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8:15 Registration, coffee 
 

8:40 Introductory Remarks 

 Professor Robert Bartynski,  

Chair, Department of Physics and Astronomy 

 
 

 
 

SESSION I:   

 

INNOVATIONS IN SURFACE MODIFICATION 
 

Chair: Professor Robert Bartynski, Chair 

Department of Physics and Astronomy 
 

 

8:45 Measuring Thermophysical Properties of Glassy Materials via Focused Laser 

Spike Dewetting 
Tianxing Ma*, Michael Nitzsche, Kyle Buznitsky and Jonathan Singer 

Mechanical and Aerospace Engineering 

 

9:00 Structural Changes in Nanospheres Adsorbed onto Surfaces and 

Implications for Drug Delivery 

N. Sanjeeva Murthy, Amish Patel, Mariana R. N. Lima and Joachim Kohn 

New Jersey Center for Biomaterials  

 

9:15 A Novel Fabrication of Epoxy-Based Micro-Porous Nanocomposite Monolith  
Molla Hasan*, Valeria Saro-Cortes and Jonathan Singer 

Mechanical and Aerospace Engineering 

 

9:30 Improved Precision in Surface Enhanced Raman Scattering Quantification 

of Analyte through Dual-Modality Multi-Site Sensing 
Sakshi Sardar*1, Laura Fabris2 and Mehdi Javanmard1 
1Electrical and Computer Engineering and 2Materials Science and Engineering 

   

9:45 Ambient Pressure Chemical Vapor Deposition of Twisted Bilayer Graphene 

on Copper Foil Substrates 
Lucas Hanson*, Nikhil Tilak, Mike Altvater, Brian Elsworth and Eva Y. Andrei 

Physics and Astronomy 

 

 

 

 

 

 

     10:00 – 10:30 Coffee Break and Poster Session     
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SESSION II: 

 

LOW DIMENSIONAL MATERIALS 
 

Chair: Professor Jak Chakhalian 

Department of Physics and Astronomy and iMR Leader 

 

 

10:30 **HIGHLIGHT PRESENTATION** 
 

Electron Localization in Incommensurately Stacked Layers of 2D Materials 
Efthimios Kaxiras 

Department of Physics and School of Engineering and Applied Sciences, Harvard 

University 

 

11:15 Electrostatic Imaging of Encapsulated 2D Materials 
Michael A. Altvater*1, Shuang Wu1, Zhenyuan Zhang1, Tianhui Zhu1, Guohong Li1, 

Kenji Watanabe2, Takashi Taniguchi2 and Eva Y. Andrei1 

1Physics and Astronomy and 2 National Institute for Material Science, Ibaraki, Japan 

 

11:30 Observation of Magnetic Bubble Domains in the Quasi-2D Kagomé 

Ferromagnetic Weyl Semimetal Co3Sn2S2 
Paul Sass*1, Weida Wu1, Linda Ye2 and Joseph Checkelsky2 
1Physics and Astronomy and 2Physics, Massachusetts Institute of Technology, 

Cambridge, MA 

 

11:45 Rubrene vs. Fluorine-Functionalized Rubrene Molecules on a Metal Surface: 

Self-Assembly, Electronic Structure and Energy Alignment of a Monolayer 

on Ag(100) 
Jonathan Viereck*1, Sylvie Rangan1, Patricio Häberle2, Elena Galoppini3, Christopher J. 

Douglas4 and Robert A. Bartynski1 
1 Physics and Astronomy and Laboratory for Surface Modification, 2 Departamento de 

Física, Universidad Técnica Federico Santa Maria, Valparaiso, 3 Chemistry, Rutgers 

University, Newark and 4Chemistry, University of Minnesota 

 

12:00 2D Quantum Confinement, Structural, and Electronic Phase Transitions in MoTe2 

Sobhit Singh, Jinwoong Kim, Fei-Ting Huang, Seong Joon Lim, Sang-Wook Cheong, 

Karin Rabe and David Vanderbilt 

Physics and Astronomy 

 

  

 

 

 
 

   12:15 – 1:30 Lunch and Poster Session     
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POSTER PAPERS: 

 

 

1) Capacitance-Voltage (C-V) Measurements Using a Semiconductor 

Characterization System and a MOS Capacitor 
Mohamed Zeineldin*, Ryan Thorpe, Leonard Feldman and Torgny Gustafsson 

Physics and Astronomy and Laboratory for Surface Modification 

 

2) Characterization of the Al2O3/SiC Interface with X-Ray Photoelectron 

Spectroscopy 
Ryan Thorpe1, Isanka Jayawardhena2, Sarit Dhar2, Marcelo A. Kuroda2, Ayayi Ahyi2 and 

Leonard C. Feldman1 
1Physics and Astronomy and 2Auburn University, College of Science and Mathematics 

 

3) Electrochemical Conversion of CO2 to Monoethylene Glycol: a Pathway to 

Renewable Plastics 

Karin U. D. Calvinho*1, Anders B. Laursen1, Kyra M. K. Yap1, Yifei Li1 and G. Charles 

Dismukes1, 2 
1Chemistry and Chemical Biology and 2The Waksman Institute 

 

4) CO2 Reduction Reaction Catalyzed by Ni2P Using a New Flow Cell Design 
Yifei Li*, Karin Calvinho, Anders Laursen, Gerard Charles Dismukes and Eric Garfunkel 

Chemistry and Chemical Biology 

 

5) Manganese Oxides as Electrocatalysts for the Oxygen Evolution Reaction 
Krishani M. Teeluck*, Alexander M. Kim, John P. Domenico and G. Charles Dismukes 

Chemistry and Chemical Biology 

 

6) Electrodeposition and Thermal Annealing Synthesized Single-Phase 

Crystalline Ni3P Films as Hydrogen Evolution Reaction Electrocatalysts for 

Electrochemical and Photoelectrochemical Water Splitting 
Hengfei Gu*1, Shinjae Hwang1, Anders B. Laursen1, Kelly Yen1, Mengjun Li1, Yifeng 

Liu2, Eric Garfunkel1 and G. Charles Dismukes1,3 
1Chemistry and Chemical Biology, 2College of Chemistry, Jilin University, People’s 

Republic of China and 3Waksman Institute of Microbiology 

 

7) XPS Study of the Si Oxidation States and the Nitride SiO2/SiC(4H-0001) 

Interface 
Hengfei Gu*1, Mengjun Li1, Ryan Thorpe1, Hongbin Yang1, Leonard C. Feldman2 and 

Eric Garfunkel1 
1Chemistry and Chemical Biology and 2Physics and Astronomy, and Materials Science 

and Engineering 

 

8) Iron Doping Ni2P for Increased Catalytic Activity in the Hydrogen Evolution 

Reaction 
Thomas Geannakakes*, Kelly. R. Petraju, Anders Laursen and G. Charles Dismukes  

Chemistry and Chemical Biology 
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9) Effect of Tin Depletion in Platinum-Tin Bulk Alloys for Ethane 

Dehydrogenation 
Jinwoong Nam* and Fuat E. Celik 

Chemical and Biochemical Engineering 

 

10) Resonant Raman Scattering in the Giant Rashba System BiTeI 
Alexander Lee* and G. Blumberg 

Physics and Astronomy 

 

11) A DFT-Based Model Study of Structural Phase Transitions in MoTe2 

Jinwoong Kim, Sobhit Singh, Karin M. Rabe and David Vanderbilt 

Physics and Astronomy 

 

12) Focused Helium Ion Beam Nanofabrication of Superconducting Thin Films   
Mengjun Li*1, 2, Leila Kasaei3, Hussein Hijazi1, Thomas Melbourne3, Leonard C. 

