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ABSTRACT
We investigate quantum transport in a two-dimensional electron system coupled to a chiral molecular potential, demonstrating how molec-
ular chirality and orientation affect charge and spin transport properties. We propose a minimal model for realizing true chiral symmetry
breaking on a magnetized surface, with a crucial role played by the tilt angle of the molecular dipole with respect to the surface. For non-zero
tilting, we show that the Hall response exhibits clear signatures of chirality-induced effects, in both charge- and spin-resolved observables.
Concerning the former, tilted enantiomers produce asymmetric Hall conductances and, even more remarkably, the persistence of this feature
in the absence of spin–orbit coupling (SOC) signals how the enantiospecific charge response results from electron scattering off the molec-
ular potential. Concerning spin-resolved observables where SOC plays a relevant role, we reveal that chiral symmetry breaking is crucial in
enabling spin-flipping processes.

© 2025 Author(s). All article content, except where otherwise noted, is licensed under a Creative Commons Attribution (CC BY) license
(https://creativecommons.org/licenses/by/4.0/). https://doi.org/10.1063/5.0271155

I. INTRODUCTION AND MOTIVATIONS

In recent years, a significant experimental effort has been
made to control the static and transport properties of metallic sub-
strates through the adsorption of chiral molecules on magnetized
or superconducting surfaces.1–6 This highly non-trivial interplay
between quantum transport, molecular chirality, and magnetism
sits at the core of the so-called Chiral-Induced Spin Selectivity
(CISS), an umbrella term encompassing a wide range of phenomena
where spin-dependent observables and chiral symmetry breaking
are intertwined, spanning open questions from solid-state physics
to biochemistry.7–30

Investigating chirality in experimental setups is challenging
due to the complex interplay between chiral symmetry breaking
and intrinsic symmetries of the system’s observables. As a result,
discerning chirality-driven effects is a non-trivial task, especially
on surfaces.3,31 Indeed, chiral symmetry involves transforming an
object into its mirror image, with such pairs called enantiomers. For
chiral symmetry breaking to manifest in distinct and measurable

effects, enantiomers must result in non-trivial symmetry breaking
mechanisms. This is crucial for understanding how chirality affects
physical observables, especially for adsorption experiments. There
is, indeed, an increasing amount of evidence that surfaces with
an out-of-plane magnetization enable an enantiospecific adsorp-
tion process,32 provided that the reaction kinetics occurs on a
faster timescale than thermodynamic equilibration. Within the CISS
framework, this observation is understood in terms of an emergent
spin-exchange interaction arising from the interplay between the
magnetized surface and the molecular electric polarizability.33

Once this enantiospecific process is established, the main focus
of this paper revolves around the resulting chirality-driven signa-
ture on transport observables, such as charge- and spin-resolved
conductances. By leveraging a minimal model presented in Sec. II,
we are able to show that, in a four-terminal setup, enantiospecific
signals are present for both charge and spin transport (Sec. III).
This occurs in the transverse direction with respect to the injected
probe current, a phenomenology reminiscent of the anomalous
Hall effect34 (AHE). Remarkably, the enantiospecificity of the AHE
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charge signal appears to be purely driven by electrons scattering off
the molecular potential, relating to skew-scattering and side-jump
mechanisms34–37 rather than the intrinsic effects,38,39 which result
from the band structure geometry. As expected, spin–orbit coupling
(SOC) becomes increasingly relevant for spin observables. However,
we notice that spin-flipping processes are inhibited whenever chiral
symmetry is not broken and one can single out a mirror transfor-
mation connecting the two enantiomers on the plane. We conclude
in Sec. IV by commenting how our results can be possibly framed
in terms of the so-called chirality-induced spin selectivity (CISS)
and the impact on the development of chirality-enhanced spintronic
devices.11,25

II. THE MODEL
We examine a minimal theoretical framework able to capture

transport properties across a magnetized two-dimensional substrate.
We consider the following Hamiltonian for electrons moving in a
magnetized substrate:

Ĥtot = Ĥ0 + ĤSOC, (1)

where

Ĥ0 =
p̂ 2

2m∗
+ Δσz + Vdip(r) + Vext(r). (2)

Here, p̂ is the momentum operator of the electron, m∗ is the effec-
tive mass of the electron, Δ is the exchange field resulting from the
magnetized substrate, Vext is the confining potential that defines the
scattering region, and Vdip is the interaction between electrons and
the electric field generated by molecular dipoles.

