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Supplementary materials

The ab initio molecular dynamics simulations have been performed on TiS, material
with a 2x2x2 supercell for 6000 femtosecond at 300K, 500K and 1000K, and the results of
the energy variation and temperature fluctuation are shown in Figure S1. We can find that the
TiS, structure maintains thermodynamically stable within the whole simulation timescale for
the three temperatures since their energy and temperature values exhibit relatively small
vibration. In addition, it is also observed that the variation amplitudes increase with
temperature raising for both temperature and energy vibrations.

-273 1400

a) b)
300K 300K
2754 — 500K ol | — 500K
- 700K 700K
‘ Now 1000 4|
A S . < I . :
=y N \ N | A ~ ! [ i
3 oMo £ 00|/ I i M
z oered L HL AL ® |
(= 'R A = 1\ {
1) fim o aoo—’ LA \ ; L | F 1A LY
T ol TR IR{TIND
w / £ 1M gl AR A AT R A H A r‘\‘ 1l ’m .‘“\,'\H.
2814 | = w00 EIJ Il Jﬂ-‘ Mf‘.INJU‘U \“ |Juﬂ_\ﬂw\'ﬂfww- .wU'L}'\J ‘%'.-M!\“ML\'M‘\ ‘u‘ﬁ“‘ | "‘IIJH
| I A Man ,M‘I‘|In“ / ‘J‘\‘.n“. Mr U’ | A w“l"\,“.‘
-283 1 200! e R et Nk
_285 T T T T T 0 T T T T T
0 1000 2000 3000 4000 5000 6000 0 1000 2000 3000 4000 5000 6000
Time (fs) Time (fs)

Figure S1: The ab initio molecular dynamics simulation results of energy variation a) and

temperature fluctuation b) on TiS, material with 2x2x2 supercell for 6000 femtosecond at 300K,
500K and 1000K.

In order to verify the band structure of TiS, material, we further employ the modified
Becke-Johnson (MBJ) potential, which has been proved to show favorable accuracy as the



more expensive hybrid functional, and the obtained results are displayed in Figure S2. It can
be seen that the two different methods exhibit similar band structure, especially for the band
crossing features of the focal point in current study.
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Figure S2: The calculated electronic band structures for TiS, material with GGA+U method and
MBI functional.

The specific orbital component decomposition for the band crossing has also been
detailed, as plotted in Figure S3 and S4 for S and Ti atoms. Only the different orbital
projections of d electrons have been displayed for Ti atoms because the others can be

d
neglected. We can see that the two crossing bands mainly have the ”x and 7 orbital
characters from S and Ti element, respectively.
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Figure S3: The band crossing areas of TiS, material with orbital projection for S atoms.
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Figure S4: The band crossing areas of TiS, material with orbital projection for Ti atoms.

As the relatives of TiS,;, we have also examined the corresponding properties for TiSe;,
TiTe,, and the obtained results are shown in the following figures. They both exhibit
thermodynamic and mechanical stabilities, and moreover, their electronic band structure
show similar topological nodal ring states.
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Figure S5: The ab initio molecular dynamics simulation results of energy variation and temperature
fluctuation on TiSe, and TiTe, with 2x2x2 supercell for 6000 femtosecond at 300K, 500K and
1000K.
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Figure S6: The phonon dispersion spectrum for TiSe, and TiTe, materials.
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Figure S7: The calculated electronic band structures for TiSe, and TiTe, materials.

Table S1: The calculated various elastic constants (C;), Young’s modulus E, shear modulus G and
Poisson’s ratio v for TiS,, TiSe, and TiTe,. All units are in GPa, except no unit for v.

Material C11 C12 C13 sz C23 C33 C44 C55 C66 E G v

TiS; 71.9 537 524 1148 546 1512 779 30.1 723 1034 413 0.252

TiSe, 67.1 309 262 1206 366 975 645 404 365 93.4 39.2  0.192

TiTe, 80.1 31.2 30.7 1050 288 575 506 314 31.1 75.8 309 0.224




