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A B S T R A C T

The 18R polytype of SnSe2 possesses unique structural features that can directly impact the transport properties 
and potential applications of interest; however, a comprehensive understanding of the intrinsic physical prop
erties is lacking. We grew large crystals in order to investigate the thermal and electrical properties of this SnSe2 
polytype and reveal the anomalous electronic transport for this material. High-resolution single-crystal syn
chrotron, as well as powder X-ray diffraction on crushed crystals, were employed elucidating the long-period 
stacking sequence and octahedral layering along the c-axis separated by weak van der Waals bonds forming 
the rhombohedral lattice structure. Temperature-dependent Hall, resistivity, and Seebeck coefficient measure
ments were employed in investigating the atypical electrical transport this polytype possesses, which has a 1.1 eV 
indirect band gap as revealed from our optical spectroscopy investigations. Analyses and modelling of the 
temperature-dependent thermal properties revealed a low Debye temperature and average speed of sound, with 
minimal lattice anharmonicity resulting in relatively high thermal conductivity. Our findings will also aid 
research on other materials with similar layered structure types in exploring their suitability for technological 
applications.

1. Introduction

Achieving high-performance material systems is a complex problem 
requiring a basic understanding of structure-property relationships, as 
well as the scattering mechanisms that directly influence the electronic 
and thermal transport. To this end, many materials have been explored 
in recent years for different technological applications of interest [1–3]. 
It is necessary to further explore new classes of materials and new 
processing techniques considering that a fundamental understanding of 
the complex interplay between atomic structure and physical properties 
requires substantial study, as these efforts are invaluable in advancing 
materials research into device engineering [4–7].

Metal chalcogenides encompass a class of materials with diverse 
compositions that have attracted significant attention due to their po
tential applications for electronics [8,9], photonics [1,10,11], and 
energy-related technologies [12,13]. The polytypism of layered metal 
chalcogenides, characterized by varied stacking sequences of van der 

Waals-bonded layers, represent a subset of such materials and in
vestigations on these structure types presents an opportunity to explore 
the effects of the crystal structure and structural variations on the 
physical properties of these materials [14–18]. One such example is tin 
diselenide, SnSe2, which has been reported to form in different layered 
polytypes [15,18,19]. Notably, the 2H polytype has been extensively 
investigated, with recent reports indicating a low thermal conductivity, 
high Seebeck coefficient and good mechanical properties [12–16,20]. In 
contrast, there is a lack of a complete understanding of the structural 
details that relate to the long period stacking order for the 18R polytype, 
in part due to a lack of consensus of the specific structural details. For 
example, Minagawa [21] reported that the occurrence of the crystal 
structure of 18R-SnSe2 was the most common polytype, whereas Palosz 
and Salje [22] reported the variation of repeating units along [001] 
within the crystal structure can be explained as spontaneous strain 
created by lattice relaxation and nucleation of different stacking se
quences during the phase transition between different polytypes. Hence, 
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the synthesis of high-quality single crystals of the 18R polytype to study 
the intrinsic transport properties will benefit research on SnSe2 as well 
as related layered chalcogenides.

Our approach combines crystal growth, in-depth structural analyses, 
optical spectroscopy and temperature-dependent Hall, resistivity, See
beck coefficient, thermal conductivity, and heat capacity in investi
gating the structural features that affect these properties. The 18R 
polytype of SnSe2, with its specific stacking sequence denoted by 
Zhdanov symbol (1212)3, represents a distinct crystal structure config
uration, [21,23,24] and our results reveal the different aspects of the 
structural and intrinsic physical properties necessary for a comprehen
sive investigation of SnSe2, as binary metal chalcogenides continue to be 
of interest as high-performance materials for electronics and 
energy-related applications.