The molecular potential is modeled as

Vdip(r) = e(Eμ ⋅ r) exp{− ξ
2
x x2 + ξ2

y y2 + ξ2
z z2

2
}, (3)

where e is the electron charge, Eμ = 8μ/l3 relates to the electric
field proportional to μ = (μx,μy,μz)T , which acts as the molecular
dipole moment, and l is a vector containing the dimensions of the
molecule. This form of potential has been used for scattering prop-
erties before40 and is employed here as a model potential to capture
the main aspects of the molecular electric field.

The potential in Eq. (3) breaks chiral symmetry. Indeed, a mir-
ror transformation along the x or y axes leads to a rotated potential
that is different except for μx = μy. Moreover, moving from one
enantiomer to the other requires flipping the sign of either μx or μy.
For the sake of simplicity, we keep the sign of μx fixed and change
μy, as the parameter allowing us to switch between both chiralities.

In its current form, the effect of the potential on observables
is trivial, since changing the sign of μy in Eq. (2) is equivalent to
applying a mirror transformation with respect to the xz plane. This
leads to any observable having the same value for both enantiomers
after applying mirror transformation, as we shall see. This is due to
the kinetic term in Ĥ0 being invariant under mirror symmetry.

To remedy this problem and explore how chiral symmetry-
breaking affects the whole Hamiltonian, we consider the possibility
of tilting the molecule with respect to the substrate. This is done by
introducing an angle θw together with the corresponding rotation

matrix R x̂(θw) around the x-axis. Therefore, positions and electric
field vectors in Eq. (3) transform into the rotated frame defined as
r′ = R x̂(θw)r, with r′, r being the coordinate vectors in the lab and
molecular frame, respectively. This leads to the following expression:

VLR
dip(r) = e(E′μ ⋅ r′) exp{− ξ

2
x x2 + ξ2

y y′2 + ξ2
z z′2

2
}, (4)

with

E′μ = 8
⎛
⎜⎜
⎝

μx/l3
x

(±μy cos θw − μz sin θw)/l3
y

(±μy sin θw + μz cos θw)/l3
z

⎞
⎟⎟
⎠

(5)

and r′ = (x, y cos θw − z sin θw, y sin θw + z cos θw). Different
signs of μy correspond to the enantiomers. Note that flipping the
sign of μy here is not equivalent to applying a mirror transformation,
providing true chiral symmetry breaking in Ĥ0, and this point is
crucial when considering chirality-dependent effects. Consequently,
in the rotated frame, changing the sign of μy is sufficient to switch-
ing between opposite enantiomers for θw ≠ 0, without it being
equivalent to mirror transformation. We notice here that chirality
is actually set by the triple product χ = Δ(μ

∥
× ẑ) ⋅ μ

�
= Δμyμz ,

involving the out-of-plane substrate magnetization Δ, the in-plane
dipole component μy, and its out-of-plane counterpart μz . A mirror
reflection on the x̂ − ẑ plane flips μy and consequently χ, while
a rotation around ẑ leaves μyμz (and thus χ) unchanged. Hence,
chirality remains well defined. Within our model, the potential
experienced by electrons on the surface effectively depends on the
handedness of the adsorbed molecule only if θw ≠ 0. If that is not
the case, the L- and R-potentials in Eq. (3) are mirror-symmetric.
As we show in the following, this implies that, when considering
different enantiomers, the response is trivial for θw = 0. When
the molecule is tilted [i.e., θw ≠ 0 in Eq. (3)], the charge and spin
responses strongly depend on the potential handedness. An analo-
gous scenario is actually observed in the enantiospecific adsorption
of chiral molecules upon out-of-plane magnetized surfaces.32 The
enantiospecificity of the molecule–surface interaction is rationalized
in terms of an emergent selective spin-exchange interaction and
its energetics. More precisely, the substrate is inducing an electric
dipole polarization, which in turn is accompanied by a spin polar-
ization whose orientation depends on the molecular chirality.33

