
Abad, E. M. K., S. A. Khanoki, et al. (2013). "Fatigue design of lattice materials via 
computational mechanics: Application to lattices with smooth transitions in cell 
geometry." International Journal of Fatigue 47: 126-136. 
 A numerical method based on asymptotic homogenization theory is presented for 

the design of lattice materials against fatigue failure. The method is applied to 
study the effect of unit cell shape on the fatigue strength of hexagonal and 
square lattices. Cell shapes with regular and optimized geometry are examined. 
A unit cell is considered to possess a regular shape if the geometric primitives 
defining its inner boundaries are joined with an arc fillet, whose radius is 1% of 
the cell length. An optimized cell shape, on the other hand, is obtained by 
minimizing the curvature of its interior borders, which are conceived as 
continuous in curvature to smooth stress localization. For a given multi-axial 
cyclic loading, failure surfaces of metallic hexagonal and square lattices are 
provided along with their modified Goodman diagrams to assess the effect of 
mean and alternating stresses on the fatigue strength. In good agreement with 
the experimental data available in literature, the numerical results show that the 
shape of the unit cell has a major impact on the fatigue performance of the lattice 
material. For example under fully reversible tension, the fatigue strength of 
optimized square lattices of 10% relative density is shown to be 54% higher than 
that of their conventional counterparts with regular cell geometry. (C) 2012 
Elsevier Ltd. All rights reserved. 

 
Abad, E. M. K., D. Pasini, et al. (2012). "Shape optimization of stress concentration-free 
lattice for self-expandable Nitinol stent-grafts." Journal of Biomechanics 45(6): 
1028-1035. 
 In a mechanical component, stress-concentration is one of the factors 

contributing to reduce fatigue life. This paper presents a design methodology 
based on shape optimization to improve the fatigue safety factor and increase 
the radial stiffness of Nitinol self-expandable stent-grafts. A planar lattice free of 
stress concentrators is proposed for the synthesis of a stent with smooth cell 
shapes. Design optimization is systematically applied to minimize the curvature 
and reduce the bending strain of the elements defining the lattice cells. A novel 
cell geometry with improved fatigue life and radial supportive force is introduced 
for Nitinol self-expandable stent-grafts used for treating abdominal aortic 
aneurism. A parametric study comparing the optimized stent-graft to recent stent 
designs demonstrates that the former exhibits a superior anchoring performance 
and a reduction of the risk of fatigue failure. (c) 2012 Elsevier Ltd. All rights 
reserved. 

 
Abbasi, S., A. Paul, et al. (2011). "Investigation of siRNA-Loaded 
Polyethylenimine-Coated Human Serum Albumin Nanoparticle Complexes for the 
Treatment of Breast Cancer." Cell Biochemistry and Biophysics 61(2): 277-287. 
 Small interfering RNA (siRNA) molecules have great potential for developing into 

a future therapy for breast cancer. To overcome the issues related to rapid 
degradation and low transfection of naked siRNA, polyethylenimine (PEI)-coated 
human serum albumin (HSA) nanoparticles have been characterized and studied 



here for efficient siRNA delivery to the MCF-7 breast cancer cell line. The 
optimized nanoparticles were similar to 90 nm in size, carrying a surface charge 
of +26 mV and a polydispersity index (PDI) less than 0.25. The shape and 
morphology of the particles was studied using electron microscopy. A cytotoxicity 
assessment of the nanoparticles showed no correlation of cytotoxicity with HSA 
concentration, while using high molecular weight PEI (MW of 70 against 25 kDa) 
showed higher cytotoxicity. The optimal transfection achieved of 
fluorescin-tagged siRNA loaded into PEI-coated HSA nanoparticles was 61.66 
+/- A 6.8%, prepared with 6.25 mu g of PEI (25 kDa) added per mg of HSA and 
20 mg/ml HSA, indicating that this nonviral vector may serve as a promising gene 
delivery system. 

 
AbdelGhany, M., E. Ledwosinska, et al. (2012). "Theory of the suspended graphene 
varactor." Applied Physics Letters 101(15). 
 We report the theory and design equations of the suspended graphene varactor, 

wherein device capacitance is tuned by the voltage controlled deflection of a 
suspended graphene membrane. A simple model based on large membrane 
deflection predicts a capacitor tuning range of 76%, with a membrane pull-in 
voltage tuneable from 1V to 30V. An intrinsic electric quality factor approaching 
200 is predicted based on experimentally determined Young's modulus and 
sheet resistance. (C) 2012 American Institute of Physics. 
[http://dx.doi.org/10.1063/1.4757991] 

 
Abitbol, T., E. Kloser, et al. (2013). "Estimation of the surface sulfur content of cellulose 
nanocrystals prepared by sulfuric acid hydrolysis." Cellulose 20(2): 785-794. 
 The conditions required for the accurate measurement of the sulfur content of 

cellulose nanocrystals (CNCs) by conductometric titration are discussed. CNCs 
from sulfuric acid hydrolysis are electrostatically stabilized in aqueous 
suspension due to the introduction of charged sulfate ester groups onto the 
surface of the crystallites during reaction. The sulfur content thus largely reflects 
the surface charge of the crystals, and is crucial to the characterization and 
understanding of material properties. Conductometric titration is commonly used 
to quantify the sulfur content of CNCs, however, the exhaustive removal of free 
acid by dialysis and the necessity, type, quantity and duration of ion-exchange 
resin treatments are not always consistent. Here we explore the standard 
conditions of dialysis, ion-exchange, and the reproducibility of titration results. 
Extensive dialysis is found to be effective in the removal of free acid, but similar 
results are also achieved in shorter times and with less water using membrane 
ultrafiltration. It is also shown that the conditions of ion-exchange most commonly 
employed in the literature can lead to inaccurate sulfur contents. Finally, good 
agreement is obtained between the sulfur contents of different CNC batches 
prepared using the same hydrolysis conditions, and from titration and elemental 
analysis when thoroughly purified, well-dispersed samples, and appropriate resin 
conditions are used. 

 
Abitbol, T., J. T. Wilson, et al. (2011). "Electrospinning of Fluorescent Fibers from 



CdSe/ZnS Quantum Dots in Cellulose Triacetate." Journal of Applied Polymer Science 
119(2): 803-810. 
 Fluorescent cellulose triacetate (CTA) fibers were prepared by electrospinning 

solutions of CTA dissolved in an 8 : 2 v/v cosolvent system of methylene chloride 
(MC) and methanol (MeOH) which contained CdSe/ZnS quantum dots (QDs). 
The relatively low loading of colloidal nanoparticles was sufficient to impart 
fluorescence to the fibers but did not significantly alter fiber morphologies, which 
tended toward smooth surfaces with the occasional longitudinal feature. The 
fibers were birefringent due to the alignment of the polymer chains which 
occurred during electrospinning and had widths on the order of a hundred 
nanometers. (C) 2010 Wiley Periodicals, Inc. J Appl Polym Sci 119: 803-810, 
2011 

 
Abou-Dakka, M., E. E. Herrera-Valencia, et al. (2012). "Linear oscillatory dynamics of 
flexoelectric membranes embedded in viscoelastic media with applications to outer hair 
cells." Journal of Non-Newtonian Fluid Mechanics 185: 1-17. 
 Membrane flexoelectricity is an electromechanical coupling effect between the 

membrane average curvature and macroscopic electric polarization, which is 
essential to the physiology of hearing. Flexoelectric actuation uses an imposed 
electric field to create membrane bending and is used by the Outer Hair Cells 
(OHCs) located in the inner ear. Motivated by the functioning of the OHC, in this 
paper we model the small amplitude oscillatory dynamics of a tethered circular 
membrane immersed in viscoelastic fluid media driven by a small amplitude 
harmonic electric field of arbitrary frequency. The model is based on the 
integration of (i) the flexoelectric membrane shape equation applied to a circular 
membrane attached to the inner surface of a circular capillary and (ii) the coupled 
capillary flow of the contacting viscoelastic phases, such that the membrane 
flexoelectric oscillations drive periodic viscoelastic capillary flows. The model for 
membrane average curvature dynamics as a function of the electric field 
dynamics is second order in both inputs and outputs and maps into the classical 
mechanical Burgers solid model. The three dimensional material space that 
characterizes the inertia, viscosity, and elasticity of the viscoelastic 
fluid/flexoelectric membrane material system is defined and used to classify and 
characterize the frequency response of the electro-mechanical system. The 
frequency response is characteristic of a second order dynamical system with a 
second order input and can display a single resonant peak in the total power. 
The amplitude, frequency and width of the power peak, of relevance to the 
functioning of OHC is dependent on the inertia emerging from the contacting 
viscoelastic phases and the ratio between the membrane elasticity and the 
elasticity of contacting liquids. The integrated flexoelectric/viscoelastic model and 
the novel findings contribute to the ongoing quest for a fundamental 
understanding of the functioning of outer hair cells (OHCs), especially on the role 
of membrane deformation in delivering mechanical power through electromotility 
and its frequency-dependent power conversion efficiency. (C) 2012 Elsevier B.V. 
All rights reserved. 

 



Abramowski, A., F. Acero, et al. (2012). "THE 2010 VERY HIGH ENERGY gamma-RAY 
FLARE AND 10 YEARS OF MULTI-WAVELENGTH OBSERVATIONS OF M 87." 
Astrophysical Journal 746(2). 
 The giant radio galaxy M 87 with its proximity (16 Mpc), famous jet, and very 

massive black hole ((3-6) x 10(9) M-circle dot) provides a unique opportunity to 
investigate the origin of very high energy (VHE; E > 100 GeV) gamma-ray 
emission generated in relativistic outflows and the surroundings of supermassive 
black holes. M 87 has been established as a VHE gamma-ray emitter since 
2006. The VHE gamma-ray emission displays strong variability on timescales as 
short as a day. In this paper, results from a joint VHE monitoring campaign on M 
87 by the MAGIC and VERITAS instruments in 2010 are reported. During the 
campaign, a flare at VHE was detected triggering further observations at VHE 
(H.E.S.S.), X-rays (Chandra), and radio (43 GHz Very Long Baseline Array, 
VLBA). The excellent sampling of the VHE gamma-ray light curve enables one to 
derive a precise temporal characterization of the flare: the single, isolated flare is 
well described by a two-sided exponential function with significantly different flux 
rise and decay times of tau(rise)(d) = (1.69 +/- 0.30) days and tau(decay)(d) = 
(0.611 +/- 0.080) days, respectively. While the overall variability pattern of the 
2010 flare appears somewhat different from that of previous VHE flares in 2005 
and 2008, they share very similar timescales (similar to day), peak fluxes 
(Phi(>0.35 TeV) similar or equal to (1-3) x 10(-11) photons cm(-2) s(-1)), and 
VHE spectra. VLBA radio observations of 43 GHz of the inner jet regions indicate 
no enhanced flux in 2010 in contrast to observations in 2008, where an increase 
of the radio flux of the innermost core regions coincided with a VHE flare. On the 
other hand, Chandra X-ray observations taken similar to 3 days after the peak of 
the VHE gamma-ray emission reveal an enhanced flux from the core (flux 
increased by factor similar to 2; variability timescale <2 days). The long-term 
(2001-2010) multi-wavelength (MWL) light curve of M 87, spanning from radio to 
VHE and including data from Hubble Space Telescope, Liverpool Telescope, 
Very Large Array, and European VLBI Network, is used to further investigate the 
origin of the VHE gamma-ray emission. No unique, common MWL signature of 
the three VHE flares has been identified. In the outer kiloparsec jet region, in 
particular in HST-1, no enhanced MWL activity was detected in 2008 and 2010, 
disfavoring it as the origin of the VHE flares during these years. Shortly after two 
of the three flares (2008 and 2010), the X-ray core was observed to be at a 
higher flux level than its characteristic range (determined from more than 60 
monitoring observations: 2002-2009). In 2005, the strong flux dominance of 
HST-1 could have suppressed the detection of such a feature. Published models 
for VHE gamma-ray emission from M 87 are reviewed in the light of the new 
data. 

 
Afara, N., S. Omanovic, et al. (2012). "Functionalization of a gold surface with 
fibronectin (FN) covalently bound to mixed alkanethiol self-assembled monolayers 
(SAMs): The influence of SAM composition on its physicochemical properties and FN 
surface secondary structure." Thin Solid Films 522: 381-389. 
 This report describes the modification of polycrystalline gold surfaces with mixed 



self-assembled monolayers (SAMs) containing COOH and one of the end groups 
CH3, OH, or NH2, with the aim of modulating the surface physicochemical 
properties (charge and wettability) and investigating the effect of these factors on 
the surface amount and secondary structure of fibronectin (FN), chemically 
attached to these surfaces. It is shown that the SAM composition influenced the 
substrate surface charge, for all three types of binary mixed SAMs, while only the 
CH3/COOH SAM was found to influence the substrate surface wettability. It was 
also found that the covalent binding of FN to the SAMs resulted in alteration in 
the secondary structure of the protein, in comparison to the structure in its native 
state. However, there was no straightforward correlation between the SAM 
composition and the FN surface amount and its secondary structure. Further, a 
simple method for evaluating the true surface composition of COOH-based 
mixed SAMs is presented. (C) 2012 Elsevier B.V. All rights reserved. 

 
Aina, V., L. Bertinetti, et al. (2011). "On the dissolution/reaction of small-grain Bioglass 
(R) 45S5 and F-modified bioactive glasses in artificial saliva (AS)." Applied Surface 
Science 257(9): 4185-4195. 
 The reaction of small-grain Bioglass (R) 45S5 in artificial saliva (AS), to produce 

a layer of hydroxy-apatite (HA) and/or hydroxy-carbonate apatite (HCA), has 
been studied and compared to the results obtained in a simple buffered solution 
(TRIS). Some potentially bioactive glasses based on the composition of Bioglass 
(R) and containing CaF(2) (HCaCaF(2) 5% and HNaCaF(2) 5%) have also been 
studied, in order to analyze the effects/changes produced when a F-containing 
glass surface is contacted with AS. The insertion of fluorine has been proposed 
to improve bioactive glass bone-bonding ability, and to parallel 
fluorine-containing glass-ceramics currently used in dentistry. ICP-OES analysis 
of the solution, and FTIR spectroscopy of the solid samples provided 
compositional information on the stages of reaction. These data were integrated 
with XRD and the textural and morphological data, obtained by specific surface 
areas determination and TEM-EDS measurements. In the case of Bioglass (R) 
45S5, a comparison at corresponding reaction times indicates that the 
precipitation of an amorphous Ca-phosphate phase is faster in AS, but the 
crystallization of HA/HCA is delayed in AS with respect to the TRIS solution. For 
fluoride-containing glasses, the sample HCaCaF(2) 5%, in which CaF(2) 
replaces part of CaO, possesses the fastest rate for HA/HCA crystallization (1 
week) in AS. Some lines of interpretation for these results are proposed. (C) 
2010 Elsevier B.V. All rights reserved. 

 
Akinrinlola, B., R. Gauvin, et al. (2012). "Improving the mechanical reliability of 
cryomilled Al-Mg alloy using a two-stage spark plasma sintering cycle." Scripta 
Materialia 66(7): 455-458. 
 Dense bimodal-grained aluminum magnesium alloys were produced by spark 

plasma sintering of cryomilled powders. The use of a two-stage sintering cycle 
did not induce grain growth or influence the hardness and flexural strength, but 
doubled the fracture strength distribution statistic (Weibull modulus) from 13 to 
25. The increased duration of the second hold (from 5 to 20 min) marginally 



increased the Weibull Modulus, from 23 to 25. (C) 2011 Acta Materialia Inc. 
Published by Elsevier Ltd. All rights reserved. 

 
Albaalbaki, B. and R. J. Hill (2012). "On molecular diffusion in nanostructured porous 
media: interfacial exchange kinetics and surface diffusion." Proceedings of the Royal 
Society a-Mathematical Physical and Engineering Sciences 468(2146): 3100-3120. 
 Water-vapour transport in nanostructured composite materials is poorly 

understood because diffusion and interfacial exchange kinetics are coupled. We 
formulate an interfacial balance that couples diffusion in dispersed and 
continuous phases to adsorption, absorption and interfacial surface diffusion. 
This work is motivated by water-vapour transport in cellulose fibre-based 
barriers, but the model applies to nanostructured porous media such as 
catalysts, chromatography columns, nanocomposites, cementitious structures 
and biomaterials. The interfacial balance can be applied in an analytical or a 
computational framework to porous media with any microstructural geometry. 
Here, we explore its capabilities in a model porous medium: randomly dispersed 
solid spheres in a continuous (humid) gas. We elucidate the roles of equilibrium 
moisture uptake, solid, gas and surface diffusion coefficients, inclusion size and 
interfacial exchange kinetics on the effective diffusivity. We then apply the local 
model to predict water-vapour transport rates under conditions in which the 
effective diffusivity varies through the cross section of a dense, homogeneous 
membrane that is subjected to a finite moisture-concentration gradient. As the 
microstructural length scale decreases from micrometres to nanometres, 
interfacial exchange kinetics and surface diffusion produce a maximum in the 
tracer flux. This optimal flux is flanked, respectively, by interfacial-kinetic-and 
diffusion-limited transport at smaller and larger microscales. 

 
Ali, I., A. Gill, et al. (2012). "Direct electrochemical regeneration of the enzymatic 
cofactor 1,4-NADH employing nano-patterned glassy carbon/Pt and glassy carbon/Ni 
electrodes." Chemical Engineering Journal 188: 173-180. 
 A glassy carbon electrode surface was patterned with electrochemically 

deposited platinum and nickel nano-particles, with the aim of increasing the 
electrode efficiency in the process of in situ electrochemical regeneration of 
enzymatically active 1,4-NADH from NAD(+), in a batch electrochemical reactor. 
The role of Pt and Ni was to provide 'active' adsorbed hydrogen (Pt-H-ads or 
Ni-H-ads) for the fast protonation of electrochemically formed NAD-radical. The 
effect of nano-particle size, surface coverage, and the electrode potential on the 
percentage of 1,4-NADH recovered from NAD(+) was investigated. It was 
demonstrated that up to a 100% recovery of 1,4-NADH from NAD(+) was 
possible on the produced electrodes at relatively low electrode potentials, making 
them excellent candidates for regeneration of 1,4-NADH in industrial bioreactors. 
(c) 2012 Elsevier B.V. All rights reserved. 

 
Ali, I., B. Soomro, et al. (2011). "Electrochemical regeneration of NADH on a glassy 
carbon electrode surface: The influence of electrolysis potential." Electrochemistry 
Communications 13(6): 562-565. 



 The communication reports a surprising finding on the influence of electrode 
potential on the percentage of enzymatically active 1,4-NADH produced by 
reduction of NAD(+) in a batch electrochemical reactor, using a glassy carbon 
electrode. At the lowest cathodic electrolysis potential studied (-1.4 V vs. MSE). 
only 32% of 1,4-NADH was found in the product mixture. However, at the highest 
cathodic electrolysis potential (-2.3 V vs. MSE), a surprisingly high amount (98%) 
of 1,4-NADH was produced. The work demonstrates that, a batch 
electrochemical reactor employing a glassy carbon working electrode operated at 
high cathodic electrolysis potentials, represents a good candidate system for the 
regeneration of I,4-NADH in industrial bioreactors. (C) 2011 Elsevier B.V. All 
rights reserved. 

 
Al-Wohoush, M. H. and M. R. Kamal (2012). "Characterization of Thermoplastic 
Laser-welded Joints." International Polymer Processing 27(5): 574-583. 
 Laser-welded joints were prepared using moldings of polycarbonate, 

polyamide-6, and polyamide-6 reinforced with 30% glass fibers. Preparation of 
thin polished samples of the joints facilitated examination of the laser-affected 
zone (LAZ). The samples were examined using optical and polarized light 
microscopy, as well as scanning electron microscopy. The study evaluated the 
influence of laser power on the geometry and dimensions of LAZ, in both the 
absorbent and non-absorbent parts of the joints. The results indicated a 
correlation between LAZ dimensions and the tensile strength of the laser-welded 
joints. There is evidence of melt and fiber migration in the LAZ. 

 
Andrews, M. P., T. Gonzalez, et al. (2011). Tuning liquid crystal properties at hybrid 
glass interfaces with polarized self-inscribing guided waves. Emerging Liquid Crystal 
Technologies Vi. L. C. Chien and H. Yokoyama. 7955. 
 Liquid crystal alignment is a crucial step in display manufacture. Photo-alignment 

of liquid crystal media figures among several non-contact methods under study 
as potential alternatives to mechanical rubbing of polymer films. Obliquely 
deposited silica has also been studied as an alignment surface. We report initial 
studies on a non-contact approach that combines the advantages of both 
polymers and silica in a photosensitive spin-on type hybrid organic-inorganic 
glass film. We have discovered a form of nonresonant photo-induced anisotropy 
(PIA) in these glasses that will align nematic 4-pentyl-4'-cyanobiphenyl (5CB) 
liquid crystal. Optical self-writing with polarized guided waves in the glasses 
produces birefringence that can be "read out" by waveguide Raman scattering. 
5CB spontaneously orders on the waveguides and indicates that PIA in the 
self-written glasses propagates to the surface of the film. PIA with polarized light 
at 488 nm also orients 5CB in a conventional twist cell fabricated from hybrid 
glasses derived from acrylates and arenes covalently bound to silicon. 
Electro-optic measurements on the hybrid glasses yield liquid crystal EO 
parameters that depend in complex ways on PIA, the chemical composition of 
the glass and the processing conditions of the films. 

 
Andrews, M. P., A. Hajiaboli, et al. (2011). Nanoplasmonic photonic crystal diatoms and 



phytoliths. Photonic and Phononic Properties of Engineered Nanostructures. A. Adibi, S. 
Y. Lin and A. Scherer. 7946. 
 Evidence is emerging that silica-containing plant cells (phytoliths) and single cell 

micro-organisms (diatoms) exhibit optical properties reminiscent of photonic 
crystals. In the latter biosilicates, these properties appear to arise from light 
interactions with the intricate periodic patterns of micro-and nano-pores called 
foramina that are distributed over the frustule (outer silica shell). In this report, we 
show that Nitzschia Closterium pennate diatom frustules can be used to template 
arrays of nanoplasmonic particles to confer more complex physical properties, as 
shown by simulation and experiment. Selective templating of silver and gold 
nanoparticles in and around the array of pores was achieved by topochemical 
functionalization with nanoparticles deposited from solution, or by differential 
wetting/dewetting of evaporated gold films. The nanoplasmonic diatom frustules 
exhibit surface enhanced Raman scattering from chemisorbed 
4-aminothiophenol. Thermally induced dewetting of gold films deposited on a 
frustule produces two classes of faceted gold nanoparticles. Larger particles of 
irregular shape are distributed with some degree of uniaxial anisotropy on the 
surface of the frustule. Smaller particles of more uniform size are deposited in a 
periodic manner in the frustule pores. It is thought that surface curvature and 
defects drive the hydrodynamic dewetting events that give rise to the different 
classes of nanoparticles. Finite difference time domain calculations on an 
idealized nanoplasmonic frustule suggest a complex electromagnetic field 
response due to coupling between localized surface plasmon modes of the 
nanoparticles in the foramina and an overlayer gold film. 

 
Ashrafi, B., K. Das, et al. (2012). "Measuring the Elastic Properties of Freestanding 
Thick Films Using a Nanoindenter-Based Bending Test." Experimental Mechanics 
52(4): 371-378. 
 Films with thickness ranging from 10 to 100 mu m are increasingly being used as 

the structural components of microelectromechanical systems (MEMS). 
Measuring the mechanical properties of these thick films is essential for enabling 
the design of MEMS with high performance and sufficient reliability. In this paper, 
we present a simple and convenient method for measuring the elastic modulus of 
thick films by loading a clamped circular film using a spherical tip. The test is 
implemented using a commercial nanoindenter so that the load and displacement 
can be measured with resolution of micronewtons and nanometers, respectively. 
Robust protocols have been developed for implementing the test within the 
constraints imposed by the nanoindenter. A crucial component of these protocols 
is a method for selecting loads to ensure deformation in the elastic bending 
regime and to minimize the relative contribution of contact indentation. The 
accuracy and utility of the nanoindenter-based bending test are discussed using 
measurements on thick films of aluminum and a standard epoxy. 

 
Azari, F., M. G. Sandros, et al. (2011). "Self-assembled multifunctional nanoplexes for 
gene inhibitory therapy." Nanomedicine 6(4): 669-680. 
 Aim: To enhance the stability of siRNA while improving their therapeutic 



properties and visualization at the target site, a novel nanoplex system was 
developed. Materials & Methods: The designed nanoplex system involved 
functionalizing siRNA with near-infrared quantum dots and loading them into 
histidylated glycol chitosan (GC-His). Results: Colocalization studies revealed a 
twofold increase in siRNA uptake after encapsulation with GC-His and 
nanoparticles were localized in cytoplasm, suggesting that histidine promoted 
their dissociation from the endosomal membranes. Furthermore, as opposed to 
siRNAs treated with commercial transfection reagent, siRNAs loaded within 
GC-His showed a marked reduction (64%) of MDM2 protein expression 24 h 
after transfection. Conclusion: These findings concur that 
GC-His/siRNA-quantum dot nanoplexes are promising multifunctional vehicles 
for gene inhibitory therapy. 

 
Bae, S. S., N. Prokopuk, et al. (2012). "Characterizing defects and transport in Si 
nanowire devices using Kelvin probe force microscopy." Nanotechnology 23(40). 
 Si nanowires (NWs) integrated in a field effect transistor device structure are 

characterized using scanning electron (SEM), atomic force, and scanning Kelvin 
probe force (KPFM) microscopy. Reactive ion etching (RIE) and 
vapor-liquid-solid (VLS) growth were used to fabricate NWs between predefined 
electrodes. Characterization of Si NWs identified defects and/or impurities that 
affect the surface electronic structure. RIE NWs have defects that both SEM and 
KPFM analysis associate with a surface contaminant as well as defects that have 
a voltage dependent response indicating impurity states in the energy bandgap. 
In the case of VLS NWs, even after aqua regia, Au impurity levels are found to 
induce impurity states in the bandgap. KPFM data, when normalized to the 
oxide-capacitance response, also identify a subset of VLS NWs with poor 
electrical contact due to nanogaps and short circuits when NWs cross that is not 
observed in AFM images or in current-voltage measurements when NWs are 
connected in parallel across electrodes. The experiments and analysis presented 
outline a systematic method for characterizing a broad array of nanoscale 
systems under device operation conditions. 

 
Baibich, I. M. and I. S. Butler (2012). "A BRIEF INTRODUCTION TO MOLECULAR 
ORBITAL THEORY OF SIMPLE POLYATOMIC MOLECULES FOR 
UNDERGRADUATE CHEMISTRY STUDENTS." Quimica Nova 35(7): 1474-1476. 
 A simple, four-step method for better introducing undergraduate students to the 

fundamentals of molecular orbital (MO) theory of the polyatomic molecules H2O, 
NH3, BH3 and SiH4 using group theory is reported. These molecules serve to 
illustrate the concept of ligand group orbitals (LGOs) and subsequent 
construction of MO energy diagrams on the basis of molecular symmetry 
requirements. 

 
Baker, D. R., L. Mancini, et al. (2012). "An introduction to the application of X-ray 
microtomography to the three-dimensional study of igneous rocks." Lithos 148: 262-276. 
 Imaging rocks in three-dimensions through X-ray microtomography enables 

routine visualization of structures in samples, which can be spatially resolved 



down to the sub-micron scale. Although X-ray tomography has been applied in 
biomedical research and clinical settings for decades, it has only recently been 
applied to studies of rocks, and few geoscientists realize its value and potential. 
This contribution provides an introduction to the principles and techniques of 
X-ray microtomography to the study of igneous rock textures as well as reviewing 
the current state of the art. We hope that this short review will encourage more 
geoscientists to apply X-ray microtomography in their research and that this will 
lead to new insights into the processes that occur in magmatic (as well as other 
geological) systems. (C) 2012 Elsevier B.V. All rights reserved. 

 
Barrett, C., Z. Mahimwalla, et al. (2011). "Azobenzene polymer coatings for solar energy 
harvesting and reversible surface photo-physics." Abstracts of Papers of the American 
Chemical Society 242. 
  
Barsan, M. M., I. S. Butler, et al. (2011). "High-pressure studies of the micro-Raman 
spectra of iron cyanide complexes: Prussian blue (Fe-4 Fe(CN)(6) (3)), potassium 
ferricyanide (K-3 Fe(CN)(6) ), and sodium nitroprusside (Na-2 Fe(CN)(5)(NO) center dot 
2H(2)O)." Journal of Raman Spectroscopy 42(9): 1820-1824. 
 The pressure dependences of the peaks observed in the micro-Raman spectra of 

Prussian blue (Fe-4[Fe(CN)(6)](3)), potassium ferricyanide (K-3[Fe(CN)(6)]), and 
sodium nitroprusside (Na-2[Fe(CN)(5)(NO)]center dot 2H(2)O) have been 
measured up to 5.0 GPa. The vibrational modes of Prussian blue appearing at 
201 and 365 cm(-1) show negative d nu/dP values and Gruneisen parameters 
and are assigned to the transverse bending modes of the Fe-C-N-Fe linkage 
which can contribute to a negative thermal expansion behavior. A phase 
transition occurring between 2.0 and 2.8 GPa in potassium ferricyanide is shown 
by changes in the spectral region 150-700 cm(-1). In the spectra of the 
nitroprusside ion, there are strong interactions between the FeN stretching mode 
and the FeNO bending and the axial CN stretching modes. The pressure 
dependence of the NO stretching vibration is positive, 5.6 cm(-1) GPa(-1), in 
contrast to the negative behavior in the iron(II)-meso-tetraphenyl porphyrinate 
complex. Copyright (C) 2011 John Wiley & Sons, Ltd. 

 
Barsan, M. M., I. S. Butler, et al. (2012). "High-pressure resonance Raman 
spectroscopic study of ultramarine blue pigment." Spectrochimica Acta Part a-Molecular 
and Biomolecular Spectroscopy 98: 457-459. 
 The resonance Raman spectrum of ultramarine has been studied as a function of 

pressure up to 5 GPa. The overtone progressions of the nu(1) fundamental and 
the combination bands of S-3(-) and the nu(1) band of S-2(-) were measured and 
the pressure dependences were determined. The symmetric stretching mode of 
S-3(-) is nearly harmonic. No phase transition was observed over the measured 
pressure range. (C) 2012 Elsevier B.V. All rights reserved. 

 
Barsan, M. M., I. S. Butler, et al. (2012). "Raman, FTIR, Photoacoustic-Infrared, and 
Inelastic Neutron Scattering Spectra of Ternary Metal Hydride Salts A(2)MH(5), (A = Ca, 
Sr, Eu; M = Ir, Rh) and Their Deuterides." Journal of Physical Chemistry A 116(10): 



2490-2496. 
 The vibrational spectra of the ternary metal hydride (deuteride) salts, A(2)MH(5) 

and A(2)MD(5), where A = calcium, strontium and europium and M = iridium(I) 
and rhodium(I), have been assigned using Raman, Fourier transform infrared, 
photoacoustic infrared, and inelastic neutron scattering spectroscopies and 
density functional theory (DFT) calculations. The wavenumbers of the 
infrared-active stretching vibrations depend upon the ionization energies of the 
central metal atom and the cation. The phase transition in calcium 
pentahydridoiridate(I) was studied as a function of temperature and pressure. 

 
Bartels, C. and D. Ronis (2011). "Competition between Conformational and Chemical 
Equilibrium in Suspensions of Polyelectrolyte-Coated Particles." Macromolecules 44(8): 
3174-3178. 
  
Barthelat, F. and R. Rabiei (2011). "Toughness amplification in natural composites." 
Journal of the Mechanics and Physics of Solids 59(4): 829-840. 
 Natural structural materials such as bone and seashells are made of relatively 

weak building blocks, yet they exhibit remarkable combinations of stiffness, 
strength and toughness. This performance can be largely explained by their 
"staggered microstructure"; stiff inclusions of high aspect ratio are laid parallel to 
each other with some overlap, and bonded by a softer matrix. While stiffness and 
strength are now well understood for staggered composites, the mechanisms 
involved in fracture are still largely unknown. This is a significant lack since the 
amplification of toughness with respect to their components is by far the most 
impressive feature in natural staggered composites such as nacre or bone. Here 
a model capturing the salient mechanisms involved in the cracking of a 
staggered structure is presented. We show that the pullout of inclusions and 
large process zones lead to tremendous toughness by far exceeding that of 
individual components. The model also suggests that a material like nacre 
cannot reach steady state cracking, with the implication that the toughness 
increases indefinitely with crack advance. These findings agree well with existing 
fracture data, and for the first time relate microstructural parameters with overall 
toughness. These insights will prove useful in the design of biomimetic materials, 
and provide clues on how bone fractures at the nano and microscales. (C) 2011 
Elsevier Ltd. All rights reserved. 

 
Barthelat, F. and D. Zhu (2011). "A novel biomimetic material duplicating the structure 
and mechanics of natural nacre." Journal of Materials Research 26(10): 1203-1215. 
 Nacre from mollusk shell is a high-performance natural composite composed of 

microscopic mineral tablets bonded by a tough biopolymer. Under tensile stress, 
the tablets slide on one another in a highly controlled fashion, which makes nacre 
3000 times tougher than the mineral it is made of. Significant efforts have led to 
nacre-like materials, but none can yet match this amount of toughness 
amplification. This article presents the first synthetic material that successfully 
duplicates the mechanism of tablet sliding observed in nacre. Made of 
millimeter-size wavy poly-methylmethacrylate tablets held by fasteners, this 



"model material" undergoes massive tablet sliding under tensile loading, 
accompanied by strain hardening. Analytical and finite element models 
successfully captured the salient deformation mechanisms in this material, 
enabling further design refinements and optimization. In addition, two new 
mechanisms were identified: the effect of free surfaces and "unzipping." Both 
mechanisms may be relevant to natural materials such as nacre or bone. 

 
Bassett, D. C., B. Marelli, et al. (2012). "Stabilization of Amorphous Calcium Carbonate 
with Nanofibrillar Biopolymers." Advanced Functional Materials 22(16): 3460-3469. 
 Calcium carbonate is the most abundant biomineral that is biogenically formed 

with a vast array of nano and microscale features. Among the less stable 
polymorphs present in mineralized organisms, the most soluble, amorphous 
calcium carbonate (ACC), formed in chitin exoskeletons of some crustacea, is of 
particular interest since aqueous stability of isolated ACC is limited to a few hours 
in the absence of polyanions or magnesium. Here the influence of a selection of 
biopolymer gels on the mineralization of calcium carbonate is investigated. 
Mineralization is achieved in all biopolymers tested, but is particularly abundant 
in collagen hydrogels, in which a significant proportion of the calcium carbonate 
(similar to 18%) is found to be amorphous. In dense collagen gels, this 
amorphous fraction does not crystallize for up to six weeks in deionized water at 
room temperature. The reason why collagen in particular should stabilize this 
phase remains obscure, although the results suggest that the fiber diameter, fiber 
spacing, and the amphoteric nature of collagen fibers are important. Upon 
immersion in phosphate containing solutions, the calcium carbonate present 
within the collagen hydrogels is readily converted to carbonated hydroxyapatite, 
enabling the formation of a stiff bone-like composite containing 78 wt% mineral, 
essentially equivalent to cortical bone. 
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enabling the formation of a stiff bone-like composite containing 78 wt% mineral, 
essentially equivalent to cortical bone. 

 
Bassett, D. C., M. D. McKee, et al. (2011). "The Role of the Air-Liquid Interface in 
Protein-Mediated Biomineralization of Calcium Carbonate." Crystal Growth & Design 
11(3): 803-810. 
 Crystals formed by natural biomineralization processes often display exquisite 

morphologies not normally seen in synthetic laboratory preparations. This may 
be attributable to the influence of biomolecules that act to modify or direct crystal 
growth and assembly. Many attempts have been made to mimic these processes 
in synthetic systems to render novel crystal shapes and to form otherwise 
unstable crystal polymorphs. To determine protein influenced crystallization 
mechanisms, polymers, synthetic peptides, and polypeptides are often used. An 
established biomineralization model is the use of carbon dioxide gas diffusion 
into a calcium ion solution since it yields a slow precipitation and so lends itself to 
observation. However, reported observations are often assumed to be purely 
solution-phase phenomena,(1) despite it being well-known that macromolecules 
adopt particular conformations at the air-liquid interface.(2) In this study, we 
demonstrate that novel nanostructured cones of calcium carbonate (calcite) 
formed in the presence of osteopontin are created at the air-liquid interface. On 
one hand, this suggests that caution should be exercised in interpreting data 
from this clearly nonbiomimetic model. On the other, we demonstrate that we 
could physically manipulate air-liquid interface crystallization to align anisotropic 
nanostructures using 1D microscale guidance. 
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Benehkohal, N. P., M. A. Gomez, et al. (2013). "Enabling aqueous electrophoretic 
growth of adherent nanotitania mesoporous films via intrafilm cathodic deposition of 
hydrous zinc oxide." Electrochimica Acta 87: 169-179. 
 By far the majority of previous electrophoretic deposition (EPD) works employ 

organic solvent media and additives that impose environmental challenges to 
large-scale implementation. Here EPD in water is investigated instead. In 
particular via the adoption of a low DC voltage approach mesoporous films of 
nanotitania are successfully grown by aqueous EPD of the commercial P25 
mixed phase TiO2 product on FTO-glass as substrate. Growth of adherent and 
robust films is enabled via the use of isopropanol as co-solvent and Zn(NO3)(2) 
as additive, the latter leading to codeposition of hydrous zinc oxide that acts as 
nanoglue. The optimization of the suspension composition, mechanism of zinc 
codeposition with TiO2, and the structural and electronic properties of the 
resultant TiO2-ZnO semiconductor films are described. Under galvanostatic EPD 
regime, zinc codeposition occurs initially (first 15 s) as Zn(OH)(2) via the cathodic 
(NO3- to NO2- reduction) interfacial generation of OH-. Upon rise of the cathodic 
potential with increasing film thickness, nanosized metallic zinc codeposits 
uniformly throughout the film profile (similar to 2% Zn content). As such 
Zn(OH)(2) and metallic nanozinc that partially oxidizes in situ act as intrafilm 
nanoglue. After annealing at 450 degrees C the nanocomposite TiO2-ZnO film 
exhibits blue-shifting and abundant hydroxyl surface coverage that are desirable 
in photocatalytic applications. (C) 2012 Elsevier Ltd. All rights reserved. 
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Benehkohal, N. P., V. Gonzalez-Pedro, et al. (2012). "Colloidal PbS and PbSeS 
Quantum Dot Sensitized Solar Cells Prepared by Electrophoretic Deposition." Journal of 
Physical Chemistry C 116(31): 16391-16397. 
 Here we report the development of quantum dot sensitized solar cells (QDSCs) 

using colloidal PbS and PbSeS quantum dots (QDs) and polysulfide electrolyte 
for high photocurrents. QDSCs have been prepared in a novel sensitizing way 
employing electrophoretic deposition (EPD) and protecting the colloidal QDs from 
corrosive electrolyte with a CdS coating. EPD allows a rapid, uniform, and 
effective sensitization with QDs, while the CdS coating stabilizes the electrode. 
The effect of electrophoretic deposition time and of colloidal QD size on cell 
efficiency is analyzed. Efficiencies as high as 2.1 +/- 0.2% are reported. 

 
Benehkohalz, N. P. and G. P. Demopoulos (2012). "Green Preparation of TiO2-ZnO 
Nanocomposite Photoanodes by Aqueous Electrophoretic Deposition." Journal of the 
Electrochemical Society 159(5): B602-B610. 
 Aqueous-based electrophoretic deposition (EPD) of titania nanoparticles 

(Evonic's P25) was successfully applied to the fabrication of mesoporous 
electrodes for dye-sensitized solar cells (DSSC). Poor film adhesion and cracking 
arising from the electrolysis of water and interstitial water evaporation during 
drying were largely overcome via the selection of low EPD operating current 
density/DC voltage (0.1 mA cm(-2)/2.5-3.1 V) but more importantly the addition of 
zinc nitrate in a 5 vol.% isopropanol-water suspension. As a result, a composite 
nanostructured TiO2-ZnO film was fabricated. Photoelectrochemical 
characterization indicates that in-situ formation of ZnO causes suppression of 
charge recombination at the electrode/electrolyte interface thus prolonging 
photoelectron lifetime. A 5.01% conversion efficiency was obtained under 1 sun 
illumination (100 mW.cm(-2)) of a 13 mu m thick single transparent film. The 
efficiency was further improved to 6.19% upon further optimization via multi-layer 
construction of the transparent anatase film (18 mu m thick) by repeated cycles 
of EPD. (C) 2012 The Electrochemical Society. [DOI: 10.1149/2.016206jes] All 
rights reserved. 

 
Berry, J. and M. Grant (2011). "Modeling Multiple Time Scales during Glass Formation 
with Phase-Field Crystals." Physical Review Letters 106(17). 
 The dynamics of glass formation in monatomic and binary liquids are studied 

numerically using a microscopic field theory for the evolution of the 
time-averaged atomic number density. A stochastic framework combining 
phase-field crystal free energies and dynamic density functional theory is shown 
to successfully describe several aspects of glass formation over multiple time 
scales. Agreement with mode coupling theory is demonstrated for underdamped 
liquids at moderate supercoolings, and a rapidly growing dynamic correlation 
length is found to be associated with fragile behavior. 

 
Bevan, K. H., W. G. Zhu, et al. (2011). "Terminating Surface Electromigration at the 
Source." Physical Review Letters 106(15). 



 Based on an extensive search across the periodic table utilizing first-principles 
density functional theory, we discover phosphorus to be an optimal surface 
electromigration inhibitor on the technologically important Cu(111) surface-the 
dominant diffusion pathway in modern nanoelectronics interconnects. 
Unrecognized thus far, such an inhibitor is characterized by energetically favoring 
(and binding strongly at) the kink sites of step edges. These properties are 
determined to generally reside in elements that form strong covalent bonds with 
substrate metal atoms. This finding sheds new light on the possibility of halting 
surface electromigration via kink blocking impurities. 

 
Blaker, J. J., S. N. Nazhat, et al. (2011). "Long-term in vitro degradation of 
PDLLA/Bioglass (R) bone scaffolds in acellular simulated body fluid." Acta Biomaterialia 
7(2): 829-840. 
 The long-term (600 days) in vitro degradation of highly porous poly(D,L-lactide) 

(PDLLA)/Bioglass (R)-filled composite foams developed for bone tissue 
engineering scaffolds has been investigated in simulated body fluid (SBF). 
Foams of similar to 93% porosity were produced by thermally induced phase 
separation (TIPS). The degradation profile for foams of neat PDLLA and the 
influence of Bioglass (R) addition were comprehensively assessed in terms of 
changes in dimensional stability, pore morphology, weight loss, molecular weight 
and mechanical properties (dry and wet states). It is shown that the degradation 
process proceeded in several stages: (a) a quasi-stable stage, where water 
absorption and plasticization occurred together with weight loss due to Bioglass 
(R) particle loss and dissolution, resulting in decreased wet mechanical 
properties; (b) a stage showing a slight increase in the wet mechanical properties 
and a moderate decrease in dimensions, with the properties remaining 
moderately constant until the onset of significant weight loss, whilst molecular 
weight continued to decrease: (c) an end stage of massive weight loss, disruption 
of the pore structure and the formation of blisters and embrittlement of the 
scaffold (evident on handling). The findings from this long-term in vitro 
degradation investigation underpin studies that have been and continue to be 
performed on highly porous poly(alpha-hydroxyesters) scaffolds filled with 
bioactive glasses for bone tissue engineering applications. (C) 2010 Acta 
Materialia Inc. Published by Elsevier Ltd. All rights reserved. 

 
Blum, A. S., C. M. Soto, et al. (2011). "Molecular electronics based nanosensors on a 
viral scaffold." Biosensors & Bioelectronics 26(6): 2852-2857. 
 Assembling and interconnecting the building blocks of nanoscale devices and 

being able to electronically address or measure responses at the molecular level 
remains an important challenge for nanotechnology. Here we show the 
usefulness of bottom-up self-assembly for building electronic nanosensors from 
multiple components that have been designed to interact in a controlled manner. 
Cowpea mosaic virus was used as a scaffold to control the positions of gold 
nanoparticles. The nanoparticles were then interconnected using thiol-terminated 
conjugated organic molecules, resulting in a three-dimensional conductive 
network. Biotin molecules were attached to the virus scaffold using linkers to act 



as molecular receptors. We demonstrated that binding avidin to the biotin 
receptors on the self-assembled nanosensors causes a significant change in the 
network conductance that is dependent on the charge of the avidin protein. (C) 
2010 Elsevier B.V. All rights reserved. 

 
Borkar, H., R. Gauvin, et al. (2013). "Effect of extrusion temperature on texture evolution 
and recrystallization in extruded Mg-1% Mn and Mg-1% Mn-1.6% Sr alloys." Journal of 
Alloys and Compounds 555: 219-224. 
 Alloys Mg-1% Mn (M1) and Mg-1% Mn-1.6Sr (M1-1.6Sr) were subjected to three 

extrusion temperatures of 300, 350 and 400 degrees C at 8 mm/s ram speed in 
order to investigate the texture evolution and recrystallization mechanisms. M1 
alloy exhibits weaker texture after extrusion at 300 degrees C, but develops 
strong basal texture at 350 and 400 degrees C. The weaker texture of M1 at 300 
degrees C is partially due to random orientations created by CDRX mechanism. 
M1-1.6Sr alloy develops weaker textures at all extrusion temperatures as a result 
of particle stimulated nucleation promoted by Mg-Sr intermetallics which forms 
grains with random orientations. (C) 2012 Elsevier B.V. All rights reserved. 

 
Bowey, K., J. F. Tanguay, et al. (2012). "Liposome technology for cardiovascular 
disease treatment and diagnosis." Expert Opinion on Drug Delivery 9(2): 249-265. 
 Introduction: Over the past several decades, liposomes have been used in a 

variety of applications, from delivery vehicles to cell membrane models. In terms 
of pharmaceutical use, they can offer control over the release of active agents 
encapsulated into their lipid bilayer or aqueous core, while providing protection 
from degradation in the body. In addition, liposomes are versatile carriers, 
because targeting moieties can be conjugated on the surface to enhance delivery 
efficiency. It is for these reasons that liposomes have been applied as carriers for 
a multitude of drugs and genetic material, and as contrast agents, aimed to treat 
and diagnose cardiovascular diseases. Areas covered: This review details 
advancements in liposome technology used in the field of cardiovascular 
medicine. In particular, the application of liposomes to cardiovascular disease 
treatment and diagnosis, with a focus on delivering drugs, genetic material and 
improving cardiovascular imaging, will be explored. Advances in targeting 
liposomes to the vasculature will also be detailed. Expert opinion: Liposomes 
may provide the means to deliver drugs and other pharmaceutical agents for 
cardiovascular applications; however, there is still a vast amount of research and 
clinical trials that must be performed before a formulation is brought to market. 
Advancements in targeting abilities within the body, as well as the introduction of 
theranostic liposomes, capable of both delivering treating and imaging cardiac 
diseases, may be expected in the future of this burgeoning field. 

 
Braslavsky, S. E., G. Cosa, et al. (2012). "Introduction to the Symposium-in-Print: 21st 
Conference of the Inter-American Photochemical Society, Mendoza, Argentina, May 
2011." Photochemistry and Photobiology 88(4): 761-761. 
  
Brochu, M., Y. Verreman, et al. (2012). "Propagation of short fatigue cracks in 



permanent and semi-solid mold 357 aluminum alloy." International Journal of Fatigue 
36(1): 120-129. 
 The high cycle fatigue strengths of aluminum-silicon-magnesium 357 alloy 

prepared by permanent molding and semi-solid molding are measured. Results 
show that precipitation hardened permanent mold (PM) and semi-solid mold 
(SSM) materials have fatigue strengths at 10(7) cycles of 82 MPa and 113 MPa 
respectively at R = -1, and of 47 MPa and 78 MPa respectively at R = 0.1. For all 
tested specimens, the propagation of short cracks occupies a significant portion 
of the fatigue life. Observation of many short cracks using the replication 
technique indicates that grain boundaries are important microstructural barriers 
to short crack propagation in these materials. It is proposed that the fatigue 
strength at 10(7) cycles of the studied materials is the stress amplitude under 
which a short crack will be stopped by the first grain boundary encountered. In 
the absence of defects bigger than the grain size, the average fatigue strength is 
inversely proportional to the square root of the average grain size. (C) 2011 
Elsevier Ltd. All rights reserved. 

 
Brodusch, N., H. Demers, et al. (2013). "Nanometres-resolution Kikuchi patterns from 
materials science specimens with transmission electron forward scatter diffraction in the 
scanning electron microscope." Journal of Microscopy 250(1): 1-14. 
 A charge-coupled device camera of an electron backscattered diffraction system 

in a scanning electron microscope was positioned below a thin specimen and 
transmission Kikuchi patterns were collected. Contrary to electron backscattered 
diffraction, transmission electron forward scatter diffraction provides phase 
identification and orientation mapping at the nanoscale. The minimum Pd particle 
size for which a Kikuchi diffraction pattern was detected and indexed reliably was 
5.6 nm. An orientation mapping resolution of 5 nm was measured at 30 kV. The 
resolution obtained with transmission electron forward scatter diffraction was of 
the same order of magnitude than that reported in electron nanodiffraction in the 
transmission electron microscope. An energy dispersive spectrometer X-ray map 
and a transmission electron forward scatter diffraction orientation map were 
acquired simultaneously. The high-resolution chemical, phase and orientation 
maps provided at once information on the chemical form, orientation and 
coherency of precipitates in an aluminiumlithium 2099 alloy. 

 
Brodusch, N., M. Trudeau, et al. (2012). "Contribution of a New Generation 
Field-Emission Scanning Electron Microscope in the Understanding of a 2099 Al-Li 
Alloy." Microscopy and Microanalysis 18(6): 1393-1409. 
 Aluminum-lithium alloys are widespread in the aerospace industry. The new 2099 

and 2199 alloys provide improved properties, but their microstructure and texture 
are not well known. This article describes how state-of-the-art field-emission 
scanning electron microscopy (FE-SEM) can contribute to the characterization of 
the 2099 aluminum-lithium alloy and metallic alloys in general. Investigations 
were carried out on bulk and thinned samples. Backscattered electron imaging at 
3 kV and scanning transmission electron microscope imaging at 30 kV along with 
highly efficient microanalysis permitted correlation of experimental and expected 



structures. Although our results confirm previous studies, this work points out 
possible substitutions of Mg and Zn with Li, Al, and Cu in the T-1 precipitates. 
Zinc and magnesium are also present in "rice grain"-shaped precipitates at the 
grain boundaries. The versatility of the FE-SEM is highlighted as it provides 
information in the macro- and microscales with relevant details. Its ability to 
probe the distribution of precipitates from nano- to microsizes throughout the 
matrix makes FE-SEM an essential technique for the characterization of metallic 
alloys. 

 
Buset, J. M., Z. A. El-Sahn, et al. (2012). "Bandwidth efficient bidirectional 5 Gb/s 
overlapped-SCM WDM PON with electronic equalization and forward-error correction." 
Optics Express 20(13): 14428-14436. 
 We demonstrate an improved overlapped-subcarrier multiplexed (O-SCM) WDM 

PON architecture transmitting over a single feeder using cost sensitive intensity 
modulation/direct detection transceivers, data re-modulation and simple 
electronics. Incorporating electronic equalization and Reed-Solomon 
forward-error correction codes helps to overcome the bandwidth limitation of a 
remotely seeded reflective semiconductor optical amplifier (RSOA)-based ONU 
transmitter. The O-SCM architecture yields greater spectral efficiency and higher 
bit rates than many other SCM techniques while maintaining resilience to 
upstream impairments. We demonstrate full-duplex 5 Gb/s transmission over 20 
km and analyze BER performance as a function of transmitted and received 
power. The architecture provides flexibility to network operators by relaxing 
common design constraints and enabling full-duplex operation at BER similar to 
10(-10) over a wide range of OLT launch powers from 3.5 to 8 dBm. (C) 2012 
Optical Society of America 

 
Buset, J. M., Z. A. El-Sahn, et al. (2011). Symmetric 2.5 Gb/s RSOA-Based WDM-PON 
with Electronic Equalization and Overlapped-Subcarrier Multiplexing. 
 The performance benefits of electronic equalization are investigated in a 

symmetric WDM-PON architecture using 100% overlapped-SCM and a 
bandwidth-limited RSOA. A power budget improvement of similar to 4.5 dB is 
demonstrated for error free operation at realistic launch powers. 

