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Goal
With higher power conversion efficiency, second-generation thermo-photovoltaic (2g-TPV) devices would be attractive for use on interplanetary missions due to the thin, flexible, film morphology, low thermal conductivity and relatively small band-gap they exhibit. Optimization of organic semiconducting polymers and fullerene derivative composites for use in 2g-TPV devices will be achieved through understanding and applying the relationship between atomic-level structure and the parameters affecting TPV performance: optical absorption and the density and kinetics of the thermal and electronic energy within the composite. Coupled theoretical and computational thrusts, employing both classical and quantum-mechanical atomistic methods will assist in the determination of the energetic absorption, transport and scattering physics necessary to achieve optimization of electromagnetic energy conversion in 2g-TPV devices. Development of models detailing the dependencies between the structural aspects of the amorphous systems and energy conversion will support these studies.

Most Significant Technical Achievement(s) 

I generated a model for the vibrational contribution to the thermal properties of electrically insulating amorphous materials. The formula for thermal conductivity, k, is derived in terms of heat capacity, C, and thermal diffusivity, Phi, as, 
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where, xi is a length of localization only applicable to very high quasi-momentum vibrations, hbar is the reduced Planck constant, vp is the phase velocity of the waveform, KB is Boltzmann’s constant, T is the temperature, kbar is the wavevector of the energy packet and lambda is the mean free path of vibrations.

The contribution to the thermal properties from all populated vibrational states is integrated as a function of frequency, considering three separately existing vibrational regimes separated as a function of their effective quasi-momentum. The vibrations within these regimes are termed as ‘long-range’, ‘medium-range’, and ‘short-range’ describing their mean free path order of magnitude. Further significance of these terms will be discussed in further reports.
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Figure 1 (a) Vibrational density of modes per vibrational regime in C
60
-fullerene as predicted in this model: non-short-range vibrations (blue-green line) and short-range vibrations (black circles) compared with molecular dynamics data [1] (blue stars). (b) Heat capacity plotted as CT
-3
 versus temperature predicted with this model: extended mode contribution (green dashes), medium-range quasi-momentum vibrational contribution (blue dashes), short-range order vibrational contribution (red dashes) (total – black line) as compared with experimental data [2] (blue stars). (c) Measured thermal conductivity of C
60
-fullerene [2] (blue stars) compared with predictions of this model (black line), with includes contributions from extended (green dashes) and medium range vibrational modes (blue dashes). ( [1] Duda et al, PRL
 
110.015902
(2013).,
  [2] Olson et al, Science 
259.5098.1145
(2013))
 
)













This model has been applied to predict the vibrational density of states and the thermal properties, C and k, of C60-fullerene, as shown in Figure 1 (a) (b) and (c) respectively.

Summary of Other Activities and Accomplishments

-The theoretical vibrational regime based model of thermal conductivity in amorphous materials has been further applied to amorphous silica, amorphous silicon, myoglobin protein. 
- Running simulations on a simple system, FCC-argon, in classical molecular dynamics in order to calibrate my system for larger scale simulations.
- Have begun molecular dynamics simulations on single C60 –fullerenes to understand the system more fundamentally
- Preparation for a presentation on Green Kubo method to Leonid Zhigilei’s research group
-Transitioned to CMU and am active on their computing cluster. 
- Poster presentation at ASME-IMECE

Planned Activities for Next Quarter

-Write harmonic, quantum-mechanical lattice dynamics code in C++. 
-Perform non-equilibrium Green-Kubo molecular dynamics methods.
-Construct thermal conductivity in terms of mean free path, as detailed in Eqn. 2. Compare preliminary solutions of k(lambda) to the frequency dependent Boltzmann Transport Equation (FD-BTE) for organic photovoltaic semiconducting composites.
 (
(2)
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-Understanding contribution of short wavelength vibrational modes to electronic scattering in fullerene derivative and organic semiconducting polymer composites. 
-Will attend the Thermal Conductivity conference at Purdue University.
-Geographic and academic transition to Carnegie Mellon University in Pittsburgh, PA.
-Onsite experience at NASA Glenn Research Center to become familiar with the solar cell evaluation laboratory and its team or researchers and quality engineers. 
-Submitting papers for review, 
	First-Author:
	1) Gorham, C.S., Hattar, K., Cheaito, R., Duda, J. C., Gaskins, J. T., Beechem, T. E., Ihlefeld, J. F., Biedermann, L. B., Piekos, E. S., Medlin, D. L., Hopkins, P. E., Evidence of defects increasing the thermal boundary conductance across aluminum/silicon interfaces subjected to proton irradiation, To be submitted to Advanced Materials.
	2) Gorham, C.S., Gaskins, J. T., Hopkins, P. E., Losego, M. D., Dependence of density on the room temperature thermal conductivity of atomic layer deposition grown amorphous alumina, to be submitted to, Physical Review Letters.
	3) Gorham, C. S., Larkin, J. M., McGaughey, A. J. H., Theoretical model for thermal conductivity in dielectric solids, to be submitted to Physical Review B.
	Second-Author: 
	4) Foley, B. M., Gorham, C. S., Duda, J. C., Cheaito, R., Szwejkowski, C. J., Constantin, C., Kaehr, B., Hopkins, P. E., Thermal conductivity of water insoluble protein films: anharmonic interactions in a fractal structure, to be submitted to the Journal of Chemical Physics. 

Onsite Experience(s) 

	Completed Onsite Experience
	Location
	Start Date
	End Date

	None
	
	
	

	Planned Onsite Experience
	Location
	Start Date
	End Date

	Glenn Research Center
	Cleveland, OH 44135
	[bookmark: _GoBack]01/22/2013
	01/24/2013



This upcoming visit will facilitate my orientation to the Photovoltaic and Power Technologies Branch at NASA Glenn Research center. I will meet with my mentor, Dave Wolford, to progress our understanding of our mutual expertise as it relates to the mission goals of this project, the optimization of 2g-TPV devices. On this visit, I will familiarize myself with the solar cell evaluation laboratory in order to become familiar with the personal contacts and their characterization tools that I hope to form research collaborations with. At this meeting, I will present my progress to date and my near-term and long-term goals. 

Conference Participation and Presentations

Oral Presentation: Electron-boson interactions in amorphous materials
Oral Presentation Audience: Dr. Leonid Zhigilei’s research group weekly meeting 
Oral Presentation Date: 30th of August 2013

Oral Presentation: Vibrational mode theory for dielectric materials and electron-boson interactions in amorphous materials
Oral Presentation Audience: Dr. Alan McGaughey’s research group weekly meeting 
Oral Presentation Date: 3rd of October 2013

Poster Presentation: Gorham, C.S., Foley, B. M., Duda, J.C., Cheaito, R., Szwejkowski, C. J., Constantin, C., Kaehr, B., Hopkins, P.E., Thermal conductivity of water insoluble proteins: anharmonic coupling in a fractal structure, Control ID no. IMECE2013-67222.
Conference Name: 2013 ASME-IMECE
Conference Description: The annual ASME International Mechanical Engineering Congress and Exposition is a premier conference that focuses on today’s technical challenges, research updates and breakthrough innovations that are shaping the future of engineering. The Congress convenes engineers, scientists and technologists of all disciplines for the purposes of exploring solutions to global challenges and for the advancement of engineering excellence worldwide.
Conference Dates: 17th-21st of November 2013
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