2. Experimental methods

SnSe2 crystals were grown via direct reaction of the constituent el
ements. Stochiometric ratios of high purity starting materials (Sn pow
der, 99.85 %, Alfa Aesar and Se powder 99.999 %, Alfa Aesar) were 
weighed in a silica ampoule 10 mm in diameter and sealed under vac
uum inside a quartz tube [25]. The tube was placed in a resistive furnace 
and gradually heated to 1273 K over a period of 79 h. It was maintained 
at this temperature for 12 h before being rapidly cooled to 773 K and 
held there for an additional 8 h. The furnace was then turned off 
allowing the specimen to cool to room temperature. The resulting 
crystals had a silvery appearance with a layered morphology, confirmed 
by X-ray diffraction to be the 18R polytype of SnSe2. Structural char
acterization was accomplished by high-resolution single-crystal syn
chrotron X-ray diffraction measurement (XRD) at NSF’s ChemMatCARS, 
Sector 15 of the Advanced Photon Source, Argonne National Laboratory. 
Data were collected using a Huber 3-circle diffractometer equipped with 
a Pilatus3 × 2 M detector at 100 K using an Oxford Cryojet. The ω-angle 
was set at − 180◦, κ-angle was set at 0◦ and 30◦, with ϕ-angle scanned 
over the range of 360◦ using the shutterless mode of the detector. Data 
integration was performed with the Bruker APEX 3 suite software. The 
reduction of the data was obtained with the SAINT v.8.38A and SADABS 
v.2016 programs that are included in the APEX suite. The structure was 
solved directly and refined by the full-matrix least-squares method. 
X-ray diffraction rocking curve (XRC) measurements were employed to 
investigate the orientation of the grown crystal. XRC of an as-grown 
crystal and powder XRD of crushed crystals were collected with a 
Bruker-AXS D8 Focus diffractometer in the Bragg Brentano geometry 
with Cu Kα radiation. XRD θ− 2θ scan was collected using a 1 mm 
incident slit and ω-scan (rocking curve) was collected using 0.2 mm 
incident and collecting slits.

A 0.5 g as-grown crystal was cut using a wire saw for transport 
properties measurements. Temperature dependent Seebeck coefficient, 
S, resistivity, ρ, and thermal conductivity, κ, of a 5 mm x 2 mm x 1 mm 
parallelepiped obtained from the crystal were measured perpendicular 
to the c-axis employing a custom designed radiation shielded vacuum 
probe [26,27]. Room-temperature Hall coefficient, RH, was measured 
for the same crystal using a custom designed instrument in a magnetic 
field up to 1 T with the field alternating in direction to eliminate errors 
from any potential miss-alignment of the voltage probes. The maximum 
standard experimental uncertainty in the Hall measurements was ± 13 
%. The resistivity module of Quantum Design, DynaCool Physical 
Property Measurement System (PPMS) was employed to measure tem
perature dependent RH of a 10 mm x 2 mm x 0.7 mm parallelepiped from 
the larger crystal. RH was measured under an applied magnetic field of 
− 2.5 T to 2.5 T The excellent agreement between the room temperature 
Hall data is due to the homogeneity and the quality of the crystal used 
for the measurements. The heat capacity module of the PPMS was used 
to measure isobaric heat capacity, Cp, from 300 K to 1.8 K, accompanied 
by appropriate addenda measurements. The crystal was attached to the 
mounting stage using thermal N-grease. A two-tau model was used for 

the measurements with a maximum 2 % sample temperature rise. 
Maximum standard experimental uncertainties of ± 8 %, ± 6 %, ± 3 % 
and ± 5 % were calculated for the κ, S, ρ and Cp measurements, 
respectively. UV–Vis–NIR diffuse reflectance spectroscopy data were 
collected using a Shimadzu 3600i Plus spectrophotometer fitted with a 
60 mm integrating sphere. The reflectance data was converted to ab
sorption by using the Kubelka-Munk function, and the band gap value 
was evaluated by using a Tauc plot.

