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The emergence of phonon frequency combs exemplifies a rare and intriguing phenomenon in quantum 
solids. Materials with distinctive phonon band structures are especially promising for hosting such 
states, as their vibrational dispersion landscape across the Brillouin zone can facilitate the formation 
of long-lived, collective lattice excitations. In the layered Van der Waals compound InSiTe3, 
polarization-resolved Raman spectroscopy reveals a pronounced anharmonicity in symmetry-predicted 
modes and the formation of a self-organized frequency domain structure (coherent-like state), in 
the range of a localized high-energy A1g  phonon mode near 500 cm−1. This strong phonon-phonon 
coupling manifests itself as an anomalous temperature dependence around 200 K, coinciding with 
the appearance of higher-order excitations within the phonon density of states gap. These findings 
position InSiTe3 as an unconventional platform where intrinsic highly structured phonon spectral 
correlations and unusually strong anharmonic effects coexist, opening new avenues for exploring 
emergent vibrational phenomena in low-dimensional materials.

Femtosecond pump–probe spectroscopy has long been the primary tool for generating and studying coherent 
phonons. In these experiments, an ultrashort laser pulse excites the lattice, initiating collective vibrational 
motion that can be tracked in real time.1–4 When a femtosecond laser pulse reshapes the electronic potential, 
the equilibrium atomic positions are displaced, leaving the atoms to oscillate coherently around the new 
minimum. This displacive excitation mechanism inherently favors fully symmetric modes. As a result, materials 
like bismuth and antimony consistently exhibit strong A1g  coherent phonons in pump–probe experiments, 
while lower-symmetry modes appear only under special conditions.5–7 In contrast, finding equidistant closely 
separated phonon lines or a phonon comb without femtosecond excitation is unusual and reflects a nonlinear 
lattice potential.

Layered Van der Waals (VdW) materials, with their quasi–low-dimensional character, provide an important 
platform for studying emergent lattice, electronic, and magnetic phenomena.8,9 The class is broad, from 
transition metal trihalides (CrI3, VI3),10–14 transition metal trichalcogenides (CrSiTe3, CrGeTe3),15–18 iron-
based tellurides (Fe3 GeTe2)19 to transition metal dichalcogenides (VSe2, MnSe2).20,21 The acceleration in the 
discovery of such quasi-2D systems provides many opportunities to study phonon correlations and nonlinear 
phenomena as an intrinsic property of the lattice and at the same time to consider their potential for future 
applications.22–25 During the course of this research, Chen et al. reported the spontaneous formation of phonon 
frequency combs in CrSiTe3 and CrGeTe3,26 emphasizing the growing interest in the vibrational properties 
of ternary VdW trichalcogenides. These developments further emphasize the relevance of exploring related 
compounds such as InSiTe3, where nonlinearities of the lattice potential may entail unconventional vibrational 
dynamics.

The first report of InSiTe3 single-crystal synthesis appeared more than three decades ago.27 Since then, its 
related compounds such as CrSiTe3, CrGeTe3, InGeTe3, and AlSiTe3 have been extensively studied, both 
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theoretically and experimentally, for their magnetic, electronic, and vibrational properties.28–33 By contrast, only 
a few studies have addressed the fundamental properties of InSiTe3.28,29,34,35 Nevertheless, it has already been 
applied in broadband photodetectors with ultrafast response times36 which makes a deeper understanding of 
its lattice dynamics particularly relevant. Low-temperature experiments have not been performed on InSiTe3, 
leaving certain aspects of the physical phenomena below room temperature unexplored.

In this work, we investigate the lattice dynamics of the VdW compound InSiTe3 using temperature-dependent 
polarization-resolved Raman scattering combined with density functional theory (DFT) calculations. Our study 
reveals a pronounced anharmonicity and the formation of frequency-domain phonon comb associated with 
a localized high-energy A1g  mode near 500 cm−1. This state reflects a frequency-locked spectral response of 
the SiTe3 tetrahedra, linked to a flat and isolated phonon branch. The temperature-dependent analysis further 
uncovers anomalous linewidth behavior around 200    K, together with large values of A1g  phonon coupling 
constants. Upon heating to this temperature, broad features emerge in the parallel scattering configuration 
within the gap of the calculated phonon density of states (PDOS), consistent with overtone excitations. These 
findings identify InSiTe3 as an important member of the of VdW family and underscore the role of anharmonic 
interactions in VdW trichalhogenides.

