


OPPORTUNITIES IN MATERIALS INFORMATICS 
FEB. 9 - 10, 2015   n   LOWELL/PYLE CENTER   n   UNIVERSITY OF WISCONSIN-MADISON 

matinformatics.engr.wisc.edu

NUMBER AUTHOR and TITLE
1 Wei Chen 

CHARTING THE COMPLETE ELASTIC PROPERTIES OF INORGANIC CRYSTALLINE COMPOUNDS

2 Logan Ward 
HIGH-THROUGHPUT CALCULATION AND MACHINE LEARNING FOR MATERIALS DISCOVERY

3 Johanna Hachmann 
MOLECULAR PROPERTIES FROM BIG DATA
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8 Sara Kadkhodaei 
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THE ORIGIN OF OXYGEN STRENGTHENING EFFECT IN α-TITANIUM

12 Fatih G. Sen 
EVOLUTIONARY ALGORITHMS FOR PARAMETERIZATION OF FORCE FIELDS

13 Qin Gao 
MACHINE LEARNING METHODS FOR INTERATOMIC POTENTIALS: APPLICATION TO 
BORON CARBIDE

14 Xiao Nie 
A STATISTICAL APPROACH FOR PREDICTING STRUCTURAL ENERGY WITH 
SYMMETRIC CONSTRAINTS

15 Jason Maldonis 
STRUCTURE ANALYSIS OF ZR50CU35AL15 METALLIC GLASS

POSTERS
Please join us for a poster session, networking and reception event. The reception will feature appetizers and a 
cash bar. Posters will be on display through the end of the conference (Feb. 10 at 12:00 noon).  
We look forward to your joining us!
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POSTER ABSTRACTS 

 
1 Wei Chen 
CHARTING THE COMPLETE ELASTIC PROPERTIES OF INORGANIC CRYSTALLINE 
COMPOUNDS 
Wei Chen1*, Maarten de Jong2, Tom Angsten2, Mark Asta2 and Kristin Persson1 

 
1 Environmental Energy Technologies Division, Lawrence Berkeley National Laboratory, Berkeley, CA 
94720 
2Department of Materials Science and Engineering, University of California at Berkeley, Berkeley, CA 
94720 
*email: weichen@lbl.gov 
 
The Materials Project is an open materials informatics platform that offers easily accessible computed 
material property data and powerful materials analytics tools [1]. Our recent effort is to utilize materials 
informatics to understand elastic properties of materials. 
The elastic constant tensor provides a complete description of the response of the material to external 
stresses in the elastic limit. It thus provides fundamental insight into the nature of material bonding, and it 
is known to correlate with many mechanical properties. Despite its importance, elastic tensor has been 
measured for a very small fraction of all known compounds, a situation that limits the ability to develop 
new materials with targeted mechanical responses. To address this deficiency, we recently developed the 
largest database of calculated elastic properties for inorganic compounds to date. The methods used to 
develop the database are described, as are results of tests that establish the accuracy of the data. We also 
discuss the data mining results of the data sets and a predictive model of elastic constant from machine 
learning that can accelerate materials discovery and design. 
 
[1] A. Jain, S.P. Ong, G. Hautier, W. Chen, W.D. Richard, S. Dacek, S. Cholia, D. Gunter, D. Skinner, G. 
Ceder and K.A. Persson, “The Materials Project: A Materials Genome Approach to Accerlerating 
Materials Innovation”, APL Materials, 1(1) 0110 

 
2 Logan Ward 
HIGH-THROUGHPUT CALCULATION AND MACHINE LEARNING FOR MATERIALS 
DISCOVERY  
L. Ward1*, V. Hegde1, B. Meredig1,†, S. Kirklin1, and C. Wolverton1 

 
1Department of Materials Science & Engineering, Northwestern University, 2220 Campus Drive, 
Evanston, IL 
* e-mail: logan.ward@u.northwestern.edu 
† Present affiliation: Citrine Informatics 
 
Recent work in the Wolverton Group has focused on two aspects of materials informatics: the creation of 
large datasets of materials properties and the use of machine learning to discover new materials. 
Regarding data sources, we have created the Open Quantum Materials Database (OQMD) – a publically-
available database containing the properties of hundreds of thousands of compounds as computed using 
Density Functional Theory. We have used this database to design a wide variety of materials, including 
novel coatings for Li-ion battery anodes and strengthening precipitates for metal alloys. Additionally, our 
group has developed tools to create predictive models for material properties using databases such as the 



OQMD. Recently, we have developed a general-purpose method to construct models based on the 
composition of a material using a machine learning and applied it to materials ranging from crystalline 
compounds to amorphous metals. 
 
