

alkanediammonium dibromide (m-s-m type) symmetrical gemini surfactants. The approach 

reported here describes a remarkably more economical, green, and sustainable methodology of 

producing symmetrical gemini surfactants that can be utilized for commercial use in various 

fields. The improved synthetic approach of gemini surfactants and their characterization, 

including the use of x-ray crystallography, will be discussed. 



Determination of the stereochemistry of two polyketide natural products 

Sarah Smit 

Gray, Christopher; Johnson, John 

University of New Brunswick, Saint John 

 

Two diastereomers of (Z)-dihydroxy-2-propyl-2,4-octadien-4-olide were recently isolated from 

the endophytic fungus Alternaria alternata. Despite previous investigations into their relative 

configurations, the stereochemistry of these natural products remained unknown. Therefore, 

further investigation was required to completely characterize these two structures. Their 

relative configurations were assigned using computational chemistry calculations to generate 

nuclear magnetic resonance (NMR) data that were compared to observed data using coupling 

constant and CP3 analyses. The absolute configurations of the diastereomers were then 

determined by Mosher’s ester analysis, which gave stereochemical assignments that were in 

agreement with the relative stereochemistries of the natural products. The structures of the 

two polyketides isolated from Alternaria alternata have therefore now been fully elucidated 

and identified as (Z)-6S,7R-dihydroxy-2-propyl-2,4-octadien-4-olide and (Z)-6R,7R-dihydroxy-2-

propyl-2,4-octadien-4-olide. 



Machine Learning Towards Automated Discovery of Bipyridine Derivatives for 

Use in Non-aqueous Redox Flow Batteries 

Claire Anderson 

De Baerdemacker, Stijn; El-Samman, Amer 

University of New Brunswick, Fredericton 

 

Theorists and experimentalists at the University of New Brunswick are interested in the redox 

properties of bipyridine derivatives for use in non-aqueous redox flow batteries as an 

alternative for large-scale energy storage systems. In this project, a script was generated to 

randomly substitute specific functional groups to each ring of bipyridine in the para position to 

the nitrogen atoms. To optimize the geometry, an MMFF94 force field was applied to each 

derivative and this became the geometry to be used for all future calculations on each state of 

bipyridine. After multiple derivatives were generated, Hessian calculations in the neutral (in gas 

phase and DMF), dication and dianion states (in DMF only) were run on each of derivative using 

GAMESS through Compute Canada. Genetic algorithms were applied to all of the derivatives 

obtained to generate different combinations of the functional group substituents and obtain 

more bipyridine derivatives overall. The results of all calculations were examined for the redox 

properties of each derivative. The redox potential was calculated for the dication and dianion 

states of bipyridine which were then used to calculate the overall cell potential. The bipyridine 

derivative with the highest cell potential was CHOClBpy which is a promising candidate for use 

in non-aqueous redox flow batteries because of the electron withdrawing properties of the 

substituents. 



Chemical Characteristics of Diesel Oil Synthesized From Plastic Wastes 

Rahaf Geisa 

Supervisor: Mkandawire, Martin  

Committee: MacInnis, Judy; Miadonye, Adango 

Cape Breton University 

 

Because of its favorable properties like durability, light weight, and high thermal and electric 

insulation, plastic has been replacing other materials in commercial products. Plastic production 

has been dramatically increasing ever since its commercial production in the 1940s. Global 

plastic production was  311 million tons (mt) in 2014, and only two years after, it reached 330 

mt. Recycling rates are far behind the production ones. For example, in Canada, only 9% of 

plastic wastes were recycled in 2016. China used to import about half of the world's plastic 

wastes among other recyclables. However, in 2017, China introduced a total ban on importing 

single-use plastics, among other solid waste materials. it is estimated that due to the ban, by 

2030, 111 mt of global plastic wastes would not have a destination. All of this has great risks on 

the environment and significantly contributes to global warming. As potential solutions for 

plastic pollution, innovative recycling projects that aim to produce worthy materials  have been 

attracting scientists attention. The project of producing liquid fuel from plastic wastes by 

pyrolysis has been studied for over 50 years. However, no method has proved commercial 

efficiency yet. This project is to chemically characterize the products of a new pyrolysis method 

using relatively low temperature and less run time. Results have shown the potentiality of oil 

produced from plastic type 2 wastes to be used as diesel. Plastic types 3,5, and 6 wastes appear 

to need higher temperatures for the polymers to effectively breakdown. 



