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Unraveling Rashba effect through spin-texture evolution in unidimensional-confined
halide-perovskite under compression
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In this work, we envisage an evolution paradigm in a promising noncentrosymmetric one-dimensional zigzag
chain structure, (3AMP)BiI5 [where AMP indicates (aminomethyl)piperidinium], through rigorous electronic
structure calculations based on density functional theory (DFT). The electronic and optical properties along with
the Rashba splitting and spin texture are systematically observed within the thermodynamic limit under com-
pression equivalent to 9.6 GPa in this promising halide perovskite. Our study successfully reveals the intriguing
transition of the electronic band structure from an indirect to a direct band gap phenomenon under compression in
addition to an interesting redshift in the optical absorption spectra. To accurately describe the spin polarization
both in plane and out of plane, we explore a three-dimensional Rashba model. The in-plane spin texture is
found to arise from the octahedral distortion along the b direction. The fundamental interplay between structural
distortions and the Rashba splitting in the considered one-dimensional system under the influence of compression
along with the evolution of spin texture could hold great potential for the pursuit of sustainable energy.
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I. INTRODUCTION

Hybrid perovskites that combine organic and inorganic
counterparts present an exciting opportunity to exploit the
synergistic effect of both the structural units within a sin-
gle structure. One particularly interesting group of materials
in this context is halide hybrid perovskites, which exhibit a
diverse range of magnetic, optical, and electrical phenom-
ena resulting from the integration of organic and inorganic
parts [1–3]. These materials are often characterized by net-
works of divalent metal halide octahedra, connected in one-,
two-, or three-dimensional arrangements and interspersed
with organic cations. In simplified structures of organic-
inorganic hybrid systems, the organic component serves as a
physical and electronic barrier, effectively insulating or encas-
ing the lower-dimensional inorganic framework. However, in
more complex hybrid perovskite systems, it involves conju-
gated organic molecules; the organic component actively con-
tributes to the electronic and optical properties of the system.
The presence of lower-dimensional structures in these mate-
rials gives rise to unique inherent properties, and their metal-
halide-based hybrid can easily be processed at near-ambient
temperatures [4–6]. As a result, organic-inorganic perovskites
have garnered significant interest as potential candidates for
electronic and optoelectronic devices and spintronics, offering
a combination of unique properties and convenient processing
capabilities [7–11].

Bismuth-based halide perovskites exhibit a propensity to
form structures of multidimensional configurations. These
structures include zero-dimensional compounds such as
A3Bi2I9 (where A represents Cs+ or methylammonium),
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characterized by molecular dimers of [Bi2I9] [12]. Ad-
ditionally, one-dimensional (1D) chains of A′BiI5 (where
A′ represents an organic diammonium cation) [13,14] and
two-dimensional (2D) perovskites with a 〈111〉 orientation,
denoted as A3Bi2I9 (where A can be (NH)+, K+, or Rb+) [15]
can be observed. Alternatively, the latter can be understood
as vacancy-ordered double perovskites. In these structures,
a vacancy occurs in every third Bi octahedron, while the re-
maining two thirds of the Bi octahedra maintain connectivity
via corner sharing. Maintaining corner-sharing connections
is crucial to enable substantial electronic coupling and the
presence of dispersive electronic bands [16]. Conversely,
compounds formed by edge-sharing and face-sharing BiI6

octahedra tend to exhibit lower-dimensional structures char-
acterized by flat electronic bands [17].

The phenomenon of Rashba spin splitting [18] arising from
the combination of spin-orbit coupling (SOC) and broken
structural inversion symmetry has garnered significant interest
because of its potential applications not only in spintronics
but also in various optoelectronic devices [19–22]. Extensive
research efforts have focused on identifying materials with
pronounced Rashba spin splitting, as large band splittings
are crucial for such applications. This intriguing spin split-
ting has been observed in diverse systems, including bulk
crystals [23–28], metal surfaces [29–31], oxide and halide
perovskites [32–35], semiconductor interfaces [36], quantum
dots [37–39], 1D nanowires [40,41], and 1D screw disloca-
tions in semiconductors [42–44].

