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Theoretical study on elastic modulus and thermodynamic properties of Cd;As;
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Abstract; We have performed theoretical investigations on the structure, equation of state (EOS), elas-
ticity of the cubic (space group of P4232, No. 208) and tetragonal (space group of P42/nmcs, No. 137)
Cd; As; crystals by using the first-principles pseudopotential plane-wave method. The bulk modulus and
its pressure derivation are obtained by fitting the energy - volume points to Birch - Murnaghan equa-
tion of state. Moreover, according to the Voigt - Reuss - Hill approximation, the elastic moduli of
Cd; Asyare also successfully predicted. By employing the quasi-harmonic Debye model, the thermal ex-
pansion coefficient, bulk modulus, cell volume and heat capacity at different temperatures are also ob-
tained.
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Tab. 1 Calculated equilibrium lattice parameters a, (A) <o

(A) , bulk modulus B, (GPa) and its first pressure

derivative Bj of Cd; As; at T=0 K and p»=0 GPa

compared with experimental values

Lattice

Crystal system parameters This work Experiment
Cubic ao 6. 322 6.29017) 6,323 1L20]
By 60. 88
By 5.05
Tetragonal ao 9. 005 8.963018) 8, 945021
co 12.628 12,6808 12, 65021
By 62. 37
B) 3.91

FeA 1 i B T 545 2 57 J7 544 R D 5 4 4



% 6441 F

Cds As, A SRS B8 a0 (A) L co (A, (R B i
B, (GPa) B HX 50 i) — B S5k B LA K oAb S2 5
R TFH 1. R 1 AT LIE W FRATE S %
PRI EE I 25 15 I A T T A5 2 10 1 A IR A ks
SRG L ES BT G RRE. X UL % T R RES
HRHAERL Cdy Asy A 19S55 R 25 S A% S50 W)
A, B 428 30F B F50 Cdy As, i 1A G Ath PR 5 % w]
FETE.
3.2 EMESITE

SRR AN U AT Y IR b AR Y e
KON RUEE S R i 5L B 5l 53 22 [R]85 i
B e, AR A e R, N ) 5 AR 2 ] gk M G
L RIBAKUTF .

1.3
o — EC/]'}«[SM (2
Kl

o 5 HNEST sew RIAZ S C R oRVE L 5P 4L
WHEA 21 AEEF M AR & H R IR R R X
FRPE R ZR L AR A7 A8 b 250D 6N S7 7 &R
a3 A AR B Chy  Cop 1 Coy s TS i &R b
REA 6 DAL AE T Cri o CreCrs \Cas JCuy Fl Cos.

Voigt?2 Hil Reuss™* 3 5 $2 1 A [6] #7231
TR A B PR a, TR A b T TR AR V
R £IR.

XTI ABER(Cr s Cpfl Cu)

Bv:BR:(CnJFZClz)/S (€))

GV:(CI] *Clg +3C44)/5 (4)

Gr=5(Cyy *Clz)cm/[‘kcu +3(Cy *Cm)]
(5

XTI J5 AR (Cus Cizs Ciss Csss Cou M
Ces)

By=1/D[2(Cy +Cyp) +4C;; +Cy ], (6)

Gy=(1/30) (M+3Cy; —3Cy, +12C,; +6Cs5)

(7D

Br=C?*/M, (®
Gr=15{(18By/C*) +[6/(C,, —Cy) +

(6/Cu)+(3/Ce) ] —1, (9

M=Cy, +Cyp, +2C5; —4Cy5, (10)

C?=(Cy, +C11)Cyy —2C35, 1D

7F Voigt - Reuss - Hill (VRH) P95 IF, %t
Voigt Fl Reuss J5 ¥ 3R 15 i {4 S A5 5 oY 5 A% &
BB H1E -
By+By=2By,Gy+Gr=2Gy (12)
A ERASE R FTFIAR o AT LA 3 2 A A 8 AN B )
B AR 2], H R A 500k .

E=9BG/(3B+G) 13
_ 3B—2G
7 23B+G) (b

TE4 2 vhy FRATTH Hh S 5 45 48 F0 0 J7 454

Cds As, SRIRTE T I TR N RYSRPERIE. | Th

KT Cdy A, FPE 50 B0 S 56 w2 1 A B8 R0

FRLAFRATIZN T Kaur 55 F1) 26— J5 3 1 7

RS Cd; As, MR FHAH BT Zng As, B 5 P AR

(Cyp = 136. 966 GPa, C;, = 30. 536 GPa, Ci3 =

54. 044 GPa,C;; =111. 800 GPa, C,, =48. 827 GPa,

Css =28. 808 GPa)“*™), 5 AT THET 45 RAH K 1L,

FATIRMIAY Cdy As, 5P B B T F L.

*2 FRFET ChAsB#EEE C; (GPa) , 3EEE
By (GPa) , BIYI#REE G (GPa) , # KK E E(GPa) #
HIREE 6

Tab. 2 The calculated elastic constants C; (GPa), Bulk e-

lastic modulus By ( GPa), shear modulus Gy
(GPa), Young’s modulus E (GPa)and Poisson’s
ratio ¢ of Cd; As; at T=0 K and p=0 GPa

Elastic constants ~ This work Elastic parameters This work

Cubic
Cn 80. 45 Bn 59. 26
Ciz 48. 67 Gu 28.23
Cy 41. 46 E 73.08
o 0.28
Tetragonal
Cn 89.71 Bnu 58. 61
Crz 34. 45 Gu 21.23
Cis 49. 47 E 56. 83
Cs3 81. 82 o 0.32
Cu 27.51
Ces 13. 96
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Fig. 4 The variation of bulk modulus B, of Cd; As; versus temperature
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