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Advanced Materials for Energy and Bioengineering Applications (AMEBA) 

Symposium Program 
Dec 4th, 2017 

Silver Maple Ballroom, Davis Center 401, University of Vermont 

8:30 AM - 8:55 AM Healthy Start Continental Breakfast 
 
 
Morning Session I 
Session Chair: Madalina Furis (Univ. of Vermont) 
 

9:00 AM - 9:25 AM Tsukasa Yoshida (Yamagata University, Chem Eng) 
Solution-based organic and hybrid charge-transfer absorbers for 
solar cells 

 
9:25 AM - 9:50 AM Ian Baker (Dartmouth College, Engineering) 

The Microstructure and Mechanical Properties of Alumina-
Forming Austenitic Stainless Steels 

  
9:50 AM - 10:15 AM Shawana Hollen (University of New Hampshire, Physics)  

Correlating atomic-scale structure with device-scale properties in 
2D materials 
 

10:15 AM - 10:40 AM Chengfeng Ke (Dartmouth College, Chemistry) 
Hierarchical Co-assembly Enhanced Direct Ink Writing 

 
10:40 AM - 11:05 AM 

 
 Coffee Break 
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Morning Session II 
Session Chair: Matthew White (Univ. of Vermont) 
  

11:05 AM - 11:30 AM Martin Kaltenbrunner (Johannes Kepler University) 
Soft Electronics and Machines with Tough Hydrogels 
 

11:30 AM - 11:55 AM 
 
 
 

11:55AM - 12:20 PM 

Severin Schneebeli (University of Vermont, Chem. & Mat. Sci ) 
Directing Electrophilic Aromatic Substitution Reactions from 
Above and Underneath Aromatic Rings 
 
Jenna Taft (University of Vermont, Chemistry) 
Heterogeneous catalysis using metal-doped porous 
nanoparticles 
 

12:20 PM - 1:25 PM Lunch Break  
 

Afternoon Session I 
Session Chair: Shawna Hollen (Univ. of New Hampshire) 

  

1:25 PM - 1:50 PM Adrian Del Maestro (University of Vermont, Physics) 
Entanglement area law in superfluid 4He 
 

1:50 PM - 2:15 PM Katherine A. Mirica (Dartmouth College, Chemistry)  
Ultra-thin van der Waals Materials 
 

2:15 PM - 2:40 PM 
 
 

Jie-Xiang Yu (University of New Hampshire, Physics)  
Non-trivial topology in two-dimensional systems 
 

2:40 PM - 3:05 PM 
 
 
 

Yang Li (University of Vermont, Phy & Mat. Sci.) 
Thermal-Expansion Effects on the Optical and Carrier-Transport 
Properties of Solution-Cast TIPS-Pentacene Thin Films  
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3:05 PM - 3:30 PM Coffee Break 
Afternoon Session II 
Session Chair: Tsukasa Yoshida (Yamagata University) 
 

3:30 PM - 3:55 PM Jianing Li (University of Vermont, Chemistry) 
Multiscale Simulations of Advanced Biomaterials 

  
3:55 PM - 4:20 PM Juan Vanegas (University of Vermont, Phys & MATS) 

Molecular and continuum models of elasticity in  
coiled-coil filamentous proteins 
 

4:20 PM - 4:45 PM Kim-Ngan Hua (Univ. of Vermont, Phys & Mat. Sci) 
Exciton Coherence in 1D Crystalline Organic Semiconductors 
 

4:45 PM - 5:00 PM Matthew White (University of Vermont, Phys & Mat. Sci) 
Nonlinear Impedance Spectroscopy of Organic MIS Capacitors 
and Planar Heterojunction Diodes 

 
 
 

 

5:00 PM - 6:00 PM  Poster Session and Reception 
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Morning Session I 
9:00 AM – 9:25 AM 
Solution-based organic and hybrid charge-transfer absorbers for solar cells 
 
Tsukasa Yoshida, Yuki Tsuda, Taichi Yasuhara, Akito Masuhara, Jun Matsui, Shuji Okada, 
Hiroshi Katagiri, Ken-ichi Nakayama, Matthew White, Madalina Furis, Randall Headrick, Philipp 
Stadler, Niyazi Serdar Sariciftci 
 