Thus, assuming the presence of this exchange interaction with the
magnetized surface, it is possible to extract an effective potential for
both enantiomers; according to density-functional calculations,32

the energy separation between their corresponding minima lies
well above the scale of room-temperature fluctuations. It is also
important to remark that, as mentioned in the Introduction, in
order to observe this enantiospecific process, the reaction timescale
has to be shorter than the one related to thermal equilibrium. This
feature is strongly dependent from the particular molecular species
and experimental conditions, appearing (for now) beyond the grasp
of a reliable theoretical modeling.32 Nevertheless, while we do not
claim to reproduce this dynamical and molecule-dependent process,
our minimal model actually includes two of the crucial ingredients
leading to the above-described enantioselective process, i.e., the
molecular electric polarizability and the presence of a magnetic
substrate.
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As an additional remark, while it is common to distinguish
different enantiomers by referring to their handedness (i.e., left vs
right), within our framework, this denomination is purely conven-
tional, since these labels do not reflect the geometric structure of the
molecule, but rather the different nature of the two potentials is con-
sidered.41 Finally, the field associated with Vdip(r) as in Eq. (3) is
responsible for the spin–orbit interaction modeled on the Rashba
model,42,43 leading to an additional term defined as

ĤSOC = −(αR/h̵) σ ⋅ [Edip(r) × p̂], (6)

where σ is a vector made of the usual Pauli matrices,
E = −∇Vdip(r), with Vdip being the chiral potential and αR
being the Rashba spin–orbit coupling parameter. Note that all
spin-independent observables trace out the SOC contribution,
and the discussion above still holds. However, spin-dependent
observables will have contributions coming from the SOC,
which turn out to be chirality-dependent, as shall be explored in
Secs. III A–III C.

Moving to the central issue of chiral symmetry breaking and its
signature on transport observables, here we consider a four-terminal
device as shown in Fig. 1. This implements a so-called Hall bridge,
where Ĥtot as in Eq. (1) acts on the central region, specified by blue
points in Fig. 1. Four semi-infinite leads are attached to it, acting
as electrodes in standard transport experiments. These leads can be
thought of as waveguides, driving plane waves in and out of the
scattering region. For this reason, the leads Hamiltonian is writ-
ten as ĤL = k2/2m∗ + Δσz in momentum representation such that
spin-up/spin-down degeneracy is already lifted.

In order to compute transport observables, we rely upon the
scattering wavefunction formalism.44 While it is completely equiv-
alent to the Keldysh method based on non-equilibrium Green’s
functions,45 it is more convenient from a computational perspec-
tive and has been implemented in our simulation through the
Kwant package.46,47 This method relies on casting the Hamiltonian
Ĥtot on a tight-binding discretized model with hopping parameters
t = h2/(2m∗a2), where a is the lattice constant, Now, considering the
four-terminal device displayed in Fig. 1, when a current I0 is inserted

FIG. 1. Instance of a four-terminal Hall setup. The Hamiltonian Ĥtot, as given by
Eq. (1), is implemented in the central (blue) region. Four semi-infinite leads (red)
are attached to it. In order to lessen the onset of shape-induced resonances, in the
numerical simulations, we actually consider a square-shaped scattering region,
whose dimension is 56 × 56 sites.

