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We here discuss the development of inorganic and organic superconductors having a 

structural chirality. 

  



Abstract 

We discuss herein the so far reported chiral inorganic and organic superconductors with 

structural chirality. In chiral inorganic compounds, since the constituent atoms are not stable 

stereogenic centres, chirality can be reached by breaking improper rotation symmetry in a 

space group. These systems have anisotropic spin-orbit interaction and are therefore of 

interest from the viewpoint of the degree of freedom of the Cooper pairs and of the high upper 

critical magnetic field. We make here the distinction from chiral superconductivity that 

focuses on the topology of the Cooper pairs. Chiral superconductors derived from their non-

centrosymmetric crystalline space groups, despite the achiral nature of the precursors, also 

exist in organic materials. The chirality induced spin selectivity (CISS) effect has been 

evidenced in an organic superconductor based on the bis(ethylenedithio)-tetrathiafulvalene 

(BEDT-TTF) donor. Although there have been reports of superconductivity in alkaline salts of 

polycyclic aromatic compounds, the existence of the phenomenon has been challenged. These 

issues are also discussed in this review. Furthermore, chirality can be addressed into organic 

materials by introducing stereogenic centres, which is a straightforward strategy to prepare 

chiral organic metals and, a priori, to achieve superconductivity. This review provides as well, 

besides a description of the structural chiral superconductors known to date, a summary of the 

main physical effects discovered in these materials, such as the electrical magnetochiral 

anisotropy (eMChA) and chirality induced spin selectivity (CISS) effects, and the main pieces 

of evidence reported in support for each of them. 

  



1. Introduction 

Chirality is one of the hottest topics in science attracting more and more researchers from 

different fields such as biology, physics, and chemistry. For example, in the latter, the 

asymmetric synthesis is one of the Holy Grails in organic chemistry since many years, 

particularly in the synthesis of pharmaceuticals, agrochemicals and natural products.
1,2

 

Besides point stereogenic centres, consisting in atoms covalently linked to different 

substituents, there are also axial and planar chirality at the molecular level, plus the 

occurrence of chiral space groups in the solid state, where a chiral axis is expressed by the 

relative arrangement of two or more (a)chiral components. For these reasons, chirality was 

traditionally dominant through geometrical, biochemical and synthetic chemical aspects. In 

recent years, however, the physical aspects of chirality have also been studied extensively. 

Accordingly, the electrical magneto-chiral anisotropy (eMChA) effect is a typical chiral-

dependent phenomenon translating the change in the magnetoresistance of a chiral 

(semi)conductor depending on the direction of the parallel/antiparallel magnetic field to the 

electric current.
3
 On the other hand, a spin-polarized electric current can be produced with a 

high polarization rate by passing an electric current through a chiral molecule. This is the so-

called chirality induced spin selectivity (CISS) effect.
4 

Although the theory of the CISS effect 

has not yet been fully established, many theoretical and experimental studies have been 

attempted.
5-8

 They started with insulators due to simplicity at the material selection stage. The 

two effects, namely eMChA and CISS have been only recently reported in 

superconductors.
9,10

 In addition, much effort has been devoted over the years to the 

development of new superconducting materials and the elucidation of their theory, while the 

chiral superconductors remain comparatively limited in spite of their huge potential interest. 

This review is meant to bridge both chirality and superconductors fields. Note that chirality 

here refers to structural chirality, not to a distinction attributed to the topology of the Cooper 

pairs within the superconductor.
11

 



 

2. Chiral inorganic superconductors 

Since the discovery of the superconductivity in Hg, many other superconducting materials 

have been explored.
12,13

 The high temperature systems, ferromagnetic systems, spin-triplet 

systems, and other unconventional systems have been studied in the inorganic chemistry 

research field.
14,15

 Non-centrosymmetric superconductors with broken inversion symmetry 

have also been developed and have attracted much attention in recent years.
16

 

Eibenstein and Jung reported that isostructural Li2Pd3B and Li2Pt3B have antiperovskites-like 

structures, where six transition metal atoms are bonded to one boron in a distorted octahedral 

structure within Pd6B or Pt6B motifs (Fig. 1 for Pd6B).
17

 Moreover, in Li2Pd3B for example, 

one palladium atom has a coordination number of 14 (six palladium, two boron, six lithium) 

(Fig. 1). A palladium atom is also the vertex of another octahedron, forming a three-

dimensional network.  

