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General rigid bead-rod theory explains polymer viscoelasticity from macromolecular orientation. By means of general rigid bead-rod
theory, we relate the complex viscosity of polymeric liquids to the architecture of axisymmetric macromolecules. In this work, we explore
the zero-shear and complex viscosities of 26 different axisymmetric polymer configurations. When non-dimensionalized with the zero-
shear viscosity, the complex viscosity depends on the dimensionless frequency and the sole dimensionless architectural parameter, the
macromolecular lopsidedness. In this work, in this way, we compare and contrast the elastic and viscous components of the complex
viscosities of macromolecular chains that are straight, branched, ringed, or star-branched. We explore the effects of branch position along a
straight chain, branched-chain backbone length, branched perimeter, branch-functionality in planar stars, and branch dimensionality. -chain
branch-functionality, the number of branches along a branched-chain backbone, pom-pom branching, ringed polymer



PROCESS IMPROVEMENT IN THE PRODUCTION OF 
HYDROCARBON-BASED BIOLUBRICANTS THROUGH 

HYDROISOMERIZATION OF FATTY ACIDS
CALVIN HO

Lubricants are essential components in modern technology and are used in the automotive, aviation, marine and industrial sectors.
Although most lubricants today are fossil-fuel based, biolubricants could play an increasingly important role in the future. The types of
biolubricants available today are as varied as the different chemical processes used to make them. These include simple monoesters such as
2-ethylhexyl oleate made through esterification, complex estolide esters made through a polymerization process, and highly-branched
isoalkanes made from decarboxylation and isomerization of fatty acids from vegetable oils. Isoalkanes are hydrocarbon-based biolubricants
and are attractive because of their desirable physicochemical properties. Hydroisomerization of fatty acids can be used to make branched
fatty acids which are then used for the decarboxylation process to make isoalkanes.



LEUCO-CRYSTAL VIOLET MICELLE GEL DOSIMETERS: 
RECIPES WITH HIGHER DOSE SENSITIVITIES 

AND IMPROVED DOSE-RATE RESPONSE
MANDY SMITH

Modern radiation delivery methods are complex and as a result careful quality assurance is required to ensure the correct radiation dose is delivered to the
correct location. Gel dosimeters are useful during the commissioning of new treatment systems in cancer clinics and for the quality assurance of complex
treatment plans. 3-D gel dosimeters are particularly attractive compared to single-point and two-dimensional dosimetry techniques because they have the
capability of storing information about the spatial distribution of the absorbed radiation dose and how it changes over time. Several different types of 3-D gel
dosimeters have been proposed based on different chemistries, with dosimeter recipes and manufacturing methods improving over time to achieve improved
accuracy and ease of use for clinical applications. This talk will focus on radiochromic micelle (RM) gel dosimeters, a more recently developed class of 3-D
gel dosimeter that uses optical CT readout. There have been preliminary experiments on RM gel dosimeters to explore the effects of concentrations of gel
ingredients on initial absorbance and dose sensitivity (i.e. the increase in dosimeter response per unit increase in radiation dose) using systematic design of
experiments (DOE) techniques. Formal DOE methods were used because they enabled the development of empirical models to predict dose sensitivity and
initial absorbance from dosimeter composition. Linear regression models were then used to aid recipe optimization. The preliminary experiments determined
that the most promising surfactant tested in RM gel dosimeters is cetyltrimethylammonium bromide (CTAB) as it formed gels that had no noticeable initial
colour. A gel recipe was developed containing CTAB, leuco-crystal violet (LCV), gelatin as the gelling agent, trichloroacetic acid (TCAA) to control the pH
and 2,2,2-trichloroethanol (TCE) as a sensitizing agent. However, problems with this gel’s dose-rate behavior were discovered in tests involving large
phantoms. This work focuses on developing an optimized 3-D gel dosimeter that has high dose sensitivity, low initial absorbance, and is dose-rate
independent.



MODIFICATION OF STARCH NANOPARTICLES 
AND THEIR USE AS PICKERING STABILIZERS IN 

(MINI)EMULSION POLYMERIZATION 
JAIME CAZOTTI (PAGE 1)

The use of starch nanoparticles (SNP) as Pickering stabilizers was investigated in the (mini)emulsion polymerization of several monomers. SNP
represent a new class of innovative and green materials1. Native biopolymers such as starch often lack organic compatibility due to their highly
hydrophilic nature. Therefore, chemical modification is a common approach to broaden the application of these renewable materials2. SNP and modified
SNP were investigated as stabilizers for the Pickering (mini)emulsion polymerization of methyl acrylate (MA), butyl acrylate (BA), methyl
methacrylate (MMA), butyl methacrylate (BMA) and styrene (S). The SNP were first modified with styrene oxide (STO) or octenyl succinic anhydride
(OSA) to increase their hydrophobicity. The resulting SNP-STO and SNP-OSA were characterized by 1H NMR, FTIR and TGA. When using
unmodified SNP the final latexes were not stable, as illustrated in Figure 1a. On the other hand, latexes with improved stability were obtained with
modified SNP (Figure 1b). Pickering (mini)emulsion polymerizations with SNP were successful, but results indicated that the biopolymer must be
modified prior to its use.

1 N. M. B. Smeets et al., Carbohydr. Polym. 2017, 173, 233-252
2 O. Garcia-Valdez et al., Prog. Polym. Sci. 2018, 76, 151-173
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Figure 1. Photographs of final latexes and particle size distribution of PMA emulsions stabilized by (a) 
unmodified SNP and (b) modified SNP-STO.



DISTRIBUTED NONLINEAR CONTROL OF CHEMICAL 
SYSTEMS

SEYEDABBAS ALAVI

Distributed control of nonlinear interconnected chemical processes is investigated. This general problem is motivated in part by
Distributed Vanadium Redox Flow Batteries, an example of energy storage mechanism useful to store energy produced by
intermittent renewable sources, such as solar panels and wind turbines. The key objective of this research is to analyze and design
distributed controllers tracking set-points and attenuating disturbance inputs to these interconnected process networks. Using
generalized (dissipative) Hamiltonian structured models as a basis for model representation, we investigate how the natural
dissipative component of the dynamics together with (dynamic) state feedback control attenuate the effects of unstructured (or un-
modeled) dynamic components, first on a single system. The approach is illustrated through numerical studies of a non-isothermal
CSTR control problem.



THE EFFECTS OF POLAR ORGANIC AND AQUEOUS SOLUTION 
ON THE POLYMERIZATION KINETICS OF 2-METHOXYETHYL 

ACRYLATE AND 2-HYDROXYETHYL METHACRYLATE
MARYAM AGBOLUAJE
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