 
3 Johanna Hachmann 
MOLECULAR PROPERTIES FROM BIG DATA 
J. Hachmann 
 
Department of Chemical and Biological Engineering & New York State Center of Excellence in 
Materials Informatics, 612 Furnas Hall, NY 14260, University at Buffalo, SUNY 
e-mail: hachmann@buffalo.edu 
 
Computational quantum chemistry is a useful tool to assess the properties of novel compounds, materials, 
and reactions. While these investigations are often valuable for the specific systems at hand, their broader 
impact tends to be more limited. Our work focuses on merging computational chemistry and molecular 
modeling with Big Data ideas. The virtual high-throughput screening of compound libraries allows us to 
generate huge quantum chemical data sets, which can be employed for data-driven discovery. To extract 
an understanding of the underlying structure-property relationships from these data sets we develop 
chemical data mining tools. These have their roots in machine learning, statistical learning, and 
informatics. We will discuss the utility of these tools and the resulting models for the prediction of 
molecular properties without the need for expensive quantum chemical calculations.  
 
 
4 Tam Mayeshiba 
MATERIALS SIMULATION TOOLKIT (MAST) FOR DIFFUSION AND DEFECT 
CALCULATIONS (POSTER) 
Tam Mayeshiba1*, Henry Wu2 and Dane Morgan2	  
 

1Materials Science Program, 1509 University Avenue, Madison, WI 53706, University of Wisconsin-
Madison 
2Department of Materials Science & Engineering, 1509 University Avenue, Madison, WI 53706, 
University of Wisconsin-Madison 
*email: mayeshiba@wisc.edu	  
 
The MAterials Simulation Toolkit (MAST) is a flexible workflow manager for handling and post-
processing ab-initio calculation workflows for defects and diffusion. It enables users to easily manage the 
calculation of directed acyclic workflows for large data sets of critical defect and diffusion data for 
enhancing understanding and speeding materials development in multiple application areas, including 
nuclear materials, catalysis, semiconductors, and fuel cells.  
 
The MAST software suite, which enabled three recent publications,[1-3] allows for the automatic 
submission of a branching sequence of calculations and is built using pymatgen, the Materials Project’s 
open-source software libraries.[4] MAST also contains specialized code for genetic-algorithm based 
cluster discovery, grain-boundary diffusion coefficient determination, and particle trajectory analysis. 
MAST is freely available for download and includes a full user’s manual.[5] 
 
[1] T. Angsten, T. Mayeshiba, H. Wu, D. Morgan, New Journal of Physics 16 (2014) (1) 015018. 
[2] T. Mayeshiba, D. Morgan, Physical chemistry chemical physics : PCCP 17 (2015) (4) 2715. 



[3] A. Kaczmarowski, S. Yang, I. Szlufarska, D. Morgan, Computational Materials Science 98 
(2015)  234. 
[4] S.P. Ong, W.D. Richards, A. Jain, G. Hautier, M. Kocher, S. Cholia, D. Gunter, V.L. Chevrier, 
K.A. Persson, G. Ceder, Computational Materials Science 68 (2013)  314. 
[5] MAST Development Team. MAterials Simulation Toolkit (MAST). 
https://pypi.python.org/pypi/MAST,  (2014). 
 
 
5 Henry Wu 
HIGH-THROUGHPUT DIFFUSION DATABASES WITH THE MATERIALS SIMULATION 
TOOLKIT (MAST) 
Henry Wu1*, Tam Mayeshiba2 and Dane Morgan1	  
 

1Department of Materials Science & Engineering, 1509 University Avenue, Madison, WI 53706, 
University of Wisconsin-Madison 
2Materials Science Program, 1509 University Avenue, Madison, WI 53706, University of Wisconsin-
Madison 
*email: hhwu@wisc.edu	  
 
The MAterials Simulation Toolkit (MAST) is a python toolkit developed at UW-Madison for managing 
high-throughput ab-initio calculations.  MAST allows for the automation of complex workflows 
consisting of multi-step interconnected VASP calculations, specializing in defects and diffusion. 
 
We present a large diffusion database of dilute solutes in Mg, Al, Cu, Ni, Pd, and Pt alloys as a 
demonstration of the capabilities of MAST for high-throughput materials science.  We explore agreement 
to experimental diffusion measurements and find clear diffusion trends across the periodic table.  These 
chemical trends---including increased diffusion barriers at half d-shell filling and greater barrier variance 
with successive shells---are readily identified using comprehensive elemental screening with high-
throughput techniques.  MAST enables such high-throughput screenings to be managed in an easy and 
consistent manner. 
 

6 Min Yu 
INTEGRATED COMPUTATIONAL AND EXPERIMENTAL STRUCTURE DETERMINATION 
FOR NANOPARTICLES 
Min Yu*, Andrew B. Yankovich, Amy Kaczmarowski, Dane Morgan and Paul M. Voyles	  
 

Department of Materials Science & Engineering, 1509 University Avenue, Madison, WI 53706, 
University of Wisconsin-Madison 
*email: myu66@wisc.edu	  
 