The pursuit of unidimensional hybrid halide perovskites
holds significant importance in the field of spin optoelec-
tronics due to the quantum confinement effect. Moreover,
such confined systems with constituent heavy elements like
bismuth could be prone to the Rashba effect consider-
ing relativistic SOC and inversion symmetry breaking. The
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repercussions of Rashba splitting could be very well reflected
in the charge carrier recombination rate, which is signifi-
cant for manifesting efficient photovoltaic devices. One way
to manipulate such a recombination rate is by tuning the
Rashba splitting corresponding to the spin texture of such
materials under external pressure or structural compression.
The investigation of 1D A′BiI5 structures was initially car-
ried out by Mitzi and Brock [13] and Mousdis et al. [14]
almost 30 years ago. However, the potential applications
of these structures in spintronics and optoelectronics have
not been explored extensively. In this study, we focus on
(3AMP)BiI5 [45], which consists of the small cyclic di-
ammonium cation (aminomethyl)piperidinium (AMP). This
compound exhibits broken inversion symmetry and strong
SOC originating from the Bi and I orbitals, leading to the
Rashba effect. To investigate the properties of (3AMP)BiI5,
we applied hydrostatic pressure or structural compression,
which allows us to tune the Rashba splitting. This pressure-
induced modification enhances the interaction between the
1D wires and leads to changes in the octahedral distortion.
The interplay between the in-plane and out-of-plane orbital
contributions has a significant impact on the spin texture and
Rashba splitting phenomena in the material. Furthermore, the
application of compression causes a redshift in the band gap of
the system, making it more suitable for photovoltaic applica-
tions considering the absorption characteristics in the visible
solar spectrum. By combining the advantages of its flexible
structure, thermodynamic stability, strong SOC, absorption
cross section in the infrared-visible (IR-vis) region, and tun-
able Rashba splitting, (3AMP)BiI5 emerges as a promising
candidate for various applications in optoelectronics, spin-
tronics, and spin-orbitronics.

II. COMPUTATIONAL METHODOLOGY

First-principles electronic structure calculations based on
the density functional theory (DFT) [46,47] framework,
implemented in the Vienna Ab initio Simulation Package
(VASP) [48], were systematically performed to determine the
structural, electronic, and optical properties. The calculations
employed the projector augmented wave [49] method with the
Perdew-Burke-Ernzerhof (PBE) [50] exchange-correlation
functional form of the generalized gradient approximation
(GGA). An energy cutoff of 500 eV was used throughout all
the electronic structure calculations. During the structure re-
laxation, ionic relaxation was performed until the total energy
difference between two ionic steps was below 10−4 eV and the
force convergence between two steps reached 10−5 eVÅ−1.
The calculations considered the effect of spin-orbit interac-
tions throughout due to the presence of the heavy element
bismuth. A Monkhorst pack scheme [51] generated 3 × 3 × 3
k mesh was used, and the spin texture, represented by the
expectation value of the spin operators, was extracted using
the PYPROCAR program [52]. The noncollinear calculations
giving spinor eigenfunctions �k and the expectation values
of the spin operators Si were obtained with si = 1

2 〈�k|σi|�k〉,
where σi represents the Pauli matrices. Both compressive and
tensile compressions were thoroughly investigated through a
process involving initial isotropic reduction of the unit cell
volume. Subsequently, the relaxation of the unit cell shape and

TABLE I. Formation energy.

Compression Formation energy
(GPa) (eV/unit cell)

0 −23.294
1.4 −21.314
2.5 −20.094
3.2 −19.286
6.6 −14.544
9.6 −10.174

adjustments to the ionic positions were performed for each
modified lattice constant. The following form of the third-
order Birch-Murnaghan [53,54] isothermal equation was
used:
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where P is pressure, V0 is the reference volume, V is
the deformed volume, B0 is the bulk modulus, and B′

0 is the
derivative of the bulk modulus with respect to pressure. The
corresponding equation of state for the correlation between
energy and volume is given by

E (V ) = E0 + 9V0B0

16

[(
V0

V

) 2
3

− 1

]3

B′
0

+ 9V0B0

16

[(
V0

V

) 2
3

− 1

]2[
6 − 4

(
V0

V

) 2
3

]
.

