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Controlling Excitons in Quasi-1D Perovskites by Dielectric Screening and
Connectivity
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Reducing the dimensionality of metal-halide perovskites enhances quantum and dielectric confinement,
enabling tunable excitonic properties. In one dimension, the arrangement of metal-halide octahedra in
chains with corner-, edge-, or face-sharing connectivity allows for additional structural flexibility. This
not only expands material design possibilities but also reflects quasi-one-dimensional motifs that arise dur-
ing perovskite formation but are poorly understood. Using first-principles many-body perturbation theory
within the GW and Bethe-Salpeter equation framework, we provide a comprehensive picture of how one-
dimensional confinement, octahedral connectivity and dielectric screening affect optical absorption and
exciton photophysics in these materials. Our calculations reveal that increasing octahedral connectivity
leads to increased exciton binding and complex, anisotropic optical signatures. However, in experimen-
tally synthesized organic-inorganic systems, pronounced dielectric screening effects can reduce exciton
binding energies by several hundred meV, altering these trends. These findings offer insights and design
principles for excitonic properties, and aid the interpretation of optical experiments on one-dimensional
perovskites.

DOI: 10.1103/5332-z74l

I. INTRODUCTION

Metal-halide perovskites are a class of materials with
record-breaking efficiencies in solar-cell applications [1,2].
Among the most attractive properties of these materials are
their facile fabrication and immense compositional tun-
ability. Their chemical formula, ABX3, can accommodate
a monovalent cation at the A site [e.g., Cs+, CH3NH+

3 ,
CH(NH2)

2+], a divalent metal at the B site (e.g., Pb2+,
Sn2+) and a halide at the X site (e.g., I−, Br−, Cl−) [3].
Dimensional reduction can be achieved by incorporating
a larger A-site molecule, yielding quasi-two-dimensional
(2D) structures in which large aromatic or aliphatic organic
spacer cations separate sheets of corner-sharing metal-
halide octahedra [4]. These quasi-2D materials exhibit tun-
able quantum and dielectric confinement effects because
their layered sublattice structure resembles a quantum-well
heterostructure, leading to excitonic features that persist at
room temperature [5]. By changing the organic spacer [6–
11] and the number of inorganic layers n [12,13], band
gaps, exciton-binding energies, and other optoelectronic
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properties of these materials can be tailored for a wide
range of applications, from photovoltaics [14] to spin
optoelectronics [15,16].

Further enhancement of confinement affects and struc-
tural tunability can be achieved in quasi-one-dimensional
(1D) organic-inorganic perovskites. In these materials
metal-halide octahedra can arrange with corner-, edge-,
and face-sharing connectivity [17–19], and in various
geometries, for example, in linear or zigzag chains,
depending on octahedral connectivity and the type of
organic cation [20,21]. Since the first reported quasi-
1D perovskite by Mitzi et al. [22], these materials have
attracted increasing attention. Given their tunable struc-
tural, chemical, and photophysical properties, quasi-1D
perovskites show potential for a wide range of appli-
cations [21]. For example, in 2018, Mao et al. fabri-
cated (2,6-dmpz)3Pb2Br10, which contained a network
of edge- and corner-sharing octahedra and had a photo-
luminescence quantum yield of 12% [23]. Yuan et al.
reported C4N2H14PbBr4 with an edge-sharing octahedral
network which showed strong quantum confinement and
the formation of self-trapped excitons [18]. Furthermore,
Yu et al. observed a high photoluminescence quantum
efficiency of 60% in (C4N2H12)3(PbBr5)2 · 4DMSO that
exhibited a quasi-1D structure with corner-sharing octahe-
dral connectivity [24]. Despite their significant potential,
experimental and computational research on quasi-1D per-
ovskites remains limited compared to their quasi-2D and
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three-dimensional (3D) counterparts. This limited atten-
tion has partly stemmed from the absence of systematic
methods for synthesizing well-defined low-dimensional
structures. However, recent advances in fabrication and
characterization [25–29] have enabled the targeted explo-
ration of the optoelectronic functionalities of these materi-
als [30,31].

Additionally, recent studies have shown that the forma-
tion of low-dimensional iodoplumbate intermediates with
varying octahedral connectivity during perovskite crystal-
lization can strongly influence film morphology and device
efficiency [32–37]. In situ optical probes such as UV-vis
absorption and photoluminescence (PL) have been pro-
posed to track these intermediates [34,38,39], although
their unambiguous identification remains a major chal-
lenge.