Determining the full three-dimensional (3D) atomistic structure of metastable nanoparticles is critical to 
understanding and controlling their properties. Here we develop an integrated genetic algorithm (GA) 
[1,2] optimization tool called StructOpt that can determine the 3D structure of a nanoparticle by matching 
forward modeling to experimental scanning transmission electron microscopy (STEM) [3,4] data and 
simultaneously minimizing the energy.  This tool integrates the power of GAs for complex optimization 
and utilizes both available experimental and energetics data simultaneously. We validate the accuracy of 
finding the target structure and promising orientation on stable and metastable 309-atom Au nanoclusters, 
demonstrating excellent agreement with model STEM data.  We then demonstrate the tool on a 
metastable Au nanoparticle of about 5000 atoms starting from its experimental STEM image. Our tool 



will enable practical prediction of 3D chemical and topological structure of nanoscale materials from 
intrinsically limited experimental data, and will provide critical, experimentally validated starting 
structures for simulation study of materials’ properties. The StructOpt code developed in this study is 
available under open source licensing as part of the MAterials Simulation Toolkit (MAST) and can be 
obtained from https://pypi.python.org/pypi/MAST. 

[1] R. L. Johnston, Dalton Transactions, 4193–4207 (2003). 
[2] A. Kaczmarowski, S. Yang, I. Szlufarska, and D. Morgan, Computational Materials Science 98, 234-
244 (2015).  

[3] E. J. Kirkland, “Advanced Computing in Electron Microscopy” (Plenum Press, New York/London) 
(1998). 

[4] A. B. Yankovich et al., Nature Communications 5, 4155 (2014). 

 

7 Qi-jun Hong 
PREDICTION OF THE MATERIAL WITH HIGHEST KNOWN MELTING POINT VIA AN 
AUTOMATED AB INITIO MELTING POINT CALCULATION TOOL 
Qi-Jun Hong1,2* and Axel van de Walle1	  
 

1School of Engineering, 182 Hope Street, Providence, RI 02912, Brown University 
2Division of Chemistry and Chemical Engineering, 1200 East California Boulevard, Pasadena, CA 
91125, California Institute of Technology 
*email: qijun_hong@brown.edu	  
 
We demonstrate the feasibility of high-throughput materials screening and discovery via automated high-
temperature ab initio calculations for the optimization of melting point, whose determination requires 
extensive computational sampling of atomic configurations. We use our recently developed small-cell 
coexistence method [1], implemented in a computer code called SLUSCHI (Solid-Liquid in Ultra-Small 
Coexistence with Hovering Interface), for our ab initio melting point calculations. As an example, we 
study the melting temperatures and phase diagrams of hafnium carbide (HfC), tantalum carbide (TaC) 
and their mixtures, which have the highest melting temperatures known to date. Very few measurements 
of the melting points of tantalum and hafnium carbides have been reported, because of the obvious 
experimental difficulties at extreme temperatures. Our identification of key contributing chemical factors 
leads us to the discovery of a new class of materials, which should exhibit even higher melting 
temperatures than the Ta-Hf-C alloys and suggest promising novel high-performance refractory 
materials. 
 
[1] Q.-J. Hong and A. van de Walle, J. Chem. Phys. 139 (2013) 094114.  

 
 
 
 
 
 
 
 
 



 
8 Sara Kadkhodaei 
FREE ENERGY CALCULATIONS OF THE MECHANICALLY UNSTABLE BUT 
DYNAMICALLY STABILIZED BCC PHASE OF TITANIUM 
S.Kadkhodaei1*, A. van de Walle1	  
 

1School of Engineering, 184 Hope Street, Providence, RI 02912, Brown University 
*email: sara_kadkhodaei@brown.edu	  

 
At high enough temperature and ambient pressure, titanium exhibits a stable bcc phase. However, 
harmonic phonon analysis of bcc titanium suggests that it is mechanically unstable. It is known that this 
apparent paradox can be explained by noting that the system is hopping between local minima, which 
occur away from ideal bcc position, in a way such that the average atomic positions stay at the bcc sites. 
However, a practical way to determine the free energy of such a system has remained elusive. 

 
To calculate free energy in such phases, the energy surface is explored by discrete sampling of the 
various local minima via a cluster expansion approach and by a continuous sampling in the vicinity of 
each local minimum using a harmonic approximation. Given the proximity of the local minima, it is 
necessary to carefully partition phase space using a Voronoi tessellation to constrain the domain of 
integration, to avoid double-counting artifacts. 
 
 
9 Ruoshi Sun 
AB INITIO CALCULATION OF THE EFFECT OF IMPURITIES ON ANTIPHASE 
BOUNDARIES IN NI3AL 
Ruoshi Sun1*, Christopher Woodward2 and Axel van de Walle1 

 

1School of Engineering, Brown University, Providence, RI 02912 

2Air Force Research Laboratory, Wright Patterson Air Force Base, Dayton, OH 45433 
*email: ruoshi_sun@brown.edu 

 
The effect of impurities on the strengthening of Ni3Al is investigated via ab initio calculations. For each 
candidate impurity (Ti, Hf), cluster expansion is performed to predict supercell total energies sampled in 
Monte Carlo, obtaining antiphase boundary energies as a function of impurity concentration and 
temperature, from which the optimum conditions are identified. The approach can be readily applied to 
other systems and has been added to the Alloy Theoretic Automated Toolkit (ATAT) software package.	  

