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Abstract

Ferromagnetic shape memory alloys can deform under the drive of a magnetic field and possess
multiple physical properties, showing application prospects in many technological fields. Herein,
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we report the phase transition characteristics and half-metallic behavior of the novel quaternary
Heusler alloy CoOsCrSi. The results show that the CoOsCrSi alloy exhibits remarkable half-metallic
properties in the cubic phase. Moreover, this system has a large energy difference and a significant
tetragonal distortion of 1.27, indicating the possibility of a martensitic phase transition. The Curie
temperature of CoOsCrSi reaches 808.83 Krespectively, which is far higher than room temperature,
suggesting that it is expected to become a new functional material with excellent performance. This
paper provides a theoretical design basis for expanding the functional characteristics of the Heusler
alloy system and developing new functional materials with multiple physical properties.
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Figure 1. The cut-off energy and k-point convergence tests for CoOsCrSi respectively
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Table 1. Three different atomic site occupations in the Heusler alloy CoOsCrSi

= 1. BRETEE S CoOsCrSi I =M ERF &1L

A 4a (0, 0,0) 4b(0.25,025,0.25)  4c(0.5,0.5,0.5)  4d(0.75,0.75,0.75)
type I 2 Co Os Cr Si
type 11 214 Co Cr Os Si
type 11T A Os Co Cr Si
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Figure 2. The cubic phase and tetragonal phase structures of CoOsCrSi respectively
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Figure 3. The energy-volume curves of CoOsCrSi with three
different atomic site occupation types
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Figure 4. The E-V curves of CoOsCrSi under different magnetic
states

4. CoOsCrSi NEIHLMETRY E-V g%k

Table 2. The elastic constants (Cj), lattice constant (a) and formation enthalpy (AH) of CoOsCrSi
F 2. CoOsCrSi KM EH(Ci). MISE R (a)FIERIE(AH)

WwEY Cu Ci2 Caa a AH
CoOsCrSi 316.97 251.02 137.61 5.78 —6.53

Table 3. The bulk modulus (B), shear modulus (G), Young’s modulus (£), Pugh’s ratio (B/G) and Poisson’s ratio (v) of
Co0OsCrSi and CoFeMnSi

%z 3. CoOsCrSi #1 CoFeMnSi FI{ATRRE(B), BIIRE(G). MREEE). TRELB/GFARLEL(v)

WwE) B G E B/G v
CoOsCrSi 273.0 78.2 214.1 3.49 0.37
CoFeMnSi 236.7 114.8 296.5 2.06 0.29
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CoOsCrSi 1 HLIE & 7514 808.83 Koo
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Figure 5. The variation of the tetragonal phase energy of CoOsCrSi
with the tetragonal distortion
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Figure 7. The band structure and total density of states of
CoOsCrSi
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Table 4. Atomic orbital magnetic moments (us) of the Heusler alloy CoOsCrSi
i 4. BHT#IE & CoOsCrSi MR FHIEHIRE (us)

JRT s p d
Co 0.000 —0.009 1.128
Os 0.006 -0.015 —-0.062
Cr 0.013 0.010 1.902
Ge 0.011 -0.019 0.000
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Figure 8. The total density of states and partial density of states
of the cubic phase of CoOsCrSi
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Figure 9. The projected band structure of CoOsCrSi
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Figure 10. The total density of states and partial density of states of the cubic phase of
CoOsCrSi
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