
	
	

Meeting Program 
 
2nd Nano@IAState Meeting - Friday, August 3rd, 2018 
Iowa State University, Scheman Building  
 
•Meeting Overview 
 
Nano@IAState is a single day meeting to bring together ISU, Ames Lab and industrial 
scientists and researchers working on the synthesis and characterization of 
nanomaterials and applications of nanoscience. The meeting is open to ISU and Ames 
Lab graduate and undergraduate students, staff and faculty, and members of local 
industry.  
 
•Sponsors 
 
We are grateful to the following sponsors whose generous contributions have made the 
meeting possible: 
 
Iowa State University Research Park, The Department of Materials Science and 
Engineering, The Ames Laboratory, ISU VP Research, The College of Engineering, The 
College of Liberal Arts and Sciences, The Department of Chemistry, The Department of 
Chemical and Biological Engineering and The Department of Physics and Astronomy.	
 
•Presentation Information 

Contributed oral Presentations will have a total duration of 15 minutes, including a few 
minutes for questions from the audience. The boards for Poster Presentations will be 4' 
x 4'. Please make sure your poster is 4' wide or narrower. Poster boards will be 
available in the morning in the second floor Scheman Lobby. Please bring your posters 
in the morning so that you can hang them up early. 

•Organizing Committee 
 
Aaron Rossini - Chemistry - arossini@iastate.edu 
Matthew Panthani - Chemical and Biological Engineering - panthani@iastate.edu 
Martin Thuo - Materials Science and Engineering - mthuo@iastate.edu 
Zhe Fei - Physics - zfei@iastate.edu 



•Conference Program and Speaker List 
All oral presentations will take place in 220-240 Scheman 
Time Event/Talk Title Presenter 
8:00 Registration/Badge Collection  - Coffee, Tea and Light 

Breakfast Provided 
 

   
 Oral Presentations  220-240 Scheman  
8:25 Opening Remarks  
8:30 Nanoscience: From the -9’s to the +18’s Peter Collins (MSE) 
9:15 Solution-Processed Bismuth Halide Thin Films for PV 

Application 
Umar Hamdeh (CBE) 

9:30 Real-Time Imaging the Formation of Pt-Sn Ordered 
Nanoparticles 

Tao Ma (Ames Lab) 

9:45 Sodium Bismuth Dichalcogenide Colloidal 
Semiconductor Nanocrystals Composed of Earth-
Abundant and Biocompatible Elements 

Bryan Rosales 
(Chemistry) 

10:00  Encapsulation of Metal Nano-Islands at the Surface of 
Graphite 

Pat Thiel 
(Chemistry/Ames Lab) 

   
10:20-10:45 Coffee Break – Light Refreshments  

  
 

   
 Oral Presentations   
10:45 Light Manipulation at the Nanoscale: From 

Photovoltaics to Therapeutics 
Rizia Bardhan 
(Vanderbilt) 

11:30 Solvated Electron Initiated Polymerization Boyce Chang (MSE) 
11:45 The Assembly of Nano-Cage in Inorganic Clathrates: 

Synthesis, Crystal Structure and Physical Properties 
Jian Wang (Chemistry) 

12:00  Continuous Micellar Electrokinetic Separation Driven by 
Ion Concentration Polarization 

Robbyn Anand 
(Chemistry) 

   
 Lunch 220-240 Scheman  
12:20-12:50 Boxed Lunches Provided  

12:50-1:30 Career Panel Discussion and Lunch  
   
 Oral Presentations  
1:40 Nanotechnology at 3M Randilynn Christensen 

(3M) 

2:00 Use of Nanoparticles as Matrices for MALDI-MS of 
Small Molecules 

Rebecca Hansen 
(Chemistry) 

2:15 Many Body Effects and Icosahedral Order in 
Superlattice Self-Assembly 

Tommy Waltmann 
(Physics) 

2:30 Synthesis and Self-assembly of Janus Nano-dumbbells  Fei Liu (MSE) 
2:45 Using a Nano-sensor to Characterize Integrin Molecular 

Tension Mediating Cell Rear De-adhesion 
Xuefeng Wang 
(Physics)  

   



3:05-3:25 Coffee Break – Light Refreshments   
   
 Oral Presentations   
3:25 Nanomaterials "Wish List” Richard Lopez (John 

Deere) 
3:45 Enhanced Electrochemical Biosensor and 

Supercapacitor with 3D Porous Architectured Graphene 
via Salt Impregnated Inkjet Maskless Lithography 

John Hondred (Mech. 
Eng.) 

4:00 - 4:20 Pathogen Mimicking Nanovaccine Platform 
Technology: A New Paradigm 

Balaji Narasimhan 
(CBE) 

4:20 - 4:40 NSF I-CORPS/SBIR/Startup Factory Presentation Bill Adamowski 
   
4:40 - 6:00 Poster Session and Cocktail Hour – Complimentary 

Drink Tickets and Food Provided  
 

6:00 Student Poster and Presentation Prizes Announced  
To view a complete program with abstracts visit: 
https://rossini.chem.iastate.edu/nanoiastate/ 
	
•Poster Presentations 
Posters will be presented from 4:40 to 6:00 pm in the second floor Scheman Lobby. 
Poster boards will be available in the morning. Please hang your posters then. 
Poster 
Number 

Poster Title Presenter 

1 
Studying the Formation Process of PtSn Intermetallic 
Nanoparticles in Solution  Minda Chen 

2 

Optimizing Suspension of Noncovalently 
Functionalized Single-Walled Carbon Nanotubes on an 
Individual Substrate Basis to Maximize Fluorescence 
Quality Nathaniel Kallmyer 

3 

Characterization of the Active Phase Formed on Boron 
Nitride Oxidative Dehydrogenation Catalysts Using 
MAS NMR and SEM Brijith Thomas 

4 
Undercooled Liquid Metal Particle Inks for Flexible 
Conductive Traces using Direct Writing Andrew Martin 

5 

Materials Analysis and Research Laboratory: A core 
material characterization facility at Iowa State 
University Dapeng Jing 