Results
The Raman measurements were performed on freshly cleaved surfaces. As shown in Fig. 1 scanning electron 
microscopy (SEM) reveals a flat surface of at least 0.5 × 0.5 mm2. The individual maps obtained with energy 
dispersive spectroscopy (EDS) as displayed on the left hand side of Fig. 1 demonstrate the uniformity of the 
sample over several tens of microns and corroborate the atomic ratio of In:Si:Te to be 1:1:3. No impurities, 
contaminations and vacancies could be detected.

For the phonon analysis, the symmetry positions of the atoms in the lattice are relevant. The factor group 
analysis for the P 31m space group (No. 162)37 yields the symmetry allowed phonons in the center of the 
Brillouin zone (BZ). The corresponding Raman tensors that govern selection rules are listed in Table 1.

Atoms (Wyckoff positions) Irreducible representations

In (2d) A2u + Eu + Eg

Si (2e) A2u + Eu + A1g + Eg

Te (6k) 2A2u + 3Eu + 2A1g + 3Eg

Raman tensors

A1g =

(
a 0 0
0 a 0
0 0 b

)

1Eg =

(
c 0 0
0 −c d
0 d 0

)
2Eg =

(
0 −c −d

−c 0 0
−d 0 0

)

Table 1.  Atoms, Wyckoff positions, related Γ point phonons, and Raman tensors for the P 31m space group.

 

Fig. 1.  SEM and EDS mapping of a freshly cleaved surface of an InSiTe3 single crystal. The right part of 
the figure shows a flat surface over an extended area. The white rectangle indicates the area in which the 
EDS mapping was performed. The green, red, and turquoise areas on the left demonstrate the homogeneous 
distributions of the elements.
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In our experiment, the plane of incidence is the ab-plane, where |a| = |b| and ∡(a, b) = 120◦. This plane is 
oriented perpendicular to the optical axis of the spectrometer, so that the light propagates along the c-axis. The 
incident and scattered light polarizations, ei and es, respectively, lie in the ab-plane, with ei ∥ es corresponding 
to θ = 0◦ and ei ⊥ es corresponding to θ = 90◦. In these two scattering configurations all allowed Raman 
active modes (3A1g + 5Eg) can be observed. The doubly degenerate Eg  modes are observable in both parallel 
and crossed polarizations, whereas the fully symmetric A1g  modes vanish in configurations with crossed 
polarization. In addition to the experiments, density-functional theory (DFT) calculations were performed. The 
resulting frequencies of the optical phonons are in good agreement with the experimental values obtained at 80 
K, as summarized in Table 2.

Representative Raman spectra of InSiTe3 at 80    K and 300    K obtained for both parallel (θ = 0 ◦) and 
crossed (θ = 90 ◦) polarization configurations are shown in Fig.  2  (a) and (b), respectively. All three A1g  
modes and three out of the five expected Eg  modes appear as narrow lines. At 80 K the Raman spectrum in 
parallel scattering configuration (Fig. 2a) reveals two extra peaks in the energy range 450 to 500 cm−1 labeled as 
A

(3′′)
1g  and A(3′)

1g . Although weak in intensity, they are still distinctly observable on the low-energy side of the 

Raman-active A(3)
1g  mode. These additional two peaks and the A(3)

1g  phonon are equidistant and persist up to 
high temperatures, although they cannot be resolved any further as separate lines (Fig. 2b and Fig. 6). As seen in 
Fig. 2(b), at 300 K additional excitations are observed in the parallel scattering configuration, appearing slightly 
below 200 cm−1 and 300 cm−1.

