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CISS = chiral-induced spin selectivity
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Chiral-induced spin selectivity (CISS)



Spin Selective Conduction

DNA

S. Mishra, A. K. Mondal, S. Pal, T. K. Das, E.Z. B. 
Smolinsky, G. Siligardi,  R. Naaman, 
JPC C 124, 10776-10782 (2020). 
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Chiral-induced spin selectivity (CISS)

Ron Naaman et al:  

Chiral molecules can generate spin selectivity
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Also, biweekly
Uppsala seminar
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All fields Title Author Abstract Comments
pages Full text
Arxiv:2309.07588   Condensed Matter > Mesoscale and Nanoscale Physics
[Submitted on 14 Sep 2023]

Spin-Selective Electron Transport Through Single Chiral Molecules
Mohammad Reza Safari, Frank Matthes, Claus M. Schneider, Karl-Heinz Ernst, Daniel E. Bürgler
The interplay between chirality and magnetism has been a source of fascination among scientists for over a century. In recent years, chirality-induced spin selectivity (CISS) has attracted renewed interest. It has been observed that electron transport through layers of homochiral molecules leads to a significant spin polarization of several tens of percent. Despite the abundant experimental evidence gathered through mesoscopic transport measurements, the exact mechanism behind CISS remains elusive. In this study, we report spin-selective electron transport through single helical aromatic hydrocarbons that were sublimed in vacuo onto ferromagnetic cobalt surfaces and examined with spin-polarized scanning tunnelingmicroscopy (SP-STM) at a temperature of 5 K. Direct comparison of two enantiomers under otherwise identical conditions revealed 

The interplay between chirality and magnetism has been a source of fascination among scientists for over a century. In recent

years, chirality-induced spin selectivity (CISS) has attracted renewed interest. It has been observed that electron transport 

through layers of homochiral molecules leads to a significant spin polarization of several tens of percent. Despite the abundant

experimental evidence gathered through mesoscopic transport measurements, the exact mechanism behind CISS remains 

elusive. In this study, we report spin-selective electron transport through single helical aromatic hydrocarbons that were 

sublimed in vacuo onto ferromagnetic cobalt surfaces and examined with spin-polarized scanning tunneling microscopy 

(SP-STM) at a temperature of 5 K. Direct comparison of two enantiomers under otherwise identical conditions revealed 

magnetochiral conductance asymmetries of up to 50% when either the molecular handedness was exchanged or the 

magnetization direction of the STM tip or Co substrate was reversed. Importantly, our results rule out electron-phonon 

coupling and ensemble effects as primary mechanisms responsible for CISS.

https://arxiv.org/search/cond-mat?searchtype=author&query=Safari,+M+R
https://arxiv.org/search/cond-mat?searchtype=author&query=Matthes,+F
https://arxiv.org/search/cond-mat?searchtype=author&query=Schneider,+C+M
https://arxiv.org/search/cond-mat?searchtype=author&query=Ernst,+K
https://arxiv.org/search/cond-mat?searchtype=author&query=B%C3%BCrgler,+D+E
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• Spin-orbit interaction and spin filters

• Time reversal symmetry – no polarization with 2 
leads?

• Ways to overcome this limitation

• Explain experiments?

Outline



Spin-Orbit interaction



Flying qubits



Strength of Rashba term can be tuned by gate voltage!
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The Aharonov-Casher 
(AC) effect

Entin-Wohlman, Oreg, Meir, Gefen (1989, 1992) 



18

Can spin polarization be generated in a 2-terminal
?setup with spin-orbit interaction (SOI)

SOI

Spin filters

SOI
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• Spin-orbit interaction and spin filters

• Time reversal symmetry – no polarization with 2 leads?

• Ways to overcome this limitation

• Explain experiments??

Outline





Spin transmission between 2 terminals with time reversal symmetry?

S is unitary

Same transmissions for 
both spin polarizations

Scattering matrix

Time-reversal
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Can spin polarization be generated in a 2-terminal
?setup with spin-orbit interaction (SOI)

SOI

Bardarson:  NO, since SOI obeys time reversal 
symmetry --- Kramer’s degeneracy 
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Bardarson’s theorem: no spin splitting with 2 terminals and 

with time-reversal symmetry

However, several papers contradicted the theorem!
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Unpolarized
Incoming 
electrons
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L               SOI                   R
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Independent of spin!
BC:

Step 1:

Accepted!
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Us

Abstract: “… we show that the allowed wavevectors are the ones
Assumed in the original paper and thus the original conclusions follow.”

Step 2:

Accepted?
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Comments in Physical Review B 

The Comment 
Comments are publications that criticize or correct specific papers of other authors previously published in Physical Review B. 
Each Comment should state clearly to which paper it refers. The normal publication schedule is followed. Authors of potential
Comments are encouraged to try to resolve and clarify any disagreement with the authors of the original paper before 
submission of the Comment. The content in a Comment should be directed to the physics in the paper being criticized; 
statements on other matters, such as perceived citation omissions, are not generally suitable for publication as Comments, and 
can usually be addressed most effectively through direct contact with the authors of the original paper. Criticism should be free of 
polemics and personal or ad hominem remarks. 