Department of Chemistry and Chemical Engineering, Faculty of Engineering, Yamagata 
University, Johan 4-3-16, Yonezawa. Yamagata 992-8510, Japan 
yoshidat@yz.yamagata-u.ac.jp 
Faculty of Engineering, Osaka University 
Department of Physics, Materials Science Program, University of Vermont, Burlington, VT 05405, 
USA 
Linz Institute for Organic Solar Cells (LIOS), Physical Chemistry, Johannes Kepler University 
Linz, Altenbergerstraße 69, A-4040 Linz, Austria 
 
Dye-sensitized (DSSC) and bulk-heterojunction (BHJ) organic solar cells suffer from inherently 
large voltage loss, as they rely on energy offsets of materials for carrier generation. Direct 
photogeneration of charge transfer (CT) exciton in organic and hybrid absorbers can overcome 
this problem to pave the avenue towards 20% efficiency with solution-based materials. 
We have tested several intramolecular CT dyes in simple PEDOT:PSS/CT absorber/Ca:Al cells. 
The free carrier generation indeed became possible for intra-CT dyes, achieving 1 mA cm-2 short 
circuit current (Jsc) for DTDCPB together with a high open circuit voltage (Voc) exceeding 1 V. 
Compared to that, Jsc is almost none for non-CT organic absorbers (e.g. H2phthalocyanine). We 
find the reduced exciton binding energy (EBE) in CT compounds as the key to facilitate free 
carrier generation, i.e. as demonstrated in modified CT dyes using inserted thiophene linker 
(DTDCPB-T) to further reduce EBE reaching Jsc = 2.64 mA cm-2 in a single absorber architecture. 
Based on our breakthrough we pursue for alternative CT absorbers by solution-based methods. 
Novel bi-molecular organic CT salts are attractive candidates – they are obtained by combination 
of 1,3-bis(dicyanomethylidene)indan anin (TCNIH-) and N,N’-alkyl-4,4’-bipyridinium cation such 
as methylviologen (MV2+). The black shiny crystal exhibits an extended absorption up to 1,000 
nm and shows a PL peaked at 1,030 nm (1.20 eV) from the CT state. Electrochemical self-
assembly (ESA) of n-ZnO/dye and p-CuSCN/dye hybrid thin films is achieved by simply adding 
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organic dyes into the electrolytic baths for cathodic electrodeposition of ZnO and CuSCN, 
respectively. When there is a right chemistry between the constituents, interpenetrating and bi-
continuous inorganic/organic network in nano-scale is effortlessly formed. These new materials 
may facilitate carrier generation and its transport, to become new candidates for solution-
processed solar cells. 
This work was supported by Program for Advancing Strategic International Networks to 
Accelerate the Circulation of Talented Researchers, “Advanced Next Generation Leadership 
(ANGEL, R2601) of Japan Society for the Promotion of Science (JSPS). 
 
 
Morning Session I 
9:25 AM – 9:50 AM 
The Microstructure and Mechanical Properties of Alumina-Forming Austenitic Stainless 
Steels 

I. Baker  

Thayer School of Engineering, Dartmouth College, Hanover, NH, 03755, U.S.A. 
 
 
In order to achieve energy efficiencies of >50 % in power generation systems, materials are 
required that are both strong and corrosion-resistant at temperatures >700 ºC, and economically 
viable. Austenitic steels strengthened with Laves phase, NiAl and Ni3Al precipitates, and alloyed 
with aluminum to improve oxidation resistance, are potential candidate materials. The 
microstructure and microchemistry of the alumina-forming austenitic (AFA) stainless steels Fe-
20Cr-30Ni-2Nb-5Al (in at.%) and of the more complex AFA stainless steels DAFA26 and 
DAFA29 that were recently-developed at Oak Ridge National Laboratory (ORNL) have been 
characterized using scanning electron microscopy, transmission electron microscopy, X-ray 
diffraction and atom probe tomography. Both the relationship between the crystallographic 
orientation of the precipitates and the f.c.c. parent matrix, and the increase of precipitate size 
and volume fraction after various thermo-mechanical treatments (TMTs) have been studied. 
Different TMTs were performed on these steels to improve their mechanical performance.  
Tensile tests were performed at both room temperature and elevated temperature on the 
materials at different aging conditions in order to understand the influence of the TMTs on the 
material’s mechanical properties. Appropriate TMTs were shown to reduce the grain size to the 
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nanoscale, raise the yield strength to >1000 MPa, and significantly increase the ductility. It was 
found that TMTs can also produce finer and more uniformly-distributed Fe2Nb and NiAl 
precipitates. Both the nanoscale grains and a high volume fraction of Ni3Al precipitates contribute 
to the high yield strength.  Interestingly, even with Laves phase and NiAl precipitates almost 
completely covering the grain boundaries, significant room-temperature tensile ductility was 
observed. The results of preliminary creep studies will also be outlined. 
 