Developing a SPICE Model for Redox Reactions in Porous Supercapacitor 

Electrodes 

Sammy Hanuka 

Andreas, Heather 

Dalhousie University 

 

Porous supercapacitors provide a unique balance of power and energy-density by coupling a 

high surface area with highly reversible (fast) charge storage mechanisms. Unfortunately, 

supercapacitors can also suffer from irreversible faradaic (redox) reactions that limit their 

efficiency and waste energy. It is often difficult to isolate and identify the relative contribution 

of these processes, especially in porous environments, because pores experience non-uniform 

charge storage and redistribution along their surface. Since tracking the different processes 

inside a pore is difficult using conventional electrochemical techniques, equivalent electrical 

circuit (EEC) models have been developed to help further our fundamental understanding. 

These EECs are often modelled using simulation programs with integrated circuit emphasis 

(SPICE). Currently, de Levie’s transmission line circuit (TLC) is commonly used to model 

potential and charge movement in pores; however, faradaic reactions have not yet been 

accounted for. To date, faradaic EECs have only been modeled on planar surfaces, limiting their 

applicability towards porous supercapacitors. 

This work is the first to use a TLC in order to model both faradaic reactions and capacitive 

charge storage together within an electroactive pore. A faradaic reaction EEC is incorporated as 

a branch nested within each TLC segment. Circuits are evaluated against manganese oxide 

(MnOx) supercapacitors through simulated cyclic voltammetry (CV) experiments. The unified 

pore EEC model is shown to be significantly more accurate in modelling irreversible processes in 

MnOx. This model can help isolate the relative contributions of the irreversible reactions 

limiting MnOx and other porous supercapacitors. 



The Complexation of Beta-Cyclodextrin and 12-s-12 series Gemini Surfactants 

below the Critical Micelle Concentration 

Nicole MacNeil 

Dr. Gerrard Marangoni 

St. Francis Xavier University 

 

The host-guest interactions between Beta-Cyclodextrin and 12-s-12 series gemini surfactants 

were explored at concentrations below the critical micelle concentration using conductivity and 

Diffusion Ordered Spectroscopy H-NMR measurements (DOSY). This presentation aims to 

investigate these interactions quantitatively, without having to rely on a model that assumes a 

1:1 or 2:1 Beta-Cyclodextrin to gemini surfactant ratio which can result in high errors for 

association constants. The P-values from the DOSY H-NMR results are interpreted in terms of 

the effect that the gemini surfactant spacer length has on Beta-Cyclodextrin complexation. It is 

determined that 12 series gemini surfactants have a complexation ratio that is greater than 1:1, 

meaning the complexation of gemini surfactants is different than that of their conventional, 

monomeric counterparts.  These differences are interpreted in terms of the subtle variations 

the structure of the gemini surfactant has on the manner in which the cyclodextrin complexes 

with the gemini amphiphiles. 



Fluorescence-Based Investigations of the Host-Guest Inclusion of 

Anilinonaphthalene Sulfonic Acids (1,8- and 2,6-ANS) by 

Dimethoxypillar[5]arene in Nonaqueous Solvents 

Tara Misener 

Wagner, Brian D. 

