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Comparison between the frozen phonon technique and Density functional perturbation 
theory: 

The finite displacement method (frozen phonon approach) [1], [2] and linear response theory 
using density functional perturbation theory (DFPT) [3], [4] are used to calculate the phonon 
dispersions relationships. 

In this manuscript, the frozen phonon technique was used to calculate the phonon 
dispersion relationships and other associated properties. These dispersion relationships, shown 
in Figure S1(b) are compared with those calculated using DFPT methods, as shown in Figure 
S1(a). From these comparisons, it can be concluded that the dispersion relationships are not 
dispersed, although a few modes at the K wave vectors are coupled. Additionally, the Raman 
active and IR active modes at the center of the Brillouin zone match exactly. Furthermore, 
Raman and IR active modes were compared with the available literature, as shown in Table 
S1.
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Figure S1: The phonon dispersion is calculated using the linear response technique using density functional perturbation theory 
(DFPT), shown in Figure (a), and compared with phonon dispersions calculated using the frozen phonon method, shown in 
Figure (b) for the FM phase of VS2.  

Stress-strain response under uniaxial strain: 

In Table S2, we listed the values of elastic constants and Young’s modulus at strain 
steps of 0.3% for ferromagnetic (FM) and paramagnetic (PM) states of VS2. 

Figure S2: The stress-strain response under uniaxial strain on the FM phase is where straight lines fit stress data points, and 
the linear elastic constants are calculated from slopes.



Figure S3: The stress-strain response under uniaxial strain on the PM phase is where straight lines fit stress data points, and 
the linear elastic constants are calculated from slopes.

κlat with Isotope scattering: 

We performed calculations with and without isotopes and non-analytical term corrections 
(NAC) on the FM phase. As shown in Figure S4, isotope scattering significantly reduced lattice 
thermal conductivity (κlat) across all temperatures, similar to NAC calculations without isotope 
scattering. However, Born effective charges and dielectric constants had little effect on κlat with 
isotope scattering, even when NAC was included in the dynamical matrix. NAC calculations 
for PM states proved challenging, leading to breakdowns. Therefore, we used isotope scattering 
without NAC correction for κlat in this study. As shown in Figure S5, κlat consistently decreased 
across all temperatures with isotope scattering in both FM and PM phases.



Figure S4: Isotope scattering consistently reduces the κlat value across the FM phase of VS2. However, the correction of non-
analytical terms (Born effective charges and dielectric constants) associated with isotope scattering has a negligible effect.  

Figure S5: This plot illustrates the κlat values for both FM and PM phases with and without considering isotope scattering. As 
evidenced by the data, isotope scattering significantly affects phonon transport, leading to a noticeable reduction in κlat values. 

Stability of structure with AIMD

In the BOMD simulations, the stability of the structure at higher temperatures was assessed. 
The time history of temperature and total energy showed that both the undeformed and 
deformed configurations (with 5% strain in the armchair and zigzag directions) of the FM and 
PM phases remained stable at 292 K and 500 K, respectively, as illustrated in Figure S6-11.

Figure S6: The evolution of total energy (left) and temperature (right) of the FM phase of VS2. 



Figure S7: The evolution of total energy (left) and temperature (right) of the FM phase of VS2 under 5% uniaxial tensile 
strain in the armchair direction.  

Figure S8: The evolution of total energy (left) and temperature (right) of the FM phase of VS2 under 5% uniaxial tensile 
strain in the zigzag direction.  

Figure S9:  The evolution of total energy (left) and temperature (right) of the PM phase of VS2. 

Figure S10: The evolution of total energy (left) and temperature (right) of the PM phase of VS2 under 5% uniaxial tensile 
strain in the armchair direction.  



Figure S11: The evolution of total energy (left) and temperature (right) of the PM phase of VS2 under 5% uniaxial tensile 
strain in the zigzag direction. 

Convergence Tests

The cumulative κlat value converges at the mean free path at 1011011 grid point, though our 
reported calculations were performed with 1511511 grid point. Figure S12 shows that the 
κlat value converges with the mean free path.



Figure S12: The cumulative κlat convergence was shown with the mean free path. 

Ensuring the convergence of the lattice thermal conductivity (κlat) value with the Q-grid is 
essential. Convergence of κlat for Q-grids in the range between 11×11×1 to 251×251×1 was 
calculated at a temperature of 292 K for FM and 300 for PM states, as shown in Figure S13. 
The κlat value was found to converge for Q-grids consisting of 151×151×1 point, indicating the 
suitability of the chosen Q-grid.  Additionally, as shown in Figure S14, we tested κlat 
convergence across a host of temperatures in the range of 200 K- 500 K using Q-grids from 
11×11×1 to 251×251×1. 



Figure S13: Illustrates the convergence of κlat value with different Q-grids for both FM and PM phases of VS2.

Figure S14: The κlat was optimized using various q-point meshes across a temperature range of 200 K to 500 K. This 
optimization was performed for both the FM phase (up to the Curie temperature of 293 K) and the PM phase (above the Curie 
temperature).



Figure S15: The total κlat of FM phase variation with temperature is shown where transportation of phonons is treated as 
particle-like (kappa_Peierls) and wave-like (Kappa_Wigner). 



Figure S16: The total κlat of PM phase variation with temperature is shown where transportation of phonons is treated as 
particle-like (kappa_Peierls) and wave-like (Kappa_Wigner).



Table S1: Raman and IR active modes of FM VS2 in the THz unit are shown in the below table (calculated from DFPT). Herin, 
we have compared its values with those of the available theoretical and experimental literature. 

FM_VS2 A’’ A' E' E’’

Ref. [5] 12.88 11.37 7.42 5.98

Ref. [6] 13.56 11.50 7.70 6.47

Ref. [7] 12.15 10.54 9.82 5.81

Exp. Ref. [8] 12.12 11.52

Exp. Ref. [9] 12.18 11.67

Our Work (DFPT) 12.51 10.87 10.32 5.88



Table S2: The values of elastic constants and Young’s modulus at strain steps of 0.3%.

VS2 C11 (N/m) C12 (N/m) E (N/m)

FM 96.4089 31.8 85.9

PM 96.0261 34.1 83.9
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