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Fig. 1. Crystal structures of monolayer XO, (X = Ni, Pd, Pt): (a) Top view; (b), (c) side view; (d) K points path.

F 1 T4 XO, (X = Ni, Pd, Pt) Z5HSE ML TE
Table 1.  Structure parameters and binding energies of monolayer XO, (X = Ni, Pd, Pt).
. . Band gap/eV
Monolayers a/b /A 1/A 0 6/(°)  6/(°) h/A Ey/(eV-atom )
PBE PBE + SOC HSE06
NiO, 2.82 1.88 96.84 83.16 1.90 5.78 1.39 1.21 2.95
PdO, 3.07 2.03  98.54 81.46 1.96 4.93 1.50 1.40 3.00
PtO, 3.13 2.05  99.64 80.34 1.93 5.77 1.83 1.73 3.34
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Fig. 2. Binding energies of XO, with different phase structures: (a) NiO,; (b) PdOy; (¢) PtO,.
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Fig. 3. (a) Young's modulus, (b) Poisson's ratio, and (c) stress-strain curves of monolayer XO, (X = Ni, Pd, Pt).
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B 4 4k XO, (X = Ni, Pd, Pt) #1758 ek 4k
Fig. 4. Electron localization functions (ELFs) of (a) NiO,, (b) PdO,, (c) PtO, plotted in a 2 x 2 x 1 supercell.
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Fig. 5. Band structures and density of states of monolayer XO, (X = Ni, Pd, Pt) (a) NiOy; (b) PdOy; (c) PtOs,.
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Fig. 6. Schematic diagram of plane stiffness and deformation potential of monolayer XO, (X = Ni, Pd, Pt): (a)=(c) NiOy; (d)—
(f) PdOy; (g)—(i) PtO,. (a), (d), (g) Quadratic fitting of the energy difference to the uniaxial strain are used to calculate the plane
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2 7E300 KT, 24 XO, (X = Ni, Pd, Pt) fA 5L (m*)  SPERURL (O2°) RS (B) BRIz GER A (u)
Table 2. Calculated effective mass (m*), elastic modulus (C?P), deformation-potential constant (Ej), electron and hole mo-
bility (u) of monolayer XO, (X = Ni, Pd, Pt) at 300 K.

Materials Direction Carrier type m*/my C?/(N-mt) E/eV u/(cm?V-igl)
Electron 0.63 0.56 13707.96
Armchair 134.81
Hole 2.00 2.29 53.25
NiO,
Electron 1.80 0.88 1944.53
Zigzag 135.21
Hole 13.19 2.26 8.32
Electron 0.81 1.28 1288.12
Armchair 113.38
Hole 2.52 3.02 19.18
PdO,
Electron 2.42 2.10 162.17
Zigrag 114.25
Hole 11.81 3.01 4.16
Electron 0.80 4.27 404.71
Armchair 122.60
Hole 1.17 1.51 270.60
PtO,
Electron 2.51 4.27 40.46
Zigzag 123.25
Hole 8.77 1.51 40.86
Electron 0.17 1.59 2652.06
a-axis 24.81
Hole 0.16 2.66 495.37
BP
Electron 1.25 5.27 140.35
b-axis 105.45
Hole 5.71 0.13 24469.72

(200 cm? V-1s D00 LM (1419 cm? Vs )10
2 EHRBE (—10* cm®V Ls DO A, 5Z AL,
PdO, Hil PtO, 32 i THORAY LTI AR ST AL,
FHOLH T IR R B, BT /2 0E B R
I o3 B 1288.12/19.18 em? V- hs !l 404.71/
270.60 cm2V gL,

3.3 mEIREE

HEEOLE, AT LG o i R AR
KA ) ) 2 Aa e i, it & 7(a)—(c) BT
W, 4 XO, (X = Ni, Pd, Pt) (5 T 5a
REARL, PR A B i 3 g 2R e v A, B
T Y 3 2% (BRI £ 43 0 3R 3 V-1 5[] (14 75 27
7 (out-of-plane acoustic, ZA), -] P[] 7 27
75 ¥ (transverse acoustic, TA), T P4 4 [m] 7 2
75 (longitudinal acoustic, LA), HA43H9 6 254 HL
i 26 ) R 624 7 F (Optical). fREA 5, ZA, TA
LA JLE% A HS, H LA fl Optical Z [0 fF7E
10 1 [A] Bit, 3 30 78 75 2 S R A S B
= Sl 22 T) P RIS S o R M TR B X TR
T HU)ZE BP WSS IRENEST (FEUWANSEAEL (online)
Kl S2), 554 W RTE 300 K i}, BP ¥y o Ml y Jr Y
PGSR 56.63 Wom K ! 1 73.86 W-m K !,