  

Fig. 1 Single crystal X-ray structure of Li2Pd3B with a focus on the Pd6B motif (left) and on the coordination 

sphere of one Pd atom (right). Colour code: atoms Pd (red), B (kaki), Li (violet). 

The most interesting structural feature of these compounds is the enantiomorphic pair of 

chiral space groups, i.e. P4332 and P4132, in which they crystallized, although it is not clear 

from the several reports whether conglomerate or single enantiomeric crystals have been 

obtained. Judging from the difference of the reliability factors, the space group of Li2Pd3B 

was inferred to be P4332, but the difference from P4132 was not conclusive in the case of 

Li2Pt3B. It is clear though that there is a priori no control on the occurrence of one or the 

other space group, therefore to date there is no report mentioning the preparation and study of 



physical properties of both enantiomeric crystals with either Pd or Pt. The magnetic 

susceptibilities of polycrystalline samples in zero field cooling (ZFC) measurements show 

that the superconducting transition temperatures Tc are 6.7 K for Li2Pd3B (approx. 8 K from 

resistivity measurements) and 2.43 K for Li2Pt3B (Fig. 2 for Li2Pd3B).
18,19

 

 

 

 
Fig. 2 Temperature-dependent resistivity measurements for crystalline Li2Pd3B. The inset shows the resistivity 

transition regions in applied magnetic fields H of 0, 0.05, 0.1, 0.2, 0.5, 1, 2, 3, 4, and 5 T (the arrow indicates the 

increase in H). The applied current was 5 mA for a 4-probe configuration (a). Reprinted with permission from ref. 

18; Copyright 2004, The American Physical Society. The temperature dependence of (b) the normalized 

penetration depth T) / 0 and (c) the corresponding superfluid density s(T) for Li2Pd3B, in which Tc = 7 K, G 

= 0.42 nm/Hz for sample 1 and Tc = 6.7 K, G = 0.63 nm/Hz for sample 2. The symbols represent the 

experimental data and the solid line is a theoretical fit with parameters  = 0.1 and  = 4. The insets in the upper 

(b) 

(c) 

(a) 



panel and the lower panel show a 3D polar plot of the gap function _(k) and the temperature dependence of the 

order parameter components  (spin singlet) and t (spin triplet), respectively (bottom). Reprinted with 

permission from ref. 19; Copyright 2006, The American Physical Society. 

 

The BCS (Bardeen-Cooper-Schrieffer) theory, where the attractive force between two 

electrons has no directional dependence, can only allow the distribution of Cooper pairs to be 

isotropic.
20

 In some non-BCS superconductors, the superconducting gap has nodes in certain 

regions of the Fermi surface. One of the methods to investigate the presence of nodes in the 

superconducting gap is to measure the temperature dependence of the superfluid density. The 

superconducting order parameters of these materials can be described by the magnetic field 

penetration length and the fitting calculation.
21

 The ratio of the spin-singlet order parameter   

and the spin-triplet order parameter   is defined as   
 

 
. The order parameter is calculated to 

be   = 4 for Li2Pd3B, which means that it is almost a spin-singlet state with cubed figure (Fig. 

2). On the other hand,   = 0.6 for Li2Pt3B, indicating that the spin-triplet component is 

dominant. A broken inversion symmetry results in a mixed state of a spin-singlet and spin-

triplet pairing, which produces an anisotropic superconducting order parameter. Interestingly, 

the critical temperature Tc is decreasing almost linearly with the amount of Pt (x) from 7.2 – 8 

K for Li2Pd3B to 2.2 – 2.8 K for Li2Pt3B in the pseudo-binary solid solution Li2(Pd1-xPtx)3B, x 

= 0 – 1.
22

 

TaRh2B2 and NbRh2B2 are superconductors with a chiral crystal structure reported by 

Carnicom, Cava et al.
23

 Both compounds crystallized in the trigonal enantiomorphic space 

group P31, while its mirror-image counterpart P32 has not been observed.  The Ta/Nb atoms 

form isolated spirals that are surrounded by boron-boron dimers. These spirals go through 

layers of Rh atoms arranged in a honeycomb lattice, with successive layers slightly shifted 

from the layer above and below, thus resulting in a spiral of Rh layers along the c axis (Fig. 3). 