6 
Electroacoustic Colloidal Assembly in a Continuous 
Flow-through Microfluidic Device Meghana Akella 

7 
Optimization of DNP Sample Preparation of CdS 
Quantum Dots to Achieve High Sensitivity Yunhua Chen 

8 
Printed graphene array based immunosensors for 
point-of-care diagnostics of Johne‰Ûªs disease Kshama Parate 

9 
Synthesis of Intermetallic Compounds from 
Heterobimetallic Single-Source Precursors Carena Daniels 

10 
Robust Surface Modification of Quantum Dots Using 
Polydentate Ligands Alan Medina-Gonzalez 



11 
Infinite coordination polymers as intermediates in 
synthesis of 2D porous oxide from bulk metal Boyce Chang 

12 
Nanoparticle Superlattice Formation via Inter-polymer 
Complexes Nathan Horst 

13 
Fabrication of Few Layered Bio-compatible Graphene 
via Ball Milling Deepak George Thomas 

14 
Influence of Fe Substitution on the Permanent 
Magnetism of  SmCo5  Renu Choudhary 

15 
Selective Catalytic Conversion of Glycerol to High 
Value Products Geet Gupta 

16 
Functional and Mechanical Trade-off in Multiphase 
Composites Ravi Tej Anand Tutika 

17 
Tuning Structure and Morphology of In Based 
Coordination Polymer by Thermal Treatment Paul Karanja 

18 

Characterizing the Surface of Nanoparticles with Fast 
MAS and DNP-Enhanced Solid-State NMR 
Spectroscopy Michael Hanrahan 

19 

Inverting Thermal Degradation (iTD) of Paper using 
Chemi- and Physi-sorbed Modifiers for Templated 
Material Synthesis Paul Gregory 

20 
Tuning Surface texture and Composition Inversion of 
Liquid Metals Through Controlled Thermal Treatment. Winnie Kiarie 

21 
Modeling Self-assembly Monolayer systems using 
wetting behaviors Chuanshen Du 

To view a complete program with abstracts visit: 
https://rossini.chem.iastate.edu/nanoiastate/ 
 



Oral Presentation Abstracts 
 
1. Nanoscience: From the -9’s to the +18’s 
Peter Collins  
Abstract: When we first think of nanoscience, we must wrestle with orders of magnitude that look nice on 
paper but baffle the mind when we think about it. One nanometers is ~ to a meter as one mile is to the 
distance between the sun and Saturn!   And yet, the nanoscaled details of science in general are 
correlated in ways that have profound impacts on the world that exists now, and inform how we can affect 
positive change to a variety of complex problems.  For example, there is a particular nanoscaled defect in 
materials that is so prevalent and important that, if extracted from 1 cubic meter and then laid end-upon-
end, would stretch more than 1-light year. In engineered materials, we use these correlated nanoscaled 
structures and processes everyday.  New breakthroughs are increasingly tied to controlling nanoscaled 
features and processes.  Consequently, we need to develop new ways to probe the nanoworld. 
 
2. Solution-processed bismuth halide thin films for PV application 
Umar Hamdeh (PI: Matthew Panthani) 
Abstract: Bismuth halides are investigated as potential nontoxic alternatives to hybrid lead halide thin 
films. Proof-of-concept devices demonstrate the potential for bismuth halides for photovoltaic application. 
We demonstrate that thin-film morphology of solution-processed BiI3 thin films can be greatly improved 
by annealing in solvent vapor, resulting in increased grain size and crystallographic reorientation of grains 
within the film. Solvent additives can be used to engineer solution-processed BiI3 thin films controlling 
grain size and structure. BiI3 thin films can be further processed via a two-step deposition to produce 
compact, large-grain A3Bi2I9 (A = MA+, and Cs+) thin films. Note: I can only present in the morning, I 
have a flight in the afternoon. 
 
3. Real-Time Imaging the Formation of Pt-Sn Ordered Nanoparticles 
Tao Ma (PI: Lin Zhou) 
Abstract:  Intermetallic nanoparticles (iNPs) have yielded enormous successes in structural and 
functional areas due to their distinguishable and often tunable mechanical, physical, and chemical 
properties. Yet, precisely controlling the phase formation and selection in iNPs remains challenging, 
requiring the understanding of the alloying mechanism at the atomic level. In this study, we monitored the 
formation of the ordered Pt–Sn nanoparticles at elevated temperature using in-situ aberration-corrected 
scanning transmission electron microscopy. We found that the complete reaction pathway between Pt3Sn 
and PtSn follows a consecutive formation of Pt3Sn and PtSn. Combining experimental observations and 
molecular dynamics simulations, we discovered that the surface-mediated diffusion of Sn controls the 
overall dynamics of the reaction, while the unique coherent interfacial structure is determinative for the 
formation of ordered phases. Our results provide detailed experimental evidence on the alloying 
mechanism operative in intermetallic nanoscale systems, paving the way for design and fabrication of 
multifunctional iNPs. 
 
4. Sodium Bismuth Dichalcogenide Colloidal Semiconductor Nanocrystals Composed 

of Earth-Abundant and Biocompatible Elements 
Bryan Rosales (PI: Javier Vela) 
Abstract: As the global population increases and our dependence on energy grows, we need to develop 
technologies that can generate energy efficiently without release of harmful pollutants to our environment. 
Unfortunately, many current and emerging semiconductors investigated for uses in energy technologies 
contain toxic (Cd, Pb, As) or relatively scarce (Li, In) elements. We demonstrate that Earth-abundant and 
biocompatible NaBiE2 semiconductors (E = S or Se) can be synthesized by low-temperature, solution-
phase syntheses with control over nanocrystal size (4-28 nm). We show that NaBiE2 have 1.20-1.45 eV 
band gaps that fall within the ideal range for solar cells. These nanocrystals were characterized by XRD, 
absorption, diffuse-reflectance, TEM, SAED, EDS, IR, and XPS. We propose a reaction mechanism 
based on these results and phase evolution over time. Finally, we study structure-property relationships 
through computationally investigating superstructures that result from mixed cation sites present in their 
rock salt lattice. 