III. RESULTS AND DISCUSSION

A. Thermodynamic stability and structural transition
under compression

To determine the thermodynamic stability of a structure,
the system’s formation energy must be calculated. The for-
mation energy Hf can be determined using the following
equation, which takes into account the chemical potentials of
bismuth, iodine, carbon, nitrogen, and hydrogen (μBi, μI, μC,
μN, μH, respectively), as well as the total energy of the system
at different compression values Etotal:

Hf = Etotal − 4μBi − 20μI − 24μC − 8μN − 40μH. (1)

The energies of different compounds were calculated using
the PBE functional. SOC is also included for the heavy el-
ements. At ambient pressure, the formation energy of the
structure was found to be −23.294 eV per unit cell. As struc-
tural compression increases, the total energy of the system
increases, resulting in a decrease in the formation energy.
Table I shows that at 9.6 GPa, the formation energy is
−10.174 eV per unit cell. Therefore, for further calculations,
compression values ranging from 0 to 9.6 GPa will be consid-
ered because these structures are thermodynamically stable.

At ambient pressure, (3AMP)BiI5 belongs to the mono-
clinic crystal system with the P21 space group. The lattice
parameters after structural relaxation are found to be a =
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FIG. 1. (a) Side view of the crystal structure of 3AMPBiI5. The stacking direction of the 1D octahedral chains is along the c axis, whereas
the chain direction is along the b axis. (b) Cyan octahedra show (BiI6)3−. The nearest I· · ·I distance is indicated by the dashed line. (c) Spin-
polarized sub-bands (red: down spin; blue: up spin) separated in k space due to the SOC and inversion asymmetry. The energy offset ER and
momentum offset k0 are due to Rashba splitting.

11.53 Å, b = 9.55 Å, and c = 17.52 Å, with α = 90◦. The
structure, as shown in Fig. 1(a), is a 1D zigzag chain of BiI6

corner-sharing octahedra. The Bi-I-Bi angle is 174.42◦, and
the nearest I·I distances are 4.11 Å, which is less than the
sum of the van der Waals radii (4.4 Å), which suggests close
interaction between the wires.

Figure 2(a) illustrates the plot of the equation of state
obtained using the Birch-Murnaghan fit. The analysis of the
equation of state reveals a relatively low bulk modulus of
5.62 GPa. This phenomenon can potentially be attributed
to the presence of a higher proportion of flexible aliphatic
(3AMP) rings within the material. Consequently, the material
exhibits enhanced compressibility and elasticity. Within the
detected compression range, no first-order phase transition
was observed. This absence of a phase transition could poten-
tially be attributed to the presence of highly sterically hindered
aliphatic cyclic molecules within the crystal lattice.

As the structural compression increases, the system un-
dergoes a transition from being an indirect band gap
semiconductor to being a direct band gap semiconductor. Si-
multaneously, the nearest I · I distance consistently decreases,
resulting in a stronger interaction between the wires. The
lattice parameters decrease with the increase in compression,
as seen in Fig. 2(b). The a and c parameters decrease the
most rapidly. This may be due to the presence of a spacer
cation perpendicular to the b direction. This leads to more
compressibility of the a and c parameters. The bond length
between Bi and I and the bond angle (I-Bi-I) exhibit alteration
with increasing compression. Figures S5 and S6 in the Sup-
plemental Material [55] depict the bond length and bond angle
at 0 and 9.6 GPa, respectively. Furthermore, Figs. S7 and S8
in the Supplemental Material [55] illustrate the variations in
the Bi-I-Bi bond angle at 0 and 9.6 GPa, respectively. These
observations indicate a change in the angle between adjacent
octahedra as structural compression increases.

In perovskite materials, the deviation of the octahedral tilt
angle from 180 degrees plays a significant role in determin-
ing the material’s overall properties. Let us define δ as the
difference between 180◦ and the measured angle of Bi-I-Bi.
Notably, there is a distinct variation in the response of the
octahedral tilt angle deviation for different octahedra.

For Bi(1)-I(7/8)-Bi(2), δ initially decreases until it reaches
1.4 GPa, after which it starts to increase, as seen in Fig. 2(c).
Conversely, for Bi(3)-I(17/18)-Bi(4), the opposite trend is
observed. As structural compression increases, δ generally
increases for all compression points, except at 3.2 GPa, where
a slight dip is observed specifically for Bi(3)-I(18)-Bi(4).