 
Morning Session I 
9:50 AM – 10:15 AM 
Correlating atomic-scale structure with device-scale properties in 2D materials 
Shawana Hollen (University of New Hampshire, Physics)  
 
Two-dimensional materials are full of promise for applications in lightweight, flexible electronics, 
biomedical sensors, and even as new materials for batteries and catalysts. They also present a 
new opportunity to correlate changes in atomic-scale structure with device-scale transport 
through atomic-scale microscopy. In this talk, I will present projects that are beginning to take 
advantage of this link using scanned probe microscopy, including defect-induced disorder in 
graphene field-effect transistors, native defects in black phosphorus, and catalysis using MoS2. 
 
 
Morning Session I 
10:15 AM – 10:40 AM 

Hierarchical Co-assembly Enhanced Direct Ink Writing 
Chenfeng Ke 

Department of Chemistry, Dartmouth College 
41 College Street, Hanover, New Hampshire 03755 

Chenfeng.ke@dartmouth.edu 
 
Transforming nanoscopic molecular functions and motions into the macroscopic scale in a 
predictable manner is of great interest for the advancement of smart materials. By hierarchically 
controlling materials’ nanoscale chemical structure, mesoscale assembly, and macroscale 
threedimensional (3D) features, actuators with shape-morphing and soft robotics with dynamic 
motions have been developed successfully. When these synthetic functional materials are 
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integrated with 3D printing technology, i.e. the extrusion-based direct ink writing, their micro- and 
macroscale properties are unleashed cooperatively as a result of the controlled assembly and 
complex 3D geometry. Herein, we present a hierarchical co-assembly approach to integrate a 
wide range of functional molecular monomer into 3D printing materials and transform their 
molecular functions through cooperative co-assembly. To realize this approach, co-assembled 
inks with suitable rheological properties formed through the hierarchical co-assembly of 
functional monomers and templates have been designed, synthesized and 3D printed. 
Subsequent chemical cross-linking of monomers afford hierarchically assembled monoliths. Our 
approach not only enables the incorporation of a variety functional molecules for direct ink writing, 
more importantly, it facilitates the precise organization of the small molecular assembly in 
macroscopic free-standing 3D objects in response to environmental stimuli, which is another 
example of 4D printing. 
 
Reference: 
Q. Lin, X. Hou, and C. Ke, Angew. Chem. Int. Ed., 2017, 56, 4452 – 4457. 
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Morning Session II 
11:05 AM – 11:30 AM 

Soft Electronics and Machines with Tough Hydrogels 

Martin Kaltenbrunner1 
1 Linz Institute of Technology (LIT), Johannes Kepler University Linz, Altenbergerstrasse 69, 4040 Linz, Austria, 

martin.kaltenbrunner@jku.at 

 
Introducing methods for instant strong bonding between hydrogels and antagonistic materials – from soft 
to hard – allows us to demonstrate elastic, yet tough biomimetic devices and machines with a high level 
of complexity. Tough hydrogels strongly attach, within seconds, to plastics, elastomers, leather, bone and 
metals reaching unprecedented interfacial toughness exceeding 2000 J/m2. Healing of severed ionic 
hydrogel conductors becomes feasible and restores function instantly. Soft, transparent multi-layered 
hybrids of elastomers and ionic hydrogels endure biaxial strain with more than 2000 % increase in area, 
facilitating soft transducers, generators and adaptive lenses. We demonstrate soft electronic devices, 
from stretchable batteries, self-powered compliant circuits and autonomous electronic skin (Figure 1) for 
triggered drug delivery. Our approach is applicable in rapid prototyping and in delicate environments 
inaccessible for extended curing and cross-linking. 
 