 
Butler, I. S., M. Baril, et al. (2011). "Effect of external high pressures on the clay mineral 
sodium montmorillonite intercalated with methylated octadecylammonium bromide 
surfactants." Inorganica Chimica Acta 375(1): 53-56. 
 Raman microprobe spectra of the clay mineral Wyoming SWy-2-sodium 

montmorillonite intercalated with the surfactants, methyltrioctadecylammonium 
bromide (TOMA) dimethyldiotadecylammonium bromide (DODMA) and 
octadecyl-trimethylammonium bromide (ODTMA), have been measured in the 
CH(2) stretching region at external pressures up to similar to 40 kbar with the aid 
of a diamond-anvil cell. In the case of the intercalated clays containing TOMA 
and DODMA, the Raman data afford evidence for gauche to trans conformational 
changes in the orientation of the CH(2) chains in the surfactants with increasing 
pressure. These conformational changes are reversed completely upon the 



release of pressure. (C) 2011 Elsevier B.V. All rights reserved. 
 
Butler, I. S. and J. K. Beattie (2011). "Surface-Enhanced Raman Scattering of the 
Bariandite Oxide Layer on a Vanadium Dioxide Crystal." Australian Journal of Chemistry 
64(12): 1621-1623. 
 Variable-temperature (25-100 degrees C) Raman spectra of a crystal of 

commercial VO(2) have revealed surface-enhanced Raman scattering (SERS) of 
the V=O stretching mode of the bariandite-like vanadium oxide species, 
V(10)O(24)center dot 9H(2)O, that is formed on the surface of the crystal. Upon 
passing through the semiconductor-to-metal phase transition of VO(2) at 68 
degrees C, there is an approximately three to five-fold increase in Raman 
intensity of the V=O stretching mode. This effect is reversible with hysteresis 
upon decreasing the temperature. The temperature dependence of the Raman 
spectra at temperatures below the transition suggest that even the 
semiconductor phase has some SERS effect. 

 
Butler, I. S., R. P. Kengne-Momo, et al. (2012). "Recent Analytical Applications of 
Molecular Spectroscopy in Bioorganometallic Chemistry-Part I: Metal Carbonyls." 
Applied Spectroscopy Reviews 47(7): 531-549. 
 This is the first part of a two-part review on the analytical applications of 

molecular spectroscopy in bioorganometallic chemistry since 2005. In this case, 
radiopharmaceutical studies are included and the review is focused particularly 
on biological molecules labeled with metal carbonyl fragments. 

 
Butler, I. S., R. P. Kengne-Momo, et al. (2012). "Recent Applications of Molecular 
Spectroscopy in Bioorganometallic Chemistry-Part 2: Ferrocenes and Other 
Organometallic Complexes." Applied Spectroscopy Reviews 47(8): 620-632. 
 This is the second part of an overview of the applications of the various 

molecular spectroscopic methods that have been employed in bioorganometallic 
chemistry research since 2005 focusing on ferrocenes and other non-metal 
carbonyl organometallic complexes. These spectroscopic methods encompass 
infrared (IR), nuclear magnetic resonance (NMR), mass, Raman, 
ultraviolet-visible (UV-Vis), and several other less common spectroscopic 
techniques. 

 
Carlini, L. and J. L. Nadeau (2013). "Uptake and processing of semiconductor quantum 
dots in living cells studied by fluorescence lifetime imaging microscopy (FLIM)." 
Chemical Communications 49(17): 1714-1716. 
 Carboxylate-terminated and dopamine-conjugated CdSe-ZnS quantum dots 

(QDs) are imaged in living fibroblasts using fluorescence lifetime imaging 
microscopy. Changes in lifetime are observed as the QDs are processed in the 
cells, and are consistent with lifetime measurements in bulk solution using 
buffers compositions that correspond to different cellular regions. 

 
Carnevale, F. A., C. Farrell, et al. (2012). "Struggling to do what is right for the child: 
Pediatric life-support decisions among physicians and nurses in France and Quebec." 



Journal of Child Health Care 16(2): 109-123. 
 This study examined (a) how physicians and nurses in France and Quebec make 

decisions about life-sustaining therapies (LSTs) for critically ill children and (b) 
corresponding ethical challenges. A focus groups design was used. A total of 21 
physicians and 24 nurses participated (plus 9 physicians and 13 nurses from a 
prior secondary analysis). Principal differences related to roles: French 
participants regarded physicians as responsible for LST decisions, whereas 
Quebec participants recognized parents as formal decision-makers. Physicians 
stated they welcomed nurses' input but found they often did not participate, while 
nurses said they wanted to contribute but felt excluded. The LST limitations were 
based on conditions resulting in long-term consequences, irreversibility, 
continued deterioration, inability to engage in relationships and loss of autonomy. 
Ethical challenges related to: the fear of making errors in the face of uncertainty; 
struggling with patient/family consequences of one's actions; questioning the 
parental role and dealing with relational difficulties between physicians and 
nurses. 

 
Castonguay, A., E. Ladd, et al. (2012). "Dendrimers as bactericides." New Journal of 
Chemistry 36(2): 199-204. 
 Hyperbranched and monodisperse macromolecules of nanodimensions, 

commonly referred to as dendrimers, have offered significant potential in 
addressing key issues in biology. In addition, their monodisperse nature and a 
generally described globular architecture with high surface group density, make 
them very coveted candidates as antimicrobial agents. Here, we provide an 
overview of what has been accomplished in exploring the potential of dendrimers 
as bactericides, as well as an analysis of the factors influencing their biocidal 
activity. 

 
Cavelier, S., C. J. Barrett, et al. (2012). "The Mechanical Performance of a Biomimetic 
Nanointerface Made of Multilayered Polyelectrolytes." European Journal of Inorganic 
Chemistry(32): 5380-5389. 
 Integrating organic and inorganic components into hybrid materials is a promising 

pathway towards unique and useful combinations of stiffness, strength, and 
toughness. Nature provides superb examples of such materials: bone, teeth, and 
mollusk shells are made of stiff inorganic mineral inclusions bonded by more 
compliant proteins and polysaccharides that play a critical role by providing large 
deformations and energy absorption. Nanometer-thick polyelectrolyte multilayers 
(PEMs) provide an elegant approach to mimicking natural organic materials, but 
experimental data on their mechanical properties is scarce. In this work we have 
for the first time measured the shear performance and fracture toughness of 
PEM nanointerfaces that join two silicon substrates. Most of the properties of 
PEMs fall between those of a typical office tape and an engineering epoxy. 
However, the energy for failure in shear in PEMs exceeds the other two 
adhesives by far, because of breakage and reformation of electrostatic bonds. 
Interestingly, the properties of PEMs can be tuned by, for example, depositing a 
preliminary (3-aminopropyl)triethoxysilane layer or by adjusting the degree of 



hydration. They can also partially heal, and we demonstrate how only a fraction 
of the initial toughness is lost upon reassembly after fracture. This set of 
mechanical properties will greatly facilitate the design and optimization of future 
hybrid materials inspired from nature. 

 
Centea, T. and P. Hubert (2012). "Modelling the effect of material properties and 
process parameters on tow impregnation in out-of-autoclave prepregs." Composites 
Part a-Applied Science and Manufacturing 43(9): 1505-1513. 
 Out-of-autoclave prepregs based on woven fabrics initially consist of dry tows 

and resin-rich areas. The tows allow air evacuation in the initial stages of 
processing and are subsequently infiltrated by surrounding matrix. The following 
study analyzes the relationship between material properties, process parameters 
and tow impregnation for three OOA prepregs. First, a representative model for 
tow impregnation is developed. Then, the model parameters are determined and 
the model predictions are correlated to impregnation data measured by X-ray 
microtomography. Finally, the model is used in a parametric study to investigate 
the effect of fibre architecture, cure cycle temperature and resin initial degree of 
cure on tow impregnation rate and to predict the possible occurrence of 
flow-induced micro-voids. (c) 2012 Elsevier Ltd. All rights reserved. 

 
Cerruti, M. (2012). "Surface characterization of silicate bioceramics." Philosophical 
Transactions of the Royal Society a-Mathematical Physical and Engineering Sciences 
370(1963): 1281-1312. 
 The success of an implanted prosthetic material is determined by the early 

events occurring at the interface between the material and the body. These 
events depend on many surface properties, with the main ones including the 
surface's composition, porosity, roughness, topography, charge, functional 
groups and exposed area. This review will portray how our understanding of the 
surface reactivity of silicate bioceramics has emerged and evolved in the past 
four decades, owing to the adoption of many complementary surface 
characterization tools. The review is organized in sections dedicated to a specific 
surface property, each describing how the property influences the body's 
response to the material, and the tools that have been adopted to analyse it. The 
final section introduces the techniques that have yet to be applied extensively to 
silicate bioceramics, and the information that they could provide. 

 
Chamanara, N., D. Sounas, et al. (2012). "Optically Transparent and Flexible Graphene 
Reciprocal and Nonreciprocal Microwave Planar Components." Ieee Microwave and 
Wireless Components Letters 22(7): 360-362. 
 The sheet resistance of graphene has been recently reduced below the level of 

previous optically transparent conductive materials, making graphene, with its 
additional advantage of mechanical flexibility, the best candidate for future 
transparent electronics. We investigate here the viability of microwave planar 
components using graphene sheets as conductors towards optically transparent 
and flexible radio systems. Specifically, we study the waveguiding and 
nonreciprocal properties of such components, through the arbitrary example of a 



coplanar waveguide (CPW) structure, using the 2-D finite difference frequency 
domain (FDFD) technique. It is shown that reciprocal graphene-based 
components of acceptably low loss levels are achievable using graphene sheets 
of the lowest available resistivity, while nonreciprocal components with graphene 
conductors still exhibit prohibitive loss due to a fundamental trade-off between 
nonreciprocity and carrier density in graphene. 

 
Cheema, M. I., S. Mehrabani, et al. (2012). Experimental demonstration of application of 
ring down measurement approach to microcavities for biosensing. Frontiers in Biological 
Detection: From Nanosensors to Systems Iv. B. L. Miller and P. M. Fauchet. 8212. 
 Cavity ring down measurement approach is a promising technique for biosensing 

as it is insensitive to intensity fluctuations of a laser source. This technique in 
conjunction with ultra high Q microcavities have a great potential for ultra 
sensitive biosensing. Until now, most work on microcavity biosensors has been 
based on measurement of the resonant frequency shift induced by binding event 
on surface of the microcavity. Such measurements suffer from the noise due to 
intensity fluctuations of the laser source. However, the binding event will also 
introduce shift in quality factor of the microcavity, which can be tracked by using 
cavity ring down spectroscopy. In this work, we report on experimental 
demonstration of application of ring down measurement approach to 
microcavities for biosensing by tracking disassociation phase of a 
biotin-streptavidin reaction. These measurements were performed by using a 
bioconjugated ultra high Q microtoroidal cavity immersed in a liquid 
microacquarium. We found that disassociation curves agree with previously 
reported results on the protein kinetics measurements. 

 
Chen, C., Q. B. Zhuge, et al. (2011). "Zero-guard-interval coherent optical OFDM with 
overlapped frequency-domain CD and PMD equalization." Optics Express 19(8): 
7451-7467. 
 This paper presents a new channel estimation/equalization algorithm for 

coherent OFDM (CO-OFDM) digital receivers, which enables the elimination of 
the cyclic prefix (CP) for OFDM transmission. We term this new system as the 
zero-guard-interval (ZGI)-CO-OFDM. ZGI-CO-OFDM employs an overlapped 
frequency-domain equalizer (OFDE) to compensate both chromatic dispersion 
(CD) and polarization mode dispersion (PMD) before the OFDM demodulation. 
Despite the zero CP overhead, ZGI-CO-OFDM demonstrates a superior PMD 
tolerance than the previous reduced-GI (RGI)-CO-OFDM, which is verified under 
several different PMD conditions. Additionally, ZGI-CO-OFDM can improve the 
channel estimation accuracy under high PMD conditions by using a larger 
intra-symbol frequency-averaging (ISFA) length as compared to RGI-CO-OFDM. 
ZGI-CO-OFDM also enables the use of ever smaller fast Fourier transform (FFT) 
sizes (i.e. < 128), while maintaining the zero CP overhead. Finally, we provide an 
analytical comparison of the computation complexity between the conventional, 
RGI- and ZGI-CO-OFDM. We show that ZGI-CO-OFDM requires reasonably 
small additional computation effort (similar to 13.6%) compared to 
RGI-CO-OFDM for 112-Gb/s transmission over a 1600-km 



dispersion-uncompensated optical link. (C)2011 Optical Society of America 
 
Chen, C., Q. B. Zhuge, et al. (2011). Reduced-Guard-Interval CO-OFDM with 
Overlapped Frequency-Domain CD and PMD Equalization. 
 We propose an algorithm for CO-OFDM receivers to perform overlapped 

frequency-domain CD and PMD equalization before OFDM symbol 
demodulation. This approach enables OFDM transmission with a small cyclic 
prefix overhead of only 0.08%, and can enlarge the frequency averaging length 
for channel estimation in the presence of high PMD. (C)2011 Optical Society of 
America 

 
Chen, J. Z., Y. B. Hu, et al. (2012). "First-principles analysis of photocurrent in graphene 
PN junctions." Physical Review B 85(15). 
 We report on a first-principles investigation of photocurrent generation by 

graphene PN junctions. The junctions are formed by either chemically doping 
with nitrogen and boron atoms, or by controlling gate voltages. The 
nonequilibrium Green's function formalism combined with density functional 
theory is applied to calculate the photoresponse function. The graphene PN 
junctions show a broadband photoresponse including the terahertz range. The 
dependence of the response on the angle between the light polarization vector 
and the PN interface is determined. Its variation against photon energy E-ph is 
calculated in the visible range. The essential properties of chemically doped and 
gate-controlled PN junctions are similar, but the former shows fingerprints of 
dopant distribution. 

 
Chen, W. and A. A. Clerk (2012). "Electron-phonon mediated heat flow in disordered 
graphene." Physical Review B 86(12). 
 We calculate the heat flux and electron-phonon thermal conductance in a 

disordered graphene sheet, going beyond a Fermi's golden rule approach to fully 
account for the modification of the electron-phonon interaction by disorder. Using 
the Keldysh technique combined with standard impurity averaging methods in the 
regime k(F)l >> 1 (where k(F) is the Fermi wave vector and l is the mean free 
path), we consider both scalar potential (i.e., deformation potential) and 
vector-potential couplings between electrons and phonons. We also consider the 
effects of electronic screening at the Thomas-Fermi level. We find that the 
temperature dependence of the heat flux and thermal conductance is sensitive to 
the presence of disorder and screening, and reflects the underlying chiral nature 
of electrons in graphene and the corresponding modification of their diffusive 
behavior. In the case of weak screening, disorder enhances the low-temperature 
heat flux over the clean system (changing the associated power law from T-4 to 
T-3), and the deformation potential dominates. For strong screening, both the 
deformation potential and vector-potential couplings make comparable 
contributions, and the low-temperature heat flux obeys a T-5 power law. 

 
Chromik, R. R., H. W. Strauss, et al. (2012). "Materials Phenomena Revealed by In Situ 
Tribometry." Jom 64(1): 35-43. 



 In situ tribometry, the study of real-time friction and wear processes occurring at 
"buried" sliding interfaces, was used to examine fundamental changes to 
structure and chemistry of solid lubricant and hard coatings. In situ techniques of 
optical microscopy and Raman spectroscopy were used to observe interfacial 
sliding dynamics and identify near-surface structural/chemical changes, 
respectively. Third-body physical and chemical processes, such as thickening, 
thinning, loss of transfer films, generation of wear debris, and sliding-induced 
chemical changes, were identified for sapphire sliding against Ti-Si-C, 
nanocrystalline diamond (NCD), and titanium- and tungsten-doped diamond-like 
carbon (DLC) coatings. These processes observed by in situ methods were also 
used to explain why friction and wear behavior changed with coating 
composition, properties or test conditions. 

 
Chu, J. S., M. R. Kamal, et al. (2012). "Morphology Development in the Gate Region of 
Microinjection-Molded Thermoplastics." Polymer Engineering and Science 52(4): 
787-794. 
 The melt experiences extremely high shear rates as it travels through the very 

small gate, in the microinjection molding process. The combination of the high 
shear rates, extensive viscous heating, and the large thermal gradients has a 
profound influence on the characteristics of the moldings. However, many of 
these interactions are not clearly understood. In this study, the morphology of 
moldings in the gate region was observed using a polarized light microscope. 
Moreover, the specimens from different regions of micromoldings were analyzed 
using a differential scanning calorimeter (DSC). Two materials were selected for 
the study: polyoxymethylene (POM) and high-density polyethylene. Three special 
morphological features were observed in the gate region for POM but not for 
polyethylene. The results obtained using the DSC were explained in light of the 
microstructural features observed using polarized light microscopy. POLYM. 
ENG. SCI., 52:787-794, 2011. (C) 2011 Society of Plastics Engineers 

 
Cirtiu, C. M., A. F. Dunlop-Briere, et al. (2011). "Cellulose nanocrystallites as an efficient 
support for nanoparticles of palladium: application for catalytic hydrogenation and Heck 
coupling under mild conditions." Green Chemistry 13(2): 288-291. 
 We report herein the synthesis of a new hybrid material, PdNPs@CNCs 

consisting of monodisperse Pd nanoparticles (PdNPs) evenly deposited onto 
colloidal cellulose nanocrystallites (CNCs). This material proved an active 
catalyst for the hydrogenation reaction of phenol to cyclohexanone in water as a 
solvent, at room temperature, under 4 bar of dihydrogen. Moreover, the catalyst 
perfomed well in the Heck coupling of styrene and iodobenzene in a 
hydro-organic mixture. CNCs constitute a highly crystalline, ordered and yet 
accessible green material easily obtained from wood pulp. This work 
demonstrates the possibility of using colloidal CNCs as an efficient support for 
catalysis. 

 
Clerk, A. (2012). "QUANTUM PHONONICS To see a SAW." Nature Physics 8(4): 
256-257. 



  
Consolante, V., M. Maric, et al. (2012). "Routes to carboxylic acid functional acrylonitrile 
copolymers via N-tert-butyl-N-(1-diethylphosphono-2,2-dimethylpropyl) free nitroxide 
based nitroxide-mediated polymerization." Journal of Applied Polymer Science 125(5): 
3963-3976. 
 Styrene (S)/acrylonitrile [AN; initial acrylonitrile molar feed compositions (fAN,0's) 

= 0.100.86) and tert-butyl methacrylate (tBMA)/AN (fAN,0 = 0.100.80) 
copolymers were synthesized at 90 degrees C in 50 wt % 1,4-dioxane solutions 
with a unimolecular initiator, 
N-(2-methylpropyl)-N-(1-diethylphosphono-2,2-dimethylpropyl)-O-(2-carboxylprop
-2-yl) hydroxylamine [BlocBuilder (BB)]. In the tBMA/AN copolymerizations, 
8.08.5 mol % N-tert-butyl-N-(1-diethylphosphono-2,2-dimethylpropyl) free 
nitroxide relative to BB was added. The S/AN copolymers exhibited narrow, 
monomodal molecular weight distributions (MWDs) with low polydispersities 
[weight-average molecular weight (Mw)/number-average molecular weight (Mn) = 
1.141.26], and the Mn versus monomer conversion (X) plots were relatively linear 
(Mn = 18.1 kg/mol, X approximate to 0.7); this suggested that pseudo-living 
behavior was approached. AN proved to be an effective controlling comonomer 
for tBMA because the tBMA/AN copolymers exhibited narrow monomodal MWDs 
with Mw/Mn = 1.171.50 and relatively linear Mn versus X plots to reasonably high 
X values (Mn = 15.6 kg/mol, X approximate to 0.6). The AN and S monomer 
reactivity ratios were rAN = 0.07 +/- 0.01 and rS = 0.27 +/- 0.02 (FinemanRoss) 
and rAN = 0.10 +/- 0.01 and rS = 0.28 +/- 0.02 (KelenTudos), respectively; these 
values were in good agreement with conventional free-radical polymerization. 
Error-in-variables model (EVM) analysis indicated that the use of cumulative 
composition S/AN data was more effective than typical approaches using low-X 
data with the MayoLewis model. The AN and tBMA reactivity ratios [rAN = 0.07 
+/- 0.01 and rtBMA = 1.24 +/- 0.20 (FinemanRoss) and rAN = 0.14 +/- 0.01 and 
rtBMA = 0.89 +/- 0.19 (KelenTudos)] were similar to those reported for related 
alkyl methacrylate/AN conventional radical copolymerizations. EVM analysis 
suggested significant experimental error was associated with the tBMA/AN 
system, and this warrants further investigation. (C) 2012 Wiley Periodicals, Inc. J 
Appl Polym Sci, 2012 
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based nitroxide-mediated polymerization." Journal of Applied Polymer Science 125(5): 
3963-3976. 
 Styrene (S)/acrylonitrile [AN; initial acrylonitrile molar feed compositions (fAN,0's) 

= 0.100.86) and tert-butyl methacrylate (tBMA)/AN (fAN,0 = 0.100.80) 
copolymers were synthesized at 90 degrees C in 50 wt % 1,4-dioxane solutions 
with a unimolecular initiator, 
N-(2-methylpropyl)-N-(1-diethylphosphono-2,2-dimethylpropyl)-O-(2-carboxylprop
-2-yl) hydroxylamine [BlocBuilder (BB)]. In the tBMA/AN copolymerizations, 
8.08.5 mol % N-tert-butyl-N-(1-diethylphosphono-2,2-dimethylpropyl) free 
nitroxide relative to BB was added. The S/AN copolymers exhibited narrow, 



monomodal molecular weight distributions (MWDs) with low polydispersities 
[weight-average molecular weight (Mw)/number-average molecular weight (Mn) = 
1.141.26], and the Mn versus monomer conversion (X) plots were relatively linear 
(Mn = 18.1 kg/mol, X approximate to 0.7); this suggested that pseudo-living 
behavior was approached. AN proved to be an effective controlling comonomer 
for tBMA because the tBMA/AN copolymers exhibited narrow monomodal MWDs 
with Mw/Mn = 1.171.50 and relatively linear Mn versus X plots to reasonably high 
X values (Mn = 15.6 kg/mol, X approximate to 0.6). The AN and S monomer 
reactivity ratios were rAN = 0.07 +/- 0.01 and rS = 0.27 +/- 0.02 (FinemanRoss) 
and rAN = 0.10 +/- 0.01 and rS = 0.28 +/- 0.02 (KelenTudos), respectively; these 
values were in good agreement with conventional free-radical polymerization. 
Error-in-variables model (EVM) analysis indicated that the use of cumulative 
composition S/AN data was more effective than typical approaches using low-X 
data with the MayoLewis model. The AN and tBMA reactivity ratios [rAN = 0.07 
+/- 0.01 and rtBMA = 1.24 +/- 0.20 (FinemanRoss) and rAN = 0.14 +/- 0.01 and 
rtBMA = 0.89 +/- 0.19 (KelenTudos)] were similar to those reported for related 
alkyl methacrylate/AN conventional radical copolymerizations. EVM analysis 
suggested significant experimental error was associated with the tBMA/AN 
system, and this warrants further investigation. (C) 2012 Wiley Periodicals, Inc. J 
Appl Polym Sci, 2012 

 
Constantin, N. G., P. J. Zampardi, et al. (2011). "Automatic Hardware Reconfiguration 
for Current Reduction at Low Power in RFIC PAs." Ieee Transactions on Microwave 
Theory and Techniques 59(6): 1560-1570. 
 This paper presents a novel hardware reconfiguration technique implemented in 

a dual integrated-circuit (IC) GaAs HBT power amplifier (PA) design and 
demonstrates reduced current and improved efficiency at low power. The method 
automatically reconfigures the hardware of an RF IC PA over a given power 
transmission. Hardware interfacing and synchronization from outside the PA is 
minimized, and automatic gain compensation upon hardware reconfiguration is 
achieved with minimal temperature-dependant calibration. The challenge of 
integrating such complex on-chip hardware functions in a GaAs HBT technology 
was circumvented by the introduction of a gating concept used in conjunction 
with envelope feedback, and careful tradeoffs between circuit complexity and 
performance. Designs that suit the on-chip integration of the technique in GaAs 
HBT or Si bipolar junction transistor technologies are described. Experimental 
data are reported to support the proposed method. 

 
Corgier, B. P. and D. Juncker (2011). "Polymeric microfabricated electrochemical 
nanoprobe with addressable electrodes." Sensors and Actuators B-Chemical 157(2): 
691-696. 
 We present a polymeric microfabricated electrochemical nanoprobe (MEN) with 

nanometer-scale electrodes fabricated using standard photolithography. The 
probe and the electrodes are formed by embedding nanometer-thick metal lines 
between two layers of UV curable adhesive polymers, followed by dicing and 
detaching the MENs from the substrate. The cutting plane obtained after dicing 



constitutes the tip of the MENs. The thicknesses of the spin-coated polymer and 
of the deposited metal determine the thickness of the probe and the electrodes, 
respectively, and can be precisely controlled. Several polymers were 
characterized, including SU-8 and photosensitive polyurethanes which were 
found to be optimal. MENs with two and four electrodes were fabricated. The 
MENs were characterized by cyclic voltammetry. The reproducibility of the MENs 
for electrochemical measurements was optimized and the sensitivity was 
significantly enhanced by the controlled electrodeposition of palladium 
nanocrystals yielding a greater active electrode area. These MENs may be 
functionalized and used to analyse the concentration of chemicals by placing the 
MEN above them. (C) 2011 Elsevier B.V. All rights reserved. 

 
Cosa, G. (2011). "Single molecule studies on HCV RNA polymerase activity." Abstracts 
of Papers of the American Chemical Society 242. 
  
Cranston, E. D., D. G. Gray, et al. (2011). "Interfacial properties of nanocrystalline 
cellulose composites prepared through layer-by-layer assembly." Abstracts of Papers of 
the American Chemical Society 241. 
  
Croft, K., L. Lessard, et al. (2011). "Experimental study of the effect of automated fiber 
placement induced defects on performance of composite laminates." Composites Part 
a-Applied Science and Manufacturing 42(5): 484-491. 
 The Automated Fiber placement (AFP) process shows great potential for efficient 

manufacturing of large composite structures. However, uncertainties exist on 
mechanical performance of final product that are associated with the process 
induced defects. This experimental work investigates the effect of four principal 
defect types, namely gap, overlap, half gap/overlap and twisted tow on the 
ultimate strengths. Tests are executed at the lamina level (fiber tension, fiber 
compression and in-plane shear), as well as at the laminate level (open hole 
tension and open hole compression). Then each test is compared with a baseline 
configuration exempt from defects. Tests have revealed the minimal effects of a 
single and isolated defects on mechanical performance especially at the lamina 
level (around 5%) compared to the laminate level (up to 13%). (C) 2011 Elsevier 
Ltd. All rights reserved. 

 
Daneshmand, T. N., R. Beton, et al. (2012). "Inactivation mechanisms of bacterial 
pathogen indicators during electro-dewatering of activated sludge biosolids." Water 
Research 46(13): 3999-4008. 
 Electro-dewatering is an energy-efficient technology in which an electric field can 

increase the dryness of biosolids from secondary wastewater treatment from 
15% w/w to 30-50% w/w. Here, we address bacterial pathogen indicators 
inactivation (total coliforms, Escherichia coil and aerobic endospores) during 
electro-dewatering, investigating the roles of electrochemically generated 
oxidants, extreme pH, and high temperature (from Joule heating). Our results 
demonstrate that temperature is the primary factor affecting total coliforms and E. 
coli inactivation. First, several electro-dewatering cycles were used to increase 



sludge temperature to about 100 degrees C after 6 min, during which time the 
average pH decreased from 7 to 3.6 after 10 min. Total coliforms and E. coli 
MPNs reached their detection limits after 6 min (with 4-5 logs of inactivation for 
total coliforms and 3-4 logs for E. coli). In contrast, aerobic endospores were not 
inactivated under these conditions; rather, their germination appeared to be 
stimulated by 6-8 min of electro-dewatering. Second, the dewatering cake was 
separated into four horizontal layers. After 8 min of electro-dewatering, the pH in 
the top layers decreased to 3, whereas the pH in the bottom layers increased to 
8. Inactivation of total coliforms and E. coli in the sludge cake was similar in all 
layers, increasing with time, suggesting that oxidants and extreme pH are 
secondary inactivation factors. Finally, electrodes were cooled to maintain a 
temperature less than 34 degrees C. Although pH decreased significantly after 
12 min of electro-dewatering, there was no significant bacterial pathogen 
indicator inactivation at low temperature. (C) 2012 Elsevier Ltd. All rights 
reserved. 

 
Dankovich, T. and D. G. Gray (2011). "Microwave-assisted synthesis of silver 
nanoparticles in paper via glucose reduction." Abstracts of Papers of the American 
Chemical Society 241. 
  
Dankovich, T. A. and D. G. Gray (2011). "Bactericidal Paper Impregnated with Silver 
Nanoparticles for Point-of-Use Water Treatment." Environmental Science & Technology 
45(5): 1992-1998. 
 There is an urgent need for cheap point-of-use methods to purify drinking water. 

We describe a method to deactivate pathogenic bacteria by percolation through a 
paper sheet containing silver nanoparticles. The silver nanoparticles are 
deposited by the in situ reduction of silver nitrate on the cellulose fibers of an 
absorbent blotting paper sheet. The aim is to achieve inactivation of bacteria 
during percolation through the sheet, rather than removal of bacteria from the 
effluent by filtration. The silver-nanoparticle containing (AgNP) papers were 
tested for performance in the laboratory with respect to bacteria inactivation and 
silver leaching as suspensions of bacteria percolated through the paper. The 
AgNP sheets exhibited antibacterial properties toward suspensions of 
Escherichia coli and Enterococcus faecalis, with log reduction values in the 
effluent of over log 6 and log 3, respectively. The silver loss from the AgNP 
sheets was minimal, with values under 0.1 ppm (the current US EPA and WHO 
limit for silver in drinking water). These results show promise that percolation of 
bacterially contaminated water through paper embedded with silver nanoparticles 
could be an effective emergency water treatment. 

 
Dankovich, T. A. and D. G. Gray (2011). "Contact Angle Measurements on Smooth 
Nanocrystalline Cellulose (I) Thin Films." Journal of Adhesion Science and Technology 
25(6-7): 699-708. 
 Interactions of cellulose fiber surfaces with water and other liquids depend on 

surface morphology as well as intrinsic material properties. Smooth 
nanocrystalline cellulose (I) films can be used as models to study surface 



phenomena, where the effects of surface morphology and roughness are 
minimized. Contact angle measurements are particularly sensitive to surface 
roughness. In this work, we measured the advancing and receding contact 
angles for water on thin model cellulose (I) and regenerated cellulose (II) films. 
The advancing and receding contact angles on model cellulose (I) surfaces were 
lower than on cellulose (II) surfaces, and the contact angle hysteresis was also 
lower for the smooth model cellulose (I) surfaces prepared from nanocrystal 
suspensions. The surface free energy was evaluated for the various cellulose 
surfaces from contact angle measurements. (C) Koninklijke Brill NV, Leiden, 
2011 

 
Dankovich, T. A. and D. G. Gray (2011). "Silver nanoparticle stability and bacterial 
inactivation in point-of-use filters: Effects of water chemical composition." Abstracts of 
Papers of the American Chemical Society 241. 
  
Das, K., G. Sosale, et al. (2012). "Design, implementation, and application of a 
microresonator platform for measuring energy dissipation by internal friction in 
nanowires." Nanotechnology 23(50). 
 Accurate measurements of internal friction in nanowires are required for the 

rational design of high-Q resonators used in nanoelectromechanical systems and 
for fundamental studies of nanomechanical behavior. However, measuring 
internal friction is challenging because of the difficulties associated with 
identifying the contributions of material dissipation to structural damping. Here, 
we present an approach for overcoming these difficulties by using a composite 
microresonator platform that is calibrated against the ultimate limits of 
thermoelastic damping. The platform consists of an array of nanowires patterned 
at the root of a low-loss single-crystal silicon microcantilever. The structure is 
processed using a lift-off technique, implemented using electron-beam 
lithography, to achieve excellent control over the size, alignment, dispersion and 
location of the nanowire array. As the first application of this platform, we 
measured internal friction at room temperature in aluminum nanowires that 
ranged from 50 to 100 nm in thickness and 100 to 400 nm in width. Internal 
friction is similar to 0.03 at frequencies of 6.5-21 kHz. Transmission electron 
microscopy of the nanocrystalline grain structure, and comparison with previously 
measured values of internal friction in continuous thin films of aluminum, suggest 
that grain-boundary sliding is a major source of internal friction in these 
nanowires. 

 
De Klerk, R. J., Y. Jia, et al. (2012). "Continuous circuit coprecipitation of arsenic(V) with 
ferric iron by lime neutralization: Process parameter effects on arsenic removal and 
precipitate quality." Hydrometallurgy 111: 65-72. 
 The coprecipitation of arsenic(V) with ferric iron was studied through the use of 

continuous circuit coprecipitation experiments that involved lime neutralization of 
acidic sulfate solutions (Fe/As molar ratio of 4) to pH 8. The influence of 
coprecipitation circuit design on arsenic removal was evaluated through one, two 
and three-stage experiments as well as the use of solids recycling in a two-stage 



circuit. The two-stage (operating respectively at pH 4 and 8) continuous circuit 
configuration produced the lowest residual arsenic concentration and the lowest 
specific surface area coprecipitate. Two-stage continuous experiments were also 
used to examine the influence of nickel and aluminum, co-ions that are common 
in industrial solutions. Nickel was not observed to significantly influence the 
residual dissolved arsenic under the conditions tested. Aluminum was found to 
be a suitable equimolar substitute for a portion of the ferric iron. X ray diffraction 
and Raman spectroscopic data indicated that the coprecipitates consisted of a 
mixture of gypsum, poorly crystalline ferric arsenate and (arsenic-bearing) 
ferrihydrite. Calculations based on the pH of point of zero charge (pH(pzc)) 
suggested that the content of ferric arsenate ranged from 24% to 57% and was 
influenced by the coprecipitation circuit design. The highest ferric arsenate 
content was observed with the two-stage coprecipitation circuit which also 
yielded the lowest residual arsenic concentration. The results indicated that 
subtle chemical differences induced in the coprecipitates by the process could be 
of significant influence to the geochemical stability of arsenic. (C) 2011 Elsevier 
B.V. All rights reserved. 

 
Didar, T. F., A. M. Foudeh, et al. (2012). "Patterning Multiplex Protein Microarrays in a 
Single Microfluidic Channel." Analytical Chemistry 84(2): 1012-1018. 
 The development of versatile biofunctional surfaces is a fundamental prerequisite 

in designing Lab on a Chip (LOC) devices for applications in biosensing 
interfaces and microbioreactors. The current paper presents a rapid 
combinatorial approach to create multiplex protein patterns in a single 
microfluidic channel. This approach consists of coupling microcontact printing 
with microfluidic patterning, where microcontact printing is employed for 
silanization using (3-Aminopropyl) triethoxysilane (APTES), followed by 
microfluidic patterning of multiple antibodies. As a result, the biomolecules of 
choice could be covalently attached to the microchannel surface, thus creating a 
durable and highly resistant functional interface. Moreover, the experimental 
procedure was designed to create a microfluidic platform that maintains 
functionality at high flow rates. The functionalized surfaces were characterized 
using X-ray photoelectron spectroscopy (XPS) and monitored with fluorescence 
microscopy at each step of functionalization. To illustrate the possibility of 
patterning multiple biomolecules along the cross section of a single microfluidic 
channel, microarrays of five different primary antibodies were patterned onto a 
single channel and their functionality was evaluated accordingly through a 
multiplex immunoassay using secondary antibodies specific to each patterned 
primary antibody. The resulting patterns remained stable at shear stresses of up 
to 50 dyn/cm(2). The overall findings suggest that the developed multiplex 
functional interface on a single channel can successfully lead to highly resistant 
multiplex functional surfaces for high throughput biological assays. 

 
Didar, T. F. and M. Tabrizian (2012). "Generating multiplex gradients of biomolecules 
for controlling cellular adhesion in parallel microfluidic channels." Lab on a Chip 12(21): 
4363-4371. 



 Here we present a microfluidic platform to generate multiplex gradients of 
biomolecules within parallel microfluidic channels, in which a range of multiplex 
concentration gradients with different profile shapes are simultaneously 
produced. Nonlinear polynomial gradients were also generated using this device. 
The gradient generation principle is based on implementing parrallel channels 
with each providing a different hydrodynamic resistance. The generated 
biomolecule gradients were then covalently functionalized onto the microchannel 
surfaces. Surface gradients along the channel width were a result of covalent 
attachments of biomolecules to the surface, which remained functional under 
high shear stresses (50 dyn/cm(2)). An IgG antibody conjugated to three different 
fluorescence dyes (FITC, Cy5 and Cy3) was used to demonstrate the resulting 
multiplex concentration gradients of biomolecules. The device enabled 
generation of gradients with up to three different biomolecules in each channel 
with varying concentration profiles. We were also able to produce 2-dimensional 
gradients in which biomolecules were distributed along the length and width of 
the channel. To demonstrate the applicability of the developed design, three 
different multiplex concentration gradients of REDV and KRSR peptides were 
patterned along the width of three parallel channels and adhesion of primary 
human umbilical vein endothelial cell (HUVEC) in each channel was 
subsequently investigated using a single chip. 

 
Doane, T. L., C. H. Chuang, et al. (2012). "Nanoparticle zeta-Potentials." Accounts of 
Chemical Research 45(3): 317-326. 
 For over half a century, alternating electric fields have been used to induce 

particle transport, furnishing the zeta-potential of analytes with sizes ranging from 
a few nanometers to several micrometers. Concurrent advances in 
nanotechnology have provided new materials for catalysis, self-assembly, and 
biomedical applications, all of which benefit from a thorough understanding of 
particle surface charge. Therefore, the measurement of the zeta-potential via 
electrophoretic light scattering (ELS) has become essential for nanoparticle (NP) 
research. However, the interpretation of NP electrophoretic mobility, especially 
that of ligand-coated NPs, can be a complex undertaking. Despite the inherent 
intricacy of these data, key concepts from colloidal science can help to distill 
valuable information from ELS. In this Account, we adopt PEGylated Au NPs as 
an illustrative example to explore extensions of the classical theories of 
Smoluchowski, Huckel, and Henry to more contemporary theories for 
ligand-coated NP systems such as those from Ohshima, and Hill, Saville, and 
Russel. First, we review the basic experimental considerations necessary to 
understand NP electrophoretic mobility, identifying when O'Brien and White's 
numerical solution of the standard electrokinetic model should be adopted over 
Henry's closed-form analytical approximation. Next, we explore recent 
developments in the theory of ligand-coated particle electrophoresis, and how 
one can furnish accurate and meaningful relationships between measured NP 
mobility, zeta-potential, and surface charge. By identifying key ligand-coated NP 
parameters (e.g., coating thickness, permeability, molecular mass, and 
hydrodynamic segment size), we present a systematic method for quantitatively 



interpreting NP electrophoretic mobility. In addition to reviewing theoretical 
foundations, we describe our recent results that examine how the unique surface 
curvature of NPs alters and controls their properties. These data provide 
guidelines that can expedite the rational design of NPs for advanced uses, such 
as heterogeneous catalysis and in vivo drug delivery. As a practical 
demonstration of these concepts, we apply the ligand-coated theory to a recently 
developed noncovalent PEGylated Au NP drug-delivery system. Our analysis 
suggests that anion adsorption on the Au NP core may enhance the stability of 
these NP-drug conjugates in solution. In addition to providing useful 
nanochemistry insights, the information in this Account will be useful to 
biomedical and materials engineers, who use ELS and zeta-potentials for 
understanding NP dynamics. 

 
Dorris, A. and D. G. Gray (2012). "Gelation of cellulose nanocrystal suspensions in 
glycerol." Cellulose 19(3): 687-694. 
 Aqueous suspensions of cellulose nanocrystals (NCC) produced by sulfuric acid 

hydrolysis of natural cellulose fibres display a number of unique properties. In 
addition to forming equilibrium chiral nematic phases above some critical 
concentration, cellulose nanocrystal suspensions tend to gel or aggregate if the 
stability of the suspension decreases, for example because of a decrease in the 
surface charge density of sulfate ester groups, or a change in the properties of 
the suspending medium. Direct incorporation of unmodified nanocrystals into 
organic media usually leads to aggregation. We have found that it is possible to 
circumvent this difficulty and form clear thixotropic gels of unmodified NCC in 
glycerol, by careful evaporation of water from aqueous glycerol suspensions of 
NCC. The physical gels form at a fairly low (< 3 wt%) concentrations of cellulose. 
The initial composition of the suspension, the temperature and rate of 
evaporation, and the time resting at room temperature all influence the formation 
of thixotropic gels. Desulfation of the acid-form nanocrystals, enhanced in the 
glycerol-rich suspensions, is shown to be a key step in this gelation process. 

 
Dube, M., P. Hubert, et al. (2012). "Metal mesh heating element size effect in resistance 
welding of thermoplastic composites." Journal of Composite Materials 46(8): 911-919. 
 The objective of this work is to determine the effects of metal mesh heating 

element size on resistance welding of thermoplastic composites. The materials to 
be resistance-welded consisted of carbon fiber/poly-ether-ketone-ketone 
(CF/PEKK), carbon fiber/poly-ether-imide (CF/PEI) and glass fiber/PEI (GF/PEI). 
Four different metal mesh sizes were used as heating elements. The samples 
were welded in a lap shear joint configuration and mechanically tested. Maximum 
Lap Shear Strengths of 52, 47 and 33 MPa were obtained for the CF/PEKK, 
CF/PEI and GF/PEI specimens, respectively. The ratio of the heating element's 
fraction of open area and wire diameter was shown to be the most important 
parameter to be considered when selecting an appropriate heating element size. 

 
Edwards, C. M. and I. S. Butler (2011). "Pressure-tuning infrared spectra of the three 
Magnus' Green salts, Pt(NH3)(4) PtCl4 , Pt(ND3)(4) PtCl4 and Pt(NH3)(4) PtBr4." 



Inorganica Chimica Acta 377(1): 155-158. 
 Pressure-tuning infrared spectra (up to ca. 40 kbar) are reported for Magnus' 

Green salt, [Pt(NH3)(4)][PtCl4] and two of its derivatives, [Pt(ND3)(4)][PtCl4] and 
[Pt(NH3)(4)][PtBr4]. The spectroscopic data indicate that there is restricted 
rotation of the coordinated ammonia groups about the Pt-N bonds in the 
complexes. It is possible that this restricted rotation is due to the presence of 
weak hydrogen bonding to the halogens, i.e., N-H center dot center dot center 
dot X (X = Cl, Br) interactions. (C) 2011 Elsevier B. V. All rights reserved. 

 
Eimar, H., B. Marelli, et al. (2011). "The role of enamel crystallography on tooth shade." 
Journal of Dentistry 39: E3-E10. 
 Objectives: : Tooth shade is influenced by a combination of extrinsic-stains that 

are adsorbed to the enamel surface and by its intrinsic-shade resulting from the 
interaction of light with tooth structures. This study was designed to investigate 
how the variations in enamel ultrastructure may affect tooth optical properties. 
Methods: : One-hundred extracted teeth were collected from adult patients 
attending McGill-Undergraduate Dental Clinics. Shade-spectrophotometry, FTIR 
and XRD were used to assess tooth shade, enamel chemical composition and 
crystallography. The data obtained was analysed for Pearson correlation analysis 
and multiple linear regression analysis. The statistical significance was set at P < 
0.05. Results: : Tooth shade parameters varied dramatically within the studied 
population. Pearson correlation analysis demonstrated that tooth hue was 
associated with enamel hydroxyapatite (HA) crystal size (R = -0.358; B = -0.866; 
P = 0.007), tooth chroma was associated with enamel HA carbonization (R = 
-0.419; B = -99.06; P = 0.005), and tooth lightness was associated with both 
enamel HA crystal size (R = -0.313; B = -1.052; P = 0.019) and the degree of HA 
carbonization (R = -0.265; B = -57.95; P = 0.033). Multiple linear regression 
analysis demonstrated that the size of enamel HA crystals and the relative 
content of mineral carbonate were the most important predictors for tooth shade 
lightness (P = 0.018) and chroma (P = 0.008), respectively. In contrast, enamel 
organic content had no correlation with tooth shade. Conclusions: : In the present 
study we have revealed that the tooth shade is regulated by the size of their HA 
enamel crystals. On the other hand, variation in the degree of enamel HA 
carbonization can also affect the tooth shade. These findings are of great 
relevance in dentistry since it provides better understanding of tooth aesthetics. 
(C) 2011 Elsevier Ltd. All rights reserved. 
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crystallography. The data obtained was analysed for Pearson correlation analysis 
and multiple linear regression analysis. The statistical significance was set at P < 
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analysis demonstrated that the size of enamel HA crystals and the relative 
content of mineral carbonate were the most important predictors for tooth shade 
lightness (P = 0.018) and chroma (P = 0.008), respectively. In contrast, enamel 
organic content had no correlation with tooth shade. Conclusions: : In the present 
study we have revealed that the tooth shade is regulated by the size of their HA 
enamel crystals. On the other hand, variation in the degree of enamel HA 
carbonization can also affect the tooth shade. These findings are of great 
relevance in dentistry since it provides better understanding of tooth aesthetics. 
(C) 2011 Elsevier Ltd. All rights reserved. 

 
El-Sahn, Z. A., J. M. Buset, et al. (2012). "Overlapped-Subcarrier Multiplexing for WDM 
Passive Optical Networks: Experimental Verification and Mathematical Analysis." 
Journal of Lightwave Technology 30(5): 754-763. 
 An innovative overlapped-subcarrier multiplexing (O-SCM) technique is proposed 

for single-feeder wavelength-division multiplexed (WDM) passive optical 
networks (PONs). Allowing a certain amount of spectral overlap between the 
uplink and the downlink maximizes the spectrum usage of bandwidth-limited 
reflective semiconductor optical amplifier (RSOA)-based optical network units 
(ONUs), while reducing the effect of Rayleigh backscattering. In this paper, we 
report successful experimental demonstrations up to 2.5 Gb/s symmetrical bit 
rates over a similar to 20 km bidirectional PON, using a similar to 2 GHz 
bandwidth RSOA. Moreover, we mathematically address the major design issues 
and tradeoffs. Our simulation results show good agreement with the experiment. 

 
El-Sahn, Z. A., J. M. Buset, et al. (2012). "Overlapped-Subcarrier Multiplexing for WDM 
Passive Optical Networks: Experimental Verification and Mathematical Analysis." 
Journal of Lightwave Technology 30(5): 754-763. 
 An innovative overlapped-subcarrier multiplexing (O-SCM) technique is proposed 

for single-feeder wavelength-division multiplexed (WDM) passive optical 
networks (PONs). Allowing a certain amount of spectral overlap between the 
uplink and the downlink maximizes the spectrum usage of bandwidth-limited 
reflective semiconductor optical amplifier (RSOA)-based optical network units 
(ONUs), while reducing the effect of Rayleigh backscattering. In this paper, we 
report successful experimental demonstrations up to 2.5 Gb/s symmetrical bit 
rates over a similar to 20 km bidirectional PON, using a similar to 2 GHz 
bandwidth RSOA. Moreover, we mathematically address the major design issues 
and tradeoffs. Our simulation results show good agreement with the experiment. 



 
El-Sahn, Z. A., J. M. Buset, et al. (2011). Bidirectional WDM PON Enabled by Reflective 
ONUs and a Novel Overlapped-Subcarrier Multiplexing Technique. 
 A symmetric WDM-PON architecture using an innovative overlapped-SCM 

scheme that maximizes the spectrum usage of a bandwidth-limited RSOA is 
demonstrated. Error-free operation is achieved using realistic launch powers 
without the need for DSP or FEC. 

 
Elsayed, S. A., B. J. Jean-Claude, et al. (2012). "Synthesis, structural characterization 
and anticancer activity of some new complexes of 6-amino-4-hydroxy-2-thiopyrimidine." 
Journal of Molecular Structure 1028: 208-214. 
 New complexes of 6-amino-4-hydroxy-2-thiopyrimidine (Hahtp), 

[Zn(ahtp)(2)(H2O)(2)], [Zn(ahtp)(2) (PPh3)(H2O)], [Zn(Hahtp)(bpy)Cl-2], 
[Pd(Phen)(ahtp]Cl, [pd(Hahtp)(PPh3)(2)]Cl-2, [Ag(ahtp)(H2O)(2)]. 
[Ag(ahtp)(PPh3)(H2O)], [Ag(ahtp)L] (L = bpy, phen), have been synthesized and 
characterized on the basis of spectral (IR, H-1-NMR, ESI-mass and UV-visible), 
elemental analysis, thermal and molar conductivity measurements. Three modes 
of chelations have been observed for Hahtp; as a neutral bidentate ligand 
through cyclic nitrogen and thione sulfur atoms, mononegative bidentate ligand 
through either the deprotonated cyclic nitrogen and thione sulfur atoms or the 
deprotonated hydroxy and cyclic nitrogen atoms; all forming four-membered 
chelating rings. The free Hahtp and its complexes, [Zn(ahtp)(2)(H2O)(2)], 
[Zn(Hahtp)(2)(PPh3)(H2O)], [Zn(Hahtp)(bpy)Cl-2], [Pd(phen)(Hahtp]Cl and 
[Ag(Hahtp)(PPh3)(H2O)] have been tested against the human breast cancer 
MDA-MB231 cell line. The [Ag(ahtp)(PPh3)(H2O)] complex exhibits the highest 
efficacy with a mean IC50 value of 4.7 mu M. (C) 2012 Elsevier B.V. All rights 
reserved. 

 
Erythropel, H. C., M. Maric, et al. (2012). "Designing green plasticizers: Influence of 
molecular geometry on biodegradation and plasticization properties." Chemosphere 
86(8): 759-766. 
 The plasticizer di (2-ethylhexyl) phthalate (DEHP) and its metabolites are 

considered ubiquitous contaminants, which have a range of implications on the 
environment and human health. This work considered several alternative 
compounds with structural features similar to DEHP. This added to the 
understanding of why DEHP is so poorly biodegraded once it enters the 
environment. These alternative compounds were based on 2-ethylhexyl diesters 
of maleic acid (cis-isomer), fumaric acid (trans-isomer) and succinic acid 
(saturated analogue). The rates of biodegradation by the common soil bacterium 
Rhodococcus rhodocrous were shown to be dependent on the structure of the 
central unit derived from the diacid used to make the ester. The diacid 
components of DEHP and the maleate both had a cis orientation and they were 
the two that were slow to biodegrade. Plasticizing properties were also compared 
and, because the ester of the saturated succinic acid was degraded quickly and 
also had good plasticizing properties, it was concluded that the succinic esters of 
straight chain alcohols would make the best green plasticizers. The maleate 



ester had excellent plasticizing properties but this is mitigated by a significant 
resistance to biodegradation. (C) 2011 Elsevier Ltd. All rights reserved. 
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Eslami, H. and M. R. Kamal (2013). "Elongational rheology of biodegradable poly(lactic 
acid)/poly (butylene succinate)-co-adipate binary blends and poly(lactic acid)/poly 
(butylene succinate)-co-adipate /clay ternary nanocomposites." Journal of Applied 
Polymer Science 127(3): 2290-2306. 
 A series of blends based on poly(lactic acid) (PLA) and poly[(butylene 

succinate)-co-adipate] (PBSA) as well as their nanocomposites with nanoclay 
(PLA/PBSA/Clay ternary nanocomposites) were prepared using the twin-screw 
extruder. The blends were prepared for PBSA contents ranging from 25 to 75 wt 
% and their corresponding nanocomposites were prepared at a single-clay 
concentration. The morphology and structure of the blends and the 
nanocomposites were examined using field emission scanning electron 
microscopy, transmission electron microscopy, and X-ray diffraction. Rheological 
properties (dynamic oscillatory shear measurements and elongational viscosities) 
of the blends, nanocomposites, and pure components were studied in detail. The 
strain hardening intensity of different blends and nanocomposites was compared 
with the behavior of the pure components. Strong strain hardening behavior was 
observed for blends composed of 50 wt % and higher PBSA content. However, 
the effect of PBSA content on the elongational viscosity was less pronounced in 
PLA/PBSA/Clay ternary nanocomposites. (c) 2012 Wiley Periodicals, Inc. J. Appl. 
Polym. Sci., 2013 

 
Faisal, T. R., N. Hristozov, et al. (2012). "Experimental determination of Philodendron 



melinonii and Arabidopsis thaliana tissue microstructure and geometric modeling via 
finite-edge centroidal Voronoi tessellation." Physical Review E 86(3). 
 Plant petioles and stems are hierarchical cellular structures, displaying structural 

features defined at multiple length scales. One or more of the intermediate 
hierarchical levels consists of tissues, in which the cellular distribution is 
quasirandom. The current work focuses on the realistic modeling of plant tissue 
microstructures. The finite-edge centroidal Voronoi tessellation (FECVT) is here 
introduced to overcome the drawbacks of the semi-infinite edges of a typical 
Voronoi model. FECVT can generate a realistic model of a tissue microstructure, 
which might have finite edges at its border, be defined by a boundary contour of 
any shape, and include complex heterogeneity and cellular gradients. The 
centroid-based Voronoi tessellation is applied to model the microstructure of the 
Philodendron melinonii petiole and the Arabidopsis thaliana stem, which both 
display intense cellular gradients. FECVT coupled with a digital image processing 
algorithm is implemented to capture the nonperiodic microstructures of plant 
tissues. The results obtained via this method satisfactorily obey the geometric, 
statistical, and topological laws of naturally evolved cellular solids. The predicted 
models are also validated by experimental data. 