 
5. Encapsulation of Metal Nano-Islands at the Surface of Graphite  
Patricia A. Thiel   
Abstract: There is currently great interest in exotic electronic states in quantum materials, including those 
derived from two-dimensional (2D) materials. 2D materials consist of weakly-coupled layers, such as the 
graphene layers in graphite. In 2D materials, intercalation (insertion of a foreign material between the 
layers) is often feasible and is a well-known method for altering bulk properties. In this work, we have 
investigated intercalation of elemental metals at the surface of graphite, as a possible means of altering 
the surface properties of graphite. We have found that under normal conditions there is no surface 
intercalation of transition metals or rare earths, but we have discovered conditions under which surface 
intercalation does occur for these metals at the surface of graphite. This method may be applicable to 
other 2D materials or other configurations of 2D materials. Furthermore, the resultant structures are 
unexpected: The surface intercalated metals form multilayer nanoscale islands, rather than the dilute 
atomic layers typical of bulk intercalated metals. The metal islands are usually faceted, and for some 
metals, the island surface exhibits a moiré pattern that reflects a coincidence lattice between the top 
graphene and the underlying metal. Both features indicate good atomic order in the metal islands. 
Examples will be presented for Ru and Cu. Density functional theory sheds light on the driving force for 
intercalation, yielding a surprising result. 
 
6. Light Manipulation at the Nanoscale: From Photovoltaics to Therapeutics 
Rizia Bardhan (Vanderbilt University)   
Abstract: Metal nanostructures with subwavelength dimensions when excited with resonant light couple 
incident photons to conduction electrons giving rise to localized surface plasmon resonances (LSPR). By 
altering the morphology and composition of metal nanostructures, these LSPRs can be manipulated to 
generate unique optical characteristics that can be utilized for a range of technological applications from 
nanomedicine to solar cells. In this talk I will demonstrate that LSPRs in metal nanostructures can either 
result in light scattering which can be harvested to enhance the efficiency of emerging photovoltaics. 
Alternatively, metal nanostructures can convert light to heat which can be harnessed for light-based 
therapies to treat tumors. This talk will highlight our work in plasmon enhanced light harvesting in 
perovskite, and dye-sensitized solar cells resulting in >25% improvement in device efficiency. We have 
also performed ultrafast spectroscopy to probe the fundamental underpinnings of plasmonic 
enhancement in solar cells. I will also show some of our recent work in ultrafast dynamics of perovskite 
nanocrystals. Further, my talk will also focus on the use of metal nanostructures as contrast agents for 
multimodal multiplexed detection of immunomarkers in vivo and ex vivo combining clinical PET imaging 
with Raman spectroscopy in mouse models of cancer. We have also combined the imaging and 
photothermal abilities of hybrid liposomal metal nanostructures for image-guided drug deliveries and 
immunotherapies.  
 
7. Solvated Electron Initiated Polymerization 
Boyce Chang (PI: Martin Thuo) 
Abstract: In efforts of expanding our library of methods for polymer synthesis, very few have been 
applied in industries due to their complexity and stringent requirements. We demonstrate the application 
of solvated electrons, which can be prepared at room temperature, in rapid and selective polymerization 
of commercially available monomers. The molecular weight distribution of the resulting polymer was 
found to be closely related to its solubility in the solvent used, whereby a departure from the expected 
normal distribution was observed in poor solutes. Furthermore, although monomers with negative 
inductive effects proved to be a requirement, our observations do not fully agree with purely anionic 
mechanism, leading to the proposal of a bi-mechanistic radical anion polymerization. This method is then 
further employed as a straightforward approach for producing block copolymers. 
 
 
 
 



8. The Assembly of Nano-Cage in Inorganic Clathrates: Synthesis, Crystal Structure 
and Physical Properties 

Jian Wang  (PI: Kirill Kovnir) 
Abstract:       Rattler-type moieties with guest atoms encapsulated inside nanosized covalent cages are 
popular in chemistry and are fascinating objects of high fundamental and applied importance.  Inorganic 
clathrates are one type of rattler-type compounds which are assembled by various nanosized cages. 
There are three important variables in clathrate chemistry: tuning the guest atoms, changing the covalent 
cage framework and modification of interaction between guest atoms and cage framework. These 
degrees of freedom make inorganic clathrates interesting for structural investigation and applicable for 
important physical applications such as thermoelectric, and superconductivity. A new group of inorganic 
clathrates, AM2P4 (A = Sr, Ba; M = Cu, Ni) which are constructed by nanosized twisted Kelvin cell and 
truncated octahedra, is discussed in this presentation. The synthesis, crystal structure, and space tiling 
consideration for AM2P4 will be discussed. The rattling behavior of guest atoms is characterized by a 
combination of different methods such as heat capacity measurement, low temperature single crystal 
diffraction, inelastic neutron scattering, Raman spectroscopy, and computations. Based on these results 
this new type of clathrates, AM2P4, can be assigned as member of Phonon Glass Electron Crystals 
family. 
 
9. Continuous micellar electrokinetic separation driven by ion concentration 

polarization. 
Robbyn Anand   
Abstract: We report the selective and continuous extraction of neutral (uncharged) compounds from 
aqueous solution in a process driven by ion concentration polarization (ICP) occurring at a nanoporous 
membrane near a branched microfluidic junction. While ICP has proven to be a versatile means of 
enriching and separating charged species, neutral compounds are unaffected by the electric field, thereby 
limiting its application. We have addressed this need by conferring a pseudo-charge to neutral 
compounds via their partition into an anionic micellar phase. In combination with ICP, this approach 
allows for neutral species to be electrokinetically enriched (stacked) and separated to an extent 
dependent upon the partition coefficient of the micelle-analyte pair. Initial results are presented including 
the quantitative characterization of continuous micellar electrokinetic separation by ICP. 
 
