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1. Student name & home university: Caroline Howell, University of Notre Dame

2. ND faculty name & department: Ryan K. Roeder, Aerospace and Mechanical Engineering, and
Anthony J. Hoffman, Electrical Engineering

3. Summer project title: Phononic nanoparticles for low-loss, tunable nanophotonics in the mid- and far-
IR

4. Briefly describe new skills you acquired during your summer research:

This was my first time conducting lab work outside of a classroom setting. I began by learning basic skills
like how to operate a centrifuge and follow an SOP. I quickly became more independent, started to set my
own schedule, and chose what reaction parameters [ wanted to investigate. By the end of the summer, I
feel confident in my ability to perform a synthesis, modify a procedure, communicate results, write
technically, and troubleshoot when things don’t go as planned.

5. Briefly share a practical application/end use of your research:

Plasmonic nanotechnologies have transformed areas such as spectroscopy, data processing, imaging,
sensing, and medical therapy. However, the utility of plasmonic optical modes is limited in the long-
wavelength IR by the dominance of optical phonons over plasmons. This project proposes leveraging the
use of optical phonons to extend the technological impact of nanophotonics to the mid- and far-IR. The
ability to tune the surface phonon resonance of a material could be used to enhance textile-based thermal
camouflage. Additional applications have been proposed that use phononic resonances in the mid- and
far-IR to detect explosives and industrial toxins.

6. 50- to 75-word abstract of your project:

Phononic nanoparticles are optical materials that resonate with and absorb light in the mid- and far-
infrared region of the electromagnetic spectrum. The influence of particle size and morphology on a
material’s optical properties in this region has not yet been investigated. Commercially-available zinc
oxide nanoparticles were used to prepare samples for optical characterization. Later, zinc oxide was
synthesized by a variety of methods with the goal of creating monodispersed nanoparticles with tunable
physical properties.
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One-page project summary that describes problem, project goal and your activities / results:

Over the past 30 years, advances in understanding of the structure-property relationships
governing the surface plasmon resonance of noble metal nanoparticles (NPs) have enabled the
development of plasmonic materials and nanotechnologies [1-4]. Surface plasmons are free electrons on
the surfaces of noble metal NPs which resonate with and absorb specific frequencies of light. The surface
plasmon resonance (SPR) of a material can be tuned by altering the physical properties of the material.
For example, the SPR can be tuned from visible to near-IR frequencies by adjusting the thickness-to-
diameter ratio of the particle [1-4] and to mid-IR using doped semiconductors and patterned
nanostructures [5,6]. However, despite all these advances there is still a lack of actionable knowledge
regarding phononic NPs, which absorb in the mid to far-IR [5]. Therefore, the objective of this project
was to establish a basic understanding of the structure-property relationships for interactions of phononic
NPs with mid and far-IR and to engineer tunable surface phonon resonant modes in phononic NPs.

Commercially-available ZnO NPs, 1000, 500, 80-200, 30-40, 18, and 10-30 nm in size were
investigated. X-ray diffraction (XRD) was used to confirm the phase of each sample as ZnO and measure
the crystallite size using the Scherrer equation. The mean crystallite size did not correspond to the
specifications of the commercial supplier. The three larger NP samples (1000, 500, and 80-200 nm)
exhibited a mean crystallite size of 61-85 nm and the three smaller NP samples (30-40, 18, and 10-30nm)
exhibited a mean crystallite size of 19-27 nm (Fig. 1).

Commercial ZnO NP Crystallite Sizes

100
90
80

70

60

50

40

30 d
20

1 N

1000 80 to 200 30to 40 10to 30
Labeled Particle Sizes (nm)

Average Crystallite Size (nm)

o o

Figure 1. Mean crystallite size measured by XRD for commercial samples of ZnO NPs.

Samples were prepared for optical characterization of absorption and transmission by mixing NPs
with KBr to create transparent pellets. The smaller NPs exhibited lower optical transmissions than larger
NPs at the same NP:KBr mass ratio. Methods were investigated for assembling a monolayer of NPs on
gold-coated slides for emission measurements. This part of the project remains ongoing due to difficulty
obtaining reproducible results and agglomeration of the commercial NPs.
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Finally, the synthesis of monodispersed ZnO NPs was investigated to overcome the inaccurate
size and poor quality (agglomeration) of the commercial NPs. Optical and electron microscope images
revealed that the as-synthesized NPs are monodispersed. Moreover, the size and morphology can be
tailored by varying reaction parameters such as the cooling rate, reactant concentration, and solvent type.
Therefore, these NPs will be used for future optical characterization of ZnO NPs in the mid- and far-IR.
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Figure 2. TEM micrograph of as-synthesized ZnO NPs.
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