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Abstract

Sulfide perovskites (ABX3) are under increasing investigation for use in photovoltaic,

optoelectronic, dielectric, and thermoelectric devices due to their favorable band gaps,

dynamical properties, environmental stability, and structural diversity. A key material

parameter to optimize in such devices is the constituent materials’ coefficient of thermal

expansion (CTE) in order to minimize thermomechanical stress during fabrication and

operation. This can be done by avoiding materials that have large CTE mismatch

or to compensate positive thermal expansion by including materials with negative

thermal expansion (NTE). Here, we evaluate the CTE of (edge-connected) α- and

(corner-connected) β-SrZrS3 with density functional theory and the self-consistent

quasiharmonic approximation. We find that both materials exhibit positive thermal

expansion at 0 GPa and host pressure-induced negative thermal expansion. The β

phase has a smaller CTE (37 × 10−6 K−1) at room temperature and ambient pressure,

also has a larger NTE response under pressure due to its more flexible corner-connected

framework structure. We use our findings to suggest that corner-shared motifs should

be prioritized over edge- or face-shared octahedral networks to maximize NTE arising

from vibrational (phononic) mechanisms.
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Introduction

Thermal expansion is a critical property to manage when fabricating and operating electronic

devices, as mismatch of the thermal expansion coefficients (CTE) from different components

can cause thermal stresses, leading to device failure via delamination at interfaces and wiring

failures.1 Mitigation of mismatch and thermal stresses is done via the inclusion of materials

with negative thermal expansion (NTE)1—the phenomena wherein a material contracts

when heated.2 This strategy has recently been used in solid oxide fuel cells to better match

CTEs of the electrode and electrolyte.3 Chalcogenide perovskite materials have recently been

investigated in photovoltaic,4 dielectric,5,6 thermoelectric,7 and fuel cell8 applications due to

their environmental stability,9 and favorable electronic and lattice dynamical properties, but

their thermal expansion behaviour is not well understood.

Many chalcogenide studies have focused on the distorted perovskite (GdFeO3-type) or

perovskite-derived Ruddlesden Popper phases, but these ternary compounds can also form10,11

in a hexagonal phase (BaNiO3-type) and non-perovskite, needle-like phase (NH4CdCl3-type).

These structures exhibit different connectivity of their octahedra: corner-shared for distorted

perovskite, face-shared for hexagonal perovskite, and edge-shared for the needle-like phase.

Some compounds, like SrZrS3, have been synthesized in both the needle-like (α) and distorted

perovskite (β) phases.12 Exploring phases beyond the distorted perovskite is important

because they may also have desirable properties for device applications. For example,

Shahmohemadi and Naghavi found that both distorted perovskite BaHfS3 and needle-like

SnHfS3 were promising thermoelectrics based on their large power factors and low lattice

thermal conductivities.7

Similarly, most negative thermal expansion work has focused on oxide and fluoride frame-

work structures with corner-shared octahedra.13 Although compounds with edge-connected

motifs (often creating one dimensional chains) also exhibit this property, they usually

have corner-connected motifs in their structures as well. Examples include A2M2O7,
14–17

A2O(MO4)2
18–20 oxides, fluorine-excess double ReO3-type fluorides (MM′F6 structral deriva-
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tives),21–23 and ZnF2
24,25 (rutile-type).26 From Table 1 of the review by Shi et al.,26 structures

with mixed corner- and edge-shared polyhedra exhibit smaller negative magnitudes of the

CTE than those with only a corner-shared motif. Additionally, upon incorporation of excess

fluorine in some double ReO3-type fluorides, some corner-shared octahedra are converted

to edge-shared octahedra and the NTE response is suppressed.21–23 Although edge connec-

tivity appears to hinder NTE in these compounds, it is an open question whether a fully

edge-connected structure could host NTE, and if so, what the mechanism would be, e.g., an

often seen transverse vibration or something akin to the quasi-2D vibrations found in some

Ruddlesden-Popper compounds.27,28

Here we compute and compare the volumetric thermal expansion of edge-shared α-SrZrS3

and β-SrZrS3 using density functional theory (DFT) and the self-consistent quasiharmonic

approximation method. These polymorphs have the same space group, but represent extremes

in metal-anion octahedral connectivity: only edge-connected (α) or only corner-connected (β).

