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Molecular electronics
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What is quantum tunneling?

Razavy, Mohsen (2003). Quantum Theory of Tunneling. World Scientific



How do we study it?

Bottom electrode Top electrode

d𝛷𝛷𝐵𝐵
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Molecules we are studying

Effect of dipole moment?Effect of terminal groups?



The Tunneling barrier

Ag EGaIn

Vapp = 0

ф = EFermi-ELUMO

Vapp < ф

EGaIn

Ag

Vapp > ф

EGaIn

Ag

Direct Tunneling (trapezoidal)

𝐽𝐽𝐹𝐹𝐹𝐹 ∼ 𝑉𝑉2 exp −
4𝑑𝑑
3𝑞𝑞ℏ𝑉𝑉

2𝑚𝑚𝛷𝛷𝐵𝐵3

Fowler-Nordheim (F-N) Tunneling (triangular)

𝐽𝐽𝐷𝐷𝐷𝐷 ∼ 𝑉𝑉 exp −
2𝑑𝑑
ℏ

2𝑚𝑚𝛷𝛷𝐵𝐵

Phys. Rev. Lett., 97, 026801 (2006)







Alcohol

Carboxyl

Fluorine

Amide



Conclusion
• Modifications of terminal groups and 

localized dipoles affect the barrier shape
• Barrier height
• Slopes of linear regimes

• The tunneling barrier shape on gold is 
different than on silver

Significance
• Molecular electronics
• Quantum tunneling
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