10. Nanotechnology at 3M 
Randilynn Christensen (3M)   
Abstract: Nanotechnology is one of 3M’s 46 technology platforms.  By combining nanotechnology with 
other technology platforms and applying their use across multiple businesses, we find unique and 
creative solutions that improve every life.  Nano particles, crystals, composites and structures are used in 
products from abrasives to optical films to dental restoratives, making nanomaterials a key part of 3M’s 
product portfolio. 
 
11. Use of nanoparticles as matrices for MALDI-MS of small molecules 
Rebecca Hansen (PI: Young-Jin Lee) 
Abstract: Nanoparticles have been reported to be efficient matrices in matrix assisted laser 
desorption/ionization mass spectrometry (MALDI-MS) analysis of small molecules due to their low matrix 
background, vacuum stability, and high laser absorptivity.  Multiple classes of nanoparticles, including 
metal oxides, carbon-based, and metals, can be successfully utilized as matrices with various deposition 
methods including spraying suspensions and sputter coating of metals.  In this presentation, various 
applications of the use of nanoparticle matrices will be shown.  Discussed will be MS imaging of maize 
root and leaf cross-sections to localize various metabolites, as well as MALDI-MS based antibiotic studies 
in turkey gut microbiome samples. 
 
 
 
 
 



12. Many Body Effects and Icosahedral Order in Superlattice Self-Assembly 
Tommy Waltmann (PI: Alex Travesset) 
Abstract: We elucidate how nanocrystals "bond'' to form ordered structures. For that purpose we 
consider nanocrystal configurations consisting of regular polygons and polyhedra, which are the motifs 
that constitute single component and binary nanocrystal superlattices, and simulate them using united 
atom models. We compute the free energy and quantify many body effects, i.e. those that cannot be 
accounted for by pair potential (two-body) interactions, further showing that they arise from coalescing 
vortices of capping ligands. We find that such vortex textures exist for configurations with local 
coordination number less than or equal to 6. For higher coordination numbers, vortices are expelled and 
nanocrystals arrange in configurations with tetrahedral or icosahedral order. We provide formulas for the 
optimal separations between nanocrystals, which correspond to the minima of the free energies. Our 
results quantitatively explain the structure of superlattices as reported in experiments and reveal how 
packing arguments, extended to include soft components, predict ordered nanocrystal aggregation. 
 
13. Synthesis and Self-assembly of Janus nano-dumbbells 
Fei Liu (PI: Shan Jiang) 
Abstract: We developed a new method to fabricate amphiphilic Janus nano-dumbbells. The resulting 
amphiphilic Janus nano-dumbbells assemble into unique cluster structures, with their hydrophobic sides 
facing each other. The Janus nano-dumbbells are pH responsive and exhibit reversible assembly by 
tuning the pH. In addition, nano-dumbbells adsorb strongly at interface and can stabilize emulsions 
similar to conventional amphiphilic polymers and colloids. More interestingly, the synthesized nano-
dumbbells show the capability to encapsulate hydrophobic nanoparticles, which demonstrates the 
potential of nano-dumbbells as carriers to extract oil and deliver hydrophobic drug. These unique 
structures and properties will open up new opportunities in magnetic, catalytic and biomedical 
applications.  
 
14. Using nano-sensor to characterize integrin molecular tension mediating cell rear de-

adhesion 
Xuefeng Wang   
Abstract: Rapid cell migration requires efficient rear de-adhesion. It remains undetermined whether cells 
mechanically detach or biochemically disassemble integrin-mediated rear adhesion sites in highly motile 
cells such as keratocytes. Using a nano-sensor named ITS (integrative tension sensor) that converts 
molecular force to fluorescence, we calibrated and mapped integrin tension in migrating keratocytes. Our 
experiments revealed that high-level integrin tension in the range of 50-100 pN (piconewton) and capable 
of rupturing integrin-ligand bonds, is exclusively and narrowly generated at cell rear margin during cell 
migration. Co-imaging of integrin tension and focal adhesions (FA) shows that the integrin tension is 
produced to mechanically peel off FAs lagging behind, and the tension signal intensity is correlated with 
local cell retraction rate. High-level molecular tension was also consistently generated at cell margin 
during artificially induced cell front retraction, and during keratocyte migration mediated by biotin-
streptavidin bonds. Collectively, these experiments provide direct evidence showing that migrating 
keratocytes concentrate force at cell rear margin to mediate rear de-adhesion.  
 
15. Nanomaterials "Wish List" 
Rick Lopez   
Abstract: Manufacturers of off-road equipment are constantly watching for interesting advancements in 
materials because there is a significant desire to reduce machine mass, increase its efficiency, and 
extend its lifetime. Typical opportunities exist in the areas of interior and exterior surface protection, 
lubricants, materials, and wear-resistant coatings. Industry often takes a wary approach however, 
because any potential improvement in performance must be considered against cost and scale-up 
feasibility. 
 
 
 



16. Enhanced Electrochemical Biosensor and Supercapacitor with 3D Porous 
Architectured graphene via Salt Impregnated Inkjet Maskless Lithography 

John Hondred (PI: Jonathan Claussen) 
Abstract: Herein, we demonstrate enhancement of the electroactive nature of solution-phase graphene 
films by increasing the porosity and edge planes by incorporating multidimensional architecture via salt 
impregnated inkjet maskless lithography (SIIML). Various sized macroscale pores (~250-25 µm) are 
patterned directly in the graphene surface by incorporating salt crystals in the graphene ink which act as 
hard templates for pore formation. Subsequently, microsized pores and edge planes defects (~100nm - 2 
µm) are etched in the graphene lattice structure by laser annealing with a CO2 laser. We demonstrate 
this porous graphene structure can double the electrochemical surface area. This enhanced 
electrochemical efficiency is demonstrated through an acetylcholinesterase organophosphate biosensor 
with high sensitivity and low detection limits. Moreover, this fabrication method is capable of patterning 
complex geometries as illustrated by a supercapacitor which demonstrated excellent capacitance. These 
electrochemical devices demonstrate the benefit of using SIIML for patterning graphene electrodes with 
multidimensional architectured porous surface on flexible substrates.  
 
