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We find that XH material has strong phonon-phonon anharmonicity, which leads to a low κL. 

The energy of the system with atomic displacement following the transverse optical (TO) 

phonon mode can be fitted by a polynomial function, as depicted in Fig. S1. The atomic 

displacement pattern, which corresponds to the one displayed in the inset of Fig. S1, was 

achieved by moving all atoms of the system according to this specific vibration mode. In 

regards to the TO phonon mode, the vibrational direction of the X atom runs parallel to the H 

atom, albeit in the opposite direction (inset). When all atoms were moved along its eigenvector, 

the energy curve significantly deviated from the harmonic (i.e., second-order fitting) model.  

To fit the energy curve as a function of displacement, we utilized the equation yi = aix
2 + bix

3 

+ cix
4. The coefficients of ai bi ci for five materials are given in TABLE SI. It seems that the 

quartic term is quite significant which is reflected by the amplitude of value ci. Interestingly, as 

the atomic mass ratio increases, both the quadratic and quartic coefficients decrease. 

Additionally, the ai and ci coefficients exhibit similar fitting values, further suggesting the 

strong anharmonicity of XH materials [1, 2]. 
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FIG. S1. The solid lines represent anharmonic frozen-phonon potential with polynomial fitting. yi 

= aix² + bix³ + cix⁴, fitting data shown in TABLE SI. The dashed line represents harmonic 

approximation ∆E ∝ x². The inset shows the vibration direction of the lowest-energy TOX phonon 

mode. 

 

TABLE SI. The energy profile with atomic displacement following the transverse optical (TO) 

phonon mode can be fitted by a polynomial function as yi = aix2 + bix3 + cix4 in XH compounds (X 

= Li, Na, K, Rb, Cs). 

XH ai bi ci 

LiH 0.589 4.123 × 10−10 0.450 

NaH 0.489 5.068 × 10−5 0.105 

KH 0.378 -2.838 × 10−8 0.0875 

RbH 0.315 2.936 × 10−15 0.0693 

CsH 0.247 1.724 × 10−10 0.0785 

 

 

Fig. S2 Phonon group velocities for LiH and CsH. 

 

 



 

FIG. S3. Phonon scattering rates at 300 K and 600 K for XH materials. The yellow, green, orange, 

and red circles represent HA+3ph, HA+4ph, SCPH+3ph, and SCPH+4ph, respectively. 



 

FIG. S4. Phonon scattering phase spaces at 300 K and 600 K for XH materials. The yellow, green, 

orange, and red circles represent HA+3ph, HA+4ph, SCPH+3ph, and SCPH+4ph, respectively. 

 

 



 

FIG. S5. The total phonon-phonon scattering rates (a-e) and split mode scattering rates (f-j) of 3ph 

scattering in XH (X= Li, Na, K, Rb, Cs). The orange points represent the total 3ph scattering rates. 

The blue points, green points, and red points display AAA-type, AAO-type, and AOO-type 

scatterings, respectively. “A” stands for acoustic and “O” for optical phonons. Each phonon 

scattering process must simultaneously conserve energy and momentum. 

 

FIG. S6. The AAA-type scattering rates (a) and AOO-type scattering rates (b) of 3ph scattering in 

XH (X= Li, Na, K, Rb, Cs). 

 

Fig. S5 categorizes the total three-phonon scattering into AAA, AOO, and AAO. It is worth 

noting that AAO scattering (green points) is absent in the four heavier materials. This absence 

is due to the significant acoustic optical (A-O) gap resulting from the large atomic mass ratio, 

which suppresses AAO scattering. In order to see the scattering change more clearly, we 

separate AAA scattering and AOO scattering in Fig. S6. We observe the decrease in AAA 

scattering as the atomic mass of the heavier atom increases. This decrease is a consequence of 

lower acoustic branch frequencies and acoustic phonon bunching. The thermal conductivity is 

mainly contributed by the acoustic phonon. So we only focus on the low-frequency part of 

AOO scattering. At low frequencies, AOO scattering decreases with increasing atomic mass. 

 

For LiH, we find some experimental and theoretical data about its lattice thermal 

conductivity. We compare in the Table. SⅡ. Our results are close to the previous theoretical 

ones. The gap between experimental data and our results is because of the impure 



polycrystalline samples which will further induce the phonon-boundary scattering and finally 

decrease the lattice thermal conductivity. Besides, we also do not consider thermal expansion. 

Except for LiH, we did not find any more experimental data for the other materials. 

 

T (K) Exp (Wm−1 K−1) Theo (Wm−1 K−1) Our (Wm−1 K−1) 

300 12.47 [3] 14.7[4] 23.00 [3],18.3[4] 19.7 

600 6.24[3] 9.35[3] 8.22 

Table. SⅡ Compare the lattice thermal conductivity of LiH. 

 

In Table. SⅢ, we use the phase space ratio of P₄/P₃ as an intuitive expression to measure the 

variation of the scattering phase space [5]. Our calculation shows that the ratio of P4/P3 

increases as the atomic mass ratio increases, except for CsH, which is consistent with Fig. 3(a).  

 

T LiH NaH KH RbH CsH 

100 K 1.20 1.22 1.78 2.03 1.26 

200 K 1.20 1.22 1.78 2.03 1.26 

300 K 1.20 1.22 1.78 2.03 1.26 

400 K 1.20 1.22 1.78 2.03 1.26 

500 K 1.20 1.22 1.78 2.03 1.26 

600 K 1.20 1.22 1.78 2.03 1.26 

700 K 1.20 1.22 1.78 2.03 — 

800 K 1.20 122 1.78 2.03 — 

900 K 1.20 1.22 1.78 2.03 — 

Table.SⅢ. P4/P3 for 𝜅3,4𝑝ℎ
𝐻𝐴  /𝜅3𝑝ℎ

𝐻𝐴 . P4 represents 4ph scattering phase space for 𝜅3,4𝑝ℎ
𝐻𝐴 . P3 

represents 3ph scattering phase space for 𝜅3𝑝ℎ
𝐻𝐴  . 

 

FIG. S7. The ratio of phonon scattering rates (α4/α3) for XH materials α4 = 1/τ4 and α3 = 1/τ3 at 

the whole phonon frequency range. 



 

Thermal conductivity (LiH) (W m-1 K-1) 3ph 4ph 3ph+SCPH 4ph+SCPH 

300 K 24.3 19 34 25.6 

600 K 11.2 6.78 18.3 12 

300 K+QHA 18.8 15.9 26..4 20.8 

600 K+QHA 7.4 4 27.3 15.7 

Table. SⅣ The lattice thermal conductivity of LiH with thermal expansion. 
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