 

Fig. 3 Single crystal X-ray structure of Ta/NbRh2B2. Reprinted with permission from ref. 23; Copyright 2018, 

American Association for the Advancement of Science (AAAS). 

The magnetic susceptibility in the ZFC process clearly exhibits a superconducting transition, 

with superconducting transition temperatures of 5.8 K for TaRh2B2 and 7.6 K for NbRh2B2. 

The electric resistivity measurements on compressed pellets indicate the same 

superconducting transition temperatures for the two materials (Fig. 4 for TaRh2B2). 

 

 

Fig. 4 Temperature-dependent electrical resistivity for TaRh2B2 (compressed pellet) measured from 300 to 1.7 K 

with no magnetic field. Inset: plot of the dependence of the superconducting transition on applied magnetic field 

(b) 

(a) 



measured from 1.7 to 7 K in applied fields from 0 to 12 T. The dashed black line shows 50% of the 

superconducting transition (a). The Tc values at different applied fields were used to calculate the 0Hc2(0) values 

for TaRh2B2 (11.7(4) T) and for NbRh2B2 (18.0(4) T) (b). Reprinted with permission from ref. 23; Copyright 

2018, American Association for the Advancement of Science (AAAS). 

 

The materials also exhibit progressive suppression of superconductivity under an applied 

magnetic field. TaRh2B2 still shows clear superconducting transition, accompanying a 

decrease in the transition temperature, even at 11 T applied field, while NbRh2B2 remains 

superconductor up to 14 T (Fig. 4). The upper critical field (   ) can be estimated following 

the Werthamer-Helfand-Hohenberg equation from the orbital pairing-breaking effect: 

                 
      

  
 

where    denotes the critical temperature, 
      

  
 denotes the slope of       around    . By 

assigning    = 5.8 K for TaRh2B2 and    = 7.6 K,          can be calculated to be 11.7 T and 

18.0 T, respectively. On the other hand, the Pauli limit, where superconductivity is destroyed 

by the Zeeman effect, can be estimated as: 

   
             

where    denotes the critical temperature. Thus,    
      = 10.7 T for TaRh2B2 and    

      

= 14.1 T for NbRh2B2 are calculated. The existence of superconductivity beyond the Pauli 

limit means that the singlet Cooper pair is very likely broken and the superconducting state 

coexists with spins having degrees of freedom with some becoming triplets. This robustness 

against the applied magnetic fields is suggested to be due to the potential anomaly of chiral 

superconductors. This effect was also observed in the achiral non-centrosymmetric 

superconductor CePt3Si
16 

and the achiral layered superconductor NbSe2.
24

 

The solid solution system (Pt0.2Ir0.8)3Zr5 is an achiral compound crystallizing in the 

centrosymmetric space group P63/mcm at room temperature.
25

 Interestingly, its purely 

bimetallic congeners Pt3Zr5 and Ir3Zr5 crystallize, at room temperature, in the non-chiral space 



group P63/mcm and in the enantiomorphic space group P6122, respectively (Fig. 5). 

 

Fig. 5 Crystal structures of (a) Pt3Zr5 and (b) Ir3Zr5. The figures on the left show the a−b plane views. In the 

middle are shown the structures along the c-axis. The figures on the right are the 6-fold screw axis 63 for Pt3Zr5 

and 61 for Ir3Zr5. Reprinted with permission from ref. 25; Copyright 2024, American Chemical Society. 