17. Pathogen Mimicking Nanovaccine Platform Technology: A New Paradigm 
Balaji Narasimhan   
Abstract: The design of vaccines against infectious diseases is fraught with challenges, including poor 
immunogenicity, cold storage, multiple doses, and needle-based delivery. We have developed a cross-
disciplinary approach at the intersection of polymer chemistry, nanotechnology, and immunology to 
design a safe, needle-free, and efficacious nanoparticle-based vaccine (i.e., nanovaccine) platform that 
can address these challenges. Our bottom-up approach has been used to design vaccine adjuvants 
based on biodegradable polyanhydride nanoparticles capable of mimicking a natural infection and 
inducing a robust immune response with long-lived protection. The recent appearance of novel influenza 
A virus strains has renewed interest in developing “universal” vaccination strategies to combat this public 
health threat. We have demonstrated that nanovaccines conferred protection to homologous and 
heterologous virus challenges and induced influenza-specific immune responses both within the lungs 
and systemically. This rational approach for designing nanovaccines has the tantalizing potential to 
catalyze next generation countermeasures against emerging and re-emerging diseases. 



Poster Abstracts 
 
1. Studying the Formation Process of PtSn Intermetallic Nanoparticles in Solution  
Minda Chen (PI: Wenyu Huang) 
Abstract:Intermetallic compounds have received increasing attention as efficient catalysts for improved 
selectivity in chemical processes. However, it remains challenging to synthesize intermetallic 
nanoparticles (iNPs) with controlled size, morphology and composition. Additionally, the formation kinetics 
and energetics of iNPs are rarely discussed. Here, we synthesize PtSn iNPs encapsulated in mesoporous 
silica shell (mSiO2) by reduction and heterogeneous nucleation of Sn in mSiO2-capped Pt NPs. For 
selective hydrogenation of furfural to furfuryl alcohol, a dramatic increase in activity and selectivity is 
observed when PtSn@mSiO2 catalysts are used in comparison to Pt@mSiO2, and it requires only one-
tenth of the quantity of Pt used in Pt@mSiO2 for similar activity and nearly 100% selectivity to furfuryl 
alcohol. Furthermore, using well-defined Pt@mSiO2 with core Pt nanoparticle of sizes 5 and 14 nm, we 
study the transformation kinetics from monometallic Pt to intermetallic PtSn at different temperatures by a 
series of time-evolution X-ray diffraction studies.  
 
2. Optimizing Suspension of Noncovalently Functionalized Single-Walled Carbon 

Nanotubes on an Individual Substrate Basis to Maximize Fluorescence Quality 
Nathaniel Kallmyer (PI: Nigel Reuel) 
Abstract:As nanomaterials have become more accessible, nanosensor research has expanded to many 
useful applications. One such nanomaterial, the single-walled carbon nanotube (SWNT), fluoresces in the 
near-infrared biological window, making it ideal for in vivo applications. SWNT can be suspended in water 
when functionalized with amphiphilic polymers or surfactants and act as simple probes or sensors with 
selective domains. This suspension is typically achieved by sonication. While much application-focused 
research has been performed on SWNT, little has been done to understand factors affecting fluorescent 
quality after suspension. We explored effects of sonication power and duration on an array of nine 
wrappings including proteins, DNA, oligosaccharides, polysaccharides, synthetic polymers, and surfactant 
solutions and found optimal conditions to vary on an individual wrapping basis. These trends may be 
used to optimize suspension conditions for maximum fluorescence and also demonstrate the need to 
control sonication conditions in large-scale synthesis to ensure tight batch-to-batch reproducibility. 
 
3. Characterization of the Active Phase Formed on Boron Nitride Oxidative 

Dehydrogenation Catalysts Using MAS NMR and SEM 
Brijith Thomas (PI: Aaron Rossini) 
Abstract:Boron nitride nanotoubes (BNNTs) and hexagonal boron nitride (h-BN) have recently been 
reported as highly selective catalysts for the oxidative dehydrogenation (ODH) of alkanes to alkenes. It 
was hypothesized that the active catalytic sites correspond to hydroxylated edge sites on the surface of 
the BN materials.1 Previous characterization of boron nitride materials with X-ray photoelectron 
spectroscopy (XPS) and infrared (IR) spectroscopy shows that these materials are oxidized under the 
conditions used for ODH reactions (heating to ca. 500 C under a flow of alkane, oxygen, and nitrogen). 
However,  XPS and IR provide limited insight into the structure of the oxidized surface phases that are 
likely the active catalysts, therefore conventional magic angle spinning (MAS) and dynamic nuclear 
polarization (DNP) enhanced 11B solid-state NMR spectroscopy were applied to characterize the BN 
materials before and after use as ODH catalysts. A suite of 1D and 2D 11B (spin echo, MQMAS, DQ-SQ, 
etc.) and 11B-1H double resonance NMR experiments (D-RINEPT, D-HMQC, dipolar-dephasing, 
CPMAS, etc.) were used to detect and resolve NMR signals from different oxidized boron phases. 
Quantitative 11B spin echo NMR spectra show that a substantial fraction of the BN material is oxidized 
under the ODH conditions. Double resonance 11B-1H and 11B MQMAS suggest that the oxidized phase 
contains boron sites with variable numbers of oxide and hydroxide ligands. DNP-enhanced 11B solid-
state NMR provides insight into the textural properties of the materials and confirms the structural 
assignments made by conventional 11B solid-state NMR. Given the extent of hydrolysis/oxidation the 
boron oxide/hydroxide phase with B(OH)xOy sites (where x + y = 3) is most likely the active site for ODH 
catalysis. Complimentary characterization by scanning electron microscopy (SEM), X-ray absorption 
spectroscopy (XAS), and Raman spectroscopy support the conclusions reached from NMR.  