Feldman1, Torgny Gustafsson1, Ke Chen3 and X.X.Xi3  
1Physics and Astronomy, 2Chemistry and Chemical Biology and 3Physics, Temple 

University  

 

13) Obtaining Thickness-Limited Electrospray Deposition for 3D Coating 
Lin Lei*1, Dylan A. Kovacevich1, Michael P. Nitzsche1, Jihyun Ryu1, Kutaiba Al-

Marzoki2, Gabriela Rodriguez3, Lisa C. Klein2, Andrei Jitianu3 and Jonathan P. Singer1 

1Mechanical and Aerospace Engineering, 2Material Science Engineering and 3Chemistry, 

Lehman College-CUNY  

 

14) Highly Selective Adsorption of Xenon from Krypton in a Squarate-Based 

Metal-Organic Framework 
Liangying Li*1,2, Lidong Guo1, Zhiguo Zhang1, Qiwei Yang1, Yiwen Yang1, Zongbi 

Bao1, Qilong Ren1 and Jing Li2 
1Key Laboratory of Biomass Chemical Engineering of Ministry of Education, College of 

Chemical and Biological Engineering, Zhejiang University, Hangzhou and 2Chemistry 

and Chemical Biology  

 

15) Dyes@MOF-Based Nano-Composites for White Light Emission 
Xiao-Yuan Liu and Jing Li 

Chemistry and Chemical Biology 

 

16) Thin Film SrNbO2N for Photoelectrochemical Water Splitting: Absolute 

Electronic Structure Measurements and Justifying Its Use for Wide Bandgap 

Photoanode 
Shinjae Hwang*1, Spencer H. Porter1, Mengjun Li1, Martha Greenblatt1, Eric Garfunkel1 

and G. Charles Dismukes1,2 
1Chemistry and Chemical Biology and 2The Waksman Institute 
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SESSION III: 
 

        SURFACES AND PROPERTIES OF COMPLEX MATERIALS 

 

Chair: Professor Stephen Tse 

Department of Mechanical and Aerospace Engineering and iMR Leader 
 

 

1:30 WELCOMING REMARKS 
 Professor Ronald Ransome  

Dean of Mathematical and Physical Sciences 

School of Arts and Sciences 

 

Professor Jean Baum 

Vice Dean for Research and Graduate Education 

School of Arts and Sciences 

 

1:35 **HIGHLIGHT PRESENTATION** 

 

Growth and Electronic Properties of Heusler Epitaxial Thin Films 
Christopher Palmstrøm 

Electrical and Computer Engineering and Materials, University of California, Santa 

Barbara 

 

2:20 First-Principles Bulk-Layer Model for Dielectric and Piezoelectric Responses 

in Superlattices 
John Bonini*, J.W. Bennett, P. Chandra and K. M. Rabe 

Physics and Astronomy 

  

2:35 Magneto-Elastic Coupling in Fe-Based Superconductors 

Shangfei Wu1, 2, 3, W.-L. Zhang1, V. K. Thorsmølle1, G. F. Chen2, 4, G. T. Tan5,  

P. C. Dai5, 6, Y. G. Shi2, C. Q. Jin2, 4, T. Shibauchi7, S. Kasahara8, Y. Matsuda8, A. S. 

Sefat9, H. Ding2, 3, 4, P. Richard2, 3, 4, 10 and G. Blumberg1 
1Physics and Astronomy, 2Institute of Physics, Chinese Academy of Sciences, 3School of 

Physical Sciences, University of Chinese Academy of Sciences, 4Collaborative Innovation 

Center of Quantum Matter, Beijing, China, 5Center for Advanced Quantum Studies and 

Physics, Beijing Normal University, 6Physics and Astronomy, Rice University, 7Advanced 

Materials Science, University of Tokyo, Kashiwa, Japan, 8Physics, Kyoto University, 

Sakyo-ku, Japan, 9Materials Science & Technology Division, Oak Ridge National 

Laboratory and  10Institut quantique, Universite de Sherbrooke, 2500 boulevard de 

l’Universite, Sherbrooke, Canada  



 

THIRTY-THIRD ANNUAL SYMPOSIUM 

LABORATORY FOR SURFACE MODIFICATION 
 

* = Student Presenter 7 

2:50 Surfaces of Axion Insulators 
Nicodemos Varnava* and David Vanderbilt 

Physics and Astronomy 

 

3:05 Defects in Antiferromagnetic Topological Insulator MnBi2Te4  
Zengle Huang*1, J.-Q. Yan2 and Weida Wu1 
1Physics and Astronomy and 2Materials Science and Technology Division, Oak Ridge 

National Laboratory 

 

3:20 Lattice Dynamics, Crystal-Field Excitations and Quadrupolar Fluctuations 

of YbRu2Ge2 
Mai Ye*1, E. W. Rosenberg2, I. R. Fisher2 and Girsh Blumberg1 
1Physics and Astronomy and 2Applied Physics, Stanford University 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    3:35 – 4:00 Afternoon Break     
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SESSION IV: 

 

INNOVATIONS IN SURFACE MEASUREMENTS 

 

Chair: Professor Leonard C. Feldman 

Departments of Physics and Astronomy and 

Materials Science and Engineering 
  

 

4:00 Novel Detector Orientation and Ionizer Design for Improved Time of Flight 

Resolution in Molecular Beam Scattering 
John L. Wieczorek*, Alexei V. Ermakov, Erkan Z. Ciftlikli and B. J. Hinch 

Chemistry and Chemical Biology 

 

4:15 High-Resolution Core Shell Electron Energy Loss Spectroscopy for 4H-SiC 

in an Electron Microscope 
Hongbin Yang*1, Eric L. Garfunkel1, Leonard C. Feldman2,3 and Philip E. Batson2,3 
1Chemistry and Chemical Biology, 2Physics and Astronomy and 3Materials Science and 

Engineering 

 

4:30 Channeling in the Helium Ion Microscope 
Hussein Hijazi1, Mengjun Li2, Damon Barbacci3, Albert Schultz3, Ryan Thorpe1, Robert 

Bartynski1, Torgny Gustafsson1 and Leonard C. Feldman1 

1Physics and Astronomy and Laboratory for Surface Modification, 2Chemistry and 

Chemical Biology and 3Ionwerks Inc., Houston, Texas 

 

4:45  RR’ Resurrected   
Peter S.M. Townsend, John L. Wieczorek, Alexei V. Ermakov and B.J. Hinch 

Chemistry and Chemical Biology 

 

5:00  Presentation of Theodore E. Madey Student Award:  

Best Oral Presentation 

 Presentation of Leszek Wielunski Student Award:  

Best Poster Presentation 
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ABSTRACTS FOR TALKS 
 

8:45 Measuring Thermophysical Properties of Glassy Materials via Focused Laser 

Spike Dewetting 
Tianxing Ma*, Michael Nitzsche, Kyle Buznitsky and Jonathan Singer 

Mechanical and Aerospace Engineering 

 
Focused laser spike(FLaSk) dewetting uses a focused laser beam to generate a localized 

heat source along with an extreme thermal gradient. The material melted is 

simultaneously moved down the thermal gradient and forms highly characteristic trench-

ridge morphologies. Coupling with optical microscopy, we have studied the characteristic 

radii of the dewetted ridge feature for various glassy thin films with different molecular 

weights and glass transition temperatures as a function of time. In this way, it has been 

shown that FLaSk dewetting as a metrology method can be employed for high-

throughput analysis of thin film materials in high shear, high temperature testing regimes 

that would otherwise be difficult to reach.  

