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ABSTRACT: Low-dimensional metal halides exhibit strong
structural and electronic anisotropies, making them candidates for
accessing unusual electronic properties. Here, we demonstrate
pressure-induced quasi-one-dimensional (quasi-1D) metallicity in
δ-CsSnI3. With the application of pressure up to 40 GPa, the
initially insulating δ-CsSnI3 transforms to a metallic state.
Synchrotron X-ray diffraction and Raman spectroscopy indicate
that the starting 1D chain structure of edge-sharing Sn−I octahedra
in δ-CsSnI3 is maintained in the high-pressure metallic phase while
the SnI6 octahedral chains are distorted. Our experiments
combined with first-principles density functional theory calculations
reveal that pressure induces Sn−Sn hybridization and enhances
Sn−I coupling within the chain, leading to band gap closure and formation of conductive SnI6 distorted octahedral chains. In
contrast, the interchain I...I interactions remain minimal, resulting in a highly anisotropic electronic structure and quasi-1D
metallicity. Our study offers a high-pressure approach for achieving diverse electronic platforms in the broad family of low-
dimensional metal halides.

1. INTRODUCTION
Halide perovskites that have a chemical formula of ABX3
represent an extensive family of materials with chemical and
structural versatility. In these materials, the metal cation in the
B site is coordinated by six halide anions to form a BX6
octahedron with the A-site cation residing in the cavities
defined by the corner-sharing BX6 octahedra. The structural
tunability of halide perovskites is also reflected in the ability to
derive a wide variety of related, low-dimensional halide
perovskites and analogous systems. For example, many 2D
halide perovskites can be formed by inserting larger organic
cations into the 3D perovskite structure along certain
crystallographic directions.1 Changing the metal-halide con-
nectivity to face- or edge-sharing can also produce low-
dimensional structures, such as those found in 1D δ-(FA)PbI3
(FA = CH(NH2)2+), δ-CsPbI3, and δ-CsSnI3.

2−6 These diverse
metal-halide structures can host dramatically different elec-
tronic and optical properties, enabling not only the develop-
ment of many engineered materials for applications such as
high-performance photovoltaics and light-emitting devices7,8

but also a promising platform for accessing novel electronic
properties as seen in other low-dimensional materials.

Low-dimensional metal halides exhibit pronounced struc-
tural and electronic anisotropies.9,10 Charge carriers are
confined within 2D planes or 1D channels, significantly
enhancing the quantum confinement and many-body effects.11

These effects have induced anisotropic carrier transport and
size/layer-dependent physical properties in systems such as

halide perovskite nanowires,12 and 2D perovskites,1 providing
an effective route for electronic structure modulation for
potential optoelectronic applications. The anisotropic lattice
structures of low-dimensional metal halides are also ideal
candidates for synthesizing 1D conductive chains or 2D
conductive films, which have long been of interest in both
solid-state chemistry and condensed matter physics.13,14

However, studies of the electronic anisotropy and potential
novel electronic properties in these materials have been
limited, partly because they typically have large band gaps
and are insulating. Previous efforts to study these low-
dimensional metal halides mainly focused on the syntheses
of new compositions and fabrication of atomically thin films or
nanowires at ambient pressure.8,15−21

Lattice compression has been used to effectively modify the
electronic structures and improve the conductivity of halide
perovskites.22−31 Low-dimensional metal halides indeed
attracted extensive attention in the high-pressure community
in the past years.32−44 These studies centered on tuning the
materials’ structural, electronic, and optical properties. So far,
the electronic anisotropy in these materials has not been used
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to realize intriguing electronic states, e.g., 1D metallicity. We
recently reported that δ-CsPbI3 transformed to a Fermi-liquid-
like metal at high pressure as a result of Cs-mediated electron
redistribution and electron−electron interaction; however, the
structure concomitantly underwent a transition from the 1D
chain structure to a 3D phase.45

In this work, we demonstrate that quasi-1D metallicity can
be achieved in δ-CsSnI3 at high pressure. Above 40 GPa,
insulating δ-CsSnI3 transforms to a metallic state while
maintaining its 1D chain structure with edge-sharing
octahedra. In contrast to ambient pressure where the Sn−Sn
hybridization within the SnI6 octahedral chain is negligible,
calculations indicate that the Sn atoms hybridize significantly
with each other in metallic δ-CsSnI3, along with the
enhancement of intrachain Sn−I coupling. The interactions
between neighboring SnI6 octahedral chains remain weak even
above 40 GPa, resulting in a highly anisotropic electronic
structure and quasi-1D metallicity.