 
4. Undercooled Liquid Metal Particle Inks for Flexible Conductive Traces using Direct 

Writing 
Andrew Martin (PI: Martin Thuo) 
Abstract:Flexible electronics offer the promise of comfortable and less-intrusive bio-interfacing devices 
and affordable and rugged displays in packaging . Thermal sensitivity of the typical substrates used, 
however, makes it challenging to mount components or create conductive lines on these devices. Silver 
nanoinks have emerged as a lower-temperature processing alternative; although curing temperatures 
significantly above ambient eliminates use of a significant number of heat sensitive substrates. Advances 
in synthesis of core-shell undercooled metal, and associated heat-free lead-free solders, offers a new 
approach to ambient fabrication of conductive lines and component soldering. Herein, we demonstrate 
the adoption of undercooled liquid metal particles in fabrication of flexible electronic devices via direct 
write or screen printing. Devices ranging from MEMS sensors, Wheatstone bridge, conductive traces and 
LED arrays are used to demonstrate versatility of this heat-free fabrication technique. 
 
5. Materials Analysis and Research Laboratory: A core material characterization facility 

at Iowa State University 
Dapeng Jing (PI: Warren Straszheim) 
Abstract:The Materials Analysis and Research Laboratory (MARL) of the Iowa State University Office of 
Biotechnology is open to faculty and students from the university, other educational institutions, and 
industry scientists. The laboratory emphasizes materials characterization utilizing scanning electron 
microscopy (SEM), energy-dispersive x-ray spectroscopy (EDS), x-ray diffraction (XRD), x-ray 
fluorescence (XRF), x-ray photoelectron spectroscopy (XPS), thermal analysis (SDT, TGA) and light 
microscopy. MARL's function is three-fold, namely research and development, teaching, and service. Its 
facilities are used for chemical and physical characterization of a wide variety of materials to support 
research and teaching programs within the university. MARL also conducts research on unusual material 
evaluation problems for outside agencies and undertakes analyses for industry when comparable 
facilities are not available.  
 
6. Electroacoustic Colloidal Assembly in a Continuous Flow-through Microfluidic Device 
Meghana Akella (PI: Jaime Juarez) 
Abstract:External fields are capable of directing the assembly of colloidal particles into ordered colloidal 
crystals with applications to electro-optical conversion of electromagnetic energy. Many external field 
approaches are based on batch-scale processing, which limits the throughput of colloidal crystals. 
Increasing throughput with convection leads to hydrodynamic shear stresses that can disrupt colloid 
crystal microstructure. We report on a continuous flow-through approach to assembling colloidal crystals 
that relies on electroacoustic transport to drive crystallization. Colloidal dispersions are exposed to 
electroacoustic fields of different intensities to understand how acoustic pressure acts to compress 
colloidal ensembles. The ensemble density distribution within our device is compared to a model that 
accounts for the particle flux due to shear-induced diffusion and acoustophoresis. We track order 
parameters that assess the degree of hexagonal close-packing in order to understand the microstructural 
evolution as a function of acoustic pressure and flow rate conditions.  
 
7. Optimization of DNP Sample Preparation of CdS Quantum Dots to Achieve High 

Sensitivity 
Yunhua Chen (PI: Aaron Rossini & Javier Vela) 
Abstract:Semiconductor nanomaterials, specifically quantum dots (QDs), have gained much attention 
during pass decades due to their unique size-tunable optical and electronic properties. For instance, 
colloidal CdS QDs have been actively investigated in fields of photovoltaics, light emitting devices and 
biology imaging, among others. Characterization of QDs is typically performed with techniquessuch as 
powder X-ray diffraction, transmission electron microscopy and optical absorption spectroscopy. These 
techniques provide useful but incomplete insights into the material. Solid-state nuclear magnetic 
resonance (ssNMR) spectroscopy could be a powerful probe of structure, especially of QD surfaces, 
however, this technique is hindered by its low sensitivity. Dynamic nuclear polarization (DNP) ssNMR has 



become an extremely powerful method to enhance NMR sensitivity. Here, we have optimized sample 
preparation protocols for DNP experiments on QDs, with the goal being to maximize absolute NMR 
sensitivity. 
 
8. Printed graphene array based immunosensors for point-of-care diagnostics of 

Johne’s disease 
Kshama Parate (PI: Jonathan Claussen) 
Abstract:Graphene has become increasingly important in the field of electrochemical biosensing due to 
their high electrical conductivity, surface area, and biocompatibility leading to higher biosensor 
sensitivities and lower detection limits. Moreover, recent efforts to improve the scalability of manufacturing 
protocols has made the use of printable graphene enticing for in-field applications where low-cost, 
disposable sensors are desired. In this work, we demonstrate the use of chemically exfoliated graphene 
that is aerosol printed in the form of interdigitated electrodes (IDEs) patterns with width of ~ 30 um on 
flexible polymer finger that can detect Johne’s disease in cattle. The IDEs were all characterized via 
Raman Spectroscopy, X-ray Photoelectron Spectroscopy, and cyclic voltammetry. They were 
biofunctionalized with monoclonal antibodies of IFN and IL-10. Biosensor calibration plots for IL-10 and 
IFN in cattle collagen implant serum were obtained with sensing range of 0.1 ± 5 ng/ml, which can be 
applied for point-of-care applications. 
 