   

9:00 Structural Changes in Nanospheres Adsorbed onto Surfaces and 

Implications for Drug Delivery 

N. Sanjeeva Murthy, Amish Patel, Mariana R. N. Lima and Joachim Kohn 

New Jersey Center for Biomaterials  

 

Nanospheres with crystalline core prepared from amphiphilic block copolymers become 

unstable upon adsorption onto certain substrates to the extent that they readily 

disassemble during adsorption. The structure of the nanospheres and their behavior upon 

adsorption onto model surfaces were investigated using x-ray scattering and quartz-

crystal microbalance. The nanospheres have a hydrophobic core and a hydrophilic shell 

(poly(ethylene glycol), PEG).  Thus, the stability of the nanospheres upon adsorption is 

expected to depend on the polarity and charge of the substrates.  Results that shed light 

on these interactions will be presented. Implications of these results on drug delivery will 

be discussed. 

 

9:15 A Novel Fabrication of Epoxy-Based Micro-Porous Nanocomposite Monolith  
Molla Hasan*, Valeria Saro-Cortes and Jonathan Singer 

Mechanical and Aerospace Engineering 

 

Epoxy-phenolic resins have been widely used as base materials for a wide variety of 

applications, such as integrated circuit packages, laminating resins, adhesives, binders, 

surface coatings, and impregnants. Here we report a simple method to make epoxy-based 

porous nanocomposite. Adding nanofillers in the epoxy composite increases the fracture 

toughness. However, it is extremely difficult to disperse nanofillers homogenously at 

higher volume fraction. To increase the loading of nanofillers at higher volume fraction, 

we use vegetable oil which also acts as a porogen in the polymer composite matrix. To 

overcome the chemical phase separation of epoxy and vegetable oil, we use epoxidized 

soybean oil (ESO) which stabilize epoxy-vegetable oil-nanofillers emulsion by 

improving the interfacial bonding between the epoxy resin and vegetable oil. Our results 

show that although the addition of ESO into the epoxy nanocomposite interferes the 

curing kinetics, with the increase of ESO content, the elastic modulus increases. Another 

advantage of using ESO is that it controls the porosity of the nanocomposite.    
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9:30  Improved Precision in Surface Enhanced Raman Scattering Quantification 

of Analyte through Dual-Modality Multi-Site Sensing 
Sakshi Sardar*1, Laura Fabris2 and Mehdi Javanmard1 
1Electrical and Computer Engineering and 2Materials Science and Engineering 

 

Accurate analyte quantification using surface enhanced Raman spectroscopy (SERS) is a 

desired, yet unfulfilled, ability that could enable a plethora of diagnostic applications. A 

dual modality multi-site sensing approach was developed that overcomes the limitations 

of bottom-up, reproducible, sensitive, and low-cost SERS substrates. SERS response was 

calibrated with respect to active surface area, a parameter known to be proportional to 

charge, which can be estimated via electrochemical measurements. Electrochemistry was 

combined with SERS for dual modality sensing to improve precision by adding 

redundancy and encoding features, thus increasing measurement robustness and 

predictability by 2.8x compared to traditional single-site Raman assay.  

 

9:45  Ambient Pressure Chemical Vapor Deposition of Twisted Bilayer Graphene 

on Copper Foil Substrates 
Lucas Hanson*, Nikhil Tilak, Mike Altvater, Brian Elsworth and Eva Y. Andrei 

Physics and Astronomy 

 
Ambient pressure chemical vapor deposition (APCVD) of graphene bilayers on copper 

foil substrates represents a promising paradigm for the fabrication of Bernal stacked and 

bilayer graphene samples.  Using a quartz tube and tube furnace, copper foil substrates, 

argon and hydrogen forming gas, and a methane carbon feedstock, we studied a variety of 

different APCVD recipes to determine the optimal growth parameters for depositing 

graphene bilayers.  Preliminary results suggest that increased bilayer grain sizes can be 

achieved by flowing higher methane concentrations for longer time periods during the 

growth stage, and optical microscopy of single and bilayer grain alignment suggest that 

small twist angles can be achieved using our APCVD method.  Work supported by DOE-

FG02-99ER45742, NSF DMR 1708158, NSF EFRI 1433307. 

   

10:30 **HIGHLIGHT PRESENTATION** 
 

Electron Localization in Incommensurately Stacked Layers of 2D Materials 
Efthimios Kaxiras 

Department of Physics and School of Engineering and Applied Sciences, Harvard 

University 
 
The stacking of individual layers of two-dimensional materials can be experimentally 

controlled with remarkable precision on the order of a tenth of a degree. The relative 

orientation of successive layers introduces variations in the electronic properties that can 

be controlled by the twist angle. We use simple theoretical models and accurate 

electronic structure calculations to predict that the electronic density in stacked 2D layers 

can vary in real space in a manner similar to the band-structure in momentum-space, 

creating moire super-lattices. A direct consequence of the patterns is the localization of 

electronic states.  We demonstrate this effect in graphene, a semi-metal, and 

representative materials of the transition metal dichalcogenide family of semiconductors. 
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This effect can has important consequences in electronic behavior, including 

superconductivity, as has been recently reported for twisted bilayer graphene. 
 

11:15 Electrostatic Imaging of Encapsulated 2D Materials 
Michael A. Altvater*1, Shuang Wu1, Zhenyuan Zhang1, Tianhui Zhu1, Guohong Li1, 

Kenji Watanabe2, Takashi Taniguchi2 and Eva Y. Andrei1 

1Physics and Astronomy and 2 National Institute for Material Science, Ibaraki, Japan 

 
Devices made from two-dimensional (2D) materials such as graphene and transition 

metal dichalcogenides exhibit interesting electronic properties of interest to many 

subdisciplines of nanoscience, however, their electronic quality is highly sensitive to their 

local environment.  Encapsulation of 2D materials is a powerful technique for protection 

of devices against deleterious environmental contamination, however, the location of the 

encapsulated layer and local defects become obscured and more difficult to probe.  We 

show that using the electrostatic scanning probe modes, KPFM and EFM, we not only 

image encapsulated conductors beneath the surface but also characterize the electronic 

interfaces within these devices. 

 

11:30 Observation of Magnetic Bubble Domains in the Quasi-2D Kagomé 

Ferromagnetic Weyl Semimetal Co3Sn2S2
1 

Paul Sass*1, Weida Wu1, Linda Ye2 and Joseph Checkelsky2 
1Physics and Astronomy and 2Physics, Massachusetts Institute of Technology, 

Cambridge, MA 

 
The Co-based shandite, Co3Sn2S2, is a Weyl2 semi-metal hosting an itinerant 

ferromagnetic quasi-2D Kagomé lattice of Co ions. Low-field magnetization and AC 

susceptibility measurements have revealed an anomalous magnetic phase above ~ 126 K 

and below ~ 40 mT, indicating a possible skyrmion phase.3 To this end, we carried out 

variable-temperature magnetic force microscopy studies on Co3Sn2S2 single crystals. 

MFM images under zero-field cooling revealed fingerprint-like magnetic domains, while 

low-field cooling through TC resulted in seemingly periodic magnetic bubble domains, 

which is consistent with the quasi-2D nature of the magnetic ordering. 

 
1This work is supported by DOE BES under award DE-SC0018153. 
2Q. Wang, et al., Nat. Comm. 9, 3681 (2018). 