University of Prince Edward Island 

 

Pillar[n]arenes are a relatively new class of macrocyclic host molecules which have not been 

extensively studied for their ability to form inclusion complexes. Native pillar[n]arenes are 

water-insoluble, so binding studies for these hosts have been limited to organic solvents. The 

properties and host-guest inclusion complexes of dimethoxypillar[5]arene (DMPill[5]) with 

polarity-sensitive fluorescent guests were investigated in various nonaqueous solvents via 

fluorescence spectroscopy. Polarity-sensitive probes 8-anilinonapthalene-1-sulfonic acid (1,8-

ANS) and 2-anilinonapthalene-6-sulfonic acid (2,6-ANS) were used as guest molecules and were 

found to form inclusion complexes with DMPill[5] in polar aprotic solvents such as acetonitrile, 

acetone, THF, and chloroform. Fluorescence titrations were performed with varying host 

concentrations, which were chosen based on the maximum soluble concentration of the host 

and guests in each of the solvents. These experiments were conducted to determine the nature 

and strength of the complexation occurring between DMPill[5] and each of the ANS guest 

molecules. In the case of 1,8-ANS, 1:1 host:guest inclusion complexes were observed, whereas 

2:1 host:guest inclusion complexes were observed with 2,6-ANS.  The strength (or lack) of 

binding in different nonaqueous solvents was found to depend on a range of factors beyond 

solvent polarity, including guest and solvent shape and size, and most importantly, specific 

solvent-solute interactions. 



X-ray Absorption Spectroscopy Study of Au(130-x)Ag(x) Nanoclusters 

David Morris 

Zhang, Peng; Higaki, Tatsuya; Liu, Chong; He, Guiying; Luo, Tian-Yi; Sfeir, Matthew; Rosi, 

Nathaniel; Jin, Rongchao 

Dalhousie University 

 

X-ray absorption spectroscopy is a powerful technique which allows for the electronic 

properties and structural information of a sample to be determined. This talk will cover how 

this technique can be utilized in the analysis of gold and silver alloy nanoclusters to obtain a 

better understanding of the relationship between structure and properties. In particular the 

analysis of the Au130-xAgx(TBBT)55 (average x = 98, TBBT = S-Ph-p-C(CH3)3) nanocluster will be 

covered in detail, providing insights into one of the largest bimetallic alloy nanoclusters with a 

reported structure. Both X-ray absorption near-edge structure (XANES) and extended X-ray 

absorption fine structure (EXAFS) analysis will be shown, to illustrate how these techniques 

compliment each other to provide a clear characterization of noble metal nanoclusters. Results 

from complimentary techniques including X-ray crystallography and femtosecond transient 

absorption spectroscopy will also be shown, illustrating how X-ray absorption spectroscopy can 

be used in combination with other techniques to give a more complete understanding of the 

structure and properties of alloy nanoclusters. 



Excitation Energy Transfer in the Chlorosome Light Harvesting Complex 

Katherine Parsons 

Kelly, Aaron 

Dalhousie University 

 

The primary steps of photosynthesis are the collection and transportation of the sun’s light to a 

reaction centre. Each reaction centre is surrounded by many light harvesting complexes which 

are composed of pigments that absorb light as electronic transitions. One such light harvesting 

complex is known as the chlorosome which can be found in Green Sulfur Bacteria. The 

chlorosome is unique in comparison to other natural light harvesting complexes due to the lack 

of a protein scaffold encompassing the pigments and the abundance of pigments present in this 

complex. The many degrees of freedom that result as a consequence of the numerous pigments 

in the chlorosome can be numerically challenging for theoretical methods that are applied in 

the study of excitation energy transfer. An approximate mixed quantum-classical method called 

the Forward-Backward Trajectory Solution (FBTS) provides a balance between accuracy and 

computational cost. This allows for the excitation energy transfer to be feasibly simulated and 

the real-time dynamics of this transport studied. In order to study the transport through the 

chlorosome light harvesting complex, natural and artificial nanotublar models were constructed 

to represent the arrangement of the pigments. The excitation energy transfer through these 

models are studied using the FBTS method and will be discussed in this report.  