Figure 1(b) reveals the formation of four octahedra, each
centered around a Bi atom. The adjacent chains of octahe-
dra also exhibit rotation, resulting in distinct compression
responses for each octahedron. To quantify the distortion,
we calculate the distortion index D using the equation D =
1
6

∑6
i

|li−lav|
lav

. Here, li represents the individual Bi-I bond
lengths, while lav denotes the average bond length. Let us
denote the octahedra corresponding to Bi1, Bi2, Bi3, and Bi4
as O1, O2, O3, and O4, respectively.

Interestingly, for O1 and O2, the distortion index decreases
with increasing compression, as seen in Fig. 3 and Table
S1. However, for O3 and O4, the distortion index initially
decreases and then begins to increase. This indicates that
beyond a certain compression threshold, the octahedra de-
viate from their regular octahedral coordination with iodine,
making iodide double perovskites quite rare. The anisotropic
variation in octahedral distortion is likely influenced by the
absence of inversion symmetry and the presence of easily
deformable organic layers (3AMP). The degree of octahe-
dral distortion is more localized specifically in our crystal
structure, i.e., a one-dimensional chain of (3AMP)BiI5, which
from the macroscopic perspective does not really impact
the global phase transition of the corresponding structural
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FIG. 2. (a) Equation of state using the Birch-Murnaghan fit to give the correlation between the energy and volume using Eq. (1).
(b) Evolution of the lattice parameters with structural compression. (c) Evolution of the octahedral tilt angle δ with pressure. δ is defined
as the difference between 180◦ and the measured angle of Bi-I-Bi. (d) Evolution of the band gap with structural compression.

configuration. However, it does lead to a change in the cor-
responding Rashba band splitting, as evidenced by variations
in the Rashba parameter. This is because the local octahe-
dral distortion impacts the individual Bi-I bond length and
bond angles I-Bi-I, which has a corresponding repercussion
on the electronic band structure as the organic counterpart
of (3AMP)BiI5 does not contribute strongly to the electronic
structure. However, it does lead to changes in the Rashba
effect, as evidenced by variations in the Rashba parameter.
A similar observation was found in an earlier study [56],
highlighting the role of octahedral rotation, rather than M-X
bond contraction, in driving phase transitions.

B. Electronic structure evolution under compression

At ambient pressure, the indirect and direct band gaps
of the material using the PBE functional including SOC are
determined to be 1.45 and 1.46 eV, respectively, which is
in reasonable agreement with the reported value [45]. The
valence band maximum (VBM) is located at the � high-
symmetry point, while the conduction band minimum (CBM)
is found at the A high-symmetry point. The Brillouin zone
with high-symmetry points is represented in Fig. S2 in the

Supplemental Material [55]. As the structural compression
increases, the band gap values decrease, and the band gap
nature transforms from indirect to direct. At 9.6 GPa, the band
gap reduces to 0.99 eV, exhibiting a redshift. At 2.5 GPa,
the indirect band gap becomes 1.29 eV, while the direct band
gap becomes 1.3 eV. This configuration is particularly suit-
able for photovoltaic applications. Additionally, Rashba-type
band splitting occurs at both the VBM and CBM, with a
more pronounced effect observed at the � point in the VBM.
The rate at which the band gap decreases is measured to be
0.048 eV G−1Pa. The lattice compression causing this reduc-
tion may be attributed to the low bulk modulus of the system.

The band structure analysis (Fig. 4) reveals distinct char-
acteristics of the valence and conduction bands. The valence
bands exhibit relatively flat behavior, while the conduction
bands display greater dispersion. Examining the partial den-
sity of states, it becomes evident that the valence band edge
primarily consists of I 5p orbitals, whereas the conduction
band edge arises from a hybridization of Bi 6p and I 5p
orbitals.