2. EXPERIMENTAL DETAILS
2.1. Synthesis of δ-CsSnI3 Samples. Yellow δ-CsSnI3 samples

were synthesized in a N2-filled glovebox. Solid SnCl2 (262.7 mg, 1.390
mmol) and CsI (361.1 mg, 1.390 mmol) powder precursors were
dissolved in HI aq. (2 mL, 47 wt % in water, ∼2.5% H3PO2) in two
separate 4 mL vials. The two solutions were then mixed and stirred
for 5 min. The resulting yellow solids were filtered using a fritted glass,
transferred to a 20-mL vial, and heated at 40 °C under reduced
pressure overnight. Needle-like single crystal samples were obtained
with diameters and lengths of 1−10 μm and 50−500 μm, respectively.
Portions of the samples were ground for 10 min with a mortar and
pestle before loading for resistivity and X-ray diffraction (XRD)
experiments. All the samples were stored, and all the experimental
loadings were handled in an Ar-filled glovebox.
2.2. Resistivity Measurements. Low-temperature (2−300 K)

resistivity measurements at high pressures were conducted in a
physical property measurement system (PPMS DynaCool). A
nonmagnetic diamond anvil cell (made from Be−Cu alloy) with
beveled diamonds (inner/outer culet diameter of 100/300 μm) was
used to apply the pressure. An insulating gasket was prepared by
pressing a mixture of epoxy and cubic boron nitride powders (1:10 in
weight) into a pre-indented rhenium gasket, as reported in our
previous studies.46,47 Four platinum foil electrodes were prepared on
the insulating layer by a hand-wiring method. Pressure was calibrated

at room temperature using the ruby fluorescence method (0.1−45
GPa)48 and diamond Raman peaks (20−150 GPa).49 No pressure-
transmitting medium was used in the measurements to ensure good
contact between the sample and the foil electrodes.
2.3. XRD Measurements. High-pressure XRD experiments were

performed at Beamline 12.2.2 of the Advanced Light Source for runs 1
and 2 and HPCAT (16-BMD) of the Advanced Photon Source for
run 3. The beam size used was about 10 μm × 10 μm at Beamline
12.2.2 and 4 μm × 4 μm at Beamline 16-BMD. A pair of 200-μm culet
diamond anvils and a pre-indented tungsten gasket were used to
generate and seal the pressure. An 80-μm hole was drilled in the
center of the pre-indented tungsten gasket, serving as the sample
chamber. Powdered δ-CsSnI3 samples, pressure calibrants (a ruby ball
of ∼5 μm in diameter and a small piece of precompressed Au sheet),
and a pressure-transmitting medium (silicone oil) were then loaded
into the sample chamber in an Ar-filled glovebox.
2.4. Raman Measurements. Ultra-low frequency Raman spectra

down to 10 cm−1 were collected using a Horiba LabRam HR
Evolution Raman system at the Stanford Nano Shared Facilities
(SNSF). A laser excitation wavelength of 633 nm was utilized. Raman
spectra collected in the directions parallel and perpendicular to the
SnI6 octahedral chains were performed by rotating the diamond anvil
cell using a rotation stage. Type-IIas diamonds were used to reduce
the background. A small δ-CsSnI3 single crystal with a needle-like
shape (∼10 μm in diameter and ∼60 μm in length) was loaded, which
helps identify the orientation of the sample for Raman measurements.
Neon was used as the pressure-transmitting medium.
2.5. Density Functional Theory (DFT) Calculations. DFT with

Perdew−Burke−Ernzerhof (PBE) exchange-correlation functional of
generalized gradient approximation (GGA),50 that is implemented in
the Vienna ab initio simulation package (VASP),51 was used in our
calculations for structural optimization, band structures, density of
states (DOS), and electron localization function of δ-CsSnI3. The
CASTEP mode was used to calculate the 3D orbital maps of the
bands crossing the Fermi surface. A plane wave energy of 500 eV was
set as the projector-augmented wave (PAW) pseudopotentials.52 The
valence electrons of Cs, Sn, and I atoms were 5s25p66s1, 4d105s25p2,
and 5s25p5, respectively. A fine Monkhorst−Pack Brillouin zone
sampling grid with a resolution of 0.02 × 2π Å−1 was used in our
calculations. The input structure at ambient pressure was from the
ICSD (ICSD-14070). The theoretical structures at high pressure were
obtained from the structural optimization calculations using the
relaxed ambient structure as the initial configuration. The pressure
was applied by setting the stress to a target value, which has been
implemented in the VASP. At each pressure, atomic positions and