 



Uncovering the Electronic Properties of Silver Nanoclusters Using Both Density 

Functional Theory and X-ray Absorption Spectroscopy 

Andrew Walsh 

Zhang, Peng 

Dalhousie University 

 

Atomically precise thiolate (SR)-protected silver nanoclusters, having diameters less than 2 nm 

and a countable number of atoms,(1) have recently garnered attention as they can be produced 

in greater yields(2) while maintaining the enhanced optical(2) and catalytic(3) properties of 

other metal nanoclusters. While both X-ray absorption spectroscopy (XAS)(4) and density 

functional theory (DFT) calculations(2) have been used to study silver nanoclusters, the two 

have yet to be combined to fully understand the electronic properties of these compounds. This 

project will employ a combined approach in using both XAS and DFT calculations to analyze the 

electronic properties of some silver nanoclusters. The results from this study will be correlated 

with each other to provide a more complete picture of their electronic properties, which may 

be useful in explaining other properties observed for these nanoclusters. 

1. Walsh, A. G.; Chen, Z.; Zhang, P. J. Phys. Chem. C 2020, 124, 4339-4351. 

2. Conn, B. E.; Desireddy, A.; Atnagulov, A.; Wickramasinghe, S.; Bhattarai, B.; Yoon, B.; Barnett, 

R. N.; Abdollahian, Y.; Kim, Y. W.; Griffith, W. P.; Oliver, S. R. J.; Landman, U.; Bigioni, T. P. J. 

Phys. Chem. C 2015, 119, 11238−11249. 

3. Urushizaki, M.; Kitazawa, H.; Takano, S.; Takahata, R.; Yamazoe, S.; Tsukuda, T. J. Phys. Chem. 

C 2015, 119, 27483−27488. 

4. Chevrier, D. M.; Conn, B. E.; Li, B.; Jiang, D.-e.; Bigioni, T. P.; Chatt, A.; Zhang, P. ACS Nano 

2020, 14, 8433-8441. 



X-ray Spectroscopy Analysis of Ag25(SR)18 Nanoclusters 

Chen Ziyi 

Zhang, Peng;  

 

Dalhousie University 

 

Atomically precise metal nanoclusters have attracted significant interest due to their molecular-

like properties and they can be applied in many fields. Ag25(SR)18 are one of Ag nanoclusters 

with determined total structure, which also are the only match analogues with Au nanoclusters, 

Au25(SR)18. In this presentation, the X-ray spectroscopy study of Ag25(SR)18 will be presented. 

It will be demonstrated that the X-ray absorption spectroscopy (XAS) as a main tool can probe 

both the electronic and bonding properties of Ag25(SR)18 from site-specific perspective. The 

unique analysis methods developed for the X-ray spectroscopy of Ag25(SR)18 can be applied to 

other nanocluster system to investigate the structure-property relationship.  

 



Investigating the Ultrastructure of Crystalline Forms of Starch 

Elisha Bennett 

Tokarz, Danielle; Bennett, Elisha; MacArthur, Sasha 

Saint Mary’s University 

 

Starch is an important food-based biological polymer, abundant in a variety of plants including 

potato, wheat, and maize. Due to its biocompatibility and finely tunable properties, starch is 

utilized in various industries beyond food thickeners and snacks, with applications such as 

binders for optimal drug delivery in the pharmaceuticals industry, industrial adhesives, 

lubricants, and bioplastics. To further optimize the use of starch in these industries, it is 

important to have a thorough understanding of the starch ultrastructure. Although the 

chemical content of starch granules is well understood, a heterogeneity of starch ultrastructure 

exists within and between individual granules, which affects starch-based material quality. 

Since starch properties can originate from a combination of chemical and physical starch 

modifications, as well as from the genetic engineering of starch metabolism pathways, the 

resultant starch phenotype is very difficult to predict, and hence purified custom starch 

materials are still difficult to obtain at a large scale. One challenge occurs partly because the 

industry relies on measurements of bulk starch properties, whereas information on properties 

of individual granules, which is needed for improved materials, is lacking. This challenge occurs 

because most common high-resolution techniques do not supply ultrastructure information 

directly and require destructive sample preparation techniques which alters the natural 

structure. In this research we utilize polarization-resolved second-harmonic generation imaging 

to develop starch ultrastructural analysis. For characterizing the ultrastructural basis of starch 

alterations, we develop a model system of synthetic starch-based semi-crystalline particles of 

various morphological properties including size and crystalline composition. 