 
Figure 1: Hydrogel electronic skin. (left) Concept of a hydrogel smart skin, with a flexible unit bearing power supply, 

control, readout and communication units, and a stretchable transducer batch. (right) Photograph of an untethered 

electronic hydrogel with four stretchable heating elements and adjoined temperature sensors strongly bonded to a 

PVA hydrogel. Battery, control, readout and Bluetooth Low Energy communication electronics are hosted on a 

flexible circuit board. 
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Morning Session II 
11:30 AM – 11:55 AM 

 
 
 
Morning Session II 
11:55 AM – 12:20 PM 
Structural characterization and sulfide oxidation of V-DTPA immobilized on mesoporous 
silica 
Jenna Taft 

Mustard gas, bis(2-chloroethyl)sulfide, is a vesicant whose chemical toxicity can be reduced by 
oxidation of the sulfur atom. We recently showed that V-doped mesoporous silica nanoparticles 
are active catalysts for the oxidation of 2-chloroethyl ethyl sulfide (CEES, an analogue of mustard 
gas) under ambient conditions, using O2 from air as the oxidation source. In the present studies, 
we focused on using diethylenetriamine pentaacetate (DTPA) mounted to the nanoparticle 
surface to reduce leaching of V in aqueous solutions, which was confirmed with ICP-OES. TGA 
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and N2 physisorption measurements indicated that the materials remained highly porous even 
after modification. Only one study has attempted to structurally characterize V-DTPA; here, we 
used 29Si and 13C solid-state NMR and EPR to understand the V coordination geometry of the 
immobilized complex. Finally, GC-MS was used to show that the V complex was able to perform 
the same oxidative process as unchelated metal.  
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Afternoon Session I 
1:25 PM – 1:50 PM 
Entanglement area law in superfluid 4He 
Adrian Del Maestro (Department of Physics, University of Vermont) 
 
Area laws were first discovered by Bekenstein and Hawking, who found that the entropy of a 
black hole grows proportional to its surface area, and not its volume. Entropy area laws have 
since become a fundamental part of modern physics, from the holographic principle in quantum 
gravity to ground state wavefunctions of quantum matter, where entanglement entropy is 
generically found to obey area law scaling. As no experiments are currently capable of directly 
probing the entanglement area law in naturally occurring many-body systems, evidence of its 
existence is based on studies of simplified theories. Using new exact microscopic path integral 
ground state Monte Carlo simulations of superfluid 4He, we demonstrate for the first time, area 
law scaling of Entanglement entropy in a real quantum liquid in three dimensions. We validate 
the fundamental principles underlying its physical origin, and present an "entanglement equation 
of state" showing how it depends on the density of the superfluid. 
 
Afternoon Session I 
1:50 PM – 2:15 PM 
Porous Scaffolds for Electrically-Transduced Gas Sensing and Capture 
Prof. Katherine A. Mirica (Dartmouth College, Hanover, NH) 
 
Electrochemically active and conductive metal-organic frameworks (MOFs) constitute an 
emerging class of multifunctional materials with remarkable properties that can help address 
global challenges in gas purification, sequestration, sensing, and catalysis. This presentation will 
describe several approaches for interfacing metal organic frameworks with electrodes to create 
devices with promising utility in gas detection and capture. First, I will present several 
approaches for direct self-assembly of conductive two-dimensional (2D) MOFs into portable 
device architecture, and demonstrate the utility of this approach in the context of gas sensing, 
capture, and filtration. Second, I will describe how the modular structure-property relationships 
within this class of 2D MOFs can be designed to achieve electrochemically-driven capture and 
release of gases (e.g., ethylene) directly at the solid-gas interface and in liquids. Taken together, 
the methods described herein may offer environmental protection from toxic chemicals and may 
lead to improvements in energy-efficient utilization of petroleum-based resources. 
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Afternoon Session I 
2:15 PM – 2:40 PM 
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Afternoon Session I 
2:40 PM – 3:05 PM 
Thermal-Expansion Effects on the Optical and Carrier-Transport Properties of Solution-

Cast TIPS-Pentacene Thin Films 
Yang Li1, Jing Wan1, Detlef-M Smilgies2, Matthew White1, Randall. L. Headrick1 

（1）Department of Physics and Materials Science Program, University of Vermont, Burlington, 
VT 05405 
（2）Cornel High Energy Synchrotron Source (CHESS), Ithaca, New York 14853 
 