We find that both compounds exhibit positive volumetric thermal expansion (PTE) at 0 GPa,

but develop NTE under pressure. β-SrZrS3 has a phononic quasi-RUM (qRUM) mechanism

like that in isostructural CaTiO3,
28 whereas the NTE in α-SrZrS3 is due to bending of the

apical Zr-S bonds in its ZrS6 octahedra. Our results show edge-connectivity provides control

over the microscopic mechanism of pressure-induced NTE.

Methods

DFT calculations were performed with VASP,29,30 utilizing the PBEsol exchange correlation

functional31 and PAW pseudopotentials.32,33 The valence configurations were 4s24p65s2 for

Sr, 4s24p65s14d3 for Zr, and 3s23p4 for S. The energy cutoff for the plane wave basis used in

all calculations was 600 eV. For all relaxations, the energy convergence criteria was 1×10−8

eV and the force convergence criteria was 1×10−5 eV Å−1. An 8×6×4 Γ-centered k-point grid

was used for the α phase and a 6×6×4 grid for the β phase. Also, a Gaussian smearing method
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with a smearing value of 0.1 eV was used for all calulations. Phonon spectra were computed

using the finite displacement method implemented with the PHONOPY code.34 For both

polymorphs, the displacement amplitude was 0.03 Å. A 3×2×2 supercell was used for the α-

phase and a 2×2×2 supercell was used for the β-phase force constant calculations. An energy

convergence criteria of 1×10−7 eV was used for the phonon calculations. Using the phonons

as input, the thermomechanical properties were then generated with the self-consistent

quasiharmonic approximation (SC-QHA).35
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Figure 1: Structures of (a) α-SrZrS3 and (b) β-SrZrS3. Both have the Pbnm space group,
however the α phase has edge-connected ZrS6 octahedra, while the β phase has corner-
connected ZrS6 octahedra. Sr: green spheres, Zr: gray spheres in octahedra, S: yellow
spheres.

Results

Crystallographic Structures

Figure 1 shows the (a) α-SrZrS3 polymorph and (b) β-SrZrS3 polymorph. We find that the

α phase is 46.3 meV per formula unit more stable than the β-phase at 0 K in our DFT

calculations of the equilibrium structures. When we include the entropic contribution from

the phonons, we find that α-SrZrS3 remains more stable up to 590 K (see the Supporting

Information and Figure S1). For T > 590 K, the β phase becomes more energetically stable.

Based on the free energy differences, we expect that structural conversion from the α-phase

to the (lower free energy) β-phase at higher temperatures may occur through a reconstructive
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Table 1: DFT computed structure data for α and β SrZrS3. The average (avg.) local
structure, i.e., bond lengths (Å) and polyhedral volumes (Å3), are similar. The lattice
constants are reported in Å.

Structural Features α β

a 3.79 6.68
b 8.45 7.11
c 13.82 9.73
Volume 443.22 462.25
Avg. Zr-S bond length 2.56 2.54
Avg. Zr-S apical bond length 2.54 2.52
Avg. Zr-S equatorial bond length 2.57 2.55
Avg. ZrS6 octahedral volume 22.20 21.93

transition owing to the different octahedral connectivity which requires bond reorganization.

Note that while both phases are stable at room temperature experimentally, the α-phase

oxidizes at 550◦C (823 K) upon heating in air, while the β-phase oxidizes at 650◦C (923 K).36

Both phases exhibit Pbnm orthorhombic symmetry, but the α-phase has a notably shorter

a-axis of 3.79 Å (Table 1). Both phases comprise ZrS6 octahedra, although with different

connectivity. The α phase has quasi-1D chains of edge-connected ZrS6 octahedra extending

along the a axis. The chains are arranged in a disconnected row along the b axis, with

each chain pointing in the same direction (tilted 28.0◦ off of the b axis). Each chain has a

width of two (edge-connected) octahedral units. The columns are also disconnected along

the c axis, where each we see that the chains have an ABAB tilt pattern. The Sr atoms are

interspersed between the columns both in-plane and out-of-plane. The β-phase exhibits 3D

corner connected ZrS6 octahedra connected in all directions. It is described as a perovskite

with Glazer notation a−a−c+ with an octahedral rotation angle of 12.5◦ along [001] and a tilt

angle of 10.4◦ along [110].

Phonon Dispersions

Figure 2 shows the ambient pressure phonon dispersions for the two polymorphs. The atom-

and direction-resolved phonon projected density of states (PDOS) are given in Figures S2 and
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Figure 2: Phonon band structures of (a) α-SrZrS3 and (b)-β SrZrS3.