Computational studies of quasi-1D halide perovskites
have primarily focused on exploring the relationship
between their low-dimensional structures, octahedral con-
nectivity, and optoelectronic properties [40–42]. In par-
ticular, Kamminga et al. and Deng et al. investigated
the relationship between dimensionality, octahedral con-
nectivity and electronic structure using first-principles
density-functional theory (DFT). These studies showed
that increasing connectivity—from corner-sharing (one
shared iodine) to edge-sharing (two shared iodines) to face-
sharing (three shared iodines)—leads to an increase in
the band gap, indicating considerable tunability of band
gaps through chemical substitution and confinement effects
[43–45].

Despite the insights provided by these computational
studies, significant gaps remain in understanding the pho-
tophysical properties of quasi-1D perovskites. Such under-
standing is not only of fundamental interest, but also
essential for guiding the design of low-dimensional per-
ovskites for optoelectronic and energy applications. In
particular, the interplay of quantum confinement, dielectric
environment, and exciton photophysics plays a central role
in determining light absorption and charge-carrier dynam-
ics in devices such as solar cells and photodetectors. To
the best of our knowledge, most recent studies on quasi-
1D perovskites rely on DFT, which—as a ground-state
theory—neglects the pronounced excitonic effects that
dominate the optical response in low-dimensional materi-
als. Excited-state methods, such as Green’s function-based
many-body perturbation theory in the GW and Bethe-
Salpeter Equation (BSE) framework, are essential to accu-
rately capture these excitonic features [46–53]. Moreover,
while corner-sharing octahedral structures have been asso-
ciated with smaller band gaps than their edge- and face-
sharing counterparts [54], recent work has shown that
quantum confinement effects [55], organic cation screening
[9], and orbital interactions between organic and inor-
ganic sublattices [56–60] significantly influence band gaps
and exciton-binding energies. These findings highlight the

need for systematic investigations that fully account for
dielectric screening, structural connectivity, and excitonic
effects.

Here we use the GW and BSE approaches combined
with group theory and electrostatic modeling to investigate
the electronic structure, optical absorption, and excitonic
properties in quasi-1D halide perovskites with corner-,
edge-, and face-sharing connectivity. To isolate the effect
of octahedral connectivity from other structural charac-
teristics, we created minimal model structures inspired
by known quasi-1D perovskite structures. Our calcula-
tions reveal that corner-sharing structures exhibit excitonic
fine structures and optical absorption onsets qualitatively
similar to their 2D and 3D analogs, albeit with signifi-
cantly enhanced exciton-binding energies and symmetry-
induced fine-structure splitting between excitonic states
polarized along and perpendicular to the 1D perovskite
chain directions. As connectivity increases from corner-
to edge- and face-sharing, group-theoretical analysis indi-
cates substantial changes in the character of low-energy
excitations, leading to distinct optical signatures at the
absorption onset, accompanied by increases in both band
gaps and exciton-binding energies. Importantly, however,
we observe entirely reversed trends in the exciton-binding
energies of experimentally synthesized structures, which
we find to be rooted in pronounced confinement and dielec-
tric screening effects. Based on these results, we propose
material design strategies for systematically tuning the
photophysical properties of quasi-1D halide perovskites by
controlling octahedral connectivity, organic spacer dimen-
sions, and the dielectric environment provided by the
organic moieties.

II. METHODS

All first-principles DFT calculations were performed
using the Perdew-Burke-Ernzerhof (PBE) exchange-
correlation functional [61] as implemented in the
QUANTUM ESPRESSO software package [62,63]. Norm-
conserving fully relativistic pseudopotentials were used
from PseudoDojo [64] with the following electronic con-
figurations: Pb 5d106s26p2, I 5s25p5, and Cs 5s25p66s1.
Spin-orbit coupling (SOC) was included self-consistently
in all calculations except for structural relaxations. For
the construction of the zeroth-order single-particle Green’s
function G0 and screened Coulomb interaction W0 from
Kohn-Sham eigenvalues and eigenfunctions, and the solu-
tion of the BSE we used the BERKELEYGW software pack-
age, version 4.0 [65,66]. A detailed list of computational
parameters and convergence tests can be found in the Sup-
plemental Material [67] (including Refs. [65,66,68–72]).
Effective masses were obtained by calculating and diago-
nalizing the effective mass tensor using the effective-mass
calculator (EMC) program [73].
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(a) (b)

(c) (d)

FIG. 1. Geometries of model structures with (a) corner-, (b)
edge-, (c) face-sharing connectivity and (d) the Brillouin zone
of the model structures with the path chosen for band-structure
calculations shown as black dotted arrows. The chain-chain dis-
tance for these geometries is indicated by the black arrow and
is 12 Å for all model structures. Purple spheres represent I, gray
spheres Pb, and green spheres Cs atoms.

