Seminar Series
Graft modification of starch nanoparticles using nitroxide-mediated polymerization
Jaime Cazotti

ABSTRACT
Hybrid materials based on biopolymers such as starch are attracting increasing interest in both academia and industry. Starch nanoparticles
(SNPs) represent a new class of innovative and green materials1. Modification of native biopolymers is a common approach to broaden the
application of these materials2. Graft modification of polysaccharides like chitosan and cellulose derivatives has been previously reported
in the literature using different polymerization techniques3-4. The use of reversible deactivation radical polymerization (RDRP) approaches
has an advantage compared to conventional free radical polymerization because the size and dispersity of the polymer chains can be highly
controlled. In this work, nitroxide-mediated polymerization (NMP), one of the RDRP techniques, was used to graft synthetic polymer from
the surface of SNPs. Experimental grade SNPs were produced through extrusion in the presence of a crosslinking agent. These SNPs were
purified and then functionalized with 4-vinylbenzyl chloride (VBC) and reacted with Blockbuilder® MA (BB) to form SNPsmacroalkoxyamine (macroinitiator). Finally, methyl methacrylate (MMA) in the presence of 10 mol% of styrene (St, used as controlling
comonomer) was grafted from the SNPs surface. Fourier transform infrared (FTIR) and thermal gravimetric analysis (TGA) were used to
characterize the purified materials (Fig. 1). The presence of new signals can be observed when VBC, BB and PMMA were incorporated to
SNPs (Fig. 1a). Fig 1b shows the weight loss as a function of temperature for all intermediates and SNP-VBC-g-PMMA-co-St which shows
a characteristic decomposition pattern of polymer-modified polysaccharides. The differences in decomposition curves and the new signals
in the FTIR indicate that the grafting reactions were successful. The successful grafting of hydrophobic synthetic polymer onto hydrophilic
SNPs using NMP yields a new green product that could be used in a broad range of industrial applications such as paper coating.
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Figure 1. FTIR spectra (a) and TGA data (b) of unmodified and graft modified starch nanoparticles.
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Cost-effective uropathogenic E. coli detection by flow-through
nanohole array based POC platform
Juan Manuel Gomez Cruz

ABSTRACT
Urinary tract infections (UTI) are among the most predominant diseases in the world, exceeding, only in the USA, 8 million people
diagnosed annually, which represents not only a serious healthcare problem for people, but also impacts significantly the healthcare
expenditure of economies at a global scale [1]. Approximately 80 % of the UTIs diagnosed cases are caused by the bacteria
uropathogenic Escherichia coli (UPEC) [2,3]. Given the increasing number of cases and its recurrence worldwide, rapid, inexpensive
and sensitive detection of UPEC is critical to overcome the socioeconomic impact of UTIs [4]. In this work, we present a point-of-care
(POC) biosensing platform that operates exploiting the photonic phenomenon known as surface plasmon resonance (SPR), enabled by
metallic nanostructures. The cost-effective platform is built from off-the-shelf optical and electronic components, and allows the labelfree detection of intact UPEC bacteria, in real-time, at concentrations lower than the physiological limit for UTI diagnosis [4]. The
sensing platform consists of flow-through nanohole array-based sensor, bearing an effective sensing area of 22 µm × 22 µm. The
nanoholes are 280 nm in diameter, and the arrays have uniform pitch of 560 nm. An inexpensive red LED (2 V, 40 mW, peak-wavelength
626 nm) serves as light source to excite the surface plasmons, resulting in extraordinary optical transmission (EOT), which is recorded
via a CMOS module connected to a Raspberry Pi unit. The biosensing platform was successfully tested for the label-free detection of
UPEC in real-time, with a detection limit of ~100 colony forming units (CFU)/ml, and a sensitivity of 212 pixel intensity unit
(PIU)/refractive index unit (RIU). Importantly, the biosensing platform was demonstrated for the detection of UPEC in human urine
samples, evidencing its great potential for real-world POC clinical applications involving bodily fluids.