Figure 1. Resistivity of powdered δ-CsSnI3 over a temperature range of 2−300 K and pressure up to 71 GPa. (a) Chain structure of δ-CsSnI3 at
ambient conditions with Cs (turquoise), Sn (gray), and I (purple) atoms shown. (b) Room-temperature resistivity (ρRT) as a function of pressure.
Black line is a linear fit of the log ρRT−P curve above 40 GPa. Photomicrographs show the hand-wired electrode configuration for the resistivity
measurements and the color change of the sample to opaque black under compression. Scale bar is 50 μm. (c) Resistivity−temperature (ρ−T)
curves at representative pressures.
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lattice parameters were relaxed until all the forces on the ions were <1
meV/Å. The relaxed lattice parameters are comparable with the
experimental values obtained from the XRD experiments (see details
in the Supporting Information).

3. RESULTS AND DISCUSSION
We measured the resistivity of δ-CsSnI3 over a temperature
range of 2−300 K at high pressure. The samples were loaded in
an Ar-filled glovebox to avoid the oxidization of δ-CsSnI3. At
ambient pressure, the room-temperature resistivity (ρRT) of the
wide-band gap insulator δ-CsSnI3 (band gap ∼2.6 eV6) is
beyond the measurable range of the instrument. With
increasing pressure, ρRT falls into the measurable range and
is ∼4.3 × 103 Ω·cm at 9.2 GPa (Figure 1b), followed by a
dramatic resistivity drop of seven orders of magnitude with
further compression up to 40 GPa. The color of the sample
changes from yellow to red and then to black. Above 40 GPa,
log ρRT decreases linearly as a function of pressure at a rate of
−(5.4 ± 0.2) × 10−3 Ω·cm/GPa up to 71 GPa. The turning
point shown in the ρRT − P plot at 40 GPa suggests an
electronic transition. During decompression, ρRT exceeds the
measurable range again below 7.8 GPa, followed by the color
of the sample going back to yellow.

The resistivity−temperature (ρ−T) curves at representative
pressures confirm the electronic insulator-to-metal transition
(Figure 1c). At pressures below 23 GPa, the slope of ρ−T

curves (dρ/dT) is negative throughout the studied temper-
ature range of 2−300 K, indicating insulating behavior. At a
higher pressure of 33 GPa, dρ/dT is positive near room
temperature but becomes negative below ∼100 K. With further
compression to 40 GPa, the sign reversal of dρ/dT is fully
suppressed, and a positive dρ/dT is observed throughout 2−
300 K, indicating a metallic state. The insulator-to-metal
transition pressure (∼40 GPa) is much lower than that of
isostructural δ-CsPbI3 (∼80 GPa),45 despite having similar
band gaps at ambient conditions. In addition, in contrast to
compressed CsPbI3 where we found a Fermi-liquid-like state in
the high-pressure metallic phase below 100 K,45 no such
behavior is observed in δ-CsSnI3 up to 150 GPa (Figure S1).

We studied the structural evolution of δ-CsSnI3 at high
pressure using powder XRD. Three experimental runs were
conducted where run 1 examined a low-pressure region
(Figure 2b), and run 2 (Figure 2c) and run 3 (Figure S2)
covered pressures above the insulator-to-metal transition. All
the experimental results are self-consistent. At 0.2 GPa, δ-
CsSnI3 crystallizes in a Pnma structure with the lattice
parameters of a = 10.266 ± 0.010 Å, b = 4.723 ± 0.006 Å,
and c = 17.575 ± 0.015 Å, consistent with the reported values
at ambient conditions.5 In this structure, the Sn atom is
coordinated by six I atoms to form SnI6 octahedra, which are
edge-sharing to form a 1D SnI6 double chain structure (Figure
1a) that is charge-balanced by the Cs cation. Although the

