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Theoretical investigation of the mechanical properties, electronic structure
and phonon transport characteristics of 2D X,UO,(X = K, Rb, Cs)

CHENG Jun

( Graduate School, Hubei University of Medicine, Shiyan 442000, China)

Abstract; Based on the first principles of density functional theory, we proposed three novel two — dimensional
materials, KU,0,, RbU,0, and CsU,0,, and further investigated their stabilities, elastic, electronic structure
and phonon vibration characteristics. The calculation results show that the three 2D materials are wide — gap indi-
rect semiconductors, with band — gaps of 3. 90, 3.79, and 3.42 eV, respectively, and deliver electron mobili-
ties of 71.31 ~174.23 e¢m’/Vs at 300 K. The phonon transport results show that all phonon dispersions have no
virtual frequency, in which acoustic and low — frequency optical modes are strongly coupled, as well as low — fre-
quencies for low — lying phonons, resulting in strong phonon — phonon anharmonic effect, low phonon group ve-
locities and strong phonon scattering rates. As a result, they exhibit low lattice thermal conductivities of 0. 16 ~
0.19 W/mK at 300 K. All these properties indicate that 2D X,UO,(X = K, Rb, Cs) have high potential appli-
cations in the field of nanoelectronics and thermoelectric devices.
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542 % B OH, F BkRESHRX,UO,(X = K, Rb, Cs)th A 448, & F&MfF FHiBHE 5521

£ ZHEX,UO,(X = K, Rb, Cs) M5 (a/b, A) | JERE(h, A) | HHEEHFIR(E,, eV) . BRVERE(C,, N/m) |
KA R (Y, N/m) FARA L (v)

Table 1 The lattice constants (a/b, A), thicknesses(h, A), band — gaps (E,, eV), elastic constants (C;, N/m), maximum
Young’ s moduli (¥, N/m) and Poissons ratios (v) of two — dimensional X,UO,(X = K, Rb, Cs)

Materials a/b h Eg Cy Cp Cy Ces Y v
K, U0, 4.27 4.20 3.90 147.55 14.29 147.55 28. 85 146. 17 0.47
Rb, UO, 4.29 4.51 3.79 145. 58 17.24 145.58 32.34 143. 35 0.43
Cs, UO, 4.32 4.83 3.42 138. 05 19. 07 138. 05 35.48 135.42 0.38
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Fig. 2 The ab initio molecular dynamics ( AIMD) of two — dimensional (a) K,UO,, (b) Rb,UO, and (¢) Cs,UO, at 700

K; where the illustration shows the structure of the simulated supercell after heating to 10 fs
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Fig. 3 The Young’s moduli and Poisson’ s ratios of two — dimensional X,UO, (X = K, Rb, Cs)
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Table 2 The carrier effective masses (m” , m, ), deformation

potential constants ( E,, eV ), plane stiffnesses
(€, N/m) and mobilities (u, cm>/Vs) of X,UO,
(X = K, Rb, Cs) at 300 K

Materials ~ Carrier type  m* c*® E, m
KU, 0, electron .67  91.39  3.12  71.31
hole 522 91.39 3.52 5.76
RbU,0, electron 0.97  87.48  3.36  174.23
hole 4.18  87.48  4.01 6. 62
CsU,0, electron 0.98  79.59  4.60  83.57

hole 2.92 79.59 5.35 6.95
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