3. Results & discussion

The 18R polytype SnSe2 crystallizes in a rhombohedral structure, 
R3m space group, with lattice parameters a = b = 3.7967(2) Å and c =
54.911(3) Å. Each unit cell contains 9 formula units. Detailed crystal
lographic data and structural refinement results are summarized in 
Table 1, with atomic coordinates and atomic displacement parameters 
presented in Tables 2 and 3. Fig. 1 shows the XRD pattern for the SnSe2 
crystal, highlighting the orientation of the {00l} planes perpendicular to 
the growth direction and confirming the preferential orientation of 
growth along the c-axis. The inset of Fig. 1 shows XRC data for the 
(00.36) plane (2θ = 60.37◦) from a surface of the as-grown crystal. The 
small FWHM value indicates high crystallinity, comparable to that of 
other high-quality melt-grown crystals [28,29]. The slight peak broad
ening is due to overlapping Bragg peaks.

The crystal structure of the 18R polytype features a long-period 
stacking order characterized by edge-sharing octahedral layered 
arrangement along the c-axis, separated by van der Waal gap approxi
mately 3 Å apart (see Fig. 2). This layered structure, with a large c/a 
ratio compared to that of the 2H polytype (Fig. 2(a)), may contribute to 
its weak mechanical strength [20] along the ab plane, presumably due to 
the layered morphology. The atomic displacement parameters (U33) 
along the c-direction are larger compared to those within the octahedral 
planes, reflecting greater thermal motion between the weakly bonded 
layers (Table 3). The asymmetric unit cell contains 5 distinct sites, two 
Sn and three Se, as shown in Table 2. Fig. 2(b) depicts the octahedral 
views of the extended [SnSe6] edge-sharing layers. From left to right, 
these layers (nine per unit cell) are made up of octahedra with the 
central atoms, Sn1, Sn2, Sn2, Sn1, Sn2, Sn2, Sn1, Sn2, Sn2 and Sn1 
respectively. The [Sn1(Se3)6] are regular octahedra, with a Sn1-Se3 
bond distance of 2.6929(7) Å, while the Sn2 octahedra [Sn2 
(Se4)3(Se5)3] are slightly distorted with slightly irregular bond dis
tances (2.6928(8) Å and 2.6912(8) Å for Sn2-Se4 and Sn2-Se5, respec
tively). The Se-Sn-Se bond angles of the octahedra for both Sn1 and Sn2 
are similar, with values of 180.00◦ and 89.65(3)◦ for Sn1, and 179.96 
(4)◦ and 89.65(3)◦ for Sn2.

Table 1 
Crystal data and structure refinement results.

Empirical formula SnSe2

Formula weight 276.61
Temperature 100(2) K
Wavelength 0.49594 Å
Crystal system Trigonal
Space group R3m
Unit cell dimensions a = b = 3.7967(2) Å, α = β = 90◦

​ c = 54.911(3) Å, γ = 120◦

Volume 685.49(8) Å3

Z 9
Density (calculated) 6.031 g/cm3

Absorption coefficient 12.030 mm-1

F (000) 1062
Crystal size 50 × 10 × 10 µm3

Theta range for data collection 1.553 to 24.375◦

Reflections collected 4303
Independent reflections 511 [R(int) = 0.0588]
Goodness-of-fit on F2 1.092
Final R indices [I > 2σ(I)] R1 = 0.0365, wR2 = 0.0824
R indices (all data) R1 = 0.0559, wR2 = 0.0855

W.D.C.B. Gunatilleke et al.                                                                                                                                                                                                                   Acta Materialia 295 (2025) 121190 

2 



The optical properties of 18R-SnSe2 were investigated using UV–vis- 
NIR reflectance spectroscopy. As shown in Fig. 3, the linear fit to the 
steepest gradient of a Tauc plot constructed by plotting (αhν)1/2 as a 
function of photon energy, hν, indicated an indirect band gap and yiel
ded a value of 1.1 eV for the photonic band (inset of Fig. 3), confirming 
the first principles calculations by Deng et al. [20]. This value is larger 
than the reported literature values of 0.9 eV and 0.96 eV for the 2H and 
4H polytypes of SnSe2, respectively [20,30,31].