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ABSTRACT
Amphiphilic copolymers are an interesting and well-studied class of materials with highly tunable properties. A thoroughly investigated
family of copolymers are those composed of styrene and acrylic acid. Random copolymers utilizing these monomers have been
commercialized as polymeric surfactants (e.g. alkali-soluble resins, ASRs) by a variety of manufacturers. On the other hand, academia
has shown interest in distinct block copolymers of styrene and acrylic acid, with extensive work applying these copolymers as
electrosteric stabilizers in emulsion polymerizations. This talk will focus on a hybrid copolymer structure composed of a hydrophobic
polystyrene block complemented with an amphiphilic random block of polystyrene-r-poly(acrylic acid) with overall molar compositions
between 75 and 85% polystyrene. The polystyrene-b-[polystyrene-r-poly(acrylic acid)] block-random copolymers (BRCs) have been
employed as stabilizers in emulsion polymerization and shown to exhibit a novel nucleation mechanism. Surprisingly their dispersion
in alkaline aqueous media gave rise to unexpectedly small particle sizes (3-5 nm), even at high concentrations (50 g/L), indicative of
low-aggregation numbers and potentially single-chain nanoparticles (SCNPs). The apparent self-folding process does not require sitespecific interactions nor post-modifications such as cross linking, which are usually conducted at low concentrations (< 1 g/L) to
promote intramolecular interactions. Rather, it appears that hydrophobic interactions cause a spontaneous collapse with the poly(acrylic
acid) moieties protecting the hydrophobic polystyrene core. The ease of forming what are possibly SCNPs at high concentrations in
water with such hydrophobic polymers is unprecedented and exciting. Polystyrene-b-[polystyrene-r-poly(acrylic acid)] BRCs are a new
class of polymeric stabilizers in emulsion polymerization and present a facile and novel strategy to form SCNPs with potential
applications in catalysis, drug delivery and sensing.
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Siavash Purzeynali Miankooh

ABSTRACT
The antimicrobial properties of Grafoid’s graphene materials have been investigated. Three mechanisms have been proposed to explain the
microbial death: the nanoknife effect, physical entrapment and oxidative stress. The type of the microorganism, surface coverage and the
type of graphene coated materials may affect the level of microbial protection. In order to study these mechanisms, graphene coatings on
glass substrates were exposed to standardized bacterial cultures. After 1 hour of contact the % of live cells was measured by fluorescent
microscopy using the live/dead BacLightTM assay. Experiments indicate that for Escherichia coli K12 and Bacilus subtilis cells attached
on the coated surface, fluorinated graphene materials are more toxic. However, Staphyloccus epidermidis showed better survival when
exposed to different graphene materials suggesting that fluorinated graphene materials are more effective against rod shaped cells. Bacterial
cells that were not attached on the surface of coated graphene materials were mostly alive. Oxidative stress increases slightly with surface
coverage of graphene oxide which could possibly be linked to slight increase in E.coli k12 and B.subtilis bacterial death. SEM imaging
will provide evidence of physical interaction between the graphene coatings and the bacterial cells. Other characterization methods such as
contact angle measurement and XPS spectroscopy will contribute to the development of a relationship between graphene materials’
characteristics and their antimicrobial activity.
Keywords: Graphene, antimicrobial properties, microorganism, oxidative stress
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Srijit Nair

ABSTRACT
Metallic nanostructures have demonstrated to own great potential as biosensors as they support surface plasmon polaritons (SPP).
