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Introduction and Motivation

Band Structures (DFT-Calculated vs. Literature)

• Advanced manufacturing is a promising
technique for sustainable fabrication of in-pile
nuclear instrumentation.
• High temperature irradiation resistant
thermocouples (HTIR-TC) are robust sensors
with an ability to provide information about
nuclear reactors in real-time withstanding
extreme conditions. [1]

Figure 1.1: SIESTA calculated band structure of carbon diamond
structure

Figure 1.2 Carbon diamond band structure [3]

• An inexpensive and reliable option for HTIR-TC is
Mo and Nb printed on an α–alumina substrate,
with either an aerosol jet printer or plasma jet
printer. [2]
• Diffusion and adsorption of Mo and Nb atoms
were modeled previously using density
functional theory-based (DFT) methods. [2]
• Understanding how Mo and Nb nanoparticles
interact with the alumina surface is central for
optimizing the advanced manufacturing process
and ensuring instrumentation sustainable.

Electronic Band Structure
• Electronic band structure calculations were
conducted as training to use DFT-based tools.
• Electronic band structures, showing the possible
range of energy levels that the electrons in a
solid may or may not have, were calculated for
four different solid materials.
• The Spanish Initiative for Electronic Simulations
with Thousands of Atoms (SIESTA) was used.

Metal Nanoclusters on α- Alumina Surfaces
Figure 5. On-going
simulations: molybdenum
(left) and niobium (right)
cluster particles are modeled
with three and ten atoms on
α- alumina surfaces for
comparison. Energy data
computed using DFT-based
VASP allows for greater
understanding of physical
phenomena during the
advanced manufacturing.

Computational Methods
Figure 2.1: SIESTA calculated band structure of face-centered cubic
copper structure

Figure 2.2 Face-centered cubic copper band structure [4]

Metal nanoclusters were
modeled using Visualization
for Electronic Structural
Analysis (VESTA).
DFT simulations were made
in the Vienna Ab-initio
Simulation Package (VASP)
using plane-wave basis sets.

Figure 3.1: SIESTA calculated band structure of magnesium hexagonal
close-packed structure
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Conclusions and
Future Work
• Mo and Nb nanocluster simulations
are on-going, which will reveal the
effect of nanocluster size on the
nanocluster-substrate interaction.
• Results will guide future
experiment.

Figure 3.2 Hexagonal close-packed magnesium band structure [5]
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Figure 4.1: SIESTA calculated band structure of silicon diamond
structure

Figure 4.2 Silicon diamond band structure [6]

SIESTA calculations (left) are compared side-by-side with existing literature for
electronic band structures (right).
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