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Rapid and Sensitive Identification and Quantification of Illicit Drugs by 
Combining Bottom up Fabricated Surface Enhanced Raman Scattering (SERS) 

Substrates and Chemometrics 
 

Joshua Raveendran 
 

ABSTRACT 
Here we demonstrate a novel method for detecting, identifying and quantifying illicit drugs by means of surface enhanced Raman 

scattering (SERS) and Principal Component Analysis (PCA). The required ultrasensitive SERS substrates are produced in a 

time- and cost-efficient fashion using a method that was recently developed by our group. Specifically, low frequency and 

voltage alternating current (AC) electric fields are employed to assemble colloidal silver nanoparticles into extended and SERS-

active dendritic structures between adjacent electrodes on a planar microelectrode chip. After drying the chip, a droplet 

containing a single drug was deposited on the chip and allowed to dry. Quantification was performed using cocaine at various 

concentrations.  Raman measurements were performed and 20 spectra for identification were collected while 10 spectra for 

quantification were collected for a total of 100 spectra for identification and 50 for quantification. Testing was done over the 

course of several days by two different operators using multiple samples. Spectra were pre-processed and PCA was performed 

using MATLAB (2016). The first three principal components were used to plot each spectrum in a 3-dimensional space. Five 

distinct clusters were formed and a combination of Hotelling T2 statistics and F testing found the separation between all clusters 

to be statistically significant (99.9% significance used). K-means clustering found all data points in a single cluster to belong to 

same type. Testing using leave-one-out-cross-validation found 100% accuracy in identifying the unknown 

compound/concentration. The use of PCA removed the reliance of identifying solely by visual inspection of distinct peaks. The 

combination of this novel assembly process and PCA offers a simple, quick and reproducible method of identifying and 

measuring unknown substances. 
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Investigation on CO2 Removal Using Micron-size Water Droplets in C-3 Process 

Nam Tran 
 

ABSTRACT 
The excessive emission of green house gases, especially CO2, from industrial processes is the main cause of global warming. 

Numerous technologies have been developed to reduce the amount of CO2 released to the environment. A promising process 

named the C-3 process uses small water droplets (micron size) to remove multiple contaminants (e.g., CO2, NOx, SOx, and Hg) 

in furnace flue gas. However, the mechanisms for capturing CO2 using this relatively simple water-droplet-based process are not 

fully explained or understood. This work investigates possible mechanisms for capturing CO2 by small water droplets. Several 

possible CO2 capture mechanisms have been identified: i) dissolution of CO2 in liquid water, ii) conversion to H2CO3 and its 

ions from reactions between CO2 and H2O, iii) adsorption of CO2 on droplet surfaces, and iv) congregation of H2CO3 near water 

droplet surfaces. Mathematical models are developed to study the importance of these CO2 capture phenomena in small droplets, 

which have large surface area to volume ratios. 
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Mathematical Modeling of Nylon 6/6,6 Copolymerization: Beneficial Influence of 

Comonomers on Degree of Polymerization in Batch Reactor 

Fei Liu 
 
ABSTRACT 
A model is developed for hydrolytic copolymerization of caprolactam with hexamethylene diamine (HMD) and adipic acid 

(ADA) in a batch reactor to produce nylon 6/6,6 copolymer. The reaction mechanism includes hydrolysis of caprolactam and 

cyclic dimer, polycondensation, polyaddition, transamidation and ring formation via end biting and back biting. The catalyzing 

effect of carboxyl groups is accounted for using kinetic parameters from the literature. Model predictions are compared with 

low-temperature literature data before simulating reactor conditions of industrial interest. The model predicts a higher degree of 

polymerization (DP) for nylon 6/6,6 copolymer compared to nylon 6 and 6,6 homopolymers produced using the same reactor 

conditions. Dynamic changes in concentrations of water, caprolactam, HMD, ADA, and end groups are tracked and used to 

explain the positive influence of comonomers on reaction rates and DP. Insights gained from this model will form a useful basis 

to build future models of continuous industrial reactors.   
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Model-based Optimal Design of Experiments with Noninvertible Fisher 

Information Matrix 

 

Ali Shahmohammadi 

 

ABSTRACT 
Model-based optimal design of experiments is useful for picking the best experimental settings when experimenters want to     

achieve accurate parameter estimates and model predictions. Sequential optimal experimental design uses information from 

previous data to aid in selecting conditions for additional experimental runs. Parameter estimates and optimal operating 

conditions are often computed using the inverse of the Fisher Information Matrix (FIM). However, sometimes when model 

developers want to design sequential experiments, they find that the FIM is noninvertible due to the model structure or 

insufficient experimental data. The objective of this study is to compare two different approaches for designing experiments 

when the FIM is singular. The first uses a parameter subset selection technique to reduce the number of columns in the FIM and 

the second uses a pseudoinverse method. The idea of parameter subset selection has been used successfully for estimating model 

parameters in similar situations where the FIM is not invertible. However, until now, the effectiveness of this approach has not 

been assessed for designing new experimental settings. The two approaches are compared for a simple linear regression example 

and the results show that the parameter subset selection technique is more effective than the pseudoinverse approach for 

designing a new experiment using an A-optimal design criterion, over a range of model and noise conditions. The next step is to 

compare these two approaches for a more complex nonlinear model that describes a semi-batch reaction system involving a 