Investigation of urea oxidation as a potential anode reaction in CO2 electrolysis 

Rylan Clark 

Bertin, Erwan 

Moore, Abigail 

MacInnis, Marissa 

St. Francis Xavier University 

 

Carbon dioxide (CO2) emissions have steadily increased since the beginning of the industrial 

revolution, currently amounting to over 30 billion tonnes produced. Only half of these 

emissions are being recycled through natural pathways, leading to a gradual increase in 

atmospheric CO2  levels. This increase is raising concerns of climate change and global 

temperature. Different devices have been developed to address this issue, including CO2 

electrolyzers. While the CO2 electroreduction itself has been widely studied, the reaction taking 

place at the counter electrode of such device has not. 

Herein, we investigated the electrooxidation of CH4N2O (urea) as a counter electrode reaction 

using Ni90Fe10 electrodeposited films as catalysts. It showed an excellent activity of 135 

mA/cm2geo (determined by cyclic voltammetry) and stability (90-76.5 mA/cm2geo) over thirty-

minute exposure to an alkaline media of 1.0M NaOH + 0.25M Urea. The measured activity was 

determined to be extremely pH dependent, decreasing sharply during a change from pH 14 to 

pH 12/13, but remaining higher than the OER (the currently used reaction) in all cases. 

Surprinsingly, the catalytic activity was not proportional to the amount of Ni3+ sites formed, 

which suggest a more complex mechanism than previously determined. Nevertheless, 

chronopotentiometry measurements at pH 14 showed a gain of 120 mV in potential needed to 

achieve a current density of 50 mA/cm2geo as compared to the OER on the same electrode. 

Using a tin cathode, formate was able to be produced, unaffected by the presence of urea at 

the anode at pH 14. 



Placental metabolite profiles in a mouse model of fetal growth restriction 

Hannah George 

Cahill, Lindsay; George, Hannah 

Memorial University 

 

Fetal growth restriction is one of the most common complications of pregnancy. In Canada, 

growth restriction affects over 8% of all pregnancies and is associated with high morbidity and 

mortality. While placental metabolism is known to be an important factor in fetal growth, 

which metabolites in the placenta are associated with growth restriction remains unknown. The 

objective of this study is to determine the differences in metabolites in placental tissue of 

healthy control C57BL6/J mice and eNOS knockout mice, a well-established model of fetal 

growth restriction. Both mice and humans have a hemochorial placenta with a very similar 

vascular and cellular structure, making the mouse a widely used animal model for the study of 

placental development. For sample collection, dams were euthanized at 17.5 days of gestation 

(full term is 18.5 days) and placentas (n=6/group) were frozen immediately in liquid nitrogen. 

Metabolite profiles in fixed tissue samples were measured using high-resolution magic angle 

spinning (HRMAS) magnetic resonance spectroscopy (MRS). 1H HRMAS MRS experiments were 

performed using a Bruker 3.2 mm MAS probe and a 600 MHz spectrometer (MAS = 4 kHz). 

Tentative metabolite assignments were conducted using 1H-1H Correlation Spectroscopy and 

according to literature. We will present a comparison of the metabolite profiles in eNOS 

knockout mice and controls. The long-term goal is to identify potential biomarkers for early 

detection of metabolic abnormalities in the placenta that lead to growth restriction.   