3M. A. Kassem, et al., J. Phys. Soc. Jpn. 85, 064706 (2016). 

 

11:45 Rubrene vs. Fluorine-Functionalized Rubrene Molecules on a Metal Surface: 

Self-Assembly, Electronic Structure and Energy Alignment of a Monolayer 

on Ag(100) 
Jonathan Viereck*1, Sylvie Rangan1, Patricio Häberle2, Elena Galoppini3, Christopher J. 

Douglas4 and Robert A. Bartynski1 
1 Physics and Astronomy and Laboratory for Surface Modification, 2 Departamento de 

Física, Universidad Técnica Federico Santa Maria, Valparaiso, 3 Chemistry, Rutgers 

University, Newark and 4Chemistry, University of Minnesota 

 

Rubrene has attracted considerable attention in the last decades for its role in the 

fabrication of single crystal organic field effect transistors with record mobility. Despite 

its attractive characteristics as a single crystal, the fabrication of equally well performing, 

epitaxially grown, rubrene thin film transistors has been challenging, as rubrene is 
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amorphous in thin films. It has been suggested that the reason for this is that rubrene 

molecule exists in a different conformation in its crystalline phase vs. its amorphous 

phase. In this talk, I will discuss our recent STM and UV/Inverse photoemission 

measurements of rubrene and a fluorinated derivative (which does not appear to exist in 

two conformations) on the Ag(100) surface, and findings which suggest that, in addition 

to the difference in conformation, the self-assembly of the first monolayer may hint at the 

origin of the challenges with rubrene epitaxy. 

 

12:00 2D Quantum Confinement, Structural, and Electronic Phase Transitions in 

MoTe2 
Sobhit Singh, Jinwoong Kim, Fei-Ting Huang, Seong Joon Lim, Sang-Wook Cheong, 

Karin Rabe and David Vanderbilt 

Physics and Astronomy 

 

MoTe2 is a layered material with rich physics arising from structural and electronic phase 

competition. We investigate the energetics of the possible structural phase transitions and 

potential energy surface profile of MoTe2. We further explore the possibility of 

controlling the dynamics of Weyl fermions in Td-MoTe2. Our first-principles calculations 

reveal that one can systematically tune the location and chirality of Weyl nodes by 

exploiting the connection between polar distortions and spin-orbit coupling effects in Td-

MoTe2. Lastly, we discuss the 2D quantum confinement effects in MoTe2 films, and 

remark on the critical thickness to realize bulk-like properties in MoTe2.  

 

1:35 **HIGHLIGHT PRESENTATION** 

 

Growth and Electronic Properties of Heusler Epitaxial Thin Films 
Christopher Palmstrøm 

Electrical and Computer Engineering and Materials, University of California, Santa 

Barbara 

 
Heusler compounds are an exciting family of ternary intermetallics that can be composed 
of elements from a large fraction of the periodic table. Their electronic properties are 
predicted to depend on the number of valence electrons per formula unit. In general, 
Heusler compounds form two main variants: half-Heuslers (XYZ) with the C1b crystal 
structure and full-Heuslers (X2YZ) with the L21 crystal structure. They have been 
predicted and experimentally shown to exhibit novel electronic and magnetic properties, 
such as half-metallic ferromagnetism, semiconducting and superconducting. A number of 
half-Heusler compounds are predicted to be topological non-trivial insulators or 
semimetals and should display topological surface states, which would be useful for 
spintronic applications.  
 
The half-Heusler compounds with composition XYZ can be thought of as being a 
zincblende structure of XZ with the Y atoms in the octahedral sites. The close similarity 
to the zincblende III-V compound semiconductors and the ability to adjust the lattice 
parameters of III-V semiconductors by alloying over the range of lattice parameters of 
many Heusler compounds makes III-V semiconductors a good choice as substrates for 
Heusler compound epitaxial growth.  
 
In this presentation, I will emphasize the molecular beam epitaxial growth and properties 
of Heusler compounds grown on III-V semiconductors. Their application in spintronic 
devices will also be discussed. 
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2:20 First-Principles Bulk-Layer Model for Dielectric and Piezoelectric Responses 

in Superlattices 
John Bonini*, J.W. Bennett, P. Chandra and K. M. Rabe 

Physics and Astronomy 

 

Superlattice systems, experimentally realizable with the development of layer by layer 

epitaxial growth techniques, continue to be of great interest in the development of new 

and enhanced material functionalities. Such novel functionality can arise from the physics 

at the interface between layers, but also from the bulk-like response of each layer to the 

electric and elastic conditions present in the superlattice. In this presentation we examine 

how well superlattice properties are modeled by this bulk-like response alone in 

perovskite oxide superlattices. This bulk-like response is captured by the "bulk-layer" 

model which utilizes the full nonlinear response of each constituent bulk material to 

changing strain and displacement field to predict the properties of the full range of 

superlattice stacking sequences. Comparison between the model and full first principles 

superlattice calculations of structural and response properties will be presented, showing 

that general trends, including enhancement and suppression of responses, are captured by 

the model. Ongoing work includes the construction of a database of constituent bulk 

responses for use with the model to identify candidate superlattice with novel properties. 

 

2:35 Magneto-Elastic Coupling in Fe-Based Superconductors 

Shangfei Wu1, 2, 3, W.-L. Zhang1, V. K. Thorsmølle1, G. F. Chen2, 4, G. T. Tan5, P. C. Dai5, 

6, Y. G. Shi2, C. Q. Jin2, 4, T. Shibauchi7, S. Kasahara8, Y. Matsuda8, A. S. Sefat9, H. 

Ding2, 3, 4, P. Richard2, 3, 4, 10 and   G. Blumberg1 
1Physics and Astronomy, 2Institute of Physics, Chinese Academy of Sciences, 3School of 

Physical Sciences, University of Chinese Academy of Sciences, 4Collaborative Innovation 

Center of Quantum Matter, Beijing, China, 5Center for Advanced Quantum Studies and 

Physics, Beijing Normal University, 6Physics and Astronomy, Rice University, 7Advanced 

Materials Science, University of Tokyo, Kashiwa, Japan, 8Physics, Kyoto University, 

Sakyo-ku, Japan, 9Materials Science & Technology Division, Oak Ridge National 

Laboratory, 10Institut quantique, Universite de Sherbrooke, 2500 boulevard de 

l’Universite, Sherbrooke, Canada  

 

We used polarization-resolved Raman scattering to study the magneto-elastic coupling in 

the parent compounds of several families of Fe-based superconductors. We observe an 

emergent Ag-symmetry As phonon mode in the XY scattering geometry whose intensity 

is significantly enhanced below the magneto-structural transition only for compounds 

showing magnetic ordering. We conclude that the small lattice anisotropy is insufficient 

to induce the in-plane electronic polarizability anisotropy necessary for the observed 

phonon intensity enhancement, and interpret this enhancement below the Neel 

temperature in terms of the anisotropy of the magnetic moment and magneto-elastic 

coupling. We evidence a Fano line-shape in the XY scattering geometry resulting from a 

strong coupling between the Ag(As) phonon mode and the B2g symmetry-like electronic 

continuum. Strong electron-phonon coupling may be relevant to superconductivity [1,2]. 

We acknowledge the support from NSF Grant No. DMR-1709161.  