 

Moreover, the former shows a superconducting transition at 6-7 K, while no 

superconductivity has been observed for the latter. Thus, the authors endeavoured to 

investigate the solid solutions (Pt1-xIrx)3Zr5 for different nominal values of x, which showed 

that for x = 0 ~ 0.85 only the P63/mcm phase was present at room temperature, whereas for x 

= 0.9 both P63/mcm and P6122 phases coexist. Finally, the phase (Pt0.2Ir0.8)3Zr5 (x = 0.8) 

shows a temperature dependent structural phase transition from P63/mcm to P6122 upon 

cooling, such as the chiral space group P6122 becomes dominant at low temperatures, 

accounting for 60% at 30 K. Magnetic susceptibility measurements showed a superconducting 

transitions for x = 0 ~ 0.85, with the Tc decreasing as x increases. Thus, for (Pt0.2Ir0.8)3Zr5 it 

was estimated that chirality and superconductivity coexist. The existence of superconductivity 

was further confirmed by the temperature dependence of the specific heat. Electrical 

resistivity measurements also showed the onset of a superconducting transition temperature at 

2.1 K for (Pt0.2Ir0.8)3Zr5, with the superconducting state resisting up to a magnetic field of 0.1 

T (Fig. 6). 



 

Fig. 6 Temperature dependence of ρ in the cooling and heating processes for (Pt0.2Ir0.8)3Zr5. The inset is the 

enlarged view at T ≤ 6 K (left). ρ(T) under several applied magnetic fields for (Pt0.2Ir0.8)3Zr5 (right). Reprinted 

with permission from ref. 25; Copyright 2024, American Chemical Society. 

 

However, the estimated upper critical field is 2.59 T, whereas the Pauli limit    
      reaches 

4.08 T. Since the critical field calculated by the Werthamer-Helfand-Hohenberg equation is 

1.33 T, the mechanism of the upper critical field of this material is dominated by the orbital 

pairing-breaking effect. Therefore, the anisotropy spin orbit coupling effect, often seen in 

chiral superconductors, does not contribute significantly here to the physical properties of this 

material. It should be pointed out that in the composition of (Pt0.2Ir0.8)3Zr5 only transition 

metals are present, therefore orbital hybridization is not likely to occur, which should not 

provide a significant antisymmetric spin-orbit coupling (ASOC). On the contrary, the chiral 

superconductors TaRh2B2 and NbRh2B2 discussed above contain transition metals and boron, 

which could explain the observed Pauli limit violation thanks to the orbital hybridization 

between p and d orbitals. Thus, the crystal structure and elemental composition can be 

important parameters for the ASOC. 

Carbon nanotubes (CNT) are remarkable materials possessing unique electronic, thermal, and 

optical properties as well as high physical strength and chemical reactivity.
26

 Many related 

applications have been considered in various research fields,
27

 and even signature of 

superconductivity has been claimed.
28

 Inorganic derivatives of CNT have been developed as 

well. As such, tungsten disulfide (WS2) is a metal dichalcogenide semiconductor material, 

consisting in a three-layer S-W-S sandwich structure with covalent tetrahedral W–S bonds, 



where faint van der Waals bonds connect adjacent sulfur sheets. It can be obtained as a variety 

of polyhedral and cylindrical forms including nanotubes,
29

 that exhibit superconductivity with 

applied gate voltage.
9
 There are three structural types of WS2 nanotubes: zig-zag, armchair 

type and chiral type. These can be distinguished by TEM diffraction patterns. F. Qin et al. 

assembled the device with ionic liquid gating. WS2 nanotubes where zig-zag type domains 

and chiral type domains coexist were placed on the electrodes, and KClO4/polyethylene 

glycol electrolyte as the gate medium is bridged upon the gate terminal and the sample. With 

an ionic liquid gate, the same sign ions build up, forming an electric double layer on the 

semiconductor surface, and high density carriers are accumulated. In addition, voltage can be 

applied until an electrochemical reaction occurs in the electric double layer, so that high 

electric fields and high carrier densities can be achieved with low voltages.
30

 The WS2 

nanotube undergoes the superconducting transition under 8 V gate voltage at 5.8 K. The chiral 

signature is expressed as a non-reciprocal electron transport in the superconducting regime, in 

which the forward and backward supercurrent flows are not equivalent because of inversion 

symmetry breaking, as a consequence of the electrical magnetochiral anisotropy (eMChA) 

effect (Fig. 7). 