For the quantitative analysis, the phonon peaks were modeled using a Voigt line shape, defined as 
the convolution of a Lorentzian and a Gaussian function. The Gaussian component, which accounts for 
the instrumental resolution of the spectrometer, was fixed to a linewidth of ΓG = 1 cm−1. To this end, 
the continuum was modeled phenomenologically using a Drude function together with a linear term: 
χ′′

continuum(ω) ∝ AΓω/(ω2 + Γ2) + Bω (orange lines in Fig. 2) and was subtracted from the raw data, where 
A, B, and Γ are temperature dependent phenomenological parameters. The resulting continuum is very weak 
and essentially constant within the phonon energy range. Fig. 3 displays the results of the phonon analysis in 
parallel scattering configuration at 80 K.

We first focus on the low-lying A1g  modes, labeled A(1)
1g  and A(2)

1g . The temperature dependencies of their 
energies and linewidths are displayed in Fig. 4, with the vibration patterns shown in insets. For describing the 
linewidths, we use the Klemens model of symmetric anharmonic decay,38

	
ΓL(T ) = ΓL(0)

(
1 + 2λph−ph

e
ℏω0

2kBT − 1

)
,� (1)

where ΓL(0) and ω0 were obtained by extrapolating linewidths and energies to the zero temperature limit. The 
phonon-phonon coupling parameter λph−ph parametrizes the interaction between the optical (here Raman-
active) phonon and the acoustical modes at ±k and ℏω/2. The interaction may be mediated by electrons, spins 
or fluctuations.

Space group: P 31m (No. 162)

Even (g) Odd (u)

Symmetry Exp. Calc. Symmetry Calc.

A
(1)∗
2g – 25.5 A

(1)
2u

0

E(1)
g 58.5 57.7 E1

u
0

E(2)
g – 77.0 A

(2)
2u 67.1

E(3)
g 107.8 100.0 E(2)

u
69.1

A
(1)
1g 113.4 108.4 A

(1)∗
1u

89.9

A
(2)∗
2g – 118.2 E(3)

u
92.1

E(4)
g 124.9 123.8 E(4)

u
111.9

A
(2)
1g 148.3 145.5 A

(3)
2u

154.1

E(5)
g – 360.4 A

(4)
2u 239.4

A
(3)
1g 498.0 486.4 E(5)

u
360.1

Table 2.  Phonon symmetry, activity, experimental (80 K) and theoretical phonon frequencies (0 K) calculated 
using experimental crystallographic data. All values are given in cm−1. Silent modes are indicated by an 
asterisk.
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At low temperatures A(1)
1g  and A(2)

1g  exhibit linewidths in the range of ΓL < 1 cm−1 providing further evidence 

of the excellent crystal quality. Across the measured temperature range, the linewidths of A(1)
1g  and A(2)

1g  increase 
nearly by a factor of four. Up to 200 K the linewidths are well described by the symmetric anharmonic decay as 
described by Klemens38 and described in Eq. 1. The temperature dependence indicates strong phonon–phonon 

coupling beyond 1, λph−ph

(
A

(1)
1g

)
= 1.6 and λph−ph

(
A

(2)
1g

)
= 1.7.39 In both cases, the next data points at 

220 K is offset by more than a wavenumber, well beyond the statistical uncertainty. Up to room temperature the 
linewidths are essentially temperature independent. A similar (and consistent) discontinuity is observed for the 
energies. The cause of these discontinuities is presently unresolved, with no phase transition reported in this 
temperature range to the best of our knowledge.

Fig. 3.  (a–c) Phonon excitations modeled with Voigt profiles in parallel (θ = 0◦) polarization configuration 
where phonons of both A1g  and Eg  symmetry are observed. The spectra are recorded at 80 K.

