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Stability: The structures and the corresponding phase diagrams of Tl3TaSe4, Tl3VS4, In3TaSe4 and 

In3VS4 were predicted using Materials Project1. While Tl3TaSe4 and Tl3VS4 give stable ternary 

phase diagrams (as shown in Fig. S1), In3TaSe4 and In3VS4 are found to be thermodynamically 

unstable at 0K.

Figure S1: Phase diagrams for (a) Tl3TaSe4 and (b) Tl3VS4 from Materials Project 1.
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Mean Square Displacement (MSD):  Atomic displacement ( ) of the jth atom in the lth unit cell  𝑢

along Cartesian axis  at a given time t can be written as2: 𝛼

𝑢𝛼(𝑗𝑙, 𝑡) = (
ℏ

2𝑁𝑚𝑗
)

1
2∑

𝒒,𝜈
[𝜔𝜐(𝒒)

― 1
2[𝑎𝜈(𝒒)𝑒( ―𝑖𝜔𝜐(𝒒)𝑡) + 𝑎𝜈

† ( ― 𝒒)𝑒(𝑖𝜔𝜐(𝒒)𝑡)]𝑒(𝑖𝒒.𝒓(𝑗𝑙))𝑒𝛼
𝜈(𝑗,𝒒)]

where m is the atomic mass, N is the number of unit cells, q is the wave vector, ν is the branch 

index,  is the polarization vector of the jth atom in the lth unit cell in mode ν, is the 𝑒𝛼
𝜈(𝑗,𝒒) 𝒓(𝑗𝑙) 

atomic position and  is the phonon frequency.   and  are phonon creation and 𝜔𝜈(𝒒) 𝑎𝜈 𝑎𝜈
†

annihilation operators. The expectation value of the squared atomic displacement is calculated 

as:

 

⟨|𝑢𝛼(𝑗𝑙,𝑡)|2⟩ =
ℏ

2𝑁𝑚𝑗∑
𝒒,𝜈

𝜔𝜈(𝒒) ―1(1 + 2𝑛𝜈(𝒒,𝑇)|𝑒𝛼
𝜈(𝑗,𝒒)|2

where the phonon population  is: 𝑛𝜈(𝒒,𝑇)

𝑛𝜈(𝒒,𝑇) =
1

𝑒(ℏ𝜔𝜈(𝒒)
𝑘𝐵𝑇) ― 1

The mean square displacements (MSD) were projected along the (111) direction as implemented 

in Phonopy3:

𝑀𝑆𝐷 =
ℏ

2𝑁𝑚𝑗∑
𝒒,𝜈

𝜔𝜈(𝒒) ―1(1 + 2𝑛𝜈(𝒒,𝑇)|𝑛.𝑒𝛼
𝜈(𝑗,𝒒)|2

We projected the MSDs along (111)-direction (Fig. S2) using a  mesh-points, 31 × 31 × 31

which were chosen based on rigorous convergence tests. 
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Figure S2: Mean square displacements of individual atoms for (a) Tl3TaSe4 and (b) Tl3VS4 at 300K.  

Figure S3: Accumulated  for Tl3TaSe4 (black) and Tl3VS4 (red) at 300K as a function of (a) mean free 
path (MFP) and (b) phonon frequency. 
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Figure S4: Electronic band structure and density of states projected on orbitals for (a) In3VS4 and 
(b)In3TaSe4. The blue horizontal lines are the Fermi levels of the corresponding compounds. 

Figure S5: Comparison of lattice dynamical properties of In3VS4 (red) and Tl3VSe4 (blue): (a) scattering 
rates, (b) group velocity and (c) mean free path. 
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Thermal conductivity: Higher scattering rates in In3XY4 than those in Tl3XY4   (as shown in Fig. S4) give 

lower  (<0.1 W/mK) In3XY4.  This was verified by calculating  from almaBTE4 and Phono3py5 which 

give similar . 

 Figure S6: Thermal conductivity for In3VSe4 (red), In3TaSe4 (blue) and In3VS4 (green). The solid lines are 
- contributions from the phonon Boltzmann equation4,5 and the dashed are   from the two channel 
model 6.  
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Figure S7: Calculated Seebeck coefficient of In3VSe4, In3TaSe4 and In3VS4 as a function of carrier 
concentration at 300K.

Figure S8: Thermoelectric properties of In3VSe4, In3TaSe4 and In3VS4 as a function of carrier 
concentration at 300K when doped (a) p-type and (b) n-type. A relaxation time; s was used 𝜏 = 9 × 10 ―14

for all the cases to be consistent with Tl3XY4 discussed in the main text.  
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Figure S9: Comparative lattice dynamical properties in Z3XY4 ( X=In/Tl, X=Ta/V/Nb and Y= S/Se) as a 
result of variation of Z (a-c), Y (d-f) and X ,Y, Z (g-i) atoms 
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