S3. Because both compounds have the same space group we can plot the phonon dispersions

in momentum space using the same reciprocal space path; the paths are of different lengths,

however, because the lattice constants differ. Although the α phase has a smaller volume, we

find that it has lower-frequency modes than the β phase. Detailed analysis of the phonon

dispersions shows that most of the β-phase modes (57/60 of them with frequencies < 9.2 THz)

are lower in frequency than the α-phase modes as expected. The 3 that are higher in frequency

in the range 11-12.2 THz are octahedral breathing modes dominated by sulfur displacements.

Owing to the connectivity difference (disconnected edge-shared columns for the α phase and

a 3D-corner connected network for the β phase), these breathing modes do not have direct

correspondence in the edge-connected α phase.

Upon examining the atom-resolved phonon PDOS (Figure S2), we find that Sr has a

low-frequency peak at approximately 2.5 THz in both structures. Sr contributes to phonon

modes that extend up to approximately 6 THz in the α phase and 7.5 THz in the β phase.

There is Zr-S overlap throughout the frequency range for both phases, reflecting strong

Zr-S vibrational coupling in the covalent Zr-S motifs (column or framework, respectively).

The α phase has a Zr peak at about 2.5-3 THz, while there is a broader dispersion of Zr
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density below 7.5 THz in the β phase. Regarding the direction-resolved PDOS (Figure S3),

both polymorphs exhibit overlapping peaks from X-, Y -, and Z directions, indicating strong

vibrational coupling in all directions. This is consistent with the patterning of columns in

the α phase in 3D as well as 3D octahedral connectivity in the β phase.

Grüneisen Dispersions

Having established that both phases are dynamically stable at 0 K in our DFT calculations,

we now analyze the corresponding Grüneisen parameters associated with each mode, which

we refer to as the mode-Grüneisen parameters (γ). These quantities describe how phonon

frequencies respond to volume changes, and are calculated as

γi = −V

ωi

∂ωi
∂V

, (1)

where V is the volume of the unit cell, ωi is the phonon frequency of phonon i, and γi is

the Grüneisen parameter for phonon i.37 If a mode has a negative Grüneisen parameter, it

means its frequency decreases (i.e., softens) in response to volume compression. Conversely,

if a mode has a positive Grüneisen parameter, then its frequency increases (i.e., hardens)

in response to volume compression.37 Usually a volumetric compression in this manner is

achieved with hydrostatic pressure. Modes that soften with applied pressure, and hence

have negative Grüneisen parameters, usually exhibit transverse motion of atoms in their

corresponding eigendisplacement pattern. In contrast, modes that harden with pressure and

have positive Grüneisen parameters usually exhibit bond stretching in their corresponding

displacement pattern.2

Figure 3 presents the Grüneisen dispersion of both phases and presents mainly those

modes with negative values. In the α phase, there are 4 modes that yield negative Grüneisen

parameters of similar value: the Z-direction acoustic (ZA), transverse acoustic (TA), longi-

tudinal acoustic (LA) and shearing optical (SO) modes. All modes have a positive (γ+) to

7



Γ X S Γ
-4

-3

-2

-1

0

1

2

3

γ

Γ X S Γ
-4

-3

-2

-1

0

1

2

3
γ

(a)

α-SrZrS
3

TA

LA

ZA

SO

(b)

β-SrZrS
3

TALA

Figure 3: Mode Grüneisen parameters of (a) α-SrZrS3 and (b) β-SrZrS3. Modes causing NTE
have negative values on the ordinate axis and are highlighted. Notation is as follows: ZA,
Z-direction acoustic; TA, transverse acoustic; LA, longitudinal acoustic; and SO, shearing
optical.

negative (γ−) transition along the Γ-X path. This occurs due to initial bond stretching in

the displacement pattern of all modes near the Γ-point. The character than changes with

an increase in bond bending along the path until there is apical S-Zr-S bond bending in the

octahedra of the quasi-1D chains at the X-point, resulting in γ−. Figure S4 illustrates the

apical S-Zr-S motion.