Figure 2. Structural evolution of δ-CsSnI3 at high pressure. (a) Calculated structures of δ-CsSnI3 at representative pressures showing the distortion
of the SnI6 octahedral chains under compression. The red dashed ellipses highlight the distortion of a SnI6 octahedral chain as a function of
pressure. (b) XRD patterns of powdered δ-CsSnI3 in run 1. Pattern at the bottom is the simulated XRD at ambient pressure with a random
distribution in the orientation of the crystallites. (c) XRD patterns of powdered δ-CsSnI3 in run 2. Orange dashed line indicates the evolution of the
diffraction peak from the tungsten (W) gasket. (d) Pressure dependence of the I−Sn−I bond angle obtained from Rietveld refinement of the XRD
patterns in both experimental runs and calculations. (e) Pressure dependence of the unit cell volume. A fit to a third-order Birch−Murnaghan (B-M
fit) equation of state is shown as a black solid line. The pressure interval for calculations is 5 GPa.
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octahedra distort, the Pnma chain structure is maintained at
pressures above 40 GPa where δ-CsSnI3 becomes metallic. No
additional diffraction peaks appear during the compression
process, although there is an overlap of some of the reflections
such as the strongest (113), (211), and (212) peaks (Figure
2b,c).

The relative intensities of the diffraction peaks, especially the
strongest (113), (211), and (212) reflections, evolve
continuously as a function of pressure, indicating that the
atomic positions change, and the internal chain structure is

being distorted while the Pnma symmetry remains. At 0.2 GPa,
the (212) peak is the strongest, and its intensity decreases
dramatically with pressure. Above 3.2 GPa, the (113) reflection
becomes the most intense peak, and its relative intensity keeps
changing with further compression. The peak intensities of the
0.2-GPa pattern are consistent with the simulated XRD pattern
at ambient pressure with a random distribution in the
orientation of the crystallites. At high pressure, smooth
diffraction rings were collected and no preferred orientation-
induced enhancement in the intensities of a set of parallel

Figure 3. Intrachain Sn−Sn and interchain I...I distances and calculated electron localization function of δ-CsSnI3 at representative pressures. (a)
Sn−Sn distance in the SnI6 octahedral chains (shown as the red dashed lines in the inset structure) as a function of pressure obtained from Rietveld
refinement of the XRD patterns and calculations. Sn−Sn distance in β-Sn metal at ambient pressure reported in the ICSD (ICSD-106072) is shown
as the dashed horizontal line for comparison. (b) Evolution of two I...I distances between neighboring SnI6 octahedral chains (shown in the inset)
determined from Rietveld refinement of the XRD patterns and calculations. (c) Electron localization function visualized on lattice planes P1, P2,
and P3 at 0 and 40 GPa. P1 plane was set by choosing three Sn atoms in a SnI6 octahedral chain to show the Sn−Sn hybridization. P2 and P3
planes were determined by three outer I atoms between neighboring chains to show the I...I interactions. Intrachain Sn−Sn hybridization (P1) is
shown in the dashed magenta rectangle which clearly indicates that the Sn−Sn interaction develops at high pressure in the metallic phase.

Figure 4. Electronic structure of δ-CsSnI3 at representative pressures. Calculated band structures at (a) 0 GPa and (b) 25 GPa. (c) Calculated DOS
at 0 (solid lines) and 25 GPa (dashed lines). (d) 3D orbital maps of the bands crossing the Fermi level at 25 GPa showing the quasi-1D conductive
SnI6 octahedral chains. Iso-surface value is set to be 0.01 e/au.
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lattice planes was observed, indicating that the intensity
changes in compressed δ-CsSnI3 are not caused by the texture
or the orientation effect. To quantitatively analyze the
structural evolution as a function of pressure, we performed
Rietveld refinement on the XRD patterns using the GSAS-II
software package.53 The fitted patterns without applying the
preferred orientation match well with the experimental ones
(Figure S3). The refinement results show that the I−Sn−I
bond angle (the red dashed ellipses in Figure 2a and the inset
of Figure 2d) within the SnI6 octahedral chain increases
sharply with pressure (Figure 2d), a clear indication that the
chains are heavily distorted. Structural optimization results
obtained from first-principles DFT calculations are comparable
with the experimental values (Figure 2d,e).

