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Nabídka Studentského fakultního grantu

Vedoucí: Dr. Richard Korytár, korytar@karlov.mff.cuni.cz 
Pracoviště: Katedra fyziky kondenzovaných látek, Teoretické oddělení


Ze zkušenosti víme, že naše pravá ruka není zcela ekvivalentní levé, přestože jsou zrcadlově 
symetrické. Behaviorální vědy poukazují na to, že rozdíl mezi pravou a levou rukou není jen 
naučený (kulturní). Jednou z fascinujících úloh moderní fyziky je pochopit roli levé (pravé) 
chirality v kvantových vlastnostech krystalů, molekul i elementárních částic.

V tomhle projektu se budeme zaobírat molekulami tvaru šroubovice. Tyto molekuly mají 
nezastupitelné místo ve fyzice, biologii a chemii, příkladem je známá DNA. Překvapením je, že 
ačkoli tyto molekuly nejsou magnetické (neobsahují vázané magnetické momenty), tak jejich 
elektrická vodivost závisí na spinu injektovaných elektronů a chiralitě.

Cílem tohoto projektu je spočítat spinový proud ve šroubovici (molekule) po přiložení malého 
elektrického napětí. Budeme vycházet z přibližného tvaru Schrödingerovy rovnice s takzvanou 
spin-orbitální interakcí.
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ABSTRACT: The functionality of many biological systems depends on reliable
electron transfer with minimal heating. Interestingly, nature realizes electron
transport via insulating molecules, in contrast to man-made electronic devices which
are based on metals and semiconductors. The high efficiency of electron transfer
through these organic molecules is unexpected for tunneling-based transport, and it
is one of the most compelling questions in the field. Furthermore, it has been shown
that the electron tunneling probability is strongly spin-dependent. Here, we
demonstrate that the chiral structure of these molecules gives rise to robust coherent
electron transfer. We introduce spin into the analysis of tunneling through organic
helical molecules and show that they support strong spin filtering accompanied by
enhanced transmission. Thus, our study resolves two key questions posed by
transport measurements through organic molecules.

1. INTRODUCTION
Quantum coherent processes in biology have attracted a lot of
attention in recent years.1,2 It is well known that electron
transfer in biological systems occurs via tunnelingdirect or in
several stepsthrough organic molecules,3,4 most of which
exhibit a helical structure. However, the magnitude of the
observed transmission over distances of nanometers5,6 and
beyond7 is much higher than anticipated based on first-
principles calculations of the electronic states.8 Recent
experiments have revealed that transport through such helix-
shaped molecules strongly depends on the electron’s helicity,
that is, the projection of its spin onto its propagation
direction.9−11 Electrons of certain spin can traverse the
molecule more easily in one direction than in the other
(depending on the handedness of the molecule). These
directions are reversed for electrons of opposite spin. This
phenomenon, known as chiral-induced spin selectivity (CISS),
is observed over a wide energy range of hundreds of meV.
Previous theoretical attempts to explain this effect12−17 relied
on large spin−orbit coupling, which is uncommon in organic
materials.
Two important questions arising from experimental

observations are as follows: why is the transmission through
helical molecules in the tunneling regime so large, and what
causes the robust CISS? In this article, we demonstrate that
these two properties are strongly interlinked and propose a
resolution to both questions. Our work focuses on short helix-
shaped molecules, such as double-stranded DNA and
oligopeptide, where the dependence of the conductivity on
the length of the molecule is consistent with direct tunneling.
We show that the helical geometry induces correlations
between the spins of the transferred electrons and their flow
direction. This kind of spin−orbit coupling alone is too weak

to account for the observations; however, it can induce strong
CISS in combination with the large dipole electric field
characteristic of these molecules. Moreover, we demonstrate
that in the tunneling regime, spin selectivity goes hand in hand
with a dramatic enhancement of overall transmission through
the molecule.

2. MODEL
To illustrate these properties, we construct a continuum
effective model for electrons in the helical molecules that
contains the minimal set of necessary ingredients. The first is a
potential VH(r)⃗ that confines electrons to propagate within a
spiral tube18 centered around

P s xR s
R

yR s
R

z bs
R

( ) cos 2 sin 2π π⃗ = ̂ ̃ + ̂ ̃ + ̂ ̃
LNMMM \̂]]] LNMMM \̂]]] LNMMM \̂]]] (1)

as illustrated in Figure 1a. Here, s is the coordinate along the
helix, b is its pitch, R its radius, and the helix parameter

R R b(2 )2 2π̃ = ± + is positive (negative) for a right (left)-
handed spiral. VH models the periodic component of the
potential generated by the atoms that comprise the molecule.
The second ingredient is a dipole potential VD(r) that grows
linearly along the central axis of the molecule. This field is a
consequence of the dipolar nature of the hydrogen bonds, and
in many cases also by the amino acids terminating the
molecule or by potential difference between the donor and the
acceptor. Together, they give rise to a substantial voltage
difference of 0.1 − 1 V across the molecule. The dipole
potential favors localization of electrons and is the basis of the
prediction that the tunneling conductivity should be
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Model helikálního molekulárního spoje: 
Elektrony se pohybují v trubici tvaru šroubovice. 

Jejich spin je na obrázku naznačen šípkou.