 



Examining the Effects of Changes in Solvation Energy and Capillary Forces on the 

Self-Assembly of Gold Nanoparticles at the Oil/Water Interface 

Kate Leslie 

M.-V. Meli 

Mount Allison University 

 

Developing methods to control the self-assembly of gold nanoparticles (AuNPs) to a liquid-

liquid interface is an important field with applications in the development of responsive films, 

advanced surface-enhanced Raman spectroscopy, and the formation of designer nanoparticle 

superstructures. Interfacial adsorption of nanoparticles is challenged by their high solvation 

energies and small van der Waals interactions compared to larger particles. A current model for 

interfacial nanoparticle adsorption identifies the two main energy parameters of concern 

arising from attractive nanoparticle-nanoparticle capillary forces and the (repulsive) solvation of 

the nanoparticles in the two phases. These parameters are strongly influenced by changes to 

interfacial tension, particle radius, and dielectric constants of the two phases. Herein I will 

describe the design of an experimental system to test this model with respect to the 

nanoparticle core size, ligand choice, interfacial tension, and ionic strength.  In situ and ex situ 

analysis of the interfacial films deposited to substrates will be discussed. 



Investigating the Ultrastructure of Crystalline Forms of Starch 

Sasha MacArthur 

Tokarz, Danielle; Bennett, Elisha; MacArthur, Sasha 

Saint Mary’s University 

 

Starch is an important food-based biological polymer, abundant in a variety of plants including 

potato, wheat, and maize. Due to its biocompatibility and finely tunable properties, starch is 

utilized in various industries beyond food thickeners and snacks, with applications such as 

binders for optimal drug delivery in the pharmaceuticals industry, industrial adhesives, 

lubricants, and bioplastics. To further optimize the use of starch in these industries, it is 

important to have a thorough understanding of the starch ultrastructure. Although the 

chemical content of starch granules is well understood, a heterogeneity of starch ultrastructure 

exists within and between individual granules, which affects starch-based material quality. 

Since starch properties can originate from a combination of chemical and physical starch 

modifications, as well as from the genetic engineering of starch metabolism pathways, the 

resultant starch phenotype is very difficult to predict, and hence purified custom starch 

materials are still difficult to obtain at a large scale. One challenge occurs partly because the 

industry relies on measurements of bulk starch properties, whereas information on properties 

of individual granules, which is needed for improved materials, is lacking. This challenge occurs 

because most common high-resolution techniques do not supply ultrastructure information 

directly and require destructive sample preparation techniques which alters the natural 

structure. In this research we utilize polarization-resolved second-harmonic generation imaging 

to develop starch ultrastructural analysis. For characterizing the ultrastructural basis of starch 

alterations, we develop a model system of synthetic starch-based semi-crystalline particles of 

various morphological properties including size and crystalline composition. 



High-resolution magic angle spinning magnetic resonance spectroscopy to study 

changes in placental metabolites over gestation in healthy pregnant mice 

Grace Mercer 

Cahill, Lindsay; Mercer, Grace 

Memorial University 

 

Placental metabolism is known to be an important factor in fetal growth, yet how metabolite 

profiles change throughout gestation is not well understood. The goal of this project is to 

determine the effects of gestational age on the metabolites present in placentas using healthy 

pregnant mice. The mouse reproduces many of the physiological and molecular features of 

human pregnancy and is a well-accepted model for studying placental development. Healthy 

adult CD-1 timed pregnant mice were used for this study. Four dams at 15.5 days of gestation 

and four dams at 17.5 days of gestation (term is 18.5 days) were euthanized and the placentas 

(n=4/dam) were in flash frozen in liquid nitrogen. These samples were stored at -80 C in order 

to prevent biochemical degradation. 1H high-resolution magic angle spinning magnetic 

resonance spectroscopy was performed on a Bruker 600 MHz spectrometer (3.2 mm MAS 

triple-tuned probe, MAS = 4 kHz). Tentative metabolite assignments were performed according 

to literature and using two-dimensional spectroscopy. To verify the assignment of each 

metabolite, Mnova NMRPredict Desktop was used to calculate the 1H chemical shifts. 

Automatic peak integration was used and the relative concentration was determined by 

normalizing each metabolite peak(s) to the total signal. The placental metabolic profiles will be 

presented and compared between gestational ages. 

 

 