9. Synthesis of Intermetallic Compounds from Heterobimetallic Single-Source 

Precursors 
Carena Daniels (PI: Javier Vela) 
Abstract:Intermetallics are atomically ordered structures of two or more different transition or main group 
metals. The unique crystalline structure of these compounds, different from structures of the constituent 
elements, has enhanced activity for many types of catalysis. Intermetallics have been typically 
synthesized through high-temperature solid state methods, but recently low temperature soft chemical 
methods have been developed for better synthetic control. These methods, such as the modified polyol 
and “ship-in-a-bottle” methods, have helped advance the study of intermetallics but still face challenges 
such as phase segregated products and long, multi-step syntheses. Demonstrated here is the use of 
heterobimetallic complexes as single source precursors to a variety of 10-15 and 11-15 binary 
intermetallics. This is a highly versatile approach, due to both the coordination environment of the 
precursor and the reaction temperature having an effect on the intermetallic phase produced. Also shown 
is the application of a recently developed plasma processing technique to remove graphitic carbon that 
was observed on the surface of some products. The versatility of this single-source precursor approach 
makes it an important addition to previously used methods toward the research and development of 
catalytically active intermetallics. 
 
10. Robust Surface Modification of Quantum Dots Using Polydentate Ligands 
Alan Medina-Gonzalez (PI: Javier Vela) 
Abstract:Research on new technological relevant materials is often hampered by the presence of 
meticulously regulated toxic heavy metals, such as Cd, Pb, and As. Recently, biocompatible NaBiS2 
nanocrystals were synthesized through soft chemistry techniques that display size tunability (2-28 nm). 
However, the binding of various functional groups to the NaBiS2 surface is unexplored. Here, we report a 
biphasic ligand exchange procedure that utilizes multidentate dithiol or trithiol ligands. This procedure 
efficiently displaces native carboxylate ligands that chelate to the surface of NaBiS2 producing water 
soluble nanocrystals. These thiol capped ligands can be functionalized with long, biocompatible polymers 
that further improve nanocrystal stability. Ligand exchange and nanocrystal stability were investigated by 
IR, mass spectrometry, UV-Vis absorption, TGA/DSC, and XRD. We anticipate that these nanocrystal 
building blocks will spontaneously organize into macroscopic structures through self-assembly. 



  
 
11. Infinite coordination polymers as intermediates in synthesis of 2D porous oxide from 

bulk metal 
Boyce Chang (PI: Martin Thuo) 
Abstract:Nanostructured materials are of interest due to potential applications in various fields including 
catalysis, energy conversion and devices. Coordination polymers serve as a simple strategy to induce 
assembly of such materials, however, they are typically synthesized using solvothermal methods. In this 
work, we demonstrate ambient synthesis of Ga-based coordination polymer (Ga-CP) using metal particles 
and organic acids with chelating conjugate base. EGaIn particles and acetic acid are used in this case 
study. 
 
12. Nanoparticle Superlattice Formation via Inter-polymer Complexes 
Nathan Horst (PI: Alex Travesset) 
Abstract:Understanding the mechanisms that drive the assembly of nanostructures into ordered 
materials is a critical problem in photonics, spintronics, magnetic storage, and other applications. Using 
molecular dynamics simulations and theoretical considerations, the first example of nanoparticle 
superlattice formation via inter-polymer complexes, where two distinct polymers interact through non-
covalent interactions, is explored. 
 
13. Fabrication of Few Layered Bio-compatible Graphene via Ball Milling 
Deepak George Thomas (PI: Nicole Nastaran Hashemi) 
Abstract:A facile method to produce few layered graphene was developed using a planetary ball milling 
apparatus. The shear forces generated from the revolving balls within the mill exfoliate graphene layers 
from graphite flakes. The influence of Bovine Serum Albumin assists in the dispersion of graphene within 
a biological medium and can potentially prevent re-stacking of the graphene layers. Additionally, the 
absence of toxic chemicals enable the product to be used for biological applications. The graphene 
produced exhibits good dispersion capability in BSA solution. The fabricated product has been 
characterized using Raman Spectroscopy and X-Ray Diffraction. The XRD peaks obtained are 
comparable to that of graphene. 
 
14. Influence of Fe Substitution on the Permanent Magnetism of  SmCo5  
Dr. Renu Choudhary (PI: Durga Paudyal) 
Abstract:SmCo5 is one of the famous magnets among all the rare-earth permanent magnets because of 
its  high uniaxial magnetic anisotropy and its usability in high-temperature applications. Since its 
anisotropy is very high, it is possible to manipulate the needed magnetization.  In this work, we present 
both theoretical and experimental results. Theoretically, formation energies and magnetic properties of 
pure and Fe substituted SmCo5 are calculated. The formation energy analysis provides the chemical 
stability. With 20% or above Fe substitution the unusual electronic structure feature vanishes and the 
CaCu5-type structure is no longer stable.  A structural investigation from X-ray diffraction  patterns also 
confirms the hexagonal CaCu5 Σ≤±type structure of the SmCo5-xFex ribbons for 0 Σè_ x <2. This 
research is supported by the Critical Materials Institute, an Energy Innovation Hub funded by the U.S. 
Department of Energy, Office of Energy Efficiency and Renewable Energy, Advanced Manufacturing 
Office. 
 
15. Selective Catalytic Conversion of Glycerol to High Value Products 
Geet Gupta (PI: Luke T. Roling) 
Abstract:Environmental concerns with the need for carbon-neutral fuels and consumer goods have 
increased the emphasis on biologically-derived products. Glycerol, a sustainable bio-diesel byproduct 
(about 10% w/w), has the potential to selectively produce high value chemicals and stabilize the bio-
based industryΣ≤╗s economics. However, despite recent developments in shape-selective synthesis of 
metal nanoparticles, a detailed understanding of reaction pathways for the selective glycerol conversion is 
still limited. Catalyst surface structures can lead glycerol conversion via multiple reaction paths, such as 
oxidation of the primary or secondary alcohol groups, and thereby is an interesting candidate for further 



study of selective oxidation. Using density functional theory (DFT) that imparts new insight into the 
surface reaction chemistry, the study of selective glycerol oxidation, along with the variation in catalytic 
activity among transition metals, can be explored. Finally, a fine understanding of the glycerol conversion 
can identify optimal properties of metal nanoparticle catalysts for commercial applications. 
 