 
Fatehi, P., H. N. Xiao, et al. (2011). "Quantitative Analysis of Cationic Poly(vinyl alcohol) 
Diffusion into the Hairy Structure of Cellulose Fiber Pores: Charge Density Effect." 
Langmuir 27(22): 13489-13496. 
 The diffusion of charged polymers into the pores of cellulose fibers has not yet 

been fully understood due to the complexity of the interaction between polymers 
and fibers. In this paper, the diffusion of cationic-modified poly(vinyl alcohol) 
(CPVA) with tailored charge densities and a relatively high molecular weight into 
the pores of bleached aspen high-yield pulp (via a chemi-thermomechanical 
pulping process) was quantitatively investigated via an adsorption analysis, 
charge density analysis, and solute exclusion technique (SET). The results 
showed that the adsorption of the low-charged CPVA was substantially higher 
than that of the high-charged CPVA on fibers. The surface charge density 
analysis confirmed that approximately 17 mg/g of the high-charged CPVA 
adsorbed on the outer surface and on the macropores of fibers and the 
remaining (23 mg/g) diffused into the pores. The SET analysis confirmed that the 
pore size of fibers was more significantly reduced by applying the low-charged 
CPVA than the high-charged one. The influencing factors for the diffusion of 
CPVA into the large and small pores were related to the repulsion force 
developed between the adsorbed polymers and approaching polymers, entropy 
increase, and the polymer flexibility. The Brunauer-Emmett-Teller surface area 
analysis showed an increase in the surface area of fibers upon CPVA adsorption. 
It was proposed that the diffused CPVA prevented complete fiber pore collapse 
during drying, which eventually increased the surface area of fibers. 

 
Fayazbakhsh, K., M. A. Nik, et al. (2013). "Defect layer method to capture effect of gaps 
and overlaps in variable stiffness laminates made by Automated Fiber Placement." 
Composite Structures 97: 245-251. 



 A variable stiffness design can increase the structural performance of composite 
laminates. In this paper, a composite laminate with curvilinear fiber paths is 
designed to maximize simultaneously its in-plane stiffness and buckling load. 
After obtaining the Pareto front through a surrogate-based optimization algorithm, 
two variable stiffness laminates among the solution set are selected that can be 
manufactured by an Automated Fiber Placement machine. Due to the 
characteristics of the manufacturing process, defects appearing in the form of 
gaps and/or overlaps emerge within the composite laminate. MATLAB 
subroutines are developed here to capture the location and extent of the defects. 
A novel method, called defect layer, is proposed to characterize the change in 
properties of each layer in the composite laminates that results from the 
occurrence of gaps and overlaps. Such a method allows calculating the in-plane 
stiffness and buckling load of a composite laminate with embedded defects. The 
results show that by incorporating gaps in the laminates the buckling load 
improvement resulting from fiber steering reduces by 15% compared to the 
laminates where gaps are ignored. A maximum improvement of 71% in the 
buckling load over the quasi-isotropic laminates can be observed for a variable 
stiffness laminate built with a complete overlap strategy. (C) 2012 Elsevier Ltd. 
All rights reserved. 
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Feldmann, T. and G. P. Demopoulos (2012). "The crystal growth kinetics of alpha 
calcium sulfate hemihydrate in concentrated CaCl2-HCl solutions." Journal of Crystal 
Growth 351(1): 9-18. 
 The crystal growth kinetics of calcium sulfate alpha-hemihydrate (alpha-HH) in 

nearly constant supersaturated HClCaCl2 solutions were investigated. Two types 
of solutions were used, the first had a low HCl (1.4 mol/L) and high CaCl2 (2.8 
mol/L) concentration and the second had a high HCl (5.6 mol/L) and low CaCl2 
(0.7 mol/L) concentration. These conditions were chosen to represent the first 
and last stage of a newly developed stage-wise HCl regeneration process. The 
seeded growth experiments were carried out in a stirred, temperature controlled 
semi-batch reactor in which supersaturation was kept constant by simultaneous 
addition of CaCl2 and Na2SO4 solutions. The influence of the following 
parameters on alpha-HH crystal growth was studied: temperature (7095 degrees 
C), specific power input of stirring (0.021.29 W/kg) and equimolar inflow rate of 
CaCl2 and Na2SO4 (00.6 mol/h). The crystal growth rate was derived from 
particle size distribution measurements made with the laser light diffraction 
technique. It was found that the surface area normalized crystal growth rate 
increased linearly with the molar inflow rate up to 0.3 mol/h, at higher inflow rates 
no further increase of the growth rate was observed. Temperature and specific 
power input, within the investigated ranges, did not show a marked effect on the 
growth rate, attributable to a diffusion/adsorption controlled growth process. An 
interesting finding of the present research is the establishment of a positive 
relationship between the narrowing of the width of the particle size distribution 
with increasing crystal growth rate. The results show that the resulting particle 
size distribution is positively related to the reagent inflow rate, a finding that can 
be applied to the industrial design and scale-up of the alpha-HH 



crystallization/HCl regeneration process. (c) 2012 Elsevier B.V. All rights 
reserved. 

 
Feldmann, T. and G. P. Demopoulos (2012). "Phase transformation kinetics of calcium 
sulfate phases in strong CaCl2 - HCl solutions." Hydrometallurgy 129: 126-134. 
 Hydrochloric acid is a key reagent in many leaching operations. A main aspect of 

process economics is the ability to efficiently recover the hydrochloric acid. This 
paper discusses phase transformation kinetic aspects relating to a continuous, 
three stage HCl regeneration process based on the reaction of CaCl2 solution, 
which is a by-product of the mineral leaching process, with sulfuric acid. The 
influence of process temperature (40 degrees C to 90 degrees C), solution 
composition (0.25 to 4.97 mol/L CaCl2, 0 to 9.43 mol/L HCl) and presence of 5 
mol% calcium sulfate anhydrite (AH) seed on the induction time and speed of 
transformation of the metastable phases calcium sulfate dihydrate (DH) and 
calcium sulfate alpha-hemihydrate (alpha-HH) to anhydrite (AH) were 
investigated. The selected reaction environment reflects steady state conditions 
of the three stages of the HCl regeneration process. The results show the lifetime 
of metastable phases (DH, alpha-HH) to decrease with increased temperature 
and increased HCl concentration. Furthermore, it was found that the presence of 
AH seed shortens the induction time preceding the onset of transformation to this 
phase. The obtained phase quantity vs. time relationships suggest a 
dissolution-precipitation mechanism for the DH to alpha-HH transformation and a 
topotactic nucleation and growth mechanism for the alpha-HH to AH 
transformation. The obtained results allow the definition of temperature, 
concentration and time conditions to facilitate the production of the valuable DH 
and alpha-HH phases, while avoiding the formation of fibrous AH, which renders 
solid-liquid separation non-operational. (C) 2012 Elsevier B.V. All rights reserved. 

 
Ferron, M., M. D. McKee, et al. (2012). "Intermittent injections of osteocalcin improve 
glucose metabolism and prevent type 2 diabetes in mice." Bone 50(2): 568-575. 
 The uncarboxylated form of the osteoblast-specific secreted molecule 

osteocalcin is a hormone favoring glucose handling and increasing energy 
expenditure. As a result, the absence of osteocalcin leads to glucose intolerance 
in mice, while genetically modified mice with an increase in uncarboxylated 
osteocalcin are protected from type 2 diabetes and obesity. Here, we tested in 
the mouse the therapeutic potential of intermittent administration of osteocalcin. 
We found that daily injections of osteocalcin at either 3 or 30 ng/g/day 
significantly improved glucose tolerance and insulin sensitivity in mice fed a 
normal diet. This was attributable, in part, to an increase in both beta-cell mass 
and insulin secretion. When mice were fed a high-fat diet (HFD), daily injections 
of osteocalcin partially restored insulin sensitivity and glucose tolerance. 
Moreover, mice treated with intermittent osteocalcin injections displayed 
additional mitochondria in their skeletal muscle, had increased energy 
expenditure and were protected from diet-induced obesity. Finally, the hepatic 
steatosis induced by the HFD was completely rescued in mice receiving 
osteocalcin daily. Overall, these results provide evidence that daily injections of 



osteocalcin can improve glucose handling and prevent the development of type 2 
diabetes. This article is part of a Special Issue entitled: Interactions Between 
Bone, Adipose Tissue and Metabolism. (C) 2011 Elsevier Inc. All rights reserved. 

 
Filleter, T., W. Paul, et al. (2008). "Atomic structure and friction of ultrathin films of KBr 
on Cu(100)." Physical Review B 77(3). 
 The frictional properties of ultrathin films of KBr on a Cu(100) substrate have 

been studied on the atomic scale by means of friction force microscopy. Films as 
thin as two atomic layers support the sliding tip and exhibit atomic stick-slip 
friction similar to cleaved surfaces of bulk KBr. Steps on the film are prone to 
wear, while substrate steps overgrown by the film are found to be stable. The 
interpretation of these results is supported by a detailed analysis of the structure 
of the films by means of atomic-resolution noncontact force microscopy. The 
films are found to be compressively strained by 1.0 +/- 0.2 %. They exhibit a 
regular superstructure originating from the interference of lattice constants at the 
substrate-film interface, which also causes a weak modulation of the frictional 
response. Monolayer films of KBr are subject to significant wear when imaged in 
contact-mode force microscopy. Noncontact imaging confirms that these 
monolayers are rich in defects. 

 
Fortier-McGill, B., V. Toader, et al. (2011). "Chain Dynamics of Water-Saturated 
Hydrogen-Bonded Polymer Complexes and Multilayers." Macromolecules 44(8): 
2755-2765. 
 The chain mobility of a series of hydrogen-bonded polymer complexes and 

multilayers were compared by variable temperature wide-line deuterium NMR 
spectroscopy. Poly-(methacrylic add), deuterated at the methyl group, 
PMAA-d(3), was complexed with five different hydrogen bond acceptor 
polymers-poly(ethylene oxide) (PEO), poly(acrylamide) (PAAM), poly(vinyl 
methyl ether) (PVME), poly(vinylpyrrolidone) (PVPon), and 
poly(vinylcaprolactam) (PVCL)-as well as with chitosan, where the interaction 
should be primarily ion pairing. The overall chain mobility of PMAA in its 
water-saturated complexes was observed to increase in the following order: 
PVCL < PVPon < chitosan < PVME < PAAM < PEO. For these polymer pairs, the 
same trend in chain mobility was also confirmed for the first few layers deposited 
on colloidal silica. The observed chain dynamics correlate well with the reported 
variation of the critical pH, bilayer thickness, and the permeability for multilayer 
films of the same polymers. In addition, the extent of chain interpenetration was 
demonstrated through the effect of a stabilizing primer layer on the chain mobility 
of the subsequently deposited weaker hydrogen-bonded multilayers. 

 
Geoffroy, N. and G. P. Demopoulos (2012). "The Rapid Measurement and Monitoring of 
Selenite Concentration by Turbidimetry Following its Conversion to Colloidal State by 
Sulfite Reduction and Acidification." Separation Science and Technology 47(5): 
677-683. 
 In this study, the rapid reduction of selenious ions using sulfite species at 

negative pH is described and its use as analytical technique in combination with 



turbidimetry is proposed. It was found that Se(IV) can be reduced quantitatively 
at ambient temperature via a combination of sulfite reduction and 
ultra-acidification with sulfuric acid to a colloidal form that can be determined 
using turbidimetry. The developed analytical procedure can accurately and 
reproducibly measure Se(IV) concentrations down to 1 mg/L. For concentrations 
above 20 mg/L dilution is necessary. Common transition metal ions such as 
iron(II), copper(II), or zinc(II) up to 10 g/L concentration were found not to have 
noticeable influence on the precision of the method. Finally the developed 
technique was shown to be equally effective with real Se(IV)-bearing industrial 
solutions generated in a zinc concentrate roasting operation, hence making the 
method particularly useful as a fast and simple process monitoring and control 
tool. 

 
Geoffroy, N. and G. P. Demopoulos (2012). "Stannous chloride - an effective reducing 
agent for the removal of selenium(IV) from acidic solution." Journal of Chemical 
Technology and Biotechnology 87(7): 983-989. 
 BACKGROUND: Selenium removal from aqueous solutions can be a significant 

industrial problem, particularly in the metallurgical industry. In order to evaluate 
new reducing agents for this application, the reduction of selenious acid 
(H2SeO3) species with stannous ions (Sn2+) from weakly acidic sulfate solutions 
containing 300 mg L-1 of selenium at 23 degrees C was studied. RESULTS: At 
initial pH values < 1.3 and molar ratio = 2, less than 0.5 mu g L-1 of selenium(IV) 
remained in solution after reduction. The reductive precipitation reaction started 
as soon as the stannous ions were added to the selenium-bearing solution and 
was completed in less than 5 min. The reaction products, characterized using 
X-ray diffraction, electron microscopy, particle and surface area measurements, 
X-ray photoelectron spectroscopy and chemical analysis, were composed of 
approximately equal amounts of tin selenide and tin dioxide. In addition to tin 
selenide a minor amount of selenium(IV) was found to be removed via adsorption 
on the tin dioxide formed in situ. Tests with a complex industrial solution also 
resulted in full and stable selenium precipitation. CONCLUSION: Stannous ions 
were found to be very effective in removing selenious ions from synthetic and 
industrial solutions, producing very stable precipitates. Copyright (c) 2012 
Society of Chemical Industry 

 
Ghareba, S. and S. Omanovic (2010). "Interaction of 12-aminododecanoic acid with a 
carbon steel surface: Towards the development of 'green' corrosion inhibitors." 
Corrosion Science 52(6): 2104-2113. 
 The inhibiting effect of 12-aminododecanoic acid (AA) on corrosion of carbon 

steel (CS) in CO(2)-saturated hydrochloric acid was investigated. It was found 
that AA acts as a mixed-type inhibitor, yielding a maximum inhibition efficiency of 
98.1 +/- 0.1%. The mechanism of its corrosion inhibition is by formation of a 
self-assembled monolayer (SAM), which presents a tight hydrophobic barrier 
imposed by the (-CH(2))(11) chain. In-situ PM-IRRAS measurements revealed 
that the SAM is amorphous. The SAM formation process was found to be 
spontaneous and reversible. The corresponding standard Gibbs energy of AA 



adsorption on CS was calculated to be -28 kJ mol(-1). (C) 2010 Elsevier Ltd. All 
rights reserved. 

 
Ghareba, S. and S. Omanovic (2011). "12-Aminododecanoic acid as a corrosion 
inhibitor for carbon steel." Electrochimica Acta 56(11): 3890-3898. 
 The inhibiting effect of 12-aminododecanoic acid (AA) on corrosion of carbon 

steel (CS) was investigated in hydrochloric acid of different pH, temperatures and 
over a prolonged period of time, and also in some other selected corrosive 
solutions. It was found that AA inhibits both partial corrosion reactions, with a 
slightly stronger inhibition of the anodic corrosion reaction. The corrosion 
protection mechanism is by formation of a surface-adsorbed AA monolayer that 
offers a hydrophobic barrier to transport of solvated corrosive ions to the surface. 
A maximum inhibition efficiency of 98.8 +/- 0.5% was achieved in 0.5 M HCl. The 
adsorption of AA onto the CS surface was described by the Langmuir adsorption 
isotherm. The corresponding standard Gibbs energy of adsorption was 
calculated to be -26 kJ mol(-1). Polarization modulation infrared reflection 
absorption spectroscopy measurements revealed that the adsorbed AA 
monolayer is amorphous, which is due to the high heterogeneity of the CS 
surface. (C) 2011 Elsevier Ltd. All rights reserved. 

 
Ghareba, S. and S. Omanovic (2011). "The effect of electrolyte flow on the performance 
of 12-aminododecanoic acid as a carbon steel corrosion inhibitor in CO2-saturated 
hydrochloric acid." Corrosion Science 53(11): 3805-3812. 
 The effect of flow and flow pattern of CO2-saturated HCl on the corrosion 

inhibition of carbon steel (CS) by 12-aminododecanoic acid (AA) was 
investigated in a square duct, rotating disk electrode (RDE), and jet impingement 
cell configuration. 3 mM AA provided high corrosion inhibition efficiency in the 
square duct and RDE configuration. However, in 1 mM AA the inhibition 
efficiency decreased with an increase in Re, due to desorption of AA from the CS 
surface. AA was found to poorly protect CS in the impingement-jet configuration 
at low Re, while at high Re, acceleration of CS corrosion was recorded. (C) 2011 
Elsevier Ltd. All rights reserved. 

 
Ghezzi, C. E., P. A. Risse, et al. (2013). "An airway smooth muscle cell niche under 
physiological pulsatile flow culture using a tubular dense collagen construct." 
Biomaterials 34(8): 1954-1966. 
 Bioengineered tissue equivalents should provide physiologically relevant 

biochemical and mechanical cues to support the growth and differentiation of 
seeded cells. Herein, tubular dense collagen constructs (TDCCs) with collagen 
content comparable to native extracellular matrix were used to investigate the 
effect of shear stress alone (i.e. under laminar fluid flow), and shear stress in 
combination with circumferential strain (i.e. under pulsatile fluid flow) on the 
proliferation, alignment, and phenotype of three-dimensionally (3D) seeded 
airway smooth muscle cells (ASMCs). In addition, the effect of ASMC-mediated 
remodelling on TDCC matrix morphological and mechanical properties was 
investigated. Compared to static culture, pulsatile flow increased seeded ASMC 



growth by 70%, improved the homogeneity of cell distribution within the TDCCs 
and induced differential cellular alignment depending on the primary stimuli. 
Specifically, within the inner wall, where shear stress is predominant, ASMCs 
were aligned parallel to fluid flow direction, while within the outer wall ASMCs 
were aligned parallel to the circumferential strain (perpendicular to fluid flow). In 
contrast, under laminar flow, ASMCs were aligned parallel to fluid flow direction 
within both walls. Compared to laminar flow, pulsatile flow resulted in increased 
positive staining for alpha-smooth muscle actin, and in up-regulated typical 
ASMC contractile markers suggesting that circumferential strain modulates 
ASMC differentiation. Pulsatile flow also caused a 60 and 30% increase in 
collagen density within both acellular and cellular TDCCs, respectively, which 
was reflected in an increased apparent modulus. Compared to static culture, 
pulsatile stimulation of cellular constructs resulted in 70% higher circumferential 
strength. The TDCCs provide ASMC niche for greater insight into the responses 
of 3D seeded SMCs to physiologically equivalent in vitro dynamic conditioning. 
(C) 2012 Elsevier Ltd. All rights reserved. 

 
Ghezzi, C. E., P. A. Risse, et al. (2013). "An airway smooth muscle cell niche under 
physiological pulsatile flow culture using a tubular dense collagen construct." 
Biomaterials 34(8): 1954-1966. 
 Bioengineered tissue equivalents should provide physiologically relevant 

biochemical and mechanical cues to support the growth and differentiation of 
seeded cells. Herein, tubular dense collagen constructs (TDCCs) with collagen 
content comparable to native extracellular matrix were used to investigate the 
effect of shear stress alone (i.e. under laminar fluid flow), and shear stress in 
combination with circumferential strain (i.e. under pulsatile fluid flow) on the 
proliferation, alignment, and phenotype of three-dimensionally (3D) seeded 
airway smooth muscle cells (ASMCs). In addition, the effect of ASMC-mediated 
remodelling on TDCC matrix morphological and mechanical properties was 
investigated. Compared to static culture, pulsatile flow increased seeded ASMC 
growth by 70%, improved the homogeneity of cell distribution within the TDCCs 
and induced differential cellular alignment depending on the primary stimuli. 
Specifically, within the inner wall, where shear stress is predominant, ASMCs 
were aligned parallel to fluid flow direction, while within the outer wall ASMCs 
were aligned parallel to the circumferential strain (perpendicular to fluid flow). In 
contrast, under laminar flow, ASMCs were aligned parallel to fluid flow direction 
within both walls. Compared to laminar flow, pulsatile flow resulted in increased 
positive staining for alpha-smooth muscle actin, and in up-regulated typical 
ASMC contractile markers suggesting that circumferential strain modulates 
ASMC differentiation. Pulsatile flow also caused a 60 and 30% increase in 
collagen density within both acellular and cellular TDCCs, respectively, which 
was reflected in an increased apparent modulus. Compared to static culture, 
pulsatile stimulation of cellular constructs resulted in 70% higher circumferential 
strength. The TDCCs provide ASMC niche for greater insight into the responses 
of 3D seeded SMCs to physiologically equivalent in vitro dynamic conditioning. 
(C) 2012 Elsevier Ltd. All rights reserved. 



 
Ghiasi, H., D. Pasini, et al. (2011). "A non-dominated sorting hybrid algorithm for 
multi-objective optimization of engineering problems." Engineering Optimization 43(1): 
39-59. 
 Among numerous multi-objective optimization algorithms, the Elitist 

non-dominated sorting genetic algorithm (NSGA-II) is one of the most popular 
methods due to its simplicity, effectiveness and minimum involvement of the 
user. This article develops a multi-objective variation of the Nelder-Mead simplex 
method and combines it with NSGA-II in order to improve the quality and spread 
of the solutions. The proposed hybrid algorithm, called non-dominated sorting 
hybrid algorithm (NSHA), is compared with NSGA-II on several constrained and 
unconstrained test problems. The higher convergence rate and the wider spread 
of solutions obtained with NSHA make this algorithm a good candidate for 
engineering problems that require time-consuming simulation and analysis. To 
demonstrate this fact, NSHA is applied to the design of a carbon fibre bicycle 
stem simultaneously optimized for strength, weight and processing time. 

 
Girard-Lauriault, P. L., P. Dietrich, et al. (2012). "Is quantitative chemical derivatization 
XPS of plasma deposited organic coatings a valid analytical procedure?" Surface and 
Interface Analysis 44(8): 1135-1140. 
 Functionalized organic layers prepared by plasma processes have complex 

surface chemistries. The problem of elucidating such chemistries is an 
extensively studied subject. One of the preponderant methods used to acquire 
information on specific functional groups is chemical derivatization XPS. In this 
communication, we focus on rather popular chemical derivatization XPS 
approaches, for instance, the quantification of amines with 4-trifluoromethyl 
benzaldehyde and of hydroxyl groups with trifluoroacetic anhydride. Although 
these procedures have been used for a long period by various laboratories, the 
use of varying protocols is obvious. Comparison of results is therefore difficult. 
We discuss steps toward a valid experimental procedure, in particular, the 
calculation of concentrations, the preparation of test samples, the pitfalls, and the 
shortcomings. Copyright (c) 2012 John Wiley & Sons, Ltd. 

 
Girard-Lauriault, P. L., T. Gross, et al. (2012). "Chemical and Elemental Depth Profiling 
of Very Thin Organic Layers by Constant Kinetic Energy XPS: A New Synchrotron XPS 
Analysis Strategy." Analytical Chemistry 84(14): 5984-5991. 
 We present a new synchrotron X-ray photoelectron spectroscopy strategy for 

surface chemical analysis of materials. Our approach is based on the acquisition 
of photoelectron spectra at constant kinetic energies with the help of a tunable 
synchrotron X-radiation source. This ensures both constant and tunable 
information depth for all elements in a very thin organic layer. Many of the 
problems known to XPS depth profiling using laboratory equipment are thereby 
avoided. Using our methodology, the 95% information depth, z(95%), can be 
tuned down to about 0.7 nm in organic materials. The upper limit in our study at 
the HE-SGM monochromator dipole magnet beamline at the synchrotron 
radiation source BESSY II is about 4.3 nm. Elemental quantification is achieved 



through relative sensitivity factors (RSF) specific to the measurement conditions, 
determined either with the help of calculated photoionization cross sections and 
inelastic mean free paths or experimentally. The potential of the technique is 
demonstrated for the in-depth analysis of plasma deposited nitrogen-rich organic 
thin films used in biomedical applications. 

 
Girard-Lauriault, P. L., R. Illgen, et al. (2012). "Surface functionalization of graphite and 
carbon nanotubes by vacuum-ultraviolet photochemical reactions." Applied Surface 
Science 258(22): 8448-8454. 
 Graphite and multiwall carbon nanotube surfaces were functionalized by 

vacuum-ultraviolet induced photochemistry in NH3 or O-2, in order to introduce 
amino-(NH2) or hydroxyl (OH) functionalities, respectively. Modified surfaces 
were characterized by X-ray photoelectron spectroscopy (XPS), which showed 
significant incorporation of nitrogen (N) and oxygen (O) at the materials' surface. 
While high-resolution XP spectra did not yield much specific information about 
the incorporated functional groups, chemical derivatization with 4-trifluoromethyl 
benzaldehyde and trifluoroacetic anhydride accompanied by XPS enabled 
quantification of NH2 and OH groups, respectively. Using near edge X-ray 
absorption fine structure spectroscopy, we assessed the conservation of the 
aromatic structure following functionalization treatments. (C) 2012 Elsevier B. V. 
All rights reserved. 

 
Goldbaum, D., J. M. Shockley, et al. (2012). "The Effect of Deposition Conditions on 
Adhesion Strength of Ti and Ti6Al4V Cold Spray Splats." Journal of Thermal Spray 
Technology 21(2): 288-303. 
 Cold spray is a complex process where many parameters have to be considered 

in order to achieve optimized material deposition and properties. In the cold 
spray process, deposition velocity influences the degree of material deformation 
and material adhesion. While most materials can be easily deposited at relatively 
low deposition velocity (<700 m/s), this is not the case for high yield strength 
materials like Ti and its alloys. In the present study, we evaluate the effects of 
deposition velocity, powder size, particle position in the gas jet, gas temperature, 
and substrate temperature on the adhesion strength of cold spayed Ti and 
Ti6Al4V splats. A micromechanical test technique was used to shear individual 
splats of Ti or Ti6Al4V and measure their adhesion strength. The splats were 
deposited onto Ti or Ti6Al4V substrates over a range of deposition conditions 
with either nitrogen or helium as the propelling gas. The splat adhesion testing 
coupled with microstructural characterization was used to define the strength, the 
type and the continuity of the bonded interface between splat and substrate 
material. The results demonstrated that optimization of spray conditions makes it 
possible to obtain splats with continuous bonding along the splat/substrate 
interface and measured adhesion strengths approaching the shear strength of 
bulk material. The parameters shown to improve the splat adhesion included the 
increase of the splat deposition velocity well above the critical deposition velocity 
of the tested material, increase in the temperature of both powder and the 
substrate material, decrease in the powder size, and optimization of the flow 



dynamics for the cold spray gun nozzle. Through comparisons to the literature, 
the adhesion strength of Ti splats measured with the splat adhesion technique 
correlated well with the cohesion strength of Ti coatings deposited under similar 
conditions and measured with tubular coating tensile (TCT) test. 

 
Golmohammadi, M. and A. D. Rey (2010). "Structural modeling of carbonaceous 
mesophase amphotropic mixtures under uniaxial extensional flow." Journal of Chemical 
Physics 133(3). 
 The extended Maier-Saupe model for binary mixtures of model carbonaceous 

mesophases (uniaxial discotic nematogens) under externally imposed flow, 
formulated in previous studies [M. Golmohammadi and A. D. Rey, Liquid Crystals 
36, 75 (2009); M. Golmohammadi and A. D. Rey, Entropy 10, 183 (2008)] is used 
to characterize the effect of uniaxial extensional flow and concentration on phase 
behavior and structure of these mesogenic blends. The generic 
thermorheological phase diagram of the single-phase binary mixture, given in 
terms of temperature (T) and Deborah (De) number, shows the existence of four 
T-De transition lines that define regions that correspond to the following 
quadrupolar tensor order parameter structures: (i) oblate (perpendicular 
to,parallel to), (ii) prolate (perpendicular to,parallel to), (iii) scalene 
O(perpendicular to,parallel to), and (iv) scalene P(perpendicular to,parallel to), 
where the symbols (perpendicular to,parallel to) indicate alignment of the tensor 
order ellipsoid with respect to the extension axis. It is found that with increasing T 
the dominant component of the mixture exhibits weak deviations from the 
well-known pure species response to uniaxial extensional flow (uniaxial 
perpendicular to nematic -> biaxial nematic -> uniaxial parallel to paranematic). 
In contrast, the slaved component shows a strong deviation from the pure 
species response. This deviation is dictated by the asymmetric viscoelastic 
coupling effects emanating from the dominant component. Changes in 
conformation (oblate(sic)prolate) and orientation (perpendicular to (sic)parallel to) 
are effected through changes in pairs of eigenvalues of the quadrupolar tensor 
order parameter. The complexity of the structural sensitivity to temperature and 
extensional flow is a reflection of the dual lyotropic/thermotropic nature 
(amphotropic nature) of the mixture and their cooperation/competition. The 
analysis demonstrates that the simple structures (biaxial nematic and uniaxial 
paranematic) observed in pure discotic mesogens under uniaxial extensional flow 
are significantly enriched by the interaction of the lyotropic/thermotropic 
competition with the binary molecular architectures and with the quadrupolar 
nature of the flow. (C) 2010 American Institute of Physics. 
[doi:10.1063/1.3455505] 

 
Gonzalez-Labrada, E. and D. G. Gray (2012). "Viscosity measurements of dilute 
aqueous suspensions of cellulose nanocrystals using a rolling ball viscometer." 
Cellulose 19(5): 1557-1565. 
 Cellulose nanocrystals (NCC) are produced through acidic hydrolysis and 

mechanical disintegration of cellulose. Plans to produce NCC on an industrial 
scale point to the need for an efficient method to characterize its suspensions. 



Viscosity is a bulk property that could be used for this characterization since it 
accurately describes the suspension and the inherent properties of the 
nanocrystals. Our objective was to develop a convenient way to characterize 
diluted aqueous NCC suspensions without the need of complex instrumentation. 
The viscosity of dilute suspensions was measured with an automated rolling ball 
viscometer, which requires only a small amount of sample. The feasibility of the 
proposed procedure was confirmed by using dextran solutions as standards. The 
NCC suspensions were characterized by their intrinsic viscosity [eta], which is 
directly related to the hydrodynamic dimensions of the nanocrystals. The data 
obtained were analyzed using the equations established by Huggins and by 
Fedors. Fedors' approach gave more accurate results, leading to a value of 213 
mL g(-1) for the intrinsic viscosity, [eta]. The non-Newtonian character of NCC 
suspensions at increasing concentrations was evaluated. 

 
Goodall, G., C. Kaplin, et al. (2011). "Autogenous electrospark deposition of 
NiCoCrAlY." Canadian Metallurgical Quarterly 50(2): 145-152. 
 Electrospark deposition is a microarc welding process that has been successfully 

used to deposit an autogenous ultrafine NiCoCrAlY coating. Primary solidification 
of the beta phase shows epitaxial growth where orientation and heat flux 
coincide. Electron channelling contrast imaging of the deposits shows a 
homogeneous distribution of non-stoichiometric phases from the rapid 
solidification of the electrospark deposition process. Electron backscatter 
diffraction mapping of the deposit indicates that an ultrafine beta structure can 
grow epitaxially where favourable conditions prevail. The equiaxed structure 
associated with the gamma to beta solidification shift was not observed and is 
believed to result from the homogeneous electrode and substrate compositions. 
Oxidation of the deposit shows advantageous alumina growth stemming from the 
ultrafine aluminium rich beta phase. The transition from theta- to alpha-alumina 
was nearly complete in only 6 h at 1000 degrees C in air. 

 
Goodall, G. R., J. Gianetto, et al. (2012). "Thermal simulation of HAZ regions in modern 
high strength steel." Canadian Metallurgical Quarterly 51(1): 58-66. 
 Thermal simulation of the heat affected zone (HAZ) resulting from single and 

dual torch mechanised pulsed gas metal arc welding (P-GMAW) has been 
achieved in an X80 line pipe. The continuous cooling of an X80 steel with initial 
acicular microstructure over Delta t(8-5) from 2 to 50 s results in mixed bainite 
and martensite microstructure at fast cooling times, bainite at intermediate 
cooling times and granular bainite with bainite at longer cooling times. These 
phases were confirmed through optical and electron microscopy. The resulting 
transformation temperatures have been assembled and presented as a 
continuous cooling transformation diagram. The toughness of the steel was 
examined with Charpy impact specimens for three simulated HAZ cooling cycles, 
grain coarsened (GC HAZ), intercritically reheated grain coarsened (ICR GC 
HAZ) and an interrupted intercritically reheated grain coarsened (NTR ICR GC 
HAZ). The NTR ICR GC HAZ is a novel HAZ that can result from dual torch 
welding at fast travel speed and close torch spacing. All of the thermally 



simulated HAZ regions showed reduced toughness that was attributed to bainitic 
microstructure and large effective grain sizes. 

 
Greschner, A. A., V. Toader, et al. (2012). "The Role of Organic Linkers in Directing 
DNA Self-Assembly and Significantly Stabilizing DNA Duplexes." Journal of the 
American Chemical Society 134(35): 14382-14389. 
 We show a simple method to control both the stability and the self-assembly 

behavior of DNA structures. By connecting two adjacent duplexes with small 
synthetic linkers, factors such as linker rigidity and DNA strand orientation can 
increase the thermal denaturation temperature of 17 base-pair duplexes by up to 
10 degrees C, and significantly increase the cooperativity of melting of the two 
duplexes. The same DNA sequence can thus be tuned to melt at vastly different 
temperatures by selecting the linker structure and DNA-to-linker connectivity. In 
addition, a small rigid m-triphenylene linker directly affects the self-assembly 
product distribution. With this linker, changes in the orientation of the linked 
strands (e.g., 5'3' vs 3'3') can lead to dramatic changes in the self-assembly 
behavior, from the formation of cyclic dimer and tetramer to higher-order 
oligomers. These variations can be readily predicted using a simple strand-end 
alignment model. 

 
Grunenfelder, L. K., T. Centea, et al. (2013). "Effect of room-temperature out-time on 
tow impregnation in an out-of-autoclave prepreg." Composites Part a-Applied Science 
and Manufacturing 45: 119-126. 
 Tow impregnation as a function of material out-time was investigated for an 

out-of-autoclave carbon fiber-epoxy prepreg. Prepreg was aged at ambient 
temperature for 56 days. Every 7 days, laminates were laid up and cured using 
vacuum bag only processing. Void content was calculated through image 
analysis of polished sections. Experimental results were used to validate an 
analytical model for tow impregnation. Model predictions were based on flow 
kinetics during processing conditions, taking into account increasing degree of 
cure and evolution of resin viscosity as a function of ambient aging time. The 
study found that no significant tow porosity occurred within the material's stated 
out-life, that tow porosity increased once this out-life was exceeded and 
eventually stabilized due to the room-temperature vitrification of the resin. The 
model's predicted trends were consistent with experimental results, suggesting 
that an increase in resin viscosity is indeed the main cause of out-time induced 
tow porosity and providing a means of predicting laminate quality as a function of 
room temperature aging time. (c) 2012 Elsevier Ltd. All rights reserved. 

 
Grutter, P. (2012). "SCANNING PROBE MICROSCOPY Seeing the charge within." 
Nature Nanotechnology 7(4): 210-211. 
  
Hajj-Hassan, M., V. P. Chodavarapu, et al. (2012). "Silicon optoelectronic 
microelectrodes with integrated oxygen sensors for brain-machine interfaces." Micro & 
Nano Letters 7(5): 392-396. 
 In neural prosthetic systems, microelectrodes implanted in the brain record the 



electro-potentials elicited by specific thoughts and relay the signals to algorithms 
trained to translate the electrical activity into intended action. The authors 
describe novel elongated silicon optoelectronic neural electrodes that can record 
electrical signals and specific neural biomarkers. Specifically, the authors 
describe the integration of optical oxygen (O-2) sensors with silicon neural 
microelectrodes. The O-2 sensors are sol-gel derived xerogel thin films, that are 
coated on the exposed core of an optical fibre, that encapsulate O-2 responsive 
luminophores tris(4,7-diphenyl-1,10-phenanthroline) ruthenium(II) in their porous 
structures. The electrodes were inserted into the trunk region of the 
somatosensory cortex and lowered into the barrel field of a rat. Oxygen and 
action potential recordings during whisker stimulation provide support for the 
potential utility of the device. The proposed optoelectronic neural electrodes, 
which can reach depths greater than 10 mm in the brain, could help the 
development of intelligent and more user-friendly neural prosthesis/ brain 
machine interfaces as well as aid in providing answers to complex brain diseases 
and disorders. 

 
Hayward, C. J., J. Fradette, et al. (2013). "Harvesting the Potential of the Human 
Umbilical Cord: Isolation and Characterisation of Four Cell Types for Tissue 
Engineering Applications." Cells Tissues Organs 197(1): 37-54. 
 The human umbilical cord (UC) has attracted interest as a source of cells for 

many research applications. UC solid tissues contain four cell types: epithelial, 
stromal, smooth muscle and endothelial cells. We have developed a unique 
protocol for the sequential extraction of all four cell types from a single UC, 
allowing tissue reconstruction using multiple cell types from the same source. By 
combining perfusion, immersion and explant techniques, all four cell types have 
been successfully expanded in monolayer cultures. We have also characterised 
epithelial and Wharton's jelly cells (WJC) by immunolabelling of specific proteins. 
Epithelial cell yields averaged at 2.3 x 10(5) cells per centimetre UC, and the 
cells expressed an unusual combination of keratins typical of simple, mucous 
and stratified epithelia. Stromal cells in the Wharton's jelly expressed desmin, 
alpha-smooth muscle actin, elastin, keratins (K12, K16, K18 and K19), vimentin 
and collagens. Expression patterns in cultured cells resembled those found in 
situ except for basement membrane components and type III collagen. These 
stromal cells featured a sustained proliferation rate up to passage 12 after 
thawing. The mesenchymal stem cell (MSC) character of the WJC was confirmed 
by their expression of typical MSC surface markers and by adipogenic and 
osteogenic differentiation assays. To emphasise and demonstrate their potential 
for regenerative medicine, UC cell types were successfully used to produce 
human tissue-engineered constructs. Both bilayered stromal/epithelial and 
vascular substitutes were produced, establishing the versatility and importance of 
these cells for research and therapeutic applications. Copyright (C) 2012 S. 
Karger AG, Basel 

 
Hill, R. J. and F. Li (2013). "Hydrodynamic drag coefficient for soft core-shell 
nanoparticles in hydrogels." Chemical Engineering Science 89: 1-9. 



 Nanoparticle transport in porous materials, including nanoparticle gel 
electrophoresis, hinges on knowledge of the hydrodynamic drag coefficient. 
Here, we compute the drag force on a soft core-shell sphere translating in a 
porous medium from a continuum hydrodynamic model in which slow viscous 
flow in the soft shell and embedding porous medium are modelled using 
Brinkman's equations. This model unifies the Brinkman force for bare spheres in 
porous media and the drag force of Masliyah et al. (1987) for soft core-shell 
spheres in pure viscous fluids. We compare the drag force with the Brinkman 
force evaluated using the composite sphere hydrodynamic radius, showing that 
this convenient approximation is reasonable when the Brinkman screening length 
of the embedding porous medium is large compared to the core radius; 
otherwise, the Brinkman force can significantly underestimate the force. (C) 2012 
Elsevier Ltd. All rights reserved. 

 
Holmes, C. A. and M. Tabrizian (2012). "Enhanced MC3T3 preosteoblast viability and 
adhesion on polyelectrolyte multilayer films composed of glycol-modified chitosan and 
hyaluronic acid." Journal of Biomedical Materials Research Part A 100A(2): 518-526. 
 Layer-by-layer polyelectrolyte films made of the naturally derived 

polysaccharides chitosan (CHI) and hyaluronic acid (HA) constitute a 
well-studied system for the development of cell-responsive biointerfaces. 
However, many cell lines exhibit decreased adhesion to CHI/HA multilayer films, 
particularly as the number of bilayers is increased. Here, our group demonstrates 
that films composed of glycol-modified chitosan exhibit significantly improved 
MC3T3 preosteoblast adhesion and viability compared to corresponding films 
consisting of unmodified CHI. These differences in cellular adhesion are likely 
due to differences in surface topography and roughness, as measured via atomic 
force microscopy (AFM), as well as in film chemistry and the water solubility of 
the cation, since both types of films exhibited similar: thickness, as measured via 
quartz crystal microbalance and AFM; wettability, as measured via contact angle; 
and serum protein adsorption, as measured via the bicinchoninic acid assay. (C) 
2011 Wiley Periodicals, Inc. J Biomed Mater Res Part A, 2012. 

 
Holmes, C. A. and M. Tabrizian (2013). "Substrate-Mediated Gene Delivery from 
Glycol-Chitosan/Hyaluronic Acid Polyelectrolyte Multilayer Films." Acs Applied Materials 
& Interfaces 5(3): 524-531. 
 Substrate-mediated transfection is one of the key strategies for localized gene 

delivery. Layer-by-layer (LbL) polyelectrolyte deposition is a promising technique 
which enables controlled delivery of a number of biofactors, including nucleic 
acids. Here, we embed lipoplexes containing plasmid DNA within polyelectrolyte 
multilayers composed of glycolchitosan (Glyc-CHI) and hyaluronic acid (HA) in 
order to produce a film system that enables localized, surface-based transfection. 
The topography and morphology of the resulting multilayers were characterized 
after lipoplex absorption and during subsequent film build-up via atomic force 
microscopy (AFM) and scanning electron microscopy (SEM), respectively. DNA 
embedding efficiency and release were then examined. Lipoplex-containing 
Glyc-CHI/HA films were found to successfully transfect NIH3T3 fibroblasts and 



HEK293 kidney cells in vitro, maintaining transfection levels of approximately 
20% for a period of at least 7 days. 

 
Hordy, N., S. Coulombe, et al. (2013). "Plasma Functionalization of Carbon Nanotubes 
for the Synthesis of Stable Aqueous Nanofluids and Poly(vinyl alcohol) 
Nanocomposites." Plasma Processes and Polymers 10(2): 110-118. 
 Carbon nanotubes (CNTs) synthesized by direct thermal chemical vapor 

deposition growth from stainless steel mesh are surface functionalized via an 
Ar/O2/C2H6 capacitively coupled RF plasma discharge. The open and rigid 
network of CNTs allows for a high degree of the CNT surface to be treated. As a 
result, the aqueous nanofluids that are produced by removing the CNTs from the 
substrate are found to remain stable for extended periods of time (greater than 
six months). X-ray photoelectron spectroscopy analysis revealed that oxygen 
comprised approximately 21at.% of the functionalized CNT surface. Poly(vinyl 
alcohol)/CNT nanocomposites produced using the plasma functionalized CNTs 
are homogenous with excellent dispersion of the CNTs. Mechanically, the 
0.75wt.-% functionalized-CNT nanocomposite show 54 and 60% increases in 
tensile strength and modulus, respectively, over the neat polymer. Little to no 
change is seen in the degree of crystallinity or the glass transition and melting 
point temperatures of the nanocomposites. Finally, water content is found to 
have a significant effect on the polymer and composite's tensile properties. 

 
Hosseinidoust, Z., T. G. M. Van de Ven, et al. (2011). "Bacterial Capture Efficiency and 
Antimicrobial Activity of Phage-Functionalized Model Surfaces." Langmuir 27(9): 
5472-5480. 
 The rise of antibiotic-resistant bacteria has directed substantial attention toward 

the use of bacteriophages as a means to control bacterial populations. It has 
been proposed that bacteriophages can be applied as a coating on surfaces in 
healthcare settings or on indwelling medical devices to create an antimicrobial 
surface. In this study, antimicrobial model surfaces functionalized with five 
different types of bacteriophage were prepared and characterized with X-ray 
photoelectron spectroscopy and atomic force microscopy. The bacterial capture 
efficiency of these functionalized surfaces was studied for two common bacteria, 
Escherichia coil and Salmonella typhimurium. Binding of the :phages to a solid 
surface affected their biofunctionality as expressed by the capture efficiency and 
rate of host membrane disruption. Moreover, the size and shape of the 
bacteriophage and positioning of its specific binding proteins significantly affected 
its bacterial capture capability in the immobilized state. Symmetric 
bacteriophages were found to be a better choice for antibacterial surfaces 
compared to more asymmetric tailed bacteriophages. Immobilized phages were 
found to disrupt the membranes of attached bacteria and are thus proposed as a 
candidate for antimicrobial surfaces. 

 
Hu, H., L. Reven, et al. (2013). "Ab initio DFT study of 6-mercapto-hexane SAMs: effect 
of Au surface defects on the monolayer assembly." Molecular Simulation 39(4): 
292-298. 



 This paper reports a novel ab initio density functional theory (DFT) simulation 
approach to the study of surface defects in self-assembled monolayers (SAMs) 
on gold (001) surfaces. Surfaces defects can cause changes in gold atom 
spacing and the ligand footprint. DFT calculations of 6-mercapto-hexane on 
Au(001) surfaces have been performed as a function of ligand footprints of 18, 
20, 22, 24 and 26 angstrom 2, using a slab geometry and periodic boundary 
conditions with varying gold atom spacing. The simulation results indicate that as 
the ligand packing density increases, the position of ideal binding sites changes 
from fcc to bridge sites. The packing density of 24 angstrom 2 corresponds to the 
highest binding energy and to a 28.85 degrees cant angle. These results are in 
good agreement with the experiments from ligand-capped gold nanoparticles. 
The simulation results also prove that the SAM structure of short-chain 
alkanethiols on gold is dominated by surface interactions rather than ligand 
interactions. The electron density mapping study confirms this observation, 
where only the top two layers of gold atoms contributed charge transfer to 
sulphur atom and no charge transfer was observed from the alkane chain. 

 
Hu, H., L. Reven, et al. (2013). "Ab initio DFT study of 6-mercapto-hexane SAMs: effect 
of Au surface defects on the monolayer assembly." Molecular Simulation 39(4): 
292-298. 
 This paper reports a novel ab initio density functional theory (DFT) simulation 

approach to the study of surface defects in self-assembled monolayers (SAMs) 
on gold (001) surfaces. Surfaces defects can cause changes in gold atom 
spacing and the ligand footprint. DFT calculations of 6-mercapto-hexane on 
Au(001) surfaces have been performed as a function of ligand footprints of 18, 
20, 22, 24 and 26 angstrom 2, using a slab geometry and periodic boundary 
conditions with varying gold atom spacing. The simulation results indicate that as 
the ligand packing density increases, the position of ideal binding sites changes 
from fcc to bridge sites. The packing density of 24 angstrom 2 corresponds to the 
highest binding energy and to a 28.85 degrees cant angle. These results are in 
good agreement with the experiments from ligand-capped gold nanoparticles. 
The simulation results also prove that the SAM structure of short-chain 
alkanethiols on gold is dominated by surface interactions rather than ligand 
interactions. The electron density mapping study confirms this observation, 
where only the top two layers of gold atoms contributed charge transfer to 
sulphur atom and no charge transfer was observed from the alkane chain. 

 
Hu, Z. X., W. Ji, et al. (2011). "Molecular ordering of glycine on Cu(100): The p(2x4) 
superstructure." Physical Review B 84(8). 
 Glycine molecules deposited on a Cu(100) surface give rise to an anisotropic 

free-electron-like (FEL) electronic dispersion in its p(2 x 4) superstructure, as 
reported in recent experiments [K. Kanazawa et al., Phys. Rev. Lett. 99, 216102 
(2007); J. Am. Chem. Soc. 129, 740 (2007)]. Using density functional theory and 
exhaustively calculating sixteen possible structures, we have determined the 
molecular arrangement that can give the experimentally observed FEL behavior. 
Eight configurations, among the sixteen, were not investigated before in the 



literature and one of them (denoted Str-3) is able to provide the FEL behavior in 
excellent agreement with the experiments. In addition, the particular configuration 
Str-3 satisfies other criteria of the observed p(2 x 4) superstructure, e. g., chirality 
and cleavable orientation. 

 
Huang, B., R. Hill, et al. (2012). "Nanopaper: Thin Films Prepared from Polymeric 
Nanotubes." Macromolecular Materials and Engineering 297(8): 821-830. 
 A novel mesoporous material (nanopaper) prepared from template-synthesized, 

polyelectrolyte-stabilized polymer nanotubes is reported. The stacked network of 
completely collapsed, flat nanotubes forms the porous structure, which has a 
water-vapor permeability that can be tuned by the stabilizer. The transport 
mechanism is elucidated based on microscopy, thermal analysis, spectroscopy 
characterization, and mass-transfer theory. The results suggest that the 
nanotube surface plays a key role in the through-film transport process. This 
effect vanishes in the more open films formed from micro-fibrillated cellulose 
having similar fibril diameters. Nanopaper mechanical properties are also 
reported. With a pore structure and functionality that can be varied, nanopaper is 
a promising functional membrane. 

 
Huang, B., T. G. M. van de Ven, et al. (2011). "Electro-optics of Polymer Nanotube 
Dispersions." Journal of Physical Chemistry C 115(17): 8447-8456. 
 Polyelectrolyte-stabilized polymer nanotubes with high rigidity are 

electro-optically characterized in the dilute and semidilute regimes. Nanotube 
alignment with the electric field and subsequent orientation relaxation in the 
absence of electric field are confirmed by optical microscopy, and a simple 
UV-vis electro-optical setup is used to detect the transient light transmittance. 
The effects of ionic strength, pulse duration, electric field strength, and particle 
concentration on particle alignment and orientation relaxation dynamics were 
systematically varied. The charge-dependent field-induced interfacial 
polarization, particularly the double layer polarization, plays a predominant role in 
the thin-walled nanotube alignment, which diminishes with increasing salt 
screening, approaching predictions for uncharged dielectric tubes. The 
experimentally obtained rotary diffusivity from nanotube orientation relaxation 
dynamics agrees with theoretical predictions, with negligible ionic strength 
effects, indicating the absence of salt-induced aggregation events. When the 
scaled particle concentration phi/phi* increases from 0.06 to 15, the alignment is 
slowed by crowding, whereas the measured collective rotary diffusion coefficient 
increases due to the gradient of orientation probability. 

 
Huang, B., T. G. M. van de Ven, et al. (2011). "Preparation and Characterization of 
Multilayered Polymer Nanotube Dispersions." Langmuir 27(18): 11416-11429. 
 Despite considerable efforts to synthesize nanotubes using porous alumina or 

polycarbonate membrane templates, few studies have addressed the resulting 
nanotube dispersion. We prepared dispersions of multilayered 
polyethylenimine/maleic anhydride alternating copolymer (PEI/MAAC) nanotubes 
synthesized with porous alumina templates. After mechanical polishing to 



remove the residual polymer surface layer from templates and subsequent 
template dissolution, the multilayered PEI/MAAC nanotubes were, easily 
dispersed in water at neutral pH by polyelectrolyte adsorption, producing 
nanotube dispersions that were stable for at least 3 months. We characterized 
the dispersions using phase-contrast optical microscopy, electro-optics, 
electrophoresis, and viscometry to help understand their colloidal properties in 
the dilute and semidilute regimes. The dispersions were resistant to salt-induced 
aggregation up to at least 1 mM NaCl and were optically anisotropic when 
subjected to an electric field or flow. Interestingly, the electrophoretic mobility of 
polystyrene sulfonate (PSS)-stabilized nanotubes increases with increasing ionic 
strength, because of the high surface charge and softness of the adsorbed 
polyelectrolyte. Furthermore, unlike many rod like colloid systems, the polymer 
nanotube dispersion has low viscosity because of weak rotary Brownian motions 
and strong tendency to shear thinning. At the high shear rates achieved in 
capillary viscometry experiments, however, we observed a slight shear 
thickening, which can be attributed to transient hydrocluster formation. 