At ambient pressure, the bands demonstrate enhanced
dispersion along the (BiI6)3− chain direction due to the
presence of corner-sharing octahedra in the real-space
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FIG. 3. Evolution of the octahedral distortion index D and Rashba splitting values αR with structural compression. The octahedral distortion
index is calculated using the equation D = 1

6

∑6
i

|li−lav |
lav

. Here, li represents the individual Bi-I bond lengths, while lav denotes the average bond
length. The Rashba splitting αR is defined by αR = 2ER/k0.

structure. In other directions, the bands exhibit slight disper-
sion, influenced by the I · I interactions between the wires. As
compression increases, the distance between I · I decreases,
intensifying the interaction between the wires and resulting
in more dispersive valence bands. Starting from 3.2 GPa, the
I 5p orbitals begin to contribute significantly near the Fermi
level, leading to further dispersion in the valence bands at
9.6 GPa. Additionally, the influence of the organic compounds
becomes more pronounced in the valence band region as the
structural compression increases. This indicates that the flex-
ible 3AMP rings within the organic part start to impact the
electronic structure at higher compression values.

C. Structural compression induced optical
absorption spectra evolution

The optical absorption spectra were determined by calcu-
lating the frequency-dependent dielectric function, denoted
as ε(ω) = ε1(ω) + iε2(ω) [57]. The absorption coefficient is
dependent on both the imaginary and real parts of the dielec-
tric function obtained through the first-principles DFT PBE
functional including SOC. Applying Fermi’s golden rule, we

can derive the imaginary part of the dielectric function, which
involves the summation of occupied and unoccupied states:

ε2(ω) = 4π2e2



lim
q→0

1

q2

∑
c,v,k

2ωkδ(εck − εvk − ω)

×〈νck+eαq|νvk〉〈νck+eβ q|νvk〉∗. (2)

Here, q represents the propagating wave vector, and ω denotes
the frequency. νck and νvk denote the crystal wave functions
at specific points in the conduction band and valence band,
respectively. The indices c and v refer to the conduction
band and valence band, respectively. Employing the Kramers-
Kronig relation, we can obtain the real part of the dielectric
function. By utilizing the obtained real and imaginary parts
of the dielectric function, we obtain the absorption cross
section as a function of photon energy using the following
equation:

α(ω) = 2ω

c

⎡
⎢⎣

√
ε2

1 + ε2
2 − ε1

2

⎤
⎥⎦

1
2

. (3)
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FIG. 4. Evolution of the electronic structure with compression. (a) Ambient pressure, (b) 1.4 GPa, (c) 2.5 GPa, (d) 3.2 GPa, (e) 6.6 GPa, and
(f) 9.6 GPa. The valence band maximum (VBM) is located at the � high-symmetry point, while the conduction band minimum (CBM) is found
at the A high-symmetry point. With the increase in the pressure, band gap decreases, and the valence bands become more dispersive. Atom-
projected band structures show the valence band edge is made up of I 5p orbitals and the conduction band edge arises from a hybridization of
Bi 6p and I 5p orbitals.

In Eq. (3), α(ω) represents the absorption cross section at a
given photon energy ω, c denotes the speed of light, and ε1 and
ε2 are the real and imaginary parts of the dielectric function,
respectively.

One-dimensional perovskites, with their unique zigzag
chains and lower dimensionality, hold great potential for
photovoltaic applications. The optical band gap, which repre-
sents the starting point of the absorption spectra at ambient
pressure, is measured to be 1.4 eV, corresponding to the
IR region of the electromagnetic radiation (Fig. 5). Notably,
the peak of the absorption spectra occurs at 2.5 eV, falling
within the visible region. Given that the solar flux exhibits
maximum intensity in the IR and visible range, (3AMP)BiI5

emerges as a promising candidate for solar cell applications.
Furthermore, when subjected to structural compression, the
optical band gap experiences a decrease and undergoes a
redshift. This can be observed in Fig. 5, where both the
onset and peak of the spectra shift towards lower energy.
Consequently, compression results in a reduction of the band
gap and a redshift in the absorption spectra. This indicates
that 1D perovskites are increasingly well suited for solar

FIG. 5. Evolution of absorption optical spectra under com-
pression. Subject to structural compression, the optical band gap
experiences a decrease and undergoes a redshift.
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TABLE II. Evolution of Rashba splitting values with respect to
structural compression.

Rashba energy Momentum offset Rashba splitting

Pressure
ER (meV) k0 (10−3 Å−1) αR (eVÅ)

(GPa) � → A � → B � → A � → B � → A � → B

0 0.6 0.4 25.04 9.20 0.05 0.09
1.4 7.0 0.8 106.2 14.2 0.13 0.11
2.5 19.9 0.8 127.0 14.6 0.31 0.11
3.2 18.8 0.8 119.5 14.7 0.31 0.11
6.6 13.0 1.7 96.0 20.3 0.27 0.17
9.6 3.1 1.1 39.3 20.7 0.16 0.11

cell applications under compression, making them highly
desirable.