The layered atomic arrangement of certain multinary chalcogenides 
is known to influence their physical properties, which can provide 
unique opportunities for different technological applications [32–34]. 
Moreover, the stacking sequence of layers in the crystal structures of 
related dichalcogenides has been reported to directly influence their 
electronic and thermal properties [35,36,12]. Motivated by these 
studies, we investigated the temperature dependent transport properties 
of 18R-SnSe2. Fig. 4 shows temperature dependent S data for 18R-SnSe2. 
The S values are negative throughout the entire measured temperature 
range, indicating n-type semiconductor behavior with electrons as the 
majority charge carriers. With decreasing temperature, the modulus of S 

increases from 212 μV/K at 300 K to 252 μV/K at 70 K, then decreases to 
192 μV/K by 50 K. This non-monotonic trend suggests mixed charge 
carriers. To further investigate this hypothesis, we measured tempera
ture dependent ρ. As shown in Fig. 5, ρ decreases with decreasing 
temperature, followed by an increase in ρ that coincides with the tem
perature dependent behavior of S; the concomitant extrema in S and ρ 
occur at the same temperature region. As shown in Figs. 4 and 5, below 
100 K 18R-SnSe2 shows a semiconducting temperature dependence; 
however, above this temperature the ρ values increase almost linearly 
with increasing temperature with a metallic-like temperature depen
dence that may be due to dual conduction with contributions from both 
electrons and holes. Similar temperature dependences of S and ρ have 
been reported for 2H-SnSe2, where the change in electrical conduction 
with decreasing temperature was attributed to the existence of addi
tional conduction pathways [12]. To confirm the existence of dual 
conduction in 18R-SnSe2, we conducted temperature dependent Hall 
measurements below room temperature. As shown in Fig. 6, the tem
perature dependent Hall coefficient, RH, shows a minimum at the same 
temperature as the data for S and ρ, as well as a change in sign from 
negative to positive at 50 K. The carrier concentration, n, calculated 
from the relationship RH = 1

ne where e is the charge of an electron, is 
positive below 50 K and negative above this temperature, as shown in 
Fig. 7. This change in n is a clear indication of the contributions to 
conduction from both carrier types in this temperature range. As shown 
in Fig. 8, the carrier mobility, μ, from our Hall data, ρ = nμe, decreases 
with increasing temperature above 100 K but increases with increasing 
temperature below this temperature, which is also indicative of the 
existence of mixed carriers below 100 K. As compared to 2H-SnSe2 [12], 
the dual conduction for 18R-SnSe2 is more pronounced, underscoring 
the significant influence of the octahedral stacking layers on the trans
port of these materials. This behavior, likely stemming from asymme
tries in the density of states and in-plane charge transfer [37], highlights 
the intricate relationship between atomic stacking and electronic 
transport in layered materials, and provides a potential avenue for the 
design of such chalcogenides for electronic applications.

The unit cell of the 18R-SnSe2 contains 27 atoms as compared to the 
2H polytype that has only 3 atoms in its unit cell. The increased 
complexity of the 18R-SnSe2 structure would presumably have a direct 
influence on the thermal properties. To explore the thermal properties of 
this polytype, we conducted temperature dependent Cp measurements. 
The Cp data approaches the Dulong-Petit limit near room temperature, 
as shown in Fig. 9, indicating excitation of the majority of acoustic and 
optical phonon modes. The inset of Fig. 9 shows a linear fit at low 
temperatures to the data described by Cp/T = α+ βT2, where α and β 
correspond to the Sommerfeld coefficient and the coefficient of lattice 
contribution, respectively [38]. Utilizing the lattice contribution from 
the fit (β = 0.832 mJ mol-1 K-4), the Debye temperature, θD, and average 

