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Conduction properties of DNA wires: Hamiltonian model approaches

R. Gutierrez and G. Cuniberti, University of Regensburg

State-of-the-art

DNA: a molecular wire?

Current? How?

Controversial electrical
transport experiments:
« insulator?

* semiconductor?

* metallic?

!

High sensitivity to
* metal-molecule contact
*base-pair sequence
« environmental effects
e charge injection mechanisms
*sample preparation
*single molecules vs. bundles
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Direct Ca of Single DNA
B. Xu, P. Zhang, X. Li, N. Tao, Nano Lett. 4, 1105 |2004)
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Results A(E)
Qualitative behavior of the wire
spectral density at low energies —
Selfenergy leads to ———
bath-induced (virtual) polaronic states inside no bath E

the electronic band gap, which support
activated transport at low injection energies.
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STS-Spectroscopy of Poly(GC) wires

D. Ryndyk and G. Cuniberti, submitted (2006)
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Solution

A(E)

* Arrehnius-like behavior of the linear

» Weak exponential length scaling g~e™

1 * Power-law scaling g~N7, y~0.1-0.2 At

with increasing system-bath coupling

experiment
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Inelastic transport in DNA wires

R. Gutierrez, S. Mohapatra, D. Porath, and G. Cuniberti, Phys. Rev. B 74, 235105 (2006)

Motivation
] . DNA- ' g » |
L| AT TAATGC TAT GCA GAR AT CTTAG |R ladder ;
F‘Tuni\cs_ﬁacsrr: TAGMTC | _ v =]
% - =
DNA-ladder + Y PFES E: f
vibronic mode ﬁ-- 2.0 2.0

VIV]
« single DNA oligomers with complex base sequence
* strong coupling to the contacts via SH-groups
R * nonlinear I-Vs, very high currents (~220 nA at 2 V)
I « purely coherent band-like transport seems unlikely in
view of the random sequence
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Direct measurement of electrical transport through single DNA molecules of

complex sequence, H. Cohen, C. Nogues, R. Naaman, D. Porath, Proc. Natl.

Acad. Sci. USA 102, 11589 (2005).
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Results

-Two-phonon model:
semi-quantitative agreement

Dramatic sensitivity to
-electrodes-DNA contact symmetry
-inter-strand coupling tyy

-Phonon satellites + zero-phonon lines
strongly overlapping
-Phonon blockade at low bias

with experiments on suspended DNA
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Outlook

* Effective electronic Hamiltonian in noisy environments and
relation to molecular dynamics simulations

* Role of correlations in metallic-DNA: extended Hubbard models

* Non-equilibrium incoherent transport via Keldysh Green functions

« Inelastic STS of DNA oligomers on substrates

Goal: Realistic description of DNA quantum transport via a multiscale modelling approach

Methods

¢ Poly(GC), Poly(AT) and G4-quartets * DFT and molecular dynamics (MD)
* Non-periodic and random (biological) sequences ¢ Keldysh Green function techniques
* M-doped Poly(GC), Poly(AT) and G4 with M=Cu,Zn,Ag * reduced density matrix theory

Systems
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