 
Hudson, R., C. J. Li, et al. (2012). "Magnetic copper-iron nanoparticles as simple 
heterogeneous catalysts for the azide-alkyne click reaction in water." Green Chemistry 
14(3): 622-624. 
 The development of a novel bimetallic copper-iron nanoparticle synthesis 

provides a recoverable heterogeneous catalyst for the azide-alkyne "click" 
reaction in water. The nanoparticles catalyze the production of a diverse range of 
triazoles, while separation and reuse proved to be easy. 

 
Humburg, H., D. Zhu, et al. (2012). "Bio-inspired tapered fibers for composites with 
superior toughness." Composites Science and Technology 72(9): 1012-1019. 
 The toughness of fiber-reinforced composites largely relies on crack bridging. 

More specifically, intact fibers left behind the tip of a propagating crack are 
progressively pulled out of the matrix, dissipating energy which translates into 
toughness. While short fibers are traditionally straight, recent work has showed 
that they can be shaped to increase the pullout strength, but not necessarily the 
energy to pullout. In this work we have modeled, fabricated and tested short 
fibers with tapered ends inspired from a high-performance natural material: nacre 
from mollusc shells. The main idea was to duplicate a key mechanism where a 
slight waviness of the inclusion can generate strain hardening and energy 
dissipation when the inclusion is pulled out. We have incorporated a similar 
feature to short fibers, in the form of tapered ends with well defined opening 
angles. We performed pullout tests on tapered steel fibers in epoxy matrices, 
which showed that the pullout of tapered fiber dissipates up to 27 times more 
energy than straight fibers. The experimental results also indicated the existence 
of an optimum taper angle to maximize work of pullout while preventing the brittle 
fracture of the matrix. An analytical model was developed to capture the pullout 
mechanism and the interaction between fiber and matrix. The analytical model 
can guide the design of tapered fibers by providing predictions on the influence of 
different parameters. (C) 2012 Elsevier Ltd. All rights reserved. 



 
Huq, T., S. Salmieri, et al. (2012). "Nanocrystalline cellulose (NCC) reinforced alginate 
based biodegradable nanocomposite film." Carbohydrate Polymers 90(4): 1757-1763. 
 Nanocrystalline cellulose (NCC) reinforced alginate-based nanocomposite film 

was prepared by solution casting. The NCC content in the matrix was varied from 
1 to 8% ((w/w) % dry matrix). It was found that the nanocomposite reinforced with 
5 wt% NCC content exhibits the highest tensile strength which was increased by 
37% compared to the control. Incorporation of NCC also significantly improved 
water vapor permeability (WVP) of the nanocomposite showing a 31% decrease 
due to 5 wt% NCC loading. Molecular interactions between alginate and NCC 
were supported by Fourier Transform Infrared Spectroscopy. The X-ray 
diffraction studies also confirmed the appearance of crystalline peaks due to the 
presence of NCC inside the films. Thermal stability of alginate-based 
nanocomposite films was improved after incorporation of NCC. (C) 2012 Elsevier 
Ltd. All rights reserved. 

 
Ishikawa, S., R. Hudson, et al. (2012). "LIGAND MODIFIED CuFe2O4 
NANOPARTICLES AS MAGNETICALLY RECOVERABLE AND REUSABLE 
CATALYST FOR AZIDE-ALKYNE CLICK CONDENSATION." Heterocycles 86(2): 
1023-1030. 
 A ligand can make the trick: 2,2'-bipyridine was found to promote the activity of 

copper ferrite nanoparticles as catalysts for the azide-alkyne "click" coupling 
reaction. The reaction proceeded in excellent yields at room temperature, and 
the catalyst could be magnetically separated and recycled. Phosphorus and 
nitrogen containing ligands were tested and 2,2'-bipyridine proved to be the most 
efficient for this reaction. 

 
Javid, F., J. Angeles, et al. (2012). "Shape Optimization of a Self-deployable Anchor 
Designed for Percutaneous Mitral Valve Repair." Journal of Medical 
Devices-Transactions of the Asme 6(1). 
 A new percutaneous annuloplasty technique for mitral regurgitation is proposed 

here. In this technique, inter-related anchors are first inserted around the annulus 
via a trans-septal catheter. The tethered wire passed through the anchors is then 
pulled to shrink the annulus and stop regurgitation. The anchors should withstand 
large deformation, applied during the delivery process, and should recover their 
original shape after being released inside the tissue. The shape of the anchors is, 
thus, optimized in an iterative process, to avoid stress concentration by 
minimizing the weighted rms value of the curvature along the anchor. The weight 
coefficients in each iteration are defined based on the stress distribution of the 
anchor obtained in the previous iteration. The procedure finally results in a 
structurally optimum anchor with a minimum in the maximum von Mises stress. 
This anchor is fabricated from Nitinol and tested in a cadaveric swine heart. [DOI: 
10.1115/1.4005780] 

 
Jia, Y., D. Zhang, et al. (2012). "A novel two-step coprecipitation process using Fe(III) 
and Al(III) for the removal and immobilization of arsenate from acidic aqueous solution." 



Water Research 46(2): 500-508. 
 Lime neutralization and coprecipitation of arsenate with iron is widely practiced 

for the removal and immobilization of arsenic from mineral processing effluents. 
However, the stability of the generated iron-arsenate coprecipitate is still of 
concern. In this work, we developed a two-step coprecipitation process involving 
the use of iron and aluminum and tested the stability of the resultant 
coprecipitates. The two-step Fe-As-Fe or Fe-As-Al coprecipitation process 
involved an initial Fe/As = 2 coprecipitation at pH4 to remove arsenic from water 
down to 0.25 mg/L, followed by introduction of iron or aluminum (Fe/As = 2, Al/As 
= 1.5 or 2). The two-step coprecipitates showed higher stability than traditional 
Fe/As = 4 coprecipitate under both oxic and anoxic conditions. Leaching stability 
was enhanced when aluminum was applied in the second step. The use of 
aluminum in the second step also inhibited microbial mediated arsenate 
reduction and arsenic remobilization. The results suggest that the two-step 
coprecipitation process is superior to conventional coprecipitation methods with 
respect to the stability of the generated arsenic-bearing solid waste. The use of 
Al in the second step is better than Fe to enhance the stability. This work may 
have important implications to the development of new technologies for efficient 
arsenic removal from hydrometallurgical solutions and safe disposal in both oxic 
and anoxic environment. (C) 2011 Elsevier Ltd. All rights reserved. 

 
Kambhampati, P. (2011). "Hot Exciton Relaxation Dynamics in Semiconductor Quantum 
Dots: Radiationless Transitions on the Nanoscale." Journal of Physical Chemistry C 
115(45): 22089-22109. 
 The ability to confine electrons and holes in semiconductor quantum dots (QDs) 

in the form of excitons creates an electronic structure which is both novel and 
potentially useful for a variety of applications. Upon optical excitation of the dot, 
the initial excitonic state may be electronically hot. The relaxation dynamics of 
this hot exciton is the primary event which controls key processes such as optical 
gain, hot carrier extraction, and multiple exciton generation. Here, we describe 
femtosecond state-resolved pump/probe experiments on colloidal CdSe quantum 
dots that provide the first quantitative measure of excitonic state-to-state 
transition rates. The measurements and modeling here reveal that there are 
multiple paths by which hot electrons and hot holes relax The immediate result is 
that there is no phonon bottleneck for electrons or holes for excitons in quantum 
dots. This absence of phonon-based relaxation is confirmed by independent 
measurements of weak exciton phonon coupling between the various excitonic 
states of the dot and the optical and acoustic phonons. We show that the 
divergence of prior results can be reconciled by adopting this multichannel 
picture of hot exciton relaxation dynamics. This picture establishes a framework 
for designing materials with relaxation properties targeted for specific 
applications. We conclude with connection to hot exciton surface trapping. The 
process of surface trapping is the key step in creation of the photoproduct which 
can obscure measurements of optical gain, multiexciton recombination, multiple 
exciton generation, and single dot blinking. We show that hot exciton surface 
trapping can effectively compete with hot exciton relaxation, thereby obfuscating 



these processes. 
 
Kambhampati, P. (2011). "Transient structure of biexcitons in semiconductor 
nanocrystals is controlled by hot holes." Abstracts of Papers of the American Chemical 
Society 242. 
  
Kambhampati, P. (2011). "Unraveling the the Structure and Dynamics of Excitons in 
Semiconductor Quantum Dots." Accounts of Chemical Research 44(1): 1-13. 
 The quantum dot, one of the central materials in nanoscience, is a 

semiconductor crystal with a physical size on the nanometer length scale. It is 
often called an "artificial atom" because researchers can create nanostructures 
which yield properties similar to those of real atoms. By virtue of having a size in 
between molecules and solids, the quantum dot offers a rich palette for exploring 
new science and developing novel technologies. Although the physical structure 
of quantum dots is well known, a clear understanding of the resultant electronic 
structure and dynamics has remained elusive. However, because the electronic 
structure and dynamics of the dot, the "excitonics", confer its function in devices 
such as solar cells, lasers, LEDs, and nonclassical photon sources, a more 
complete understanding of these properties is critical for device development. In 
this Account, we use colloidal CdSe dots as a test bed upon which to explore 
four select issues in excitonic processes in quantum dots. We have developed a 
state-resolved spectroscopic approach which has yielded precise measurements 
of the electronic structural dynamics of quantum dots and has made inroads 
toward creating a unified picture of many of the key dynamic processes in these 
materials. We focus on four main topics of longstanding interest and controversy: 
(I) hot exciton relaxation dynamics, (ii) multiexcitons, (iii) optical gain, and (iv) 
exciton-phonon coupling. Using this state-resolved approach, we reconcile long 
standing controversies related to phenomena such as exciton cooling and 
exciton-phonon coupling and make surprising new observations related to optical 
gain and multiexcitons. 

 
Kambhampati, P. (2012). "Multiexcitons in Semiconductor Nanocrystals: A Platform for 
Optoelectronics at High Carrier Concentration." Journal of Physical Chemistry Letters 
3(9): 1182-1190. 
 It is well-known that the shape, size, and composition of semiconductor 

nanocrystals give rise to a quantized manifold of electronic states, that is, 
excitons. In addition, these nanocrystals can support multiple excitations per 
particle under relatively modest conditions. Beyond a laboratory curiosity, these 
multiexcitons dictate a wide variety of optoelectronic properties of semiconductor 
nanocrystals including those from lasers, light-emitting diodes, photon sources, 
and possibly photovoltaics. Whereas their existence has been known for some 
time, observation of the structure and dynamics of multiexcitons has remained 
elusive due to their ultrafast lifetimes. In this Perspective, we discuss the first 
glimpses of the structural dynamics of multiexcitons in CdSe semiconductor 
nanocrystals as revealed by excitonic state-resolved femtosecond pump/probe 
spectroscopy. These measurements of multiexciton formation, cooling, and 



recombination are related to the optical gain performance of nanocrystals. In 
particular, we show that the gain threshold, bandwidths, and dynamics are 
dictated by the previously unobserved structural dynamics of multiexcitons. 

 
Kaplin, C. and M. Brochu (2011). "Effects of water vapor on high temperature oxidation 
of cryomilled NiCoCrAlY coatings in air and low-SO2 environments." Surface & 
Coatings Technology 205(17-18): 4221-4227. 
 Nanostructured NiCoCrAlY coatings were obtained through cryomilling and 

subsequent HVOF-spraying of the nanostructured powder onto copper 
substrates, followed by leaching of the Cu to obtain freestanding coatings. 
Oxidation tests in both air and an environment bearing 0.5% SO2 with water 
vapor levels varying from 0 to 8% were conducted for 24 and 48 h at 1000 
degrees C. It has been found that the oxides formed under all conditions are 
alumina followed by a spinal phase consisting primarily of cobalt aluminum oxide. 
In both air and the SO2 environment an increase in total mass gain was seen up 
to 4% water vapor, followed by a decrease at 6 and 8%. This behavior is 
attributed to an extension of the transient oxidation stage, resulting first in a 
variation in scale thickness through increased spinel growth and second in a rise 
in internal oxidation caused by increased oxygen transport through the scale in 
the presence of water vapor. It would appear that above 4% water vapor the 
thickened spinel is able to compensate for alumina loss and create a diffusion 
barrier to internal oxidation, once again reducing mass gain. (C) 2011 Elsevier 
B.V. All rights reserved. 

 
Kastner, J., D. G. Cooper, et al. (2012). "Aqueous leaching of di-2-ethylhexyl phthalate 
and "green" plasticizers from poly(vinyl chloride)." Science of the Total Environment 
432: 357-364. 
 A method was developed to assess leaching of several poly(vinyl chloride) (PVC) 

plasticizers in aqueous media using gas chromatography (GC), and compared to 
a gravimetric standard test method (ASTM Method D13239). The GC method 
was a more direct measurement of plasticizer concentration in the aqueous 
phase. The leaching of commercial plasticizers, as well as several series of 
"green" candidate plasticizers, were assessed as a function of their molecular 
characteristics and compared to the industry standard PVC plasticizer, 
di-2-ethylhexyl phthalate (DEHP). It was found that plasticizers containing longer 
alkyl chains or non-polar branching emanating from polar structural units, 
increased the hydrophobicity of the molecule and reduced its aqueous leaching 
rate. Several "green" plasticizer candidates were found to minimize aqueous 
leaching to rates ten times below that of DEHP; notably dioctyl succinate (DOS), 
dihexyl maleate (DHM), methyl cyclohexyl diester (MCDE), diethylhexyl 
succinate (DENS), hexanediol dibenzoate (C6), and the commercially available 
Hexamoll (R) DINCH. (C) 2012 Elsevier B.V. All rights reserved. 

 
Kastner, J., D. G. Cooper, et al. (2012). "Aqueous leaching of di-2-ethylhexyl phthalate 
and "green" plasticizers from poly(vinyl chloride)." Science of the Total Environment 
432: 357-364. 



 A method was developed to assess leaching of several poly(vinyl chloride) (PVC) 
plasticizers in aqueous media using gas chromatography (GC), and compared to 
a gravimetric standard test method (ASTM Method D13239). The GC method 
was a more direct measurement of plasticizer concentration in the aqueous 
phase. The leaching of commercial plasticizers, as well as several series of 
"green" candidate plasticizers, were assessed as a function of their molecular 
characteristics and compared to the industry standard PVC plasticizer, 
di-2-ethylhexyl phthalate (DEHP). It was found that plasticizers containing longer 
alkyl chains or non-polar branching emanating from polar structural units, 
increased the hydrophobicity of the molecule and reduced its aqueous leaching 
rate. Several "green" plasticizer candidates were found to minimize aqueous 
leaching to rates ten times below that of DEHP; notably dioctyl succinate (DOS), 
dihexyl maleate (DHM), methyl cyclohexyl diester (MCDE), diethylhexyl 
succinate (DENS), hexanediol dibenzoate (C6), and the commercially available 
Hexamoll (R) DINCH. (C) 2012 Elsevier B.V. All rights reserved. 

 
Khan, A., R. A. Khan, et al. (2012). "Mechanical and barrier properties of nanocrystalline 
cellulose reinforced chitosan based nanocomposite films." Carbohydrate Polymers 
90(4): 1601-1608. 
 Nanocrystalline cellulose (NCC) reinforced chitosan-based biodegradable films 

were prepared by solution casting. The NCC content in the films was varied from 
1 to 10% (dry wt. basis). It was found that the tensile strength (TS) of the 
nanocomposite films with 5% (w/w) NCC content was optimum with an 
improvement of 26% compared to the control chitosan films. Incorporation of 
NCC also significantly improved barrier properties. Water vapor permeability 
(WVP) of the chitosan/NCC films was decreased by 27% for the optimum 5% 
(w/w) NCC content. Swelling studies revealed a decrease in water uptake of the 
NCC-reinforced chitosan films. Analyses of thermal properties showed no 
significant effect of NCC whereas X-ray diffraction studies confirmed the 
appearance of crystalline peaks in the nanocomposite films. Surface morphology 
of the films was investigated by scanning electron microscopy and it was found 
that NCC was dispersed homogenously into chitosan matrix. (C) 2012 Elsevier 
Ltd. All rights reserved. 

 
Khan, R. A., S. Salmieri, et al. (2012). "Preparation and Thermo-Mechanical 
Characterization of Chitosan Loaded Methylcellulose-Based Biodegradable Films: 
Effects of Gamma Radiation." Journal of Polymers and the Environment 20(1): 43-52. 
 Chitosan (0.1-1%, w/w), dissolved in 2% acetic acid solution, was added into 1% 

methylcellulose (MC)-based formulation containing 0.5% vegetable oil, 0.25% 
glycerol and 0.025% Tween(A (R))80. Films were prepared by casting. Puncture 
strength (PS), puncture deformation (PD), viscoelasticity coefficient and water 
vapour permeability (WVP) of the films were measured. The PS value of 312 
N/mm was observed for MC-based films containing 0.25% chitosan. Values of 
PD, viscoelasticity coefficient and WVP of these films were 5.0 mm, 44.1%, and 
6.0 g mm/m(2) day kPa, respectively. The MC-based films containing 0.25% 
chitosan were also exposed to gamma radiation (0.5-50 kGy). The PS of the 



treated films decreased significantly from 312 at 0 kGy to 201 N/mm when 
treated at a dose of 50 kGy. However, WVP values were not affected by 
increasing irradiation the dose used. The Fourier Transform Infrared 
spectroscopy supported the molecular interactions due to addition of chitosan in 
MC-based films. Thermo gravimetric analysis and differential scanning 
calorimetric experiments showed that thermal properties of the films were 
significantly improved by chitosan loading. Surface topography of the films was 
studied by scanning electron microscopy and found rougher due to chitosan 
addition. 

 
Khanoki, S. A. and D. Pasini (2012). "Multiscale Design and Multiobjective Optimization 
of Orthopedic Hip Implants with Functionally Graded Cellular Material." Journal of 
Biomechanical Engineering-Transactions of the Asme 134(3). 
 Revision surgeries of total hip arthroplasty are often caused by a deficient 

structural compatibility of the implant. Two main culprits, among others, are 
bone-implant interface instability and bone resorption. To address these issues, 
in this paper we propose a novel type of implant, which, in contrast to current hip 
replacement implants made of either a fully solid or a foam material, consists of a 
lattice microstructure with nonhomogeneous distribution of material properties. A 
methodology based on multiscale mechanics and design optimization is 
introduced to synthesize a graded cellular implant that can minimize concurrently 
bone resorption and implant interface failure. The procedure is applied to the 
design of a 2D left implanted femur with optimized gradients of relative density. 
To assess the manufacturability of the graded cellular microstructure, a 
proof-of-concept is fabricated by using rapid prototyping. The results from the 
analysis are used to compare the optimized cellular implant with a fully dense 
titanium implant and a homogeneous foam implant with a relative density of 50%. 
The bone resorption and the maximum value of interface stress of the cellular 
implant are found to be over 70% and 50% less than the titanium implant while 
being 53% and 65% less than the foam implant. [DOI: 10.1115/1.4006115] 

 
Khoshdast, H., A. Sam, et al. (2011). "Effect of rhamnolipid biosurfactants on 
performance of coal and mineral flotation." International Biodeterioration & 
Biodegradation 65(8): 1238-1243. 
 The effect of a concentrated rhamnolipid biosurfactant (purity > 97%) produced 

by Pseudomonas aeruginosa MA01 on flotation performance of coal and 
minerals was studied and compared with those from synthetic flotation reagents 
in both single and mixed systems. Results of phosphate flotation tests showed 
that phosphate content in the floated product decreased by rhamnolipid 
concentration. However, final recovery of phosphate at appropriate dosage of 
reagent was insignificant. This could be ascribed to the increase of iron recovery 
to final concentrate likely due to collecting action of rhamnolipid for iron minerals. 
In coal flotation, the increase of rhamnolipid concentration in mixture with pine oil 
reduced both ash content and coal yield of concentrates. In desulfurization of a 
sample iron concentrate using reverse flotation, rhamnolipid addition successfully 
decreased the sulfur content of the iron concentrate. The flotation responses of 



the studied sample ores showed that rhamnolipid can be used as a promising 
frother or co-frother in mineral processing practices. (C) 2011 Elsevier Ltd. All 
rights reserved. 

 
Khoun, L., K. Challagulla, et al. (2012). "Thermo-mechanical properties of 5-harness 
satin fabric composites." Journal of Composite Materials 46(25): 3121-3136. 
 The use of woven textile reinforcements in composite structures increased 

significantly in the past decades due to their interesting properties over 
unidirectional fibres. Therefore, the prediction of the thermo-mechanical 
properties of woven fabric composites is essential from a design and 
manufacturing standpoint. A micromechanical approach based on finite element 
method that utilizes three-dimensional unit cell was applied to predict the 
effective properties of a periodic woven fabric composite material. Using the resin 
processing properties models such as cure kinetics, shrinkage, glass transition 
temperature and elastic modulus models, the development of the periodic woven 
fabric composite material thermo-mechanical properties, as the cure progresses 
was predicted. The residual strains and stresses generated in the composite unit 
cell during the cure were also predicted and linked with the development of the 
material properties. The effective properties of the cured woven fabric composite 
material were compared to the one of an equivalent cross-ply composite material 
to verify the validity of neglecting the fibre waviness while modelling woven fabric 
composite. 

 
Klotz, A. R., H. B. Brandao, et al. (2012). "Diffusion Resonance of Nanoconfined 
Polymers." Macromolecules 45(4): 2122-2127. 
 We examine the diffusive behavior of single polymers under spatially varying 

entropic confinement. A nanofluidic slit embedded with a lattice of pits was used 
to constrain single DNA molecules to discrete conformational states. Diffusion 
was characterized by dwelling in specific conformations followed by transitions to 
neighboring states. In contrast to studies involving simple 2D (nanoslit) and ID 
(nanochannel) geometries, the diffusivity showed nonmonotonic dependence 
with respect to the parameters of confinement. In particular, the nanopit array 
allows us to fine-tune the diffusivity of a single polymer to a local resonance 
minimum. Moreover, we show that energetically favorable states dominate over 
higher energy states and that a single state can be stable over a wide range of 
parameter space. These stable states correspond to resonances in the diffusion. 

 
Kratz, J., K. Hsiao, et al. (2013). "Thermal models for MTM45-1 and Cycom 5320 
out-of-autoclave prepreg resins." Journal of Composite Materials 47(3): 341-352. 
 Out-of-autoclave prepregs require a two-step cure cycle. The first step is a low 

temperature cure to consolidate the laminate and build sufficient green strength 
to proceed to the second step, a free-standing post-cure at traditional autoclave 
temperatures to fully cross-link the resin. Process modeling can help design a 
robust cure cycle to avoid scrapping large parts in production. The focus of this 
article is to develop the cure kinetics, viscosity, and glass transition temperature 
models for two commercially available out-of-autoclave epoxy resins. Since the 



cure kinetics model is the basis for all other thermal models, the cure kinetics 
model was validated using a one-dimensional heat transfer analysis on thick 
prepreg laminates. Finally, the out-of-autoclave resin models were compared to a 
traditional autoclave resin system to highlight the difference in resin reactivity for 
out-of-autoclave processing. 

 
Krumoya, K., S. Friedland, et al. (2012). "How Lipid Unsaturation, Peroxyl Radical 
Partitioning, and Chromanol Lipophilic Tail Affect the Antioxidant Activity of 
alpha-Tocopherol: Direct Visualization via High-Throughput Fluorescence Studies 
Conducted with Fluorogenic alpha-Tocopherol Analogues." Journal of the American 
Chemical Society 134(24): 10102-10113. 
 The preparation of two highly sensitive fluorogenic alpha-tocopherol (TOH) 

analogues which undergo >30-fold fluorescence intensity enhancement upon 
reaction with peroxyl radicals is reported. The probes consist of a chromanol 
moiety coupled to the meso position of a BODIPY fluorophore, where the use of 
a methylene linker (BODIPY-2,2,5,7,8-pentamethyl-6-hydroxy-chroman adduct, 
H2B-PMHC) vs an ester linker (meso-methanoyl 
BODIPY-6-hydroxy-2,5,7,8-tetramethylchromane-2-carboxylic acid, H2B-TOH) 
enables tuning their reactivity toward H-atom abstraction by peroxyl radicals. The 
development of a high-throughput fluorescence assay for monitoring kinetics of 
peroxyl radical reactions in liposomes is subsequently described where the 
evolution of the fluorescence intensity over time provides a rapid, facile method 
to conduct competitive kinetic studies in the presence of TOH and its analogues. 
A quantitative treatment is formulated for the temporal evolution of the intensity in 
terms of relative rate constants of H-atom abstraction (k(inh)) from the various 
tocopherol analogues. Combined, the new probes, the fluorescence assay, and 
the data analysis provide a new method to obtain, in a rapid, parallel format, 
relative antioxidant activities in phospholipid membranes. The method is 
exemplified with four chromanol-based antioxidant compounds differing in their 
aliphatic tails (TOH, PMHC, H2B-PMHC, and H2B-TOH). Studies were 
conducted in six different liposome solutions prepared from poly- and 
mono-unsaturated and saturated (fluid vs gel phase) lipids in the presence of 
either hydrophilic or lipophilic peroxyl radicals. A number of key insights into the 
chemistry of the TOH antioxidants in lipid membranes are provided: (1) The 
relative antioxidant activities of chromanols in homogeneous solution, arising 
from their inherent chemical reactivity, readily translate to the 
microheterogeneous environment at the water/lipid interface; thus similar values 
for k(inh)(H2B-PMHC)/k(inh)(H2B-TOH) in the range of 2-3 are recorded both in 
homogeneous solution and in liposome suspensions with hydrophilic or lipophilic 
peroxyl radicals. (2) The relative antioxidant activity between tocopherol 
analogues with the same inherent chemical reactivity but bearing short (PMHC) 
or long (TOH) aliphatic tails, k(inh)(PMHC)/k(inh)(TOH), is similar to 8 in the 
presence of hydrophilic peroxyl radicals, regardless of the nature of the lipid 
membrane into which they are embedded. (3) Antioxidants embedded in 
saturated lipids do not efficiently scavenge hydrophilic peroxyl radicals; under 
these conditions wastage reactions among peroxyl radicals become important, 



and this translates into larger times for antioxidant consumption. (4) Lipophilic 
peroxyl radicals show reduced discrimination between antioxidants bearing long 
and short aliphatic tails, with k(inh)(PMHC)/k(inh)(TOH) in the range of 3-4 for 
most lipid membranes. (5) Lipophilic peroxyl radicals are scavenged with the 
same efficiency by all four antioxidants studied, regardless of the nature of their 
aliphatic tail or the lipid membrane into which they are embedded. These data 
underpin the key role the lipid environment plays in modulating the rate of 
reaction of antioxidants characterized by similar inherent chemical reactivity 
(arising from a conserved chromanol moiety) but differing in their membrane 
mobility (structural differences in the lipophilic tail). Altogether, a novel, facile 
method of study, new insights, and a quantitative understanding on the critical 
role of lipid diversity in modulating antioxidant activity in the lipid milieu are 
reported. 

 
Labuda, A. and P. Grutter (2012). "Atomic Force Microscopy in Viscous Ionic Liquids." 
Langmuir 28(12): 5319-5322. 
 Extracting quantitative information from amplitude-modulation atomic force 

microscopy (AM-AFM) in viscous ionic liquids is difficult because existing theory 
requires knowledge of the cantilever natural frequency, which cannot be 
measured in the absence of a resonance peak. We present a new model that 
describes cantilever dynamics in an over-damped medium (Q < 0.5) and derive 
the theory necessary to extract the stiffness and damping in highly viscous 
liquids. The proposed methodology is used to measure the solvation layers of an 
ionic liquid at a gold electrode. 

 
Labuda, A. and P. H. Grutter (2011). "Exploiting cantilever curvature for noise reduction 
in atomic force microscopy." Review of Scientific Instruments 82(1). 
 Optical beam deflection is a widely used method for detecting the deflection of 

atomic force microscope (AFM) cantilevers. This paper presents a first order 
derivation for the angular detection noise density which determines the lower limit 
for deflection sensing. Surprisingly, the cantilever radius of curvature, commonly 
not considered, plays a crucial role and can be exploited to decrease angular 
detection noise. We demonstrate a reduction in angular detection shot noise of 
more than an order of magnitude on a home-built AFM with a commercial 450 
mu m long cantilever by exploiting the optical properties of the cantilever 
curvature caused by the reflective gold coating. Lastly, we demonstrate how 
cantilever curvature can be responsible for up to 45% of the variability in the 
measured sensitivity of cantilevers on commercially available AFMs. (C) 2011 
American Institute of Physics. [doi:10.1063/1.3503220] 

 
Labuda, A., M. Lysy, et al. (2012). "Stochastic simulation of tip-sample interactions in 
atomic force microscopy." Applied Physics Letters 101(11). 
 Atomic force microscopy (AFM) simulators, which are used to gain insight into 

tip-sample physics and data interpretation, so far have been optimized for 
modeling deterministic cantilever dynamics. In this article, we demonstrate a 
method for semi-empirical simulation of the stochastic dynamics of tip-sample 



interactions. The detection, force, and displacement noises are separately 
generated directly from their numerically defined power spectral densities and 
used to simulate a force spectroscopy experiment in water at the mica interface. 
Mechanical noise of the AFM is shown to dominate over thermal noise of the 
cantilever upon interaction with the last two hydration layers. (C) 2012 American 
Institute of Physics. [http://dx.doi.org/10.1063/1.4745781] 

 
Lagno, F., S. D. F. Rocha, et al. (2012). "Supersaturation-Controlled Synthesis of 
Dicalcium Phosphate Dihydrate and Nanocrystalline Calcium-Deficient Hydroxyapatite." 
Industrial & Engineering Chemistry Research 51(19): 6605-6612. 
 The homogeneous and seed-assisted precipitation of dicalcium phosphate 

dihydrate (DCPD or brushite) and hydroxyapatite (HAP) under controlled 
supersaturation regimes in chloride media at room temperature (22 degrees C) is 
investigated. Prior to their reactive crystallization the metastable zones of 
precipitation for the two calcium orthophosphates were determined. The effects 
of supersaturation, reaction time, and seeding on the stoichiometry and 
crystallinity of these compounds were studied. Acidified solutions (pH 
approximate to 2.0) of NaH2PO4 (2-90 mmol/L) and CaCl2 (2-150 mmol/L) were 
mixed in order to get Ca to P molar ratios in initial solution of 1.0 or 1.67 (the 
stoichiometric ratios for dicalcium phosphate dihydrate and hydroxyapatite).The 
supersaturation in solution was built up by the slow addition of 100 mmol/L NaOH 
solution. In seed-assisted precipitation tests (Ca/P = 1) the metastable calcium 
phosphate solution (37.5 mmol/L) was neutralized until the precipitation pH of 5 
was reached and 10 g/L of seed was added. The homogeneous precipitation of 
DCPD at pH 5.4 was fast and equilibrium was reached in 30 min. In the presence 
of seed, the precipitation rate was slower due to reduced supersaturation. Even 
so, in both cases well crystalline plate-like crystals matching the stoichiometry of 
brushite were produced. Calcium-deficient hydroxyapatite with nanocrystalline 
structure (nanocrystallite size similar to 20 nm) was produced at pH 7.6 under 
controlled supersaturation. The homogeneously produced material consisted of 
irregularly shaped agglomerates of the order of 5-15 mu m while the product 
obtained by seed-assisted precipitation was in the form of rather coarse (ca. 
20-30 mu m) and dense spheroids. The highest Ca:P ratio material (Ca:P = 1.58) 
was obtained with seed-assisted precipitation at a slow addition rate. 

 
Laroche, D., G. Gervais, et al. (2011). "Positive and negative Coulomb drag in vertically 
integrated one-dimensional quantum wires." Nature Nanotechnology 6(12): 793-797. 
 Electron interactions in and between wires become increasingly complex and 

important as circuits are scaled to nanometre sizes, or use reduced-dimensional 
conductors(1) such as carbon nanotubes(2-6), nanowires(7-10) and gated 
high-mobility two-dimensional electron systems(11-13). This is because the 
screening of the long-range Coulomb potential of individual carriers is weakened 
in these systems, which can lead to phenomena such as Coulomb drag, where a 
current in one wire induces a voltage in a second wire through Coulomb 
interactions alone. Previous experiments have demonstrated Coulomb electron 
drag in wires separated by a soft electrostatic barrier of width greater than or 



similar to 80 nm (ref. 12), which was interpreted as resulting entirely from 
momentum transfer. Here, we measure both positive and negative drag between 
adjacent vertical quantum wires that are separated by similar to 15 nm and have 
independent contacts, which allows their electron densities to be tuned 
independently. We map out the drag signal versus the number of electron 
sub-bands occupied in each wire, and interpret the results both in terms of 
momentum-transfer and charge-fluctuation induced transport models. For wires 
of significantly different sub-band occupancies, the positive drag effect can be as 
large as 25%. 

 
Ledwosinska, E., T. Szkopek, et al. (2012). Application of graphene membrane in 
micro-Golay cell array. Terahertz Technology and Applications V. L. P. Sadwick and C. 
M. Osullivan. 8261. 
 We report the design, simulation, and fabrication of a miniaturized Golay cell 

array, implemented with monolayer graphene suspended over a TEM grid as the 
deflecting membrane. Currently, ultra-thin membranes for Golay cell applications 
suffer diminishing responsivity as the lateral dimensions are reduced to the 
microscopic scale. We propose graphene as the ideal membrane material for 
micro-Golay cell arrays, whereby the minimal elastic stiffness of atomically thin 
graphene allows membranes to be scaled to microscopic dimensions. We 
examine how graphene's unique material parameters, such as high mobility, 
negligible gas permeability, and supreme strength, offer ease of fabrication and 
improved performance over existing technology. Simulations of graphene 
membrane deflection versus temperature are presented, with an analysis of the 
optimal geometry for maximum sensitivity. Cavities with all spatial dimensions 
under 100 mu m are predicted to provide sensitivities of hundreds of nanometres 
per Kelvin, in good competition with existing research on devices many times 
larger. Up to a four-fold increase in responsivity of 400 nm/K is predicted for a 
graphene cell of the same dimensions as current technology, and a three-fold 
increase for a cell one quarter the diameter. These predictions permit an 
increased detector density in a focal plane array application while still providing 
improved responsivity. Furthermore, our fabrication method permits the 
construction of arrays consisting of thousands of devices, avoiding individual cell 
assembly and including built-in electrical contacts due to the conductive nature of 
graphene. We also present a theoretical analysis of interferometric optical 
read-out of membrane deflection. 

 
Lee, J., Y. Tahiri, et al. (2013). "Delayed Repair of Lateral Orbital Wall and Orbital Floor 
Fracture." Journal of Craniofacial Surgery 24(1): 34-37. 
 Timing of surgical management of facial fractures may differ from the current 

standard when an associated severe ophthalmologic injury exists; this may 
necessitate a delay in repair to protect the patient's vision. We set out to 
demonstrate that good functional and aesthetic outcomes can be achieved in 
cases where zygoma bone fracture repair had to be delayed for more than 21 
days after injury with a specific surgical plan. Using the electronic database from 
Montreal General Hospital, a level I trauma center, a retrospective review of all 



facial fractures occurring from 1994 to 2009 was performed. Our review returned 
a total of 22,727 trauma patients admitted to Montreal General Hospital. Of 
these, 2672 sustained 1 or more facial fractures. Among the facial trauma 
patients, 945 patients' injuries included a zygoma fracture, 324 (35.3%) of which 
were managed operatively. Seven cases had their surgery delayed for more than 
21 days after injury, 2 of which were managed using simple osteotomies and 
plate fixations, without the need for bone grafts. Both patients demonstrated a 
satisfactory outcome with improvement relative to their preoperative status. We 
provide a detailed description of our most recent case of a 73-year-old woman in 
whom the surgical repair of the lateral orbital rim and orbital floor was delayed for 
10 weeks to allow healing of her associated traumatic retinal detachment. For 
patients with associated ocular injuries who cannot undergo orbital fracture repair 
within 21 days of the trauma, delayed surgery may still result in an acceptable 
aesthetic result. 

 
Lee, J., Y. Tahiri, et al. (2013). "Delayed Repair of Lateral Orbital Wall and Orbital Floor 
Fracture." Journal of Craniofacial Surgery 24(1): 34-37. 
 Timing of surgical management of facial fractures may differ from the current 

standard when an associated severe ophthalmologic injury exists; this may 
necessitate a delay in repair to protect the patient's vision. We set out to 
demonstrate that good functional and aesthetic outcomes can be achieved in 
cases where zygoma bone fracture repair had to be delayed for more than 21 
days after injury with a specific surgical plan. Using the electronic database from 
Montreal General Hospital, a level I trauma center, a retrospective review of all 
facial fractures occurring from 1994 to 2009 was performed. Our review returned 
a total of 22,727 trauma patients admitted to Montreal General Hospital. Of 
these, 2672 sustained 1 or more facial fractures. Among the facial trauma 
patients, 945 patients' injuries included a zygoma fracture, 324 (35.3%) of which 
were managed operatively. Seven cases had their surgery delayed for more than 
21 days after injury, 2 of which were managed using simple osteotomies and 
plate fixations, without the need for bone grafts. Both patients demonstrated a 
satisfactory outcome with improvement relative to their preoperative status. We 
provide a detailed description of our most recent case of a 73-year-old woman in 
whom the surgical repair of the lateral orbital rim and orbital floor was delayed for 
10 weeks to allow healing of her associated traumatic retinal detachment. For 
patients with associated ocular injuries who cannot undergo orbital fracture repair 
within 21 days of the trauma, delayed surgery may still result in an acceptable 
aesthetic result. 

 
Lee, K. E., C. Charbonneau, et al. (2013). "Thin single screen-printed bifunctional titania 
layer photoanodes for high performing DSSCs via a novel hybrid paste formulation and 
process." Journal of Materials Research 28(3): 480-487. 
 A novel hybrid titania paste comprising aqueous-synthesized anatase (A) 

nanocrystalites and submicrometer-sized "sea urchin"-like rutile (R) particles that 
enables the construction of thin (5-6 mu m) single-layer photoanodes with 
competitive power conversion efficiency is described. Owing to the high surface 



area of the dye (N719)-coated anatase film, the scattering properties of the 
unique rutile particulates, and the incorporation of P25 particles, the constructed 
bifunctional electrode films exhibit excellent electron transport properties (long 
electron lifetime) and no electrolyte diffusion resistance. Dye-sensitized solar cell 
devices built with the thin (5-6 mu m) hybrid electrodes showed greatly improved 
power conversion efficiency (PCE), namely 7.04%, when compared to devices 
based on single anatase (4.20%), double-layer (A + R), or double thickness 
commercial benchmark paste (6.74%). This is an impressive result as less than 
1/2 material was used in a single printed layer. Thinner films as the ones built 
here may prove particularly advantageous in using new noniodide electrolytes 
associated with slow diffusion rates. 

 
Lee, K. E., M. A. Gomez, et al. (2012). "Enhanced surface hydroxylation of 
nanocrystalline anatase films improves photocurrent output and electron lifetime in dye 
sensitized solar cell photoanodes." Electrochimica Acta 67: 208-215. 
 Anatase TiO2 nanocrystalline films were prepared from commercial (Alfa Aesar 5 

nm and 10 nm) and aqueous-solution synthesized precursors (aqueous TiO2) by 
screen printing with the purpose of elucidating the influence of surface 
hydroxylation on dye sensitized solar cell (DSSC) performance. These two 
commercial TiO2 sources were selected as they possessed similar 
nanocrystallite size and mesoporous film interfacial surface area with our 
in-house variety. In this way it was possible to distinguish the effect of surface 
hydroxylation on DSSC photocurrent output and electron lifetime from other film 
surface properties. Their morphological features were characterized in terms of 
particle size, shape, Brunauer-Emmett-Teller (BET) surface area, topography 
and their surface hydroxyl groups quantified using thermogravimetric analysis 
(TGA) and X-ray photoelectron spectroscopy (XPS). The electrochemical 
properties of the DSSCs composed of the aqueous TiO2, Alfa Aesar 5 nm and 
10 nm photoelectrodes were probed via electrochemical impedance 
spectroscopy (EIS) and open circuit voltage decay (OCVD). The combined EIS 
and OCVD results showed that photoelectrodes composed of surface 
hydroxyl-rich TiO2 nanocrystalline material exhibit longer electron lifetime 
attributed to enhanced surface-dye binding that suppresses interfacial 
recombination. As a result of the stabilized surface hydroxyl-dye (N719) binding, 
the photocurrent output from the OH-rich anatase photoanodes (aqueous and 
Alfa Aesar 5 nm TiO2,) was a remarkable 85-108% higher than that of the 
OH-poor film (Alfa Aesar 10 nm) despite their equivalent surface area and 
porosity. (C) 2012 Elsevier Ltd. All rights reserved. 

 
Lefevre, F., A. Chalifour, et al. (2012). "Algal fluorescence sensor integrated into a 
microfluidic chip for water pollutant detection." Lab on a Chip 12(4): 787-793. 
 We report the first miniaturized fluorescent sensor based on algae, with an 

organic light emitting diode (OLED) and an organic photodetector (OPD) 
integrated into a microfluidic chip. The blue emission OLED was used as the 
excitation source, while a blend of PTB3/PC61BM was used for the fabrication of 
the organic photodetector. Excitation and emission color filters based on 



acid/base dyes and a metal complex were developed and assembled with the 
organic optoelectronic components in order to complete the fluorescent detection 
system. The detection system was then integrated in a microfluidic chip made 
from (poly) dimethylsiloxane (PDMS). The complete sensor is designed to detect 
algal fluorescence in the microfluidic chamber. Algal chlorophyll fluorescence 
enables evaluation of the toxicity of pollutants like herbicides and metals-ions 
from agricultural run-offs. The entirely organic bioassay here presented allowed 
detection of the toxic effects of the herbicide Diuron on Chlamydomonas 
reinhardtii green algae that gave 50% inhibition of the algae photochemistry 
(EC50) with a concentration as low as 11 nM. 

 
Lennox, M. and S. Coulombe (2012). "Dusty plasma synthesis of nanostructured 
Zn/ZnO-carbon nanotube composites by aerosol flow condensation." Journal of 
Nanoparticle Research 14(11). 
 A new, dusty plasma process for depositing nanoparticles generated by aerosol 

flow condensation and treated using a 13.56 MHz capacitively-coupled 
non-thermal glow discharge is described. The use of organometallic compounds 
as nanoparticle precursors is avoided, thereby allowing for a processing plasma 
free of contaminating degradation products. Nanostructured composites of zinc 
and zinc oxide were deposited on carbon nanotubes with complete coverage, 
and the influences of the argon quench and sheath gas flowrates, and the 
presence of 0.5 vol.% ethane in the processing plasma on the synthesized 
composites was investigated by electron microscopy and X-ray diffraction (XRD). 
In the absence of plasma, similar to 1 mu m Zn microparticles composed of 
agglomerated nanoparticles were formed on the carbon nanotube surface. 
Plasma processing produced coatings of nanoparticles with lognormal size 
distributions and median diameters of similar to 5 nm. At maximum argon flow 
rates, the distribution was mono-disperse, whereas lower flow rates produced 
bimodal size distributions with the second mode having median values of similar 
to 70 nm. 

 
Leonardi, A. B., P. J. G. Goulet, et al. (2011). "Oxidation of gold nanoparticles by Au(III) 
in polar solvent." Abstracts of Papers of the American Chemical Society 241. 
  
Lessard, B. and M. Maric (2011). ""Smart" Poly(2-(dimethylamino)ethyl 
methacrylate-ran-9-(4-Vinylbenzyl)-9H-Carbazole) Copolymers Synthesized by 
Nitroxide Mediated Radical Polymerization." Journal of Polymer Science Part a-Polymer 
Chemistry 49(24): 5270-5283. 
 A series of poly(2-(dimethylamino)ethyl 

methacrylate-ran-9-(4-vinylbenzyl)-9H-carbazole) (poly(DMAEMA-ran-VBK)) 
random copolymers, with VBK molar feed compositions f(VBK,0) = 0.02-0.09, 
were synthesized using 10 mol % 
[tert-butyl[1-(diethoxyphosphoryl)-2,2-dimethylpropyl]amino] nitroxide (SG1) 
relative to 
2-([tert-butyl[1-(diethoxyphosphoryl)-2,2-dimethylpropyl]amino]oxy)-2-methylpropi
onic acid (BlocBuilder) at 80 degrees C and 90 degrees C. Controlled 



polymerizations were observed, even with f(VBK,0) = 0.02, as reflected by a 
linear increase in number average molecular weight (M(n)) versus conversion X 
<= 0.6 with final copolymers characterized by relatively narrow, monomodal 
molecular weight distributions (M(w)/M(n) approximate to 1.5). 
Poly(DMAEMA-ran-VBK) copolymers were deemed sufficiently pseudo-"living" to 
reinitiate a second batch of N,N-dimethylacrylamide (DMAA), with very few 
apparent dead chains, as indicated by the monomodal shift in the gel permeation 
chromatography chromatograms. Poly(DMAEMA-ran-VBK) random copolymers 
exhibited tuneable lower critical solution temperature (LCST), in aqueous 
solution, by modifying copolymer composition, solution pH and by the addition of 
the water-soluble poly(DMAA) segment. (1)H NMR analysis determined that, in 
water, the VBK units of the poly(DMAEMA-ran-VBK) random copolymer were 
segregated to the interior of the copolymer aggregate regardless of solution 
temperature and that poly(DMAEMA-ran-VBK)-b-poly(DMAA) block copolymers 
formed micelles above the LCST. In addition, the final random copolymer and 
block copolymer exhibited temperature dependent fluorescence due to the VBK 
units. (C) 2011 Wiley Periodicals, Inc. J Polym Sci Part A: Polym Chem 49: 
5270-5283, 2011 
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block copolymer exhibited temperature dependent fluorescence due to the VBK 
units. (C) 2011 Wiley Periodicals, Inc. J Polym Sci Part A: Polym Chem 49: 
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Lessard, B. H., E. J. Y. Ling, et al. (2012). "Fluorescent, Thermoresponsive 
Oligo(ethylene glycol) Methacrylate/9-(4-Vinylbenzyl)-9H-carbazole Copolymers 
Designed with Multiple LCSTs via Nitroxide Mediated Controlled Radical 
Polymerization." Macromolecules 45(4): 1879-1891. 
 9-(4-Vinylbenzyl)-9H-carbazole (VBK) was used as the "controlling" comonomer 

for nitroxide mediated polymerization with 10 mol % SG1 free nitroxide relative to 
Bloc Builder initiator at 80 degrees C of oligo(ethylene glycol) methyl ether 
methacrylate (8-9 ethylene glycol (EG) units) (OEGMA(8-9)), 
2-(2-methoxyethoxy)ethyl methacrylate (MEO(2)MA) and for an 
OEGMA(8-9)/MEO(2)MA-mixed feed. The synthesis of MEO(2)MA/VBK and 
OEGMA(8-9)/VBK copolymers and MEO(2)MA/OEGMA(8-9)/VBK terpolymers 
exhibited linear increases in number-average molecular weight ((M) over bar (n)) 
versus conversion X, up until X = 0.6, with final copolymers characterized by 
relatively narrow, monomodal molecular weight distributions ((M ) over bar 
(w)/(M) over bar (n) < 1.4, in most cases). A series of 
MEO(2)MA/OEGMA(8-9)/VBK terpolymers were synthesized and by varying the 
OEGMA(8-9):MEO2MA feed ratios, the terpolymers exhibited tunable lower 
critical solution temperatures in water (28 degrees C < LCSTs < 81 degrees C). 
MEO(2)MA/OEGMA(8-9)/VBK terpolymers were deemed sufficiently 
pseudo-"living" to reinitiate a second batch of MEO(2)MA/OEGMA(8-9)/VBK, with 
few apparent dead chains, as indicated by the monomodal shift in the GPC 
chromatograms. The resulting MEO(2)MA/OEGMA(8-9)/VBK block copolymers 
were designed so that each block exhibited a distinct LCST, which was 
confirmed by UV-vis and dynamic light scattering. In addition to controlling the 
terpolymerization, the VBK units imparted thermo-responsive fluorescence into 
the final copolymers. 
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Lessard, B. H. and M. Maric (2012). "Optimization of 4-vinylpyridine nitroxide mediated 
controlled radical polymerization: Effect of initiator protection and complexation with 
C-60." E-Polymers. 
 Nitroxide mediated polymerization (NMP) of 4-vinylpyridine (4VP) using 

2-([tert-butyl[1-(diethoxyphosphoryl)-2,2-dimethylpropyl]amino]oxy)-2-methyl pro 
pionic acid (BlocBuilder)-derived initiators was studied. Controlled homo 
polymerization of 4VP using 10 mol% 
[tert-butyl[1-(diethoxyphosphoryl)-2,2-dimethylpropyl] amino] nitroxide (SG1) 
relative to BlocBuilder was limited to low conversions (X = 0.20-0.30) due to 
interaction between the pyridine group of 4VP and BlocBuilder's carboxylic acid 
group. Converting BlocBuilder into a succinimidyl ester terminated form 
(NHS-BlocBuilder) resulted in 4VP polymerizations with a linear increase in 
number average molecular weight, (M-n) over bar, versus X to X = 0.80, while 
maintaining a narrow molecular weight distribution ((M-w) over bar/(M-n) over bar 
< 1.2). Final poly(4VP) samples were determined to be pseudo-"living" by 
subsequent chain extension with a fresh batch of 4VP, with very few dead 
chains. Attempts to homopolymerize 4VP in the presence of as little as 0.04 wt% 
C-60 relative to 4VP resulted in inhibition, preventing the polymerization from 
exceeding beyond X = 0.40 and thus 4VP/C-60 complexation has to be done 
post-polymerization. 
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maintaining a narrow molecular weight distribution ((M-w) over bar/(M-n) over bar 
< 1.2). Final poly(4VP) samples were determined to be pseudo-"living" by 
subsequent chain extension with a fresh batch of 4VP, with very few dead 
chains. Attempts to homopolymerize 4VP in the presence of as little as 0.04 wt% 
C-60 relative to 4VP resulted in inhibition, preventing the polymerization from 
exceeding beyond X = 0.40 and thus 4VP/C-60 complexation has to be done 
post-polymerization. 

 
Lessard, B. H. and M. Maric (2013). "Water-soluble/dispersible carbazole-containing 
random and block copolymers by nitroxide-mediated radical polymerisation." Canadian 
Journal of Chemical Engineering 91(4): 618-629. 
 A series of carbazole-containing water-dispersible poly(acrylic 

acid)-b-(9-(4-vinylbenzyl)-9H-carbazole) block copolymers 
(poly(AA)-b-poly(VBK)) and water-soluble poly(methacrylic 
acid-ran-(9-(4-vinylbenzyl)-9H-carbazole)) (poly(MAA-ran-VBK)) random 
copolymers were synthesised in a controlled manner (i.e. low polydispersities 
$(\overline {M_{{\rm w}} } /\overline {M_{n} } < 1.3)$ by nitroxide-mediated 
polymerisation (NMP) using an SG1-based alkoxyamine initiator, BlocBuilder. 
Poly(AA)-b-poly(VBK) block copolymers were most easily accessed by using 
poly(AA) in its protected form as the macroinitiator for the 
9-(4-vinylbenzyl)-9H-carbazole (VBK) block. Controlled polymerisation of MAA 
was accomplished using an excess of 10mol.% SG1 relative to BlocBuilder with 
VBK as controlling co-monomer (initial molar feed content fVBK,0=0.030.20) in 
dimethylformamide at 80 degrees C. Poly(MAA-ran-VBK) copolymers with a final 
VBK molar composition of FVBK<0.30 resulted in water-soluble copolymers. In 
addition, as macroinitiators, poly(MAA-ran-VBK)s were sufficiently pseudo-living 
to reinitiate a second batch of monomer (90mol.% methyl methacrylate with 
styrene) in organic solvent and by ab initio, surfactant-free emulsion 
polymerisation. In both cases, low polydispersity, amphiphilic block copolymers 
resulted $(\overline {M_{{\rm w}} } /\overline {M_{{\rm n}} } < 1.3)$. (c) 2012 
Canadian Society for Chemical Engineering 
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dimethylformamide at 80 degrees C. Poly(MAA-ran-VBK) copolymers with a final 
VBK molar composition of FVBK<0.30 resulted in water-soluble copolymers. In 
addition, as macroinitiators, poly(MAA-ran-VBK)s were sufficiently pseudo-living 
to reinitiate a second batch of monomer (90mol.% methyl methacrylate with 
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Lessard, B. H., X. Savelyeva, et al. (2012). "Smart morpholine-functional statistical 
copolymers synthesized by nitroxide mediated polymerization." Polymer 53(25): 
5649-5656. 
 Morpholine-functional homopolymers and copolymers (using 

4-acryloylmorpholine (4AM), 2-N-morpholinoethyl acrylate (MEA) and 
2-N-morpholinoethyl methacrylate (MEMA)) were synthesized by nitroxide 
mediated polymerization (NMP) and tested for aqueous thermo-responsiveness. 
MEA homopolymerizations and MEMA/9-(4-vinylbenzyl)-9H-carbazole (VBK) 
were controlled as evidenced by linear increases in number-average molecular 
weight, (M-n) over bar, versus conversion (X < 0.75) and relatively low 
polydispersities <(M-w)over bar>/(M-n) over bar, = 1.30 - 1.60. For MEMA/VBK 
copolymers, increases in copolymer (M-n) over bar, VBK content in the 
copolymer and polymer concentration in aqueous solution resulted in a decrease 
in the cloud point temperature, CPT (typically varied between 33.7 and 47.9 
degrees C). 2-(dimethylamino)ethyl methacrylate (DMAEMA)/4AM 
copolymerizations were controlled when initial 4AM molar composition f(4AM,0) > 
0.10; however, the resulting final copolymers exhibited a sharp and completely 
reversible CPT only when f(4AM,0) < 0.20. Poly(mEA) was water-soluble but was 
not thermo-responsive. (C) 2012 Elsevier Ltd. All rights reserved. 
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0.10; however, the resulting final copolymers exhibited a sharp and completely 
reversible CPT only when f(4AM,0) < 0.20. Poly(mEA) was water-soluble but was 
not thermo-responsive. (C) 2012 Elsevier Ltd. All rights reserved. 