speed of sound, υs, were determined using θD =

(
12π4Rn

5β

)1/3 

and υs =

θD(kB /h)(4πMw/3naNad )
1/3, respectively, where R denotes the molar 

gas constant, na is the number atoms per formula unit, Na is the Avo
gadro’s constant and Mw is the molecular weight. This analysis yielded 
θD = 191 K and υ = 1892m/s, values that are lower than that for 
2H-SnSe2 [31] suggesting weaker interatomic bonding for 18R-SnSe2. 
The density of states at the Fermi level, N(EF), can also be estimated 
using the relation α = 1/3π2k2

BN(EF)
(
1 + λe− ph

)
, where α = 1.775 mJ 

mol-1 K-2 from the low temperature data fit and assuming 
electron-phonon coupling, λe− ph, is negligible as a first approximation. 
This gives N(EF) = 0.8 states eV-1 per formula unit, an indication of low 
electrical conductivity that is consistent with the relatively large Eg and 
room temperature ρ values described above.

The temperature-dependent κ was measured on a parallelepiped cut 
from the larger crystal perpendicular to the c-axis and along the octa
hedral stacking layers. This crystallographic direction is similar to that 
of other work that reported very low κ values along the polyhedral layers 

Table 2 
Atomic coordinates and equivalent isotropic displacement parameters (Å2). Ueq 
is defined as one third of the trace of the orthogonalized Uij tensor.

atom site x y z Ueq

Sn1 3b 1 0 1/2 0.008(1)
Sn2 6c 2/3 1/3 0.38877(2) 0.007(1)
Se3 6c 2/3 1/3 0.47151(2) 0.007(1)
Se4 6c 1/3 2/3 0.41726(2) 0.008(1)
Se5 6c 1 0 0.36024(2) 0.007(1)

Table 3 
Anisotropic displacement parameters (Å2). The anisotropic displacement factor 
exponent takes the form: − 2π2[h2a*2U11 + … + 2hka*b*U12].

atom U11 U22 U33 U23 U13 U12

Sn1 0.005(1) 0.005(1) 0.015(1) 0 0 0.002(1)
Sn2 0.004(1) 0.004(1) 0.013(1) 0 0 0.002(1)
Se3 0.005(1) 0.005(1) 0.011(1) 0 0 0.003(1)
Se4 0.006(1) 0.006(1) 0.011(1) 0 0 0.003(1)
Se5 0.005(1) 0.005(1) 0.011(1) 0 0 0.003(1)

Fig. 1. Powder XRD pattern of 18R-SnSe2 from crushed crystals (blue) dis
playing the {00l} planes that are perpendicular to the growth direction in 
comparison to calculated powder data (black). The inset shows XRC of a single 
crystal of the (00.36) plane (2θ = 60.37◦) with a full width at half maximum 
(FWHM) value of 0.243◦. (For interpretation of the references to colour in this 
figure legend, the reader is referred to the web version of this article.).
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of the crystal structures for other layered chalcogenides [39,40]. 
Moreover, the thermoelectric properties investigated in related dichal
cogenides [18,19], where the layered crystal structure results in low κ, 
warrants an investigation of κ perpendicular to the c axis, along the 
octahedral stacking. As shown in Fig. 10, κ decreases with increasing 
temperature, with κ = 7.2 Wm− 1K− 1 at room temperature. The sharp 
dielectric peak shown in Fig. 10 is another indication of the quality of 
the crystal measured. The room temperature κ value is higher than that 
for bulk 2H-SnSe2 (2.0 Wm-1K-1) [30]. Moreover, as shown in Fig. 10, 