Polarized absorption spectroscopy, polarized optical microscopy and wide angle X-ray diffraction 
were used to determine the direction of transition dipoles in TIPS-pentacene thin films. The 
results showing that a-axis of TIPS-pentacene unit cell is parallel to the writing direction at low 
writing speed and the lowest energy absorption peak results from transition dipole along the 
short axis of the molecule. A large and continuous blue shift of the lowest energy absorption 
peak has been observed when the sample is annealed from 25˚C to 140˚C, which is due to the 
thermal driven structure evolution. An increased mobility in the high temperature polymorph has 
been observed compared to the room temperature polymorph.   
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Afternoon Session II 
3:30 PM – 3:55 PM 
Multiscale Simulations of Advanced Biomaterials 
Jianing Li (Department of Chemistry, University of Vermont) 
 
It is essential to develop modeling technology to explain and/or predict the structures and the 
resulting properties of biomaterials in complex environments. To achieve chemically relevant 
time and length scales, we have created a new mixed-resolution method and tested with 
peptides/proteins in biological membranes. The strength of this method and its current 
applications to multiscale simulations of peptide self-assembly will be discussed. In addition to 
the methodology, we will also describe our recent efforts to combine multiscale modeling with 
GPU-accelerated computing to investigate highly complex systems in DNA nanotechnology. At 
the end, our current focus to invent new multiscale models and methods will be briefly presented. 
With the current success in peptide/protein/DNA-based materials, we believe that multiscale 
simulations can provide useful tools for rational discovery of advanced biomaterials. 
 
 
Afternoon Session II 
3:55 PM – 4:20 PM 
Molecular and continuum models of elasticity in coiled-coil filamentous proteins 
Juan M. Vanegas (Univ. of Vermont, Phys. & MATS) 
 
Coiled-coils proteins form the basic building block of important mechanical transducers in cells 
and tissues, such as intermediate filaments or myosin motors. In addition to their biological 
importance, coiled-coil proteins are increasingly being employed in the design of new 
biomaterials including fibers, nanotubes, or hydrogels. Coiled-coils undergo a structural 
transition from an α-helical coil to an unfolded state upon extension, which allows them to sustain 
large strains and is critical for their biological function. By combining molecular dynamics and 
continuum mechanics, we show that a simple one-dimensional continuum model based on 
phase- transforming rods can describe the progressive unfolding of these molecules. Unlike two-
state models based on Kramer or Bell’s theories, our continuum model resolves the spatial 
distribution of force on the protein. We show that this feature is critical to understand the physics 
of unfolding at different pulling regimes. Thus, this work exemplifies the versatility of blending 
molecular and continuum models to understand the mechanics of biomolecules at the nanoscale 
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Afternoon Session II 
4:20 PM – 4:45 PM 
Exciton Coherence in 1D Crystalline Organic Semiconductors 
Kim-Ngan Hua, Lane Manning, Naveen Rawat, Victoria Ainsworth, Libin Liang and Madalina 

Furis 
Department of Physics and the Materials Science Program, University of Vermont 
 

Organic electronic have been drawing a lot of attention over the past few decades with recent 
commercial applications such as organic photovoltaics, OLEDs, and flexible organic displays. 
One of the key components of creating organic molecules suitable for electronic devices is a 
fundamental understanding of excitonic behaviors. 
To this end, we investigated the exciton coherence of small organic molecules. Specifically, the 
exciton coherence of phthalocyanine derivative (H2OBPc) and their organic alloys systems were 
explored using temperature dependent time-resolved optical spectroscopy.  Organic alloys of 
naphthalocyanine derivative (H2OBNc) and H2OBPc with H2OBNc concentration (x) ranging 
from 0 to 1 were prepared using solution-processed deposition1 that results in macroscopic long-
range order even at the ratio of x = 0.5, which is unique and important for spectroscopic studies.1  
Our temporal- and polarization-resolved photoluminescence (PL) experiments on H2OBPc 
reveal the existence of a delocalized singlet exciton polarized along the high mobility axis in this 
quasi-1D electronic system.2 The temperature dependent PL spectroscopy of H2OBPc is also 
consistent with that of a one-dimensional J-aggregate semiconductor with an excitonic band 
curvature of 240 meV as predicted by Spano et. al.3 and a coherence length of approximately 
54 nm at low temperatures. Radiative lifetimes of H2OBPc remains constant up to 50K and have 
a quadratic increase after this threshold temperature indicating the “activation” of exciton-phonon 
coupling. Furthermore, we demonstrate that this band gap exciton energy in thin films fabricated 
from metal-free H2OBPc and octabutoxynapthalocyanine (H2OBNc) mixtures is tunable over a 
30nm range as a function of mixing ratio.  
 