 
Li, F. and R. J. Hill (2013). "Nanoparticle gel electrophoresis: Bare charged spheres in 
polyelectrolyte hydrogels." Journal of Colloid and Interface Science 394: 1-12. 
 Nanoparticle gel electrophoresis has recently emerged as an attractive means of 

separating and characterizing nanoparticles. Consequently, a theory that 
accounts for electroosmotic flow in the gel, and coupling of the nanoparticle and 
hydrogel electrostatics and hydrodynamics, is required, particularly for gels in 
which the mesh size is comparable to or smaller than the particle radii. Here, we 
present an electrokinetic model for charged, spherical colloidal particles 
undergoing electrophoresis in charged (polyelectrolyte) hydrogels: the 
gel-electrophoresis analogue of Henry's theory for electrophoresis in Newtonian 
electrolytes. We compare numerically exact solutions of the model with several 
independent asymptotic approximations, identifying regions in the parameter 
space where these approximations are accurate or break down. As previously 
assumed in the literature, Henry's formula, modified by the addition of a constant 
electroosmotic flow mobility, is accurate only for nanoparticles that are small 
compared to the hydrogel mesh size. We derived an exact analytical solution of 
the full model by judiciously modifying the theory of Allison et al. [15] for 
uncharged gels, drawing on the superposition methodology of Doane et al. [14] 
to account for hydrogel charge. This furnishes accurate and economical mobility 
predictions for the entire parameter space. The present model suggests that 
nanoparticle size separations (with diameters less than or similar to 40 nm) are 
optimal at low ionic strength, with a gel mesh size that is selected according to 
the particle charging mechanism. For weakly charged particles, optimal size 
separation is achieved when the Brinkman screening length is matched to the 
mean particle size. (C) 2012 Elsevier Inc. All rights reserved. 

 
Li, H. Q., M. M. Barsan, et al. (2012). "Low-temperature (293-60 K) Raman spectra of 
the crystalline tert-butylisocyanide complexes, Cr(CO)(5) (CNBu-t) and 
cis-Cr(CO)(4)(CNBu-t)(2)." Canadian Journal of Chemistry-Revue Canadienne De 
Chimie 90(1): 118-120. 
 Low-temperature (293-60 K) Raman spectra have been recorded in the 3500-50 

cm(-1) region for the crystalline tert-butylisocyanide (CNBu-t) complexes, 
Cr(CO)(5)(CNBu-t) (I) and cis-Cr(CO)(4)(CNBu-t)(2) (II). Several of the factor 
group splittings that are predicted for the nu(CO), nu(CN), nu(CrC), nu(CrCN) 
and delta(CrCO) modes on the basis of the P2(I)/a (C-2h(5)) (I) and Pccn 
(D-2h(10)) (II) crystallographic symmetries can be detected at very low 
temperatures. No phase transitions are observed for either complex throughout 
the temperature range investigated. 

 
Li, H. Y., S. Bergeron, et al. (2012). "Microarray-to-Microarray Transfer of Reagents by 
Snapping of Two Chips for Cross-Reactivity-Free Multiplex Immunoassays." Analytical 
Chemistry 84(11): 4776-4783. 



 Whereas microarray and microfluidic technologies have progressed on many 
fronts, servicing microchips with minute amounts of reagents still constitutes an 
important challenge for many applications. Recently, chip-to-chip reagent transfer 
methods were introduced that simplify the delivery of reagents but required 
manual, visual alignment, custom-built microwells, and only showed the reaction 
of a single sample with multiple chemicals. Here, we present the snap chip, 
which uses common glass slides for transfer, back-side alignment for achieving 
precise alignment in spite of mirroring, and a snap-apparatus for facile transfer of 
arrays of chemicals at once by snapping the two slides together. We recently 
established that cross-reactivity was a significant problem in multiplex assays 
both theoretically and experimentally and found that it can be eliminated by 
avoiding mixing, but which necessitates delivering each detection antibody to a 
single spot with the cognate capture antibody.(18) Using the snap chip, 
multiplexed sandwich immunoassays without mixing were performed: a slide with 
multiple arrays of 10 different capture antibodies was incubated with a sample, 
and then all detection antibodies transferred at once by snapping, each to the 
single cognate spot. All binding curves were established and limits of detection in 
the pg/mL range were obtained. Snap chips were stored up to 3 months prior to 
usage. The snap chip, by dissociating microarray production, which requires 
expensive equipment, from assay execution, which can be achieved using a 
hand-held alignment apparatus, will allow for multiplex reactions to be performed 
using a user-friendly kit. This new liquid handling format can be easily adapted to 
other applications that require transfer of minute amounts of different reagents in 
parallel. 

 
Li, H. Y., R. F. Leulmi, et al. (2011). "Hydrogel droplet microarrays with trapped 
antibody-functionalized beads for multiplexed protein analysis." Lab on a Chip 11(3): 
528-534. 
 Antibody microarrays are a powerful tool for rapid, multiplexed profiling of 

proteins. 3D microarray substrates have been developed to improve binding 
capacity, assay sensitivity, and mass transport, however, they often rely on 
photopolymers which are difficult to manufacture and have a small pore size that 
limits mass transport and demands long incubation time. Here, we present a 
novel 3D antibody microarray format based on the entrapment of 
antibody-coated microbeads within alginate droplets that were spotted onto a 
glass slide using an inkjet. Owing to the low concentration of alginate used, the 
gels were highly porous to proteins, and together with the 3D architecture helped 
enhance mass transport during the assays. The spotting parameters were 
optimized for the attachment of the alginate to the substrate. Beads with 0.2 mu 
m, 0.5 mmand 1 mu m diameter were tested and 1 mu m beads were selected 
based on their superior retention within the hydrogel. The beads were found to 
be distributed within the entire volume of the gel droplet using confocal 
microscopy. The assay time and the concentration of beads in the gels were 
investigated for maximal binding signal using one-step immunoassays. As a 
proof of concept, six proteins including cytokines (TNF alpha, IL-8 and 
MIP/CCL4), breast cancer biomarkers (CEA and HER2) and one cancer-related 



protein (ENG) were profiled in multiplex using sandwich assays down to pg 
mL(-1) concentrations with 1 h incubation without agitation in both buffer 
solutions and 10% serum. These results illustrate the potential of beads-in-gel 
microarrays for highly sensitive and multiplexed protein analysis. 

 
Liamini, M., H. Shahriar, et al. (2011). "Design Methodology for a Rankine Microturbine: 
Thermomechanical Analysis and Material Selection." Journal of Microelectromechanical 
Systems 20(1): 339-351. 
 The Rankine microturbine is a microelectromechanical system being developed 

for generating mechanical and electrical power from waste heat, such as from 
automobile exhaust gases. The design of this device faces the difficult 
challenges of creating structures rotating at high-speeds (1 000 000 r/min), 
sustaining large internal pressures (3 MPa) and temperature gradients (100 
degrees C/mm), and machining millimeter-sized components of ceramic or 
metallic materials with micrometer tolerances. Here, we report an integrated 
approach to guide the design of the Rankine microturbine by analyzing its 
performance and reliability. The primary performance metrics and design 
challenges were identified, and a modeling approach based on a combination of 
low-order analytical models and finite-element calculations was developed for 
thermal and structural analyses. The results of these models, along with their 
implications for the selection of size, shape, and materials, are presented. The 
need for materials with low thermal conductivity (10 W/m/K) for the rotor and 
sidewalls is highlighted, along with the expected levels of stresses and 
deformation and their impact on reliability. Viable device configurations and 
materials (silica, zirconia, and titanium alloys) are proposed for operation at 
elevated temperatures. The approach to the modeling used in this paper is 
expected to be of value for the preliminary design of other microsystems 
subjected to stringent mechanical and thermal loading. 

 
Lim, T. B., J. C. Polanyi, et al. (2011). "Surface-mediated chain reaction through 
dissociative attachment." Nature Chemistry 3(1): 85-89. 
 Chain reactions on a surface offer an important route to linear nanopatterning. 

We recently reported cooperative reactions on a silicon surface in which the 
reaction of one halogen atom with a silicon atom of a silicon dimer induced the 
halogenation of its neighbouring silicon atom through surface-mediated charge 
transfer. The reaction was unable to propagate further but here we describe how, 
by chemically bridging the gaps between the rows of these silicon dimers, this 
mechanism is able to form extended chains. The agents for chain growth are 
CH3Cl molecules that dissociatively attach CH3 groups and chlorine atoms to 
silicon atoms from different dimers. By means of charge transfer through the 
surface, this gives rise to dangling bonds adjacent to the CH3 groups and 
chlorine atoms (in effect, 'free radicals') that dissociate further incoming CH3Cl 
molecules, thereby providing the growing points for chains of indefinite length. 
This versatile mechanism of chain growth is examined in experiments and using 
ab initio theory. 

 



Liu, D. P., X. F. Han, et al. (2012). "Junction resistance, tunnel magnetoresistance ratio, 
and spin-transfer torque in Zn-doped magnetic tunnel junctions." Physical Review B 
85(24). 
 We report an extensive theoretical investigation of impurity doping and alloying 

effects to spin-polarized quantum tunneling in Fe/MgO/Fe magnetic tunneling 
junctions. We find that with proper impurity atoms, an optimal device 
characteristic regime can be established where the junction resistance R-J is 
nonlinearly quenched while the tunnel magnetoresistance ratio (TMR) is only 
linearly reduced. As a consequence, the spin transfer torque is significantly 
increased by a factor similar to the R-J reduction. We search for this optimal 
device regime using first-principles calculations by doping MgO with different 
impurity atoms. We predict that Zn has the desired property due to a 
well-balanced effect of producing gap states that mediate charge transport, thus 
quenching R-J, and producing relatively weak interchannel coupling to alleviate 
the detrimental diffusive scattering effect on the TMR. 

 
Liu, D. P., Y. Zhu, et al. (2011). Binding sites of water molecules on GaN (100) surface: 
DFT calculations. Solar Hydrogen and Nanotechnology Vi. Y. Tachibana. 8109. 
 Recently, preliminary experimental results of solar-to-hydrogen generation by 

wafer level InGaN nanowires were reported [Z. Mi et al. Nano Lett., 2011, 11 (6), 
pp 2353-2357]. In the present paper we report a theoretical investigation on the 
dissociation process of water molecules on wurtzite GaN (100) surface (M-Plane) 
using the density functional theory (DFT). We calculated the structure and 
energetic of the water adsorption, reaction barrier energies and pathway for 
water dissociation. The results suggest that the adsorption of H2O is more 
favorable near Gallium atoms than near Nitrogen atoms and we determined the 
likely binding sites of water molecules on GaN (100) surface. We also analyzed a 
model for hydrogen evolution reaction on GaN (100) that involves three steps, 
where a water molecule first dissociates into a hydrogen atom plus the OH 
group, followed by the dissociation of the hydroxyl group, and finally the two 
hydrogen atoms recombine to form molecular hydrogen. For these reactions, the 
atomic positions and the reaction barriers were determined. 

 
Liu, H. W., A. T. Ngo, et al. (2012). "Enhancing the Emissive Properties of 
Poly(p-phenylenevinylene)-Conjugated Polyelectrolyte-Coated SiO2 Nanoparticles." 
Journal of the American Chemical Society 134(3): 1648-1652. 
 Here we describe single-particle imaging studies conducted on the conjugated 

polyelecrolyte poly[5-methoxy-2-(3-sulfopropoxy)-1,4-phenylenevinylene] 
(MPS-PPV) supported on SiO2 nanoparticles. The particles are subjected to a 
time-programmed sequence involving addition and removal of different additives, 
including excited-triplet-state quenchers and scavengers of singlet oxygen as 
well as ground-state oxygen. Our studies show that these additives enhance the 
emission intensity and photostability of the nanoparticles and may further repair 
photodamaged conjugated polymer. The ability to monitor the emission from 
individual particles along multiple cycles under a range of conditions provides a 
mechanistic insight into the action of these additives. 



 
Livet, F. and M. Sutton (2012). "X-ray coherent scattering in metal physics." Comptes 
Rendus Physique 13(3): 227-236. 
 In a coherent x-ray scattering experiment, interference of the waves diffracted 

across the sample is observed. This gives a speckle pattern in the observed 
scattering intensity, whereas a standard experiment leads to diffuse intensity or 
to broadening of a Bragg peak. Speckles correspond to the disorder 
configuration of the irradiated volume and their dynamics provide microscopic 
information of the time evolution of the sample microstructure. After a brief 
description of the techniques used for the observation of speckles in an x-ray 
experiment, some examples of measured time dynamics are given. These 
concern reversible fluctuations and irreversible decomposition of unmixing or 
ordering alloys. A few experiments in defect imaging are described and the 
studies opened by free electron lasers are briefly discussed. (C) 2011 Academie 
des sciences. Published by Elsevier Masson SAS. All rights reserved. 

 
Lopez-Ayon, G. M., D. J. Oliver, et al. (2012). "Deconvolution of Calcium Fluorescent 
Indicator Signal from AFM Cantilever Reflection." Microscopy and Microanalysis 18(4): 
808-815. 
 Atomic force microscopy (AFM) can be combined with fluorescence microscopy 

to measure the changes in intracellular calcium levels (indicated by fluorescence 
of Ca2+ sensitive dye fluo-4) in response to mechanical stimulation performed by 
AFM. Mechanical stimulation using AFM is associated with cantilever movement, 
which may interfere with the fluorescence signal. The motion of the AFM 
cantilever with respect to the sample resulted in changes of the reflection of light 
back to the sample and a subsequent variation in the fluorescence intensity, 
which was not related to changes in intracellular Ca2+ levels. When global Ca2+ 
responses to a single stimulation were assessed, the interference of reflected 
light with the fluorescent signal was minimal. However, in experiments where 
local repetitive stimulations were performed, reflection artifacts, correlated with 
cantilever motion, represented a significant component of the fluorescent signal. 
We developed a protocol to correct the fluorescence traces for reflection artifacts, 
as well as photobleaching. An added benefit of our method is that the cantilever 
reflection in the fluorescence recordings can be used for precise temporal 
correlation of the AFM and fluorescence measurements. 

 
Lu, Y., J. Song, et al. (2011). "Surface dislocation nucleation mediated deformation and 
ultrahigh strength in sub-10-nm gold nanowires." Nano Research 4(12): 1261-1267. 
 The plastic deformation and the ultrahigh strength of metals at the nanoscale 

have been predicted to be controlled by surface dislocation nucleation. In situ 
quantitative tensile tests on individual aOE (c) 111 > single crystalline ultrathin 
gold nanowires have been performed and significant load drops observed in 
stress-strain curves suggest the occurrence of such dislocation nucleation. 
High-resolution transmission electron microscopy (HRTEM) imaging and 
molecular dynamics simulations demonstrated that plastic deformation was 
indeed initiated and dominated by surface dislocation nucleation, mediating 



ultrahigh yield and fracture strength in sub-10-nm gold nanowires. 
 
Luo, W., M. Pla-Roca, et al. (2011). "Taguchi Design-Based Optimization of Sandwich 
Immunoassay Microarrays for Detecting Breast Cancer Biomarkers." Analytical 
Chemistry 83(14): 5767-5774. 
 Taguchi design, a statistics-based design of experiment method, is widely used 

for optimization of products and complex production processes in many different 
industries. However, its use for antibody microarray optimization has remained 
underappreciated. Here, we provide a brief explanation of Taguchi design and 
present its use for the optimization of antibody sandwich immunoassay 
microarray with five breast cancer biomarkers: CA15-3, CEA, HER2, MMP9, and 
uPA. Two successive optimization rounds with each 16 experimental trials were 
performed. We tested three factors (capture antibody, detection antibody, and 
analyte) at four different levels (concentrations) in the first round and seven 
factors (including buffer solution, streptavidin-Cy5 dye conjugate concentration, 
and incubation times for five assay steps) with two levels each in the second 
round; five two-factor interactions between selected pairs of factors were also 
tested. The optimal levels for each factor as measured by net assay signal 
increase were determined graphically, and the significance of each factor was 
analyzed statistically. The concentration of capture antibody, streptavidin-Cy5, 
and buffer composition were identified as the most significant factors for all 
assays; analyte incubation time and detection antibody concentration were 
significant only for MMP9 and CA15-3, respectively. Interactions between pairs of 
factors were identified, but were less influential compared with single factor 
effects. After Taguchi optimization, the assay sensitivity was improved between 7 
and 68 times, depending on the analyte, reaching 640 fg/mL for uPA, and the 
maximal signal intensity increased between 1.8 and 3 times. These results 
suggest that Taguchi design is an efficient and useful approach for the rapid 
optimization of antibody micro arrays. 

 
Luska, K. L. and A. Moores (2011). "Improved Stability and Catalytic Activity of 
Palladium Nanoparticle Catalysts using Phosphine-Functionalized Imidazolium Ionic 
Liquids." Advanced Synthesis & Catalysis 353(17): 3167-3177. 
 Palladium nanoparticles (Pd NPs) stabilized by 6 different 

phosphine-functionalized ionic liquids (PFILs) were synthesized in 
imidazolium-based ionic liquids (ILs) using H-2(g) (4 bar) as a reductant. 
Characterization showed well-dispersed particles of similar to 3 nm (TEM) and 
confirmed the PFIL stabilization of the NPs (XPS). The PFILs were composed of 
an imidazolium functionality separated from the phosphine group by a propyl or 
undecyl chain. The counter anions for both FILs and IL solvents were chosen 
from N-bis(trifluoromethanesulfonyl) imide (Tf2N-), trifluoromethanesulfonate 
(TfO-) or hexafluorophosphate (PF6-). Colloidal suspensions of the Pd NPs were 
employed as biphasic hydrogenation catalysts for the reduction of the olefinic 
bond in styrene under mild conditions (50 degrees C, 4 bar H-2(g), 1.5 h). The 
PFIL-stabilized Pd NPs were effective hydrogenation catalysts and showed 
superior activity and recyclability over NPs synthesized in the absence of PFILs. 



Poisoning tests of the Pd NP catalysts and characterization of the electronic 
properties of the phosphine were also performed. 

 
Luska, K. L. and A. Moores (2012). "Functionalized Ionic Liquids for the Synthesis of 
Metal Nanoparticles and their Application in Catalysis." Chemcatchem 4(10): 
1534-1546. 
 Colloidal suspensions of metal nanoparticles (NPs) in non-functionalized ionic 

liquids (ILs) are active catalysts for a wide variety of organic transformations. The 
weak ionic interaction between the IL and the metal surface provides a bare 
particle with a high concentration of active metal sites. However, the long-term 
stabilities can be affected as the IL cannot provide sufficient stabilization and 
aggregation of the NPs under catalytic conditions limits the reuse of NP:IL 
catalysts. ILs functionalized with a metal-binding moiety (FILs) can alleviate this 
agglomeration problem and provide catalysts with improved activities and 
recyclabilities. The enhanced stability is provided by the covalent attachment of 
the stabilizer to the metal surface, which holds the electrostatic stabilizing IL 
headgroup at the outer ligand sphere of the NP. FILs have been used in the 
synthesis of NPs as soluble ligands in aqueous, organic or IL solution, as neat 
solvents, as anchors to immobilize NPs onto a solid support and incorporated 
into polymeric stabilizers. This Minireview discusses the synthesis and 
application of NP:FIL systems, with an emphasis on catalysis. 

 
Luska, K. L. and A. Moores (2012). "Rational size control of gold nanoparticles 
employing an organometallic precursor Au-C C-t-Bu (4) and tunable 
thiolate-functionalized ionic liquids in organic medium." Canadian Journal of 
Chemistry-Revue Canadienne De Chimie 90(1): 145-152. 
 Gold nanoparticles (Au NPs) stabilized with six different thiolate-functionalized 

ionic liquids (TFILs) were synthesized in an organic solvent. The size and optical 
properties of the TFIL-stabilized Au NPs can be rationally controlled by altering 
the N-alkyl chain length and (or) the counteranion of the TFIL-stabilizing ligand. 
Au NPs were prepared from the reduction of a gold precursor (HAuCl4 or [Au-C 
C-t-Bu](4)) employing NaBH4 in the presence of the different disulfide 
precursors. A model, based on Israelachvili theory, is proposed to account for the 
dependence of NP size on the N-alkyl chain length and the counteranion of the 
surfactantlike TFIL stabilizers. 

 
Luska, K. L. and A. Moores (2012). "Ruthenium nanoparticle catalysts stabilized in 
phosphonium and imidazolium ionic liquids: dependence of catalyst stability and activity 
on the ionicity of the ionic liquid." Green Chemistry 14(6): 1736-1742. 
 Ruthenium nanoparticles (Ru NPs) were synthesized from the reduction of 

Ru(2-methylallyl)(2)(cod) under an atmosphere of H-2(g) in a series of 
phosphonium and imidazolium ionic liquids (ILs): [P-4,P-4,P-4,P-1]NTf2, 
[P-4,P-4,P-4,P-8]NTf2, [P-4,P-4,P-4,P-14]X (for X- = -NTf2, -OTf, -PF6), 
[BMI]NTf2 and [BDMI]NTf2. The Ru NPs embedded in each of these ILs were 
used as biphasic hydrogenation catalysts for the reduction of cyclohexene. The 
properties of the NPs, in terms of NP stability and catalytic activity, were 



dependent on the nature of the IL and these differences were rationalized 
through a Walden plot analysis of the IL ionicity. This analysis supports the idea 
that the formation of ion associations, in terms of ion-pairs or supramolecular 
aggregates, plays a key role in IL stabilization of metal NPs. A correlation 
between this stabilization mechanism and the NP stability and catalytic activity is 
hypothesized. 

 
Maassen, J. and H. Guo (2012). "Suppressing Leakage by Localized Doping in Si 
Nanotransistor Channels." Physical Review Letters 109(26). 
 By first principles atomistic analysis we demonstrate how controlled localized 

doping distributions in nanoscale Si transistors can suppress leakage currents. 
We consider dopants (B and P atoms) to be randomly confined to a approximate 
to 1 nmwidth doping region in the channel. If this region is located away from the 
electrodes, roughly 20% of the channel length L, the tunneling leakage is 
reduced 2x compared to the case of uniform doping and shows little variation. 
Oppositely, we find the leakage current increases by orders of magnitude and 
may result in large device variability. We calculate the maximum and minimum 
conductance ratio that characterizes the tunnel leakage for various values of L. 
We conclude that doping engineering provides a possible approach to resolve 
the critical issue of leakage current in nanotransistors. DOI: 
10.1103/PhysRevLett.109.266803 

 
Maassen, J., W. Ji, et al. (2011). "Graphene Spintronics: The Role of Ferromagnetic 
Electrodes." Nano Letters 11(1): 151-155. 
 We report a first principles study of spin transport under finite bias through a 

graphene-ferromagnet (FM) interface, where FM = Co(111), Ni(111). The use of 
Co and Ni electrodes achieves spin efficiencies reaching 80% and 60%, 
respectively. This large spin filtering results from the materials specific interaction 
between graphene and the FM which destroys the linear dispersion relation of 
the graphene bands and leads to an opening of spin-dependent energy gaps of 
approximate to 0.4-0.5 eV at the K points. The minority spin band gap resides 
higher in energy than the majority spin band gap located near E-F, a feature that 
results in large minority spin dominated currents. 

 
Mai, Y. Y. and A. Eisenberg (2011). "Controlled Incorporation of Particles into the 
Central Portion of Block Copolymer Rods and Micelles." Macromolecules 44(8): 
3179-3183. 
 The controlled incorporation of preformed gold nanoparticles (AuNPs) into only 

the central portion of polystyrene(190)-block-poly(acrylic acid)(20) 
(PS(190)-b-PAA(20)) block copolymer rods and micelles is described in this note. 
The strategy involves the formation of the rods or micelles in solution in the 
presence of AuNPs coated with PS(270)-b-PAA(15) diblock copolymer. 
Statistical analysis shows that about 80% of the AuNPs are incorporated into the 
central ca. 4 vol % portion of the rods. The method does not require the block 
copolymers to bind, solvate, or otherwise interact during preparation. with the 
ions of the metal involved, nor does it involve postassembly chemical reactions 



within the aggregates, and is thus suitable for a wide range of particles and block 
copolymer systems. 

 
Mai, Y. Y. and A. Eisenberg (2012). "Selective Localization of Preformed Nanoparticles 
in Morphologically Controllable Block Copolymer Aggregates in Solution." Accounts of 
Chemical Research 45(10): 1657-1666. 
 The development of nanodevices currently requires the formation of 

morphologically controlled or highly ordered arrays of metal, semiconducting, or 
magnetic nanoparticles. In this context, polymer self-assembly provides a 
powerful bottom-up approach for constructing these materials. The self-assembly 
of block copolymers (BCPs) in solution Is a facile and popular method for the 
preparation of aggregates of controllable morphologies, including spherical 
micelles, cylindrical micelles, vesicles (or polymersomes), thin films, and other 
complex structures that range from zero to three dimensions. Researchers can 
generally control the morphology of the aggregates by varying copolymer 
composition or environmental parameters, including the copolymer 
concentration, the common solvent, the content of the precipitant, or the 
presence of additives such as ions, among others. For example, as the content 
of the hydrophilic block in amphiphilic copolymers decreases, the aggregates 
formed from the copolymers can change from spherical micelles to cylindrical 
micelles and to vesicles. The aggregates of various morphologies provide 
excellent templates for the organization of the nanoparticles. The presence of 
various domains, such as cores, interfaces, and coronas, in BCP aggregates 
allows for selective localization of nanoparticles In different regions, which may 
critically affect the resulting properties and applications of the nanoparticles. For 
example, the incorporation of quantum dots (QDs) into micelle cores solves 
many problems encountered In the utilization of QDs in biological environments, 
Including enhancement of water solubility, aggregation prevention, Increases in 
circulation or retention time, and toxicity clearance. Simultaneously It preserves 
the unique optical performance of QDs compared with those of organic 
fluorophores, such as size-tunable light emission, improved signal brightness, 
resistance against photobleaching and simultaneous excitation of multiple 
fluorescence colors. Therefore, many studies have focused on the selective 
localization of nanoparticles in BCP aggregates. This Account describes the 
selective localization of preformed spherical nanoparticles Indifferent domains of 
BCP aggregates of controllable morphologies in solution, including spherical 
micelles, cylindrical micelles, and vesicles. These structures offer many potential 
applications In biotechnology, biomedicine, catalysis, etc. We also introduce 
other types of control, including interparticle spacing, particle number density, or 
aggregate size control. We highlight examples in which the surface coating, 
volume fraction, or size of the particles was tailored to precisely control 
incorporation. These examples build on the thermodynamic considerations of 
particle polymer Interactions, such as hydrophobic interactions, hydrogen 
bonding, electrostatic interactions, and ligand replacement, among others. 

 
Mai, Y. Y. and A. Eisenberg (2012). "Self-assembly of block copolymers." Chemical 



Society Reviews 41(18): 5969-5985. 
 Block copolymer (BCP) self-assembly has attracted considerable attention for 

many decades because it can yield ordered structures in a wide range of 
morphologies, including spheres, cylinders, bicontinuous structures, lamellae, 
vesicles, and many other complex or hierarchical assemblies. These aggregates 
provide potential or practical applications in many fields. The present tutorial 
review introduces the primary principles of BCP self-assembly in bulk and in 
solution, by describing experiments, theories, accessible morphologies and 
morphological transitions, factors affecting the morphology, thermodynamics and 
kinetics, among others. As one specific example at a more advanced level, BCP 
vesicles (polymersomes) and their potential applications are discussed in some 
detail. 

 
Malhotra, M. and S. Prakash (2011). "Targeted Drug Delivery Across 
Blood-Brain-Barrier Using Cell Penetrating Peptides Tagged Nanoparticles." Current 
Nanoscience 7(1): 81-93. 
 In the field of biomedical sciences, nanotechnology has emerged as a novel 

approach to design and develop drug delivery carriers (i.e. nanoparticles). The 
inspiration of nanoparticles as delivery vehicles for drugs or genes arose from the 
concept of viral mediated delivery. Researchers envied the enhanced transport 
efficiency of viruses but required a delivery method that did not incorporate the 
virus-induced pathological, immunological and oncological side-effects. Thus, 
bio-mimicked nanoparticles were prepared from synthetic polymers for efficient 
delivery of therapeutic molecules. However, biotherapeutics delivery across 
blood-brain-barrier is still a challenging task due to the inherent neuroprotective 
mechanism of the human brain. Recent studies suggest that cationic cell 
penetrating peptides can be used in designing targeted nanoparticles. This 
review describes the anatomical and physiological barriers of the brain with their 
special features and limitations for drug delivery and role of cationic cell 
penetrating peptides in designing nanoparticles for targeted biotherapeutics 
delivery to the brain. It emphasises the use of polymeric nanoparticles and their 
characteristics with respect to size, surface tolerability and multifunctionality. 
These properties aid them to cross the biological barriers of the brain. The 
multifunctionality of nanoparticles has been further explored with the application 
of cell penetrating peptides conjugated with nanoparticles for delivery at 
specialized location. The utilization of peptides on nanoparticles has encouraged 
and facilitated the approach of using non-invasive techniques not only to deliver 
drugs but also genes and proteins with minimal side-effects and toxicity when 
compared to conventional invasive techniques of therapeutic delivery to the 
brain. This technology has shown to be promising as a possible treatment 
method for a number of neurological disorders in both in vitro and in vivo models. 

 
Malic, L., M. G. Sandros, et al. (2011). "Designed Biointerface Using Near-Infrared 
Quantum Dots for Ultrasensitive Surface Plasmon Resonance Imaging Biosensors." 
Analytical Chemistry 83(13): 5222-5229. 
 The surface plasmon resonance imaging chip biointerface is fully designed using 



near-infrared (NIR) quantum dots (QDs) for the enhancement of surface plasmon 
resonance imaging (SPRi) signals in order to extend their application for medical 
diagnostics. The measured SPRi detection signal following the QD binding to the 
surface was amplified 25-fold for a 1 nM concentration of single-stranded DNA 
(ssDNA) and 50-fold for a 1 mu g/mL concentration of prostate-specific antigen 
(PSA), a cancer biomarker, thus substantiating their wide potential to study 
interactions of a diverse set of small biomolecules. This significant enhancement 
is attributed to the QD's mass-loading effect and spontaneous emission coupling 
with propagating surface plasmons, which allowed the SPRi limit of detection to 
be reduced to 100 fM and 100 pg/mL for ssDNA and PSA, respectively. 
Furthermore, this study illustrates the potential of SPRi to be easily integrated 
with fluorescent imaging for advanced correlative surface-interaction analysis. 

 
Malic, L., T. Veres, et al. (2011). "Nanostructured digital microfluidics for enhanced 
surface plasmon resonance imaging." Biosensors & Bioelectronics 26(5): 2053-2059. 
 The advances in genomics and proteomics have unveiled an exhaustive 

catalogue of biomarkers that can potentially be used as diagnostic and 
prognostic indicators of genetic and infectious diseases. Current thrust in 
biosensor development is towards rapid, real-time, label-free and highly sensitive 
detection of the indicative biomarkers. While surface plasmon resonance imaging 
(SPRi) biosensors could potentially be the best suited candidate for 
biomarker-based diagnosis, important milestones need to be reached. 
Commercially available SPRi instrumentation is currently limited by the flow-cell 
technology to serial-sample processing and has limited sensitivity for the 
detection of markers present at low concentration. In this paper, we have 
implemented an approach to enhance sample handling and increase the 
sensitivity of the SPRi detection technique. We have developed a digital 
microfluidic platform with an integrated nanostructured biosensor interface that 
allows for rapid, ultra-low volume, sensitive, and automated on-chip SPRi 
detection of DNA hybridization reactions. Through the exploitation of 
electromagnetic properties of nanofabricated periodic gold nanoposts, SPRi 
signal was increased by 200% with the estimated limit of detection of 500 pM (90 
attomoles). Using the versatile fluidic manipulation provided by the digital 
microfluidics, rapid and parallel target identification was achieved on multiple 
array elements within 1 min using 180 nL sample volume. By delivering multiple 
target analytes in individually address-able low volume droplets, without external 
pumps and fluidic interconnects, the overall assay time, cost and complexity was 
reduced. The proposed platform allows extreme versatility in the manipulation of 
precious low volume samples which makes this technology very suitable for 
diagnostic applications. (C) 2010 Elsevier B.V. All rights reserved. 

 
Manfredi, L., R. J. Hill, et al. (2011). "Bridging flocculation of PEI-functionalized latex 
particles using nanocrystalline cellulose." Journal of Colloid and Interface Science 
360(1): 117-123. 
 Polystyrene microspheres were functionalized by covalent binding of 250 kDa 

linear PEI and ethanolamine, acting as a blocking agent, through bioconjugation 



with EDAC. The functionalized spheres were found to become less susceptible to 
salt-induced flocculation due to electrosteric stability, caused by the PEI chains at 
low NaCl concentrations, and at high salt concentration, by steric repulsion by 
the ethanolamine layer, which in combination with van der Waals attraction 
results in a shallow energy minimum and the formation of a few unstable 
aggregates. The latex aggregated in the presence of nanocrystalline cellulose 
(NCC) with varying efficiencies, depending on the ratio of NCC to latex particles 
in solution. Polyelectrolyte titration showed that each latex sphere contained 
about 15 grafted PEI chains. The fastest aggregation was detected when about 
half of these chains were covered by a single NCC particle. (C) 2011 Elsevier 
Inc. All rights reserved. 

 
Marelli, B., C. E. Ghezzi, et al. (2011). "Collagen gel fibrillar density dictates the extent 
of mineralization in vitro." Soft Matter 7(21): 9898-9907. 
 Current in vitro models have provided insights into collagen mineralization. 

However, the role of the collagen fibrillar framework in the formation of 
carbonated hydroxylapatite (CHA) has not been clarified due to difficulties in 
processing biomimetic fibrillar collagen gels with tailored properties. In this work, 
reconstituted collagen gels underwent various degrees of plastic compression 
(PC) to produce sheets, rolls and strips of controlled collagen fibrillar densities 
(CFDs, 0.2, 3.5, 14.1 weight%). Increasing levels of PC corresponded with a 
decrease in the thickness of the gels and their roughness, indicating a more 
compacted nano-fibrillar structure. Immersion in simulated body fluid resulted in 
the bulk mineralization of the various matrices. Increased CFD was positively 
correlated with the extent of CHA formation in the gels and with the volume 
fraction of mineralized fibrils. Tensile mechanical testing demonstrated that the 
apparent modulus and ultimate tensile strength of the gels increased with CFD 
and mineralization extent. Exposing collagen gels to cationic and anionic dye 
solutions indicated that an increase in CFD also corresponded with an increase 
in the extent and concentration of dyes bound to the collagenous framework. The 
results suggested that the increase in CFD altered gel electrostatic properties 
and generated a microenvironment more favorable to crystal formation. 

 
Maric, M. (2011). "New avenues to polymeric materials by nitroxide mediated 
polymerization." Abstracts of Papers of the American Chemical Society 242. 
  
Maric, M. (2011). "New avenues to polymeric materials by nitroxide mediated 
polymerization." Abstracts of Papers of the American Chemical Society 242. 
  
Maric, M. and V. Consolante (2013). "Versatility of a succinimidyl-ester functional 
alkoxyamine for controlling acrylonitrile copolymerizations." Journal of Applied Polymer 
Science 127(5): 3645-3656. 
 Styrene/acrylonitrile (S/AN) and tert-butyl methacrylate/acrylonitrile (tBMA/AN) 

copolymers were synthesized in a controlled manner (low polydispersity (M) over 
bar (w)/(M) over bar (n) with linear growth of number average molecular weight 
(M) over bar (n) vs. conversion X) by nitroxide mediated polymerization (NMP) 



with a succinimidyl ester (NHS) terminated form of BlocBuilder unimolecular 
initiator (NHS-BlocBuilder) in dioxane solution. No additional free nitroxide (SGI) 
was required to control the tBMA-rich copolymerizations with NHS-BlocBuilder, a 
feature previously required for methacrylate polymerizations with BlocBuilder 
initiators. Copolymers from S/AN mixtures (AN molar initial fractions f(AN,0) = 
0.13-0.86, T = 115 degrees C) had (M) over bar (w)/(M) over bar (n) = 1.14-1.26 
and linear (M) over bar (n) versus conversion X up to X approximate to 0.6. 
tBMA/AN copolymers (f(AN,0) = 0.10-0.81, T = 90 degrees C) possessed slightly 
broader molecular weight distributions ((M) over bar (w)/(M) over bar (n) = 
1.23-1.50), particularly as the initial composition became richer in tBMA, but still 
exhibited linear plots of (M) over bar (n) versus conversion X up to X approximate 
to 0.6. A S/AN/tBMA terpolymerization (f(AN,0) = 0.50, f(S,0) = 0.40) was also 
conducted at 90 degrees C and revealed excellent control with (M) over bar (n) = 
13.6 kg/mol, (M) over bar (w)/(M) over bar (n) = 1.19, and linear (M) over bar (n) 
versus conversion X up to X = 0.54. Incorporation of AN and tBMA in the final 
copolymer (molar composition F-AN = 0.47, F-tBMA = 0.11) was similar to the 
initial composition and represents initial designs to make tailored, acid functional 
AN copolymers by NMP for barrier materials. (C) 2012 Wiley Periodicals, Inc. J. 
Appl. Polym. Sci. 127: 3645-3656, 2013 

 
Maric, M. and V. Consolante (2013). "Versatility of a succinimidyl-ester functional 
alkoxyamine for controlling acrylonitrile copolymerizations." Journal of Applied Polymer 
Science 127(5): 3645-3656. 
 Styrene/acrylonitrile (S/AN) and tert-butyl methacrylate/acrylonitrile (tBMA/AN) 

copolymers were synthesized in a controlled manner (low polydispersity (M) over 
bar (w)/(M) over bar (n) with linear growth of number average molecular weight 
(M) over bar (n) vs. conversion X) by nitroxide mediated polymerization (NMP) 
with a succinimidyl ester (NHS) terminated form of BlocBuilder unimolecular 
initiator (NHS-BlocBuilder) in dioxane solution. No additional free nitroxide (SGI) 
was required to control the tBMA-rich copolymerizations with NHS-BlocBuilder, a 
feature previously required for methacrylate polymerizations with BlocBuilder 
initiators. Copolymers from S/AN mixtures (AN molar initial fractions f(AN,0) = 
0.13-0.86, T = 115 degrees C) had (M) over bar (w)/(M) over bar (n) = 1.14-1.26 
and linear (M) over bar (n) versus conversion X up to X approximate to 0.6. 
tBMA/AN copolymers (f(AN,0) = 0.10-0.81, T = 90 degrees C) possessed slightly 
broader molecular weight distributions ((M) over bar (w)/(M) over bar (n) = 
1.23-1.50), particularly as the initial composition became richer in tBMA, but still 
exhibited linear plots of (M) over bar (n) versus conversion X up to X approximate 
to 0.6. A S/AN/tBMA terpolymerization (f(AN,0) = 0.50, f(S,0) = 0.40) was also 
conducted at 90 degrees C and revealed excellent control with (M) over bar (n) = 
13.6 kg/mol, (M) over bar (w)/(M) over bar (n) = 1.19, and linear (M) over bar (n) 
versus conversion X up to X = 0.54. Incorporation of AN and tBMA in the final 
copolymer (molar composition F-AN = 0.47, F-tBMA = 0.11) was similar to the 
initial composition and represents initial designs to make tailored, acid functional 
AN copolymers by NMP for barrier materials. (C) 2012 Wiley Periodicals, Inc. J. 
Appl. Polym. Sci. 127: 3645-3656, 2013 



 
Maric, M., B. H. Lessard, et al. (2011). "Incorporating primary amine pendant groups 
into copolymers via nitroxide mediated polymerization." Reactive & Functional Polymers 
71(12): 1137-1147. 
 Primary amine incorporation as pendant groups on copolymers was studied via 

nitroxide mediated polymerization (NMP) using the BlocBuilder family of 
unimolecular initiators. When using the neat BlocBuilder initiator, a protected 
amine monomer, N-(t-BOC-aminopropyl)methacrylamide (tBOC-MAm), was 
copolymerized with styrene (ST) at 110 degrees C or terpolymerized with ST and 
methyl methacrylate (MMA) at 90 degrees C. When copolymerized with ST, 
tBOC-MAm incorporation into copolymers was low compared to the feed 
composition, despite good control of the molecular weight distribution 
(polydispersity (M) over bar (w)/(M) over bar (n) = 1.25-1.34). 
tBOC-MAm/MMA/ST terpolymerizations indicated better tBOC-MAm 
incorporation but high (M) over bar (w)/(M) over bar (n) similar to 1.5-1.6 and 
poor "living character" (loss of linear number average molecular weight M. versus 
monomer conversion X relationship at X > 0.3 and poor ability to re-initiate a 
second batch of monomer). In contrast, using a protected form of BlocBuilder 
attached to oligomeric ST or MMA/ST-based macroinitiators, feed compositions 
f(AST,0) containing 4-aminostyrene (AST) non-protected monomer up to 0.10, 
resulted in good primary amine incorporation and linear M(n) versus X up to X = 
0.4. Higher f(AST,0) resulted in side-reactions and poorer control of the 
polymerization process. Thus, for the two primary amine monomers studied, in 
protected or non-protected forms, controlled polymerizations with good 
incorporation of amine-containing monomer are more readily approached when 
using AST in conjunction with a protected BlocBuilder-terminated oligomeric 
initiator, provided the AST feed composition is not excessively high. (C) 2011 
Elsevier Ltd. All rights reserved. 

 
Maric, M., B. H. Lessard, et al. (2011). "Incorporating primary amine pendant groups 
into copolymers via nitroxide mediated polymerization." Reactive & Functional Polymers 
71(12): 1137-1147. 
 Primary amine incorporation as pendant groups on copolymers was studied via 

nitroxide mediated polymerization (NMP) using the BlocBuilder family of 
unimolecular initiators. When using the neat BlocBuilder initiator, a protected 
amine monomer, N-(t-BOC-aminopropyl)methacrylamide (tBOC-MAm), was 
copolymerized with styrene (ST) at 110 degrees C or terpolymerized with ST and 
methyl methacrylate (MMA) at 90 degrees C. When copolymerized with ST, 
tBOC-MAm incorporation into copolymers was low compared to the feed 
composition, despite good control of the molecular weight distribution 
(polydispersity (M) over bar (w)/(M) over bar (n) = 1.25-1.34). 
tBOC-MAm/MMA/ST terpolymerizations indicated better tBOC-MAm 
incorporation but high (M) over bar (w)/(M) over bar (n) similar to 1.5-1.6 and 
poor "living character" (loss of linear number average molecular weight M. versus 
monomer conversion X relationship at X > 0.3 and poor ability to re-initiate a 
second batch of monomer). In contrast, using a protected form of BlocBuilder 



attached to oligomeric ST or MMA/ST-based macroinitiators, feed compositions 
f(AST,0) containing 4-aminostyrene (AST) non-protected monomer up to 0.10, 
resulted in good primary amine incorporation and linear M(n) versus X up to X = 
0.4. Higher f(AST,0) resulted in side-reactions and poorer control of the 
polymerization process. Thus, for the two primary amine monomers studied, in 
protected or non-protected forms, controlled polymerizations with good 
incorporation of amine-containing monomer are more readily approached when 
using AST in conjunction with a protected BlocBuilder-terminated oligomeric 
initiator, provided the AST feed composition is not excessively high. (C) 2011 
Elsevier Ltd. All rights reserved. 

 
Martinez-Rubi, Y., J. M. Gonzalez-Dominguez, et al. (2012). "Tailored SWCNT 
functionalization optimized for compatibility with epoxy matrices." Nanotechnology 
23(28). 
 We have modified single walled carbon nanotubes (SWCNTs) with well defined 

matrix-based architectures to improve interface interaction in SWCNT/epoxy 
composites. The hardener and two pre-synthesized oligomers containing epoxy 
and hardener moieties were covalently attached to the SWCNT walls by in situ 
diazonium or carboxylic coupling reactions. In this way, SWCNTs bearing amine 
or epoxide-terminated fragments of different molecular weights, which resemble 
the chemical structure of the cured resin, were synthesized. A combination of 
characterization techniques such as Raman and infrared absorption (FTIR) 
spectroscopy, elemental analysis and coupled thermogravimetry-FTIR 
spectroscopy were used to identify both the functional groups and degree of 
functionalization of SWCNTs synthesized by the laser ablation and arc-discharge 
methods. Depending on the type of reaction employed for the chemical 
functionalization and the molecular weight of the attached fragment, it was 
possible to control the degree of functionalization and the electronic properties of 
the functionalized SWCNTs. Improved dispersion of SWCNTs in the epoxy 
matrix was achieved by direct integration without using solvents, as observed 
from optical microscopy and rheology measurements of the SWCNT/epoxy 
mixtures. Composite materials using these fillers are expected to exhibit 
improved properties while preserving the thermosetting architecture. 

 
McKee, M. D., C. E. Pedraza, et al. (2011). "Osteopontin and Wound Healing in Bone." 
Cells Tissues Organs 194(2-4): 313-319. 
 Bone wound healing after surgical drilling/cutting initially involves a typical 

inflammatory response with a leukocyte-rich cell infiltrate whose professional 
phagocytes (neutrophils and macrophages) clear the wound site of various 
bacterial (if present), particulate, and insoluble components arising from the 
original wounding event. As part of this process, in a surgical model of bone 
repair in rats, osteopontin (OPN) secreted by macrophages - with its known 
mineral-binding properties arising from abundant calcium-binding 
phosphorylations and overall net negative charge - binds to the newly exposed 
mineralized surfaces of particulate bone debris and the osseous wound margins 
created by the drilling, as shown by high-resolution immunogold labeling and 



transmission electron microscopy. For bone debris powder, OPN serves as an 
opsonin for clearance by macrophage phagocytosis, as demonstrated in vitro by 
phagocytosis assays using cultured J774.A1 murine macrophages and 
OPN-coated microbeads. Macrophage-secreted OPN binding to the bone wound 
margins contributes to cement line (plane) formation with subsequent OPN 
additions to the cement line coming from osteoblast lineage cells arriving at this 
site to effect bone repair upon further osteoblast differentiation, and extracellular 
matrix deposition and mineralization. Such interfacial OPN is thought to 
contribute to the cell adhesion, cell signaling, and matrix mineralization events 
required to effectively integrate the new bone into the preexisting bone at the 
margins of the drill site. Copyright (C) 2011 S. Karger AG, Basel 

 
McLaughlin, C. K., G. D. Hamblin, et al. (2011). "Supramolecular DNA assembly." 
Chemical Society Reviews 40(12): 5647-5656. 
 The powerful self-assembly features of DNA make it a unique template to finely 

organize and control matter on the nanometre scale. While DNA alone offers a 
high degree of fidelity in its self-assembly, a new area of research termed 
'supramolecular DNA assembly' has recently emerged. This field combines DNA 
building blocks with synthetic organic, inorganic and polymeric structures. It thus 
brings together the toolbox of supramolecular chemistry with the predictable and 
programmable nature of DNA. The result of this molecular partnership is a variety 
of hybrid architectures, that expand DNA assembly beyond the boundaries of 
Watson-Crick base pairing into new structural and functional properties. In this 
tutorial review we outline this emerging field of study, and describe recent 
research aiming to synergistically combine the properties inherent to DNA with 
those of a number of supramolecular scaffolds. This ultimately creates structures 
with numerous potential applications in materials science, catalysis and 
medicine. 

 
Mekhail, M., G. Almazan, et al. (2012). "Oligodendrocyte-protection and remyelination 
post-spinal cord injuries: A review." Progress in Neurobiology 96(3): 322-339. 
 In the past four decades, the main focus of investigators in the field of spinal cord 

regeneration has been to devise therapeutic measures that enhance neural 
regeneration. More recently, emphasis has been placed on enhancing 
remyelination and providing oligodendrocyte-protection after a spinal cord injury 
(SCI). Demyelination post-SCI is part of the cascading secondary injury that 
takes place immediately after the primary insult; therefore, therapeutic measures 
are needed to reduce oligodendrocyte death and/or enhance remyelination 
during the acute stage, preserving neurological functions that would be lost 
otherwise. In this review a thorough investigation of the 
oligodendrocyte-protective and remyelinative molecular therapies available to 
date is provided. The advent of new biomaterials shown to promote remyelination 
post-SCI is discussed mainly in the context of a combinatorial approach where 
the biomaterial also provides drug delivery capabilities. The aim of these 
molecular and biomaterial-based therapies is twofold: (1) 
oligodendrocyte-protective therapy, which involves protecting already existing 



oligodendrocytes from undergoing apoptosis/necrosis; and (2) inductive 
remyelination, which involves harnessing the remyelinative capabilities of 
endogenous oligodendrocyte precursor cells (OPCs) at the lesion site by 
providing a suitable environment for their migration, survival, proliferation and 
differentiation. From the evidence reported in the literature, we conclude that the 
use of a combinatorial approach including biomaterials and molecular therapies 
would provide advantages such as: (1) sustained release of the therapeutic 
molecule, (2) local delivery at the lesion site, and (3) an environment at the site of 
injury that promotes OPC migration, differentiation and remyelination. (C) 2012 
Elsevier Ltd. All rights reserved. 

 
Mercier, D., B. D. Gauntt, et al. (2011). "Thermal stability and oxidation behavior of 
nanostructured NiCoCrAlY coatings." Surface & Coatings Technology 205(17-18): 
4162-4168. 
 In this work, commercially available NiCoCrAlY powder was cryomilled to 

produce a nanostructured feedstock for HVOF coating. The nanostructured 
powders were heat treated for 1 h at different temperatures to evaluate their 
thermal stability. The grain size increased to 63 nm after 1 h heat treatment at 
700 degrees C, while it increased to 251 nm after the same heat treatment at 900 
degrees C. Oxidation experiments were performed for 48 h at 1000 degrees C on 
a stand-alone coating obtained by thermal spraying of the nanostructured 
feedstock using the HVOF process. The resulting oxide scale was composed of 
an adherent and dense alpha-Al(2)O(3) inner layer with a top layer of fast 
growing oxides such as NiO, Cr(2)O(3), CoAl(2)O(4) and NiAl(2)O(4). The 
formation of a two-layer scale could be prevented through surface grinding prior 
to oxidation. (C) 2011 Elsevier B.V. All rights reserved. 

 
Mikkelsen, M. B., W. Reisner, et al. (2011). "Pressure-Driven DNA in Nanogroove 
Arrays: Complex Dynamics Leads to Length- and Topology-Dependent Separation." 
Nano Letters 11(4): 1598-1602. 
 The motion of linear and circular DNA molecules is studied under pressure driven 

buffer flow in a 50 nm slit channel with arrays of transverse 150 nm deep 
nanogrooves. Transport occurs through two states of propagation unique to this 
nanogroove geometry, a slow, stepwise groove-to-groove translation called the 
"sidewinder" and a fast, continuous tumbling across the grooves called the 
"tumbleweed". Dynamical transitions between the two states are observed at 
fixed buffer velocity. Molecules exhibit size- and topology-dependent velocities. 

