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Recently, a first-principles study led to a prediction that quaternary Heusler compounds, CoFeCrZ (Z = Ga, Ge) are excellent half-
metallic ferromagnets. In this study, we investigate the electronic and the magnetic properties at the (001) surfaces of CoFeCrGa and
CoFeCrGe by means of the full-potential linearized augmented plane wave (FLAPW) method within generalized gradient
approximation. We considered two types of surface termination: CoFe-terminated and CrZ-terminated surfaces, Z being either Ga or
Ge. From the calculated total magnetic moments and the local density of states, we found that half-metallicity is not preserved for all
the surfaces. But the calculated atomic density of states showed that CrGa-terminated surface of the CoFeCrGa is almost half-metallic.
The magnetic moment of the Co, Fe, or Cr atoms at the surface or subsurface layers in each system had very different values.
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Fig. 1. Atom-projected spin-polarized density of states (DOS) for the chosen atoms of the CrGa-term of the CoFeCrGa (001) surface system. The
spin-down DOS values are multiplied by a negative number, and the Fermi levels are set to zero.
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Fig. 2. Atom-projected spin-polarized density of states (DOS) for the chosen atoms of the CoFe-term of the CoFeCrGa (001) surface system. The
spin-down DOS values are multiplied by a negative number, and the Fermi levels are set to zero.

Table 1. /-decomposed electrons within muffin-tin spheres on the atoms in the CrGa-term of CoFeCrGa (001) surface system. The values of
magnetic moments (MMs) calculated for the atoms are also given. S, S-1, and C denote the surface-, subsurface- and center layers.

Atom s (T71) p(1/1) d (/1) Total (1/1) MM [ps]
Co S-1 0.39 (0.20/0.19) 0.42 (0.21/0.21) 7.34 (4.12/3.22) 8.16 (4.54/3.62) 0.92
S-3 0.39 (0.20/0.19) 0.42 (0.21/0.21) 7.34 (4.13/3.21) 8.18 (4.56/3.62) 0.94
Fe S-1 0.37 (0.18/0.19) 0.40 (0.19/0.21) 6.26 (2.84/3.42) 7.04 (3.22/3.82) -0.59
S-3 0.37 (0.18/0.19) 0.40 (0.19/0.21) 6.26 (2.71/3.55) 7.05 (3.09/3.96) —0.87
- S 0.26 (0.15/0.11) 0.20 (0.11/0.09) 4.00 (3.50/0.50) 4.49 (3.77/0.72) 3.05
C 031 (0.16/0.15) 0.33 (0.17/0.16) 3.98 (2.89/1.09) 4.67 (3.25/1.42) 1.83
Ga S 0.87 (0.43/0.44) 0.70 (0.34/0.36) 9.90 (4.95/4.95) 11.49 (5.74/5.75) -0.02
C 0.82 (0.41/0.41) 0.89 (0.43/0.46) 9.94 (4.97/4.97) 11.67 (5.82/5.85) -0.03
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Table II. /-decomposed electrons within muftin-tin spheres on the atoms in the FeCo-term of CoFeCrGa (001) surface system. The values of

magnetic moments (MMs) calculated for the atoms are also given.

Atom s(1/) b (/b a (/) Toal (1/1) MM (1]
Co S 0.37 (0.20/0.17) 0.24 (0.13/0.11) 7.26 (4.35/2.91) 7.88 (4.68/3.20) 1.47

C 0.39 (0.20/0.19) 0.42 (0.21/0.21) 7.33 (4.16/3.17) 8.18 (4.59/3.59) 1.00
Fe S 0.32 (0.16/0..16) 0.22 (0.11/0.11) 6.22 (3.08/3.14) 6.77 (3.36/3.41) -0.05

C 0.37 (0.18/0.19) 0.40 (0.19/0.21) 6.25 (2.65/3.42) 7.05 (3.04/4.51) -0.97
Cr S-1 0.31 (0.49/0.47) 0.32 (0.16/0.16) 3.95 (2.53/1.42) 4.63 (2.87/1.76) 1.11