References: 
1R. L. Headrick, et al., Applied Physics Letters., 2008, 92, 063302. 
2Pan. Z., et. al, Nat. Comm., 2015, 6 
3Yamagata, H., Spano, F., J. Phys. Chem. Lett. 2014, 5, 622−632 
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Afternoon Session II 
4:30 PM – 4:45 PM 
Nonlinear Impedance Spectroscopy of Organic MIS Capacitors and Planar Heterojunction 
Diodes 
Matthew White (Univ. of Vermont, Phys. & Mat. Sci.) 
 
Metal-Insulator-Semiconductor (MIS) capacitors and planar heterojunction diodes consisting of 
donor and acceptor organic semiconductor layers were characterized by nonlinear impedance 
spectroscopy. Frequency-domain analysis of nonlinear processes reveals the onset of 
recombination current and the transition to transport-limited Space-Charge Limited Current 
(SCLC).  This technique opens pathways to fully characterize transport and recombination in 
thin film devices in the frequency domain.   



 
 
 

 

17 
 
 
 

 
 
 

POSTER SESSION 
 
 
 

  



 
 
 

 

18 
 
 
 

Poster Number: P001 
 
Ultrasound as a vehicle to deliver drug inside the cells  
Alina Karki, Jun-ru Wu 
Department of Physics and Materials Science Program, University of Vermont 
Emily Giddings, Mercedes Rincon 
Department of Medicine, Division of Immunobiology 
 

A sound wave with frequency between 1 megahertz to 10 megahertz can excite specially 
prepared gas encapsulated micrometer size bubbles to oscillate. The bubble oscillations may 
generate the shear stress to the cell membranes of the nearby cells; form the nanometer size 
holes on the cells’ membrane temporarily, the specific drug in the same solution where 
ultrasound propagates can be delivered into the cells by the radiation force of the ultrasound. 
Shortly after that, the nanometer holes are patched by the cells themselves. This process is 
called sonoporation. The objective of this study is to establish sonoporation as a delivery vehicle 
for delivering siRNA (Small interfering RNA) drug into mice and human liver CD8 cells to silence 
the expression of MCJ protein. Methylation control-J (MCJ) protein is developed as a therapeutic 
target for the Non- Alcoholic Fatty liver disease (NAFLD), which occurs by the presence of the 
fat accumulation in the liver and is emerging as an epidemic disease. Blocking MCJ expression 
in the liver could be a strategy to increase lipid metabolism in the liver using siRNA drug. The 
preliminary experimental results will be presented. 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 

 

19 
 
 
 

Poster Number: P002 
 

Organic thin films printed at high speed with controlled 
nucleation and bandlike temperature dependence of mobility 

 

Jing Wan,1 Yang Li,1 Jeffrey G. Ulbrandt1 , Detlef-M. Smilgies3, Jonathan Hollin,2 Adam C. Whalley,2 Randall L. 

Headrick1 

1 Department of Physics, University of Vermont, Burlington VT 05405, USA 
2 Department of Chemistry, University of Vermont, Burlington VT 05405, USA  
3Cornell High Energy Synchrotron Source, Cornell University, Ithaca  

 

Solution deposition of organic semiconductor thin films has great potential in large-area 
manufacturing of flexible electronics such as solar cells and displays. However, the control over 
morphology towards high performance devices, especially at high-speed processing has been 
a key challenge. In this study, the hollow pen writing method is used to deposit 2,7-
dioctyl[1]benzothieno[3,2-b][1]benzothiophene (C8-BTBT) organic semiconductor thin film from 
solution. Millimeter-scale grains and carrier mobility up to 3.0 cm2/V.s were achieved under very 
high writing speed (25 mm/s).  In-situ synchrotron X-ray scattering experiments show that very 
large grain size at high speed is related to the formation of transient liquid crystalline(LC) and 
crystalline phases during the writing process. The control over morphology is achieved by 
adjusting the nucleation rate during the transformation between LC and solid phases. In addition, 
we measured the temperature dependence of OFETs to investigate the charge transport 
properties. It was observed that the “band-like” transport depends on the lateral electric field 
between source and drain, which suggests that de-trapping of charge carrier occurs at higher 
lateral fields.  
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Poster Number: P003 
 