in the left lead, we can measure the (anomalous) Hall response by
looking at the voltage drop in the transverse direction, i.e., between
the top and bottom leads, as VH = V2 − V1. Lead voltages are simply
extracted by inverting Ohm’s law Ĝ ⋅V = I, where Ĝ is the conduc-
tance matrix. Its elements Gij represent the conductance between
leads i and j (i ≠ j) as computed by numerically solving the scattering
problem. More precisely, for a fixed energy E, we have44,48,49

Gij(E) = (
e2

h
)∑

n∈ i
∑
n′ ∈ j
∣tij

nn′(E)∣
2, (7)

where n is the index labeling the modes open for conduction at
energy E in lead i, and similarly for n′, with tij

nn′(E) being the corre-
sponding transmission scattering amplitude. More specifically, these
coefficients are the elements of t̂ ij(E), a matrix whose dimension
is N i(E) ×N j(E), with N i( j)(E) being again the number of open
conducting modes in lead i(j). In turn, t̂ ij(E) is an off-diagonal block
of the whole scattering matrix Ŝ(E) for the N-terminal device.

Except when otherwise specified, the system is solved using
experimentally relevant parameters, where we set the effective mass
and the lattice constant as m∗ ≃ 0.067me and a ≃ 7.1 Å, respec-
tively; energies are reported in units of the hopping parameter
t = h2/(2m∗a2), which is readily computed to be around 1.14 eV. As
for the Rashba SOC, we set αR = 0.1 eV ⋅ Å; corresponding, in our
simulations, to αR/(2a) ≃ 0.006t. In order to extract VH , we apply
a current I0 = 3 e ⋅ t/h ≃ 1.0 mA onto the left lead, with respect to
Fig. 1. As mentioned above, spin degeneracy is removed by consid-
ering the exchange field coming from the magnetized surface, here
Δ ≃ 0.001t. As for the molecular potential Vdip(r) in Eq. (3), our
values are comparable to the 1,2-propanediol molecule such that
lx = 2.0 nm, ly = 4.0 nm, and lz = 10 nm, while the electric dipole
components are set to μx = 2.4 D, μy = 5.0 D, and μz = 1.8 D.50

III. RESULTS
A. Conductance and Hall voltage

First, it is important to explore the dependence of the overall
Hall response at different values in such energy and its dependence
on SOC strength, as shown in Fig. 2.

We focus on the Hall conductance GH defined as48

GH(E) =
1
2
[G20(E) −G10(E)] , (8)

with the numbering referring to the setup displayed in Fig. 1. In
Fig. 2(a), we report the Hall conductance GH as a function of the
Fermi energy εF for the whole bandwidth [−4t − Δ, 4t + Δ] for dif-
ferent values of the tilting angle θw. For every value of θw, we plot the
results for both handedness values, with solid lines corresponding
to μy > 0 and dashed lines corresponding to μy < 0. It is worth not-
ing that, in practice, we work in the low-temperature limit T ≪ TF ,
with the Fermi energy determining how many lead modes are open
for conduction. In order to provide an order of magnitude, for con-
ventional heterostructures where Hall measurements are routinely
carried on,34 the Fermi energy is typically ∼0.2–0.8 eV, correspond-
ing to TF ∼ 2 ⋅ 103 K, such that T/TF ≲ 0.15 at room temperature
(T ∼ 300 K). In this degenerate regime, the zero-temperature Lan-
dauer formula holds: taking into account finite-temperature effects
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FIG. 2. (a) Hall conductance GH [defined in Eq. (8)] as a function of the Fermi energy εF , here in units of the hopping parameter for the tight-binding model t = h2/(2m∗a2).
As pointed out in the main text, αR/(2a) ≃ 0.006t and Δ ≃ 0.001t. We report three different values of the tilting angle θw , from π/4 (red lines) down to π/6 (blue lines) and
0 (black lines), for both of potential’s handedness, with solid lines corresponding to μy > 0 and dashed lines corresponding to μy < 0. (b) Plot of ΔGH = ∣G(L)