We used a set of model and experimental structures to
disentangle the effects of dimensionality, dielectric screen-
ing, octahedral connectivity, and specific structural dis-
tortions. We started by constructing three sets of model
structures with corner-, edge-, and face-sharing octahedral
connectivity, shown in Figs. 1(a)–1(c). The space groups
of the model structures are Pmm2, P2/m, and P21 for the
corner-, edge- and face-sharing structure, respectively. We
included Cs cations in these structures for charge compen-
sation to avoid the appearance of spurious states below
the conduction-band minimum (CBM) as reported in Ref.
[44]. The resulting chemical formulas for the corner-,
edge-, and face-sharing geometry are Cs3PbI5, Cs2PbI4,
and Cs2Pb2I6, respectively. The chain direction is [010],
i.e., along the b-lattice vector. The corresponding Brillouin
zone of the corner-sharing structure is shown in Fig. 1(d),
where the direction of the 1D chain corresponds to � to
Y in reciprocal space. The direction � to Y also repre-
sents the in-chain direction for the edge- and face-sharing
structures. Although the different model structures belong
to different space groups and thus have slightly different
Brillouin zones, for ease of comparison, we will use the
high-symmetry point labels of the Pmm2 Brillouin zone for
all systems. Details on the construction and relaxation of
these model structures and the experimental structures can
be found in the Supplemental Material [67].

III. RESULTS AND DISCUSSION

The electronic and excitonic properties of the corner-
sharing model structure are shown in Fig. 2. The projected
density of states (DOS), calculated using DFT with the
PBE functional and including spin-orbit coupling (SOC)
self-consistently [Fig. 2(a)] is reminiscent of that of 3D

(a) (c)

(b)

FIG. 2. Electronic and optical properties of the corner-sharing
structure. (a) DFT@PBE+SOC DOS (left) and band structure
(right). Black, green, orange, and red lines indicate total, I p ,
Pb p , and Cs contributions to the DOS. Pb s contributions to
the VBM are not shown. The band structure highlights the irre-
ducible representation (IR) of the orbitals at the high symmetry
point R. Open red circles indicate k points that contribute to the
1s exciton state. (b) Imaginary part of the macroscopic dielectric
function and oscillator strengths of excitonic transitions calcu-
lated using G0W0+BSE. The labels εx, εy , and εz correspond to
the dependence of the imaginary part of the dielectric function on
the direction of light polarization. The dotted black line indicates
the G0W0@PBE+SOC band gap. (c) Exciton wave function of
the first bright exciton, calculated by placing the hole on one of
the I atoms. Cs atoms are omitted for clarity.

APbX3 halide perovskites, with the valence-band maxi-
mum (VBM) derived from Pb s and X p states and the
CBM comprised of Pb p states. The X p derived states in
the VBM arise from the in-chain and out-of-chain (dan-
gling) I(5p) orbitals as seen in other low-dimensional
corner-sharing systems [74]. Contrary to 3D APbX3 and
most known quasi-2D halide perovskites, we observe that
electronic states derived from the A-site cation hybridize
with the Pb p bands at energies slightly above the CBM,
because of Cs-Cs interactions between neighboring peri-
odic cells that are absent in quasi-2D or 3D structures.
As the chain-chain distance is increased, these Cs-derived
states are found at higher energies (Fig. S1 within the
Supplemental Material [67]).