Copper Segregation Affected Yielding in Nanotwinned Silver 
 

Xing Ke and Frederic Sansoz  
Department of Mechanical Enigneering and Materials Science Program, University of Vermont 
 

Abstract 

 

Recent studies have shown that small incoherent kink-like step defects in coherent twin 
boundaries play major roles on the strength and plasticity of nanotwinned face-centered-cubic 
metals and alloys. Understanding the small-scale mechanics of twin boundary defects under 
stress is critical for controlling their overall mechanical behavior; yet, the intrinsic yielding 
mechanisms associated with twin boundary defects remained unexplored. This poster will 
present large-scale hybrid Monte Carlo - molecular dynamic simulations used to investigate the 
effects of solute Cu segregation on the small-scale mechanics of nanotwinned Ag containing 
defective twin boundaries. Each simulated sample was segregated by annealing at 500 K with 
trace concentrations of 0.2 at%, 0.4 at%, 0.6 at% and 0.8 at% Cu, and subsequently deformed 
in pure tension up to 10% strain. Segregation simulations show that Cu atoms are strongly 
segregated to grain boundaries and kink-like twin boundary defects. Tensile simulations show 
that both twin stability and yield strength increase dramatically as the Cu content increases. 
Smaller bicrystal models made of only one kink defect were also segregated and sheared along 
three different directions. We find strong Cu segregation dependence of yield strength and 
underlying plastic deformation behavior in bicrystals with a kink-like twin boundary defect. The 
yielding mechanism is observed to change from kink-step migration to kink-step splitting after 
segregation. The results offer new clues to further push the strength limit in nanotwinned alloys. 
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Poster Number: P004 
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Poster Number: P007 
 
Imaging atomic vacancies in commercially available black phosphorus 
Jake Riffle, Cameron Flynn, Ben St. Laurent, Charles Ayotte, Christine Caputo, Shawna 
Hollen 
University of New Hampshire, College of Engineering and Physical Sciences 
Department of Physics 
 
Black phosphorus (BP) is receiving significant attention because of its direct 0.4-1.5 eV layer-
dependent band gap and high mobility. Because BP devices rely on exfoliation from bulk 
crystals, there is a need to understand native impurities and defects in the source material. In 
particular, samples are typically p-doped, but the source of the doping is not well understood. 
Here, we use scanning tunneling microscopy and spectroscopy to compare atomic defects of 
BP samples from two commercial sources. Even though the sources produced crystals with an 
order of magnitude difference in impurity atoms, we observed a similar defect density and level 
of p-doping. We attribute these defects to phosphorus vacancies and provide evidence that they 
are the source of the p-doping. We also compare these native defects to those induced by air 
exposure and show they are distinct and likely more important for control of electronic structure. 
These results indicate that impurities in BP play a minor role compared to vacancies, which are 
prevalent in commercially-available materials, and call for better control of vacancy defects. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 

 

25 
 
 
 

Poster Number: P008 
 
A multi-mode ultrahigh vacuum system for investigating 2D Materials  
Steven Arias, Ben St. Laurent, Cameron Flynn, Shawna Hollen 
University of New Hampshire, College of Engineering and Physical Sciences 
Department of Physics 
 
Two-dimensional materials are only one or two atoms thick and exhibit properties unique from 
their bulk counterparts. Some of these properties include outstanding carrier mobility, 
exceptional strength. They are also lightweight and flexible. By tuning these materials, they can 
be used in a wide range of applications, for example flexible electronics, solar cells, transistors, 
etc.  In the Hollen lab at University of New Hampshire, we designed an ultra-high vacuum 
system to correlate atomic-scale imaging with device-scale transport and in situ surface 
functionalization. The preparatory chamber houses an evaporator, ion gun, and a fixed-geometry 
four-point probe for transport measurements and sample functionalization. An attached imaging 
chamber houses a closed-cycle 9 K scanning tunneling microscopy (STM), and atomic force 
microscopy (AFM) with transport feedthroughs for atomic-scale imaging and transport 
measurements. Current projects that use this suite of tools include: 1) Studying of native and 
induced defects in black phosphorus (BP) with STM, with a focus on their impact on the local 
band structure, probed using scanning tunneling spectroscopy, to better understand BP device 
quality; 2) Measuring transport in black phosphorus with a fixed-geometry four-point probe, 
which allows us to study how light exposure affects the degradation of black phosphorus when 
exposed to oxygen; 3) Studying the catalytic properties of MoS2 with AFM to find new ways to 
improve the desulfurization reactions currently used in the petroleum industry. Using this 
combination of UHV tools, we aim to provide insight into emerging two-dimensional science and 
technology. 	
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Poster number: P009 
 

