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8:00am BI1+AS+EM+NS+SE+TF-TuM-1 Understanding and Employing 
Adhesion Forces in Microfluidic Channels for Cell Separation, Avi Gupta, F. 
Chrit, A. Liu, A. Alexeev, T. Sulchek, Georgia Institute of Technology, USA 

Rapid advancements in microfluidic technologies during the past few 
decades have significantly aided advancements in the field of BioMEMS. 
These technologies can facilitate development of easily scalable tools that 
can be translated to point-of-care healthcare products. Researchers have 
capitalized on these tools to create differential separation techniques that 
rely on adhesion forces. The adhesive interactions play a significant role in 
governing the trajectory of cells in microfluidic channels as well as the 
reliability of these devices, however, a concise model explaining cell 
interactions with chemically coated surfaces is yet to be developed. This 
research describes studies using microfluidic flow at different flow regimes 
to study dynamic cell adhesion. APTES, P-selectin, and Pluronic were used 
as models for non-specific adhesion, specific adhesion, and adhesion-free 
surfaces, respectively. A microfluidic device with slanting ridges was used 
to provide forced contact and to visualize the effect of these chemistries on 
cell trajectories using a microscope and a high-speed camera. Parameters 
of the channel that were studied include ridge angle, gap size, channel 
width, and flow rate. It was found that adhesive forces modulate the 
interaction time of cells during contact points with the slanting ridges. At 
an average flow velocity of 3.1 cm/sec we observed higher interaction time 
for APTES coatings and lower for Pluronic coatings. Higher adhesion on 
APTES coated surface of the channel leads to more deflection of cells 
towards the streamlines leading them to go opposite to the ridge direction. 
In contrast, lower surface adhesion on Pluronic coated surface made cells 
deviate along the ridge perpendicular to streamlines. Narrow channel 
widths and acute ridge angles helped in exaggerating the differences in 
trajectories of cells going along or under the ridge. Atomic force 
microscopy (AFM) was used to quantify the adhesion forces. This 
knowledge was used to develop a predictive model employing Lattice 
Boltzmann techniques along with Morse potential and Bell model to 
represent interaction between cells and device surface. This improved 
understanding of adhesion forces in microfluidic devices opens new 
avenues for developing separation techniques that don’t employ specific 
molecules like P-selectin but rely upon the inherent geometry and surface 
interaction of the cells with a microfluidic channel. 

8:20am BI1+AS+EM+NS+SE+TF-TuM-2 Wafer-Scale Metallic Nanotube 
Arrays with Highly Ordered Periodicity for SERS Application, Jinn Chu, 
National Taiwan University of Science and Technology, Taiwan 

This paper reports on the wafer-scale fabrication of ultrahigh sensitivity 
SERS substrates using metallic nanotube arrays (MeNTAs) with highly 
ordered periodicity. Various metals and alloys have been used to prepare 
MeNTAs via sputtering over a contact-hole array template created in 
photoresist. These include ferrous (stainless steel) and nonferrous (Cu-, Ni-, 
Al-, and Ti-based) alloys, as well as elemental metals (Cu, Ag, and Au). The 
proposed nanotubes can be fabricated over a wide range of heights and 
diameters (from a few hundred nm to 10 µm) in a variety of shapes, 
including tall cylinders and dishes. In addition, over this is deposited a 
uniform coating of Au nanoparticles to form a high-sensitivity 
AuNP@MeNTAs 3D-SERS substrate. Systematic micro-Raman spectroscopic 
analysis reveal that the fabricated array could function as a SERS-active 
substrate with crystal violet (CV) and folic acid as analytes (a minimum 
detection limit of 10-13 M CV). Enhancement factor of 1.06 × 109 is obtained 
from our triangular Ag MeNTA. This work is the first to fabricate wafer-
scale metallic nanotube arrays with SERS properties, which represents an 
important step toward realizing the large-scale fabrication of ultrasensitive 
SERS-active materials. 

8:40am BI1+AS+EM+NS+SE+TF-TuM-3 Customizing Silk Film Surface 
Properties Using Plasma-Enhanced Chemical Vapor Deposition, A. Devore, 
G. Reyes, Morgan Hawker, California State University, Fresno 

Silk fibroin (silk) is a naturally-derived polymer with high utility in 
biomedical contexts, notably in tissue engineering. Silk bulk properties can 
be tuned to mechanically match a range of biological environments, 
including soft and hard tissues. As with other naturally-derived polymers, 

silk constructs degrade via surface-mediated enzymatic hydrolysis into non-
toxic amino acid byproducts. Because tissue engineering relies on the 
underlying scaffold to degrade as the healthy tissue forms, controlling silk 
scaffold degradation kinetics is essential to maximize silk’s utility. Notably, 
prior work to control silk degradation kinetics relies on either altering silk 
matrix properties (i.e., manipulating the secondary structure), or through 
creating silk-containing blends such as copolymers. Although both 
strategies effectively control degradation, doing so is often at the expense 
of mechanical properties. Any mechanical mismatch induced through 
controlling degradation can hinder scaffold function. Developing a strategy 
to program silk degradation - without altering bulk mechanical properties - 
is required to enhance their efficacy as biomaterials. 