H ∣ − ∣G(R)
H ∣

as a function of the Fermi energy for the same three values of θw listed above. (c) Longitudinal conductance, defined as GLR(E) = G30(E), where the subscripts refer to
Fig. 1 lead numbering. As for the above panels, θw = 0,π/6, and π/4, but here no difference is observed due to the potential chirality. (d) Absolute value of the Hall voltage
VH at ε f /t ≃ 0.1 for different values of the spin–orbit coupling constant αR, while the rest of the simulation parameters are the same as in the previous figures. For the sake
of clarity, we just consider the case of θw = 0 (no difference between the two enantiomers) and θw = π/4, where we see a spread of the order ∼1 mV.

would imply convoluting the conductances with the derivatives of
the Fermi–Dirac distribution, leaving the crucial features of our
model unchanged. Here, we also remark that, within our tight-
binding implementation, the tilt is introduced by a rotation R x̂(θw)
[cfr. Eq. (5)] of the molecular dipole. A further azimuthal rotation
Rẑ(ϕ) around the surface would merely rotate the potential within
the scattering region’s plane. For ideal, disorder-free leads, this

operation leaves the conductance matrix unchanged, since the
system possesses full C∞ in-plane symmetry.

By increasing the electron energy from the left band edge
(∼−4t), and except for oscillations resulting from the discretizing
procedure and the finite system size, the Hall conductance displays a
non-monotonic behavior, reaching its maximum as we approach the
band center (εF = 0), and dropping to zero at the band edges where
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no propagating modes remain, so all transmissions vanish and the
Hall signal naturally goes to zero. In addition, Fig. 2(a) shows two
other zero crossings of the Hall conductance inside the band. These
crossings occur when the tilted dipole deflects exactly the same
charge to the top and bottom probes: a slight energy shift makes
the slowest states pick up an extra phase, flipping their deflection,
and cancel the net Hall current. The behavior of the conductance
is not considerably affected by the molecular configuration. How-
ever, it is immediate to realize that different enantiomers induce
responses with opposite sign, a feature observed in a series of sem-
inal experiments with absorbed chiral molecules upon magnetized
surfaces.5

More remarkably, our framework also adds another crucial
detail: depending on the molecular tilting angle θw, different enan-
tiomers lead to asymmetric responses (i.e., different absolute values
for GH). For θ = 0, we show that changing handedness is equivalent
to taking the mirror transformation counterpart of the conductance,
with no change in the amplitude, as discussed before. Meanwhile,
for θ ≠ 0, the conductance is non-trivially affected by the symmetry
breaking introduced in the scattering region by the chiral transfor-
mation on the potential. This leads to a relevant difference in the
amplitudes of GH for different enantiomers, as evident by looking
at Fig. 2(b), where we plot ΔGH(E) = ∣G(L)H ∣ − ∣G

(R)
H ∣ for each value

of θw mentioned above. There, we see that the response is perfectly
symmetric if the potential is orthogonal to the magnetized substrate
(θw = 0), but as soon as the molecule is tilted, a difference between
left and right enantiomers emerges. This goes back to the fact that

the sign flip in the case of θw = 0 is expected, since changing the
sign of μy is equivalent to applying a mirror transformation along
the y-axis in the scattering region of the molecule.

In order to highlight the peculiar behavior of GH , we also
show the longitudinal conductance GLR between leads 0 and 3 in
Fig. 2(c). This conductance is equally symmetric with respect to εF
and reaches a maximum around εF/t ≈ 1 and vanishes at the edges
of the bands as expected.51 Importantly, we notice how the handed-
ness of the superimposed potential does not influence transport in
the longitudinal direction.

Finally, an experimentally relevant observable is the transverse
Hall voltage VH with respect to the spin–orbit coupling, reported
in Fig. 2(d). The results of the numerical simulation show a con-
stant value of the Hall voltage VH (at the fixed value of εF/t ≃ 0.1)
with respect to the SOC parameter αR. The Hall voltage only changes
signs by moving from one enantiomer to the other one (by flipping
the sign of μy) when the molecule is not tilted (θw = 0). The reason
is once again to be found in the transformation leading to the other
enantiomer being equivalent to a mirror transformation with respect
to the xz plane, flipping in turn the sign of VH . Therefore, when plot-
ting the absolute value, both enantiomers produce the same values
of the Hall voltage.