In the β phase, there are two dominant modes yielding negative Grüneisen parameters,

the LA and TA modes. Note that these modes are similar to those of the α phase in notation

only; the character of the displacements differ because of the different connectivity of the

atoms. Both of these modes have a γ+ to γ− transition along the Γ-X path as well, which

is due to initial bond stretching followed by an increasing amount of bond bending. For

this polymorph, the LA and TA modes are degenerate at the X-point where there is strong

in-plane and out-of-plane S-Zr-S bond bending, resulting in a quasi-RUM (qRUM) motion

which is shown in Figure S4 and the supplemental videos. Based on this analysis, we attribute

the larger negative Grüneisen values for the β phase, as compared to the α phase, to the
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Figure 4: The Gruneisen-weighted phonon density of states γg of (a) α SrZrS3 and (b) β
SrZrS3 at ambient conditions (0 GPa) and under pressure (20 GPa).

larger bond bending found in the qRUM motion from the corner-connected octahedra. The

α phase, in contrast, has only apical bond bending vibrations because of the edge-connected

octahedra which excludes in-plane bond bending.

To discern the pressure effect on the mode Grüneisen parameters, we compute the

Grüneisen-weighted phonon density of states:

gγ±(ν) =
1

Nq

∑
q,σ

γ±q,σδ(ν − νq,σ) (2)

In the equation, q and σ of the summation enumerate the phonon wave vector and branch,

respectively, γ± is the mode Grüneisen parameters (of positive (+) or negative (-) value)

corresponding to a phonon of frequency ν (both indexed by phonon wave vector and branch),

and Nq is the number of grid points. The summation and delta function represent a count of

phonons at a given freqency, i.e., the phonon density of states g(ν), which is weighted by the

Grüneisen parameter values for each phonon, gγ±(ν). The positive (gγ+) and negative (gγ−)

densities of states are summed per frequency point into a total
∑
gγ and plotted to more

easily illustrate the pressure effect (Figure 4). For both phases, there is only positive gγ+ at 0

9



-20

0

20

40

60

α
 (

1
0

-6
 K

-1
)

0 100 200 300 400 500
T (K)

-20

0

20

40

60

α
 (

1
0

-6
 K

-1
)

0 GPa
10 GPa
20 GPa

0 15 30
-0.15

0

0.15

α-SrZrS
3

β-SrZrS
3

Figure 5: Pressure-dependent CTE of (a) α-SrZrS3 and (b) β-SrZrS3. Both phases have PTE
(α > 0) at ambient pressure but develop NTE (α < 0) under pressure.

GPa. At 20 GPa, the γ+ modes blueshift to higher frequency while the γ− modes redshift

to lower frequency, resulting in net negative gγ+ at low frequencies for both polymorphs (∼

1 THz in the α phase and 0.4 THz in the β phase). Consistent with the previously discussed

mode Grüneisen parameter plots and displacements, the β phase exhibits greater negative

gγ+ than the α phase.

Thermal Expansion

The simulated volumetric temperature dependent thermal expansion α are shown in Figure 5.

Both phases exhibit positive thermal expansion (PTE) at 0 GPa with pressure-induced

negative thermal expansion (NTE). At ambient pressure and 300 K, the α phase has a

larger CTE than the β phase (44 × 10−6 K−1 compared to 37 × 10−6 K−1, respectively). A

recent x-ray diffraction experiment showed that the CTE of β-SrZrS3 from 300-900 K is

approximately 36 × 10−6 K−1,38 which compares well with our simulated value at 300 K. We

could not find experimental data for α-SrZrS3. To describe the NTE response of the two

materials, we denote the critical pressure, pc as the pressure at which there is some occurence

of a negatively valued thermal expansion coefficient (α) in the temperature range simulated.
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Moreover, we denote the critical temperature Tc as the upper temperature bound of the NTE

region at a given pressure where α(Tc) = 0. In the α phase, these values are pc = 20 GPa

with a corresponding Tc = 25 K, while for the β phase they are pc = 5 GPa and corresponding

Tc = 25 K. The integrated NTE capacity, defined as χ̃ =
∫ Tc
T1
α(T ) dT is greater for the β

phase than the α-phase (Figure 6), owing to the larger negative Grüneisen values of the β

phase. Finally, pressure reduces the PTE portion of the CTE due to bulk modulus stiffening

(see the SI for the bulk moduli).
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Figure 6: Integrated NTE capacity for the SZS phases as a function of pressure. The β phase
has the larger NTE response, which increases as pressure increases.