 

Fig. 2.  Raman spectra of InSiTe3 in parallel (θ = 0◦) and cross (θ = 90◦) polarization configurations at 
(a) 80 K and (textbfb) 300 K. The orange lines represent the phenomenological continua (see text). Inset of 
(a) InSiTe3 crystallographic unit cell with vectors of incident and scattered light polarizations ei and es, 
respectively. For symmetry reasons the orientation of the polarizations with respect to the crystal axes a and b 
is irrelevant. Inset of (b) displacement pattern of A(3)

1g  mode. The arrow lengths are proportional to the square 
root of the inter-atomic forces. For this mode only the Si atoms move.
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Even so, the Raman spectra in the range between 80 cm−1 and 350 cm−1 exhibit an intensity anomaly in the 
same temperature range as shown in Fig. 5. New features at 200 cm−1 and 280 cm−1 emerge with increasing 
temperature. Between 80 and 200  K these broad structures gain intensity slowly and gradually, while they 
double in intensity between 200 and 220 K and then remain constant up to 300 K. Upon inspecting the phonon 
dispersion and density of states (PDOS) (see inset of Fig.  5) we conclude that these bands derive from the 
relatively flat bands in the range of 100 cm−1 and the nearly dispersionless band slightly below 150 cm−1, mainly 
deriving from Te vibrations, and may be identified as 2-phonon excitations in the gaps of the phonon bands. 
Since these 2-phonon bands derive from phonons with energies on the scale of the thermal energy (140 cm−1 
≈ 200 K), one may speculate that thermally excited quasiparticles mediate an enhanced coupling between the 
low-energy Te modes. Then, the A(1)

1g  and A(2)
1g  Raman modes which just probe this increased coupling get more 

damped, and the linewidths increase while the energies decrease. Similar as for the Raman-active phonons, the 
coupling of all other modes increases across the entire Brillouin zone and boosts the two-phonon DOS. This 
electron-mediated coupling scenario would be consistent with the absence of any signature in the structure.

The three equidistant lines in the range of the A(3)
1g  mode predicted by DFT are fitted with Voigt profiles and 

shown in Fig. 3. In Fig. 6 they are presented on an expanded energy scale for more temperatures, both along with 
Voigt profiles and the frequency combs model to be described below. DFT calculations suggest that the A(3)

1g  
mode is an Einstein phonon with only Si atoms involved far above all other lines (see inset of Fig. 5). However, 
instead of an isolated line we observe three equidistant lines in the energy range of the A(3)

1g  mode. All three A(3)
1g  

peaks move to lower energy with increasing temperature. While the distances between the modes are essentially 
temperature independent, the widths increase substantially. Above 200 K the lines cannot be resolved as separate 
lines in the spectra but only via the fitting procedure (see Fig. 6). When the resulting linewidths and energies are 
plotted as a function of temperature, no anomalies can be observed, as shown in Fig. 7.

The temperature dependences of all modes are well described by the Klemens model (Fig.  7b–d). The 
linewidths increase by almost a factor of three over the investigated temperature range. The resulting phonon–

phonon coupling parameters, λph−ph

(
A

(3)
1g

)
= 2.8, λph−ph

(
A

(3′)
1g

)
= 2.5, and λph−ph

(
A

(3′′)
1g

)
= 2.8, are 

exceptionally large but consistent with the values found recently for phonon combs in CrSiTe3.26 The absolute 
magnitude of λph−ph is not universal and may, in addition to the specific decay channels of the Klemens 
model, depend on the lattice potential, particularly at high temperature, or even on other decay channels.39–42 
As a matter of fact, the lines become very narrow already at 80  K, the lowest temperature accessible in our 
experiment, indicating strongly reduced damping. Simultaneously, the lines in the comb become discernible 
and gain intensity.

On the basis of the increasing intensity and the equidistance of these lines, we employ a coherent-state 
formalism as a spectral description of the observed frequency-domain features to our spectra as proposed 

Fig. 4.  Temperature dependences of the energies and Lorentzian linewidths of the A(1)
1g  and A(2)

1g  phonons. 

There are discontinuities of both the energies and linewidths close to 200 K. The dashed lines represent fits to 
the data below 200 K. The linewidths and energies are well described by anharmonic phonon decay (Eq. 1) and 
thermal expansion, respectively.
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Fig. 6.  Raman spectra in the range of the A(3)
1g  mode at temperatures as indicated. The solid lines represent 

a Voigt profile fit to the data. All lines become wider with increasing temperature and shift simultaneously 
to lower energies while maintaining the distance. Inset: Localized vibrations of Te in the SiTe3 tetrahedra 
associated to the A(3)

1g  mode.