 
 
10 Florian Goeltl 
DEVELOPING A DESCRIPTOR BASED APPROACH FOR THE ADSORPTION OF CO AND 
NO TO DIVALENT TRANSITION METAL CATIONS IN ZEOLITES 
Florian Göltl*1, Philippe Sautet2 and Ive Hermans1,3	  
 

1Department of Chemistry, 1101 University Avenue, Madison, WI 53706, University of Wisconsin-
Madison 
2 Université de Lyon, CNRS, Ecole Normale Supérieure de Lyon, Laboratoire de Chimie, 46 Allée 
d’Italie, F-69342 Lyon Cedex 07, France 
3 University of Wisconsin, Madison, Department of Chemical and Biological Engineering, 1415 
Engineering Drive, 53706 Madison, Wi, USA  
 



The development and application of descriptor based approaches has become state of the art in many 
areas of materials science and catalysis. Especially challenging in this context is the description of  the 
chemical properties of extra-framework cations in zeolites, because typically a distribution of different 
active sites with highly different local coordinations is present. In this work we develop an accurate, 
transferable, multi-parameter approach for the description of the adsorption of CO and NO to divalent 
Cu, Ni, Co and Fe extraframework sites in the zeolites SSZ-13 and mordenite. As a first step we define a 
set of 27 different sites and calculate adsorption of the two molecules to the four different metal atoms. In 
a second step we identify relevant descriptors, which include electronic structure based ones, the stability 
of the active sites and the local charge at the transition metal atoms. In the end we use a multiparameter-
approach, which leads to an excellent fit (R2  of 0.93 and Q2 of 0.88). Combined with BEP relationships, 
this work will allow to quantitatively accurate predict the activity of transition metal exchanged zeolites. 
 
 
11 Liang Qi 
THE ORIGIN OF OXYGEN STRENGTHENING EFFECT IN α-TITANIUM 
Liang Qi1*, Qian Yu2, Tomohito Tsuru3, Andrew Minor4, Mark Asta4, Daryl Chrzan4  

1Department of Materials Science and Engineering, University of Michigan, Ann Arbro, MI, 48109, USA 
2Department of Materials Science and Engineering, Zhejiang University, Hangzhou, Zhejiang, China 
3Nuclear Science and Engineering Directorate, Japan Atomic Energy Agency, Tokai-mura, Ibaraki, Japan 
 4Department of Materials Science and Engineering, University of California, Berkeley, CA 94720, USA 
*email: qiliang@umich.edu 

Very small concentrations of O interstitials in hexagonal-close-packed (hcp) α-Ti can induce 
significant strengthening, but with the detrimental effect of lowering toughness. To provide new 
insights into this problem, we performed first-principles calculations to analyze the interactions 
between interstitial atoms and screw dislocation cores in hcp-Ti. Both indirect studies of 
generalized stacking fault energy and direct investigation of dislocation cores show that oxygen 
and other large interstitials are strongly repelled by the screw dislocation core. This repulsion 
forces these interstitials to move from their original interstitial site during dislocation slip. The 
origin of this repulsion is the structure of hcp lattice: in the hcp-Ti screw dislocation core, the 
interstitial volume is largely reduced. The results are shown to be in good agreement with recent 
experimental observations derived from in-situ mechanical tests of Ti samples with different 
oxygen concentrations and scanning transmission electron microscope (STEM) characterizations 
of their dislocation core structures.  

 
12 Fatih G. Sen 
EVOLUTIONARY ALGORITHMS FOR PARAMETERIZATION OF FORCE FIELDS 
Fatih G. Sen1, Badri Narayanan1, Alper Kinaci1, Michael J. Davis2, Stephen K. Gray1, Subramanian K. 
R.S. Sankaranarayanan1 and Maria K. Y. Chan1* 
 

1Center for Nanoscale Materials, 9700 S. Cass Ave., Lemont, IL 60439, Argonne National Laboratory 
2Chemical Sciences and Engineering 9700 S. Cass Ave., Lemont, IL 60439, Argonne National 
Laboratory 
*Email: mchan@anl.gov  
 
The design of next-generation functional materials and the quest to gain insights into dynamical 
processes at the atomic scale entail efficient and accurate atomistic simulations. The success of these 



simulations hinges on the accuracy, robustness, and transferability of the force fields (FFs) employed to 
describe interatomic interactions. One aspect of developing these FFs is to determine the set of variable 
parameters in their functional forms that closely reproduce available experimental or quantum 
mechanical data. In general, accurate FFs possess complex functional forms with numerous parameters, 
and call for sophisticated fitting strategies. Genetic algorithms (GA) provide an efficient way to scan the 
entire parameter space for such an optimization problem. Here, using Au and IrO2 systems as examples, 
we investigate the applicability of GA for force field fitting using single and multiple objectives. We 
analyze the influence of population size, number of objectives and number of generations in the GA 
routine on the transferability and accuracy of the parameterized force fields. 	  
 