Metallic nanogratings are compatible with portable diagnosis devices and, importantly, can be easily fabricated on virtually any flat
surface, including at the tip of optic fibres. Here, we present an original, cost-effective lab-on-a-tip biosensing platform based on
gold-coated surface relief gratings (SRGs) on the facet of an optic fibre. Standard fibre optic connectors (SMA 905, Thorlabs, USA)
are dip-coated with the photo-responsive azo-glass polymer. The azo-glass films are then subjected to holographic laser-inscription
resulting in the fabrication of nanogratings, with controllable pitch and depth. The SRGs are then coated with a 60 nm layer of gold
in order to enable surface plasmon resonance. A smartphone-analogous white LED is used as a light source in tandem with a linear
polariser to excite the surface plasmons on the metallic surface of the optic fiber. A USB spectrometer coupled with the other nonpatterned end of fibre records the transmitted plasmonic signal. As the resonance peak of the plasmonic signal from the SRGs is
highly sensitive to near-surface refractive index changes, we demonstrate the platform is capable to detect bulk refractive index
changes in the order of 102 nm/RIU. In addition, we demonstrate the potential of the platform as biosensor by monitoring the
biomolecular assembly of biotin-streptavidin complex at the surface of the SRGs, in real time. Optic fibres are flexible, lightweight,
small size and robust and have the intrinsic property to conduct light over long distances which, in tandem with high sensing abilities,
low-cost (<10 cents/unit), easiness of fabrication of SRGs, serve as a strong candidate as lab-on-tip biosensing platform. This work
presents a great promise towards the development of fully-integrated, handheld, fibre optics-based portable diagnostic platform for
point-of-use applications.
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Distribution of functional groups in starved-feed semi-batch free radical copolymerization: An
accelerated stochastic modeling approach
Amin Nasresfahani
ABSTRACT
Maintaining the quality and cost-efficiency of industrialized materials often requires tradeoffs. For instance, while the majority of chains
must be functionalized for end-use applications, there is also a desire to minimize the fraction of functional monomer used in the
production of low molecular-weight resins for solvent-borne coatings. To address these questions, kinetic models must not only predict
the overall copolymer composition and reaction rates but describe how the reactive groups are distributed as a function of polymer
chain-length.
While Kinetic Monte Carlo (KMC) techniques provide a powerful means to model polymer microstructure, the associated computational
cost has been a barrier to their widespread adoption. The case of radical semi-batch polymerization under the starved-feed policy is a
particularly challenging application: at the initial stage, a large simulation volume is required to accurately represent the low
concentration of radicals generated at the start of the reaction, while the reactant feed dictates the further increase of the simulation
volume with time. It is shown that application of scaling methods introduced by Gao et al. [1] combined with optimization of the
information storage described by Chaffey-Millar et al. [2] decreases drastically the computational time to a few minutes (i.e., ~40 times
faster). A combination of approaches is implemented in a stepwise fashion to greatly accelerate the KMC representation of this system.
First, a correction factor is developed to maintain a constant simulation volume in order to improve the efficiency of the solution,
followed by scaling of the reaction rates to preserve accuracy at low control volumes and further reduce computational effort.
A novel strategy for storing the explicit chain sequences and parallel analysis of the stochastic data is also implemented, with the
computational time required to accurately represent a semi-batch radical copolymerization test case reduced from 50 to less than 2 min.
The accelerated stochastic approach provides a foundation for future optimization of feeding strategies to minimize the fraction of nonfunctionalized chains formed during the production of low molar mass copolymers. [3]
The improved solution of the KMC is demonstrated through consideration of a previously published example of the radical
copolymerization of glycidyl methacrylate (GMA) and butyl methacrylate (BMA) [4] in which the average number of GMA units per
chain is unity.3 The accelerated model provides the same accuracy in a fraction of the simulation time.
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Resource allocation for a class of multi-agent systems with
unknown dynamics using extremum seeking control
Judith Ebegbulem
ABSTRACT
This paper considers the design of a distributed dual-mode extremum seeking control (a proportional-integral extremum seeking
control) technique for addressing equality constrained resource allocation problems of multi-agent systems in real-time. We address
problems where the structure of each agent's resource allocation function is unknown but depends on the entire resource allocation
vector. We incorporate dynamics and tackle this problem for a dynamic system. A cooperative approach that permits communication
between neighboring agents to minimize the unknown overall resource allocation function subject to the resource requirement is
utilized. A simulation example is included to how the show the effectiveness of the proposed technique.