 

Fig. 7 WS2 chiral NT and asymmetric superconducting transport in chiral NTs. (a,b) Illustrations of the 

unidirectional electric transport in superconducting chiral NT. Because of the broken inversion symmetry, 

asymmetric magnetoresistance is expected under magnetic field parallel to the tube axis. (c) Transmission 



electron microscopy (TEM) image of a single WS2 NT. (d) Electron diffraction pattern of a single WS2 NT. The 

red arrow represents the direction of the tube axis. Tilted hexagonal diffraction pattern (white lines) confirms the 

chiral structure in addition to the zigzag type NT (yellow line). (e) SEM image of a WS2 NT device. (f) 

Illustration of the electric double-layer transistor device. The electrolyte KClO4/polyethylene glycol is used as 

gate medium. Reproduced with permission from ref. 29. Copyright 2017 Nature Publishing Group. 

 

 Based on symmetry arguments, the electrical resistance under a parallel magnetic field can be 

expressed as: 

                            

where   denotes a gyrotropic coefficient,   denotes an electric current,    denotes a magnetic 

constant,   denotes a magnetic field. 

 

By applying an alternating current (AC), this second term can be expressed in voltage as: 

       
 

 
        

            
 

 
   

 

In the lock-in measurement, the resistance of the eMChA effect can be expressed as follows 

by taking the term at     shifted by 
 

 
. 

    
 

 
        

    gives an antisymmetric signal with the applied magnetic field at low temperatures. The 

magnitude of the magnetic resistance varies depending on the relative angle between the 

electric current and the magnetic field. Thus, the eMChA effect was demonstrated for the first 

time in a chiral superconductor. 

Worth noting, although not involving structurally chiral superconductors but heterostructures, 

is the observation of unconventional order parameter probed by low-temperature scanning 

tunnelling microscopy and of unconventional Meissner response induced by the adsorption of 

chiral molecules on the surface of classical superconductors such as Nb and NbSe2,
31–33

 or in 



chiral hybrid TaS2 superlattices obtained by the intercalation of chiral molecules.
34

 This 

endeavour enables the possibility of CISS experiments in superconducting materials to 

considerably expand. In addition to that, two-dimensional diatomic honeycomb lattices are 

theoretically predicted to produce chiral phonons.
35

 

 

3. Chiral organic superconductors 

3.1 Superconductivity issues in alkali salts of polycyclic aromatic hydrocarbons   

Superconductivity within alkali-doped polycyclic aromatic hydrocarbons (PAHs), in which 

the π-electron system is widely delocalized on their conjugated framework, has been claimed 

first in 2010 in potassium-doped picene Kxpicene (x = 2.9 or 3.3), with a reported Tc = 18 K.
36

 

These materials, together with the alkali-doped phenanthrene materials, i.e. A3phenanthrene 

(A = K or Rb), Tc ≈ 5 K,
37 

and K-doped dibenzopentacene, Kxdibenzopentacene, Tc = 33 K, 

produced a massive burst of interest in the community.
38

 Although the PAH involved in these 

materials are not chiral themselves, it is worth mentioning these results in the context of this 

review with respect to the possibility to generate such reduced species with inherently chiral 

helicenes, which are helical PAHs.
39-41

 Moreover, picene and phenanthrene molecules are zig-

zag shaped aromatic hydrocarbons and form two-dimensionally herringbone structures in the 

a-b plane, which crystallize in the chiral space group P21, making their conducting doped 

derivatives virtually chiral from the structural point of view. The general composition formula 

of these “salts” is thus Ax(PAH), where A denotes K or Rb. The alkali metal is intercalated 

into the crystal voids, keeping a priori the same packing between the neutral and the doped 

PAH. Different annealing temperature, time and constituent ratio conditions can produce 

various types of samples. The highest transition temperature was recorded at 18 K with 

K3.3Picene, where the ZFC magnetic measurement shows a drastic decrease of the magnetic 

susceptibility. However, these studies have been questioned and doubted in terms of 

molecular instability of the PAH alkaline salts and impurities in the samples. The attempts to 



reproduce these experiments by Heguri, Kobayashi and Tanigaki indicate the thermodynamic 

instability of the phenanthrene doped phase and decomposition of the PAH in the reaction 

conditions.
42

 After annealing for twenty hours, indeed X-ray diffraction (XRD) profiles 

exhibit broad peaks corresponding to the metal hydride, implying the PAHs are decomposed 

by hydrogen breakaway. The samples contain small amounts of ferromagnetic fragments that 

produced the residual magnetization. No proofs corresponding to superconductivity were 

observed for Kxphenanthrene (x = 1–3) above 2 K, therefore the occurrence of 

superconducting states in Ax(phenanthrene/picene) (A = K or Rb) seem extremely unlikely. 