Michael addition reaction scheme of interest to my industrial sponsor. Based on the results from the linear model, I expect that 

the parameter subset selection technique should lead to experimental settings that result in better parameter estimates than will 

be obtained using the pseudoinverse.  

Keywords: Model Based-Optimal Design; Parameter subset selection; Michael Addition Reaction; Sequential A-optimal design 

of experiment 
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Production of Multi-purpose Bio-solid Feedstock for Oxidation in Cement Calciner from 

Microalgae Concentrated via Multi-process Technique 

 

Ahmed Khafhafera 

ABSTRACT 
Microalgae biomass is a promising crop that can provide great opportunity for carbon capture and fuel switching. Yet, industrial scale 

production of bio-origin fuel using algae systems is still a challenge due to small cell size (2-50 µm) and dilution in the growth culture (99.9 

wt% H2O).   A novel dewatering approach was developed to harvest microalgae biomass and produce a multi-purpose bio-solids feedstock 

for use in a cement calciner. In the proposed approach, the microalgae suspension is first destabilized by counter metallic ions via charge 

neutralization in electrocoagulation unit; where Al(OH)3 and Fe(OH)3 are formed in suit. Under optimal conditions, the microalgae recovery 

efficiency using Al anode was 90% with a power consumption of 0.24 kWh kg-1. The aluminum content absorbed by algal biomass was 

3.6% and the content that remained in the process was 0.004 g/L.  The metal compounds will oxidize in the calciner releasing heat into the 

system, acting as fuel.  

The neutralized algal solution is then transferred to a sedimentation vessel for further concentration. The water content of the resultant algal 

solution after combined treatment of electrocoagulation-sedimentation is reduced to ~ 98% where 85-90% of culturing medium is recycled. 

The energy content of concentrated solution is still below the fuel quality standard; thus, filter limestone is employed to further bring down 

the water content. Limestone aggregates (d50 <1mm) are chosen as bed material because it is the dominant constituent of cement raw meal. 

An additional 7-8% of water content reduction has been achieved after filtration using aggregates sizes of 250 µm, 420 µm, and 600 µm. At 

specified microalgae density, the accumulated biomass cake and portion of filter bed are scraped and transferred to a down-stream process. 

The microalgae-metal hydroxide-limestone mixture is then molded into briquettes. Due to adhesion effects of limestone, water content is 

reduced to 50-80% depending on blending ratio.  

The briquettes “or multi-purpose bio-solid feedstock” are then stored to be passively dried under ambient conditions to remove the remained 

water to less than 15% within 5 days of drying time. As of cement plant specifications to ensure sustainable production, the energy and 

moisture content values of a typical biofuel should be around 14 MJ/kg and 15% respectively. The performance of clinker production using 

multi-purpose briquettes is evaluated based on several indicators; i.e. CO2, biogenic CO2, and volume of exhaust gases, to be compared to 

coal. To meet the energy demand at the specified water content, the ideal mix is 65% algal biomass and 20% limestone. The total emissions 

exhaust obtained after multi-purpose briquette substitution has increased by 20% compared to coal. The net CO2 in the exhaust accounts for 

29% in which 7.4% is biogenic.  
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Synthesis and Characterization of CO2 Responsive Cellulose Nanocrystals via RAFT-

Mediated Grafting-to Approach 

 

Joaquin Arredondo 
 

ABSTRACT 
Cellulose is the most abundant natural polymer on Earth. From cellulose, cellulose nanocrystals (CNC) can be obtained through 

various hydrolysis processes. This material has become the subject of much attention from the scientific community due to its 

outstanding mechanical, optical and physical-chemical properties, in addition to its high natural abundance, and low toxicity. 