This talk will highlight recent efforts to develop a radio-frequency plasma-
enhanced chemical vapor deposition (PECVD) approach with the potential 
to modulate silk degradation. The long-term objective of this work is to 
control the rate of surface-mediated enzymatic hydrolysis by customizing 
silk surface properties. Surface properties are thought to be paramount in 
controlling silk construct/enzyme interactions, so tuning silk film surface 
properties using PECVD was a logical first step. Silk films were first 
dropcasted, and were then subjected to PECVD. Plasma feedgas 
composition was tuned using two unique precursors: acrylic acid (to 
produce thin films with polar functional groups on the silk surface), and 
pentane (to produce thin films with non-polar functional groups on the silk 
surface). Plasma polymerization using mixed precursor conditions was also 
explored. Contact angle goniometry was utilized to evaluate the wettability 
of all plasma-modified and control silk films. Changes in surface chemistry 
were evaluated using high-resolution x-ray photoelectron spectroscopy. 
Collectively, findings demonstrated that surface properties depend on both 
feedgas composition and position of the silk film in the plasma reactor. In 
sum, PECVD represents a promising approach to customize silk surface 
properties. 

9:00am BI1+AS+EM+NS+SE+TF-TuM-4 Biopotential Sensing Using Flexible, 
Reusable Smart Textile-Based Dry Electrodes, Jitendra Pratap Singh, 
Physics Dept IIT Delhi, India 

Biopotential signals are used to assess organ function and make diagnoses. 
Biopotential electrodes are used to monitor and record biopotentials by 
acting as an interface between biological tissue and electrical circuits. The 
accurate detection of physiological signals from the human body is 
essential for health monitoring, preventive care, and treatments. 

Wearable bioelectronics developments applied directly on the epidermal 
surface provide a promising future biopotential sensing option. Wearable 
textile electrodes for biopotential sensing are a promising candidate for 
long-term health monitoring. Wearable health-monitoring devices should 
be simple to use, stigma-free, and capable of delivering high-quality data. 
Smart textiles, which incorporate electronic elements directly into the 
fabric, offer a seamless way to incorporate sensors into garments for a 
variety of purposes. This work describes different types of flexible and 
reusable textile-based dry electrodes for biopotential monitoring. This 
work also describes the direct writing of laser-induced graphene (LIG) on a 
Kevlar textile for the production of reusable dry electrodes for long-term 
ECG monitoring. The electrode as-prepared has a high electrical 
conductivity and skin contact impedance of 100 ± 1 kΩ to 7.9 ± 2.7 kΩ for 
frequencies ranging from 40 Hz to 1 kHz, which is comparable to 
conventional Ag/AgCl wet electrodes. 

The outcomes demonstrate comparable performance with significantly 
reduced electrode-skin impedance for clinical-grade devices. Even after 
several hours of usage, these electrodes do not irritate the skin and are 
effective without any skin preparation. As a result of their flexibility and a 
better match to the modulus of the skin, it is anticipated that the suggested 
dry electrodes will provide comfort for long-term biopotential monitoring. 
A simple, cost-effective, and scalable fabrication approach enables the 
fabrication of flexible electrodes of arbitrary shape for long-term 
biopotential monitoring. 
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9:20am BI1+AS+EM+NS+SE+TF-TuM-5 Functional Plasma Polymers for 
Biosensing Applications, Melanie McGregor, University of South Australia
 INVITED 

Materials with intricate nanostructures display wetting properties that 
modern technologies already use to lubricate engines or waterproof 
clothing. Yet, their full potential in applications for sustainable catalysis, air 
purification or biosensing cannot be realised until we understand how 
nano-objects adsorb to surfaces with features of comparable size. Indeed, 
controlling or even predicting how proteins, antibodies, exosomes, 
surfactant or nanoparticles stick to nano-engineered surfaces is a challenge 
because key aspects of the wetting phenomenon remain poorly 
understood at this scale. In this talk, I will briefly review what we currently 
know about “nanowetting”.1 I will then introduce the concept of plasma 
polymerisation as a technique to control both surface chemistry and 
surface topography. I’ll use the example of plasma deposited polyoxazoline 
(POx) to highlight this technique’s attributes, drawbacks and recent 
progress made in understanding the unique chemistry and reactivity of POx 
films, using both plasma in-situ and post deposition spectroscopic 
analysis.2Plasma deposited Polyoxazoline thin films share many valuable 
properties with polyoxazoline prepared via conventional organic chemistry: 
they are biocompatible, non-cytotoxic and low fouling.3 What is more, they 
bind biomolecules covalently, support cell adhesion, and are generated in a 
solvent free, single step process, which makes them particularly attractive 
for industrialization. For these reasons, plasma deposited polyoxazoline are 
used in applied biomedical research, from in vitro stem cell culture to 
controlling immune responses.4  

I’ll conclude this presentation with tangible outcomes of the translational 
research projects I’ve conducted with various industries, where we used 
nanoengineered plasma polymers, to create materials for cancer diagnosis 
and growing organoids.5 

[1]M. MacGregor and K. Vasilev. Advanced Materials Interfaces,4, 
1700381.,2017;M. MacGregor et al., Nanoscale, 8(8),4635-4642, 2016 

[2] M. Macgregor*et al.Chemistry of Materials, 29(19)8047-51, 2017; M. N. 
MacGregor-Ramiasa et al., J. Mat. Chem. B, 3, 6327-6337, 2015 

[3]M. N. Ramiasa et al. Chem. Commun., 51, 4279-4282,2015;A. A. 
Cavallaro, M. N. Macgregor-Ramiasa, K. Vasilev, ACS Appl. Mater. 
Interfaces8, 6354, 2016. 

[4] R. M. Visalakshan, A. A. Cavallaro, M. N. MacGregor, et al. Adv. Funct. 
Mat., 29, 1807453, 2019; 

[5]M. MacGregor*et al. Biosensors and Bioelectronics, 171: 112699,2020; 
K.M. Chan […]M. MacGregor*Cancers 13(21), 5544 2021 
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