D. Repercussion of compression on Rashba splitting
and spin texture

The presence of I 5p orbitals in the VBM introduces
strong spin-orbit coupling, which lifts the spin degeneracy and
splits the band into two at the � point. This spin splitting
leads to anisotropic band dispersion, with distinct splitting
patterns along the � → A and � → B directions (Fig. S4 in
the Supplemental Material [55]). The corresponding Rashba
energy ER, momentum offset k0, and Rashba splitting αR are
summarized in Table II. The Rashba splitting αR is defined
by αR = 2ER/k0. It is noteworthy that the αR value along the

� → A direction exhibits greater sensitivity to structural com-
pression. Initially, it increases with increasing compression,
reaching a maximum value of 0.31 eVÅ at 3.2 GPa before
starting to decrease. This behavior can be correlated with
the trend observed in the octahedral distortion, as illustrated
in Fig. 3. The similarity in the trends suggests a potential
connection between the octahedral distortion and the variation
of the Rashba splitting αR under compression.

In order to investigate the Rashba splitting in the � → A
direction, we performed calculations to determine the spin
texture in the kx-kz plane. Figures 6 and 7 present the 2D
contour plots of constant energy, illustrating the spin texture
calculated in a kx-kz plane centered at the � point. Notably,
the plots clearly demonstrate the Rashba-type spin splitting
of the electronic bands into spin-up (red) and spin-down
(blue) states. At ambient pressure (Fig. 6, top row), the spin
polarization in the Sx (in-plane) and Sz (out-of-plane) direc-
tions exhibits Rashba-type splitting. However, the in-plane Sy

component is absent. The presence of Rashba band splitting
in the kx-kz direction may be attributed to the presence of
aliphatic rings within the a-c plane, leading to a breaking
of the system’s symmetry. As the compression increases, the
contribution of the in-plane Sy component starts to exhibit
Rashba-like splitting as well. This observation suggests that
the octahedral distortion of O3 and O4 (along the b direction),
which intensifies under structural compression, enhances the
in-plane Rashba spin texture.

The traditional 2D Rashba model, given by H2D
R =

α2D
R (k × ẑ) · σ = α2D

R (kyσx − kxσy), where α2D
R is the 2D

Rashba coefficient, σ = (σx, σy, σz ) is the Pauli matrix, k =

FIG. 6. Evolution of spin texture with structural compression. (a)–(c) The spin texture at ambient pressure along the Sx , Sy, and Sz

directions, respectively. The spin textures are calculated at constant energy E = EF − 0.298 eV. (d)–(f) The spin texture at 9.6 GPa along
the Sx , Sy, and Sz directions, respectively. The spin textures are calculated at constant energy E = EF − 0.337 eV.
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FIG. 7. Evolution of spin texture with structural compression. The first, second, and third columns denote the Sx , Sy, and Sz directions,
respectively. (a)–(c) Spin texture at 1.4 GPa and constant energy E = EF − 0.315 eV. (d)–(f) Spin texture at 2.5 GPa and constant energy
E = EF − 0.325 eV. (g)–(i) Spin texture at 3.2 GPa and constant energy E = EF − 0.488 eV. (j)–(l) Spin texture at 6.6 GPa and constant
energy E = EF − 0.310 eV.

(kx, ky, kz ) is the wave vector, and ẑ represents the out-of-plane
direction, cannot fully describe the observed phenomena since
both in-plane and out-of-plane splittings are present. The
anisotropic Rashba effect has the potential to influence spin
textures by generating out-of-plane spin textures. Upon the
application of hydrostatic pressure, the spin texture begins

to evolve in out-of-plane directions [58]. This evolution is
attributed to local symmetry breaking caused by octahedral
distortion, which may lead to the development of local polar-
ization fields [59], extending beyond the typical Rashba length
scale of 1–2 nm [60]. The presence of the out-of-plane split-
ting suggests that the traditional 2D Rashba model may not
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be adequate to describe our results. Therefore, a 3D Rashba
model was introduced to describe the observed phenomena.