Additional proofs in this respect have been provided by Rosseinsky and Prassides who 

succeeded to prepare in pure crystalline form K2pentacene and K2picene by a solid state 

insertion protocol using potassium hydride as reducing agent,
43

 and also CsC14H10 and 

Cs2C14H10 (C14H10 = phenanthrene), obtained by reduction of phenanthrene with metallic 

caesium in anhydrous THF.
44

 Neither of these salts showed, unfortunately, superconducting 

behavior above 2 K. 

 

3.2 Organic chiral superconductors 

The development of superconductors in organic materials has mainly started with the 

tetrathiafulvalene (TTF) derivatives.
45

 Indeed, the selenium substitute tetramethyl-

tetraselenafulvalene (TMTSF) based conductor (TMTSF)2PF6 is the first example of organic 

superconductors, with    = 0.9 under 12 kbar.
46,47

 Triggered by this milestone discovery, a 

large number of TTF based superconductors have been developed for the last several 

decades.
48-51

 Particularly interesting is the κ-(BEDT-TTF)2·Cu(NCS)2 material synthesized by 

Mori, Saito et al., exhibiting ambient pressure superconductivity, with a Tc of 10.4 K, as well 

as chirality, despite the achiral nature of its organic and inorganic components.
52

 Accordingly, 

the crystalline salt is composed of dimeric mixed valence radical cations of 

bis(ethylenedithio)-TTF (BEDT-TTF), namely [(BEDT-TTF)2]
+•

, and of counterions 



[Cu(NCS)2]
–
, forming polymeric chains which impart chirality to the crystal. The BEDT-TTF 

dimers arrange almost perpendicularly to each other, resulting in a κ-type arrangement. The 

conducting pass is spread two dimensionally, separated by [Cu(NCS)2]n anionic chains. As 

already mentioned, both constituents are achiral, but the winding polymeric inorganic chains, 

which are non-centrosymmetric, imprint a chiral structure at the crystal level, resulting in the 

non-centrosymmetric space group P21, with the 21 screw axis running along the  -axis. 

According to electron diffraction experiments of thin crystals, the d-form crystals are often 

obtained.
53

 The electrical resistivity measurement show metallic behaviour down to 250 K, 

which then turns into semiconducting behaviour down to 90 K. This upturn of the resistivity 

corresponds to a Mott transition, where the stabilization energy due to the localization of the 

electrons becomes dominant. After reaching the highest value, the resistivity decreases rapidly 

and vanishes around 10 K. The superconducting transition temperature defined as the middle 

of the transition is 10.4 K. Due to its strong two-dimensionality, this material is known to 

form a pancake-shaped vortex where the superconducting vortices are layered and split, each 

of them being linked by Josephson junctions.
54

 Somehow surprisingly when considering its 

“birth” back to 1988, the research exploiting the chirality of this material has been engaged 

only very recently by Yamamoto et al.,
10

 certainly one of the related difficulties being the 

access to homochiral crystals. Here the authors obtained very thin crystals, by adapting the 

classical electrocrystallization technique, which were mapped by CD microscopy in order to 

characterize them chiroptically. While most of the crystals showed indeed the same chirality, 

in accordance with ref. 53, some crystals contained both opposite chiral domains as well. The 

critical temperature value of the superconducting transition of the thin crystals was Tc = 7.4 K, 

that is lower than the one reported for the bulk crystals. By applying AC current on a 

homochiral crystal, an antisymmetric field dependence appeared on the magnetic electrode 

(Fig. 8). 