13 QIN GAO 
MACHINE LEARNING METHODS FOR INTERATOMIC POTENTIALS: APPLICATION TO 
BORON CARBIDE 
Q. Gao1, S. Yao1 and M. Widom1* 
1Department of Physics, 5000 Forbes Avenue, Pittsburgh, PA 15213, Carnegie Mellon University 
*email: widom@cmu.edu	  
 
Total energies of crystal structures can be calculated to high precision using quantum-based density 
functional theory (DFT) methods, but the calculations can be time consuming and scale badly with 
system size.  Boron carbide exhibits disorder in the distribution of boron and carbon atoms among the 
crystallographic sites [1].  A cluster expansion of the DFT energy in a series of pairs, triplets, etc. is 
prohibitive owing to the complexity of the structure.  We fit the energies using a Gaussian process based 
on pairs that captures nonlinear effects associated with many-body interactions.  Given the interaction 
model, we apply histogram analysis to Monte Carlo simulations to evaluate the phase diagram in the 
temperature-composition plane, obtaining three phases separated by one continuous (Ising) transition and 
one first order (3-state Potts) transition. 

 
 
  

 
  
 

 
 

 
 
 
 
 
 

 
 
 

 
 
[1] S. Yao, W.P. Huhn and M. Widom, Solid State Sci. (2014, in press). 
 
 

Figure 1 Ideal structure of B13C2 with two 
icosahedra removed to reveal C-B-C chain. 

Figure 2 Quality of fit for linear model and 
Gaussian process using pairs only. 



 
14 XIAO NIE 
A STATISTICAL APPROACH FOR PREDICTING STRUCTURAL ENERGY WITH 
SYMMETRIC CONSTRAINTS 
X. Nie1, A. Kaczmarowski2, D. Morgan3 and P. Qian1* 
 
1Department of Statistics, 1300 University Avenue, Madison, WI 53706, University of Wisconsin-
Madison 
2Sandia National Laboratories, Albuquerque, NM 87185 
3Department of Materials Science & Engineering, 1509 University Avenue, Madison, WI 53706, 
University of Wisconsin-Madison 
*email: peterq@stat.wisc.edu	  
 
Searching for materials with desired properties constitutes an essential part of material science research. 
Typically, conventional models provide little insight about how to generate materials with the desired 
properties, and searching for such materials requires combinatorial exploration of different states. A 
promising alternative would be to model the relation with statistics and make inferences based on the 
simpler statistical model. Here, we propose a statistical approach for predicting structural energy of 
arbitrary arrangements of atoms in a nanoparticle of arbitrary size. Our model takes into consideration 
various symmetric constraints inherent in the physical system to make accurate predictions. Compared to 
conventional models, it is easy to understand and interpret. It is also flexible with various functional 
estimation techniques. In our illustration, we used a simple regression spline method to estimate the 
functions. More specialized and sophisticated methods may be employed under the same framework to 
achieve better prediction accuracy. 
 
 
15 JASON MALDONIS 
STRUCTURE ANALYSIS OF ZR50CU35AL15 METALLIC GLASS 
Jason J. Maldonis1*, P. Zhang1, M. Besser2, M. Kramer2, and P. M. Voyles1 

 

1Materials Science & Engineering, University of Wisconsin, Madison, Madison, WI 53706 
2Ames Laboratory, Ames, IA 50011 
*email: maldonis@wisc.edu	  
 
The connection between nanoscale structure and glass forming ability in a Zr50Cu35Al15 metallic glass 
(MG) was studied using fluctuation electron microscopy (FEM) and hybrid reverse Monte Carlo (HRMC) 
simulations to produce realistic MG structures. Structural features were identified using Voronoi 
polyhedra analyses and a novel three-dimensional Fourier transform masking scheme that isolates 
important sub-structures in the glass. When compared to a previously studied MG, Zr50Cu45Al5 [1], the 
Zr50Cu35Al15 MG shows poorer glass forming ability. We attribute this to the increasing stability of the 
crystal-like region in the latter glass as a function of annealing. This indicates that destabilizing the 
crystal-like structure is key in creating MGs with good glass forming ability. 
 
 [1] Hwang J, Melgarejo ZH, Kalay YE, Kalay I, Kramer MJ, Stone DS, Voyles PM. Phys Rev Lett 
2012;108:195505. 
 
 
 
 
 



16 SEAN COLLINS 
RAPID SCREENING OF MILLIONS OF METAL ORGANIC FRAMEWORK MATERIALS 
FOR CO2 CAPTURE USING MACHINE LEARNING AND MATERIALS INFORMATICS 
S.P. Collins1, M. Fernandez, T.D. Daff1, P.G. Boyd1, M. Zein Aghaji1, T.K. Woo1*	  
 

1Centre for Catalysis Research and Innovation, 10 Marie Curie, Department of Chemistry, Ottawa, ON 
K1N 6N5, University of Ottawa 
*email: scollin3@uottawa.ca	  
 
Metal Organic Frameworks (MOFs) are a novel class of nano-
porous materials composed of metal and organic structural 
building units (SBUs)[1]. MOFs have been synthesized with a 
diverse range of physical and chemical properties for a broad 
range of applications such as gas separation, catalysis, sensing, 
drug delivery, etc[2]. Due to the nearly limitless combinations  
 
 
possible, finding the optimal set of SBUs to construct a MOF for a given application presents a 
remarkable design challenge 
 
We have developed an algorithm to construct MOF structures virtually from libraries of SBUs thereby 
producing a database of over a million structures with over 1000 different topologies.  Using new 
materials descriptors, we have developed quantitative structure–property relationship (QSPR) models 
using advanced machine learning algorithms that can rapidly and accurately recognize high-performing 
materials for CO2 capture [3]. This model can drastically reduce computational time necessary during 
high-throughput screenings. 