043004-3



KOSTAS FYKOURAS and LINN LEPPERT PRX ENERGY 4, 043004 (2025)

The low-dimensional character of the structure is appar-
ent from the band structure where dispersion is observed
along the direction of the 1D chain of corner-sharing octa-
hedra and little electronic interaction is present along the
directions perpendicular to the chain. We quantify the dis-
persion of the bands in the VBM and CBM by calculating
the effective masses in the direction parallel and perpen-
dicular to the chain. For the corner-sharing structure the
effective masses of electrons and holes in the in-chain
direction are similar to the ones reported for 3D CsPbI3
and quasi-2D metal-halide perovskites [75,76] with val-
ues of m∗

h‖ = −0.42me for the holes and m∗
e‖ = 0.14me

for the electrons, where me is the free electron mass
(Table I). As expected in the almost dispersionless out-
of-chain direction the effective masses of both electrons
and holes are significantly larger (m∗

h⊥ � −me and m∗
e⊥ �

me). The band gap is direct at the high-symmetry point R.
As shown in Table I, using a “one-shot” G0W0 approach,
in which DFT-PBE+SOC eigenvalues are corrected pertur-
batively by constructing the zeroth-order self-energy from
PBE eigenvalues and eigenfunctions, leads to an opening
of the band gap by 1.29 eV, similar to reports for 3D and
quasi-2D perovskites [13,77–80].

We then use the BSE approach to calculate the imag-
inary part of the dielectric function, as shown in Fig.
2(b), including electron-hole interaction effects to extract
exciton-binding energies and fine structures (see Supple-
mental Material [67] for computational details and conver-
gence tests). In line with its 1D nature, the corner-sharing
structure has a large exciton-binding energy of 881 meV
(Table I) double the value that was reported for the equiv-
alent quasi-2D model structure [81]. The imaginary part of
the macroscopic dielectric function has its largest intensity
along the direction of the chain. Following the proce-
dure described in Ref. [81–83], we apply group theory to
analyze the excitonic fine structure. The high-symmetry
k point R of the corner-sharing geometry belongs to the
C2v double point group (Table S2), in which the VBM
and CBM have the irreducible representation (IR) R5.
The product of those two IRs with an S-like envelope to
represent the first excited state in the Wannier picture, pro-
duces four states with IR A1 + A2 + B1 + B2. Given that
the dipole operator transforms as A1 + B1 + B2 in the C2v

point group, we ultimately obtain one dark and three bright
states. This result is reminiscent of the excitonic fine struc-
ture of 3D and 2D halide perovskites [82,83]. However, in
our quasi-1D chains, the three bright states, which corre-
spond to excitations with perpendicular transition dipole
moments, are nondegenerate due to the 1D crystal field
of the structure. This is in line with our BSE results in
Fig. 2(b), which show that the onset of the imaginary part
of the dielectric function is composed of four states, one
dark, and three nondegenerate bright, corresponding to one
in-chain and two out-of-chain directions.

We follow the procedure described in Refs. [84,85] to
quantify the spatial extent of the exciton wave function
�(rr, rh). For that we calculate the average electron-hole
separation σ =

√
〈r2〉 − 〈r〉2 where 〈rn〉 = ∫

�
rnFs(r)d3r

is the n’th moment of the electron-hole correlation
function Fs(r) defined as Fs(r) = ∫

�
d3rh|�(re = rh +

r, rh)|2. Fs(r) corresponds to the probability of finding
an electron-hole pair separated by a vector r = re − rh
in a volume �. The corresponding exciton wave func-
tion, shown in Fig. 2(c), has an in-chain spatial extent of
32.24 Å (Table I) and minimal extension in the out-of-
chain direction (Fig. S2 within the Supplemental Material
[67]).

We now turn to the edge- and face-sharing geometries,
shown in Fig. 3. The band structure of the edge-sharing
structure, Fig. 3(a), has flat bands in the out-of-chain direc-
tions U to X to �, and disperse bands in the in-chain �

to Y direction with electron and hole effective masses of
m∗

e‖ = 0.40me and m∗
h‖ = −0.95me, respectively (Table I).