iX 55 Hong % 66 (63.6—110.7 W-m K1) Fl Zhu
2167 (24.3—83.5 W-m LK 1) T 45 Ra i,
VLT R T T,

T k) 575 TR R TR A B G,
AR N k1 =D cpnavaata, KPepna, v2
ORI IR O AAEE | R R T T, TS
wE 7(d) fE 7(e), | 7(h) FE 7(3) B, w70,
FEE S IR BRI T3, Hil /2 Optical <
ZA < TA < LA, M4 300 g A0k = 2 ok,
NiO,, PdO, #1 PtO, i) ZA, TA, LA B B (1) 5
EE 92 8.6, 5.5, 3.8 km/s, 6.0, 5.1, 3.1 km/s
F15.2, 4.3, 3.4 km/s, BRI NiO, AHE BB B KT
PdO, F1 PtO,. #E—2L 3t FFar AMER I, Ot
2R T A R, FETE~ 150 ps i
FELPA, 1T 2 S I P - A S R oA, Ho LA
XN, EEAAFE 50—300 ps, NiO, il PdO,
1) TA T4 TE 100—450 ps, PtOy 1Y TA 32
B AE 300—600 ps, S ULFEIAT, 3 F ZA | £
SYARAE 150—600 ps TE I . SEF s E FIH 17
AR S 48 X0, (X = Ni, Pd, Pt) A4 5% #
SR ME 8 PR, AL R IR, NiO, G R
K, PAO, M KT PtO,. 7E 300 K if, =k
S50 53.55 Wom LK, 19.06 W-m LK I
17.43 W-m LK, XF o WH) —4E bR, i i
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Fig. 7. (a)—(c) Phonon dispersion, (d)—(f) group velocities and (g)—(i) phonon lifetimes of monolayer XO, (X = Ni, Pd, Pt).
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Elastic constants, electronic structures and thermal
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Abstract

Based on the first-principles calculations, the stability, elastic constants, electronic structure, and lattice
thermal conductivity of monolayer XO, (X = Ni, Pd, Pt) are investigated in this work. The results show that
X0, (X = Ni, Pd, Pt) have mechanical and dynamic stability at the same time. In addition, the Young’s
modulus of monolayer NiO,, PdO, and PtO, are 124.69 N-m !, 103.31 N-m ! and 116.51 N-m!, Poisson’s ratio
of monolayer NiO,, PdO, and PtO, are 0.25, 0.24 and 0.27, respectively, and each of them possesses high
isotropy. The band structures show that monolayer XO, (X = Ni, Pd, Pt) are indirect band-gap semiconductors
with energy gap of 2.95 eV, 3.00 eV and 3.34 eV, respectively, and the energy levels near the valence band
maximum and conduction band minimum are mainly composed of Ni-3d/Pd-4d/Pt-5d and O-2p orbital
electrons. Based on deformation potential theory, the carrier mobility of each monolayer is calculated, and the
results show that the effective mass and deformation potential of monolayer XO, (X = Ni, Pd, Pt) along the
armchair and zigzag directions show obvious anisotropy, and the highest electron and hole mobility are 13707.96
and 53.25 cm?V L.s1 1288.12 and 19.18 cm?V s 1, and 404.71 and 270.60 cm?V s ! for NiO,, PdO, and PtO,,
respectively. Furthermore, the lattice thermal conductivity of monolayer XO, (X = Ni, Pd, Pt) at 300 K are
53.55 Wom LK1, 19.06 W-m 'K ! and 17.43 W-m .K !, respectively. These properties indicate that monolayer

X0, (X = Ni, Pd, Pt) have potential applications in nanometer electronic materials and thermal conductivity

devices.

Keywords: monolayer XO, (X = Ni, Pd, Pt), electronic structure, carrier mobility, lattice thermal
conductivity
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