 [1] H. Zhou, J. Long, O. Yaghi, Chem. Rev. 112 (2012) 673. 

[2] J.-R. Li, J. Sculley, H.-C. Zhou, Chem. Rev. 112 (2012), 869. 

[3] M. Fernandez, P.G. Boyd, T.D. Daff, M. Zein Aghaji T.K. Woo, J. Phys. Chem. Lett. 5 (2014) 3056. 

 
17 KRISHNAN SURESH 
MICROSTRUCTURAL DESIGN ON HIGH-PERFORMANCE COMPUTERS 
Krishnan Suresh*	  
 

Department of Mechanical Engineering, 1503 University Avenue, Madison, WI 53706, University of 
Wisconsin-Madison 
*email: ksuresh@wisc.edu	  
 
The objective in microstructural design is to find locally periodic structures with desired (homogenized) 
macroscopic elastic or thermal behavior; see Figure 1. The modern approach towards microstructural 
design is to combine continuum finite element analysis with optimization. 



 
Figure 1: Locally periodic structures with desired macroscopic properties. 

In our research group (www.ersl.wisc.edu), we have developed highly efficient microstructural design 
methods [1] that trace the theoretically optimal Hashin-Shtrikman curves for such structures; two such 
curves are illustrated in Figure 2.  
 

 
Figure 2: Tracing the Hashin-Shtrikman curves for maximum bulk and shear moduli. 

 
The theoretical foundations of this method, and its implementation on multi-core CPUs and many-core 
GPUs will be presented. 
 
[1] K. Suresh, “Efficient Microstructural Design for Additive Manufacturing,” in Proceedings of the 
ASME 2014 International Design Engineering Technical Conferences & Computers and Information in 
Engineering Conference, Buffalo, NY, USA, 2014. 
	  

 
18 CAROLYN CONNER SEEPERSAD 
HIERARCHICAL DESIGN OF NEGATIVE STIFFNESS METAMATERIALS USING A 
BAYESIAN NETWORK CLASSIFIER 
Carolyn Conner Seepersad1*, Michael R. Haberman1,2, Jordan Matthews1, Timothy Klatt2, Clint Morris1, 
and David Shahan3	  
 

1Mechanical Engineering Department, 204 E Dean Keeton St., Stop C2200, Austin, TX 78712, The 
University of Texas at Austin 
2Applied Research Laboratories, 1000 Burnett Road, P.O. Box 8029, Austin, TX 78713 
The University of Texas at Austin 
3HRL Laboratories, 3011 Malibu Canyon Road, Malibu, CA 90265 
*email: ccseepersad@mail.utexas.edu	  
 



A set-based approach is presented for designing negative stiffness metamaterials with macroscopic 
mechanical stiffness and loss properties that surpass those of conventional composites. Negative stiffness 
metamaterials derive their properties from their internal structure, specifically by embedding small 
volume fractions of negative stiffness inclusions in a continuous host material. Achieving high stiffness 
and loss from these materials by design involves managing complex interdependencies among design 
variables across a range of length scales. Hierarchical material models are created for length scales 
ranging from the structured microscale negative stiffness inclusions to the mesoscale composite materials 
to an illustrative macroscale component.  Bayesian network classifiers are used to map promising regions 
of the design space at each hierarchical modeling level, and the maps are intersected to identify sets of 
multilevel or multiscale solutions that are likely to provide desirable system performance. The approach 
is particularly appropriate for highly efficient, top-down, performance-driven design, as apposed to 
bottom-up, trial-and-error modeling.  
 
 
19 GEORGES FADEL 
USING NON-SIMPLY CONNECTED UNIT CELLS IN THE MULTISCALE ANALYSIS AND 
DESIGN OF META-MATERIALS 
 
1Corvid Technologies, Charlotte, NC.  Work was performed for Ph.D. at Clemson University 
2Department of Mechanical Engineering, Clemson University, Clemson, SC 29634-0921,  
*email: fgeorge@clemson.edu	  
 
Systematic engineering of components that employ metamaterials has expanded the mechanical design 
field in recent years. Yet, topology optimization remains a burdensome tool to utilize within a systematic 
engineering paradigm. In this work, the design of a metamaterial shear beam for a non-pneumatic wheel 
using a systematic, two-level design optimization approach is discussed. A top-level design process is 
used to determine the desired geometric and effective material properties of the shear beam, and linking 
functions are established and validated for the design of a shear layer mesoscale structure. At the 
metamaterial design level, innovative homogenization and topology optimization methods are employed 
to determine a set of locally-optimal geometric designs for the shear layer. One geometry, the auxetic 
honeycomb, is shown to be an optimum to the 
minimum volume topology optimization problem for 
materials subjected to pure shear boundary 
conditions. As such, this geometry is identified as a 
candidate for the shear layer  
[1]. Fig. 1. Auxetic structure for shear layer 