[1] S.-F. Wu et al, arXiv:1712.01896  

[2] S.-F. Wu et al, arXiv:1712.01903 
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2:50 Surfaces of Axion Insulators 
Nicodemos Varnava*1 and David Vanderbilt1 

Physics and Astronomy 

 

Axion insulators (AxIs) are magnetic topological insulators in which the nontrivial  

index is protected by inversion instead of time-reversal (TR) symmetry. The naturally 

gapped surfaces of AxIs give rise to a half-quantized surface anomalous Hall 

conductivity (SAHC), but its sign cannot be determined from topological arguments. To 

understand the factors that determine the sign, we construct a minimal tight binding 

model on the pyrochlore lattice and investigate various magnetic configurations, like the 

all-in/all-out and the ferromagnetic configuration. Secondly, we implement a method that 

lets us calculate the layer-resolved AHC for a given slab model. Combining these two 

elements allows the explicit calculations of the sign of the half-quantized SAHC and in 

turn provides us with a tool. We then use this tool to explore how the interplay between 

surface termination and magnetic ordering affects the topological response. We find that 

it is possible to construct a topological state with no protected metallic states on 

boundaries of any dimension, although chiral hinge modes do occur for many surface 

configurations. Finally, we find that rotation of the magnetization by an external field 

offers promising means of control of chiral hinge modes, which can also appear on 

surface steps or where bulk domain walls emerge at the surface. 

 

3:05 Defects in Antiferromagnetic Topological Insulator MnBi2Te4  
Zengle Huang*1, J.-Q. Yan2 and Weida Wu1 
1Physics and Astronomy and 2Materials Science and Technology Division, Oak Ridge 

National Laboratory 

 
The coupling of topological electronic states and magnetism can lead to various exotic 

phenomena such as quantum anomalous Hall effect, magnetic Weyl fermion, etc. 

Recently, single crystals and thin films of intrinsic antiferromagnetic topological 

insulator MnBi2Te4 has been successfully synthesized, so it becomes the focus of recent 

investigation. It is crucial to understand and control defects in this material because they 

affect its electronic and magnetic properties. In this talk, I will present our recent study of 

defects in single crystals of MnBi2Te4 using scanning tunneling microscopy (STM). We 

identify the dominant defects, MnBi antisites in the second layer of Bi, which may impact 

the magnetic properties of MnBi2Te4. In addition, we observe another interesting defects 

with pronounced defect states near the conduction band edge.  

This work is supported by NSF DMR-1506618. 

  

3:20 Lattice Dynamics, Crystal-Field Excitations and Quadrupolar Fluctuations 

of YbRu2Ge2 
Mai Ye*1, E. W. Rosenberg2, I. R. Fisher2 and Girsh Blumberg1 
1Physics and Astronomy and 2Applied Physics, Stanford University 

 

We report Raman scattering results of YbRu2Ge2 single crystals to explore the phononic 

and crystal-field (CF) excitations. This heavy-fermion metal enters a B1g-symmetry 

ferroquadrupolar (FQ) phase below TQ=10K. We establish the CF level scheme of the 

ground multiplet. We demonstrate that the static Raman susceptibilities in both B1g and 

B2g quadrupole channels exhibit a Curie-Weiss behavior with the Weiss temperature 

about 10K lower than TQ. Electron-lattice coupling is crucial for the FQ transition to 

happen. Moreover, temperature-dependent study of four Raman-active phonon modes 
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shows that the intensities of the A1g and one Eg modes increase significantly on cooling, 

which is explained by a near-resonant coupling between these two phonon modes and CF 

transitions. 

 

Supported by: spectroscopy (MY, GB): NSF DMR-1709161; crystal growth and 

characterization (E.W.R. and I.R.F.): the Gordon and Betty Moore Foundation through 

Grant GBMF4414. 

 

4:00 Novel Detector Orientation and Ionizer Design for Improved Time of Flight 

Resolution in Molecular Beam Scattering 
John L. Wieczorek*, Alexei V. Ermakov, Erkan Z. Ciftlikli and B. J. Hinch 

Chemistry and Chemical Biology 

 
Molecular beam scattering experiments almost exclusively utilize time-of-flight (TOF) as 

the means for energy analysis of translational energy distributions of neutral species. The 

energy resolution of such experiments typically involves many contributing factors. One 

such factor is the effective length of an ionizing region for a molecular beam. We present 

a novel ionizer design and mass spectrometer geometry which mitigate this factor for a 

relatively long ionization region and improve TOF resolution in helium atom scattering. 

Measured helium ion signals increase in intensity while the contribution of the ionization 

length to the energy resolution is reduced. With this ionizer design, we observe better 

TOF resolution than has been achieved in previous benchmarks. Additionally, several 

proof-of-concept experiments enabled by the design of the ionizer are discussed. 

   

4:15 High-Resolution Core Shell Electron Energy Loss Spectroscopy for 4H-SiC 

in an Electron Microscope 
Hongbin Yang*1, Eric L. Garfunkel1, Leonard C. Feldman2,3 and Philip E. Batson2,3 
1Chemistry and Chemical Biology, 2Physics and Astronomy and 3Materials Science and 

Engineering 

 

Recent instrumental advances in scanning transmission electron microscope (STEM) 

have greatly improved the resolution of spatially resolved electron energy loss 

spectroscopy (EELS). Here we use monochromated EELS in the Rutgers STEM to study 

the silicon L and carbon K edge in 4H-SiC, an important material for high power, high 

temperature field effect transistors. SiC-based transistors are still limited by interface 

effects, which lead to relatively low inversion layer mobility. Near edge fine structure 

results were acquired with high energy resolution near the interface between SiO2/4H-

SiC and through bulk SiC with varying thicknesses. The conduction band density of 

states obtained from EELS data show very good agreement with synchrotron X-ray 

absorption. While some differences exist, they could potentially be interpreted by the 

core exciton distortion differences between EELS and XAS. Smoothed near edge fine 

structures were found for spectra both near the interface and in the thin foil. 
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4:30 Channeling in the Helium Ion Microscope 
Hussein Hijazi1, Mengjun Li2, Damon Barbacci3, Albert Schultz3, Ryan Thorpe1, Robert 

Bartynski1, Torgny Gustafsson1 and Leonard C. Feldman1 

1Physics and Astronomy and Laboratory for Surface Modification, 2Chemistry and 

Chemical Biology and 3Ionwerks Inc., Houston, Texas 

 
The helium ion microscope (HIM) has become a unique tool for modern materials 

science due to its high lateral resolution for imaging, high spatial resolution and nano-

scale analysis. For crystalline materials, the incident beam may undergo ion channeling, 

which strongly modifies all of the basic ion-solid interactions associated with these HIM 

functions. Here, a 30 keV He+ beam was used for RBS channeling in a W(111) crystal 

using a novel time of flight (HIM/TOF) detector developed at Rutgers University to 

extract critical channeling parameters. Measurements of the minimum backscattering 

yield (χmin), surface peak (SP), and critical angle, ( ) are compared to several theoretical 

estimates. The results illustrate the advantage of using channeling in a backscattering 

mode to characterize crystalline materials with the HIM, as the backscattering intensity 

modifications are far greater for scattered ions than for secondary electrons. This case of 

“ideal” channeling with the HIM now provides a basis for analysis of more complex 

materials such as polycrystalline materials and textured structures, and quantifies the role 

of HIM induced materials modification in crystalline materials.  