The lowest direct electronic transition from VBM to CBM
occurs at the high-symmetry point X . The position of the
band gap is at a different k point than in the corner-sharing
structure due to stronger orbital hybridization between the
I and Pb orbitals at the point R (Fig. S3 within the Sup-
plemental Material [67]) lowering (increasing) the energy
of the valence (conduction) band. The DFT-PBE+SOC
(Table I) band gap of the edge-sharing model structure is
1.90 eV, with a G0W0 correction of 1.67 eV. The exciton-
binding energy of 1082 meV is significantly higher than
that of the corner-sharing structure. For the edge-sharing
geometry the high-symmetry k point X belongs to the C2h
point group (Table S2 within the Supplemental Material
[67]) with IR X −

3 + X −
4 for the VBM and X +

3 + X +
4 for

the CBM. Our GW+BSE calculations show that the onset
of the dielectric function of the edge-sharing structure con-
sists of four bright states; one of which has a 2 orders of
magnitude lower oscillator strength than the other three but
is significantly brighter than the lowest-energy dark state
in the corner-sharing structure (Table I). This result can be
explained by examining the product of the IR of the VBM
and CBM, which produces four states with IR 2Au + 2Bu
that have odd symmetry. Since the dipole operator trans-
forms as Au + 2Bu in the C2h point group, the four states
that make up the onset of the dielectric function are all
symmetry-allowed [Fig. 3(b)].

Figure 3(b) shows that the onset of the imaginary part of
the dielectric function originates from the in-chain direc-
tion, while, contrary to the corner-sharing geometry, the
direction of the highest intensity is the out-of-chain c
direction. This is because in the edge-sharing structure,
out-of-chain (axial) I p orbitals contribute significantly
more to the VBM than edge-connecting (equatorial) I p
orbitals (Fig. S3 within the Supplemental Material [67]).
Therefore, this out-of-chain intensity is also present when
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TABLE I. Lowest direct band gaps EDFT and EGW (in eV) calculated with DFT@PBE+SOC and G0W0@PBE+SOC, respectively,
exciton-binding energy Ex (in meV), static dielectric constant ε∞, exciton extent din-chain (in Å) in the in-chain direction of the lowest-
energy bright state and ratio of oscillator strength of lowest-energy bright (OSb) and dark state (OSd), and calculated effective masses
of the in-chain (m∗

‖) direction, in units of free electron mass me for the k points where the VBM and CBM is located for corner-, edge-,
and face-sharing model structures and experimental structures.

Model Experiment

Corner Edge Face Corner Edge Face

EDFT 1.73 1.90 2.54 1.92 2.19 1.53
EGW 3.03 3.57 4.03 2.98 3.22 3.16
Ex 881 1082 1276 541 476 416
ε∞ 2.57 2.44 2.35 3.68 3.86 4.06
din-chain 32.24 20.79 20.95 . . . . . . . . .

OSb/OSd 1.1 × 106 7.5 × 102 2.4 × 105 . . . . . . . . .

m∗
h‖ −0.42 −0.95 −1.01 . . . . . . . . .

m∗
e‖ 0.14 0.40 1.20 . . . . . . . . .

the distance between the chains is increased (Fig. S4 within
the Supplemental Material [67]). Additionally, we note that
excitonic absorption in the edge-sharing geometry has a
more complex signature compared to the corner-sharing
structure, arising from transitions between the relatively
flat bands that comprise the band edges. The exciton wave

function, shown in Fig. 3(c), is much more localized in the
in-chain direction as compared to the corner-sharing struc-
ture, with an in-chain spatial extent of 20.79 Å (Table I).

In the face-sharing structure, the lowest-energy VBM
to CBM transition is located at the high-symmetry point
U [Fig. 3(d)]. Analogous to the two other connectivity

(a)

(b)

(d)(c) (f)

(e)

FIG. 3. Electronic and optical properties of edge- and face-sharing structures. All labels and colors defined as above.
DFT@PBE+SOC projected DOS (left) and band structure (right) of the (a) edge-sharing and (d) face-sharing structures. The irre-
ducible representation of the orbitals at the high-symmetry point X are mentioned where applicable. Open red circles indicate k points
that contribute to the 1s exciton state. Imaginary part of the dielectric function and oscillator strengths of excitonic transitions of the (b)
edge-sharing and (e) face-sharing structures. The dotted black lines indicate the G0W0@PBE+SOC band gap. Exciton wave function
of the first bright correlated exciton, calculated by placing the hole on one of the I atoms for the (c) edge-sharing and (f) face-sharing
structures.
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motifs, the reciprocal-space direction corresponding to the
in-chain direction exhibits the largest electronic dispersion,
albeit significantly smaller than that of the corner- and
edge-sharing structures with electron and hole effective
massses of m∗