 

Fig. 5.  Raman spectra in the range between 80 cm−1 and 350 cm−1 at temperatures as indicated. The overtone 
excitations increase abruptly between 200 and 220 K in intensity. Inset: Calculated phonon dispersion along 
the high-symmetry directions as indicated and PDOS. The shaded area marks the gap in the PDOS.
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by Chen and coworkers.26 Coherent states proposed first by Schrödinger43 are widely used as a mathematical 
framework in superconductivity and laser physics to describe the superposition of a large number of oscillators. 
In the present context, this approach provides an effective description of the frequency components observed 
in the Raman spectra but does not imply the existence of a time-dependent coherent phonon expectation value 
in thermal equilibrium. Rather, it implies the simultaneous excitation of several oscillators44 having a very long 
lifetime. This coherent state is described by an infinite superposition of oscillators,

	
|⟨x⟩ω|2 = (2π)2e−2|α0|2

∞∑
n=0

|α0|4n+2

(n!)2 [δ(ω′ − ω + A + An) + δ(ω′ − ω + A − An)],� (2)

where |α0| represents an effective parameter controlling the relative weight of the frequency components 
in the coherent-state-based spectral description. A is proportional to the degree of anharmonicity λ2 in the 
Hamiltonian (See Supplementary Material). Eq.  2 provides the intensity of the frequency components and 
describes the distribution of the discrete frequencies ω′ = ω − A − An and ω′ = ω − A + An. To apply this 
model to describe our data, we replaced the Dirac delta with a Lorentzian having a finite linewidth (convoluted 
with a Gaussian for the resolution). The extracted energies and linewidths obtained from both the empirical fit 
and the applied model were nearly identical to within the error margins. A detailed comparison between the two 
approaches is presented in Fig. 8.

Discussion
Coherent optical phonons are typically induced by ultrashort pump pulses. They oscillate in phase and produce 
distinct signatures in optical and Raman spectra.45 However, equilibrium Raman spectroscopy probes frequency-
domain phonon correlations. If the lattice potential has sufficiently strong anharmonic contributions and the 
phonons are long-lived, coherent-like spectral responses may arise in the absence of ultrafast excitation.26

In the case of InSiTe3, the only phonon expected in the energy range around 500 cm−1 is a motion of the 
Si atoms with a negligible involvement of the SiTe3 tetrahedra (Inset of Fig. 6). DFT predicts an isolated high-
energy Einstein phonon as shown in the Inset of Fig. 5. However, instead of a single isolated line a series of 
equidistant peaks is observed in the Raman spectra (Fig. 6), reflecting the underlying nonlinear lattice dynamics. 
Phonon frequency combs have recently been reported in CrSiTe3 and CrGeTe3.26 The comb-like structure 
was associated with the nonlinear response of a high-energy optical phonon that is spectrally well separated 
from other phonon states. In InSiTe3, the A(3)

1g  mode is separated by a sufficiently large gap in PDOS. Because 
of this spectral isolation, the mode remains long-lived, as the available decay channels are strongly limited. As a 
consequence equidistant spectral components emerge.

An alternative explanation for persistent equidistant peak structure may be thermal ”hot-band” progression 
arising from anharmonic vibrational ladders. For an anharmonic potential in second order perturbation theory 
we get relatively closely spaced energies at distances ∆ω. The intensity of the n-th satellite is expected to scale as 
In/I0 ∝ exp(−(ℏω − nℏ∆ω)/kBT ), where ω = 498.0 cm−1 corresponds to the energy of the A(3)

1g  phonon 
(n = 0) at 80    K, and ∆ω = 4.2  cm−1. As shown in Supplementary Fig.  S1, the experimentally observed 

Fig. 7.  Temperature dependences of energies and linewidths of the A(3)
1g  mode and its satellites, A(3′′)

1g  and 

A
(3′)
1g  derived from three independent Voigt lineshapes. The equidistant colored dotted lines in (a) represent 

guide to the eye, with the theoretical difference of 4.2 cm−1 of neighboring peaks. Solid lines in (b) represent 
the fit of the linewidth data to the anharmonic model (Eq. 1).
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temperature dependences of the sattellites at 493.8 cm−1 (n = 1) and 489.6 cm−1 (n = 2) deviate strongly from 
this expectation. This discrepancy allows us to exclude a thermal hot-band origin of the observed phonon 
frequency comb.