 

Fig. 8 (a) H dependence of voltage drop. Ia.c. is the magnitude of an a.c. excitation applied to the device. The 

interval of Ia.c. is 1.2 μA. (b) Ia.c. dependence of Vodd. The solid line is a guide to the eye. (c) Angular dependence 

of Vodd. θ is the angle of H measured from the y axis, shown in the inset at the lower left. The inset at the upper 

right shows the direction of the spins accumulated near the interface. Va.c. was set to 100 mV. (d) H dependence 

of V at different values of θ at intervals of 5°. (e,f) θ dependence of Vodd measured at the detection terminals 

along positive y (e) and negative y (f). Va.c. was set to 100 mV. (g) Spatial distribution of the spin accumulation, 

calculated from (e) and (f). Reproduced with permission from ref. 10. Copyright 2023 Nature Publishing Group. 

Considering the fact that spin injection can be detected as voltage depending on the potential 

shift in a magnetic electrode, this voltage signal expresses the spin polarization via the CISS 

effect in the superconducting state. Normally, the spin polarization in a gyrotropic 

superconductor is generated by the Edelstein effect following the equation
55-57

: 

          

where    denotes the spin polarization density,   denotes a component of the 

magnetoresistance tensor, and      denotes a supercurrent density. Accordingly, the Edelstein 

effect       is estimated as: 



               
        

       

where    denotes the equilibrium spin polarization and     
      denotes the density of 

states for the minority spin at the Fermi level of nickel. In the case of κ-(BEDT-

TTF)2·Cu(NCS)2 a voltage value       < 26 nV, corresponding the Edelstein effect, was 

calculated. When considering the experimental voltage value defined as 

                            , which is in the V range (Fig. 8), this means the spin-

polarized current through the CISS effect was three orders of magnitude larger than the 

conventional theory. Not only giant spin polarization, but also determination of the spin 

direction by the CISS effect in the chiral superconductor was achieved, together with the 

observation of pairs of antiparallel spins. The typical concept of the CISS effect, which is the 

spin polarization of electrons tunnelling through chiral molecules, only involves  -even 

quantities. However, inward and outward switching of pairs of antiparallel polarized spins can 

be performed by both time-reversal ( ) and mirror ( ) operations, which are considered as  -

odd chirality. Considering that the chirality of the material is  -even, this result proves that 

spins can reflect the lattice chirality of a chiral superconductor through the CISS effect, and 

indicates that the conversion from  -even chirality to  -odd chirality is feasible. Since the 

measurement temperature corresponds to the midpoint of the superconducting transition, 

superconducting vortices should be mixed in a metallic phase. No spin polarization is detected 

in a completely superconducting state. Thus, the spin carriers might also originate from 

Bogoliubov quasi-particles which are constructed by superpositions of excitations of negative 

charged electrons and positive charged electron holes. These outstanding manifestations of the 

CISS effect were realized by considering the superconductor as a single chiral molecule due 

to the macroscopic coherence length. Incorporating the concept of time-reversal symmetry 

into superconductors enables the study of new superconducting devices that make full use of 

chirality and superconductivity. 

In the previous example the structural chirality occurred in a serendipitous manner thanks to 



the polymeric zig-zag shape of the anion which is however achiral in its molecular form. The 

combination of chiral anions, provided with controlled chirality through stereogenic centres, 

with benchmark TTF donors, such as BEDT-TTF or 2,5-bis(1,3-dithiolan-2-ylidene)-1,3,4,6-

tetrathiapentalene (BDH-TTP), is a promising strategy towards chiral organic 

superconductors, investigated especially by Martin et al.
58,59

 However, so far only chiral 

metallic compounds have been reported. 

The alternative strategy consists in the combination of chiral TTF derivatives with achiral 

anions, thus opening many more possibilities of exploration than the previous one, since the 

number of chiral anions suitable to provide crystalline radical cation salts is relatively limited. 

As such, a consistent number of molecular conductors with chiral ethylenedithio-TTF (EDT-

TTF) and BEDT-TTF derivatives,
60

 especially containing methyl substituents on the ethylene 

bridges (Scheme 1), have been reported and their conducting properties investigated.
61-65

 Note 

the first observation of the eMChA effect in a bulk crystalline chiral metal, namely (DM-EDT-

TTF)2ClO4.
66

 

 

Scheme 1 Chiral TTF derivative candidates for chiral organic superconductors. Only the (S) enantiomers are 

shown. 

