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Abstract: The elastic properties and electronic structures of FeZn;;, CoZn;; and MnZn;; were studied by using
first-principle based on the density functional theory (DFT). Stress—strain approach with the generalized gradient
approximation (GGA) and local density approximation (LDA) was used to calculate the 13 independent elastic constants.
The bulk modulus, shear modulus and elastic modulus were assessed through the Voigt-Reuss-Hill approximations. The
results show that lattice constants calculated by GGA fit for the experimental values. The elastic constants of FeZn,s,
CoZn,; and MnZn,; were calculated by GGA, and the bulk modulus, shear modulus and elastic modulus were assessed
from results through the Voigt-Reuss-Hill approximations. The calculated elastic modulus of FeZn,; is 103.7 GPa, which
is identical with the experimental values. The elastic properties of FeZn;; can match well with that of Zn. The elastic
constants, elasticity moduli and electronic structures of FeZn;;, MnZn,; and CoZny; are very close, and the elastic
constants of them all satisfy stability conditions.
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Table 1 Development history of crystal structure determination of FeZn,;

Researcher Space group a/nm b/nm c/nm p/(°)
BROWNI!! C2/m 1.3650 0.7610 0.5100 128.73
OSWALD et al''? C2/m 1.3410 0.7606 0.5076 127.30
BELIN et al™™®! C2/m 1.3394 0.7598 0.5066 127.23
LIU et al™¥ C2/m 1.3408 0.7605 0.5074 12721
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Fig. 1 Crystal structures of FeZn,3: (a) Lattice structure; (b) Expanded structure
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Table 2 Equilibrium lattice constants of monoclinic FeZn,;,
CoZn; and MnZn 3

Material Method  a/nm b/nm ¢/nm p/(°)

GGA 13386 0.7621 0.5102  127.78
LDA  1.2936 0.7348 0.4933 127.69
FeZny;
Ref[14] 1.3408 0.7605 0.5074 127.21
Ref[11] 1365 0.7610 0.510  128.73
GGA  1.3441 0.7557 0.5076  127.65
CoZn;; LDA  1.2977 0.7307 0.4906 127.65
Ref[11] 1.3306 0.7535 0.4992 126.78
GGA 13475 0.7657 0.5175 127.76
MnZn;; LDA  1.2964 0.7398 0.4978 128.11
Ref[11] 1.3483 0.7663 0.5134 127.78
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Table 3 Elastic constants of FeZn;3, CoZn,;; and MnZn; calculated by GGA and LDA methods

Method Mt Gl GoLGra Gra G Gha GPa GRa GPa G GPa GPa G
FeZn;; 1425 1069 1450 487 40.7 512 750 563 56.6 7.6 1.6 3.4 -1.3
GGA  CoZn;; 1467 1226 1425 469 484 542 698 549 537 3.8 15.7 3.0 —6.1
MoZn;; 130.1 1014 126.7 430 408 50.8 732 505 528 6.3 32 4.4 0.1
FeZn;; 183.6 1426 1863 62.7 554 633 1045 793 787 9.2 2.2 2.0 1.7
LDA  CoZn;; 1982 1699 1921 633 67.1 67.3 954 780 77.1 4.4 154 0.1 —5.5
MoZn;; 184.1 146.0 1804 635 549 651 931 76,6 813 6.4 -2.7 4.9 33

£ 4 KX Hill HRHFLH) FeZns. CoZnse MnZngs Fl Zn (R BURE B (By). VIR (Gy) R PR B (Ey)

Table 4 Bulk modulus (By), shear modulus (Gy) and elastic modulus (£y) of FeZn,;, CoZn;3, MnZn,3 and Zn calculated by Hill

model
Material
GGA(LDA) Exp. GGA(LDA) Exp. GGA(LDA) Exp.
FeZny; 84.8 (114.4) - 40.0 (50.3) - 103.7(131.7) 1171
CoZnys 85.0 (117.6) 44.1 (58.9) 112.9(151.5)
MnZn,; 78.5 (112.0) 36.9(52.2) 95.8(135.6)
Zn 79.6 80.4 31.2 - 82.8 750
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Fig. 2 Total and partial density of states of FeZnis(a),

CoZn;3(b) and MnZn;5(c)
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