Meanwhile, for θ ≠ 0, we find that the value of the Hall volt-
age changes as well as its sign. This behavior mimics the one
observed experimentally for the anomalous Hall effect when chi-
ral molecules are adsorbed on a two-dimensional metal in Ref. 5,
and while the difference in the absolute value of the resistance

FIG. 3. Local density of states at
E = −3.5t, as defined in Eq. (9), for
both potential handedness (μy ≶ 0). We
consider two tilting angles, θw = 0 (top
panels) and θw = π/4 (bottom panels).
Similarly to the choice made in Fig. 2,
we set αR = 0.1 eV ⋅ nm, resulting in
αR/(2a) ≃ 0.006 t and Δ = 0.001 t. As
discussed in the main text, for θw = 0,
we can easily identify a mirror plane at
x = 0, while this is not at all possible
when the molecular potential is tilted as
in the bottom panels.
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was attributed to experimental imperfections, we show that break-
ing chiral symmetry in the way we outlined can lead to such an
effect.

It is also important to notice that we report the same values of
the Hall voltage for αR = 0. This leads to the conclusion that the finite
value of the voltage is related to electrons scattering off the molecular
potential, with no need to include additional forces. This effect can
be related to skew-scattering35 and side-jump36 contributions to the
anomalous Hall conductivity.

B. Density of states
Figure 3 presents the local density of scattering states (LDOS)

within our four-terminal device. It is important to distinguish the
LDOS from the conventional density of states (DOS), as the LDOS
provides spatially resolved information about the distribution of

electronic states within the scattering region. Formally, the LDOS
is simply defined as

ρ(r, E) =∑
j
∣ψ(S)j (r)∣

2 δ(E − εj), (9)

where ψ(S)j(r) represents the scattering wavefunction at position r
and εj are the corresponding eigenenergies.

Examining the top panels of Fig. 3 for θw = 0, we observe that
the LDOS remains symmetric with respect to the two potential
handedness configurations. This symmetry suggests that, in this par-
ticular setup, changing the chirality of the molecule does not induce
a significant spatial redistribution of scattering states. The scattering
processes in these panels are related by mirror symmetry, consistent
with the symmetry of the potential for θw = 0.

However, when the molecule is tilted (θw ≠ 0), as shown in
lower left panels, this mirror symmetry is broken. The scattering

FIG. 4. Spin dependent Hall conduc-
tance for different spin components with
θ = 0 in panel (a) and θ = π/4 in panel
(b) as a function of the SOC para-
meter αR close to the band center. The
solid lines represent μy > 0, and the
dashed lines represent μy < 0. While αR

is increased up to 250 meV ⋅ nm, all the
other parameters are kept as in Figs. 2
and 3. Once again, we remark the sym-
metry observed for θw = 0 together with
the spin-flipping components of the con-
ductance being strictly zero, signaling
that these processes are inhibited for
this potential mirror-symmetric configu-
ration. This significantly changes when
the potential is tilted, as discussed in the
main text.
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processes in these panels are no longer related by a simple reflec-
tion, indicating that the chiral potential asymmetrically influences
the spatial distribution of the scattering states. This asymmetry high-
lights the role of θw in determining the symmetry properties of
the scattering processes, with the tilted configuration introducing a
chiral-dependent modification to the system’s electronic behavior.

While the LDOS provides valuable insights into the spatial
redistribution of states, it remains spin-independent. To gain a
deeper understanding of the role of chirality in spin transport, we
now turn to spin-resolved quantities, which reveal critical infor-
mation about spin-selective effects that cannot be captured by
the LDOS alone. These spin-resolved measurements are essential
for accurately characterizing chirality-induced transport phenom-
ena, as spin-independent observations may overlook important
asymmetries arising from spin-dependent interactions.