 

4:45 RR’ Resurrected   
Peter S.M. Townsend, John L. Wieczorek, Alexei V. Ermakov and B.J. Hinch 

Chemistry and Chemical Biology 

 

Thermal energy helium atom scattering (HAS) is a well-established and powerful tool for 

measuring surface structure. Extreme delicacy, surface specificity, and sensitivity to 

hydrogen atom configurations, all make HAS a highly suitable technique to study order 

in organic overlayers. However, a quantum surface-scattering treatment is compulsory to 

interpret the helium diffraction patterns in quantitative detail. A numerical method known 

as RR’ yields diffraction intensities that are exact up to a hard-corrugated-wall 

approximation for the He/surface interaction. The off-the-peg RR’ scheme is not a 

practical way of modeling our topical experimental systems which display long-range 

order but with large unit cells. I will describe progress towards refining the computational 

method into a practical tool that we can use to elucidate the structure of aromatic layers 

on metal surfaces. 
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ABSTRACTS FOR POSTERS 
 

 

1) Capacitance-Voltage (C-V) Measurements Using a Semiconductor 

Characterization System and a MOS Capacitor 
Mohamed Zeineldin*, Ryan Thorpe, Leonard Feldman and Torgny Gustafsson 

Physics and Astronomy and Laboratory for Surface Modification 

 
Capacitance-Voltage (C-V) measurements provide a wealth of information about the 

characteristics of devices and materials. C-V testing can be used to determine 

semiconductor parameters, such as fixed charge, dielectric thickness, dielectric constant, 

and interface trap density (Dit) in a metal oxide semiconductor (MOS) capacitor. Interface 

traps are electrically active defects located at the semiconductor-dielectric interface; they 

are capable of trapping and de-trapping charge carriers and have an adverse effect on 

device performance. They occur due to dangling bonds that arise at the semiconductor-

dielectric interface. Dit can be evaluated using several methods such as the quasi-static 

capacitance technique, discussed in this presentation, which relies on extracting several 

values of the capacitance of the MOS device to determine Dit experimentally. The 

experimental setup consists of a semiconductor characterization system, an LCR meter, 

and a wafer probe station. 

 

2) Characterization of the Al2O3/SiC Interface with X-Ray Photoelectron 

Spectroscopy 

Ryan Thorpe1, Isanka Jayawardhena2, Sarit Dhar2, Marcelo A. Kuroda2, Ayayi 

Ahyi2 and Leonard C. Feldman1 
1Physics and Astronomy and 2Auburn University, College of Science and 

Mathematics 

 
Al2O3 is a candidate dielectric layer in SiC MOSFETS due to its wide band gap and a 

dielectric constant comparable to SiO2. However, the quality of the interface of ALD-

grown Al2O3 and 4H-SiC is known to be highly dependent upon the thickness and 

stoichiometry of the SiOx layer at the SiC surface. In particular, SiC devices with sub-

nanometer SiOx films grown by annealing at 600°C in O2 have achieved record high 

electron mobilities up to 125 cm2/V‧ s [1]. The present work uses x-ray photoelectron 

spectroscopy to characterize ultrathin Al2O3/SiOx/SiC stacks prepared under different 

conditions in order to determine the role of the SiOx layer. 

 
[1] IEEE Elec. Dev. Lett., 39 (4) 2018 
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3) Electrochemical Conversion of CO2 to Monoethylene Glycol: a Pathway to 

Renewable Plastics 

Karin U. D. Calvinho*1, Anders B. Laursen1, Kyra M. K. Yap1, Yifei Li1 and G. Charles 

Dismukes1, 2 
1Chemistry and Chemical Biology and 2The Waksman Institute 

 

The electrochemical carbon dioxide reduction reaction (CO2RR) is a potential 

cornerstone of the future renewable chemical and fuel production, to replace feedstocks 

currently derived from petroleum. Among the organic chemicals that can be derived from 

carbon dioxide, monomers such as ethylene glycol are of special interest because of their 

large market and the potential to sequester CO2 as polymers, as well as the possibility to 

manufacture renewable plastics. Here, we introduce iron phosphide as a new, earth-

abundant catalyst for the electrochemical conversion of CO2 to ethylene glycol.  

 

Phase-pure crystalline Fe2P was prepared by solid state synthesis at 800oC and 

characterized by PXRD. The micron-sized powders were then pressed into pellet 

electrodes containing 10% (w/w) Nafion as a binder. These electrodes were then tested in 

a three-electrode sandwich type cell, containing 0.5 M KHCO3 aqueous electrolyte, 

constantly purged with CO2. The headspace was monitored by gas chromatography and 

the liquid products were characterized by NMR and quantified by HPLC. The only 

product found in the gas phase was hydrogen, while ethylene glycol was the major 

product in the liquid phase. Minor quantities of formate, methylglyoxal (C3), and 

furandiol (C4) were also present. Iron phosphide catalyzes this 10-electron reduction 

reaction to ethylene glycol at potentials as low as -0.10 V vs RHE. This behavior 

contrasts what is observed on the isostructural Ni2P (Calvinho et al. 2018), which exhibits 

a higher selectivity to C3 and C4 products, indicating that electronic effects significantly 

change the reaction mechanism for hydride transfer and carbon-carbon coupling on 

transition metal phosphides.  

 

 

 
 

 
References 

 

Calvinho, Karin U. D., Anders B. Laursen, Kyra M. K. Yap, Timothy A Goetjen, Shinjae Hwang, 

Nagarajan Murali, Bryan Mejia-sosa, et al. 2018. “Selective CO2 Reduction to C3 and C4 

Oxyhydrocarbons on Nickel Phosphides at Overpotentials as Low as 10mV.” Energy & 

Environmental Science. Royal Society of Chemistry, 2550–59. doi:10.1039/c8ee00936h. 
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4) CO2 Reduction Reaction Catalyzed by Ni2P Using a New Flow Cell Design 
Yifei Li*, Karin Calvinho, Anders Laursen, Gerard Charles Dismukes and Eric Garfunkel 

Chemistry and Chemical Biology 

 

The consumption of fossil fuel caused a lot of issues like global warming, energy 

shortage and sea-level rise to some extent. CO2 reduction reaction (CO2RR) could be a 

promising approach for CO2 recycling in atmosphere to lower the concentration of carbon 

dioxide concentration and relieve energy stress. Our group is investigating enhancing the 

efficiency of CO2RR by utilizing Ni2P and other transition metal phosphides as the 

catalyst. Using a new flow-cell that overcome mass transport limitations by providing 

ample supply of CO2 is predicted to enhance the current density at the same overpotential. 

Measuring the potential-current performance as well as probing selectivity changes in 

this new regimen is essential for guaranteeing scalability of this important technology. 

 

5) Manganese Oxides as Electrocatalysts for the Oxygen Evolution Reaction 
Krishani M. Teeluck*, Alexander M. Kim, John P. Domenico and G. Charles Dismukes 

Chemistry and Chemical Biology 

 
Electrochemical water splitting is composed of the hydrogen evolution reaction at the 

cathode and the oxygen evolution reaction (OER) at the anode. The OER is the least 

efficient of the two reactions because it involves removal of four electrons and four 

protons; if they can be coupled together via an appropriate catalyst, the energy cost can 

be reduced. Although the thermodynamic minimum occurs for the concerted 4e-/4H+ 

process, no OER catalyst or enzyme has ever achieved this minimum due to their 

intrinsic overpotential (~0.3-0.4 V/O2). It is therefore essential to develop new catalysts 

that overcome both intrinsic overpotentials (iOP) and kinetic overpotentials (kOP), 

arising from transport of the reactants and products to/from the catalyst, ideally using 

earth-abundant materials. To achieve the lowest iOP, the OER catalyst must facilitate 

concerted O-O bond formation. In a systematic study of eleven manganese oxides, it was 

found that Mn(III) is the most active oxidation state of Mn in oxides (lower iOPs) that 

have corner-sharing octahedra, which are the most flexible (not edge-shared). Undistorted 

Mn(III)O6 octahedra have the degenerate antibonding d-orbital electronic configuration 

eg
1 , which has a strong driving force (0.5-1 eV) to distort tetragonally to form metal-

oxygen bonds with four short and two long Mn-O bonds (Jahn-Teller effect).1 However, 

ligand fields that allow tetragonal distortion were found to suppress OER activity of 

Mn(III) relative to corner-shared Mn(III) sites that could only undergo trigonal ligand 

field distortions. For example, corner-shared Mn(III)O6 on trigonal sites in both Mn2O3 

(bixbyite) and in hexagonal birnessite gives the highest OER activities per Mn of all the 

manganese oxides studied. The trigonal ligand field of these MnO6 sites maintain 

degeneracy of the two eg d-orbitals throughout all distortions along the three-fold axis. 