Keywords: Distributed control, extremum seeking control, multiagent systems, real-time optimization, resource allocation.
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An efficient process for the Cu(0)-catalyzed synthesis and subsequent chain
extension of poly(methyl acrylate) macroinitiator
Niloofar Shirali zadeh

ABSTRACT
Low MW poly(methyl acrylate) with DP10 was produced in both batch and a continuous tubular reactor using Cu(0) catalyst. The
resulting polymer solution could be stored for over a week while maintaining excellent activity as a macroinitiator for the further growth
of poly(acrylate) chains in both batch and semi-batch reactor systems. The chain-extensions were done without addition of further copper
to the system, using ascorbic acid as a reducing agent. The combination of the tubular reactor to produce macroinitiator and subsequent
semi-batch chain extension is proposed as a versatile process to efficiently produce block copolymers at an industrial scale.
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Macromolecular Tumbling and Wobbling in
Large-Amplitude Oscillatory Shear Flow
Layal Jbara
ABSTRACT
For a suspension of rigid dumbbells, in any simple shear flow, we recently solved for the diffusion equation for the orientation
distribution function by a power series expansion in the shear rate magnitude. In this work, we focus specifically on large-amplitude
oscillatory shear flow (LAOS), for which we extend the orientation distribution function to the 6th power of the shear rate
amplitude. We arrive at the Fourier solution for each harmonic contribution to the total orientation distribution function, separating
each harmonic into its coefficients in and out-of-phase with cosnωt , ψ ′n and ψ ′′ n , respectively. We plot, for the first time, the
evolving normalized alternant macromolecular orientation. Moreover, to deepen our understanding of the macromolecular motions,
we distinguish and study the two types of possible rotations, tumbling and wobbling.
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Effect of functional groups and ionization on the radical copolymerization of acrylic acid
and cationic monomers in aqueous solution
Ikenna Ezenwajiaku

ABSTRACT
Keywords: Aqueous-phase radical polymerization, water-soluble polymers, in-situ NMR, cationic monomers, polyelectrolytes.
The use of specialized experimental techniques has been instrumental in developing an improved understanding of aqueous-phase
radical polymerization kinetics of industrially relevant water-soluble polymers. 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) and 3(methacryloylamino)propyl]trimethylammonium chloride (MAPTAC), cationic monomers containing an ester and amide functional
groups, respectively, copolymerized with both non-ionized (AA) and fully-ionized (NaA) acrylic acid to form copolymers with
applications as cationic flocculating agents in water treatment. The drift in monomer composition was found to be almost entirely
independent of AA ionization for both TMAEMC and MAPTAC systems, with the cationic monomers preferentially incorporated
when copolymerized with AA and NaA up to 80% and 50% molar fraction of TMAEMC and MAPTAC, respectively, (as shown in
Fig. 1). Above these compositions, AA (or NaA) was preferentially incorporated, with the azeotrope behaviour dependent on the
total monomer concentration in the aqueous solution. The differences in copolymerization behaviour could be attributed to the
influence of the functional groups on hydrogen bonding in the aqueous phase. In addition, the apparent system reactivity ratios in
both systems were found to be influenced by electrostatic interactions, and thus both initial monomer content and composition.
Models to capture the copolymerization behaviour of AA-TMAEMC and AA-MAPTAC have been successfully completed, with
physical characterization of the evolving polyelectrolyte solutions as a function of conversion at an advanced stage aimed at
developing a deeper understanding of the complex system.
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Figure 1: Comonomer composition drifts in batch copolymerizations of non-ionized AA with TMAEMC (left) and MAPTAC (right) at 50°C and
0.4 wt. % V-50, 10 wt. % monomer in aqueous solutions at different initial monomer compositions.
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