Electrochemical self-assembly of CuSCN-DAST hybrid thin films 

Yuki Tsuda1, He Sun1, Lina Sun1, Shuji Okada1, Akito Masuhara1, Philipp Stadler2, 

Niyazi Serdar Sariciftci2, Matthew Schuette White3, Yoshida Tsukasa1 

(1Yamagata University, 2Linz University, 3Vermont University) 

 
4-N,N-dimethylamino-4’-N’-methylstilbazolium 

tosylate (abbreviated as DAST) and its derivatives 
are known to give one of the most promising organic 
second-order nonlinear optical crystals, and their 
applications for terahertz emitters and electro-optic 
devices have been extensively investigated.  
A layered inorganic-organic hybrid structure in a 
(DAS)(Cu5I6) composition and its second-harmonic 
generation has also been reported. CuI is known to 
be a p-type semiconductor and could potentially 

enhance photocarrier generation and transport. Highly crystallized p- CuSCN thin films can be directly 
electrodeposited from solutions containing Cu2+ and SCN- ions.  
The cationic DAS+ is expected to find a favorable affinity with CuSCN during its electrochemical growth 
to self-assemble CuSCN-DAST hybrid thin films. [1]   
CuSCN-DAST hybrid thin films were successfully obtained. Hybridization with DAS+ ions results in deep 
coloration of the films, alteration of crystallographic orientation of CuSCN, varied nano-morphology and 
a phase transition from β- to α-CuSCN when DAST concentration was high. The loading of DAS+ was 
linear to the DAST concentration in the bath but exhibits a remarkable change of the slope at DAST 
concentration around 100 μmol dm-3. Assuming transport limited loading of DAS+ for its low concentration 
range, its diffusion coefficient could be determined as 1.25 × 10-6 cm2 s-1. The significant decrease of the 
slope therefore could be interpreted as a consequence of kinetic limitation for hybridization in definitive 
structures. Unique “hair comb” shape β-CuSCN hybrid and “scale-like” α-CuSCN hybrid were indeed 
obtained under such high DAST concentration range (Fig. 1), achieving near 20% volume occupancy 
by the organic component in the hybrid film. Most likely, the products we obtained here are nano-
composites of crystalline inorganic CuSCN and organic (DAS)(SCN) solid, possibly in its definitive 
composition. Since both of them were found to be interconnected and bi-continuous, such materials can 
be promising for light-induced carrier separation between CuSCN and (DAS)(SCN) and carrier transport 
in them.   
[1] Yuki Tsuda et al., Monatshefte für Chemie, 148, 845-854 (2017). 

 

Fig.1 SEM photographs of the films,  

DAST = (a)0, (b)500, (c)1100 µM 
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Research on organic semiconductors has advanced tremendously for the past few decades as 
these materials have great potential for the development of novel electronic and photonic 
devices. Small molecules with well-defined chemical structure and p-conjugation, such as 
pentacene or phthalocyanine, exhibit very large charge carrier mobilities. They represent a cost-
effective and flexible electronics alternative for certain traditional silicon-based semiconductor 
applications such as field-effect transistors and photovoltaic devices. However, fundamental 
studies on excitonic properties of organic crystals of small molecule organic thin films are not 
fully understood due to a high level of disorder in the polycrystalline samples inherent to standard 
fabrication methods. In this work, we report on the results of linear dichroism (LD)/ 
photoluminescence (PL) scanning microscopy experiments that simultaneously probe the 
excitonic radiative recombination and the molecular ordering in solution-processed 
phthalocyanine crystalline thin films with macroscopic grain sizes. LD images show that this 
technique could resolve the small-angle boundary and non-uniform triangular structure. With 
polarization-resolved PL, we could also explore the relative orientation of the singlet exciton 
transition dipoles at the grain boundary. 
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