This rigorous orbital degeneracy maintained for any magnitude of trigonal distortion is 

believed to be the reaction coordinate that allows concerted 2e- redox chemistry of water 

(hydroxide) ligands, as it also brings the two substrate O atoms closer together to form 

the first intermediate peroxide bond. This reaction coordinate presupposes that both 

substrate O atoms are bound to one Mn site (not two), which was proven to be required 

for OER catalysis in organometallic cubane compounds possessing the [Co4O4]4+ core.2 

Here we investigate the OER activity of Co-doped Mn2O3. The increased reduction 

potential of the Co(IV)/Co(III) couple relative to the Mn(IV)/Mn(III) couple is expected 

to lower the iOP required for OER,3 while the distortion coordinate along the 3-fold axis  
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is predicted to be even lower for the low-spin electronic configuration, t2g
5 , which lacks 

significant Jahn-Teller distortion energy. 

 
1 Robinson, D. M. et al. Photochemical water oxidation by crystalline polymorphs of manganese 

oxides: structural requirements for catalysis. Journal of the American chemical Society 135, 3494-

3501 (2013). 

2 Smith, P. F. et al. Water oxidation by the [Co4O4 (OAc) 4 (py) 4]+ cubium is initiated by OH–

addition. Journal of the American Chemical Society 137, 15460-15468 (2015). 

3 Cady, C. W. et al. Tuning the electrocatalytic water oxidation properties of AB2O4 spinel 

nanocrystals: a (Li, Mg, Zn) and B (Mn, Co) site variants of LiMn2O4. ACS Catalysis 5, 3403-

3410 (2015). 

 

6) Electrodeposition and Thermal Annealing Synthesized Single-Phase 

Crystalline Ni3P Films as Hydrogen Evolution Reaction Electrocatalysts for 

Electrochemical and Photoelectrochemical Water Splitting 
Hengfei Gu*1, Shinjae Hwang1, Anders B. Laursen1, Kelly Yen1, Mengjun Li1, Yifeng 

Liu2, Eric Garfunkel1 and G. Charles Dismukes1,3 
1Chemistry and Chemical Biology, 2College of Chemistry, Jilin University, People’s 

Republic of China and 3Waksman Institute of Microbiology 

 

Water splitting using electricity produced from renewable sources has been considered as 

a sustainable, fossil-free and CO2-free pathway to produce hydrogen as chemical 

feedstock and clean fuel. Renewable hydrogen production can be achieved with high 

efficiency by using rare platinum group metal catalyst (Pt) under acidic conditions. Due 

to the scarcity and high cost of Pt, research has focused on developing cost-effective and 

robust catalysts made from earth-abundant elements. Microcrystalline Ni3P has been 

identified as a noble-metal-free catalyst for the H2 evolution reaction (HER) with high 

catalytic activity (just below the two most efficient HER catalysts known, Pt and Ni5P4). 

It has good stability (low corrosion) in both acid and base and can be synthesized in high 

yield and purity free of the five other Ni-P phases. Here, we report synthesis of 

nanocrystalline Ni3P using electrodeposition from solution to form amorphous Ni-P 

alloy, followed by thermal annealing to produce the pure single phase. This strategy 

enables integration of pure nanocrystalline Ni3P as films of variable thickness on various 

conductive substrates, including fluorine-doped tin oxide coated glass, titanium oxide 

coated titanium plate, nickel coated planar silicon wafer, carbon paper and carbon cloth. 

The intrinsic HER activity of nanocrystalline Ni3P produced in this work is on par with 

its reported microcrystalline counterpart (Laursen et al. 2018). Applications include 

forming thin film conformal coatings for photoelectrochemical and electrochemical cells 

for renewable hydrogen production from water. Supported by DOE-EERE-HydroGEN. 

 

7) XPS Study of the Si Oxidation States and the Nitride SiO2/SiC(4H-0001) 

Interface 
Hengfei Gu*1, Mengjun Li1, Ryan Thorpe1, Hongbin Yang1, Leonard C. Feldman2 and 

Eric Garfunkel1 
1Chemistry and Chemical Biology and 2Physics and Astronomy, and Materials Science 

and Engineering 
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Semiconducting SiC (4H), with a large band-gap of 3.2eV, operates at higher 

temperatures and power than conventional Si(1.1 eV). However, the thermally grown 

SiO2/SiC(4H-0001) interface has poor electrical quality (with limited mobility and 

reliability) when used in a SiC Metal-Oxide-Semiconductor Field-Effect Transistors 

(MOSFET). Post-oxidation NO annealing improves the device performance by 

incorporating N at the interface. The mechanism underlying such mobility improvement 

of the interface by nitridation is not well understood. Here, we reported on the change of 

the intermediate Si interface/oxidation states at and near the “as-grown” and N-passivated 

SiO2/SiC(4H-0001 Si-face) interfaces by means of grazing X-ray Photoelectron 

Spectroscopy (XPS). Such an understanding is likely to provide insight into the N 

mechanism and an avenue for developing future SiC-based power devices. 

 

8) Iron Doping Ni2P for Increased Catalytic Activity in the Hydrogen Evolution 

Reaction 
Thomas Geannakakes*, Kelly. R. Petraju, Anders Laursen and G. Charles Dismukes  

Chemistry and Chemical Biology 

 

Literature has shown nickel phosphides to act as stable and highly active catalysts for the 

Hydrogen Evolution Reaction. The Ni2P phase of nickel phosphide has high 

thermodynamic stability and has been shown in literature and previous work to be an 

effective HER catalyst. Fe2P is isostructural allowing isostructural mixing with Ni2P. 

Substitution of Fe into the Ni2P structure may increase its HER activity by reducing 

surface-hydrogen binding energy; since DFT studies have shown Ni2P binds surface-H 

too strongly. 0-100% Fe substitution into Ni2P crystal sites (verified by PXRD), were 

synthesized by solid-state synthesis and analyzed for elemental composition with SEM-

EDX, and assembled into electrodes for cyclic voltammetry tests to assess the catalytic 

ability of each composition. While the results appear to indicate a lower overpotential for 

HER at Fe substitution between 10-40%, the data scatter is too large to be conclusive at 

this time, and more tests must be performed to resolve an accurate trend.  