16. Functional and Mechanical Trade-off in Multiphase Composites 
Ravi Tej Anand Tutika (PI: Michael Bartlett) 
Abstract:The advent of soft functional materials is leading to rapid advances in stretchable electronic 
devices, soft and deformable robotics, and human machine interfaces. Composites represent promising 
materials to achieve multifunctionality as the desirable properties of the constituents can be combined. 
But often, there is a tradeoff between the mechanical properties and the functional response. For 
example, degradation of soft mechanical behavior due to the addition of solid particle fillers is observed in 
many composites. Active research in liquid filled-elastomer composites, especially alloys of Gallium, is a 
promising solution to this drawback. Here, we make multifunctional composites with Eutectic Gallium-
Indium (EGaIn) that retain the dielectric nature and have low effect on the elastic compliance of the 
composite, but enhances functional properties over the base elastomer including electrical, thermal, and 
mechanical behavior. This work will develop soft micro and nano composites with large stretchability and 
highly tunable functional properties.  
 
17. Tuning Structure and Morphology of In Based Coordination Polymer by Thermal 

Treatment 
Paul Karanja (PI: Martin Thuo) 
Abstract: Porous metal oxides with molecular sized periodic structures have attracted a lot of attention 
due to their range of applications in storage and transformation of of small molecules. More 
applications include indium nanoparticles in production of transparent conductive coatings in 
electronics. Owing to its band gap of 3.4 -3.7 eV indium oxide is an n-type semiconductor. 
Production of indium oxide is difficult and expensive when methods such as sol gel and 
electrolytic refining are employed. We produce porous oxides by forming metal organic coordination 
polymers using an acid and metal. The coordination polymer formed is then heat treated to eliminate 
organic content and form a porous material. We demonstrate that the surface area and morphology of the 
material can be tuned by varying the heating temperature. X-ray diffraction was employed to 
ascertain the changes in atomic structure. 
 
 
18. Characterizing the Surface of Nanoparticles with Fast MAS and DNP-Enhanced 

Solid-State NMR Spectroscopy 
Michael Hanrahan (PI: Aaron Rossini) 
Abstract:Nanoparticles have a wide range of potential applications including, but not limited to, LEDs, 
solar cells, batteries, solid-state lighting, catalysts, bio-sensors, etc. The properties and functionality of 
nanoparticles are controlled and modified by altering their surface structure. Therefore, the 
characterization of the surface structure is crucial for the rational design of improved nanoparticles. Solid-
state NMR spectroscopy is an ideal probe of surface structure, however, poor sensitivity makes it 
challenging to characterize dilute surface sites. Here we apply fast MAS and 1H detection and/or DNP 
surface enhanced NMR spectroscopy (DNP SENS) to probe the surface of silicon nanocrystals (Si NCs) 
and colloidal indium phosphide quantum dots (InP QDs).  
 
19. Tuning Surface texture and Composition Inversion of Liquid Metals Through 

Controlled Thermal Treatment. 
Winnie Kiarie (PI: Martin M. Thuo) 
Abstract:Eutectic Gallium alloys, EGaIn (75% Ga and 25% In w/w) and Galinstan (68% Ga, 21.5% In 
and 10.5%Sn w/w) are liquid metals at room temperatures. These liquid metals consist of a passivating 
oxide layer which is Ga2O3 dominated. To manipulate the complexities of this oxide layer, controlled 
thermal treatment of EGaIn liquid metal droplet was carried out, this led to autonomous thermal- oxidative 
composition inversion (TOCI), where at high temperature an In-rich surface is observed to dominate the 



surface. Herein, we investigate TOCI in a ternary system (Galinstan). It is observed that controlled heat 
treatment of Galinstan results to a two-step TOCI. TOCI is first observed at 600 C, the stiffened oxide 
layer which builds up through diffusion driven oxidation fractures releasing In to the surface this leads to 
composition inversion of the initial Ga-rich surface. At temperature 800 C Sn- rich layer is observed on 
surface indicating a second-step TOCI.  
 
20. Modeling Self-assembly Monolayer systems using wetting behaviors 
Chuanshen Du (PI: Martin M. Thuo) 
Abstract:	This review mainly focused on the effect of changing different parameters on the performance 
of self-assembly monolayers. Wetting is chosen as the primary method of testing for several reasons: it is 
a relative simple process, yet it can yield information-rich data; it is widely studied, yet not fully 
understand; wetting studies the interface of solid, yet SAM does not have a clear boundary between 
interface and bulk.  Our results showed that the self-assembly monolayer system is a very delicate 
system and will respond to many external or internal changes, including substrate roughness, polarity of 
probing liquid, morphology of contacting electrode, internal molecular dipoles and conformational angles. 
It is concluded that for wetting, we observed a clear boundary between surface-dominating and molecule-
dominating wetting behavior, which lies on surface roughness RMS = 1 nm. The boundary conditions for 
the rest parameters are still unsure and should be investigated further in the future. 
 
21. Inverting Thermal Degradation (iTD) of Paper using Chemi- and Physi-sorbed 

Modifiers for Templated Material Synthesis 
Paul Gregory (PI: Martin M. Thuo) 
Abstract:	Fibrous cellulosic materials have been used as templates for material synthesis or organization 
via thermal degradation of the cellulose. Most of these methods, however, fail to exploit fiber organization, 
in part due to loss of structure with processing. Herein, we demonstrate that chemi- and physi-sorbed 
modifiers of cellulose alters the thermal degradation mechanism allowing for controlled deposition of 
oxide and carbon (incomplete combustion) along the original paper fiber network. We demonstrate that 
the degradation of the cellulose fibers depends on the amount of physisorbed material due, in part, to 
effect on the propagation of the ignition event. From the distribution of the residual elements and shape of 
the deposits, we can infer that the thermal degradation process depends on the nature, and 
concentration, of filler(s) or occluded.  
 