The structural evolution of δ-CsSnI3 is considerably different
from that of isostructural δ-CsPbI3 under compression. While
δ-CsPbI3 goes through a sequence of Pb−I bond rearrange-
ments within the PbI6 octahedral chains and new bond
formation between neighboring chains to crystallize in a 3D
Pmn21 structure,

45 δ-CsSnI3 solely distorts the SnI6 octahedral
chains and stays in the 1D structure under compression. The
Sn atom remains coordinated by six I anions (Figure S4).
These distinct structural transitions may in part be due to the
atomic radius difference between the Sn and Pb atoms. The
lower critical pressure for the insulator-to-metal transition in δ-
CsSnI3 compared to that of δ-CsPbI3 may be a result of the
different structural evolution and metal-halide coordination
changes under compression, and the softer lattice of δ-CsSnI3
(bulk modulus B0 = 19.5 ± 1.7 GPa, Figure 2e) with a larger
V0/V at the same pressure applied compared to δ-CsPbI3 (B0 =
22.1 ± 1.2 GPa). Furthermore, the newly formed Sn−Sn
interaction and enhanced orbital overlap in the Sn−I bonds
that we discuss in the following section (Figure 3) may also
contribute to the much decreased metallization pressure in δ-
CsSnI3, since the Sn-5p state makes dominant contributions to
the electronic bands crossing the Fermi level that increases the
density of states near the Fermi surface (Figure 4).

We extracted the Sn−Sn distance (Figure 3a) and Sn−I
bond lengths (Figure S5) in the SnI6 octahedral chains and the
I...I distances between neighboring chains (Figure 3b) from
Rietveld refinement of the XRD patterns. The values are in
good agreement with those obtained from optimized structures
by DFT calculations. We find that the intrachain and
interchain interactions are highly anisotropic. The Sn−Sn
distance decreases sharply as a function of pressure. Above 25
GPa, the distance becomes comparable with the Sn−Sn
distance in metallic β-Sn at ambient pressure (Figure 3a). The
intrachain Sn−I bond lengths also reduce with pressure
(Figure S5). On the other hand, although the interchain I...I
distances decrease appreciably with increasing pressure (Figure
3b), at 40 GPa, the two shortest distances, i.e., 3.261 and 3.372
Å, are still far away from twice the atomic radius (∼2.8 Å) of
I,54 or the I−I bond length (2.715 Å) in solid molecular I2.

55

Previous studies indicated that solid I2 became a molecular
metal at 16−22 GPa.56−59 The intermolecular I...I distances
relevant for the metallic transition in I2 reduced to 2.95−3.05
Å, which were much shorter than the interchain I...I distances
in metallic δ-CsSnI3 at 40 GPa. This implies that the interchain
I...I interactions are weak and not responsible for the
metallicity of 1D δ-CsSnI3. The anisotropy in 1D δ-CsSnI3
resembles that in 2D materials, that is, strong interactions
within the 2D layers (or 1D SnI6 octahedral chains) but weak

coupling between adjacent 2D layers (or 1D SnI6 octahedral
chains).

Raman spectroscopy measurements on a δ-CsSnI3 single
crystal confirm the stability of the chain structure and the
anisotropic behavior under compression. At the starting
pressure of 1.5 GPa, the Raman spectra (Figure S6) are
similar with isostructural δ-CsPbI3.

60 With further compres-
sion, there are some changes in the relative intensities and
overlap of some vibrational modes, but no additional Raman
modes appear and all peaks blueshift, indicating that no
structural transition occurs in 1D δ-CsSnI3 under compression.
The peaks in the Raman spectra collected along the chain
direction (// b-axis) disappear at ∼30.7 GPa, which coincides
with the onset pressure of the metallic transition (∼33 GPa).
In contrast, the Raman modes in the spectra collected
perpendicular to the chain direction (⊥ b-axis) remain visible
up to ∼40 GPa, corroborating the anisotropic behavior of the
material. The flat Raman spectra beyond 40 GPa are consistent
with the metallization of 1D δ-CsSnI3.

Electron localization function calculations also support the
highly anisotropic interactions within versus between the SnI6
octahedral chains. We selected four representative lattice
planes (P1, P2, and P3 in Figure 3c, P4 in Figure S7) to study
the electron localization of δ-CsSnI3 at 0 and 40 GPa. At 0
GPa, the Sn−I hybridization within the SnI6 octahedral chains
is strong (P4), and the valence electrons are mostly localized
around the Sn−I bonds. The intrachain Sn−Sn hybridization
(P1) and interchain I...I interactions (P2 and P3) are
negligible. However, pronounced changes occur at 40 GPa.
The intrachain Sn atoms hybridize significantly (P1), and
valence electrons become increasingly delocalized among the
Sn atoms (the green channel along the Sn atoms in P1 at 40
GPa). The valence electrons around the Sn−I bonds also show
pronounced delocalization (P4 in Figure S7). In contrast, the
I...I hybridization between neighboring SnI6 octahedral chains
remains weak (P2 and P3). The interaction anisotropy is
consistent with the intrachain Sn−Sn and Sn−I, and interchain
I...I distances discussed above (Figure 3a,b).

