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Power Generation
Power = 10 TrillionWatts
Efficiency = Power/Heatin~ 40%
Heatin = 25 TW
Heatlost = 15 TW
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Power Co-Generation
Power = 10 TrillionWatts
Efficiency = Power/Heatin~ 40%
Heatin = 25 TW
Heatlost = 15 TW
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Thermoelectricity &  Energy Conversion
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Origins of Thermoelectricity
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How do we increase S2σ
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Hicks & Dresselhaus, PRB (1993)

DiSalvo, Science (1999)

Mahan et al, Phys. Today (1997)

History

PbSeTe/PbTe QD Superlattices

Harman et al., Science 297, 2229 (2002)

AgPb18SbTe20
ZT = 2 @ 800K

AgSb rich

Hsu et al., Science 303, 818 (2004)
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Bi2Te3/Sb2Te3 Superlattices2.5-25nm



Transport Length Scales for Si @ 300 K
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Vapor-Liquid-Solid (VLS) Si Nanowires

Si/Au alloy Phase Separation

Elongation to nanowires

Si  nanowires

Vapor-Liquid-Solid (VLS) Technique

Temperature (K)
0 50 100 150 200 250 300 350Th

0

10

20

30

40

50

60

22 nm

37 nm

56 nm

115 nm Diameter

Th
er

m
al

 C
on

du
ct

iv
ity

 (W
/m

-K
)

Li, Wu, Kim, Shi, Yang, Majumdar, APL (2003)
Au-Si alloy

50 nm

D: 14 nm

Padraig Murphy, Joel Moore (UCB)Peidong Yang (UCB)

d = 25 nm



Electroless Etched Si Nanowires

D: 94 nm

Rough SiNW

VLS
EE

Allon Hochbaum, Renkun Chen, 
Peidong Yang (UCB)



Electroless Etched Si Nanowires
Phonon Glass Electronic Crystal

To appear in Nature (2007)



Heat Flow in Solids

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!
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Best Thermoelectric
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Why Molecular Thermoelectrics?

Molecular Heterostructures
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Pramod Reddy, Sung-Yeon Jang, Kaal Baheti,
Jon Malen, Peter Doak, Don Tilley, Rachel Segalman

Jeff Neaton, Joel Moore



Thermopower of Molecular Junctions

Reddy, Jang, Segalman, Majumdar, Science (2007)
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Thermopower of Molecular Junctions
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Role of Chemistry

Transmission for BDT (PDT) & BDCN 
(CNΦCN) [2]

[1] Xue & Ratner PRB (2003)

[2] Xue & Ratner PRB (2004)



Role of Fluctuations

Lorentzian

ΔE
EF − EHOMO( )≈ 0.2 − 0.5!!



Transport in Molecular Heterojunctions

Role of:
•Contacts
•Chemistry
•Fluctuations

Role of:
•Contacts
•Chemistry
•Fluctuations

How do we design molecular junctions to 
obtain a property or combination of 
properties?



Role of Fluctuations

Lorentzian

ΔE
EF − EHOMO( )≈ 0.2 − 0.5!!
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