 
Milette, J., V. Toader, et al. (2011). "Tuning the miscibility of gold nanoparticles 
dispersed in liquid crystals via the thiol-for-DMAP reaction." Journal of Materials 
Chemistry 21(25): 9043-9050. 
 Ligand exchange reactions using 4-5 nm 4-(N, N-dimethylamino) pyridine 

(DxMAP)-capped gold nanoparticles (AuNPs) formed the basis for synthesizing a 
family of liquid crystal (LC)-capped NPs for a rationalized miscibility in liquid 
crystal matrices. NPs with ligand capping layers composed of 
CH(3)(CH(2))(m)SH (m 5, 11) or 4'-(n-mercaptoalkyloxy) biphenyl-4-carbonitriles 



(CBO(CH(2))(n)SH, n = 8, 12, 16) and their binary mixtures were prepared. The 
miscibility of the NPs in liquid crystals is found to be sensitive to the ligand chain 
length and the density of the LC ligands within the capping layers. Polarized 
optical microscopy and UV-vis data show that the NPs with only 
CH(3)(CH(2))(m)SH ligands are either immiscible or only partially disperse in the 
isotropic phases of 4-n-pentyl-4'-cyanobiphenyl (5CB) and 
4-n-octyl-4'-cyanobiphenyl (8CB). NPs with CBO(CH(2))(n)SH (n = 8, 12, 16) 
ligands or mixed CH(3)(CH(2))(5)SH/CBO(CH(2))(12)SH ligand shells containing 
28% or 70% CBO(CH(2))(12)SH ligand content partly disperse. However, NPs 
with a 1 : 1 CH(3)(CH(2))(5)SH/CBO(CH(2))(12)SH ratio are completely miscible 
in isotropic 5CB up to at least 25 wt% Au. In general, the derivatization 
methodology developed here for mesogenic ligands provides in a complementary 
approach to thiol-for-thiol exchange for designing bifunctional AuNPs, offering the 
advantages of high reproducibility, access to a wide composition range and no 
need for large excesses of valuable functionalized ligand. 

 
Mirjalili, V., M. Yourdkhani, et al. (2012). "Dispersion stability in carbon nanotube 
modified polymers and its effect on the fracture toughness." Nanotechnology 23(31). 
 In this paper, the dispersion stability of multiwall carbon nanotubes (MWNTs) 

mixed with an epoxy resin is studied. An instrumented optical microscope with a 
hot stage was used to study the evolution of the carbon nanotubes (CNTs) 
dispersion during the cure of the resin. A new image processing approach is then 
introduced to quantify dispersion and identify the source of dispersion 
degradation during the cure. The results showed that the reduction of the resin 
viscosity at temperatures greater than 100 degrees C caused an irreversible 
re-agglomeration of the CNTs in the matrix. It was shown that the fine-tuning of 
the ratio and type of curing agent as well as the curing temperature directly affect 
the dispersion stability of MWNTs in the epoxy polymer. The dispersion quality 
was then directly correlated to the fracture toughness of the modified resin and a 
maximum of 20% improvement was achieved. 

 
Mirzadeh, A., P. G. Lafleur, et al. (2012). "The effects of nanoclay dispersion levels and 
processing parameters on the dynamic vulcanization of TPV nanocomposites based on 
PP/EPDM prepared by reactive extrusion." Polymer Engineering and Science 52(5): 
1099-1110. 
 The study considers the effects of different dispersion levels of nanoclay on the 

crosslinking reaction of thermoplastic vulcanizate (TPV) nanocomposites based 
on polypropylene/ethylene propylene diene M-class rubber (PP/EPDM). PP 
nanocomposites with dispersion level ranging from intercalated structures to a 
mixture of intercalated tactoids and exfoliated layers were used as the 
thermoplastic phase. Dimethylol phenolic resin or octylphenol-formaldehyde resin 
was used as curing agents, along with stannous chloride dihydrate as the 
catalyst, to vulcanize the rubber phase during the reactive extrusion process. 
Initially, temperature effects were investigated in internal batch mixer. 
Subsequently, the effects of screw speed (i.e., shear rate and residence time) 
were evaluated along the screw length. Different criteria such as nuclear 



magnetic resonance (NMR) signal line width, bound curative content, and 
residual diene concentration were used to evaluate the extent of crosslinking, 
along with normalized storage modulus and gel content. X-ray diffraction (XRD) 
analysis and transmission electron microscopy (TEM) micrographs showed that 
the dynamic vulcanization process improves the dispersion level of nanoclay in 
the final TPVs. It was found that the presence of nanoclay influences the 
crosslinking reaction, mainly through its effect on the continuity index of the 
EPDM phase. POLYM. ENG. SCI., 2012. (C) 2011 Society of Plastics Engineers 

 
Moayeri, A., B. Lessard, et al. (2011). "Nitroxide mediated controlled synthesis of 
glycidyl methacrylate-rich copolymers enabled by SG1-based alkoxyamines bearing 
succinimidyl ester groups." Polymer Chemistry 2(9): 2084-2092. 
 The controlled nitroxide-mediated copolymerization of glycidyl methacrylate 

(GMA) and styrene (S) with varying GMA molar feed fractions (f(GMA,0) = 
0.12-0.94) was accomplished by using a SG1-based alkoxyamine initiator 
bearing a N-succinimidyl ester group (NHS-BlocBuilder) in 50 wt% 1,4-dioxane 
solution at 90 degrees C. Copolymerizations indicated linear evolution of number 
average molecular weight M(n) with respect to conversion up to approximately 
50% and narrow molecular weight distributions with M(w)/M(n) = 1.22-1.44 and 
GMA incorporation into copolymer (F(GMA)) as high as 0.92. No additional SG1 
free nitroxide was required to control polymerizations, even at high f(GMA,0). 
Chain extensions of poly(GMA-ran-S) macroinitiators with S at 110 degrees C 
yielded a high fraction of block copolymer in most cases (except at the highest 
F(GMA)), as clear, monomodal shifts in M(n) using gel permeation 
chromatography (GPC) were observed, thereby suggesting the poly(GMA-ran-S) 
macroinitiators were substantially "living". 

 
Moayeri, A., B. Lessard, et al. (2011). "Nitroxide mediated controlled synthesis of 
glycidyl methacrylate-rich copolymers enabled by SG1-based alkoxyamines bearing 
succinimidyl ester groups." Polymer Chemistry 2(9): 2084-2092. 
 The controlled nitroxide-mediated copolymerization of glycidyl methacrylate 

(GMA) and styrene (S) with varying GMA molar feed fractions (f(GMA,0) = 
0.12-0.94) was accomplished by using a SG1-based alkoxyamine initiator 
bearing a N-succinimidyl ester group (NHS-BlocBuilder) in 50 wt% 1,4-dioxane 
solution at 90 degrees C. Copolymerizations indicated linear evolution of number 
average molecular weight M(n) with respect to conversion up to approximately 
50% and narrow molecular weight distributions with M(w)/M(n) = 1.22-1.44 and 
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Chain extensions of poly(GMA-ran-S) macroinitiators with S at 110 degrees C 
yielded a high fraction of block copolymer in most cases (except at the highest 
F(GMA)), as clear, monomodal shifts in M(n) using gel permeation 
chromatography (GPC) were observed, thereby suggesting the poly(GMA-ran-S) 
macroinitiators were substantially "living". 

 
Mohaddespour, A. and R. J. Hill (2012). "Granular polymer composites." Soft Matter 



8(48): 12060-12065. 
 To advance our understanding of molecular packing in glassy nanocomposites, 

we adopt a macroscopic granular model-comprising spherical inclusions 
dispersed in ball-chain polymers-and ascertain from measurements of the bulk 
density the partial molar sphere volume at small but finite sphere volume 
fractions. By systematically varying the chain length, sphere size, and mixture 
composition, the ratio of the sphere radius to the chain loop size was found to be 
the primary dimensionless parameter that bridges solvent (small inclusion size) 
and continuum (large inclusion) scaling regimes. In the intermediate regime, 
where the inclusion and chain loop radius are comparable, the primary 
sphere-chain interaction increases free volume-up to twice the intrinsic inclusion 
volume per particle-and the primary sphere-sphere interaction decreases free 
volume. The results gleaned from these 'granular nanocomposites' may help to 
understand how geometrical constraints influence packing in dense granular 
systems and glassy molecular nanocomposites. 

 
Mohammadi, A., J. A. van Heiningen, et al. (2012). "Dynamic electrical response of 
hydrogel-loaded microchannels." Soft Matter 8(31): 8094-8106. 
 We compute the polymer-skeleton displacement and solvent velocity in long, 

hydrogel-filled, thin-slit channels subjected to an oscillatory, longitudinal electric 
field. This work is motivated by recent attempts to advance electrical 
microrheology as a diagnostic tool for probing the zeta-potential of colloidal 
particles immobilized in hydrogels. Within the standard, linearized electrokinetic 
model for elastic porous networks, we obtain an exact analytical solution, 
furnishing the skeleton displacement and fluid velocity. This reveals intricate 
spatial and temporal dynamics, reflecting balances between electrical, elastic, 
inertial, and viscous forces. Formulas are evaluated using multi-precision 
complex arithmetic, which is necessary to accommodate large length-scale 
disparities. Here, we explore the dynamics in open channels, for a small, but 
experimentally representative, set of dimensional parameters. Upon traversing 
inertial-viscous, inertial-elastic, and visco-elastic characteristic frequencies, 
charged hydrogels transit from low-frequency dynamics, where the solvent can 
be considered to migrate in a stationary skeleton, to high-frequency dynamics, 
where the skeleton translates within a practically stationary fluid. At the 
inertial-elastic frequency, which presents a primary resonance peak, O(nm) 
displacements are achieved under accessible experimental conditions. 
Therefore, in back-focal-plane interferometry experiments, which can register 
Angstrom-level harmonic particle displacements in hydrogels, it will be prudent to 
account for the background spatial and temporal dynamics. 

 
Mousa-Pasandi, M. E. and D. V. Plant (2010). "Zero-overhead phase noise 
compensation via decision-directed phase equalizer for coherent optical OFDM." Optics 
Express 18(20): 20651-20660. 
 We report and investigate the feasibility of zero-overhead laser phase noise 

compensation (PNC) for long-haul coherent optical orthogonal frequency division 
multiplexing (CO-OFDM) transmission systems, using the decision-directed 



phase equalizer (DDPE). DDPE updates the equalization parameters on a 
symbol-by-symbol basis after an initial decision making stage and retrieves an 
estimation of the phase noise value by extracting and averaging the phase drift of 
all OFDM sub-channels. Subsequently, a second equalization is performed by 
using the estimated phase noise value which is followed by a final decision 
making stage. We numerically compare the performance of DDPE and the 
CO-OFDM conventional equalizer (CE) for different laser linewidth values after 
transmission over 2000 km of uncompensated single-mode fiber (SMF) at 40 
Gb/s and investigate the effect of fiber nonlinearity and amplified spontaneous 
emission (ASE) noise on the received signal quality. Furthermore, we analytically 
analyze the complexity of DDPE versus CE in terms of the number of required 
complex multiplications per bit. (C) 2010 Optical Society of America 

 
Mousa-Pasandi, M. E. and D. V. Plant (2011). "Noniterative Interpolation-Based Partial 
Phase Noise ICI Mitigation for CO-OFDM Transport Systems." Ieee Photonics 
Technology Letters 23(21): 1594-1596. 
 We introduce and investigate the feasibility of a noniterative phase noise induced 

intercarrier interference (ICI) compensation scheme based on linear interpolation 
for coherent optical orthogonal frequency-division-multiplexing (CO-OFDM) 
transport systems. The study of bit-error-rate (BER) performance for a 40-Gb/s 
16-quadrature amplitude modulation (QAM) CO-OFDM signal demonstrates a 
significant improvement versus the conventional equalizer (CE) in the optical 
signal-to-noise ratio (OSNR) requirement. Moreover, the capability of this 
equalizer in conjunction with the back-propagation (BP) nonlinearity 
compensation scheme is investigated and a brief analysis of the computational 
complexity, in terms of the number of required complex multiplications, is 
provided. This practical approach does not suffer from error propagation while 
enjoying low computational complexity. 

 
Murugesan, Y. K., D. Pasini, et al. (2011). "Microfibril organization modes in plant cell 
walls of variable curvature: a model system for two dimensional anisotropic soft matter." 
Soft Matter 7(15): 7078-7093. 
 We present a mechanical model of the plant cell wall viewed as anisotropic two 

dimensional soft matter, where a dilute dispersion of cellulose fibrils of variable 
orientations is uniformly distributed on a curved deformable viscoelastic matrix 
membrane. The plant cell wall model integrates the elastic energy of the curved 
membrane, the nematic Landau-de Gennes fiber orientation energy, and 
competing curvophilic and curvophobic interactions mediated by the membrane 
geometry and the fibrils' orientation. The selected membrane geometry is a 
straight cylinder of variable cross-section, whose shape varies from a circle to a 
sharp super-ellipse as in many cell specimens, and whose size increases as in 
plant cell wall growth. Model predictions indicate that due to curvature-orientation 
couplings, the fiber orientation displays three modes: (i) line (along the cylindrical 
axis), (ii) helical (oblique to the axis), and (iii) ring (normal to the axis), where the 
former arises under large curvature and the latter under small one. In addition to 
aligning the fibers in the line mode, high curvature also promotes the order of the 



fibrils. The predicted fiber structure is validated with fiber structures in the cell 
wall of tracheids. The structure-property relations for super-elliptical membranes 
with gradient curvature are established and its role in cell growth shape is 
predicted. The principal mechanisms are the role of fiber orientation and order on 
bending stiffness: (a) orientation along the axis has no stiffening effect, (b) 
orientation along the azimuthal direction produces maximal stiffening, and (c) 
fiber randomization softens the membrane. The largest fiber stiffening effect is 
found when the membrane length scale (radius of curvature) and fiber length 
scale (curvophobic/curvophilic energy ratio) are equal. It is found that 
super-elliptical shape invariant growth and expansion is preferred for cells with 
sharp/soft corners and straight/stiff sides. Otherwise growth promotes shape 
changes. Lastly, master plots that categorize fiber structures by the number of 
multimodal regimes (line/helix, line/helix/ ring) that arise in super-ellipses are 
used to relate shape and size to domain structures that affect toughness and 
modulus. 
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used to relate shape and size to domain structures that affect toughness and 
modulus. 

 
Murugesan, Y. K., D. Pasini, et al. (2013). "Defect textures in polygonal arrangements of 
cylindrical inclusions in cholesteric liquid crystal matrices." Soft Matter 9(4): 1054-1065. 
 A systematic, computational and scaling analysis of defect textures in polygonal 

arrangement of cylindrical particles embedded in a cholesteric (Ch) liquid crystal 
matrix is performed using the Landau-de Gennes model for chiral self-assembly, 
with strong anchoring at the particles' surface. The defect textures and LC 
phases observed are investigated as a function of chirality, elastic anisotropy 
(monomeric and polymeric mesogens), and polygonal arrangement and size of 
particles. The presence of a polygonal network made of N circular inclusions 
results in defect textures of a net charge of -(N - 2)/2 per unit polygonal cell, in 
accordance with Zimmer's rule. As the chirality increases, the LC matrix shows 
the following transition sequence: weakly twisted cholesterics, 2D blue phases 
with non-singular/singular defect lattices, cholesteric phases with only 
disclinations, and finally fingerprint cholesteric textures with disclinations and 
dislocations. For monomeric mesogens at concentrations far from the I-Ch phase 
transition and low chirality, for a given symmetry of the LC phase, the particle 
with weaker (stronger) confinement results in a phase with lower (higher) elastic 
energy, while at high chirality the elastic energy of the LC phase is proportional to 
the number of particles that form the polygonal network. Thus, hexagonal 
(triangular) particle arrangement results in low elastic energy at low (high) 
chirality. For semiflexible polymeric mesogens (high elastic anisotropy), defect 
textures with fewer disclinations/dislocations arise but due to lamellar distortions 
we find a higher elastic energy than monomeric mesogens. The defects arising in 
the simulations and the texture rules established are in agreement with 
experimental observations in cellulosic liquid crystal analogues such as plant cell 
walls and helical biological polymeric mesophases made of DNA, PBLG and 
xanthan. A semi-quantitative phase diagram that shows different LC phases and 
defect textures as a function of chirality and elastic anisotropy is obtained. The 
inclusion of particles has a stabilizing effect on the LC phases, as they occupy 
lambda(+1) disclination cores, thereby reducing the free energy cost associated 
with these disclinations. These findings provide a comprehensive set of trends 
and mechanisms that contribute to the evolving understanding of biological 
plywoods and serve as a platform for future biomimetic applications. 
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disclinations, and finally fingerprint cholesteric textures with disclinations and 
dislocations. For monomeric mesogens at concentrations far from the I-Ch phase 
transition and low chirality, for a given symmetry of the LC phase, the particle 
with weaker (stronger) confinement results in a phase with lower (higher) elastic 
energy, while at high chirality the elastic energy of the LC phase is proportional to 
the number of particles that form the polygonal network. Thus, hexagonal 
(triangular) particle arrangement results in low elastic energy at low (high) 
chirality. For semiflexible polymeric mesogens (high elastic anisotropy), defect 
textures with fewer disclinations/dislocations arise but due to lamellar distortions 
we find a higher elastic energy than monomeric mesogens. The defects arising in 
the simulations and the texture rules established are in agreement with 
experimental observations in cellulosic liquid crystal analogues such as plant cell 
walls and helical biological polymeric mesophases made of DNA, PBLG and 
xanthan. A semi-quantitative phase diagram that shows different LC phases and 
defect textures as a function of chirality and elastic anisotropy is obtained. The 
inclusion of particles has a stabilizing effect on the LC phases, as they occupy 
lambda(+1) disclination cores, thereby reducing the free energy cost associated 
with these disclinations. These findings provide a comprehensive set of trends 
and mechanisms that contribute to the evolving understanding of biological 
plywoods and serve as a platform for future biomimetic applications. 

 
Murugesan, Y. K. and A. D. Rey (2010). "Modeling Textural Processes during 
Self-Assembly of Plant-Based Chiral-Nematic Liquid Crystals." Polymers 2(4): 766-785. 
 Biological liquid crystalline polymers are found in cellulosic, chitin, and DNA 

based natural materials. Chiral nematic liquid crystalline orientational order is 
observed frozen-in in the solid state in plant cell walls and is known as a liquid 
crystal analogue characterized by a helicoidal plywood architecture. The 
emergence of the plywood architecture by directed chiral nematic liquid 
crystalline self assembly has been postulated as the mechanism that leads to 
optimal cellulose fibril organization. In natural systems, tissue growth and 
development takes place in the presence of inclusions and secondary phases 
leaving behind characteristic defects and textures, which provide a unique testing 
ground for the validity of the liquid crystal self-assembly postulate. In this work, a 
mathematical model, based on the Landau-de Gennes theory of liquid crystals, is 
used to simulate defect textures arising in the domain of self assembly, due to 
presence of secondary phases representing plant cells, lumens and pit canals. It 
is shown that the obtained defect patterns observed in some plant cell walls are 
those expected from a truly liquid crystalline phase. The analysis reveals the 
nature and magnitude of the viscoelastic material parameters that lead to 
observed patterns in plant-based helicoids through directed self-assembly. In 
addition, the results provide new guidance to develop biomimetic plywoods for 
structural and functional applications. 



 
Nabki, F., P. V. Cicek, et al. (2011). "Low-Stress CMOS-Compatible Silicon Carbide 
Surface-Micromachining Technology-Part II: Beam Resonators for MEMS Above IC." 
Journal of Microelectromechanical Systems 20(3): 730-744. 
 Microelectromechanical beam resonators and arrays are fabricated using a 

custom low-temperature complementary-metal-oxide-semiconductor-compatible 
silicon carbide microfabrication process, detailed in Part I of this paper. 
Theoretical aspects are presented with modal analysis and numerical methods. 
Measurements of the resonant frequency, the quality factor, the transmission, 
and the tuning characteristics are presented for different device types and 
dimensions. Trends are analyzed, and performance metrics dependences are 
investigated. A tuning method based on integrated heaters is introduced and 
tested, yielding a very desirable constant insertion-loss tuning and a wide tuning 
range. Quality factors of up to 1493 and resonant frequencies of up to 26.2 MHz 
are demonstrated. Both the Young's modulus and the residual stress of the SiC 
film are extracted (261 GPa and < +/- 30 MPa, respectively), and favorably 
compare to values reported for polysilicon. [2010-0235] 

 
Nabki, F., T. A. Dusatko, et al. (2011). "Low-Stress CMOS-Compatible Silicon Carbide 
Surface-Micromachining Technology-Part I: Process Development and 
Characterization." Journal of Microelectromechanical Systems 20(3): 720-729. 
 A low-temperature (< 300 degrees C) low-stress microelectromechanical 

systems fabrication process based on a silicon carbide structural layer is 
presented. A partially conductive sintered target enables low-temperature dc 
sputtering of amorphous silicon carbide (SiC) at high deposition rates (75 
nm/min). The low stress of the structural film allows for mechanically reliable 
structures to be fabricated, while the low-temperature deposition allows for 
pre-SiC metallization. The process is designed for low-cost film deposition and 
for complementary metal-oxide-semiconductor postintegration, stemming from 
chemical and thermal compatibility. Process flow, deposition, etching, and stress 
control are discussed, and a detailed process characterization is reported. 
[2010-0235] 
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structures to be fabricated, while the low-temperature deposition allows for 
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for complementary metal-oxide-semiconductor postintegration, stemming from 
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control are discussed, and a detailed process characterization is reported. 
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Nadeau, J., H. Chibli, et al. (2012). Photosensitization of InP/ZnS quantum dots for 
anti-cancer and anti-microbial applications. Colloidal Nanocrystals for Biomedical 
Applications Vii. W. J. Parak, K. Yamamoto and M. Osinski. 8232. 
 Cadmium-free quantum dots (QDs), such as those made from InP, show similar 

optical properties to those containing toxic heavy metals and thus provide a 
promising alternative for imaging and therapeutics. The band gap of InP is similar 
to that of CdTe, so photosensitization of InP QDs with porphyrins or other dyes 
should lead to generation of reactive oxygen species, useful for targeted 
destruction of malignant cells or pathogenic bacteria. Here we show the results of 
measurements of singlet oxygen and superoxide generation from InP QDs with 
single and double ZnS shells compared with CdTe and CdSe/ZnS. Reactive 
oxygen species are measured using colorimetric or fluorescent reporter assays 
and spin-trap electron paramagnetic resonance (EPR) spectroscopy. We find 
that the size of the InP QDs and the thickness of the ZnS shell both strongly 
influence ROS generation. These results suggest future approaches to the 
design of therapeutic nanoparticles. 

 
Nadeau, J. L., L. Carlini, et al. (2012). "Effects of beta-Mercaptoethanol on Quantum 
Dot Emission Evaluated from Photoluminescence Decays." Journal of Physical 
Chemistry C 116(4): 2728-2739. 
 beta-mercaptoethanol (BME) has been used as an "anti-blinking" reagent with 

quantum dots (QDs), but its exact effects on the luminescence behavior of 
different QD materials have not been quantified. In this study, the luminescence 
lifetime decays of aqueous solutions of CdTe QDs solubilized with 
mercaptopropionic acid (MPA) are measured by time-correlated single photon 
counting (TCSPC) in the presence of varying concentrations of BME. The decays 
are fit to a model of radiative recombination and trapping that yields the 
respective time constants as well as the coefficient of intermittency (blinking). It is 
found that low concentrations of BME in its thiol form (neutral pH) lead to 
average lifetime but increased or constant quantum yields, indicating a higher 
fraction of radiative QDs than without BME. Correspondingly, the blinking 
coefficients are greatly reduced in the presence of BME at neutral pH. Higher 
concentrations of BME reduce emission by creating hole traps, a process that 
requires several hours after BME addition to manifest. Lifetimes are also reduced 
by the thiolate form of BME (basic pH) but to a lesser degree than at neutral pH. 
Strikingly, the blinking coefficients are almost entirely unchanged with BME 
addition at basic pH. In deoxygenated solutions, quantum yields are decreased 
rather than increased with BME, confirming that the enhancement results from 
BME's antioxidant effects. These results provide a quantitative approach to 
studying blinking and trapping dynamics using time-resolved decays. decreases 
in 

 
Ngo, A. T., P. Karam, et al. (2011). "Conjugated polyelectrolyte-lipid interactions: 
Opportunities in biosensing." Pure and Applied Chemistry 83(1): 43-55. 



 Fluorescent conjugated polyelectrolytes (CPEs) have attracted considerable 
interest over the past decade as novel materials for developing biosensing 
schemes and sensing devices for biomolecules. This interest stems from the 
exquisite polymer sensitivity to the presence of fluorescence quenchers, enabling 
amplified sensing of molecules of interest. Efficient energy transport along the 
polymer backbone is critical to their sensing capabilities. Considerable research 
efforts have thus gone into understanding and controlling energy transport along 
the polymer backbone. In particular, it has been shown that interactions between 
CPEs with either surfactants or lipid molecules may significantly reduce energy 
transport along the polymer backbone that in turn may provide for unique 
biosensing opportunities. In the first half of this review, we give a historical 
overview on energy transport in conjugated polymers and polyelectrolytes. In the 
second half, we summarize the most recent work on the interaction of CPEs with 
surfactants with an emphasis on our own work elucidating electronic energy 
transport in CPEs encapsulated into lipid vesicles or embedded within the 
membrane of lipid vesicles. 

 
Nik, M. A., K. Fayazbakhsh, et al. (2012). "Surrogate-based multi-objective optimization 
of a composite laminate with curvilinear fibers." Composite Structures 94(8): 2306-2313. 
 A variable stiffness design can increase the structural performance of a 

composite plate and provides flexibility for trade-offs between structural 
properties. In this paper, we examine the simultaneous optimization of stiffness 
and buckling load of a composite laminate plate with curvilinear fiber paths. The 
problem, which falls in the area of multi-objective optimization, is formulated and 
solved through a surrogate-based optimization algorithm capable of finding the 
set of optimum Pareto solutions. We integrate surrogate modeling into an 
evolutionary algorithm to reduce the high computational cost required to solve 
the optimization process. The results show that a curvilinear fiber path can 
increase both buckling load and stiffness simultaneously over the quasi-isotropic 
laminate. Furthermore, the optimum direction for varying the fiber angle is 
dependent on the loading direction and boundary conditions. The results for a 
plate under uniform compression with free transverse edges shows that varying 
the fiber orientation perpendicular to the loading direction can increase the 
buckling load by 116% with respect to that of a quasi-isotropic laminate. (c) 2012 
Elsevier Ltd. All rights reserved. 
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the optimization process. The results show that a curvilinear fiber path can 
increase both buckling load and stiffness simultaneously over the quasi-isotropic 
laminate. Furthermore, the optimum direction for varying the fiber angle is 
dependent on the loading direction and boundary conditions. The results for a 
plate under uniform compression with free transverse edges shows that varying 
the fiber orientation perpendicular to the loading direction can increase the 
buckling load by 116% with respect to that of a quasi-isotropic laminate. (c) 2012 
Elsevier Ltd. All rights reserved. 
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properties. In this paper, we examine the simultaneous optimization of stiffness 
and buckling load of a composite laminate plate with curvilinear fiber paths. The 
problem, which falls in the area of multi-objective optimization, is formulated and 
solved through a surrogate-based optimization algorithm capable of finding the 
set of optimum Pareto solutions. We integrate surrogate modeling into an 
evolutionary algorithm to reduce the high computational cost required to solve 
the optimization process. The results show that a curvilinear fiber path can 
increase both buckling load and stiffness simultaneously over the quasi-isotropic 
laminate. Furthermore, the optimum direction for varying the fiber angle is 
dependent on the loading direction and boundary conditions. The results for a 
plate under uniform compression with free transverse edges shows that varying 
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buckling load by 116% with respect to that of a quasi-isotropic laminate. (c) 2012 
Elsevier Ltd. All rights reserved. 

 
O'Reilly, A. J., C. Francis, et al. (2012). "Gold nanoparticle deposition on Si by 
destabilising gold colloid with HF." Journal of Colloid and Interface Science 370: 46-50. 
 Gold nanoparticles from commercially available colloids were deposited onto a 

hydrogen-terminated silicon substrate without the use of a polyelectrolyte linker 
by the addition of HF acid. The deposition density was shown to be controlled 
over three orders of magnitude by varying the colloid concentration, and finer 
control is achieved by varying the deposition time. In order to minimise 
agglomeration, however, we show that deposition times should be minimised 
since nanoparticle agglomeration increases rapidly over the first 2 min after the 
addition of HF. To increase nanoparticle density without increasing 
agglomeration, we show that successive depositions of short times linearly 
increase the deposition density without increasing the agglomeration of 
nanoparticles. (C) 2011 Elsevier Inc. All rights reserved. 

 
Ostergaard, P. F., M. Matteucci, et al. (2013). "DNA barcoding via counterstaining with 
AT/GC sensitive ligands in injection-molded all-polymer nanochannel devices." Analyst 
138(4): 1249-1255. 
 Nanochannel technology, coupled with a suitable DNA labeling chemistry, is a 



powerful approach for performing high-throughput single-molecule mapping of 
genomes. Yet so far nanochannel technology has remained inaccessible to the 
broader research community due to high fabrication cost and/or requirement of 
specialized facilities/skill-sets. In this article we show that nanochannel-based 
mapping can be performed in all polymer chips fabricated via injection molding: a 
fabrication process so inexpensive that the devices can be considered 
disposable. Fluorescent intensity variations can be obtained from molecules 
extended in the polymer nanochannels via chemical counterstaining against 
YOYO-1. In particular, we demonstrate that the counterstaining induced 
fluorescent intensity variations to a large degree appear to be proportional to the 
theoretically computed sequence-maps of both local AT and GC variation along 
DNA sequences. 

 
Palardy, G., P. Hubert, et al. (2012). "Numerical simulations for class A surface finish in 
resin transfer moulding process." Composites Part B-Engineering 43(2): 819-824. 
 Simulation tools for Liquid Composite Moulding (LCM) processes are a key to 

predict and solve manufacturing issues. Despite the fact that numerical process 
analyses are commonly used to predict mould filling, resin cure and exothermic 
temperatures, more comprehensive computational tools are still required. Resin 
additives such as low profile additives (LPA) show a significant impact on 
process performance and part quality. In this work, mould pre-heating 
experiments were compared to numerical predictions using commercial 
simulation software. Non-isothermal simulations were then carried out and the 
predicted flow and degree-of-cure evolution were compared to experiments. 
Finally, a volume change model, previously developed, was implemented in this 
work to calculate mould pressure increases in RIM of resins with four different 
LPA contents (0%, 5%, 10% and 40%). The predictions were compared to the 
results from the mould pressure transducers in the mould cavity. Simulation 
results matched closely with the experimental results. Pressure evolution of low 
profile resins was found to be very sensitive to the model parameters. (C) 2011 
Elsevier Ltd. All rights reserved. 

 
Paul, W., Y. Miyahara, et al. (2012). "Implementation of atomically defined field ion 
microscopy tips in scanning probe microscopy." Nanotechnology 23(33). 
 The field ion microscope (FIM)can be used to characterize the atomic 

configuration of the apices of sharp tips. These tips are well suited for scanning 
probe microscope (SPM) use since they predetermine the SPM resolution and 
the electronic structure for spectroscopy. A protocol is proposed for preserving 
the atomic structure of the tip apex from etching due to gas impurities during the 
period of transfer from the FIM to the SPM, and estimations are made regarding 
the time limitations of such an experiment due to contamination with ultra-high 
vacuum rest gases. While avoiding any current setpoint overshoot to preserve 
the tip integrity, we present results from approaches of atomically defined 
tungsten tips to the tunneling regime with Au(111), HOPG (highly oriented 
pyrolytic graphite) and Si(111) surfaces at room temperature. We conclude from 
these experiments that adatom mobility and physisorbed gas on the sample 



surface limit the choice of surfaces for which the tip integrity is preserved in 
tunneling experiments at room temperature. The atomic structure of FIM tip 
apices is unchanged only after tunneling to the highly reactive Si(111) surface. 

 
Paul, W., Y. Miyahara, et al. (2013). "Simple Si(111) surface preparation by thin wafer 
cleavage." Journal of Vacuum Science & Technology A 31(2). 
 We describe a simple method to obtain clean Si(111)2 x 1 surfaces with large 

terrace sizes, up to tens of microns, using commonly available wafers. The 
sample geometry and cleavage method make it possible to produce 
semiconductor samples in ultra-high vacuum systems: that are not explicitly 
designed to cleave samples or prepare semiconductor surfaces by other means. 
The force required to cleave the samples is sufficiently low such that they can be 
cleaved using any available transfer arm, manipulator, or wobble stick in the 
vacuum system. Large atomic terraces on the order of hundreds of nanometers 
to tens of microns are easily obtained in this way, as characterized by scanning 
tunneling microscopy. (C) 2013 American Vacuum Society. 
[http://dx.doi.org/10.1116/1.4790475] 

 
Pekas, N., Q. Zhang, et al. (2012). "Electrostatic actuator with liquid metal-elastomer 
compliant electrodes used for on-chip microvalving." Journal of Micromechanics and 
Microengineering 22(9). 
 We describe a new class of electrostatic actuators with a compliant electrode 

made of liquid metal alloy contained by a thin elastomeric membrane. We 
illustrate the use of such actuators as on-chip microvalves for gas flow control. 
The microvalve comprises of one fixed electrode spanning the floor and sidewalls 
of the trapezoidal gas channel and one corresponding flexible electrode 
suspended across the channel. Details of fabrication and preliminary 
characterization of on/off and proportional valving are presented. 

 
Persy, V. P. and M. D. McKee (2011). "Prevention of vascular calcification: is 
pyrophosphate therapy a solution?" Kidney International 79(5): 490-493. 
 Pyrophosphate, a ubiquitous small-molecule inhibitor of mineralization 

abundantly present in the extracellular environment, binds to calcium and mineral 
surfaces to inhibit crystal growth. O'Neill and colleagues show in uremic rats that 
systemic administration of pyrophosphate prevents or reduces uremia-related 
vascular calcification, without overt negative consequences for bone and without 
calcium pyrophosphate deposition disease. These findings prompt further 
research into the potential of pyrophosphate as treatment for vascular 
calcification in chronic kidney disease patients. Kidney International (2011) 79, 
490-493. doi: 10.1038/ki.2010.478 

 
Peykov, D., E. Martin, et al. (2012). "Evaluation of strain rate sensitivity by constant load 
nanoindentation." Journal of Materials Science 47(20): 7189-7200. 
 Constant load measurements by nanoindentation offer the potential for 

measuring strain rate sensitivity from individual features and defects on a 
submicron scale. However, recent reports reveal a conflicting load dependence 



(both increasing and decreasing strain rate sensitivity with load) which has yet to 
be fully explained. In this study, constant load measurements on five materials 
(Zn, Al, Cu, Ti, and SiO2) were conducted over a range of peak loads, and then 
compared with both constant strain rate results and conventional values in the 
literature. The load dependence was found to be caused by the increasing 
contribution of drift errors throughout the test. A proposed framework, involving 
higher loads, shorter hold and loading times, and a physically sound fitting 
method, was found to produce unambiguous results free from load 
dependencies, with improved correlations to conventional values and reduced 
standard deviations. 

 
Phillips, P. M., N. Mei, et al. (2011). "Faceted particles embedded in a nematic liquid 
crystal matrix: Textures, stability and filament formation." Soft Matter 7(18): 8592-8604. 
 Two dimensional texture simulations, based on the Landau-de Gennes equations 

of nematodynamics in the absence of flow, were carried out for nematics with 
embedded faceted binary and multiple particles using temperature, size, and 
density as topological control variables. The stable modes obtained from kinetic 
simulations are summarized in texture phase diagrams in terms of temperature, 
particle separation and particle size. The key novelty in 2D faceted particles is 
the presence of corners that are sources/sinks of disclination lines or active 
corner defects. Under close corner-to-corner proximity, disclination lines form 
inter-or intra-particle links, while under larger distances, surface defects decorate 
the corners. This generic geometric behaviour is modulated by temperature since 
the line tension of disclinations decreases with increasing temperature. The 
characteristic texture diagrams show that for nanoparticles, increasing particle 
separation results in a disclination mode sequence of linked particles, 
cross-linked particles, and intra-particle disclinations. For colloidal particles, 
increasing size results in a mode sequence of linked particles and isolated 
particles with corner defects. For intermediate particle size, a continuous 
evolution of the phase diagrams from the former to the latter is demonstrated. At 
low temperatures, increasing interparticle distances leads to a defect breakage at 
a critical value independent of particle size. Multimer particle assemblies form 
stable filaments via a corner-to-corner interparticle disclination linkage 
mechanism. The stability of the multimers to bending is characterized using 
curvature as a topological control variable. As stretching-driven instabilities in 
binary particles give rise to surface defects modes, bending-driven instabilities 
give rise also to multi-particle rings with corner decorated surface defects. The 
integrated texture phase diagrams, topological transitions, tension and 
bending-driven instabilities demonstrate the potential functionality of faceted 
particle liquid crystal nanocomposites. 

 
Phillips, P. M. and A. D. Rey (2011). "Texture formation mechanisms in faceted particles 
embedded in a nematic liquid crystal matrix." Soft Matter 7(5): 2052-2063. 
 This paper presents a computational study of filled nematics with the aim of 

characterizing novel texturing processes that occur when the embedded particles 
have geometric singularities such as edges. As a generic texturing process due 



to interacting material and geometric singularities, two dimensional numerical 
simulations of a single square particle embedded in a calamitic thermotropic 
nematic liquid crystal were performed using the Landau-de Gennes model and 
material properties corresponding to 5CB. The results were condensed into 
texture phase diagrams in terms of temperature and particle size. In addition to 
the usual bulk defect modes found in filled nematics with smooth geometries, the 
square corners introduce surface defects that interact with each other or with 
bulk defects. The net result is that for faceted particles three modes are possible: 
(i) string defect modes, (ii) mixed surface/bulk defect modes, and (iii) surface 
defect modes. The modes' stability and transitions are explained in terms of 
defect energies. Accurate simulations that target transitions between the modes 
demonstrate critical slowing down such that long lived unstable complex textures 
are pinned. The present results offer new routes to engineered texturing of 
nematic liquid crystals by embedding faceted particles. 

 
Prakash, S., M. Malhotra, et al. (2011). "Polymeric nanohybrids and functionalized 
carbon nanotubes as drug delivery carriers for cancer therapy." Advanced Drug Delivery 
Reviews 63(14-15): 1340-1351. 
 The scope of nanotechnology to develop target specific carriers to achieve higher 

therapeutic efficacy is gaining importance in the pharmaceutical and other 
industries. Specifically, the emergence of nanohybrid materials is posed to edge 
over chemotherapy and radiation therapy as cancer therapeutics. This is 
primarily because nanohybrid materials engage controlled production parameters 
in the making of engineered particles with specific size, shape, and other 
essential properties. It is widely expressed that these materials will significantly 
contribute to the next generation of medical care technology and 
pharmaceuticals in areas of disease diagnosis, disease prevention and many 
other treatment procedures. This review focuses on the currently used 
nanohybrid materials, polymeric nanoparticles and nanotubes, which show great 
potential as effective drug delivery systems for cancer therapy, as they can be 
grafted with cell-specific receptors and intracellular targeting molecules for the 
targeted delivery of therapeutics. Specifically, this article focuses on the current 
status, recent advancements, potentials and limitations of polymeric nanohybrids 
and functionalized carbon nanotubes as drug delivery carriers. Crown Copyright 
(C) 2011 Published by Elsevier B.V. All rights reserved. 

 
Prakash, S., C. Tomaro-Duchesneau, et al. (2011). "The GutMicrobiota and Human 
Health with an Emphasis on the Use of Microencapsulated Bacterial Cells." Journal of 
Biomedicine and Biotechnology. 
 The gut microbiota plays a crucial role in maintaining health. Alterations of the 

gut bacterial population have been associated with a number of diseases. Past 
and recent studies suggest that one can positively modify the contents of the gut 
microbiota by introducing prebiotics, probiotics, synbiotics, and other 
therapeutics. This paper focuses on probiotic modulation of the gut microbiota by 
their delivery to the lower gastrointestinal tract (GIT). There are numerous 
obstacles to overcome before microorganisms can be utilized as therapeutics. 



One important limitation is the delivery of viable cells to the lower GIT without a 
significant loss of cell viability and metabolic features through the harsh 
conditions of the upper GIT. Microencapsulation has been shown to overcome 
this, with various types of microcapsules available for resolving this limitation. 
This paper discusses the gut microbiota and its role in disease, with a focus on 
microencapsulated probiotics and their potentials and limitations. 

 
Qasaimeh, M. A., T. Gervais, et al. (2011). "Microfluidic quadrupole and floating 
concentration gradient." Nature Communications 2. 
 The concept of fluidic multipoles, in analogy to electrostatics, has long been 

known as a particular class of solutions of the Navier-Stokes equation in potential 
flows; however, experimental observations of fluidic multipoles and of their 
characteristics have not been reported yet. Here we present a two-dimensional 
microfluidic quadrupole and a theoretical analysis consistent with the 
experimental observations. The microfluidic quadrupole was formed by 
simultaneously injecting and aspirating fluids from two pairs of opposing 
apertures in a narrow gap formed between a microfluidic probe and a substrate. 
A stagnation point was formed at the centre of the microfluidic quadrupole, and 
its position could be rapidly adjusted hydrodynamically. Following the injection of 
a solute through one of the poles, a stationary, tunable, and movable-that is, 
'floating'-concentration gradient was formed at the stagnation point. Our results 
lay the foundation for future combined experimental and theoretical exploration of 
microfluidic planar multipoles including convective-diffusive phenomena. 

 
Qasaimeh, M. A., S. G. Ricoult, et al. (2013). "Microfluidic probes for use in life sciences 
and medicine." Lab on a Chip 13(1): 40-50. 
 Microfluidic probes (MFPs) combine the concepts of microfluidics and of 

scanning probes and constitute a contact-free and channel-free microfluidic 
system. Whereas classically the sample is introduced into the microfluidic device, 
with a MFP, the microfluidic stream is applied to the sample. MFPs use 
hydrodynamic flow confinement instead of walls to constrain a microfluidic 
stream between the MFP tip and a substrate. Because MFPs are free to move, 
they can be used to process large areas and samples in a selective manner. The 
development of MFP technology is recent and has numerous potential 
applications in several fields, most notably in the life sciences. In this review, we 
discuss the concept of MFPs and highlight their application in surface 
biopatterning, controlling the cellular microenvironments, local processing of 
tissue slices, and generating concentration gradients of biochemicals. We hope 
that this manuscript will serve as an interdisciplinary guide for both engineers as 
they further develop novel MFPs and applications and for life scientists who may 
identify novel uses of the MFP for their research. 

 
Quinlan, A., D. Murat, et al. (2011). "The HtrA/DegP family protease MamE is a 
bifunctional protein with roles in magnetosome protein localization and magnetite 
biomineralization." Molecular Microbiology 80(4): 1075-1087. 
 P>Magnetotactic bacteria contain nanometre-sized, membrane-bound 



organelles, called magnetosomes, which are tasked with the biomineralization of 
small crystals of the iron oxide magnetite allowing the organism to use 
geomagnetic field lines for navigation. A key player in this process is the 
HtrA/DegP family protease MamE. In its absence, Magnetospirillum magneticum 
str AMB-1 is able to form magnetosome membranes but not magnetite crystals, a 
defect previously linked to the mislocalization of magnetosome proteins. In this 
work we use a directed genetic approach to find that MamE, and another 
predicted magnetosome-associated protease, MamO, likely function as 
proteases in vivo. However, as opposed to the complete loss of mamE where no 
biomineralization is observed, the protease-deficient variant of this protein still 
supports the initiation and formation of small, 20 nm-sized crystals of magnetite, 
too small to hold a permanent magnetic dipole moment. This analysis also 
reveals that MamE is a bifunctional protein with a protease-independent role in 
magnetosome protein localization and a protease-dependent role in maturation 
of small magnetite crystals. Together, these results imply the existence of a 
previously unrecognized 'checkpoint' in biomineralization where MamE 
moderates the completion of magnetite formation and thus committal to 
magneto-aerotaxis as the organism's dominant mode of navigating the 
environment. 

 
Rahmat, M., H. Ghiasi, et al. (2012). "Interaction energy and polymer density profile in 
nanocomposites: a coarse grain simulation based on interaction stress." Polymer 
Chemistry 3(5): 1158-1167. 
 A coarse grain approach was selected to simulate nanocomposites made of 

single-walled carbon nanotubes (SWNTs) and poly(methyl methacrylate) 
(PMMA). Unlike common coarse grain simulations, which employ Lennard-Jones 
models as the force field between the beads, the current approach used 
experiment-based data, and hence is considered a semi-empirical approach. 
Interaction stress data obtained from atomic force microscopy experiments under 
water were multiplied by ten to represent the interaction stresses in vacuum and 
then fed into the simulation. A new planar approach was introduced to simplify 
the three-dimensional unit cell into a two-dimensional plane. Furthermore, 
preliminary one-dimensional simulations were carried out to acquire a trade-off 
between simulation time and accuracy of the results. It was shown that the final 
results were independent of the initial conditions and converging parameters (the 
parameters that define the convergence rate). Two sets of planar simulations 
were performed to model pure PMMA systems and PMMA-SWNT 
nanocomposites. Polymer chain configuration and density profiles for these 
systems were obtained and compared. The surface effect on the polymer 
configuration and density profile was captured and demonstrated to be identical 
for the two systems. The polymer simulations showed a core section with a 
constant density, where the surface effect from the free surface did not influence 
the behaviour of the polymer chains. The effect of nanotube on polymer 
morphology was observed by layered structures of polymer chains around the 
nanotube, with preferable bands of peaks and valleys in the radial density profile. 
Finally, a new method was presented to calculate the interfacial binding energy 



for nanocomposites. The value of 0.44 kcal mol(-1) angstrom(-2) obtained for the 
PMMA-SWNT nanocomposite was shown to be in good agreement with the 
previously reported results obtained from atomistic simulations. 

 
Rahmat, M., H. Ghiasi, et al. (2012). "An interaction stress analysis of nanoscale elastic 
asperity contacts." Nanoscale 4(1): 157-166. 
 A new contact mechanics model is presented and experimentally examined at 

the nanoscale. The current work addresses the well-established field of contact 
mechanics, but at the nanoscale where interaction stresses seem to be effective. 
The new model combines the classic Hertz theory with the new interaction stress 
concept to provide the stress field in contact bodies with adhesion. Hence, it 
benefits from the simplicity of non-adhesive models, while offering the same 
applicability as more complicated models. In order to examine the model, a set of 
atomic force microscopy experiments were performed on substrates made from 
single-walled carbon nanotube buckypaper. The stress field in the substrate was 
obtained by superposition of the Hertzian stress field and the interaction stress 
field, and then compared to other contact models. Finally, the effect of 
indentation depth on the stress field was studied for the interaction model as well 
as for the Hertz, Derjaguin-Muller-Toporov, and Johnson-Kendall-Roberts 
models. Thus, the amount of error introduced by using the Hertz theory to model 
contacts with adhesion was found for different indentation depths. It was 
observed that in the absence of interaction stress data, the Hertz theory 
predictions led to smaller errors compared to other contact-with-adhesion 
models. 

 
Rahmat, M. and P. Hubert (2012). "Molecular Dynamics Simulation of Single-Walled 
Carbon Nanotube - PMMA Interaction." Journal of Nano Research 18-19: 117-128. 
 Mechanical performance of nanocomposites is strongly dependent on the 

interaction properties between the matrix and the reinforcement. Therefore, the 
aim of this work is to investigate the carbon nanotube polymer interaction in 
nanocomposites. With the ever-increasing power of computers, and enormous 
advantage of parallel computing techniques, molecular dynamics is the favourite 
technique to simulate various atomic and molecular systems for this application. 
In order to simulate nanocomposites using molecular dynamics techniques, a 
stepwise approach was followed. First, a single-walled carbon nanotube was 
modelled as the reinforcing material. The validity of the model was examined by 
applying simple tension boundary conditions and comparing the results with the 
literature. Next, PMMA chains, with different geometries and molecular weights, 
were modelled employing the chemical potentials extracted from the literature. 
The last step included the modelling of the nanotubes surrounded by the matrix 
material and the investigation of the energy minimization for the system. Based 
on the results, the non-covalent interaction energy between a single-walled 
carbon nanotube and the PMMA matrix was obtained. 

 
Rasouli, G. and A. D. Rey (2011). "Acousto-spinodal decomposition of compressible 
polymer solutions: Early stage analysis." Journal of Chemical Physics 134(18). 



 The structure and dynamics of early stage kinetics of pressure-induced phase 
separation of compressible polymer solutions via spinodal decomposition is 
analyzed using a linear Euler-Cahn-Hilliard model and the modified Sanchez 
Lacombe equation of state. The integrated density wave and Cahn-Hilliard 
equations combine the kinetic and structural characteristics of spinodal 
decomposition with density waves arising from pressure-induced couplings. 
When mass transfer rate is slower that acoustic waves, concentration gradients 
generate density waves that cycle back into the spinodal decomposition 
dynamics, resulting in oscillatory demixing. The wave attenuation increases with 
increasing mass transfer rates eventually leading to nonoscillatory spinodal 
demixing. The novel aspects of acousto-spinodal decomposition arise from the 
coexistence of stable oscillatory density dynamics and the unstable monotonic 
concentration dynamics. Scaling laws for structure and dynamics indicate 
deviations from incompressible behavior, with a significant slowing down of 
demixing due to couplings with density waves. Partial structure factors for density 
and density-concentration reflect the oscillatory nature of acousto-spinodal 
modes at lower wave vectors, while the single maximum at a constant wave 
vector reflects the presence of a dominant mode in the linear regime. The 
computed total structure factor is in qualitative agreement with experimental data 
for a similar polymer solution. (C) 2011 American Institute of Physics. 
[doi:10.1063/1.3578175] 

 
Rasouli, G. and A. D. Rey (2012). "Effect of viscous dissipation on acousto-spinodal 
decomposition of compressible polymer solutions: Early stage analysis." Chemical 
Engineering Science 71: 18-31. 
 A compressible Newtonian-Cahn-Hilliard fluid mixture in conjunction with the 

Sanchez-Lacombe equation of state is used to develop a one-dimensional linear 
model that describes acousto-spinodal decomposition by pressure-induced 
phase separation in compressible polymer solutions. The integrated model 
extends previous work (Rasouli and Rey, 2011) on inviscid acousto-spinodal 
decomposition of compressible polymer solution. Acousto-spinodal 
decomposition by pressure-induced phase separation couples density wave 
phenomena with mass transfer driven by spinodal decomposition process. For 
dissipative acousto-spinodal decomposition the relevant parameters are the ratio 
of diffusion speed to density wave speed Mach number (Ma) and the Reynolds 
number (Re). Under diffusion limitation (low Ma) polymer concentration gradients 
act as a sound source in a wave equation that feeds back into the polymer 
concentration balance equation, producing oscillatory spinodal decomposition. 
Phase diagrams in terms of Mach and Reynolds numbers show that under low 
viscosity, oscillatory growth is independent of viscous dissipation and only arises 
under low Ma number. On the other hand, under high viscosity effects, oscillatory 
spinodal decomposition may be generated by increasing Re or by decreasing 
Ma. The viscous attenuation of spinodal decomposition kinetics and the 
amplitude of density waves are characterized. Total structure factor calculations 
are qualitatively consistent with experiments at low wave vectors. 
Acousto-spinodal decomposition is a novel process that offers new processing 



and characterization routes for polymer solutions and melts. Crown Copyright (C) 
2011 Published by Elsevier Ltd. All rights reserved. 

 
Reisner, W., J. N. Pedersen, et al. (2012). "DNA confinement in nanochannels: physics 
and biological applications." Reports on Progress in Physics 75(10). 
 DNA is the central storage molecule of genetic information in the cell, and 

reading that information is a central problem in biology. While sequencing 
technology has made enormous advances over the past decade, there is 
growing interest in platforms that can readout genetic information directly from 
long single DNA molecules, with the ultimate goal of single-cell, single-genome 
analysis. Such a capability would obviate the need for ensemble averaging over 
heterogeneous cellular populations and eliminate uncertainties introduced by 
cloning and molecular amplification steps (thus enabling direct assessment of the 
genome in its native state). In this review, we will discuss how the information 
contained in genomic-length single DNA molecules can be accessed via physical 
confinement in nanochannels. Due to self-avoidance interactions, DNA 
molecules will stretch out when confined in nanochannels, creating a linear 
unscrolling of the genome along the channel for analysis. We will first review the 
fundamental physics of DNA nanochannel confinement-including the effect of 
varying ionic strength-and then discuss recent applications of these systems to 
genomic mapping. Apart from the intense biological interest in extracting linear 
sequence information from elongated DNA molecules, from a physics view these 
systems are fascinating as they enable probing of single-molecule conformation 
in environments with dimensions that intersect key physical length-scales in the 1 
nm to 100 mu m range. 