Discussion

The NTE response of volumetric phonon-driven NTE materials can usually be compared on

the basis of bond strength (i.e., stiffness)27,39 or elastic constants.28,40,41 The material with

stronger bonds or higher elastic constants (i.e., the stiffer material) would have a lower NTE

response. In this case, the values for the octahedral bonds are similar and they thus do not

predict the NTE response well. Additionally, the α phase has a lower bulk modulus than

the β phase over all temperatures calculated. Here, the difference in NTE response is due to
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the difference in octahedral connectivity, as shown in the Grüneisen dispersion analysis. The

edge-connection in the α-phase constricts the bond bending, resulting in a lower negative

Grüneisen parameter and thus lower negative thermal expansion response than the more

pliable corner-connected β phase.

Although most known network structures that display NTE have corner-connected frame-

works, the oxide families A2M2O7 and A2O(PO4)2 as well as fluorine-excess double ReO3-type

fluorides (MM′F6 derivatives) and ZnF2 (rutile) have edge-connected polyhedra and show

NTE.26 A2M2O7 materials have edge-connected AO5 polyhedra and corner-connected MO4

tetrahedra, and interestingly, the transverse vibrations of the corner-connected oxygen in the

tetrahedra mostly drive the NTE.14–17,26 The A2O(PO4)2 family has both edge-connected

AO7 polyhedra forming chains, which have phosphate PO4 tetrahedra connected to it in an

alternating edge-connected and corner-connected manner (via oxygen atoms in both cases). 26

The NTE is driven both by transverse vibration of corner-connected oxygen atoms as well

as a ring deformation due to Coulombic interactions causing a Poisson-type effect.18,19 It is

important to note that there is local (positive) expansion from cations sharing an edge due

to Coulombic repulsion.20 In both of these oxide families, corner-connected subunits play a

dominant or important role in causing the NTE, which is consistent with longstanding mech-

anistic expectations in the field.13 This agrees with our simulations that the corner-connected

β phase has a higher NTE response than the edge-connected α phase.

The MM′F6 fluorides exhibit the ReO3-type structure with corner-connected, alternating

MF6 and M′F6 octahedra. They have NTE in their cubic Fm3̄m phases due to the rocking of

the octahedra; the magnitude of the NTE response can be tuned by changing bond strengths

via chemical substitution. When excess fluoride is included in some of these materials, a

fraction of the corner-connected octahedra transform to edge-connected polyhedra and inhibit

the NTE.26 In Mg1−xZr1+xF6+2x, for example, excess fluorine first enhances the NTE by

stabilizing the Fm3̄m structure against a temperature phase transition (at x=0.15), but

then inhibits the NTE as the fluorine concentration increases (x=0.30, 0.40, 0.50).21 The
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excess fluorine atoms reside at interstitial sites and promote some edge-sharing between

polyhedra (formerly octahedra), inhibiting the concerted rocking of the polyhedra with

temperature, thus reducing the NTE response.21 Conversely, fluorine removal from fluorine-

excess ReO3-type (Fm3̄m space group) TiZrF7−x caused NTE.23 TiZrF7 had PTE with a

α = 8.07× 10−6 K−1, TiZrF6.5 had a smaller PTE with α = 0.66× 10−6 K−1, and TiZrF6 had

NTE with α = −6.09 × 10−6 K−1.23 The change in response was due to greater availability

of the polyhedra to freely rotate as edge-connected units transformed to corner-connected

units, thereby promoting NTE.23 Note that a similar NTE-tuning mechanism is behind the

NTE-to-PTE modulation in Zr-doped ScF3.
42,43 From these studies, we conclude that NTE

is suppressed as there is a greater number of edge-shared polyhedra, which is consistent with

our results on SrZrS3.

ZnF2, on the other hand, has edge-connected ZnF6 octahedra along its short c axis and

these chains are corner-connected in the ab plane.26 Volumetric NTE appears experimentally

at temperatures below 75 K and the CTE reaches a minimum of about -2 × 10−6 K−1 at

30 K.24 If contributions are decomposed by axis, however, NTE occurs along the in-plane

direction, but PTE is found along the edge-connected c axis.24 Theoretical analysis using

DFT calculations attributed the volumetric NTE to a rigid unit mode mechanism from the

octahedra.24,25 Thus, corner-connected motifs generate the NTE in ZnF2, and the microscopic

mechanism is consistent with those of other framework materials.13 This finding supports

the larger response of the corner-connected β SrZrS3 than the edge-connected α SrZrS3

polymorph although for the sulfide both motifs do display NTE under pressure.