C. Spin-dependent transport
To elucidate the importance of chiral symmetry breaking in the

problem, we move to spin-dependent observables. The spin-resolved
Hall conductance curves shown in Fig. 4 reveal distinct behaviors
depending on the orientation angle θ of the chiral molecule relative
to the electronic system.

For θ = 0 in Fig. 4(a), the Hall conductance components,
G↑↑ and G↓↓, increase (decrease) linearly, keeping the total conduc-
tance constant. In addition, these two components exhibit mirror
symmetry. In a consistent manner with the discussion in the spin-
independent observables, this symmetry arises from the fact that
changing the handedness of the chiral molecule in this configura-
tion is equivalent to applying a mirror transformation, effectively
interchanging the spin-up and spin-down components. As a direct
consequence, the spin-mixed conductances, G↑↓ and G↓↑, remain
strictly zero, which is consistent with expectations for a system gov-
erned by a mirror-symmetric operator. This confirms that, in this
regime, spin-flip processes are inhibited, preserving spin coherence
in the transport channel.

In contrast, for θ = π/4 in Fig. 4(b), the system no longer
exhibits mirror symmetry. While the total conductance remains
independent of the SOC parameter αR [cfr. Fig. 2(d)], a notable
change occurs in the spin-mixed conductance components G↑↓ and
G↓↑. These values deviate from zero and do not mirror each other,
indicating that spin-flip transitions are now allowed. The breaking
of mirror symmetry by the chiral potential in this tilted configura-
tion thus modifies the spin-dependent scattering processes, enabling
coupling between spin-up and spin-down states.

This is an indication that the symmetry-breaking induced by
the chiral molecule’s tilted orientation can significantly modify spin-
dependent scattering processes, allowing spin-flipping transitions.
The observed behavior underscores the critical role of the molecular
orientation and chirality in controlling spin transport, highlight-
ing a mechanism through which spin-selective conductance can be
engineered. In the context of the ongoing debate within the CISS
community, our results in Fig. 4 suggest that the adsorbed molecu-
lar structure is actually acting as a spin-polarizer. Indeed, the RSOI
enables spin-flipping scattering processes, whose enantiospecificity
is evident only when θw ≠ 0, consistently with our results on charge
transport. As previously mentioned, our minimal model cannot
reproduce the full picture of the ongoing spin-polarization (and in

particular its magnitude8). Nevertheless, within a range of reason-
able experimental values for αR, enantiospecific spin-flipping pro-
cesses are actually contributing significantly to the whole transport
picture.

IV. CONCLUSIONS AND FUTURE PERSPECTIVES
We have numerically explored the effects of breaking chi-

ral symmetry on transport properties of a conventional two-
dimensional electronic gas. We showed that a significant asymmetry
in the hall response arises due to this symmetry breaking. This paves
the way for more careful studies of the effects of chiral symmetry
breaking on the topological properties of the bands in such a system
and how this ties in the picture of CISS.11,26

We also showed the importance of chiral symmetry break-
ing on spin-dependent observables, where chirality, if introduced
properly into the system, can introduce spin-flip processes. This
behavior highlights the profound impact of the molecular orien-
tation and chirality on spin transport. The ability to selectively
break spin symmetry through a controllable parameter introduces
a powerful mechanism for engineering spintronic devices. In partic-
ular, the observed asymmetry in spin-mixed conductances suggests
potential applications in spin-selective filtering and spin-based logic
operations, where controlling spin-flip processes is crucial.

Moreover, the persistence of the total conductance’s invari-
ance with respect to spin–orbit coupling underscores that the
chiral potential primarily affects spin mixing rather than overall
charge transport, emphasizing the role of chirality in tailoring spin
responses in low-dimensional systems. More importantly, this study
highlights the importance of spin-resolved measurements when
exploring chiral-induced spin properties.
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