 
Relaix, S., R. L. Leheny, et al. (2011). "Memory effect in composites of liquid crystal and 
silica aerosil." Physical Review E 84(6). 
 Aerosil silica nanoparticles dispersed in a liquid crystal (LC) possess the 

interesting property of keeping memory of an electric-or magnetic-field-induced 
orientation. Two types of memory have been identified: thermally erasable 
memory arising from the pinning of defect lines versus a "permanent" memory 
where the orientation persists even after thermal cycling the samples up to the 
isotropic phase. To address the source of the latter type of memory, solid-state 
nuclear magnetic resonance spectroscopy and conventional x-ray diffraction 
(XRD) were first combined to characterize the LC orientational order as a 
function of multiple in-field temperature cycles. Microbeam XRD was then 
performed on aligned gels of different concentrations to gain knowledge of the 
structural properties at the origin of the memory effect. No detectable anisotropy 
of the gel or significant breaking of silica strands with heating ruled out the 
formation of an anisotropic silica network as the source of the permanent 
memory as previously proposed. Instead, support for a role of the surface 
memory effect, well known for planar substrates, in stabilizing the permanent 
memory was deduced from "training" of the composites, that is, optimizing the 
orientational order through the thermal in-field cycling. The ability to train the 
composites is inversely proportional to the strength of the random-field disorder. 



The portion of thermally erasable memory also decreases as the silica density 
increases. We propose that the permanent memory originates from the surface 
memory effect operating at points of intersection in the silica network. These 
areas, where the LC is strongly confined with conflicted surface interactions, are 
trained to achieve an optimized orientation and subsequently act as sites from 
which the LC orientational order regrows after zero-field thermal cycling up to the 
isotropic phase. 

 
Rey, A. D., P. Servio, et al. (2013). "Bioinspired model of mechanical energy harvesting 
based on flexoelectric membranes." Physical Review E 87(2). 
 Membrane flexoelectricity is an electromechanical coupling process that 

describes membrane electrical polarization due to bending and membrane 
bending under electric fields. In this paper we propose, formulate, and 
characterize a mechanical energy harvesting system consisting of a deformable 
soft flexoelectric thin membrane subjected to harmonic forcing from contacting 
bulk fluids. The key elements of the energy harvester are formulated and 
characterized, including (i) the mechanical-to-electrical energy conversion 
efficiency, (ii) the electromechanical shape equation connecting fluid forces with 
membrane curvature and electric displacement, and (iii) the electric power 
generation and efficiency. The energy conversion efficiency is cast as the ratio of 
flexoelectric coupling to the product of electric and bending elasticity. The device 
is described by a second-order curvature dynamics coupled to the electric 
displacement equation and as such results in mechanical power absorption with 
a resonant peak whose amplitude decreases with bending viscosity. The electric 
power generation is proportional to the conversion factor and the power 
efficiency decreases with frequency. Under high bending viscosity, the power 
efficiency increases with the conversion factor and under low viscosities it 
decreases with the conversion factor. The theoretical results presented 
contribute to the ongoing experimental efforts to develop mechanical energy 
harvesting from fluid flow energy through solid-fluid interactions and 
electromechanical transduction. DOI: 10.1103/PhysRevE.87.022505 

 
Roche, P. J. R., M. C. K. Cheung, et al. (2012). A study of a self diagnostic platform for 
the detection of A2 biomarker for Leishmania donovani. Optical Diagnostics and 
Sensing Xii: Toward Point-of-Care Diagnostics and Design and Performance Validation 
of Phantoms Used in Conjunction with Optical Measurement of Tissue Iv. R. J. 
Nordstrom and G. L. Cote. 8229. 
 Visceral leishmaniasis ( L. donovani) is a protozoan infection that attacks 

mononuclear phagocytes and causes the liver and spleen damage that can 
cause death. The investigation presented is a proof of concept development 
applying a plasmonic diagnostic platform with simple microfluidic sample delivery 
and optical readout. An immune-assay method is applied to the quantification of 
A2 protein, a highly immunogenic biomarker for the pathogen. Quantification of 
A2 was performed in the ng/ml range, analysis by ELISA suggested that a limit of 
0.1ng/ml of A2 is approximate to 1 pathogen per ml and the sensing system 
shows the potential to deliver a similar level of quantification. Significant 



reduction in assay complexity as further enzyme linked enhancement is not 
required when applying a plasmonic methodology to an immunoassay. The basic 
instrumentation required for a portable device and potential dual optical readout 
where both plasmonic and photoluminescent response are assessed and 
investigated including consideration of the application of the device to testing 
where non-literate communication of results is considered and issues of 
performance are addressed. 

 
Safavieh, R., G. Z. Zhou, et al. (2011). "Microfluidics made of yarns and knots: from 
fundamental properties to simple networks and operations." Lab on a Chip 11(15): 
2618-2624. 
 We present and characterize cotton yarn and knots as building blocks for making 

microfluidic circuits from the bottom up. The yarn used is made up of 200-300 
fibres, each with a lumen. Liquid applied at the extremity of the yarn 
spontaneously wets the yarn, and the wetted length increases linearly over time 
in untreated yarn, but progresses according to a square root relationship as 
described by Washburn's equation upon plasma activation of the yarn. Knots are 
proposed for combining, mixing and splitting streams of fluids. Interestingly, the 
topology of the knot controls the mixing ratio of two inlet streams into two outlet 
yarns, and thus the ratio can be adjusted by choosing a specific knot. The flow 
resistance of a knot is shown to depend on the force used to tighten it and the 
flow resistance rapidly increases for single-stranded knots, but remains low for 
double-stranded knots. Finally, a serial dilutor is made with a web made of yarns 
and double-stranded overhand knots. These results suggest that yarn and knots 
may be used to build low cost microfluidic circuits. 

 
Saha, S., C. Tomaro-Duchesneau, et al. (2012). "Probiotics as oral health 
biotherapeutics." Expert Opinion on Biological Therapy 12(9): 1207-1220. 
 Introduction: Oral health is affected by its resident microorganisms. Three 

prominent oral disorders are dental caries, gingivitis and periodontitis, with the 
oral microbiota playing a key role in the initiation/progression of all three. 
Understanding the microbiota and the diseases they may cause is critical to the 
development of new therapeutics. This review is focused on probiotics for the 
prevention and/or treatment of oral diseases. Areas covered: This review 
describes the oral ecosystem and its correlation with oral health/disease. The 
pathogenesis and current prevention/treatment strategies of periodontal diseases 
(PD) and dental caries (DC) are depicted. An introduction of probiotics is followed 
by an analysis of their role in PD and DC, and their potential role(s) in oral health. 
Finally, a discussion ensues on the future research directions and limitations of 
probiotics for oral health. Expert opinion: An effective oral probiotic formulation 
should contribute to the prevention/treatment of microbial diseases of the oral 
cavity. Understanding the oral microbiota's role in oral disease is important for 
the development of a therapeutic to prevent/treat dental diseases. However, 
investigations into clinical efficacy, delivery/dose optimization, mechanism(s) of 
action and other related parameters are yet to be fully explored. Keeping this in 
mind, investigations into oral probiotic therapies are proving promising. 



 
Sailer, M. and C. J. Barrett (2012). "Fabrication of Two-Dimensional Gradient 
Layer-by-Layer Films for Combinatorial Biosurface Studies." Macromolecules 45(14): 
5704-5711. 
 We have developed a novel gradient fabrication method for combinatorial surface 

studies that provides the equivalent of 5000 individual polyelectrolyte multilayer 
(PEM) film physicochemical conditions in a single 7 cm square film. A simple, 
inexpensive, and versatile automated layering instrument was built, which can 
generate a gradient of physical properties on a film in 1 dimension laterally by 
simultaneously changing both the location of polyelectrolyte adsorption and the 
layering conditions, such as pH or salt concentration of the polyelectrolyte 
dipping solutions. By rotating the substrate 90 degrees after each deposition 
cycle, full 2-dimensional gradient combinatorial films were fabricated over many 
layers, spanning virtually all previous combinations of stable deposition pH and 
salt conditions for both poly(allylamine hydrochloride) (PAN) and poly(acrylic 
acid) (PAA), a process which previously required more than 10 000 separate film 
samples. Surface spatial profiles energy (wettability), density (refractive index), 
and stiffness (modulus) were generated and correlated to assembly conditions. 
Additionally, step gradient films were generated first by varying the number of 
bilayers along one axis and pH along the other, which enabled us to measure 
their combined effect on thickness. To test for biocompatibility, we incubated 
HEK 293 cells on step gradient films and 2D combinatorial films for 48 h and 
determined that film assembly conditions played a major role, especially in 
controlling the stiffness and the density, which could be tailored with deposition 
pH over a wide range. Optimal growth conditions were discovered not at the 
extremes of fabrication pH, but instead near PAN pHs of 4-6 and PAA pH around 
4, demonstrating that these PEM biosurfaces and this technique are suitable for 
optimizing high-throughput cellular screening. of film thickness, surface 

 
Savard, M., G. Dauphinais, et al. (2011). "Hydrodynamics of Superfluid Helium in a 
Single Nanohole." Physical Review Letters 107(25). 
 The flow of liquid helium through a single nanohole with radius smaller than 25 

nm was studied. Mass flow was induced by applying a pressure difference of up 
to 1.4 bar across a 50 nm thick Si(3)N(4) membrane and was measured directly 
by means of mass spectrometry. In liquid He I, we experimentally show that the 
fluid is not clamped by the short pipe with diameter-to-length ratio D/L similar or 
equal to 1, despite the small diameter of the nanohole. This viscous flow is 
quantitatively understood by making use of a model of flow in short pipes. In 
liquid He II, a two-fluid model for mass flow is used to extract the superfluid 
velocity in the nanohole for different pressure heads at temperatures close to the 
superfluid transition. These velocities compare well to existing data for the critical 
superflow of liquid helium in other confined systems. 

 
Savelyeva, X., B. H. Lessard, et al. (2012). "Amphiphilic Poly(4-acryloylmorpholine)/Poly 
2-(N-carbazolyl)ethyl acrylate Random and Block Copolymers Synthesized by NMP." 
Macromolecular Reaction Engineering 6(5): 200-212. 



 A series of random copolymers and block copolymers containing water-soluble 
4AM and fluorescent VAK are synthesized by NMP. The homopolymerizations of 
4AM and VAK and 4AM/VAK random copolymerization are performed in 50?wt% 
DMF using 10 mol% SG1, resulting in a linear increase in $\overline {M} _{{\rm 
n}} $ versus conversion, and final polymers with narrow molecular weight 
distributions ($\overline {M} _{{\rm w}} /\overline {M} _{{\rm n}} $?<?1.4). 
Reactivity ratios rVAK?=?0.64 +/- 0.52 and r4AM?=?0.86 +/- 0.66 are obtained 
for the 4AM/VAK random copolymerization. In addition, a poly(4AM) 
macroinitiator is used to initiate a surfactant-free suspension polymerization of 
VAK. After 2.5?h, the resulting amphiphilic block copolymer has $\overline {M} 
_{{\rm n}} $?=?12.6?kg center dot mol-1, $\overline {M} _{{\rm w}} /\overline {M} 
_{{\rm n}} $?=?1.48, molar composition FVAK?=?0.38 with latex particle sizes 
between 270 and 475?nm. 

 
Savelyeva, X., B. H. Lessard, et al. (2012). "Amphiphilic Poly(4-acryloylmorpholine)/Poly 
2-(N-carbazolyl)ethyl acrylate Random and Block Copolymers Synthesized by NMP." 
Macromolecular Reaction Engineering 6(5): 200-212. 
 A series of random copolymers and block copolymers containing water-soluble 

4AM and fluorescent VAK are synthesized by NMP. The homopolymerizations of 
4AM and VAK and 4AM/VAK random copolymerization are performed in 50?wt% 
DMF using 10 mol% SG1, resulting in a linear increase in $\overline {M} _{{\rm 
n}} $ versus conversion, and final polymers with narrow molecular weight 
distributions ($\overline {M} _{{\rm w}} /\overline {M} _{{\rm n}} $?<?1.4). 
Reactivity ratios rVAK?=?0.64 +/- 0.52 and r4AM?=?0.86 +/- 0.66 are obtained 
for the 4AM/VAK random copolymerization. In addition, a poly(4AM) 
macroinitiator is used to initiate a surfactant-free suspension polymerization of 
VAK. After 2.5?h, the resulting amphiphilic block copolymer has $\overline {M} 
_{{\rm n}} $?=?12.6?kg center dot mol-1, $\overline {M} _{{\rm w}} /\overline {M} 
_{{\rm n}} $?=?1.48, molar composition FVAK?=?0.38 with latex particle sizes 
between 270 and 475?nm. 

 
Schwartz, J. D., R. Abhari, et al. (2010). "Design and Analysis of 1-D Uniform and 
Chirped Electromagnetic Bandgap Structures in Substrate-Integrated Waveguides." 
Ieee Transactions on Microwave Theory and Techniques 58(7): 1858-1866. 
 We demonstrate the creation of an electromagnetic bandgap (stopband) within 

the passband of the fundamental mode of a substrate-integrated waveguide. The 
bandgap is achieved by periodically modulating the waveguide width using the 
metallic plated vias that form the effective waveguide sidewall. We describe the 
design of such a structure, noting that, compared with previously demonstrated 
1-D transmission-line electromagnetic bandgap structures, the resonant bandgap 
frequency is more significantly affected by the amplitude (depth) of the 
modulation of the waveguide width. We explain this result using classical circuit 
theory and describe a model-based approach to predicting device behavior. We 
present measured results for several designed structures in the Ka-band using 
smooth and square-like modulations of the waveguide width. We demonstrate 
both uniform and linearly chirped (dispersive) implementations; the latter 



structures yield broadband linear group delays in the reflected band. 
 
Shahamat, M. and A. D. Rey (2012). "Characterization of Pressure Effects on the 
Cohesive Properties and Structure of Hexane and Polyethylene Using Molecular 
Dynamics Simulations." Macromolecular Theory and Simulations 21(8): 535-543. 
 Molecular dynamics (MD) simulations using the OPLS-AA force field are 

conducted to compute pressure- and molecular-weight-dependence of 
Hildebrand's solubility parameters of hexane and high-density polyethylene 
(HDPE) at high pressures. The pressure dependence investigation also captures 
density data computed at high temperature and for external pressures ranging 
from 100 to 3000 bar. The effect of electrostatic potential energy contribution to 
cohesive energy and density is investigated and it is shown that the solubility 
parameter increases monotonically with increasing external pressure for both 
molecular mechanical models with and without electrostatic terms. Analysis of 
the pair distribution function is carried out versus pressure together with the 
influence of electrostatic energy contribution reflecting structural change of the 
condensed phase. 

 
Shahamat, M. and A. D. Rey (2013). "High pressure miscibility predictions of 
polyethylene in hexane solutions based on molecular dynamics." European Polymer 
Journal 49(2): 471-481. 
 Models that describe miscibility of polyethylene in hydrocarbon solvents at high 

pressures are of on-going interest in fundamental polymer physics and applied 
polymer processing. The present study aims to characterize the pressure 
dependence of the solubility of polyethylene (PE) in hexane using an 
atomistic-level simulation technique to avoid the need for expensive and difficult 
to obtain experimental data. To achieve this, isobaric-isothermal molecular 
dynamics (NPT-MD) simulations based upon a well-established force field 
(OPLS-AA) are utilized to predict the pressure dependence of Hildebrand's 
solubility parameter of high-density polyethylene (HDPE) and hexane at high 
pressure. The NPT simulations also capture molar volume data computed at high 
temperature (425 K) and high pressures ranging from 100 to 3000 bar. Further, 
internal pressures are estimated at high pressures and it is shown that for PE 
internal pressure is not identical to cohesive energy density (CED). However for 
PE the ratio of these two quantities tends to unity with increasing pressure. 
Subsequently, the Flory-Huggins binary interaction parameter is predicted from 
the knowledge of pressure dependence of solubility parameters and molar 
volumes. It is demonstrated that the computed binary interaction parameter 
decreases upon increasing the pressure indicating that the miscibility of the 
PE/hexane system improves by raising the pressure. This conclusion is in 
agreement with the solution polymerization process for producing PE where 
pressure-induced phase separation (PIPS) is applied to separate the polymer 
product from the polyolefin solution. Exclusion of electrostatic potentials in the 
molecular mechanics model results in larger interaction parameters while the 
monotonically decreasing trend remains intact in both molecular mechanics 
models with and without electrostatic forces. In addition, it has been found that 



there is a pressure limit beyond which the binary interaction parameter 
demonstrates less sensitivity to pressure indicating that PE miscibility is not 
further affected by pressure changes. Based upon the pressure dependence of 
the interaction parameter the negative contribution of volume change on mixing 
is predicted where the change in volume upon mixing decays with increasing 
pressure. Moreover, it is shown that the increase in system pressure increases 
the chemical potential factor of the phase stability condition indicating that at 
higher pressures this term tends to stabilize the polymer-solvent system. It has 
also been revealed that the chemical potential factor estimated by the molecular 
mechanics model, incorporating the atomic partial charges, is qualitatively more 
consistent with the miscibility predictions from phase diagrams. The presented 
results contribute to the fundamental understanding of PIPS, an important 
demixing process poorly understood when compared to thermally-induced phase 
separation. (c) 2012 Elsevier Ltd. All rights reserved. 

 
Shariff, T., X. Cao, et al. (2012). "Effect of joint gap on the quality of laser beam welded 
near-beta Ti-5553 alloy with the addition of Ti-6Al-4V filler wire." Journal of Materials 
Science 47(2): 866-875. 
 Ti-5Al-5V-5Mo-3Cr (Ti-5553) sheets were welded using a Nd: YAG laser system 

and Ti-6Al-4V filler wire. The effect of joint gap on weld geometry, defects, 
microstructure, and hardness was investigated. Fully penetrated welds up to a 
joint gap of 0.5 mm were produced. The two main defects observed were 
porosity and underfill. The addition of filler wire reduced underfill but increased 
porosity, especially at large joint gaps. The fusion zone (FZ) microstructure at low 
joint gaps consisted of retained beta with a dendritic morphology. At a joint gap of 
0.3 mm, regions of orthorhombic alpha aEuro(3) martensite were observed in the 
weld zone which increased in proportion as the joint gap increased from a 
volume percentage of 4.9% at 0.3 mm to a volume percentage of 44% at 0.5 
mm. Despite the differences in microstructure with increasing joint gap, the FZ 
hardness remained relatively constant for all joint gaps evaluated. 

 
Shastri, B. J. and D. V. Plant (2010). "5/10-Gb/s Burst-Mode Clock and Data Recovery 
Based on Semiblind Oversampling for PONs: Theoretical and Experimental." Ieee 
Journal of Selected Topics in Quantum Electronics 16(5): 1298-1320. 
 In this paper, we demonstrate a 5/10-Gb/s burst-mode clock and data recovery 

circuit (BM-CDR) for passive optical network (PON) applications. The BM-CDR is 
based on a phase-tracking oversampling (semiblind) CDR circuit operated at 
twice the bit rate and a clock phase aligner that makes use of a simple 
phase-picking algorithm for automatic clock phase acquisition. The design 
provides low latency and fast response without requiring a reset signal from the 
network layer. We experimentally test the proposed BM-CDR in a 20-km PON 
uplink. The BM-CDR achieves a bit error rate (BER) < 10(-10) and packet loss 
ratio (PLR) < 10(-6) while featuring: 1) instantaneous (0 preamble bit) phase 
acquisition for any phase step (+/- 2 pi rad) between successive bursts; 2) BER 
and PLR sensitivities of -24.2 and -25.4 dBm, respectively; 3) negligible 
burst-mode sensitivity penalty of 0.8 dB; 4) frequency acquisition range of 242 



MHz; 5) consecutive identical digit (CID) immunity of 3100 bits; and 6) dynamic 
range of 3 dB. With the instantaneous phase acquisition, we predict the physical 
efficiency of the upstream PON traffic to be 99%. We also present a unified 
probabilistic theory for conventional CDRs, N times oversampling CDRs in either 
time or space, and BM-CDRs built from oversampling CDRs. This theory can 
quantitatively explain the performance of these circuits in terms of the BER and 
PLR. The theoretical model accounts for the following parameters: 1) silence 
period, including phase step and CIDs, between consecutive packets; 2) finite 
frequency offset between the sampling clock and data rate; 3) preamble length; 
4) jitter on the sampling clock; and 5) pattern correlator error resistance. On the 
basis of this theory, we perform a comprehensive theoretical analysis to assess 
the tradeoffs between these parameters, and compare the results experimentally 
to validate the theoretical model. 

 
Shastri, B. J. and D. V. Plant (2011). Scaling Technologies for Terabit Fiber Optic 
Transmission Systems. Optoelectronic Integrated Circuits Xiii. L. A. Eldada and E. H. 
Lee. 7942. 
 The past decade has seen profound changes not only in the way we 

communicate, but also in our expectations of what networks will deliver in terms 
of speed and bandwidth. The coming decade promises to demand more capacity 
and bandwidth in these networks and it is in this context that we present our work 
on scaling technologies for terabit fiber optic transmission systems. We discuss 
several topics that focus on increasing capacity in existing and next generation 
long-haul and metro fiber optic transmission systems that will carry tens to 
hundreds of terabits and will be based on coherent optical receivers. 

 
Shastri, B. J. and D. V. Plant (2012). "Truly Modular Burst-Mode CDR With 
Instantaneous Phase Acquisition for Multiaccess Networks." Ieee Photonics Technology 
Letters 24(2): 134-136. 
 We demonstrate a novel 10-Gb/s burst-mode clock and data recovery circuit 

(BM-CDR) for multiaccess networks. Our design is based on a hybrid topology of 
a feedback CDR and a feed-forward clock phase aligner utilizing space-sampled 
clocks. The BM-CDR achieves a bit error rate (BER) <10(-10) while featuring 
instantaneous (0-bit) phase acquisition for any phase step (+/- 2 pi rad) between 
successive bursts. We also develop a probabilistic theoretical model for 
space-sampled BM-CDRs to quantify the BER performance. The theoretical 
model accounts for the phase step between consecutive packets, packet 
preamble length, and jitter on the sampling clock. 

 
Shastri, B. J., D. V. Plant, et al. (2011). A 10-Gb/s Space Sampling Burst-Mode Clock 
and Data Recovery Circuit for Passive Optical Networks. 
 We demonstrate a novel 10-Gb/s burst-mode CDR circuit for PONs featuring 

instantaneous (0-bit) phase acquisition with BER < 10(-11). Our design is based 
on hybrid topology: feedback CDR and feed-forward clock phase aligner utilizing 
space-sampled clocks. 

 



Shastri, B. J., P. R. Prucnal, et al. (2012). "20-GSample/s (10 GHz x 2 Clocks) 
Burst-Mode CDR Based on Injection Locking and Space Sampling for Multiaccess 
Networks." Ieee Photonics Journal 4(5): 1783-1793. 
 In this paper, we demonstrate a novel 20-GSample/s burst-mode clock and data 

recovery (BM-CDR) technique for optical multiaccess networks. The BM-CDR 
incorporates an injection-locking method for clock recovery and a clock phase 
aligner employing space sampling with two multiphase clocks at 10 GHz and a 
phase-picking algorithm for automatic clock phase acquisition. The design 
provides low latency and fast response without requiring a reset signal from the 
network layer. The BM-CDR achieves a bit error rate < 10(-1)0 while featuring 
instantaneous (0-bit) phase acquisition for any phase step (+/- 2 pi rad) between 
successive bursts. We also compare the data with probabilistic theoretical 
predictions to validate the experimental results. 

 
Shi, G. X., D. G. Cooper, et al. (2011). "Poly(epsilon-caprolactone)-based 'green' 
plasticizers for poly(vinyl choride)." Polymer Degradation and Stability 96(9): 1639-1647. 
 A series of proposed plasticizers for poly(vinyl chloride) (PVC), based on 

poly(epsilon-caprolactone) (PCL) with octanoate and benzoate-terminal groups, 
were synthesized with various microstructures and molecular weights (MW) and 
tested for biodegradability as well as for mechanical performance, and leaching 
resistance in blends with PVC. The plasticization efficiency of each was 
characterized by measuring the glass transition temperature (T(g)) and tensile 
properties of PCL/PVC blends. The PCL-octanoate plasticizers demonstrated 
plasticization efficiency similar to di(ethylhexyl) phthalate (DEHP) with the same 
plasticizer loading. PCL-benzoate/PVC blends had much higher T(g)s (similar to 
20 degrees C higher) compared to PCL-octanoate/PVC and DEHP/PVC blends. 
Yield stresses were about two times higher for PCL-benzoate/PVC blends 
compared to PCL-octanoate/PVC and DEHP/PVC blends, reflecting the stiffer 
nature of such blends. Biodegradation was rapid for all PCL-octanoates, with the 
exception of linear PCL-octanoates with arm molecular weights >10(3) g mol(-1). 
Biodegradation rates of PCLs by Rhodococcus rhodocrous were not affected by 
microstructure for the range of PCL topologies studied (linear versus three or four 
arms) but were slower for PCLs made from commercial PCL-diols that had a 
central ether linkage due to the initiator used to make these compounds. 
Leaching resistance was higher as PCL molecular weight increased and, for 
pairs of comparable sized species, significantly less PCL-benzoate leached out 
compared to the PCL-octanoate. For the range of PCL topologies studied, the 
number of arms did not significantly affect leaching resistance. In summary, both 
the end group and the molecular weight influenced the leaching resistance of the 
PCL PCL-octanoates were comparable plasticizers to DEHP in terms of the 
mechanical properties examined, and were rapidly degraded by a common soil 
microorganism. (C) 2011 Elsevier Ltd. All rights reserved. 
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Singh, J., V. Mirjalili, et al. (2011). "Integrated shape and material selection for single 
and multi-performance criteria." Materials & Design 32(5): 2909-2922. 
 A shape and material selection method, based on the concept of shape 

transformers, has been recently introduced to characterize the mass efficiency of 
lightweight beams under bending and shear. This paper extends this method to 
deal with the case of torsional stiffness design, and generalize it to single and 
multi-crieria selection of lightweight shafts subjected to a combination of bending, 
shear, and torsional load. The novel feature of the paper is the useful integration 
of shape and material to model and visualize multi-objective selection problems. 
The scheme is centered on concept selection in structural design, and hinges on 
measures that govern the shape properties of a cross-section regardless of its 
size. These measures, referred as shape transformers, can classify shapes in a 
way similar to material classification. The procedure is exemplified by considering 
torsional stiffness as a constraint. The performance charts are developed for 
single and multi-criteria to visualize in a glance the whole range of 
cross-sectional shapes for each material. Each design chart is explained with a 
brief example. (C) 2011 Published by Elsevier Ltd. 

 
Sleiman, H. (2011). "3D DNA structures with moving parts: Loading and selective 
release of cargo for biological and materials applications." Abstracts of Papers of the 



American Chemical Society 241. 
  
Smeu, M., H. Guo, et al. (2012). "Electronic properties of Si(111)-7 x 7 and related 
reconstructions: Density functional theory calculations." Physical Review B 85(19). 
 The 7 x 7 reconstruction of Si(111) has the interesting property of being metallic 

despite bulk Si being a semiconductor. This surface has a complex 
reconstruction that takes on a dimer-adatom stacking fault (DAS) structure 
composed of adatoms, rest atoms, and several other key features. It is believed 
that the dangling bonds of the adatoms play a crucial role in the high conductivity 
and that this is predominantly a surface-state band effect. To elucidate the details 
of this mechanism, we investigate a set of related Si(111) reconstructions of 
increasing complexity in order to resolve the effect of the different DAS features 
on the electronic and transport properties of the Si(111)-7 x 7 surface. Density 
functional theory calculations are carried out on the root 3 x root 3-R30 degrees, 
2 x 2, 5 x 5, and 7 x 7 reconstructions of Si(111). Since these surfaces are 
modeled as two-dimensional slabs, a careful investigation is carried out to 
determine the slab thickness needed to capture the structural and electronic 
properties of these systems. The densities of states (DOSs) projected on 
different atoms in these surfaces are then compared, revealing that the root 3 x 
root 3, 5 x 5, and 7 x 7 surfaces are metallic, while the 2 x 2 surface is 
semiconducting. Finally, the DOSs for Si(111)-7 x 7 are related to scanning 
tunneling microscope data to offer an explanation for different adatom 
prominence trends depending on Si sample doping. 

 
Smeu, M., R. A. Wolkow, et al. (2012). "Conduction modulation of pi-stacked 
ethylbenzene wires on Si(100) with substituent groups." Theoretical Chemistry Accounts 
131(1). 
 For the realization of molecular electronics, one essential goal is the ability to 

systematically fabricate molecular functional components in a well-controlled 
manner. Experimental techniques have been developed such that p-stacked 
ethylbenzene molecules can now be routinely induced to self-assemble on an 
H-terminated Si(100) surface at precise locations and along precise directions. 
Electron transport calculations predict that such molecular wires could indeed 
carry an electrical current, but the Si substrate may play a considerable role as a 
competing pathway for conducting electrons. In this work, we investigate the 
effect of placing substituent groups of varying electron donating or withdrawing 
strengths on the ethylbenzene molecules to determine how they would affect the 
transport properties of such molecular wires. The systems consist of a line of 
p-stacked ethylbenzene molecules covalently bonded to a Si substrate. The 
ethylbenzene line is bridging two Al electrodes to model current through the 
molecular stack. For our transport calculations, we employ a first-principles 
technique where density functional theory (DFT) is used within the 
non-equilibrium Green's function formalism (NEGF). The calculated density of 
states suggest that substituent groups are an effective way to shift molecular 
states relative to the electronic states associated with the Si substrate. The 
electron transmission spectra obtained from the NEGF-DFT calculations reveal 



that the transport properties could also be extensively modulated by changing 
substituent groups. For certain molecules, it is possible to have a transmission 
peak at the Fermi level of the electrodes, corresponding to high conduction 
through the molecular wire with essentially no leakage into the Si substrate. 

 
Soule, E. R., C. Lavigne, et al. (2012). "Multiple interfaces in diffusional phase 
transitions in binary mesogen-nonmesogen mixtures undergoing metastable phase 
separations." Physical Review E 86(1). 
 Theory and simulations of simultaneous chemical demixing and phase ordering 

are performed for a mixed order parameter system with an isotropic-isotropic (I-I) 
phase separation that is metastable with respect to an isotropic-nematic (I-N) 
phase-ordering transition. Under certain conditions, the disordered phase 
transforms into an ordered phase via the motion of a double front containing a 
metastable phase produced by I-I demixing, a thermodynamically driven 
mechanism not previously reported. Different kinetic regimes are found 
depending on the location of the initial conditions in the thermodynamic phase 
diagram and the ratio between diffusional and nematic phase-ordering mobilities. 
For a diffusional process, depending if the temperature is above or below the 
critical codissolution point, an inflection point or a phase separation takes place 
in the depletion layer. This phase separation leads to the formation of a second 
interface where the separation of the two metastable isotropic phases grows 
monotonically with time. The observed deviations from the typical Fickian 
concentration profiles are associated with strong positive deviations of the 
mixture from ideality due to couplings between concentration and nematic 
ordering. Although systems of interest include liquid-crystalline nanocomposites, 
this mechanism may apply to any mixture that can undergo an order-disorder 
transition and demix. 

 
Soule, E. R., J. Milette, et al. (2012). "Phase equilibrium and structure formation in gold 
nanoparticles-nematic liquid crystal composites: experiments and theory." Soft Matter 
8(10): 2860-2866. 
 A theoretical and experimental study of mixtures of a calamitic nematic liquid 

crystal and gold nanoparticles capped with mixed monolayers (alkylic + 
mesogenic ligands) is presented. The effect of the ligand monolayer composition 
and nanoparticle concentration on the solubility in the isotropic phase and on the 
isotropic-nematic phase transition is studied. Mixed monolayers show the highest 
miscibility and lead to the formation of well-defined cellular networks. This 
behaviour is explained in terms of a mean-field thermodynamic model, in 
combination with a phenomenological expression for the isotropic interaction 
parameter that accounts for entropic and enthalpic effects of the mixed ligand 
monolayer. The final structure of the material is shown to be determined 
essentially by the phase equilibrium behaviour. 

 
Soule, E. R., L. Reven, et al. (2012). "Thermodynamic Modelling of Phase Equilibrium in 
Nanoparticles - Nematic Liquid Crystals Composites." Molecular Crystals and Liquid 
Crystals 553: 118-126. 



 In this work, a theoretical study of phase equilibrium in mixtures of a calamitic 
nematic liquid crystal and hard spherical nanoparticles is presented. A mean-field 
thermodynamic model is used, where the interactions are considered to be 
proportional to the number of contacts, which in turn are proportional to the areas 
and area fractions of each component. It is shown that, as the radius of the 
particle is increased, the effect of the particles on the isotropic-nematic transition 
is less pronounced, and that for a large radius the miscibility increases as the 
particle radius increases. 
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Soule, E. R. and A. D. Rey (2011). "A good and computationally efficient polynomial 
approximation to the Maier-Saupe nematic free energy." Liquid Crystals 38(2): 201-205. 
 A new computational strategy is proposed to approximate, with a simple but 

accurate expression, the Maier-Saupe free energy for nematic order. Instead of 
the traditional approach of expanding the free energy with a truncated Taylor 
series, we employ a least-squares fitting to obtain the coefficients of a polynomial 
expression. Both methods are compared, and the fitting with at most five 
polynomial terms is shown to provide a satisfactory fitting, and to give much more 
accurate results than the traditional Taylor expansion. We perform the analysis in 
terms of the tensor order parameter, so the results are valid in uniaxial and 
biaxial states. 

 
Soule, E. R. and A. D. Rey (2012). "Hedgehog defects in mixtures of a nematic liquid 
crystal and a non-nematogenic component." Soft Matter 8(5): 1395-1403. 
 A theoretical study of the core structure and composition of a hedgehog defect in 

a mixture of a nematic liquid crystal and a second non-nematogenic component 
is presented. Fractionation of the components between the bulk and the defect 
core is rigorously considered by using solution thermodynamics. Two 
complementary approaches are used to analyze this problem: a multiscale model 
based on a Landau-de Gennes free energy functional that is solved numerically, 
and a macroscopic sharp interface phase-equilibrium model, which considers the 
defect core as an isotropic phase in equilibrium with a distorted nematic phase 
and that under certain limiting conditions yields equations that reveal the 
mechanisms that select defect core structure, geometry, and composition. It is 
found that the non-nematogenic component segregates preferentially to the 



defect core, and the defect radius increases as the concentration of the second 
component and the temperature are increased. As previously predicted for pure 
liquid crystals, close to saturation conditions the radius increases significantly, 
and a small range of supersaturation or superheating is observed. 

 
Soule, E. R. and A. D. Rey (2012). "Modelling complex liquid crystal mixtures: from 
polymer dispersed mesophase to nematic nanocolloids." Molecular Simulation 38(8-9): 
735-750. 
 Liquid crystals (LCs) are synthetic and biological viscoelastic anisotropic soft 

matter materials that have a combination of fluidity of liquids and anisotropy of 
solids and find use in optical devices, sensor/actuators, lubrication and 
super-fibres. Mesogens are frequently mixed with colloidal and nanoparticles 
(NPs), other mesogens, isotropic solvents, thermoplastic polymers, 
cross-linkable monomers, among others. This comprehensive review presents 
recent progress in meso-and macro-scale thermodynamic modelling, highlighting 
(i) the novelties in spinodal and binodal lines in various phase diagrams, (ii) the 
growth laws under phase transitions and phase separation, (iii) the ubiquitous 
role of metastability and its manifestation in complex droplet interfaces, (iv) the 
various spinodal decompositions due to composition and order fluctuations, (v) 
the formation of novel material architectures such as colloidal crystals, (vi) the 
particle-rich phase behaviour in LC nanocomposites, (vii) the use of topological 
defects to absorb and organise NPs and (viii) the ability of faceted NPs to link 
into strings and organise into lattices. Emphasis is given to highlight dominant 
mechanisms and driving forces, and to link them to specific terms in the free 
energies of these complex mixtures. The novelties of incorporating mesophases 
into blends, solutions, dispersions and mixtures are revealed by using theory, 
modelling, computation and visualisation. 

 
Sowailem, M. Y., D. V. Plant, et al. (2011). Implementation of Optical Burst Switching in 
Data Centers. 
 We demonstrate the implementation and performance of optical burst switching 

in data centers. We propose the use of hybrid burst assembly algorithm and 
compare both the first-fit and horizon scheduling algorithms in a fat-tree topology. 

 
Sriraman, K. R., H. W. Strauss, et al. (2012). "Tribological behavior of electrodeposited 
Zn, Zn-Ni, Cd and Cd-Ti coatings on low carbon steel substrates." Tribology 
International 56: 107-120. 
 The tribological behavior of electrodeposited Zn-Ni alloy coatings was 

investigated for its suitability to replace Zn- and Cd-based coatings. An in situ 
tribometry technique with a transparent sapphire hemisphere as a counter face 
on a pin on flat tribometer was utilized to examine the contribution of third bodies 
in friction and wear behavior. Wear mechanisms and tribo/transfer film 
morphology were also studied with the X-ray diffraction and electron microscopy. 
In situ tribometry and additional ex situ analyses revealed that Zn-Ni coatings 
had superior resistance to adhesive wear compared to cadmium coatings. 
Microhardness of Zn-Ni coatings was higher than Zn and Cd coatings. Hardness 



on the wear track of Zn-Ni coatings showed the formation of a strain hardened 
tribo layer. (C) 2012 Elsevier Ltd. All rights reserved. 

 
Stahli, C., N. Muja, et al. (2013). "Controlled Copper Ion Release from 
Phosphate-Based Glasses Improves Human Umbilical Vein Endothelial Cell Survival in 
a Reduced Nutrient Environment." Tissue Engineering Part A 19(3-4): 548-557. 
 The success of tissue engineering is dependent on rapid scaffold vascularization 

after engraftment. Copper ions are well known to be angiogenic but exhibit 
cytotoxicity at elevated doses. The high sensitivity to copper concentration 
underlines the need of a controlled release mechanism. This study investigated 
the effect of copper ions released from phosphate-based glasses (PGs) on 
human umbilical vein endothelial cells (HUVECs) under standard growth 
conditions (SGC), as well as in a reduced nutrient environment (RNE) with 
decreased bovine serum and growth factor concentrations to approximate 
conditions in the core of large volume scaffolds where nutrient diffusion is limited. 
Initially, HUVECs were exposed to a range of CuCl2 concentrations in order to 
identify an optimal response in terms of their metabolism, viability, and apoptotic 
activity. Under SGC, HUVEC metabolic activity and viability were reduced in a 
dose-dependent manner in the presence of 0.44-12 ppm Cu2+. In contrast, 
HUVEC death induced by the RNE was delayed by an optimal dose of 4ppm 
Cu2+, which was associated with a down-regulation of apoptosis as evidenced 
by caspase-3/7 activity. Copper ion release from soluble PGs of the formulation 
50P(2)O(5)-30CaO-(20-x)Na2O-xCuO [mol%] (x = 0, 1, 5 and 10) demonstrated 
a controllable increase with CuO content. The presence of 4ppm copper ions 
released from the 10% CuO PG composition reproduced the delay in HUVEC 
death in the RNE, suggesting the potential of these materials to extend survival 
of transplanted endothelial cells in large volume scaffolds. 
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by caspase-3/7 activity. Copper ion release from soluble PGs of the formulation 
50P(2)O(5)-30CaO-(20-x)Na2O-xCuO [mol%] (x = 0, 1, 5 and 10) demonstrated 
a controllable increase with CuO content. The presence of 4ppm copper ions 
released from the 10% CuO PG composition reproduced the delay in HUVEC 
death in the RNE, suggesting the potential of these materials to extend survival 
of transplanted endothelial cells in large volume scaffolds. 

 
Stoffler, D., S. Fostner, et al. (2012). "Scanning probe microscopy imaging of metallic 
nanocontacts." Physical Review B 85(3). 
 We show scanning probe microscopy measurements of metallic nanocontacts 

between controlled electromigration cycles. The nanowires used for the thinning 
process are fabricated by shadow evaporation. The highest resolution obtained 
using scanning force microscopy is about 3 nm. During the first few 
electromigration cycles the overall slit structure of the nanocontact is formed. The 
slit first passes along grain boundaries and then at a later stage vertically splits 
grains in the course of consuming them. We find that first the whole wire is 
heated, and later during the thinning process as the slit forms the current runs 
over several smaller contacts and less power is needed. 

 
Stoyanov, P., S. Gupta, et al. (2012). "Microtribological performance of Au-MoS2 
nanocomposite and Au/MoS2 bilayer coatings." Tribology International 52: 144-152. 
 Scratch tests, reciprocating microwear, and scanning wear tests were performed 

on pure Au, bilayer Au/MoS2, and co-sputtered Au-MoS2 using a 
nanoindentation instrument in dry air. These different lubrication strategies (i.e. 
nanocomposite and bilayer coatings) were compared in terms of mechanical 
properties, friction coefficient, and wear behavior. The results were correlated to 
the tribofilm formation, which was analyzed using ex situ characterization of the 
wear track with a Scanning Electron Microscope (SEM), micro-Raman 
spectrometer, and an atomic force microscope (AFM). It was observed that the 
nanocomposite Au-MoS2 coatings increased the wear resistance compared to 
pure Au films, which was explained by the increase in hardness values and the 
decrease in surface adhesion forces. Similarly for bilayer Au/MoS2 samples, the 
wear resistance of the Au film was enhanced by the MoS2 top layer, which 
behaved as a sacrificial layer protecting the Au. (C) 2012 Elsevier Ltd. All rights 
reserved. 

 
Stoyanov, P., H. W. Strauss, et al. (2012). "Scaling effects between micro- and 
macro-tribology for a Ti-MoS2 coating." Wear 274: 149-161. 
 The tribological properties of a Ti-MoS2 coating (9 at% Ti) were studied at 

macroscopic length scales with an in situ tribometer and at microscopic length 
scales with a nanoindentation instrument equipped for microsliding experiments. 
Measurements were conducted in controlled environments at both low and high 
humidity (i.e. similar to 4%RH and similar to 35%RH). Reciprocating micro- and 
macro-sliding tests were performed with spherical diamond tip with a 50 mu m 
radius and a sapphire tip with a radius of 3.175 mm, respectively. For both 
scales, the range of Hertzian contact pressures was between 0.41 GPa and 1.2 



GPa. In situ video microscopy observations identified that the dominant velocity 
accommodation mode at macro-scale was interfacial sliding. However, an 
additional velocity accommodation mode, transfer film shearing, was also 
observed with higher humidity. Overall higher friction was observed with 
microtribology compared to macrotribology. The higher coefficient of friction was 
attributed to three different stages during the sliding process, which were 
identified with respect to different contact pressures, contact areas, tip shapes, 
and environmental conditions. The first two stages exhibited a solid lubrication 
behavior with some combination of interfacial sliding, transfer film shearing and 
microplowing. The transfer film thicknesses for these stages, normalized to the 
initial Hertzian contact radius, fell in a range of 0.001-0.1. For the third stage, the 
dominant VAM was plowing and the normalized transfer film thickness fell below 
this range. Comparisons between the two scales demonstrated that for dry 
sliding, microscopic contacts on Ti-MoS2 deviate slightly from macroscopic 
behavior, showing higher limiting friction and microplowing. For humid sliding, 
microscopic contacts deviate significantly from macroscopic behavior, showing 
plowing behavior and absence of transfer films. (C) 2011 Elsevier B.V. All rights 
reserved. 

 
Stratton, S., K. L. Luska, et al. (2011). "Halide-free synthesis of rhodium nanoparticles 
as catalysts for arene hydrogenation." Abstracts of Papers of the American Chemical 
Society 241. 
  
Stratton, S. A., K. L. Luska, et al. (2012). "Rhodium nanoparticles stabilized with 
phosphine functionalized imidazolium ionic liquids as recyclable arene hydrogenation 
catalysts." Catalysis Today 183(1): 96-100. 
 Rhodium nanoparticles (Rh NPs) stabilized by phosphine functionalized ionic 

liquids (FILs) were prepared in [BDMI]NTf2 
(BDMI=1-butyl-2,3-dimethylimidazolium, NTf2=bis(trifluoromethanesulfonyl) 
imide) using H-2(g) (4 bar) as a reducer. Rh(allyl)(3) was used as a "salt-free" Rh 
NP precursor and allowed to enhance the stability of the Rh NPs compared to 
the usual RhCl3 precursor. The synthesized FIL stabilized Rh NPs proved to be 
active biphasic catalysts for the hydrogenation of toluene, styrene and xylenes 
under mild conditions (75 degrees C, 40 bar H-2(g), 3 h). The impact on activity 
of the length of the spacer between the phosphine function and the ionic liquid 
moiety in the FIL was studied. The Rh NPs stabilized by FILs showed higher 
catalytic activity and recyclability than NPs synthesized in the absence of a 
stabilizer and more stable than the system employing triphenylphosphine (PPh3) 
as a stabilizer. The size of the stabilized Rh NPs was measured to be around 2 
nm by TEM, while those produced in the absence of a FIL stabilizer formed only 
aggregates. c 2011 Elsevier B. V. All rights reserved. 

 
Szkopek, T. (2011). "The fine structure constant determines spontaneous emission 
rates from semiconductors." Applied Physics Letters 98(21). 
 The probability of spontaneous emission from a semiconductor, per oscillation of 

the optical field, is proportional to the cube of the fine structure constant alpha 



and the ratio of the semiconductor dipole parameter E(p) to hydrogen's Rydberg 
energy. Expressions for radiative recombination rates in quantum wells and bulk 
semiconductors are given, including the bimolecular radiative recombination 
coefficient B. We show that alpha sets the natural scale for spectral density of 
spontaneous emission per square wavelength area of a quantum well. The fine 
structure constant also sets a physical limit to the Purcell enhancement factor for 
spontaneous emission. (C) 2011 American Institute of Physics. [doi: 
10.1063/1.3591171] 

 
Szkopek, T. (2011). "Optical Frequency Conductance, Susceptance and Admittance of 
Quantum Wells." Ieee Journal of Quantum Electronics 47(4): 500-509. 
 Optical absorption and emission via interband and intersubband transitions in a 

quantum well can be described by a quantized optical frequency conductance 
proportional to the fine structure constant. We present a compact physical model 
based on optical frequency admittance for the interaction of light with quantum 
wells in photodetectors and semiconductor lasers. 

 
Szkopek, T. and E. Ledwosinska (2011). Optical Frequency Conductance Model of 
TeraHertz/Infrared Emission and Detection in Semiconductors. Terahertz Technology 
and Applications Iv. L. P. Sadwick and C. M. M. Osullivan. 7938. 
 The optical frequency conductance is derived for quantum wells and quantum 

dots, and the optical frequency conductivity of bulk narrow-gap semiconductors is 
revisited. The teraHertz (THz) and infrared (IR) response of these semiconductor 
structures, in both free-space and guided-wave geometries, is described in a 
simple manner within the optical frequency conductance formalism. Familiar 
concepts form the microwave domain, including transmission lines and 
impedance matching, are extended into the THz and IR domains. We show that 
the fine structure constant of quantum electrodynamics sets the natural scale for 
the optical conductance of semiconductor structures, from which rules of thumb 
and physical limits to THz/IR gain and absorption can be derived. The optical 
conductance formalism can be applied to MCT photodetectors, quantum well IR 
photodetectors, quantum dot IR photodetectors, and quantum cascade lasers. 

 
Szkopek, T., V. P. Roychowdhury, et al. (2011). "Physical Fault Tolerance of 
Nanoelectronics." Physical Review Letters 106(17). 
 The error rate in complementary transistor circuits is suppressed exponentially in 

electron number, arising from an intrinsic physical implementation of fault-tolerant 
error correction. Contrariwise, explicit assembly of gates into the most efficient 
known fault-tolerant architecture is characterized by a subexponential 
suppression of error rate with electron number, and incurs significant overhead in 
wiring and complexity. We conclude that it is more efficient to prevent logical 
errors with physical fault tolerance than to correct logical errors with fault-tolerant 
architecture. 

 
Tabrizian, M. and O. Han (2013). "Materials Best Paper Award 2013." Materials 6(2): 
609-611. 



  
Taghvaeipour, A., J. Angeles, et al. (2012). "On the elastostatic analysis of mechanical 
systems." Mechanism and Machine Theory 58: 202-216. 
 The subject of this paper is the elastostatic analysis of robot structures. The 

method of analysis is based on the concept of generalized spring, in which each 
flexible link is replaced with a six-dimensional generalized spring. The stiffness 
matrix of this spring, when the link complexity so requires, should be obtained 
numerically, via finite element analysis (FEA). In this study, a novel formulation 
for the modeling of all six lower kinematic pairs (LKP), when connecting two 
flexible links, is introduced. By resorting to this formulation, a compact formula for 
the stiffness matrix of a parallelogram with flexible linkages, what is called 
Pi-joint, is obtained. As an illustrative example, the procedure is applied to a 
Schonflies motion generator that features Pi joints. In order to illustrate the online 
feasibility of the computations involved, the minimum eigenvalues of a 
dimensionless factor of the stiffness matrix, used as stiffness performance index, 
are plotted along a standard trajectory adopted by the industry. (C) 2012 Elsevier 
Ltd. All rights reserved. 
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Taghvaeipour, A., J. Angeles, et al. (2013). "Constraint-wrench analysis of robotic 
manipulators." Multibody System Dynamics 29(2): 139-168. 
 The constraint-wrench analysis of mechanisms, with focus on parallel robots, is 

the subject of this paper. Although the method proposed here can be generalized 
for parallel robots with multiple-loop kinematic chains, here, single-loop chains 
are targeted. To this end, a novel representation of the constraints imposed by 
the kinematic pairs is introduced. With this representation, the constraint matrix 
of a mechanism is readily derived. For the calculation of the constraint wrenches, 
by means of the constraint matrix and based on the Newton-Euler formulation, a 
new procedure is introduced. As a case study, the constraint wrench analysis of 
the McGill Schonflies Motion Generator (SMG), while undergoing a test cycle 



adopted by the industry, is conducted. 
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Tamimi, F., Z. Sheikh, et al. (2012). "Dicalcium phosphate cements: Brushite and 
monetite." Acta Biomaterialia 8(2): 474-487. 
 Dicalcium phosphate cements were developed two decades ago and ever since 

there has been a substantial growth in research into improving their properties in 
order to satisfy the requirements needed for several clinical applications. The 
present paper presents an overview of the rapidly expanding research field of the 
two main dicalcium phosphate bioceramics: brushite and monetite. This review 
begins with a summary of all the different formulae developed to prepare 
dicalcium phosphate cements, and their setting reaction, in order to set the scene 
for the key cement physical and chemical properties, such as compressive and 
tensile strength, cohesion, injectability and shelf-life. We address the issue of 
brushite conversion into either monetite or apatite. Moreover, we discuss the in 
vivo behavior of the cements. including their ability to promote bone formation, 
biodegradation and potential clinical applications in drug delivery, orthopedics, 
craniofacial surgery, cancer therapy and biosensors. (C) 2011 Acta Materialia 
Inc. Published by Elsevier Ltd. All rights reserved. 