compared to related and other layered structured polycrystalline bulk 
materials, 18R-SnSe2 displays relatively high κ [30,41]. The lattice 
contribution to thermal conductivity, κl, can be estimated using the 
Wiedemann-Franz relation κ = κe + κl, where the electronic contribu
tion to thermal conductivity, κe, is LoT/ρ, with Lo (= 2.44 × 10–8 V2K-2) 
used for the Lorentz number. Due to the high ρ values, as shown in Fig. 5, 
κe is negligible (≤ 0.1%) and therefore κ ≈ κl. Given the large c lattice 
parameters of the unit cells of both 18R-SnSe2 and Bi2Te3, as compared 
to their a and b lattice parameters, it is insightful to compare their κ 
values perpendicular to the c-axis [39,40]. The c lattice parameter of 
18R-SnSe2 (54.911 Å) is larger than that of Bi2Te3 (30.478 Å), with c/a 
ratio of 14.48 compared to 6.95 for Bi2Te3. Such a large lattice param
eter ratio is typically an indication of a more complex structure [42]. 
However, according to the Cp data discussed above, the 18R-SnSe2 

Fig. 2. The crystal structure showing (a) the unit cell of 18R-SnSe2 compared to a unit cell of 2H-SnSe2 and the (b) atomic arrangement formed by the layers of edge- 
sharing SnSe6 octahedra for 18R-SnSe2. The purple and green spheres correspond to Sn and Se atoms, respectively. (For interpretation of the references to colour in 
this figure legend, the reader is referred to the web version of this article.).

Fig. 3. The UV–Vis-NIR reflectance spectrum along with the corresponding 
Tauc plot of the Kubelka-Munk function (inset), revealing an indirect band gap 
of 1.1 eV.

Fig. 4. Temperature-dependent S data.

W.D.C.B. Gunatilleke et al.                                                                                                                                                                                                                   Acta Materialia 295 (2025) 121190 

4 



crystal lattice is relatively harmonic and our κ measurements reveal 
relatively large κ values over the entire measured temperature range, as 
shown in Fig. 10. In order to investigate this further, the room temper
ature Gruneisen parameter, γ, was estimated using the relation κl =

BMV1/3θ3
D/p2/3γ2T, where M denotes the average mass of an atom in the 

crystal (amu), V is the volume per atom, θD = 191 K and p is the number 

of atoms per unit cell [43,44]. The estimated value of 0.8 indicates a 
highly harmonic crystal lattice, in agreement with the results of our 
analyses of temperature dependent Cp data, and a γ value that is much 

Fig. 5. Temperature-dependent ρ data.

Fig. 6. Temperature-dependent RH data.

Fig. 7. Temperature-dependent n data.

Fig. 8. Temperature-dependent μ data.

Fig. 9. Temperature-dependent Cp data normalized to the Dulong-Petit limit. 
The inset shows the Cp/T versus T2 dependence. The solid line represents a 
linear fit to the relation Cp/T = α+ βT2.

Fig. 10. Temperature-dependent κ data compared with related and other 
layered structured materials.
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lower than γ = 1.5 reported for Bi2Te3[39,40], also in agreement with 
the above observations.

4. Conclusion

Single crystals of 18R-SnSe2 were grown allowing for an investiga
tion of the intrinsic structural, optical, electrical and thermal properties 
of this polytype of SnSe2. The rhombohedral crystal structure, confirmed 
by high-resolution single-crystal synchrotron X-ray diffraction, is char
acterized by a unique long-period stacking sequence of octahedral layers 
along the c-axis, separated by weak van der Waals interactions. The 
polytype has an indirect band gap of 1.1 eV and our temperature- 
dependent electrical transport properties measurements reveal an n- 
type semiconductor near room temperature with mixed charge carrier 
transport at low temperatures resulting in anomalous low temperature 
transport. Temperature-dependent thermal conductivity and heat ca
pacity reveal a more harmonic lattice compared to the 2H polytype. Our 
findings indicate 18R-SnSe2 is a layered multinary chalcogenide with 
unconventional temperature-dependent electrical properties, and will 
benefit investigations into related and other layered chalcogenides.
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Low-temperature transport properties of Tl-doped Bi2Te 3 single crystals, Phys. 
Rev. B - Condens. Matter Mater. Phys. 88 (2013) 045202, https://doi.org/ 
10.1103/PHYSREVB.88.045202/FIGURES/6/MEDIUM.

