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APPROACH
Donec aliquet vel purus in cursus. 
Vestibulum quis quam rhoncus, 
accumsan enim a, iaculis velit. 
Aliquam aliquam, nisl sed mollis
tempor, magna metus facilisis justo, 
quis adipiscing dui tellus sed mi. Nam 
sit  amet rutrum est, sed placerat
tellus. In quis nisl non odio fringilla
tincidunt sed sodales nisi. Etiam a  
tortor vel nisl blandit iaculis. 
• Nunc eget dolor blandit, ultrices

ipsum vel, sagittis dolor. 
• Mauris lacinia sagittis eros nec

dapibus. Vivamus mauris justo, 
venenatis ut ornare nec, pharetra at 
mauris.

• Duis sollicitudin rhoncus nisi. 
Approximately 50 words OR 3 – 5 
bullets @ 36 pt Arial

IMPACT
• Nunc eget dolor blandit, ultrices ipsum vel, 

sagittis dolor. 
• Mauris lacinia sagittis eros nec dapibus. 

Vivamus mauris justo, venenatis ut ornare
nec, pharetra at mauris.

• Duis sollicitudin rhoncus nisi. 
• Donec tristique dolor nibh, vel feugiat ipsum

fermentum vitae.
• Nulla suscipit mauris vestibulum, non mollis

mi blandit.

3 – 5 bullets @ 36 pt Arial

ACHIEVEMENTS
• Three columns

• Arial font

• 48” wide x 36” tall

• Mix of text with a heading and images with optional captions

• Images can include graphs, output, photos

• Captions optional
• Mauris lacinia sagittis eros nec dapibus. Vivamus mauris

justo, venenatis ut ornare nec, pharetra at mauris.
• Duis sollicitudin rhoncus nisi. 
• Donec tristique dolor nibh, vel feugiat ipsum fermentum

vitae.
• Nulla suscipit mauris vestibulum, non mollis mi blandit.

3 – 5 bullets @ 36 pt Arial

OBJECTIVE
Lorem ipsum dolor sit amet, consectetur
adipiscing elit. Proin nisl leo, dapibus at 
libero eget, condimentum accumsan leo. 
Donec lacinia, nisl ac eleifend porta, nunc
dolor consectetur purus, sed rhoncus sem
nibh quis est. Ut gravida libero et quam 
tincidunt, quis adipiscing risus dignissim. 
Maecenas viverra volutpat pretium. Aliquam
mi odio, pretium vestibulum cursus sed, 
vestibulum at dolor. 

Vivamus mauris erat, sagittis sed egestas
et, interdum id lorem. Nulla facilisi. Proin
porta sit amet mi id varius.
Approximately 75 words @ 44 pt Arial

FUTURE WORK
• Nunc eget dolor blandit, ultrices ipsum vel, 

sagittis dolor. 
• Mauris lacinia sagittis eros nec dapibus. 

Vivamus mauris justo, venenatis ut ornare
nec, pharetra at mauris.

• Duis sollicitudin rhoncus nisi. 
• Donec tristique dolor nibh, vel feugiat ipsum

fermentum vitae.
• Nulla suscipit mauris vestibulum, non mollis

mi blandit.

3 – 5 bullets @ 36 pt Arial
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Using Bond Dissociation Free Energies to 
Understand and Predict NH3 Oxidation Catalysts
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• Want to make transportable 
fuels from renewable sources

• Storing H2 in ammonia helps 
with transportation

CHALLENGE: N2 reduction and NH3 oxidation are difficult 
at mild conditions

• 6 H+/e- processes
• Energy intensive
• N–N coupling is difficult

APPROACH: Use density functional theory (DFT) to 
calculate bond dissociation free energies (BDFEs) to 
predict new catalysts for NH3 oxidation
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DFT: B3LYP//6-31G**/SDD on M in Gaussian 09 and ORCA, SMD Solvent: MeCN, 
energies in kcal/mol, 2,4,6-tri-tert-butylphenoxyl radical (ArO•) as HAT agent, 
followed by NBO analysis

• Want to remove H• 
atoms via hydrogen 
atom transfer (HAT) 
or electrochemical 
steps. 

• Can calculate 
thermodynamics 
using DFT. 

N

N N
N NM

X

• Polypyridyl (PY5) ligands have 
been used for hydrogen/oxygen 
atom transfer, H2 generation…

• Many metals have been used 
experimentally (Mo, Fe, Ru) Py5

N2 + 6 H+ +  6 e- 2  NH3N2 + 6 H+ +  6 e- 2  NH3

N–N COUPLING

Three similar BDFEs in Mo indicate a potential candidate 
for NH3 oxidation via HAT.

Mo nitrides are thought to be unreactive due to their strong 
π bonds.
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ΔH = +85 kcal/mol Highly endothermic coupling

By comparison, Mo(PY5) seem quite favorable: 

Cherry, J.-P. F. et al. J. Am. Chem. Soc. 2001, 123, 7271-7286.

Electrons on N and Ru 
destabilize imido

Correlation exists: Available π* orbital on the nitride 
(making nitride more electrophilic) leads to more favorable 
coupling. 

KEY TAKEAWAY: we predict a series of Mo-based complexes with 
potential to perform NH3 oxidation and N–N coupling. Future work 
involves designing less oxophilic systems and exploring other modes 
of N–N bond formation.
S.I. Johnson et al. Chem. Commun., 2019,55, 5083-5086

Electronic energy for coupling

We have to break π bonds in order to couple nitrides. 
Where is the π*?