We can now compare the NTE response of the β SrZrS3 to isostructural CaTiO3 detailed

in our previous work.28 Both materials exhibit the same phononic mechanism—LA and TA

phonon modes yielding negative Grüneisen parameters due to their quasi-RUM vibrational

pattern at the X-point in the Brillouin zone. Interestingly, the response of the sulfide is

much larger and appears at a lower NTE critical pressure: pc is 5 GPa for the sulfide but 20

GPa for the oxide. In addition, the NTE capacity is 1351 for the sulfide but only 0.21 for

13



the oxide. We understand this behavior as follows. The sulfide is the less rigid compound,

evidenced by its longer bonds (2.54 Å for β SrZrS3 vs. 1.96 Å for CaTiO3) and its lower

bulk modulus (67.3 GPa for the sulfide and 161.5 GPa for the oxide). Its NTE-generating

phonon modes at the X-point, furthermore, occur at lower frequency (1.44 THz for the sulfide

and 3.06 THz for the oxide) owing to the larger unit cell volume and heavier masses of the

elements in the sulfide. Although A- and B-cation substitution was previously shown to

modulate the volumetric27 and uniaxial44 NTE response of perovskite derivative n = 2 and

n = 1 Ruddlesden-Popper compounds, respectively, we show here that anion substitution

also achieves this control as well.

Furthermore, our work gives two more material examples highlighting pressure as a control

vector for the CTE. Our results in both polymorphs wherein the positive-valued CTE is

suppressed and negative-valued CTE is enhanced with pressure is consistent with the usual

thermodynamic relation of the variation in thermal expansion coefficient with pressure: 37

(
∂αV
∂P

)
T

=
1

B2

(
∂B

∂T

)
P

(3)

where αV is the volumetric thermal expansion coefficient, B is the bulk modulus, P is

pressure, and T is temperature. As Dove and Fang state, the bulk modulus is positive, while

the variation in B with T is usually negative such that
(
∂αV

∂P

)
T

will be negative regardless of

the sign of αV .37 Although not seen here, we note that pressure can control the NTE of a

material indirectly via phase control. For example, many double ReO3-type fluorides (MM′F6)

show NTE in their cubic phase, but PTE in the pressure-induced symmetry-lowered phase

(often rhombohedral or amorphous).45–49 Moreover, NTE materials may display pressure-

induced softening - the material becomes softer instead of harder under compression - which

is a complementary area of research.37

In an applied context, the CTE has been identified as a key material parameter for

the processing of thermoelectric materials.50 Although there has been recent interest in

chalcogenide perovskites for thermoelectrics, with in-depth studies of corner-connected
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CaZrSe3,
51 BaZrS3,

52,53 and CaZrS3,
54,55 a comprehensive screening and analysis of corner-

and edge-shared structures,7 along with their thermal expansion is lacking. For example,

the CTE of PbTe-based thermoelectric materials is 20-24 (10−6 K−1). Thus, the lower CTE

of the β phase relative to the α phase at ambient pressure and room temperature and

beyond suggests it may be more suitable for integration into future devices. In addition,

Shahmohamadi and Nadhavi showed that the β-phase of SrZrS3, SrHfS3, BaZrS3, and BaHfS3

have higher power factors than their respective α phases, making them more suitable for

thermoelectric applications.7

Conclusion

We simulated the thermal expansion coefficient of SrZrS3 polymorphs and showed that both

exhibit PTE at 0 GPa and NTE under pressure. The corner-connected β phase has a larger

NTE response due to its more flexible structure, which accommodates larger magnitude

transverse vibrations. It also has a similar phononic NTE mechanism to isostructural CaTiO3.

The edge-connected octahedra in the α phase constrain transverse movement of equatorial

Zr-S bonds. As opposed to many examples in literature, these polymorphs have only one

type of octahedral bonding and allowed us to isolate the effect of edge-connectivity on NTE.

Given the smaller CTE at room temperature (and at ambient pressure), these results also

suggest that corner-connected β-SrZrS3 phase may be more suitable than the α-SrZrS3 for

technological applications.
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Connectivity NTE Response

Edge-shared (α) and corner-shared (β) SrZrS3 exhibit pressure-induced
negative thermal expansion (NTE), with the β polymorph exhibiting a

higher NTE response owing to its more flexible octahedra.
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