 
 

[1] C. Czech, P. Guarneri, N. Thyagaraja and G. Fadel, J. Mech. Des. , (2015);  doi: 10.1115/1.4029518 
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Ultrathin layers of ferroelectric perovskites form striped nanodomains to minimize the electrostatic 
energy of the system. Superlattices consisting of alternating ferroelectric and dielectric atomic layers 
form striped nanodomains that are more resistant to surface contamination and the resulting 
compensation of the depolarizing field by the ambient charge species than a single layer of ferroelectric 
thin film. We have studied nanodomain structures in a PbTiO3/SrTiO3 superlattice using a focused 
synchrotron coherent x-ray nanobeam. The superlattice nanodomains produce diffraction patterns with 
intensity speckles that correspond to the spatial frequency spectrum of the disordered domain pattern. 
Variations of the domain pattern as a function of elapsed time can therefore be evaluated by the 
decorrelation of the corresponding speckle patterns. We measured two superlattice samples with the same 
nominal repeating units (8 PbTiO3 layers and 3 SrTiO3 layers). Both samples have a highly disordered 
domain pattern with a short in-plane coherence length of a few domain periods. For the first sample, the 
domain patterns remain highly correlated for the duration of the experiment (3000 s). For the second 
sample, the domain pattern decorrelates as a function of elapsed time τ and such temporal decorrelation 
can be described using a compressed exponential function exp[-(τ/τs)p] with p=1.5. The characteristic 
decorrelation time τs ranges from 910 s to 1440 s for a series of measurements. We hypothesize that the 
disordered spatial structure of the nanodomains corresponds to one of the various metastable states of the 
sample with nearly degenerate energy levels, and the temporal decorrelation of the domain pattern is 
caused by the thermally driven transition between metastable states at room temperature. 
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Quantitatively mapping surface properties with nanometer or even subnanometer resolutions is critical 
for advanced scanning probe microscopy (SPM) characterization. However, the characterization 
performance often suffers from noises and artifacts due to instrumentation or environmental limitations. 
We propose a novel statistical approach to efficiently refine and predict surface property mapping. 
Scanning Kelvin probe microscopy (SKPM) was selected as an example to test our proposed method on 
lateral nanowire assemblies. We revealed that the proposed method can effectively retrieve the artifact-
free surface potential distribution by automatically identifying topological artifacts. Furthermore, the 
statistical model built upon low spatial resolution successfully predicted the potential values from higher-
resolution. Compared to conventional regression model, our model is able to predict the surface potential 
distribution from less raw data but yields much higher accuracy, thus significantly improving the spatial 
resolution of SKPM surface potential maps. This allows high-precision and high-resolution SPM 
characterizations without enhancing instrumentation capabilities.  
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A sequential design of experiments methodology with an adaptive design space is proposed and 
implemented to optimize a nanofabrication technique that possesses significant uncertainty in terms of 
design region and model structure along with an engineering tolerance requirement. This method is 
developed specifically for advanced technology processes where there is little or no foreknowledge of the 
design region and/or model structure from either mechanistic understanding or empirical studies. This 
technique was applied to optimize an elevated pressure, elevated temperature carbon dioxide (epet-CO2) 
nanoparticle deposition process where silver nanoparticles were deposited directly from an 
organometallic precursor in the fluid phase onto a silicon wafer surface. A target mean nanoparticle size 
of 40 nm was chosen, with surface enhanced Raman spectroscopy (SERS) as the motivating application. 
Using the LoE/ACD method, it was possible to find the process optimum for the epet-CO2 process using 
only 12 experiments conducted in two sequential layers [1].  

[1] "Optimization of a carbon dioxide-assisted nanoparticle deposition process using sequential 
experimental design with adaptive design space,” M. J. Casciato, S. Kim, J. C. Lu, D. W. Hess, and M. 
A. Grover, Industrial & Engineering Chemistry Research, 51(11) 4363-4370 (2012). 
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We have developed a rigorous mathematical framework for quantifying uncertainty (OUQ) [1], and a 
robust software (mystic) [1-3] that lowers the barrier to solving complex problems in predictive science. 
In OUQ, calculations of uncertainty, probability of failure, certification, and experiment design are 
formulated as global optimizations over all possible valid scenarios. Such optimizations, however, are 
high-dimensional, highly-constrained, and non-convex, and generally impossible to solve with current 
optimization technology. Mystic is built to rigorously solve high-dimensional non-convex optimization 
problems with highly nonlinear complex constraints, is capable of solving global optimization problems 
with thousands of parameters and thousands of constraints, and is built to seamlessly leverage high- 



 
 
performance parallel computing. Mystic and OUQ have been used in calculations of materials failure 
under hypervelocity impact, elasto-plastic failure in structures under seismic ground acceleration, and 
phonon anharmonicity in semiconductor design. I will overview of our mathematical framework, and the 
powerful optimization software we have developed to solve these types of large-scale optimization 
problems.  
 