However, the chiral conductors based on this strategy reported so far showed at best metallic 

conductivity. A special case, worth to discuss in the context of the present review, is the κ-

[(S,S)-(DM-BEDT-TTF)]2·ClO4 compound reported in 1992 by Zambounis et al. as being 

superconductor below 2 K under applied moderate pressure of ≈ 5 kbar.
67

 Since no further 

report confirming the claimed superconducting transition, combined with the fact that only the 

(S) enantiomer has been described, prompted us to re-investigate these chiral conductors in a 



more consistent manner, by synthesizing both enantiomeric salts.
68

 The donors in the crystal 

form strong face-to-face mixed-valence radical cations dimers which build up a κ-type 

arrangement. There are four independent donor molecules in the unit cell and, remarkably, 

they pair two by two in two different -layers (Layer 1 and Layer 2), a very original feature. 

According to the DFT band structure calculations, Layer 1 provides a 1D dispersion band, 

whereas Layer 2 forms a typical 2D band. The charge distribution on the donors indicate that 

the donors in Layer 1 are slightly more oxidized (≈ +0.6) than those in Layer 2 (≈ +0.4). 

Unlike the initial report claiming superconductivity in the (S) enantiomer under pressure, the 

new resistivity measurements performed on several crystals of each enantiomer revealed 

metallic behaviour in the high temperature regime and an upturn of the resistivity below 80 K 

at ambient pressure, as a consequence of a Mott insulating state. As pressure is applied, the 

room temperature electric resistivity decreases and the metal-insulator transition was pushed 

down to 10 K at 14.5 kbar, yet with no evidence of superconductivity. However, one of the 

measured samples showed an abrupt drop of resistivity to almost zero below 1 K under a 

pressure of 7.5 kbar upon increasing the current density. This resistivity drop was insensitive 

to applied magnetic field, which is contrary to the occurrence of a superconducting state. The 

behaviour observed here is very likely reminiscent of a current-induced melting of a charge 

ordered state and definitely not of a superconducting transition. Throughout these examples it 

appears that although no chiral superconductors based on chiral TTF derivatives have been 

obtained to date, the endeavour of several research groups will most probably afford such 

materials. Moreover, another promising family of conducting molecular materials which can 

provide superconductors are the metal bis(dithiolene) complexes,
69

 although embedding 

chirality in such precursors is more recent compared to TTFs.
70,71

 

 

4. Summary and outlook 

Several superconductors with structural chirality and their related physical properties have 



been discussed in this review. It has been shown that various materials, both inorganic and 

organic, have superconducting phases (Table 1), and, sometimes, superconductivity has been 

achieved with some physical doping. The most critical issue is clearly the access to potential 

superconducting materials with controlled structural chirality. In the inorganic case the 

serendipitous crystallization in chiral space groups does not allow to choose one or another 

enantiomer. This is the case also with the so far unique chiral TTF based superconductor 

where symmetry breaking arises upon formation of the polymeric anionic chains during 

crystallization. Very likely, the most promising strategy in the case of organic superconductors 

is the use of precursors which are chiral themselves. A couple of examples of chiral materials 

for which the occurrence of superconductivity has been invalidated has been discussed as well, 

thus emphasizing an unwavering interest of the communities of chemistry and physics of 

chirality, molecular conductors and solid state physics. Researches into superconducting 

quantum computers and other more recent areas of superconductivity have been active in the 

last decade. Therefore, the use of chiral superconductors showing spin polarization and/or 

charge rectification could be effectively utilised to study superconducting spintronics 

incorporating spin interconnections. These cross-disciplinary researches greatly stimulate the 

investigations of chiral-dependent phenomena and contribute to the development of new 

functional materials. 

 

Table 1 Summary of the reported critical temperatures for superconductors with structural chirality 

Compounds Transition temperatures (K) 

Li2Pd3B 6.7 

Li2Pt3B 2.43 

TaRh2B2 5.8 

NbRh2B2 7.6 

(Pt0.2Ir0.8)3Zr5 2.1 

WS2 5.8 (gate voltage: 8 V) 

κ-(BEDT-TTF)2·Cu(NCS)2 10.4 



K3.3Picene 18 (impure materials) 

[(S,S)-(DM-BEDT-TTF)]2·ClO4 ~1 (5.8 kbar) (invalidated) 
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