Electronic structure calculations further indicate that
interaction anisotropy in δ-CsSnI3 induces a highly anisotropic
electronic structure and quasi-1D metallicity. Band structure
calculations indicate that at 0 GPa, δ-CsSnI3 has an indirect
band gap of 2.07 eV (∼0.5 eV smaller than the experimental
value6) with the conduction band minimum (CBM) and the
valence band maximum (VBM) located at the high-symmetry
U point and along the Γ−Y direction (Figures 4a, and S8 and
S9), respectively. The VBM and the CBM are mainly
composed of the Sn-5s and I-5p states, and the Sn-5p and I-
5p states, respectively (Figure 4c). With applying pressure, the
band gap of δ-CsSnI3 reduces and finally closes at 25 GPa
(Figure 4b) with the VBM and the CBM located at the Γ point
and along the Γ−Y direction, respectively. After accounting for
the band gap underestimation from the GGA used in our
calculations (see Figure S10 for details about the band gap
correction), a critical pressure of ∼33 GPa is estimated for the
metallic transition, which is in excellent agreement with the
value obtained from our resistivity measurements. The DOS
results at 25 GPa (Figure 4c) reveal that the closure of the
band gap is caused by the significant hybridization of I-5p and
Sn-5p states. Importantly, the Sn-5p orbital has a much larger
contribution to the states near the Fermi surface compared to
the I-5p orbital, which indicates that, in addition to the
enhanced intrachain Sn−I coupling, the pressure-induced
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formation of intrachain Sn−Sn hybridization also plays a
sizable role in the orbital states near the Fermi surface,
consistent with the electron localization function calculations.
The formation of intrachain Sn−Sn coupling and the
enhancement of Sn−I hybridization eventually drive the
metallic transition of the SnI6 octahedral chains. Similar
metal−metal interactions have been invoked in the pressure-
induced metallization of 3D (CH3NH3)PbI3 studied by DFT
calculations.61 On the other hand, the weak interchain I...I
interactions in δ-CsSnI3 restrain free electrons from moving
between neighboring chains. The combined effect enables a
quasi-1D metallic state in δ-CsSnI3.

Such quasi-1D metallicity can also be clearly observed from
the 3D orbital maps of the electronic bands crossing the Fermi
level (Figure 4d). These are the bands that mainly influence
the electrical properties of the material. The Sn-5p and I-5p
bands crossing the Fermi level form a zigzag-shaped pattern
along the crystallographic chain direction (b-axis), while the
orbital overlap between neighboring SnI6 octahedral chains is
minimal, resulting in a quasi-1D Fermi surface and
consequently quasi-1D metallicity in δ-CsSnI3 under com-
pression. We notice that the Cs-5d and I-5d orbitals have very
limited contribution to the DOS near the Fermi surface,
although they broaden and contribute to the conduction band
1 eV above the Fermi surface. Therefore, their effects on the
electrical transport are negligible in compressed δ-CsSnI3. This
in part explains the different low-temperature electrical
transport behavior between δ-CsSnI3 and δ-CsPbI3 under
compression. In metallic δ-CsSnI3, no Fermi liquid-like state is
observed due to the lack of d-orbital contributions and related
electron−electron interactions.

4. CONCLUSIONS
Quasi-1D metallicity was demonstrated by compressing δ-
CsSnI3 to above 40 GPa. The chain structure of δ-CsSnI3,
despite substantial intrachain distortion, is maintained in the
high-pressure metallic phase. Pressure induces Sn−Sn hybrid-
ization and enhances Sn−I coupling within the chain, which
leads to the broadening of the valence and conduction bands,
closure of the band gap, and formation of 1D conductive SnI6
octahedral chains. On the other hand, the interchain I...I
interactions remain insignificant at high pressure which
prohibits electron mobility between adjacent chains. Similar
low-dimensional metallicity could be widely attainable in other
2D and 1D metal halides. As observed in 2D materials where
reduced electronic dimensionality typically associates with
special topology of the Fermi surface and intriguing electronic
transitions, our study opens a high-pressure route for achieving
the rich electronic phenomena that 2D and 1D metal halides
have to offer.
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