THEORY BEHIND N–N COUPLING

EXPERIMENTAL RESULTS
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• Complex was synthesized and was observed to react 
quickly with ArO•

• N2 seen by NMR
• Yield: 0.2 equivalents of N2 measured by 

GC

Possible cause for low yield: exchange of NH3 for ArO•

Empty d orbital in Mo helps 
stabilize imido 

DG for coupling and N2 Release
Cr Mn Fe

-108.6 -184.1 -194. 4
Mo Tc Ru

-35.5 -- -167.4
W Re Os

-13.7 -- -143.7
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BUSINESS SENSITIVE

HAW: Hybrid Advance Workflows
Vito Giovanni Castellana, Roberto Gioiosa, Maurizio Drocco, Ryan Friese, Marco Minutoli, Joshua Suetterlein

THE CHALLENGE

Workload heterogeniety

– Emerging applications in different domains (scientific

simulations, machine learning, data analytics, signal

processing, etc.) have different characteristics

Providing a high-performance, scalable, and versatile solutions

becomes a fundamental requirement

HAW’S GOALS AND SPECIFIC AIMS

Design and develop:

– Novel hardware/software

co-design methodologies

– Tools

– Software programming

libraries

– Efficiently perform design space

exploration of future system

architectures

– Implement software stacks, and

applications

Provide heterogeneous support for DMC applications dependent on

both novel hardware and software designs for peak performance

METHOD
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Want to remove H

atoms via

hydrogen atom

transfer (HAT) or

electrochemical

steps.

Can calculate

thermodynamics

using DFT.

N2 + 6H+ � +6e−2 NH3

PROPOSED SOFTWARE STACK AND
FEATURES

PNNL is operated by Battelle for the U.S. Department of Energy

Vito Giovanni Castellana, Roberto Gioiosa, Maurizio Drocco, Ryan Friese, Marco Minutoli, Joshua Suetterlein
HAW: Hybrid Advance Workflows

The Challenge
• Workload heterogeneity

• Emerging applications in different domains (scientific 
simulations, machine learning, data analytics, signal 
processing, etc.) have different characteristics

• Unprecedented amount of data to be processed under strict 
real-time, power, and trust constraints

• Providing high-performance, scalable, and versatile solutions 
becomes a fundamental requirement

• Specialization has become a fundamental pillar for the design of 
future high-end computer systems and software

• Hardware
• GP-GPUs, FPGAs, ASICs, specialized processing units (e.g. 

tensor cores) 
• High level of specialization results in extremely 

heterogeneous systems that are complicated to design, test, 
validate, and program

• Software
• Software designed for specific hardware

• No portability
• Often introduces new APIs or has low level of abstraction

• Portable software or general purpose libraries often offer 
poor performance

The Current Practice

HAW’s Goals and Specific Aims
• Design and develop:

• Novel hardware/software 
co-design methodologies

• Tools
• Software programming 

libraries

• Efficiently perform design 
space exploration of future 
heterogeneous system 
architectures

• Implement software stacks, 
and applications

• Provide heterogeneous system support for DMC applications 
dependent on both novel hardware and software designs for peak 
performance

Proposed Software Stack and 
Features

• Focus on scalability, performance, productivity, portability

• Support for different heterogeneous systems

• High-level APIs with semantics and syntax analogous to well-
known programming languages and libraries

• Early adoption
• Improved productivity
• Easier integration and/or porting of existing tools

• Compliance with the C++ Standard Template Library (STL) 
• Possibly with extensions for HPC
• May influence upcoming standards
• Impact on the community

• DMC applications developed using the HAW SW stack

• Software available on public repositories

Modeling, Simulation, and 
HW/SW Codesign
• Development of a robust and efficient infrastructure to model 

future heterogeneous systems using representative DMC 
applications

• Accelerate the pace at which PNNL can explore novel hardware
• Hybrid approach

• Non-critical applications are executed at close-to-native 
speed

• Critical kernels simulated, emulated, modeled using high-
accuracy tools

• Sensitivity studies, what-if scenarios

Distributed 
sequential

Distributed 
parallel

Preliminary Results

https://github.com/pnnl/SHAD
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Correlation exists: Available π∗ orbittal on the nitride

(making nitride more electrophilic) leads to more

favorable coupling.

KEY TAKEAWAY: We predict a series of MO-based
complexes with potential to perform NH3 oxidation and
N-N coupling. Future work involves designing less
oxophilic systems and exploring other modes of N-N
bond formation.
S.I. Johnson et al. Chem. Commun., 2019, 55, 5083–5086

https://github.com/pnnl/SHAD

DFT: B3LYP//6-31G**/SDD on M in Gaussian 09 and ORCA, SMD Solvent: MeCN,

energies in kcal/mol, 2,4,6-tri-tert-butylphenoxyl redical (Ar0·) as HAT agent,

followed by NBO analysis
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Sample table with alternating colored lines

ΔG for coupling and N2 Release

Cr Mn Fe

-108.6 -184.1 -194.4

Mo Tc Ru

-35.5 – 167.4

W Re Os

-13.7 – -143.7

1. Lorem ipsum dolor sit amet,

consectetur adipiscing elit.

2. Proin nisl leo, dapibus at libero eget.

a. condimentum accumsan leo.

Donec lacinia, nisl ac eleifend

porta, nunc dolor consectetur

purur, set rhoncus sem nibh quis

est.

b. Ut gravida libero et quam

tincidunt, quis adipiscing risus

dignissim.

i. Maecenas viverra volutpat

pretium. Aliquam mi odio,

pretium vestibulum cursus

sed, vestibulum at dolor.

αβΔ
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interdum id lorem. Nulla

facilisi.
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