 

9)  Effect of Tin Depletion in Platinum-Tin Bulk Alloys for Ethane 

Dehydrogenation 

Jinwoong Nam* and Fuat E. Celik 

Chemical and Biochemical Engineering 

 

Coke formation leading to catalyst deactivation is a major drawback for catalytic 

dehydrogenation of ethane. It has been shown that alloying Sn with Pt dramatically 

decreases total carbon formation on active sites but the mechanism of coke deposition on 

platinum-tin alloys remains unknown. In this work, we investigate ethane 

dehydrogenation reaction on platinum-tin alloys with density functional theory (DFT) 

calculations to see how composition and structure of the platinum-tin alloy affects coke 

formation. 
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10) Resonant Raman Scattering in the Giant Rashba System BiTeI 
Alexander Lee* and G. Blumberg 

Physics and Astronomy 

 
BiTeI has recently seen a resurgence of interest following its discovery as a giant Rashba 

system [1]. A major point of investigation has been to identify and analyze the single 

particle and collective mode excitations of this system. Using polarization resolved 

Raman spectroscopy, we have identified a previously unseen optical plasmon mode. We 

show by excitation dependence measurements that the mode undergoes resonant Raman 

signal enhancement over an incident energy region of less than 0.5eV. On this platform, 

we present the first Raman scattering study of BiTeI that has investigated its collective 

mode properties and unambiguously identified a new collective mode appearing in the A1 

(charge) symmetry channel.  

 

The spectroscopic study at Rutgers was supported by NSF Grant No. DMR-1709161 

 
[1]  K. Ishizaka, M. Bahramy, H. Murakawa, M. Sakano, T. Shimojima, T. Sonobe, K. Koizumi, S. Shin, H. Miya-hara, 

A. Kimura, et al., Nature materials 10, 521 (2011). 
 

11)  A DFT-Based Model Study of Structural Phase Transitions in MoTe2 

Jinwoong Kim, Sobhit Singh, Karin M. Rabe and David Vanderbilt 

Physics and Astronomy 

 
Polar semimetals are of growing interest, especially those exhibiting a ferroelectric-like 

structural transition from a high-symmetry phase as the temperature is reduced. Here we 

explore the van der Waals layered material MoTe2 which has also attracted attention 

because type-II Weyl nodes appear in the vicinity of the Fermi level in the polar phase. 

We uncover an unusual dependence of the polarity upon the stacking sequence of the two 

dimensional layers, and show that our results can be captured in a simple model that can 

describe domain walls and their dynamics in this unusual system. 

 

12)  Focused Helium Ion Beam Nanofabrication of Superconducting Thin Films   
Mengjun Li*1, 2, Leila Kasaei3, Hussein Hijazi1, Thomas Melbourne3, Leonard C. 

Feldman1, Torgny Gustafsson1, Ke Chen3 and X.X.Xi3  
1Physics and Astronomy, 2Chemistry and Chemical Biology and 3Physics, Temple 

University  
 

Josephson junctions (JJs) are widely used in many superconducting circuits, such as 

SQUIDs (Superconducting Quantum Interference Device), to construct extremely 

sensitive magnetometers and voltmeters. Focused He+ ion beam irradiation has the 

potential of direct writing JJ multi-junction circuits. We used TRIM (Transport of Ions in 

Matter) simulations to estimate the ion displacements in epitaxial superconducting films 

to predict ion beam induced damage levels  to form nano-scale “amorphous” (non-super 

conducting) regions, and hence to “write” Josephson junctions. We have fabricated series 

arrays of closely spaced planar Josephson junctions on MgB2 films using a 30 keV 

focused He+ ion beam that set new levels of performance for uniformity and 

reproducibility in MgB2 JJ arrays. 
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13)  Obtaining Thickness-Limited Electrospray Deposition for 3D Coating 
Lin Lei*1, Dylan A. Kovacevich1, Michael P. Nitzsche1, Jihyun Ryu1, Kutaiba Al-

Marzoki2, Gabriela Rodriguez3, Lisa C. Klein2, Andrei Jitianu3 and Jonathan P. Singer1 

1Mechanical and Aerospace Engineering, 2Material Science Engineering and 3Chemistry, 

Lehman College-CUNY  

 

The electrospray is an ionized deposition method, which utilizes the balance of 

electrostatic forces and surface tension within a charged spray to produce charged 

microdroplets with a narrow dispersion in size. A self-limited spray has only been 

observed in the spray of insulating materials onto conductive substrates. In such sprays, a 

limiting thickness emerges where the accumulation of charge repels further spray. In this 

study, we examined the parametric spray of several glassy polymers for thickness-limited 

sprays. The key parameters for determining the limiting thickness were field strength and 

the spray temperature. These control mechanisms can be applied to the uniform or 

controllably varied microscale coating of complex 3D objects.  

 

14)  Highly Selective Adsorption of Xenon from Krypton in a Squarate-Based 

Metal-Organic Framework 
Liangying Li*1,2, Lidong Guo1, Zhiguo Zhang1, Qiwei Yang1, Yiwen Yang1, Zongbi Bao1, 

Qilong Ren1 and Jing Li2 
1Key Laboratory of Biomass Chemical Engineering of Ministry of Education, College of 

Chemical and Biological Engineering, Zhejiang University, Hangzhou and 2Chemistry 

and Chemical Biology  

 

The efficient separation of xenon (Xe) and krypton (Kr) is one of industrially important 

processes. Herein, we demonstrate that a rigid squarate-based MOF, having a perfect pore 

size (4.1 Å  4.3 Å) comparable with the kinetic diameter of Xe (4.047 Å), as well as 

pore surface decorated with very polar hydroxyl groups, is able to effectively 

discriminate Xe atoms, affording a record high Xe/Kr selectivity of 60.6 at low-pressure 

(0.2 bar) and at ambient temperature. The exceptional separation performance, excellent 

framework stability, as well as full recyclability renders this material a truly promising 

candidate for adsorptive separation of inert gas mixtures. 

 

15)  Dyes@MOF-Based Nano-Composites for White Light Emission 
Xiao-Yuan Liu and Jing Li 

Chemistry and Chemical Biology 

 

An in-situ encapsulation method has been developed to encapsulate different types of dye 

molecules into metal-organic frameworks (MOFs) to form white lighting emitting core-

shell nano-composites. Three models, namely multi-phase single shell, single-phase 

single-shell, and single-phase multi-shell, are built to achieve high quality white light. 

Combining the facile, in-situ, and scalable synthesis, the use of inexpensive and 

commercially available dyes, and systematic color tunability, we show that solution-

processable dyes@MOFs-based nano-composite materials prepared via the three models 

may become a promising candidate as a new family of phosphors for possible use in 

energy-efficient commercial lighting devices. 
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16) Thin Film SrNbO2N for Photoelectrochemical Water Splitting: Absolute 

Electronic Structure Measurements and Justifying Its Use for Wide Bandgap 

Photoanode 
Shinjae Hwang*1, Spencer H. Porter1, Mengjun Li1, Martha Greenblatt1, Eric Garfunkel1 

and G. Charles Dismukes1,2 
1Chemistry and Chemical Biology and 2The Waksman Institute 

  

For efficient solar-driven water splitting, a tandem configuration device is required where 

wide and narrow bandgap photoabsorbers collect the overall sun spectrum. The current 

bottleneck is mainly a lack of efficient wide bandgap photoabsorber that has appropriate 

bandgap and bandedge relative to water oxidation. In this study, we investigated thin film 

of SrNbO2N as a wide bandgap photoabsorber. The optical band gap, work function, and 

the energy gap between the valence band to Fermi level were experimentally determined 

and used to create an absolute electronic structure of the SrNbO2N thin film. Our study 

found that this n-type semiconductor has an appropriate bandgap and bandedges for 

thermodynamic water oxidation and reduction, respectively. With oxygen evolution 

catalysts, SrNbO2N shows promising photocurrent, which validates SrNbO2N as a 

promising candidate for a wide bandgap photoanode in tandem water-splitting devices. 

 
 

 

 