In addition, mechanisms based on the thickness or layer dependent quantization can be excluded in the present 
case. All Raman measurements reported here were performed on bulk single crystals, where the macroscopic 
sample dimensions prevent the formation of discrete low-energy standing acoustic modes associated with finite-
size confinement. In such confined geometries, the characteristic mode spacing is expected to scale with sample 
thickness or number of layers. No such dependence is observed here.

The satellite peaks observed in InSiTe3 are not related to phonon beating either. Phonon beating requires the 
coexistence of multiple distinct phonon modes with closely spaced frequencies, as demonstrated, for example, 
for the A1g  modes in Cd3 As2 induced by helix vacancies.  46 In contrast, for InSiTe3 one expects a single 
isolated A(3)

1g  optical phonon branch (Fig. 6) with no nearby modes that could give rise to beating. The observed 
satellites therefore originate from the nonlinear lattice potential leading to additional eigenstates in second order 
perturbation theory26 rather than independent phonon excitations.

In Cr2 Ge2 Te6 comb-like structures in the phonon spectra were observed recently and interpreted in terms 
isotope shifts. 47 In InSiTe3, the isotope satellites were to be expected at 9 cm−1 and 17 cm−1 below the main 
line at 500 cm−1 as opposed to 4.2 and 8.4 cm−1 here, and their intensities and linewidths exhibit a systematic 
temperature evolution different from that expected for isotopes.

Finally, we wish to address the dilemma of the strong phonon-phonon coupling of the 500  cm−1 modes 
derived via the Klemens model (Eq.  1), suggesting a rapid decay, and the long lifetime required for phase 
coherence. As already pointed out above symmetric decay is not the only mechanism for line broadening. In 
an anharmonic potential the lines may get broader also by a stronger shift of a the resonance frequencies at 
elevated temperatures and a superposition of lines at different energies. At low temperatures there are barely any 
channels for the isolated Einstein mode (and possible satellites) to decay into low-energy phonons as obvious 
from the DFT phonon dispersion (Inset of Fig. 5). The separation from the continuum of other vibrational states 
by a sufficiently large gap in the PDOS quenches all decay channels for symmetric decay. We conclude that 
the distortion of the harmonic potential required for the formation of the observed frequency comb does not 
originate from the anharmonic decay of the Einstein-like mode.

The temperature dependences of the fully symmetric low-energy peaks, A(1)
1g  and A(2)

1g , change discontinuously 
in the vicinity of 200 K (Fig. 4). Specifically the line widths do not follow the expected anharmonic variation 
any longer, indicating a change in phonon–phonon coupling. Along with these discontinuities at 200 K, two-
phonon excitations (see Fig. 5) become more pronounced. In the Raman spectra, structures beyond the allowed 
lines may originate either from defect-induced scattering, in which case the spectral features follow a projected 
PDOS, or from interactions in the material.39 A comparison of the spectra with the calculated PDOS, in addition 
to the SEM analysis allow us to rule out the defect scenario. The fact that the two-phonon excitations appear 
exclusively in the A1g  channel is consistent with the selection rules for two-phonon scattering, where the direct 
product of two phonon symmetries always contains the totally symmetric representation.39 The unusually strong 

∆

Fig. 8.  Comparison of coherent-state–based spectral model and individual line model. At 80 K the statistical 
quality of the frequency comb is only marginally below that of the combination of the three individual lines. 
(see also Fig. 6 and Supplementary).
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coupling of the A1g  modes in InSiTe3 further enhances multi-phonon scattering in this channel, making the 
overtone features particularly pronounced. As the thermal phonon population and electron occupation increase, 
these higher-order processes become more probable and the overtones emerge clearly within the PDOS gap. By 
comparing their positions with the calculated phonon dispersion, the two-phonon features can be linked to low-
energy PDOS maxima at roughly half the energies of 2-ph1 and 2-ph2 (≈ 95 and ≈ 145 cm−1, respectively), 
indicating contributions from acoustic or low-lying optical branches (Inset of Fig. 5).

