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WhyDNA ?

M. Hazaniet al. , Chem.Phys. Lett. (2004)

� Groundbreaking: repairof oxidativedamage

; ET overlongdistances(� 40�A)

(C. J. Murphyet al., Science(1993))

� Molecular electronics) potentialapplications

astemplate(self-recognitionandassembling)

asmolecular wire(M-DNA, poly(GC))

(in DresdenW. Pompe/M. Mertig !)



Electronictransport in DNA: a bird'seye view

� DNA is insulator, metal, semiconductor

; samplepreparationandexperimentalconditionsare crucial

(dry vs. aqueousenvironment,metal-moleculecontacts,singlemoleculesvs. bundles� � �)

� Theory: Variety of factors modifyingchargepropagation:

staticdisorder, dynamicaldisorder, environment(hydrationshell,counterions)

see:D. Porath, G. Cuniberti, andR. Di Felice,

ChargeTransport in DNA-Based Devices

Top. Curr. Chem.(2004)



Transport in singlePoly(GC)oligomersin water

B. Xu et al. Nanoletters4, 1105(2004)

metallicbehaviour



Transport in singlePoly(GC)oligomersin water

Ab initio (H. Wanget al. PRL(2004)): dry Poly(GC) ; e� 
 L ; 
 � 1:5 �A� 1

Algebraicbehaviourinducedby the environment?



A model for a dissipativeDNA wire

� ab initio ; (i) decoupledHOMO/LUMOchannels, (ii) backbonesnonconducting,

(iii) bandgap� 2 eV(dry), but reducedby watershell+counterions
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Greenfunctiontechniques

� Polaron transformation: H ) eSHe� S; S =
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� Greenfunctions(�h = 1)
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� continuousbath frequencydistribution(N ! 1 ) ; spectraldensity :
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Thecurrent

I el =
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� For � � ! 0; I el ! Landauerformula

� G(E)containsall contributionsfromthe bath !

� for eV ! 0 andto lowestorderin t? ; neglectI inel

� focuseont(E) ; modi�cationsof theelectronicspec-

trum inducedby the bath



DOSin the strongdissipativelimit:

NewkBT-dependentelectronicmanifoldaroundEF=0

Im P(E) (\bath-friction") stronglysuppressesthe centralmanifold

incoherentpolaronicband; pseudo-gapopening

G(E � EF) �
t2? e� � 0(T)

E � (� + �) + i �
| {z }

coherentpart

+ t2? e� � 0(T)� (2)(E) + � � � (allorders)



Transmissiont(E) andlow-biascurrentI(V)
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� pseudo-gapincreaseswith temperature

� centralbandDOSalsoincreaseswith temperature

� I (V) displayslinear behaviourat highkBT



Temperaturedependenceof t(EF ) (Arrheniusplot)

Yoo et al. PRL87,198102(2001)
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Activatedbehaviour



Scalingof t(E = EF ) with the chainlengthN
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� Increasingcouplingto the bath

exponentialtF � e� 
 L =) algebraic tF � L � � dependence(L = N a0)

� Exponentialdependenceis not relatedto virtual tunnelingthrougha gap(
 � 1 �A� 1)

� Introductionof a barrier ; (AT)n pairs,enforcesexp-dependence,
 � 0:5 �A� 1



Structural
uctuations

Randomon-siteenergiesdrawn fromGaussiandistributionP(� ) = 1p
2� �

e� � 2=2� 2
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Disorderdoesnot appreciablya�ect the pseudo-gapformation



Conclusions

� Environmentdrasticallya�ects chargetransport

� Strongdissipativeregime:

(i) bath-inducedpseudo-gap,

(ii) �nite kBT-dependentDOSnear EF ;

activatedbehaviourand weakexponential

L � dependenceof t(EF)

� Contactto Xueet al. experiments

(i) largecurrents� 50� 200nA ; not problematic

(ii) (bath-induced)algebraicL-dependence

(iii) 
 [(AT)n] � 0:15�A� 1 < 
 Xue[(AT)n] = 0:43�A� 1

Perspectives