e‖ = 1.20me and m∗
h‖ = −1.01me, respec-

tively (Table I). The band gap, calculated to be 2.54 eV
with DFT-PBE+SOC and increased by 1.48 eV with G0W0
(Table I), is the largest of the three model structures, in
line with earlier reports [44]. Consequently, the exciton-
binding energy of 1276 meV is larger than that of the
corner- and the face-sharing structure too. The imaginary
part of the dielectric function [Fig. 3(e)] has the highest
intensity in the in-chain direction, with a complex exci-
tonic signature arising from the flat bands that comprise
the VBM and CBM. Given the low-symmetry space group
of the face-sharing structure, the point group of the high-
symmetry point U was not identified. Regardless of that,
we observe that the onset of the dielectric function is com-
posed of four states, one dark and three bright with relative
oscillator strength similar to the corner-sharing structure
(Table I). We note that while the exciton-binding energy of
the first bright state is larger than that of the edge-sharing
structure, the in-chain exciton extent is similar (Table I).

Next, we calculated the optoelectronic properties
of experimentally synthesized quasi-1D structures with
corner-, edge-, and face-sharing octahedral connectivity,
comparing them to our previously discussed model sys-
tems. For this comparison, we select three experimentally
realized materials: corner-sharing ((HSC(NH2)2)3PbI5)

[86], edge-sharing ((C6H10N2)(PbI4)2H2O) [70], and face-
sharing ((C2H7N)2)6PbI3) [71] shown in Fig. S5 within
the Supplemental Material [67]. The experimental struc-
tures are optimized with DFT-PBE keeping the inor-
ganic Pb-I network and the lattice vectors fixed, allowing
only the molecular A site to relax. Then we calculate
the DFT@PBE+SOC and G0W0@PBE+SOC band gaps
and the GW+BSE exciton-binding energies as before (see
Table I). We find that while the corner-sharing geometry
has the smallest GW band gap, similar to our calcula-
tions for the model structures, the energetic ordering of
the band gaps of the edge- and face-sharing structures is
reversed: the face-sharing structure’s band gap is 80 meV
smaller than that of the edge-sharing structure (Table I).
Additionally, we find that the exciton-binding energies
unexpectedly show an inverted trend as compared to the
model structures. Specifically, the face-sharing structure
exhibits the smallest exciton-binding energy, followed by
the edge- and the corner-sharing structure. Moreover, the
exciton-binding energies of the edge- and face-sharing
experimental structures are more than a factor of 2 smaller
than those predicted for the corresponding model systems.

To understand the origin of these reversed trends, we
systematically studied how the chain-chain distance and
dielectric screening by the organic moieties influence the
static dielectric constant (ε∞), the GW band gap, and the

exciton-binding energy (Ex), as shown in Figs. 4(a)–4(c).
For this, we calculated the dependence of these quan-
tities on chain-chain distance using the previously dis-
cussed model structures. Figure 4(a) demonstrates that
ε∞ decreases as the chain-chain distance increases, result-
ing in a monotonic increase in exciton-binding energies
for all three geometries [Fig. 4(c)]. For the corner- and
face-sharing geometries, this increase closely follows the
expected 1/ε∞ and the 1/ε2

∞ relationship for the band gap
and the exciton-binding energy (Fig. S6 and S8 within
the Supplemental Material [67]). Deviations are observed
for the edge-sharing geometry, which arise from more
complex trends in its GW band gaps (Fig. S7 within
the Supplemental Material [67]), reflecting competing
effects: reduced dielectric screening at larger distances
tends to increase the GW band gap, while enhanced orbital
hybridization between Pb-derived conduction-band states
and Cs-derived states lowers the conduction band mini-
mum (Fig. S9 within the Supplemental Material [67]).

Additionally, Fig. 4 includes the three experimental
structures (denoted “Experimental”) and three equivalent
structures in which the molecular A site was replaced by
Cs (denoted “Cs”), to isolate the effect of organic spacer
screening. In the corner-sharing case, the results for the
experimental structure are close to the predictions of the
model structure at an equivalent chain-chain difference,
indicating minimal structural distortion and only slight dif-
ferences upon substituting the molecular A site with Cs.
This similarity arises primarily due to the inherently small
dielectric constant contribution of the molecular site in
this case. In contrast, the edge-sharing experimental struc-
ture substantially deviates from its model counterpart at
the same chain-chain distance, exhibiting a significantly
smaller band gap (by about 0.3 eV) and an exciton-binding
energy reduced by roughly 400 meV. This discrepancy
partly results from enhanced dielectric screening by the
molecular A site. Indeed, replacing this molecular site with
Cs notably reduces the dielectric constant, increasing both
the band gap and exciton-binding energy. The face-sharing
case is similar to the edge-sharing scenario. Replacing the
molecular A site with Cs leads to a significant increase of
the band gap and the exciton binding energy, but does not
fully explain the deviation from the results for the model
structures. Since the Pb-I bond lengths in these two struc-
tures are by construction the same as in the corresponding
models, the remaining differences can be attributed to dif-
ferences in symmetry between model and experimental
structures (see the Supplemental Material [67]).