 
Taylor, R., S. Coulombe, et al. (2013). "Small particles, big impacts: A review of the 
diverse applications of nanofluids." Journal of Applied Physics 113(1). 
 Nanofluids-a simple product of the emerging world of nanotechnology-are 

suspensions of nanoparticles (nominally 1-100 nm in size) in conventional base 
fluids such as water, oils, or glycols. Nanofluids have seen enormous growth in 
popularity since they were proposed by Choi in 1995. In the year 2011 alone, 
there were nearly 700 research articles where the term nanofluid was used in the 
title, showing rapid growth from 2006 (175) and 2001 (10). The first decade of 
nanofluid research was primarily focused on measuring and modeling 
fundamental thermophysical properties of nanofluids (thermal conductivity, 
density, viscosity, heat transfer coefficient). Recent research, however, explores 
the performance of nanofluids in a wide variety of other applications. Analyzing 
the available body of research to date, this article presents recent trends and 
future possibilities for nanofluids research and suggests which applications will 



see the most significant improvement from employing nanofluids. (C) 2013 
American Institute of Physics. [http://dx.doi.org/10.1063/1.4754271] 

 
Tejado, A., M. Antal, et al. (2011). "EFFECT OF EDC/ADH FIBRE CROSSLINKING ON 
THE WET-WEB STRENGTH OF BHKP WITH AND WITHOUT PCC LOADING." 
J-for-Journal of Science & Technology for Forest Products and Processes 1(1): 27-31. 
 There has been very little success in trying to provide a method that increases 

the wet-web strength (WWS) of paper, even though it determines to a large 
extent the runnability of a papermaking machine. 
1-ethyl-3-[3-(dimethylaminopropyl)] carbodiimide (EDC) has been shown to 
promote the crosslinking of soluble polysaccharides containing carboxyl groups 
[1-3]. In this work we use beaten hardwood Kraft pulp to show the enormous 
increase in WWS that can be obtained by crosslinking the fibres with EDC/adipic 
dihydrazide (ADH) after attachment of carboxymethyl cellulose to the fibres. 
Further, we show that such and increase in strength is very beneficial for highly 
precipitated calcium carbonate (PCC) loaded papers. Results prove the ability of 
EDC to promote covalent bonding in wet conditions makes it an excellent WWS 
agent. 

 
Tian, Z. B., P. Bianucci, et al. (2012). "Fiber Ring Laser Using Optical Fiber Microdisk as 
Reflection Mirror." Ieee Photonics Technology Letters 24(16): 1396-1398. 
 We report on an erbium-doped fiber ring laser using a glass microdisk as a 

narrow linewidth reflection mirror. The microdisk is made of optical fibers through 
simple fabrication steps and it has a measured Q-factor of 7.8 x 10(6). The fiber 
ring laser has a linewidth of less than 0.16 pm, wavelength stability of +/- 1.2 pm, 
and power stability of +/- 0.3 dB. 

 
Tian, Z. B., C. Chen, et al. (2010). "Single- and Dual-Wavelength Fiber Ring Laser 
Using Fiber Microdisk Resonator." Ieee Photonics Technology Letters 22(22): 
1644-1646. 
 We demonstrate a fiber ring laser using a fiber-based microdisk resonator as the 

wavelength filter and a 2-mm-long tapered fiber as the coupling component. The 
fabrication process of the microdisk and tapered fiber is described. Depending on 
the optical coupling between the microdisk and the tapered optical fiber, either 
the fundamental or higher order transverse optical modes in the axial direction of 
the microdisk can be excited. When only the fundamental transverse mode of the 
microdisk is excited, the fiber laser operates at single wavelength and is 
polarization-insensitive. When the higher order transverse modes are excited, the 
fiber laser exhibits polarization sensitivity, and can operate in either single or 
dual-wavelength operation. A small spectral separation of 0.62 nm is achieved 
for dual-wavelength operation. 

 
Tian, Z. B., C. Chen, et al. (2012). "850-nm VCSEL Transmission Over Standard 
Single-Mode Fiber Using Fiber Mode Filter." Ieee Photonics Technology Letters 24(5): 
368-370. 
 We report on a novel fiber mode filter consisting of an LP11 spatial mode rotator 



and an LP11/LP01 mode coupler to mitigate 850-nm modal dispersion over 
standard single-mode fibers (SMF-28). We demonstrate 10-Gb/s error-free 
transmission over 1 km of SMF-28 fiber using directly modulated vertical-cavity 
surface-emitting lasers and we measure a 3.3-dB reduction in the received 
optical power required to achieve a bit-error-ratio of 10(-12) when compared to 
transmission over 800 m of OM3 multimode fiber. 
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transmission over 800 m of OM3 multimode fiber. 

 
Tian, Z. B., C. Chen, et al. (2011). Optical Fiber Mode Filters in the Dual-Mode Fiber 
Transmission Systems. 
 We propose a fiber mode filter consisting of polarization controller and fiber 

coupler for filtering modes in the dual-mode fibers. Such a mode filter can be 
employed in both short-reach and long-haul transmission systems. 

 
Tian, Z. B. and D. V. Plant (2011). "Picosecond flat-top pulse generation using 
dual-mode fiber Mach-Zehnder interferometers." Optics Letters 36(23): 4542-4544. 
 We report on an optical fiber Mach-Zehnder interferometer made by offset 

splicing a dual-mode fiber with two single-mode fibers. The extinction ratio can 
be tuned from less than 1 dB to greater than 28 dB by rotating the dual-mode 
fiber along its axial direction. The interferometer is utilized as a pulse shaper to 
convert a 2: 5 ps Gaussian pulse to a 5.2 ps flat-top pulse. (C) 2011 Optical 
Society of America 

 
Tyagi, P. and P. Kambhampati (2011). "False multiple exciton recombination and 
multiple exciton generation signals in semiconductor quantum dots arise from surface 
charge trapping." Journal of Chemical Physics 134(9). 
 Multiple exciton recombination (MER) and multiple exciton generation (MEG) are 

two of the main processes for assessing the usefulness of quantum dots (QDs) in 
photovoltaic devices. Recent experiments, however, have shown that a firm 
understanding of both processes is far from well established. By performing 
surface-dependent measurements on colloidal CdSe QDs, we find that 
surface-induced charge trapping processes lead to false MER and MEG signals 
resulting in an inaccurate measurement of these processes. Our results show 
that surface-induced processes create a significant contribution to the observed 
discrepancies in both MER and MEG experiments. Spectral signatures in the 
transient absorption signals reveal the physical origin of these false signals. (C) 



2011 American Institute of Physics. [doi: 10.1063/1.3561063] 
 
Tyagi, P. and P. Kambhampati (2012). "Independent Control of Electron and Hole 
Localization in Core/Barrier/Shell Nanostructures." Journal of Physical Chemistry C 
116(14): 8154-8160. 
 By use of a two-band effective mass model and first-order perturbation theory, 

we demonstrate the capacity for complete spatial control over excitonic wave 
functions in core/barrier/shell nanostructures. By exploring parameter space with 
core size and barrier width as variables, we show that each exciton can be in a 
core-localized or shell-localized state (Type-I localization) and as well in a 
charge-separated state (Type-II localization). Furthermore, the width of each 
localization region in parameter space can be tuned by controlling material 
properties, providing design principles for nanostructures with desirable features 
for key applications. Depending on the localization regime of excitons, both 
radiative and nonradiative decay rates can be significantly enhanced or 
suppressed in these nanostructures, making them suitable for dual-color 
emission and for producing low threshold and broad bandwidth of optical gain. 

 
van de Ven, T. G. M., L. Ciovica, et al. (2011). "Fractionating polydisperse 
polyelectrolytes in packed beds of cellulose fibers." Colloids and Surfaces 
a-Physicochemical and Engineering Aspects 385(1-3): 134-138. 
 Low molecular weight fractions of polydisperse polyelectrolytes can penetrate the 

porous structure of cellulose fibers, whereas the high molecular weight fraction 
cannot. The effects of polydispersity on polyelectrolyte adsorption, especially for 
polyelectrolytes with a very broad size distribution, often encountered in industry, 
can be very pronounced. Previously we showed that the adsorption rate constant 
for polyethylene imine (PEI) adsorbing on pulp fibers, as well as the maximum 
adsorption capacity, roughly increased by a factor of 4, when the pH was 
increased from 6 to 10. The increase in adsorption capacity was explained by the 
decrease in the size of a PEI molecule, by almost a factor of two. The increase in 
rate was explained by the increase in the low molecular weight fraction of PEI 
which could penetrate the fibers. To explain the results, this low molecular weight 
fraction should be four times as large at pH 10, compared to pH 6. Here, we 
discuss the results of experiments on PEI adsorption in packed beds of cellulose 
fibers, which confirm this hypothesis. (C) 2011 Elsevier B.V. All rights reserved. 

 
Vespa, P., P. T. Pinard, et al. (2012). "Analysis of WC/Ni-Based Coatings Deposited by 
Controlled Short-Circuit MIG Welding." Journal of Materials Engineering and 
Performance 21(6): 865-876. 
 This study investigates the recently developed controlled short-circuit metal inert 

gas (CSC-MIG) welding system for depositing WC/Ni-based claddings on carbon 
steel substrates. WC/Ni-based coatings deposited by CSC-MIG were analyzed 
by optical light microscopy and scanning electron microscopy (SEM) equipped 
with energy dispersive spectroscopy (EDS) and electron backscatter diffraction 
(EBSD) capabilities. X-ray diffraction (XRD) and hardness measurements of 
depositions are also reported. The CSC-MIG welding system provides a 



significant amount of user control over the current waveform during welding and 
has lower heat input when compared with traditional MIG welding. Heat input for 
the analyzed coatings ranged from 10.1 to 108.7 J/mm. Metallurgically bonded 
coatings free from spatter and with 0.75% average porosity were produced. It 
was found that the detrimental decarburization of the WC particles seen in 
thermal spray systems does not occur when welding with the CSC-MIG. 
Precipitation of a reaction layer around the reinforcing phase was identified as 
WC; the average thickness of which increases from 3.8 to 7.2 mu m for the low 
and high heat input condition, respectively. Precipitation of newly formed WC 
particles was observed; their size distribution increased from D (50) of 2.4 mu m 
in the low heat input weldment to 6.75 mu m in the high heat input weldment. The 
level of dilution of the reinforcing phase increases significantly with heat input. 
The hardness of the deposited coatings decreases from 587 HV10 to 410 HV10 
when the energy input was increased from 10.1 to 108.7 J/mm. 

 
Vigliotti, A. and D. Pasini (2012). "Linear multiscale analysis and finite element 
validation of stretching and bending dominated lattice materials." Mechanics of 
Materials 46: 57-68. 
 The paper presents a multiscale procedure for the linear analysis of components 

made of lattice materials. The method allows the analysis of both pin-jointed and 
rigid-jointed microtruss materials with arbitrary topology of the unit cell. At the 
macroscopic level, the procedure enables to determine the lattice stiffness, while 
at the microscopic level the internal forces in the lattice elements are expressed 
in terms of the macroscopic strain applied to the lattice component. A numeric 
validation of the method is described. The procedure is completely automated 
and can be easily used within an optimization framework to find the optimal 
geometric parameters of a given lattice material. (C) 2011 Elsevier Ltd. All rights 
reserved. 

 
Vigliotti, A. and D. Pasini (2012). "Stiffness and strength of tridimensional periodic 
lattices." Computer Methods in Applied Mechanics and Engineering 229: 27-43. 
 This paper presents a method for the linear analysis of the stiffness and strength 

of open and closed cell lattices with arbitrary topology. The method hinges on a 
multiscale approach that separates the analysis of the lattice in two scales. At the 
macroscopic level, the lattice is considered as a uniform material: at the 
microscopic scale, on the other hand, the cell microstructure is modelled in detail 
by means of an in-house finite element solver. The method allows determine the 
macroscopic stiffness, the internal forces in the edges and walls of the lattice, as 
well as the global periodic buckling loads, along with their buckling modes. Four 
cube-based lattices and nine cell topologies derived by Archimedean polyhedra 
are studied. Several of them are characterized here for the first time with a 
particular attention on the role that the cell wall plays on the stiffness and 
strength properties. The method, automated in a computational routine, has been 
used to develop material property charts that help to gain insight into the 
performance of the lattices under investigation. (C) 2012 Elsevier B.V. All rights 
reserved. 



 
Vintila, R., A. Charest, et al. (2011). "Synthesis and consolidation via spark plasma 
sintering of nanostructured Al-5356/B4C composite." Materials Science and Engineering 
a-Structural Materials Properties Microstructure and Processing 528(13-14): 4395-4407. 
 The combination of two versatile processing routes: cryomilling and spark plasma 

sintering (SPS) was employed in the present study for fabrication of bulk 
Al5356-B4C nanocomposites. This approach resulted in large microhardness 
and flexural strengths values in the consolidated samples of 244 +/- 2.06 HV and 
707 MPa respectively. While cryomilling provided the combined advantage of 
homogenous dispersion of the reinforcement in the matrix as well as 
nanostructuring of the Al-5356 phase, the SPS facilitated the solid state 
consolidation of the metal matrix composite (MMC) in one single step at very 
high sintering rates and very short dwelling times. No additional processing steps 
such as forging or hot extrusion were necessary to achieve powder 
consolidation. The resulted samples exhibited two to three times higher 
microhardness values than the monolithic micron sized un-reinforced alloy. (C) 
2011 Elsevier B.V. All rights reserved. 

 
Visweswaraiah, S. B., H. Ghiasi, et al. (2013). "Multi-objective optimization of a 
composite rotor blade cross-section." Composite Structures 96: 75-81. 
 This paper deals with the optimization of the ply angles and the internal geometry 

of a composite helicopter blade with a D-spar internal construction. The design 
involves the simultaneous optimization of several conflicting objectives such as: 
attaining three stiffness parameters, minimizing the blade mass and the distance 
between the mass-center and the aerodynamic-center. Optimization methods 
with a priori and a posteriori articulation of preferences are used to solve the 
problem. Among the a priori approaches, the min-max approach is used to 
transform multiple objective functions into a single criterion which is optimized 
with Particle Swarm Optimization (PSO). Alternatively, the design problem is 
tackled using a posteriori approach by using our in-house Non-dominated Sorting 
Hybrid Algorithm (NSHA). The results obtained with NSHA demonstrate trade-off 
designs which could not be captured with the min-max approach. The 
multi-objective approach allows identifying a window of 10% adjustment in mass 
and 20% adjustment in the distance between the mass center and the 
aerodynamic center with no significant deviation from the target stiffness vector. 
Furthermore, we have observed that the target stiffness vector can be attained 
more easily if the internal geometry, besides the ply angles, is considered as a 
design variable. (C) 2012 Elsevier Ltd. All rights reserved. 
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Vyhnalkova, R., A. Eisenberg, et al. (2011). "Bactericidal Block Copolymer Micelles." 
Macromolecular Bioscience 11(5): 639-651. 
 Block copolymer micelles with bactericidal properties were designed to 

deactivate pathogens such as E. coli bacteria. The micelles of PS-b-PAA and 
PS-b-P4VP block copolymers were loaded with biocides TCMTB or TCN up to 20 
or 30 wt.-%, depending on the type of antibacterial agent. Bacteria were exposed 
to loaded micelles and bacterial deactivation was evaluated. The micelles loaded 
with TCN are bactericidal; bacteria are killed in less than two minutes of 
exposure. The most likely interpretation of the data is that the biocide is 
transferred to the bacteria by repeated micelle/bacteria contacts, and not via the 
solution. 
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Vyhnalkova, R., A. Eisenberg, et al. (2011). "Deactivation Efficiency of Stabilized 
Bactericidal Emulsions." Langmuir 27(18): 11296-11305. 
 Biocide emulsions stabilized with various stabilizing agents were prepared and 

characterized, and their efficiency in bacteria deactivation was evaluated. A 
number of stabilizing agents were tested for their stabilizing effect on emulsions 
of thiocyanomethylthiobenzothiazole (TCMTB) biocide. Two agents, the most 
successful in stabilizing the biocide, were chosen for further studies: high 
molecular weight polyethyleneimine (PEI) and an amphiphilic block copolymer of 
poly(caprolactone)-b-poly(acrylic acid) (PCL33-b-PAA(33)). The emulsion droplet 
sizes varied between 325 and 500 nm. Deactivation of bacteria was studied by 
exposing E. coil ATCC 11229 bacteria dispersions to emulsions stabilized by 
positively charged PEI or negatively charged PCL-b-PAA micelles and by 
measuring their absorbance; E. coil do not grow with dine in the presence of 
biocide emulsions. PEI molecules alone act as biocide and deactivate the 
bacteria. PCL-b-PAA micelles as stabilizing agent do not affect the growth of the 
E. coil; bacteria are deactivated by TCMTB released from the emulsion droplets. 
The kinetics of emulsion dissolution studies revealed for both stabilizing agents a 
decrease in droplet size with time while the emulsions were subjected to dialysis. 
The biocide was released from the emulsions within similar to 250 min; the 
droplet shells consist mostly of PEI or PCL-b-PAA insoluble complexes with the 
biocide, which do not dissolve during dialysis. SEM images confirm the presence 
of residual crumbled shells with holes after 24 h of dialysis. 
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The biocide was released from the emulsions within similar to 250 min; the 
droplet shells consist mostly of PEI or PCL-b-PAA insoluble complexes with the 
biocide, which do not dissolve during dialysis. SEM images confirm the presence 
of residual crumbled shells with holes after 24 h of dialysis. 

 
Vyhnalkova, R., N. Mansur-Azzam, et al. (2012). "Ten Million Fold Reduction of Live 
Bacteria by Bactericidal Filter Paper." Advanced Functional Materials 22(19): 
4096-4100. 
 An extremely efficient bactericidal filter paper is developed that is capable of 

removing 99.99999% of Escherichia coli bacteria in a simple filtration process. 
The novel approach utilizes two active bactericidal components: a bactericidal 
agent, triclosan, which acts synergistically with a cationic polyelectrolyte binder 
with antibacterial properties. The biocide is incorporated into the block copolymer 
micelles attached to the cellulose fibers via the cationic polyelectrolyte. As the 
water containing the bacteria is passed by gravity through the filter paper, the 
bactericidal agents are transferred to the bacteria through collisions with the 
micelles or coated fibers. A synergy between the biocide and the polyelectrolyte 
is responsible for the extremely high efficiency in deactivating the bacteria. The 
filtered water is free of biocide other than that transported by the dead bacteria. 
This technology represents a very simple approach to provide potable water 
under a wide range of primitive conditions. 

 
Wang, X. F., Y. B. Hu, et al. (2012). "Robustness of helical edge states in topological 
insulators." Physical Review B 85(24). 
 Topological insulators (TIs) are materials having an energy band gap in the bulk 

and conducting helical electronic states on the surface. The helical states are 
protected by time-reversal symmetry and thus are expected to be robust against 
static disorder scattering. In this work we report an atomistic first principles 
analysis of disorder scattering in two-probe transport junctions made of 
three-dimensional TI material Bi2Se3. The robustness of the device against 
disorder scattering is determined quantitatively. Examining many different 
scattering configurations, a general trend emerges on how strong is the 
perturbing potential and how it is spatially distributed so that it can derail the 
helical states on the Bi2Se3 surfaces. 

 
Wang, Y. D. and A. A. Clerk (2012). "Using dark modes for high-fidelity optomechanical 
quantum state transfer." New Journal of Physics 14. 
 In a recent publication (Wang and Clerk 2012 Phys. Rev. Lett. 108 153603), we 



demonstrated that one can use interference to significantly increase the fidelity of 
state transfer between two electromagnetic cavities coupled to a common 
mechanical resonator over a naive sequential-transfer scheme based on two 
swap operations. This involved making use of a delocalized electromagnetic 
mode which is decoupled from the mechanical resonator, a so-called 
'mechanically dark' mode. Here, we demonstrate the existence of a new 'hybrid' 
state transfer scheme that incorporates the best elements of the dark-mode 
scheme (protection against mechanical dissipation) and the double-swap 
scheme (fast operation time). Importantly, this new scheme also does not require 
the mechanical resonator to be prepared initially in its ground state. We also 
provide additional details of the previously described interference-enhanced 
transfer schemes, and provide an enhanced discussion of how the interference 
physics here is intimately related to the optomechanical analogue of 
electromagnetically induced transparency. We also compare the various transfer 
schemes over a wide range of relevant experimental parameters, producing a 
'phase diagram' showing the optimal transfer scheme for different points in 
parameter space. 

 
Wang, Y. D. and A. A. Clerk (2012). "Using Interference for High Fidelity Quantum State 
Transfer in Optomechanics." Physical Review Letters 108(15). 
 We revisit the problem of using a mechanical resonator to perform the transfer of 

a quantum state between two electromagnetic cavities (e. g., optical and 
microwave). We show that this system possesses an effective mechanically dark 
mode which is immune to mechanical dissipation; utilizing this feature allows 
highly efficient transfer of intracavity states, as well as of itinerant photon states. 
We provide simple analytic expressions for the fidelity for transferring both 
Gaussian and non-Gaussian states. 

 
Welch, R. L., R. Sladek, et al. (2012). "Denaturation mapping of Saccharomyces 
cerevisiae." Lab on a Chip 12(18): 3314-3321. 
 Optical mapping of DNA provides large-scale genomic information that can be 

used to assemble contigs from next-generation sequencing, and to detect 
rearrangements between single cells. A recent optical mapping technique called 
denaturation mapping has the advantage of using physical principles rather than 
the action of enzymes to probe genomic structure. Denaturation mapping uses 
fluorescence microscopy to image the pattern of partial melting along a DNA 
molecule extended in a channel of cross-section 120 nm at the heart of a 
nanofluidic device. We used denaturation mapping to locate single DNA 
molecules on the yeast genome (12.1 Mbp) by comparing images to a 
computationally predicted map for the entire genome sequence. By locating 84 
molecules we assembled an optical map of the yeast genome with > 50% 
coverage. 

 
Whitehead, M. A., A. Kakkar, et al. (2012). A Review of Bonding in Dendrimers and 
Nano-Tubes. Advances in the Theory of Quantum Systems in Chemistry and Physics. 
P. E. E. Hoggan, E. J. J. Brandas, J. Maruani, P. Piecuch and G. DelgadoBarrio. 22: 



611-623. 
 Geometric characterization of two 1,3,5-triethynylbenzene (TEB) based 

dendrimers containing tin and platinum linking agents, and a 
3,5-dihydroxybenzylalcohol (DHBA) based dendrimer containing a siloxane 
linking used the Semi-Empirical (PM3) Molecular Orbital Method and the Density 
Functional Theory Method (DFT). The theoretical results showed the increased 
rigidity of the backbone going from DHBA Silicon, Si, structure to TEB Tin, Sn, 
structure to TEB Platinum, Pt, dendrimer makes the dendrimer structure less 
globular, more planar and elongated. The self-assembly of 
poly(styrene-alt-dimethyl-N, N-propylamide) (SMI) polymers into nanotubes was 
studied by PM3. Ordered polymer self-assembly resulted from pi-stackingof 
styrenes and van der Waals interactions between the maleimide chains. Every 
styrene, and half of the maleimide chains, in a racemo-di-isotactic SMI polymer 
form pi-stacks and chain-chain pairs with neighboring racemo-di-isotactic 
polymer. Racemo-di-isotactic polymers in bent associations form a 
minimum-energy nanotube structure. Nanorods were observed experimentally 
with diameters of 5 nm. 

 
Wright, J., M. M. Barsan, et al. (2011). "High-pressure Raman spectroscopic and other 
structural studies of hydrotalcites containing intercalated dicarboxylic acid anions." 
Journal of Raman Spectroscopy 42(7): 1562-1566. 
 The results of pressure-tuning Raman spectroscopic, X-ray powder diffraction 

and solid-state (13)C-NMR studies of selected dicarboxylate anions intercalated 
in a Mg-Al layered double hydroxide lattice are reported. The pressure 
dependences of the vibrational modes are linear for pressures up to 4.6 GPa, 
indicating that no phase transitions occur. The interlayer spacings show that the 
oxalate, malonate and succinate dianions are oriented perpendicular to the 
layers, but the glutarate and adipate are tilted. The solid-state (13)C-NMR 
spectra of these materials show full chemical shift anisotropy and, therefore, the 
anions are not mobile at room temperature. Copyright (c) 2011 John Wiley & 
Sons, Ltd. 

 
Xu, J. K., G. M. Soliman, et al. (2012). "Mollusk Glue Inspired Mucoadhesives for 
Biomedical Applications." Langmuir 28(39): 14010-14017. 
 Chitosan (CH), partially N-deacetylated chitin, is a biodegradable and 

biocompatible polymer that has shown great potential in drug delivery and tissue 
engineering applications. Although bioadhesive, CH has limited mucoadhesion in 
wet conditions due to weak interactions with biological surfaces. DOPA 
(3,4-dihydroxy-L-phenylalanine), a catechol-containing molecule naturally 
present in marine mussel foot proteins, has been shown to increase the 
mucoadhesion of several polymers. We report here a simple and bioinspired 
approach to enhance CH mucoadhesion in wet conditions by preparing mixed 
hydrogels including CH and different catechol-containing compounds, namely 
DOPA, hydrocaffeic acid (HCA), and dopamine (DA). We characterized the 
hydrogels for their swelling, release kinetics of the catechol compounds, and 
mucoadhesive strength to rabbit small intestine. The swelling of the hydrogels 



was pH dependent with maximum swelling at pH 1. The hydrogel swelling was 
higher in the presence of the DOPA and DA but lower in the presence of HCA. 
HCA/CH hydrogel also showed the slowest catechol release, most likely due to 
electrostatic interactions between CH and HCA. Lower hydrogel swelling and 
slower HCA release resulted in increased mucoadhesion: HCA/CH showed more 
than 2-fold enhancement of mucoadhesion to rabbit small intestine compared to 
H alone. Since it is known that catechol compounds can be oxidized, we 
analyzed the oxidation of DOPA, HCA, and DA at different pH values and its 
effect on mucoadhesion. We found that oxidation occurring before contact with 
the intestinal mucosa did not improve mucoadhesion, while oxidation occurring 
during the contact further increased the mucoadhesion of HCA/CH hydrogels. 
These results show that mucoadhesion of CH hydrogels can be increased with a 
simple bioinspired approach, which has the potential to be applied to other 
polymers since it does not require any chemical modification. 

 
Xu, S. K., I. Butler, et al. (2011). "Evolution of naphthalene and its intermediates during 
oxidation in subcritical/supercritical water." Proceedings of the Combustion Institute 33: 
3185-3194. 
 Oxidation of naphthalene (Nap) in supercritical water (SCW) was carried out in a 

batch reactor (6-ml volume) up to 400 degrees C and 300 atm (maximum 
residence time of 1800 s). Two systems were studied. System A consisted of 
pure naphthalene mixed with oxygen and water: 0.065 M Nap + 1.441 M O-2 + 
8.549 M H2O. System B included, in addition to O-2 and H2O, a heavy metal and 
an ash to simulate their roles in the destruction of Nap: 0.065 M Nap + 1.441M 
O-2 + 0.008 M Cr(NO3)(3) + 0.065 M Al2Si2O5 center dot(OH)(4) + 8.624 M 
H2O. It was shown that, in general, the oxidation process can be divided into 
three stages characterized by H2O2 decomposition to H2O and O-2 (Stage 1), 
oxidation in saturated/subcritical water up to 360 degrees C and 225 atm (Stage 
2), and fast oxidation in the supercritical region (Stage 3). The oxidation process 
revealed different reaction rates in different systems. Relatively low activation 
energy of 10-30 kJ/mol was obtained below 360 degrees C and 225 atm in the 
System A and in the whole temperature range in the System B. High activation 
energy (139.5 kJ/mol) was obtained for supercritical water oxidation of 
naphthalene in the System A. The catalytic effect of Cr3+/ash stimulated 
naphthalene oxidation. Time-resolved yields of major products and intermediates 
were obtained. The reaction pattern was proposed. It describes the evolution of 
naphthalene and intermediates as a sequence of reactions comprising 
transformations of the main compounds and their inter-conversion. This 
radical-involving reaction mechanism is mainly based on the quantification of the 
profiles of the intermediates. (C) 2010 The Combustion Institute. Published by 
Elsevier Inc. All rights reserved. 

 
Xu, Z. H., L. Q. Yang, et al. (2012). "Pressure-tuning, FT-Raman spectra of m-phthalic 
acid, m-C6H4(COOH)(2), and a gadolinium(III) m-phthalate salt." Journal of Molecular 
Structure 1024: 73-76. 
 Pressure-tuning, Stokes FT-Raman spectra of m-phthalic acid, m-C6H4(COOH)2 



(H2L), and the gadolinium(III) salt, GdL(HL)(H2O)(4)center dot 4H(2)O, have 
been studied at pressures up to similar to 50 kbar using 1064-nm NIR excitation. 
Sluggish phase transitions were observed for both compounds in the 26-29 and 
28-39 kbar regions, respectively. These pressure-induced structural transitions 
are most likely second-order phase transitions. The pressure sensitivities (d 
upsilon/dP) of selected Raman-active modes are reported. The most 
pressure-sensitive vibrations for m-phthalic acid are those associated with the 
intermolecular hydrogen bonding modes that occur at low wavenumbers. Some 
anti-Stokes FT-Raman scattering data are also reported. (C) 2012 Elsevier B.V. 
All rights reserved. 

 
Yandouzi, M., H. Bu, et al. (2012). "Nanostructured Al-Based Metal Matrix Composite 
Coating Production by Pulsed Gas Dynamic Spraying Process." Journal of Thermal 
Spray Technology 21(3-4): 609-619. 
 The advantage of combining cryomilling and pulsed gas dynamic spraying 

(PGDS) processes in order to produce a nanostructured, dense and wear 
resistant coating was demonstrated. Cryomilling was successfully employed to 
synthesize particulate B4C reinforced Al matrix nanocomposite feedstock 
powders, while the PGDS process shows the ability of preserving the 
microstructure of the starting material. In this study, nanocrystalline and 
conventional Al5356 + 20%B4C composite as well as the unreinforced Al5356 
alloy feedstock powders were used. The influence of the nature of the feedstock 
material on the microstructure and mechanical properties of the coatings was 
studied. The PGDS process provides an opportunity to preserve the phase of the 
starting material, to produce hard and dense coatings with good cohesion 
between deformed particles and good adhesion to the substrate. High dry sliding 
wear resistance was observed when cryomilled composite material was used. 

 
Yourdkhani, M. and P. Hubert (2013). "Quantitative Dispersion Analysis of Inclusions in 
Polymer Composites." Acs Applied Materials & Interfaces 5(1): 35-41. 
 The state of dispersion plays an important role on the performance of polymer 

nanocomposites. Dispersion is usually assessed based on the qualitative 
evaluation of microscopy micrographs. In this paper, a quantitative algorithm is 
introduced for analyzing the dispersion of inclusions in polymer composites using 
image analysis. In a binary image, on-pixels are considered as particle elements 
while off-pixels stand for matrix elements. To quantify the dispersion, the mean 
distance value between any matrix elements to their corresponding nearest 
neighboring particle element is measured. A dispersion index, DI, is then defined 
by comparing the image of interest with the associated uniformly dispersed case. 
Synthetic models were utilized to examine the sensitivity of the algorithm to 
various dispersity scenarios such as the effect of particle size, clustering, and 
cluster distribution. Optical micrographs of carbon nanotube modified epoxy with 
different states of dispersion were also employed to assess the applicability and 
functionality of the algorithm to real micrographs. 

 
Yourdkhani, M., D. Pasini, et al. (2011). "Multiscale Mechanics and Optimization of 



Gastropod Shells." Journal of Bionic Engineering 8(4): 357-368. 
 A vast majority of mollusks grow a hard shell for protection. The structure of 

these shells comprises several levels of hierarchy that increase their strength 
and their resistance to natural threats. This article focuses on nacreous shells, 
which are composed of two distinct layers. The outer layer is made of calcite, 
which is a hard but brittle material, and the inner layer is made of nacre, a tough 
and ductile material. The inner and outer layers are therefore made of materials 
with distinct structures and properties. In this article, we demonstrate that this 
system is optimum to defeat attacks from predators. A two-scale modeling and 
optimization approach was used. At the macroscale, a two-layer finite element 
model of a seashell was developed to capture shell geometry. At the microscale, 
a representative volume element of the microstructure of nacre was used to 
model the elastic modulus of nacre as well as a multiaxial failure criterion, both 
expressed as function of microstructural parameters. Experiments were also 
performed on actual shells of red abalone to validate the results obtained from 
simulations and gain insight into the way the shell fails under sharp perforation. 
Both optimization and experimental results revealed that the shell displays 
optimum performance when two modes of failure coincide within the structure. 
Finally, guidelines for designing two-layer shells were proposed to improve the 
performance of engineered protective systems undergoing similar structural and 
loading conditions. 
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which are composed of two distinct layers. The outer layer is made of calcite, 
which is a hard but brittle material, and the inner layer is made of nacre, a tough 
and ductile material. The inner and outer layers are therefore made of materials 
with distinct structures and properties. In this article, we demonstrate that this 
system is optimum to defeat attacks from predators. A two-scale modeling and 
optimization approach was used. At the macroscale, a two-layer finite element 
model of a seashell was developed to capture shell geometry. At the microscale, 
a representative volume element of the microstructure of nacre was used to 
model the elastic modulus of nacre as well as a multiaxial failure criterion, both 
expressed as function of microstructural parameters. Experiments were also 
performed on actual shells of red abalone to validate the results obtained from 
simulations and gain insight into the way the shell fails under sharp perforation. 
Both optimization and experimental results revealed that the shell displays 
optimum performance when two modes of failure coincide within the structure. 
Finally, guidelines for designing two-layer shells were proposed to improve the 
performance of engineered protective systems undergoing similar structural and 
loading conditions. 

 
Yuhana, N. Y., S. Ahmad, et al. (2012). "Morphological Study on 



Room-Temperature-Cured PMMA-Grafted Natural Rubber-Toughened Epoxy/Layered 
Silicate Nanocomposite." Journal of Nanomaterials. 
 A morphological study was conducted on ternary systems containing epoxy, 

PMMA-grafted natural rubber, and organic chemically modified montmorillonite 
(Cloisite 30B). Optical microscopy, transmission electron microscopy (TEM), 
scanning electron microscopy (SEM), energy dispersive X-ray (EDX), and 
wide-angle X-ray diffraction (WAXD) analysis were used. The following four 
materials were prepared at room temperature: cured unmodified epoxy, cured 
toughened epoxy, cured unmodified epoxy/Cloisite 30B nanocomposites, and 
cured toughened epoxy/Cloisite 30B nanocomposites. Mixing process was 
performed by mechanical stirring. Poly(etheramine) was used as the curing 
agent. The detailed TEM images revealed co-continuous and dispersed spherical 
rubber in the epoxy-rubber blend, suggesting a new proposed mechanism of 
phase separation. High-magnification TEM analysis showed good interactions 
between rubber and Cloisite 30B in the ternary system. Also, it was found that 
rubber particles could enhance the separation of silicates layers. Both XRD and 
TEM analyses confirmed that the intercalation of Cloisite 30B was achieved. No 
distinct exfoliated silicates were observed by TEM. Aggregates of layered 
silicates (tactoids) were observed by SEM and EDX, in addition to TEM at low 
magnification. EDX analysis confirmed the presence of organic and inorganic 
elements in the binary and ternary epoxy systems containing Cloisite 30B. 

 
Yuhana, N. Y., S. Ahmad, et al. (2012). "Transmission electron microscopy study of 
room temperature cured PMMA grafted natural rubber toughened epoxy/layered silicate 
nanocomposite." Plastics Rubber and Composites 41(9): 390-395. 
 A morphological study was conducted on ternary systems containing epoxy, 

poly(methyl methacrylate) grafted natural rubber and organic chemically modified 
montmorillonite (Cloisite 30B), using TEM. The following four materials were 
prepared at room temperature: cured unmodified epoxy, cured toughened epoxy, 
cured unmodified epoxy/Cloisite 30B nanocomposites and cured toughened 
epoxy/Cloisite 30B nanocomposites. Mixing process was performed by 
mechanical stirring. Poly(etheramine) was used as the curing agent. The detailed 
TEM images revealed cocontinuous and dispersed spherical rubber in the 
epoxy-rubber blend, suggesting a new proposed mechanism of phase 
separation. High magnification TEM analysis showed good interactions between 
rubber and Cloisite 30B in the ternary system. In addition, it was found that 
rubber particles could enhance the separation of silicate layers. 

 
Zahr, O. K. and A. S. Blum (2012). "Solution Phase Gold Nanorings on a Viral Protein 
Template." Nano Letters 12(2): 629-633. 
 Current studies on materials that exhibit metamaterial properties are mainly 

focused on lithography-generated 2D substrates. Here we report the successful 
fabrication of 22 nm gold nanoparticle rings with and without a central 
nanoparticle assembled on Tobacco Mosaic Virus coat protein disks. These 
structures are one of the first examples of nanorings produced independently of a 
substrate and represent the first steps toward the realization of a solution-phase 



or coatings-based metamaterial. 
 
Zhang, C. and M. Maric (2011). "Synthesis of Stimuli-responsive, Water-soluble Poly 
2-(dimethylamino)ethyl methacrylate/styrene Statistical Copolymers by Nitroxide 
Mediated Polymerization." Polymers 3(3): 1398-1422. 
 2-(Dimethylamino)ethyl methacrylate/styrene statistical copolymers 

(poly(DMAEMA-stat-styrene)) with feed compositions f(DMAEMA) = 80-95 mol%, 
(number average molecular weights M-n = 9.5-11.2 kg mol(-1)) were synthesized 
using succinimidyl ester-functionalized BlocBuilder alkoxyamine initiator at 80 
degrees C in bulk. Polymerization rate increased three-fold on increasing 
f(DMAEMA) = 80 to 95 mol%. Linear M-n increases with conversion were 
observed up to about 50% conversion and obtained copolymers possessed 
monomodal, relatively narrow molecular weight distributions (polydispersity = 
1.32-1.59). Copolymers with f(DMAEMA) = 80 and 90 mol% were also cleanly 
chain-extended with DMAEMA/styrene mixtures of 95 and 90 mol% DMAEMA, 
respectively, confirming the livingness of the copolymers. Copolymer phase 
behavior in aqueous solutions was examined by dynamic light scattering and 
UV-Vis spectroscopy. All copolymers exhibited lower critical solution temperature 
(LCST)-type behavior. LCST decreased with increasing styrene content in the 
copolymer and with increasing solution concentration. All copolymers were 
completely water-soluble and temperature insensitive at pH 4 but were more 
hydrophobic at pH 10, particularly copolymers with f(DMAEMA) = 80 and 85 
mol%, which were water-insoluble. At pH 10, LCST of copolymers with 
f(DMAEMA) = 90 and 95 mol% were more than 10 degrees C lower compared to 
their solutions in neutral, de-ionized water. Block copolymers with two statistical 
blocks with different DMAEMA compositions exhibited a single LCST, suggesting 
the block segments were not distinct enough to exhibit separate LCSTs in water. 
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(poly(DMAEMA-stat-styrene)) with feed compositions f(DMAEMA) = 80-95 mol%, 
(number average molecular weights M-n = 9.5-11.2 kg mol(-1)) were synthesized 
using succinimidyl ester-functionalized BlocBuilder alkoxyamine initiator at 80 
degrees C in bulk. Polymerization rate increased three-fold on increasing 
f(DMAEMA) = 80 to 95 mol%. Linear M-n increases with conversion were 
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1.32-1.59). Copolymers with f(DMAEMA) = 80 and 90 mol% were also cleanly 
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behavior in aqueous solutions was examined by dynamic light scattering and 
UV-Vis spectroscopy. All copolymers exhibited lower critical solution temperature 
(LCST)-type behavior. LCST decreased with increasing styrene content in the 
copolymer and with increasing solution concentration. All copolymers were 



completely water-soluble and temperature insensitive at pH 4 but were more 
hydrophobic at pH 10, particularly copolymers with f(DMAEMA) = 80 and 85 
mol%, which were water-insoluble. At pH 10, LCST of copolymers with 
f(DMAEMA) = 90 and 95 mol% were more than 10 degrees C lower compared to 
their solutions in neutral, de-ionized water. Block copolymers with two statistical 
blocks with different DMAEMA compositions exhibited a single LCST, suggesting 
the block segments were not distinct enough to exhibit separate LCSTs in water. 

 
Zhang, C. and M. Maric (2012). "pH- and temperature-sensitive statistical copolymers 
poly 2-(dimethylamino)ethyl methacrylate-stat-2-vinylpyridine with Functional 
succinimidyl-ester chain ends synthesized by nitroxide-mediated polymerization." 
Journal of Polymer Science Part a-Polymer Chemistry 50(20): 4341-4357. 
 Statistical copolymerizations of 2-(dimethylamino)ethyl methacrylate (DMAEMA) 

with 2-vinylpyridine (2VP) with 80 to 99 mol % DMAEMA in the feed utilizing a 
succinimidyl ester-terminated alkoxyamine unimolecular initiator 
(NHS-BlocBuilder) at 80 degrees C in bulk were performed. The effectiveness of 
2VP as a controlling comonomer is demonstrated by linear increases in 
number-average molecular weight versus conversion, relatively low PDI (1.51.6 
with up to 98% DMAEMA) and successful chain extensions with 2VP. Additional 
free nitroxide does not significantly improve control for the DMAEMA/2VP 
copolymerizations. The succinimidyl ester on the initiator permits coupling to 
amine-terminated poly(propylene glycol) (PPG), yielding an effective 
macroinitiator for synthesizing a doubly thermo-responsive block copolymer of 
PPG-block-P(DMAEMA/2VP). A detailed study of the thermo- and 
pH-sensitivities of the statistical and block copolymers is also presented. The 
cloud point temperature of the statistical copolymers is fine tuned from 14 to 75 
degrees C by varying polymer composition and pH. (c) 2012 Wiley Periodicals, 
Inc. J Polym Sci Part A: Polym Chem, 2012. 
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copolymerizations. The succinimidyl ester on the initiator permits coupling to 
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PPG-block-P(DMAEMA/2VP). A detailed study of the thermo- and 
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cloud point temperature of the statistical copolymers is fine tuned from 14 to 75 
degrees C by varying polymer composition and pH. (c) 2012 Wiley Periodicals, 
Inc. J Polym Sci Part A: Polym Chem, 2012. 

 
Zhang, X., H. Chibli, et al. (2011). Size and surface chemistry of Au nanoparticles 
determine doxorubicin cytotoxicity. Colloidal Quantum Dots/Nanocrystals for Biomedical 
Applications Vi. W. J. Parak, K. Yamamoto and M. Osinski. 7909. 
 Gold nanoparticles may assist in the delivery of anti-cancer drugs, such as 

doxorubicin, deeper into cells and tumors in vitro and in vivo. However, the ideal 
shape, size, and surface chemistry of the particles have not been well 
determined. This is especially difficult in the case of doxorubicin, which has 
multiple modes of action, reacting differently in cancer cells vs. normal cells and 
in cytoplasm vs. nucleus. We begin to address these issues here by examining 
the cytotoxicity of two sizes of Au-doxorubicin particles, as well as examining the 
tracking of injected Au-doxorubicin in mice in vivo. Finally, we examine 
mechanisms of toxicity in different cell lines, finding that nanoparticles may assist 
in overcoming anti-apoptotic mechanisms in cancer cells. 

 
Zhang, Y. P., V. P. Chodavarapu, et al. (2012). Nanocrystalline cellulose for covert 
optical encryption. Organic Photonic Materials and Devices Xiv. C. Tabor, F. Kajzar, T. 
Kaino and Y. Koike. 8258. 
 Nanocrystalline cellulose solid films derived from spruce pulp exhibit iridescence 

when cast from chiral nematic aqueous phase suspensions of the nanocrystals. 
Iridescence is a color travel phenomenon that might have potential for overt 
encryption as an anti-counterfeiting measure. The iridescent phase also offers an 
intrinsic level of covert encryption by virtue of the fact that films of NCC reflect 
left-circularly polarized light. Addition of TINOPAL, an optical brightening agent 
(OBA), adds a third level of ( covert) encryption potential since the chromophore 
exhibits strong fluorescence when excited at ultra-violet wavelengths. The overall 
result is a selectively polarizing fluorescent iridescent film. We study the impact 
of additions of OBA on NCC iridescence, optical activity, and physical structure 
variation with polarized optical microscopy, circular dichroism spectropolarimetry 
and zeta potential analysis. Increasing OBA additions increase the chiral nematic 
pitch of NCC films, and this in turn alters chiral nematic domain structure in the 
solid film. Under low concentration conditions defined by our experiments, OBA 
yields intense UV fluorescence, without compromising the visible light iridescent 
properties of the film. The potential security offered by NCC and its optical 
responses can be authenticated using a UV light source such as is commonly 
used for banknote verification, a circular polarizer in conjunction with an 
iridescent feature which can be verified by the eye or by chiral spectrometry. 

 
Zhou, C. D., W. W. Reisner, et al. (2011). "Collapse of DNA in ac Electric Fields." 
Physical Review Letters 106(24). 
 We report that double-stranded DNA collapses in the presence of ac electric 

fields at frequencies of a few hundred Hertz, and does not stretch as commonly 
assumed. In particular, we show that confinement-stretched DNA can collapse to 



about one quarter of its equilibrium length. We propose that this effect is based 
on finite relaxation times of the counterion cloud, and the subsequent partitioning 
of the molecule into mutually attractive units. We discuss alternative models of 
those attractive units. 

 
Zhou, G. N., X. Mao, et al. (2012). "Immunochromatographic Assay on Thread." 
Analytical Chemistry 84(18): 7736-7743. 
 Lateral-flow immunochromatographic assays are low-cost, simple-to-use, rapid 

tests for point-of-care screening of infectious diseases, drugs of abuse, and 
pregnancy. However, lateral flow assays are generally not quantitative, give a 
yes/no answer, and lack multiplexing. Threads have recently been proposed as a 
support for transporting and mixing liquids in lateral-flow 
immunochromatographic assays, but their use for quantitative high-sensitivity 
immunoassays has yet to be demonstrated. Here, we introduce the 
immunochromatographic assay on thread (ICAT) in a cartridge format that is 
suitable for multiplexing. The ICAT is a sandwich assay performed on a cotton 
thread knotted to a nylon fiber bundle, both of which are precoated with 
recognition antibodies against one target analyte. Upon sample application, the 
assay results become visible to the eye within a few minutes and are quantified 
using a flatbed scanner. Assay conditions were optimized, the binding curves for 
C-reactive protein (CRP) in buffer and diluted serum were established and a limit 
of detection of 377 pM was obtained. The possibility of multiplexing was 
demonstrated using three knotted threads coated with antibodies against CRP, 
osteopontin, and leptin proteins. The performance of the ICAT was compared 
with that of the paper-based and conventional assays. The results suggest that 
thread is a suitable support for making low-cost, sensitive, simple-to-use, and 
multiplexed diagnostic tests. 

 
Zhu, D., C. F. Ortega, et al. (2012). "Structure and Mechanical Performance of a 
"Modern" Fish Scale." Advanced Engineering Materials 14(4): B185-B194. 
 Protective materials and structures found in natural organisms may inspire new 

armors with improved resistance to penetration, flexibility, light weight, and other 
interesting properties such as transparency and breathability. All these attributes 
can be found in teleost fish scales, which are the most common types of scales 
in modern fish species. In this work, we have studied the structure and 
mechanics of fish scales from striped bass (Morone saxatilis). This scale is about 
200-300 mu m thick and consists of a hard outer bony layer supported by a softer 
cross-ply of collagen fibrils. Perforation tests with a sharp needle indicated that a 
single fish scale provides a high resistance to penetration which is superior to 
polystyrene and polycarbonate, two engineering polymers that are typically used 
for light transparent packaging or protective equipment. Under puncture, the 
scale undergoes a sequence of two distinct failure events: First, the outer bony 
layer cracks following a well defined cross-like pattern which generates four flaps 
of bony material. The deflection of the flaps by the needle is resisted by the 
collagen layer, which in biaxial tension acts as a retaining membrane. 
Remarkably this second stage of the penetration process is highly stable, so that 



an additional 50% penetration force is required to eventually puncture the 
collagen layer. The combination of a hard layer that can fail in a controlled 
fashion with a soft and extensible backing layer is the key to the resistance to 
penetration of individual scales. 

 
Zhu, Y. and D. V. Plant (2012). "Optimal Design of Dispersion Filter for Time-Domain 
Split-Step Simulation of Pulse Propagation in Optical Fiber." Journal of Lightwave 
Technology 30(10): 1405-1421. 
 The nonlinear Schrodinger equation can be solved by split-step methods, where 

in each step, linear dispersion and nonlinear effects are treated separately. This 
paper considers the optimal design of an FIR filter as the time-domain 
implementation for the linear part. The objective is to minimize the integral of the 
squared error between the FIR frequency response and the desired dispersion 
characteristics over the band of interest. This least square ( LS) problem is 
solved in two approaches: the normal equation approach gives the explicit 
solution, whereas the singular value decomposition approach, which is based on 
the theory of discrete prolate spheroidal sequences, provides geometrical 
insights and reveals that the normal equation could be ill-conditioned. In addition, 
the frequency response might exhibit singular behaviors such as overshoot. We 
propose two filters that both can mitigate these shortcomings: the regularized LS 
filter achieves this by adding a regularization term to the objective function; the 
quadratically constrained quadratic programming-based filter addresses 
overshooting more efficiently by imposing a maximum magnitude constraint on 
the frequency response. Numerical results show that these filters can suppress 
the overshoots, control the squared error, reduce the filter length and lower the 
computational complexity. For both single channel and wavelength-division 
multiplexing channels, the proposed methods generate similar outputs as the 
standard split-step Fourier method. 
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reduced-guard-interval CO-OFDM transmission." Optics Express 19(5): 4472-4484. 
 Unlike conventional CO-OFDM systems, we show in this paper that 

reduced-guard-interval (RGI) CO-OFDM systems experience 
subcarrier-dependent phase noise (PN) from the local oscillator laser. This 
phenomenon manifests in RGI-CO-COFM systems because the chromatic 
dispersion (CD) induced walk-off becomes comparable to the OFDM symbol 
length. We term this phenomenon the dispersion enhanced PN (DEPN). In this 
work an analytical study of the impact of DEPN on CO-OFDM transmission is 
conducted. We develop a system-level analytical model and calculate the 
variance of the dispersion-induced subcarrier-dependent phase rotation term 
(PRT) using two different distribution patterns of pilot subcarriers (PS). Moreover, 
we present a bit error rate (BER) estimator to quantify the system performance 
degradation due to PRT. Numerical simulations are then performed to verify the 
analytical model. Finally, we propose a grouped maximum-likelihood (GML) 
phase estimation approach to mitigate the DEPN impairment, and demonstrate a 
0.7-1.7 dB SNR improvement at BER = 10(-3) for typical 100 Gb/s RGI 



CO-OFDM systems. (C) 2011 Optical Society of America 
 
Zhuge, Q. B., C. Chen, et al. (2011). Impact of Intra-Channel Fiber Nonlinearity on 
Reduced-Guard-Interval CO-OFDM Transmission. 
 Channel estimation for a reduced-guard-interval (RGI) CO-OFDM system shows 

a unique dependence on the training symbol design in the presence of 
intra-channel nonlinearities. Because smaller FFT sizes can be used, the RGI 
CO-OFDM system also demonstrates better nonlinearity tolerance than 
conventional CO-OFDM with larger FFT sizes. 

 
Zhuge, Q. B., C. Chen, et al. (2011). Low Computation Complexity Two-Stage 
Feedforward Carrier Recovery Algorithm for M-QAM. 
 We propose a modified two-stage feedforward carrier recovery algorithm for 

M-QAM formats that achieves a 3x reduction in computation complexity 
compared to a single-stage algorithm. When combining with a feedback loop, 
5.3-10x computation complexity reduction can be achieved. 

 
Zhuge, Q. B., M. H. Morsy-Osman, et al. (2013). "Low Overhead Intra-Symbol Carrier 
Phase Recovery for Reduced-Guard-Interval CO-OFDM." Journal of Lightwave 
Technology 31(8): 1158-1169. 
 We propose intra-symbol carrier phase recovery (IS-CPR) for 

reduced-guard-interval (RGI) CO-OFDM in order to compensate for the 
intra-symbol phase shift (ISPS) between subcarriers that is caused by the 
dispersion-enhanced phase noise (DEPN). We begin by proposing a 
pre-emphasized pilot subcarrier (PEPS) approach to reduce the pilot subcarrier 
overhead for the following IS-CPR algorithms. Then, we show a statistical 
analysis of the DEPN-induced ISPS between subcarriers within one symbol, 
which is related to the accumulated chromatic dispersion (CD). Next, three 
algorithms are proposed for IS-CPR including maximum-likelihood (ML) phase 
estimation, digital phase-locked loop (DPLL), and feedforward carrier recovery 
(FFCR) employing either the M th power scheme in case of QPSK modulation or 
the QPSK partitioning scheme for the 16-QAM case. The performance and 
complexity of these algorithms are compared. Through simulations, we show that 
in comparison to conventional common phase error (CPE) compensation, 
IS-CPR significantly improves the linewidth tolerance at 1 dB signal-to-noise ratio 
(SNR) penalty for a bit error rate (BER) = 10(-3) from 300 kHz to 2 MHz for 112 
Gb/s systems (28 Gbaud QPSK) at 3200 km transmission distance, and from 70 
kHz to 550 kHz for 448 Gb/s (56 Gbaud 16-QAM) systems at 1600 km 
transmission distance. 

 