There is interest in grafting different types of polymers onto CNC as their applications are limited due to their poor dispersibility 

in low polarity and non-polar systems. The potential versatility and value of modified CNC can be enhanced even further if the 

polymers used in the grafting process are CO2 responsive, including for example poly(dimethylaminoethy methacrylate) 

(PDMAEMA) and poly(diethylaminoethyl methacrylate) (PDEAEMA) since stimuli responsive composites have shown 

promise in applications such as Pickering emulsifiers, water treatment and as polymer reinforcing agents. In this work, we report 

the grafting of CNC surfaces via grafting-to using reversible addition fragmentation chain transfer (RAFT). The CNC surfaces 

were first chemically modified with glycidyl methacrylate which provides a double bond moiety on the CNC surfaces. A 

grafting-to approach was then performed using pre-synthesized and fully characterized CO2 responsive PDMAEMA and 

PDEAEMA. CO2 responsiveness of the grafted materials was then assessed via zeta potential measurements.  
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SYNTHESIS, MICELLAR RADICAL POLYMERIZATION KINETICS, AND 

PERFORMANCE OF CATIONIC HYDROLYTICALLY DEGRADABLE 

FLOCCULANTS 

 

Thomas Rooney 

 

ABSTRACT 
The ongoing accumulation of Alberta’s oil sands tailings is a major environmental concern both in scale and complexity. Current 

remediation strategies involve polyacrylamide (PAM) based flocculants which are not tailored to the unique composition of the 

oil sands tailings, and whose resulting sediments are difficult to dewater because PAM is hydrophilic. Our approach involves 

micellar radical polymerization of a new short chain polyester macromonomer, polycaprolactone choline iodide ester 

methacrylate (PCLnChMA), to produce a cationic hydrolytically degradable flocculant. The cationic tips of the comb-like 

poly(PCL2ChMA) accelerate the settling rate of oil sands tailings, while hydrolytic degradation of the polyester grafts reveals 

hydrophobic segments that reduce the sediment capillary suction time (CST) by more than 30%. The poly(PCLnChMA) 

flocculant characteristics, such as polymeric cation density and hydrophobic content, can be easily tuned to affect flocculation 

performance. Therefore, the settling performance of mature fine tailings (MFT) using poly(PCL2ChMA) homopolymer and its 

copolymer of acrylamide are compared to a more common industrial cationic with higher charge density. 

 

As a second part of this work, the pulsed laser polymerization coupled with size exclusion chromatography (PLP-SEC) technique 

was implemented to evaluate the propagation rate coefficient (kp) for PCL2ChMA, thus establishing the first successful 

application of conventional PLP-SEC to a cationic and self-assembled monomer system. In stark contrast to homogeneous water-

based systems, PLP structure and kp estimations for PCL2ChMA at 25 °C are insensitive to monomer concentration, ionic 

strength, and conversion (up to 30 %).  
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THE EFFECT OF ACRYLIC ACID IONIZATION ON RADICAL COPOLYMERIZATION  

KINETICS IN AQUEOUS SOLUTION 
 

Ikenna Ezenwajiaku 

ABSTRACT 
Despite the industrial importance of water-soluble polymers, the understanding of aqueous-phase radical polymerization kinetics has lagged behind 

that of organic-phase polymerizations due to the interactions of the monomer and polymer units with water that affect the kinetics and complicate 

experimental analysis such as monomer conversion and molar mass measurements. Improved and specialized experimental techniques allow for 

the study and better understanding of these complex systems. In particular, an in-situ NMR technique allows for reliable data collection at monomer 

concentrations up to 40 wt%, following both overall monomer conversions as well as composition drift in a copolymerization system. 

Our work focuses on the kinetics of [2-(methacryloyloxy)ethyl]trimethylammonium chloride (TMAEMC)  copolymerized with non-ionized acrylic 

acid (AA) as well as with fully-ionized (sodium acrylate, NaA). Contrary to observation made in copolymerization of AA with neutral monomers 

such as AM, the drift in monomer composition is independent of AA ionization, with the copolymer becoming enriched in TMAEMC with 

increasing conversion when copolymerized with AA and NaA up to 80% molar fraction of TMAEMC (as shown in Fig. 1). Interestingly, the 

system exhibited close to an azeotrope at 90% molar fraction, a behaviour dependent on initial monomer content. The apparent system reactivity 

ratios were found to be influenced by electrostatic interactions, and thus both initial monomer content and composition. In addition, the preliminary 

model for the homopolymerization of TMAEMC has been successfully completed, with ongoing efforts geared towards gaining deeper 

understanding of the evolving polyelectrolytes. 

 

                                      
 
Figure 1: Comparison of batch copolymerization composition drifts for copolymerizations at 50°C and 0.4 wt. % V-50, 10 wt. % monomer at different monomer compositions 

(fB = 0.1, 0.3, 0.5, 0.7, 0.8, 0.9) (Non-ionized and fully ionized).    
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Modification of Poly(methyl methacrylate) Surfaces with Azobenzene Groups 

as a Photo-switchable Surface 

 

Ashley Clarke 

ABSTRACT 
Many polymeric biomedical device failures are a result of poor interaction and integration with existing tissues. One strategy to 

improve the host response is to alter the bulk polymer composition to promote cell-material interaction, however characteristics 

specific to the biomaterial’s application may be hindered. Alternatively, modifications to the surface of materials allows for 

retention of native bulk properties and may also be applied after a material has been processed or molded. This study investigates 

a method of surface modification using the complexation between the light-responsive molecule azobenzene and conical sugar 

molecule β-cyclodextrin to provide potential for simple, reversible alteration of surface properties. Poly(methyl methacrylate) 