Finally, to predict how the dielectric properties of the
organic and inorganic sublattices influence the overall
dielectric response of these 1D materials, and thus their
band gaps and exciton-binding energies, we constructed a
simple 2D electrostatic model consisting of circular inor-
ganic regions with dielectric constant εinorg and radius
r and distance L, embedded in a medium representing
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(a) (b) (c) (d)

FIG. 4. Relation between the chain-chain distance in Å and the (a) the static dielectric constant, (b) the EGW band gap and (c) the
exciton-binding energy Ex, for the corner-sharing (blue circles), edge-sharing (red crosses), and face-sharing (green stars) model struc-
tures. Lines are meant as guides to the eye. Results for the experimental (Cs-based) structures are represented by squares (pentagons).
(d) Contour plot showing the dependence of the effective dielectric constant εeff on εorg (for a fixed εinorg = 5) and the dimensionless
proximity parameter (see text).

the organic sublattice with dielectric constant εorg. Chain-
chain distance is represented by a dimensionless proximity
parameter (L − 2r)/L, since this simple model only repro-
duces the exponential decay of the effective static dielectric
constant but not the microscopic details at the relevant
experimental chain-chain distances (see the Supplemental
Material [67] for details). Figure 4(d) shows that increasing
εorg significantly enhances the effective dielectric constant,
highlighting that the organic sublattice plays a key role
in determining the dielectric screening. In contrast, vary-
ing εinorg has a significantly smaller effect (Fig. S10 within
the Supplemental Material [67]), in line with observations
made for 2D metal-halide perovskites [9]. These find-
ings underline the importance of dielectric screening of
excitons by the organic sublattice when evaluating mate-
rial candidates for energy applications, where control over
exciton binding and dissociation is crucial for optimizing
device performance.

IV. CONCLUSION

In conclusion, we performed a systematic first-
principles study exploring how one-dimensional confine-
ment, octahedral connectivity and dielectric screening
influence the optoelectronic properties of quasi-1D metal-
halide perovskites. Our results demonstrate that increased
sharing of halides in the octahedral chains enhances
exciton-binding energies and introduces anisotropic and
complex optical signatures. However, comparison with
experimental structures shows significant deviations from
predictions based solely on idealized models, highlight-
ing the importance of confinement (chain-chain distance)
and dielectric screening effects. In particular, our electro-
static model underscores that the dielectric properties of
the organic A-site, or adjacent solvent molecules, play a

critical role in determining exciton-binding energies and
optical absorption. These findings indicate clear pathways
for tailoring material properties through targeted molec-
ular and structural design, particularly in the context of
optoelectronic and light-harvesting materials for energy
technologies.

Our findings also have implications for the ongoing
debate about the role of iodoplumbate complexes and
other low-dimensional motifs during perovskite film for-
mation. In situ optical probes such as UV-vis absorption
and PL have been employed to track solvated PbI2 clusters
in solution [39] and the transformation of iodoplumbate
species in the solid state [38,87], suggesting signatures
of intermediate octahedral connectivity. Complementary
techniques, including GIWAXS, Raman, and EXAFS,
have been used to help resolve structural motifs during
growth [36,88]. More recently, nuclear quadrupolar res-
onance spectroscopy has been proposed as a powerful
probe of local halide environments, with sensitivity to
different octahedral connectivities [29]. Our calculations
demonstrate how excitonic properties vary systematically
with connectivity and dielectric screening and thus provide
testable predictions for identifying such motifs in real-time
studies. Combining polarization-resolved in situ optical
spectroscopy with structural probes may ultimately allow
for a more reliable mapping between transient interme-
diates and their excitonic fingerprints, thereby informing
strategies to control crystallization pathways and optimize
film quality.
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