[40] A.H. Li, M. Shahbazi, S.H. Zhou, G.X. Wang, C. Zhang, P. Jood, G. Peleckis, Y. Du, 
Z.X. Cheng, X.L. Wang, Y.K. Kuo, Electronic structure and thermoelectric 
properties of Bi2Te3 crystals and graphene-doped Bi2Te3, Thin Solid Films 518 
(2010) e57–e60, https://doi.org/10.1016/j.tsf.2010.03.124.

[41] S. Zhan, L. Zheng, Y. Xiao, L. Zhao, Phonon and carrier transport properties in low- 
cost and environmentally friendly SnS2: a promising thermoelectric material, 
Chem. Mater. 32 (2020) 10348, https://doi.org/10.1021/acs.chemmater.0c04184.

[42] N.K. Singh, A. Soni, Crystalline anharmonicity and ultralow thermal conductivity 
in layered Bi2GeTe4 for thermoelectric applications, Appl Phys Lett 117 (2020) 
123901, https://doi.org/10.1063/5.0024651.

[43] G.A. Slack, The Thermal Conductivity of Nonmetallic Crystals, Solid State Phys. 34 
(1979) 1–71, https://doi.org/10.1016/S0081-1947(08)60359-8.

[44] D. Morelli, G. Slack, High lattice thermal conductivity solids. High Thermal 
Conductivity Materials, Springer, New York, 2006.

W.D.C.B. Gunatilleke et al.                                                                                                                                                                                                                   Acta Materialia 295 (2025) 121190 

7 

https://doi.org/10.1021/ACSAEM.9B01399/ASSET/IMAGES/LARGE/AE9B01399_0009.JPEG
https://doi.org/10.1021/ACSAEM.9B01399/ASSET/IMAGES/LARGE/AE9B01399_0009.JPEG
https://doi.org/10.1016/J.MTPHYS.2017.10.001
https://doi.org/10.1016/J.MTPHYS.2017.10.001
https://doi.org/10.1088/1468-6996/13/5/054303
https://doi.org/10.3390/ma8031124
https://doi.org/10.3390/ma8031124
https://doi.org/10.1088/1361-6463/ac3ce6
https://doi.org/10.1002/aenm.201703482
https://doi.org/10.1002/ange.201710512
https://doi.org/10.1002/ange.201710512
https://doi.org/10.1103/PHYSREVB.96.075442/FIGURES/5/MEDIUM
https://doi.org/10.1103/PHYSREVB.96.075442/FIGURES/5/MEDIUM
http://refhub.elsevier.com/S1359-6454(25)00477-X/sbref0038
http://refhub.elsevier.com/S1359-6454(25)00477-X/sbref0038
https://doi.org/10.1103/PHYSREVB.88.045202/FIGURES/6/MEDIUM
https://doi.org/10.1103/PHYSREVB.88.045202/FIGURES/6/MEDIUM
https://doi.org/10.1016/j.tsf.2010.03.124
https://doi.org/10.1021/acs.chemmater.0c04184
https://doi.org/10.1063/5.0024651
https://doi.org/10.1016/S0081-1947(08)60359-8
http://refhub.elsevier.com/S1359-6454(25)00477-X/sbref0044
http://refhub.elsevier.com/S1359-6454(25)00477-X/sbref0044

	Elucidating the thermal properties and anomalous transport in the 18R polytype of SnSe2
	1 Introduction
	2 Experimental methods
	3 Results & discussion
	4 Conclusion
	Data availability
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgements
	References