These observations reveal that the lattice dynamics of InSiTe3 are dominated by strong phonon–phonon 
interactions and give rise to pronounced anomalies near 200 K. Although a microscopic model for these features 
is still lacking, we propose that the thermal population of phononic and electronic states in this narrow-gap 
semiconductor drives these interactions. The appearance of overtone excitations within a PDOS gap supports 
this interpretation. The formation of a frequency comb, generated by coherent-like phonons and persisting 
across the full temperature range studied, suggests that the well-isolated Einstein phonon in InSiTe3 plays a 
central role in stabilizing highly structured vibrational spectrum. Together with recent reports of coherent-like 
phonon states in CrSiTe3 and CrGeTe3,26 our findings position Van der Waals trichalcogenides as promising 
platforms for discovering frequency combs in phonon spectra.

Methods
Experimental methods
Single crystals of InSiTe3 were synthesized by melting stoichiometric mixture of In (5N, Alfa Aesar) chunk, 
Si (5N, Alfa Aesar) lump, and Te (5N, Alfa Aesar) shot. The starting materials were vacuum-sealed in a quartz 
tube, heated to 1100 ◦C over 20 hours, held at 1100 ◦C for 12 hours and then cooled to 700 ◦C at rate of 1 ◦C/h.

Scanning electron microscopy was performed using FEI HeliosNanolab 650 scanning electron microscope 
(SEM) equipped with an Oxford Instruments energy dispersive spectroscopy (EDS) system with an X-max SSD 
detector operating at 20 kV. Measurements were performed on as-cleaved samples deposited on a graphite tape. 
To determine the presence of different elements, an area about the size of 100 × 100 µm was selected on the 
deposited material where the EDS analysis was performed.

Inelastic scattering measurements of InSiTe3 were conducted using Tri Vista 557 Raman spectrometer in 
the subtractive backscattering configuration, with the combination of gratings 1800/1800/2400 grooves/mm. 
As an excitation source Ar+/Kr+ ion laser with 514  nm line was used. In this scattering configuration plane 
of incidence is ab plane (|a| = |b|, ∡(a, b) =120◦) with incident/scattered light propagation direction along 
crystallographic c-axis. The samples were cleaved right before being placed in a high vacuum (10−6 mbar), 
which was achieved with a KONTI CryoVac continuous Helium Flow cryostat with 0.5 mm thick window. 
Laser beam focusing was accomplished using microscope objective with ×50 magnification to a spot size of 
approximately 8 µm. All Raman spectra were corrected for the Bose factor.

Theoretical methods
First-principles calculations based on density functional theory (DFT) were carried out using the Quantum 
ESPRESSO package.48 The Perdew–Burke–Ernzerhof revised for solids (PBEsol) exchange-correlation 
functional49 within the generalized gradient approximation (GGA) was employed to better describe lattice 
parameters in crystalline solids. The cutoff for wavefunctions and the charge density were set to 50 Ry and 400 
Ry, respectively. The k-points were sampled using the Monkhorst-Pack scheme, on a 12×12×12 Γ - centered 
grid. For accurate treatment of interlayer interactions, the Van der Waals interactions is included using the 
Grimme-D2 correction. Phonon frequencies were calculated with the linear response method, as implemented 
in Phonon package of the Quantum Espresso. The initial atomic structure of InSiTe3 was obtained from an 
experimental CIF file and used as the starting point for first-principles calculations. According to experimental 
crystallographic data, InSiTe3 exhibits trigonal symmetry and belongs to the P 31m (No. 162) space group. All 
calculations correspond to the harmonic approximation at zero temperature and do not include anharmonic or 
finite-temperature effects.

Data availability
All data supporting the findings of this study are available within the paper and its Supplementary Information. 
Additional data are available upon reasonable request from the corresponding author.
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