S-3 0.31 (0.16/0.15) 0.33 (0.17/0.16) 3.98 (2.83/1.15) 4.66 (3.18/1.48) 1.70
Ga S-1 0.82 (0.41/0.41) 0.87 (0.42/0.45) 9.93 (4.96/4.97) 11.65 (5.81/5.84) -0.03

S-3 0.82 (0.41/0.41) 0.89 (0.43/0.46) 9.94 (4.97/4.97) 11.67 (5.82/5.85) -0.04
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Fig. 3. Atom-projected spin-polarized density of states (DOS) for the chosen atoms of the CrGe-term of the CoFeCrGe (001) surface system. The
spin-down DOS values are multiplied by a negative number, and the Fermi levels are set to zero.
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Table III. /-decomposed electrons within muftin-tin spheres on the atoms in the CrGe-term of CoFeCrGe (001) surface system. The values of
magnetic moments (MMs) calculated for the atoms are also given.

Atom s (1/1) p (1/1) d(1l) Total (1/1) MM [1is]
o S-1 0.39 (0.20/0.19) 043 (0.21/0.22) 734 (4.17/3.17) 821 (4.60/3.61) 1.00
S-3 0.38 (0.19/0.19) 044 (0.21/0.23) 739 (4.18/3.21) 8.22 (4.59/3.63) 0.96
Fe S-1 0.36 (0.19/0.17) 0.40 (0.20/0.20) 630 (3.84/2.46) 7.05 (4.25/2.85) 1.40
S-3 0.35 (0.18/0.17) 041 (0.20/0.21) 634 (3.27/3.07) 7.12 (3.66/3.46) 0.20
o S 025 (0.12/0.13) 0.20 (0.10/0.10) 401 (1.7412.27) 4.49 (1.97/2.52) -0.55
C 031 (0.16/0.15) 034 (0.17/0.16) 4.11 (2.94/1.17) 477 (3.28/1.49) 1.85
Ge S 1.12 (0.56/0.56) 1.17 (0.58/0.59) 9.98 (4.99/4.99) 1229 (6.14/6.15) -0.01
C 1.06 (0.53/0.53) 1.31 (0.64/0.67) 10.02 (5.01/5.01) 1243 (6.20/6.23) ~0.03

Table IV. /-decomposed electrons within muffin-tin spheres on the atoms in the FeCo-term of CoFeCrGe (001) surface system. The values of
magnetic moments (MMs) calculated for the atoms are also given.

Atom s(1/1) p (/)
o S 0.36 (0.19/0.17) 025 (0.13/0.12)
C 0.38 (0.19/0.19) 0.44 (0.21/0.23)
e S 0.32 (0.16/0.16) 0.23 (0.12/0.11)
C 0.35 (0.18/0.17) 0.42 (0.20/0.21)
Cr S-1 0.31 (0.16/0.15) 0.32 (0.16/0.16)
$3 0.30 (0.16/0.14) 0.32 (0.16/0.16)
e S-1 1.07 (0.54/0.53) 1.29 (0.63/0.66)
$3 1.06 (0.53/0.53) 131 (0.64/0.67)

d (/) Total (1/1) MM [ps]
728 (431/2.97) 791 (4.64/3.27) 137
7.39 (4.19/3.20) 8.23 (4.61/3.62) 0.99
6.25 (3.10/3.15) 6.81 (3.38/3.43) -0.04
6.34 (3.33/3.01) 7.13 (3.73/3.40) 032
4.00 (2.68/1.32) 4.67 (3.02/1.65) 137
4.04 (2.90/1.14) 470 (3.24/1.46) 1.78
10.01 (5.00/5.01) 12.41 (6.19/6.22) -0.02
10.02 (5.01/5.01) 12.42 (6.19/6.23) —0.04
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