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Energy Conversion
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Power Generation

Power = 10 TrillionWatts
Efficiency = Power/Heat; .~ 40%
Heat, = 25 TW
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Power Co-Generation

Power = 10 TrillionWatts
Efficiency = Power/Heat; .~ 40%
Heat, = 25 TW

Heat, =15 TW

Power

out — Tambient+100 °C

Extra Power

Efficiency ~ 3 %
Extra Power = 0.45 TW
US Electrical Capacity =1 TW (2005)

Cold (Tambient)




Thermoelectricity & Energy Conversion
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Origjns of Thermoelectricity
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How do we increase S°c
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History

Venkatasubramanian et al. Nature 413, 597 (2001)

eS

Harman et al., Science 297, 2229 (2002)
2.5-25nm Bi,Te,/Sb,Te, Superlattices
PbSeTe/PbTe QD Superlattic
3.9 -o TS &=
e Majumdar, Science 303, 777 (2004) DiSaIvE, Science (1999) - & @& >
| Mahan et al, Phys. Today (1997) N o T &S
25_] Hicks & Dresselhaus, PRB (1993) ——— \.
S 00 /
8 | S*oT
~ 5. Discovery of compounds ® /T =—
~ «——— with ZT <1 —: ‘
1.0- A4 .
o
05 @ Hsu et al., Science 303, 818 (2004)
Bi»Te; and alloys with Sb, Se FHEEE
0.0 | | | | | - (A) L‘ § {
1950 1960 1970 1980 1990 2000 2010 - 13383
Year
AgPb,gSbTe,,
ZT =2 @ 800K




Transport Length Scales for Si @ 300 K

Ju, Goodson (1999)
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Vapor-Liquid-Solid (VLS) Si Nanowires

Vapor-Liquid-Solid (VLS) Technique
Si/Au alloy Phase Separation
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Electroless

Allon Hochbaum, Renkun Chen,
Peidong Yang (UCB)
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Electroless Etched Si Nanowires
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Heat Flow In Solids
K :%Cvl =% [ clev(e? e(9D(9)de

We do not understand the wave
effects in phonon transport and
we don’t have simple
experimental tools to perform
phonon spectroscopy.

We need help from theory!




Best Thermoelectric

o-function/Lorenztian

YbAI; has highest S?c due to f-
electron resonance state
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Why Molecular Thermoelectrics?
Large Thermal Impedance Potentially High Power Factor by
By Phonon Filtering Energy-Based Carrier Filtering
Molecular Heterostructures
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Reddy, Jang, Segalman, Majumdar, Science (2007)
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Thermopower of Molecular Junctions
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Thermopower of Molecular Junctions
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Role of Chemistry
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Role of Fluctuations
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Transport in Molecular Heterojunctions




Role of Fluctuations
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Discussion
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