The Reply 
When a Comment is deemed suitable for publication by the Editor, the criticized authors will be given the opportunity to write a 
Reply for possible simultaneous publication. The Reply will also be reviewed and to be suitable for publication should contain new 
physics material or discussion; it is not appropriate simply to repeat what has already appeared in the literature. If a Reply is not 
found suitable for publication it may be rejected even if the Comment is accepted. It is the responsibility of the corresponding
author of the original work being criticized (to whom a copy of the Comment is sent as part of the review process) to ensure that 
all the original authors are aware of the criticism and to ensure that all appropriate individuals are listed as authors of the Reply.

The Review Process
The paper is first sent to the authors whose work is being criticized. These authors may (a) act as reviewers (usually 
nonanonymously) and recommend that the paper be accepted, be accepted after revision, or be rejected; (b) submit a Reply for 
simultaneous consideration, although it is often more productive to wait until the Comment is in a form that we intend to publish; 
(c) respond following review by an independent referee. If they choose to review the paper they may or may not want to publish 
a Reply to the Comment. Authors should indicate their intentions to the editors as soon as possible. 2. After the issues in 
question have been addressed by the authors of the Comment and the authors of the work being criticized, the Editor will usually
consult an independent, anonymous referee. When the Editor is ready to accept a Comment, the authors being criticized will 
have an opportunity to submit a Reply (or to revise their Reply if one has already been submitted). 3. After the Comment and 
Reply have been accepted for publication, the author of the Comment is sent a copy of the Reply for information, but should not 
alter the text of the Comment in proof. The Comment and Reply are usually (but not always) published in the same issue. 
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Reply:                                                           Original:

Step 3:

PRB: see the rules !    
We:    Talked to chief editor Molenkamp.

He knew the physics, but  also sent to

a member of the editorial board
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Response canceled acceptance
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• Spin-orbit interaction and spin filters

• Time reversal symmetry – no polarization with 2 leads

• Ways to overcome this limitation

• Explain experiments?

Outline
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Our explanations of CISS
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Our approach: scattering with helix between 2 leads

Tight binding hopping on helix

Interference: hopping between helix steps

Spin-orbit interaction

Is helix equivalent to effective rnormalized single wire?
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Scattering approach

Tight binding model

Spin polarization
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Leakage of electrons or loss of coherence

--- Electrons can escape from every site on helix

NO POLARIZATION WITH TIME REVERSAL SYMMETRY AND 2 TERMINALS!

Length
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Other alternatives:

• More terminals

• Magnetic fields or polarized electrons

• Time-dependence: AC electric and magnetic fields

• More orbital states

• Non-linear response – needs T(E) (Fransson, vWees)

• Orbital filtering (Binghai Yan)

• Molecule-molecule coupling? (Leakage, cooperative effect)

• Role of exchange with substrate (Paltiel)

• Molecule parallel to substrate (Ruitenbeek)?

• Double helix?

• More???
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Alternative: more terminals;
collect electrons at the end from the 2 last sites on the helix
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Alternative: more terminals;
collect electrons at the end from the 2 last sites on the helix

molecule 
with several 
arms 
(Naaman)?
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Total polarization
Along helix axis

Polarization along 
Each quantization axis
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Magnetic Fields & polarized leads
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Spin Selective Conduction

DNA

S. Mishra, A. K. Mondal, S. Pal, T. K. Das, E.Z. B. 
Smolinsky, G. Siligardi,  R. Naaman, 
JPC C 124, 10776-10782 (2020). 

20bp20bp
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DC current generated by 
time-dependent SOI 

Time-dependence

Note
oscillations
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Time-dependence
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Another way: look at transient currents
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Explanation:
Transient following
Exchange in substrate



Spin transmission between 2 terminals with time reversal symmetry?

S unitary

Same transmissions for 
both spin polarizations
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Finite spin-polarization factor
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Other alternatives:

• More terminals

• Magnetic fields or polarized electrons

• Time-dependence: AC electric and magnetic fields

• More orbital states

• Non-linear response – needs T(E) (Fransson, vWees)

• Orbital filtering (Binghai Yan)

• Molecule-molecule coupling? (Leakage, cooperative effect)

• Role of exchange with substrate (Paltiel)

• Molecule parallel to substrate (Ruitenbeek)?

• Double helix  -- Utsumi?

• More???
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Conclusions:

No spin splitting for 2 terminals plus spin orbit.

Many theoretical ways to overcome this limitation,  BUT

Which  model applies to each experiment??

Leakage, 

Magnetic fields, 

Time dependence (transients),

Double helix and more ionic levels,

Non-linearity?? ……..
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Thank you
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