Based on the Hamiltonian of the SOC, the 3D Rashba
Hamiltonian [26] can be described as

H3D
R = α0eh̄

4m2
0c2

[∇V × P] · σ = α0eh̄2

4m2
0c2

[k × E] · σ. (4)

Here, α0 is the Rashba primary correlation factor, E =
(Ex, Ey, Ez ) = −∇V represents the 3D electric field, and the
relationship P = h̄k is used.

Furthermore,

H3D
R = 2

h̄
Sx[αR(Ez )ky − αR(Ey)kz]

+ 2

h̄
Sy[αR(Ex )kz − αR(Ez )kx]

+ 2

h̄
Sz[αR(Ey)kx − αR(Ex )ky], (5)

where αR(Ej ) = α0eh̄2

4m2
0c2 Ej (where j = x, y, z) is defined as

the 3D Rashba coefficient, which depends on the elec-
tric field and S = (Sx, Sy, Sz ) = h̄

2 (σx, σy, σz ) is the spin
operator.

Based on the aforementioned 3D Rashba model, the or-
bital contribution in the kx (kz) direction will involve either
pz or py orbitals (px or py orbitals) or a combination of
both. This implies that the potential gradient will be present
in the z or y direction (x or y direction) or both. Analyz-
ing the orbital-decomposed density of states (Fig. S1 in the
Supplemental Material [55]), we observe that in the pristine
state, there is a significantly smaller contribution from the
py orbital in the VBM near the Fermi level. However, as
structural compression increases, the py orbital begins to con-
tribute, which can be attributed to the octahedral distortion.
Consequently, this leads to the presence of spin texture in all
three spin components, as depicted in Fig. 7, in contrast to
the structure observed at ambient pressure. Notably, the out-
of-plane component Sz also exhibits a nonzero spin texture
due to the close proximity of the I · I interactions, resulting
in stronger wire-to-wire interactions and enhanced overlap
of the I 5p orbitals. Given that the Rashba splitting takes
place within the three-dimensional space, distinct potential
gradients in different directions can lead to differing levels of
splitting. This phenomenon results in the observed anisotropic
splitting effect.

IV. CONCLUSION

In summary, our first-principles DFT study successfully
demonstrated that the electronic, optical, and Rashba split-
tings of the 1D system can be effectively tuned by applying
structural compression. We observed that the system remains
thermodynamically stable up to 9.6 GPa, exhibiting a neg-
ative formation energy. The flexibility of the 1D structure,
attributed to the presence of bendable aliphatic (3AMP) rings,
is supported by a bulk modulus of 5.62 GPa. Under com-
pression, the system undergoes an indirect to direct band
gap transition, while the distortion index of the octahedra
decreases. The optical absorption spectra also show a redshift
with increasing compression, shifting the peak towards the
IR-vis region. The Rashba effect, resulting from the split-
ting of the VBM at the � point, was clearly observed, and
its sensitivity to hydrostatic compression is evident from the
anisotropic band splitting along the � → A and � → B di-
rections. Notably, the αR splitting exhibited a more prominent
effect along the � → A direction, as confirmed by the spin-
texture calculations in the kx-kz plane. To explain these results,
we employed a three-dimensional Rashba model accounting
for the presence of out-of-plane spin texture. Furthermore,
we found that the contribution of the I py orbital in the
VBM increased with increasing compression. The anisotropic
Rashba splitting and the presence of the out-of-plane spin
texture could be rigorously tuned through structural compres-
sion due to the flexibility provided by the 3AMP rings and
the enhanced octahedral distortion. Overall, these unique find-
ings position the 1D zigzag perovskite chain of (3AMP)BiI5

as an emerging and promising candidate for bifunctional
applications in optoelectronics and spintronics because their
electronic, optical, and Rashba splittings can be effectively
controlled through structural compression. This particular in-
vestigation of Rashba splitting evolution (using PBE-GGA +
SOC) under structural compression in unidimensional con-
fined halide hybrid perovskite could certainly pave the way
for future strategies of fine-tuning the charge carrier recom-
bination, the fundamental mechanism behind the efficiency in
optoelectronic applications like solar cells and light-emitting
diodes in addition to spin-orbitronics.
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