(PMMA) spin-coated coverslips and PMMA disks were modified in two steps to functionalize surfaces with amine (short spacer 

hexamethylenediamine, HMD, or long spacer O,O'-bis(2-aminopropyl) propylene glycol-block-polyethylene glycol-block-

polypropylene glycol, PPG-PEG-PPG) then azobenzene (4-(phenylazo)benzoic acid, AZO) groups. Additionally, a copolymer 

of methyl methacrylate (MMA) and 2-aminoethyl (methacrylate) (AEMA) was spin coated onto coverslips and modified using 

the second reaction step to compare the amine-functionalized surfaces to a bulk-modified material. The azobenzene-

functionalized surfaces were then complexed with β-cyclodextrin to further alter surface properties. Both PMMA coverslips and 

disks were modified with HMD or PPG-PEG-PPG and quantified using a ninhydrin assay. The surface densities for HMD and 

PPG-PEG-PPG for PMMA coverslips were 24.8 ± 6.9 nmol/cm2 and 12.3 ± 3.09 nmol/cm2 respectively, while the surface 

density for PMMA disks modified with HMD under similar conditions was higher at 36.0 ± 7.0 nmol/cm2. Contact angle 

measurements revealed the amine functionalization resulted in a significant increase in surface hydrophilicity compared to 

unmodified PMMA. Subsequently, the amine-surfaces, including AEMA-MMA copolymer coverslips, were modified with 

azobenzene and contact angles measured before and after treatment with a solution of 1 mM β-cyclodextrin in deionized water. 

As expected the contact angles of unmodified PMMA disks did not significantly change with addition of β-cyclodextrin 

(p=0.191), however the contact angle of azobenzene-modified PMMA disks significantly decreased (p=0.018) suggesting a 

successful surface modification and complexation with cyclodextrin. Furthermore, it is anticipated that treatment of these 

surfaces with ultraviolet light will enable a trans to cis transition of azobenzene, resulting in the detachment of cyclodextrin.  

Further studies using x-ray photoelectron spectroscopy (XPS) and ultraviolet surface irradiation will investigate and quantify 

these reactions at the surface. 
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Modification of the Rheological and Thermal Properties of PLA by Reactive Extrusion 

in the Presence of a Multifunctional Coagent 

 

Praphulla 
 

ABSTRACT 
Poly (lactic acid) (PLA) was reactively modified in the melt state, using dicumyl peroxide (DCP) and triallyl trimesate (TAM) 

trifunctional coagent in a lab scale twin screw extruder. The viscosity and elasticity of reactively modified PLA increased 

substantially in the presence of TAM. Specifically, higher concentrations of TAM in the formulation resulted in a pronounced 

effect on the oscillatory shear measurements, with deviations from the terminal flow behavior, which are indicative of the 

formation of branched PLA. Furthermore addition of TAM led to increased strain hardening and enhanced crystallization. The 

coagent modified PLA showed a distinct crystallization peak, which was not present in the neat PLA, whereas the cold 

crystallization peak disappeared. On the contrary, reaction with DCP alone showed no change in rheological and thermal 

properties.  
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The Mechanism of the Crosslinking Reaction of a Sustainable Biopolymer: 

Polylactic Acid (PLA) 

 

Karolina Dawidziuk 

 

ABSTRACT 
Polylactic acid (PLA) is a bioderived thermoplastic polymer produced through a ring opening polymerization reaction. The 

breakdown of PLA products has been studied by evaluating the different recycling and disposal methods that are in place. With 

the expanding market for this material the health and safety, environmental, and social impacts and regulations must be 

considered. The properties of PLA need to be improved so that it can compete with petroleum derived plastics, and therefore the 

use of various additives are required. Work has been previously conducted to improve the thermal and mechanical properties of 

this polymer with the addition of additives and cross-linking agents, such as peroxides and coagents. 

The objective of this work was to determine the free-radical chemistry in PLA reacted with peroxides and coagents. Formulations 

were processed in a melt sealed environment using allylic and acrylic coagents. This data gave insight into the reaction kinetics 

and degradation of the system. Nuclear magnetic spectroscopy (NMR) was used to prove that the coagent was grafting onto the 

polymer backbone. Furthermore, a low hydrogen abstraction efficiency indicated the low reactivity of PLA. This can be 

attributed to the steric hindrance from the methyl and ester groups. Overall, allylic based coagents provide vast improvements 

in the modulus and viscosity of PLA when compared to acrylate-based coagents. 

 

 

 

 

 

 
 

 