[1] H. Owhadi, C. Scovel, T. J. Sullivan, M. McKerns, and M. Ortiz, “Optimal uncertainty 
quantification”, SIAM Rev., 55 (2013). 
[2] M. McKerns, L. Strand, T. Sullivan, A. Fang, M.A.G. Aivazis, “Building a framework for predictive 
science”, http://arxiv.org/pdf/1202.1056 
[3] M. McKerns, P. Hung, and M. Aivazis, “mystic: a framework for highly-constrained non-convex 
optimization and uncertainty quantification”, http://pythonhosted.org/mystic 
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Globus [1] is software-as-a-service for research data management, used at dozens of institutions and 
national facilities for moving, sharing, and publishing big data. Recent additions to Globus include 
services for robust data publication, cataloging, and discovery that allow users and institutions to: 1) 
enable publication of large research datasets with flexible policies; 2) grant the ability to publish data 
directly from local storage, institutional data stores, or from self-managed cloud storage, without third 
party publishers; 3) build extensible domain-specific metadata that describe the specific research 
attributes; 4) develop publication workflows and automate experiment workflows to meet institutional 
and researcher requirements; 5) deploy public and restricted collections that define control over who may 
access published data; and 6) access a rich discovery model that allows others to search, interrogate, and 
build upon published data.  
 
[1] I. Foster.  IEEE Internet Computing, 15 (2011): 70. 
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This poster will present current efforts to develop a software environment that is both open and scalable 
to address the growing needs for quantitative, digital analysis of microstructural data. The ultimate goal 
of the effort is to fill the gap in the Integrated Computational Materials Engineering (ICME) chain with 
respect to `easy-to-use' microstructure quantification and representation tools across all material classes 
and length scales. Another important goal of the work is to standardize the format of material 
microstructure data, so that the increasing demand for access to scientific research data can be met.  In 
attempting to accomplish these goals, the authors have encountered a number of issues with respect to 
data storage, representation and transferability.  This poster will discuss these issues and introduce a 
general/abstracted data structure for working with digital microstructure data. 
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Data-intensive research often requires significant computational resources including compute capacity, 
well-performing software, and human effort. As a result, many researchers find their work restricted by a 
lack of access to sufficient computational power, scalability limitations of available tools, and/or 
insufficient human resources to efficiently execute large computational workloads. 

 
As a solution to many of these challenges, the integration of high throughput computing approaches to 
applicable computational tasks allows researchers to accomplish their work with better maximal 
efficiency and validity. High throughput computing (HTC) methods not only scale well to maximally 
leverage compute hardware, but also automate many of the steps required to execute and manage 
computational research. Furthermore, when applying a high-throughput approach, a number of additional 
workload automation tools and expanded sets of compute capacity become available. Most importantly, 
HTC approaches often lead to the pursuit of novel research problems as a result of previously unrealized 
computational power 
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Organosilicon electrolytes have been developed as an alternative to conventional carbonate electrolytes 
for advanced lithium-ion battery chemistries [1-3]. This development can involve complex electrolyte 
formulations that contain multiple solvents, co-solvents, salts, and additives. The identification and 
concentration of these components varies depending on the application. Traditionally, electrolyte 
optimization is conducted by comparing discharge capacity at a specific rate and temperature as a 
function of cycling. Statistical differentiation between electrolytes can require running 10+ cells for 200+ 
cycles which occupies significant resources. An alternative approach is to take advantage of data mining  
 
to fully map the multi-dimensional parameter space that is representative of the system including inputs 
(i.e., electrolyte composition, component properties, etc.) and outputs (i.e., charge-discharge profiles, 
cycle efficiency, rate dependence, etc.).  This approach could identify previously overlooked figures of 
merit that could significantly streamline the evaluation process by offering accurate predictions based 
upon data mining results. 

 
 

[1] Rossi, N. A. A.; West, R., Silicon-containing liquid polymer electrolytes for application in lithium ion 
batteries. Polymer International 2009, 58, (3), 267-272. 
 
[2] Zhang, L.; Zhang, Z.; Harring, S.; Straughan, M.; Butorac, R.; Chen, Z.; Lyons, L.; Amine, K.; West, 
R., Highly conductive trimethylsilyl oligo(ethylene oxide) electrolytes for energy storage applications. 
Journal of Materials Chemistry 2008, 18, (31), 3713-3717. 
 
[3] Chen, X.; Usrey, M.; Pena-Hueso, A.; West, R.; Hamers, R. J., Thermal and electrochemical stability 
of organosilicon electrolytes for lithium-ion batteries. Journal of Power Sources 2013, 241, 311-319. 
 
	  
 
 
 
 
 
 
 
 
 
 
 

 
 
	  

 
 

 



 

 
 
	  

 

 




