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Magnetism and Electronic Structures of Triangular Lattice
Antiferromagnetic CuFeO,
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Abstract:  Based on a non-collinear magnetic structure calculation, the magnetism, energy gap, and electronic structures
of the triangular lattice antiferromagnetic delafossite CuFeO, were investigated by density functional theory (DFT)
within the generalized gradient approximation (GGA) approach. By producing three types of magnetic configurations
including ferromagnetic (FM), frustrated triangular non-collinear antiferromagnetic (FAFM), and up-up-down-down
collinear antiferromagnetic (111} AFM) ordering, a full optimization of the lattice parameters and internal coordinates
was performed for the low temperature hexagonal structure. The calculations show that the up-up-down-down spin
arrangement plays an important role in the formation of the band gap, the decrease in total energy and the increase
in magnetic moment. Since a small difference exists between the total energy of the FAFM and 11!} AFM phase, the

1111 AFM easily undergoes a phase transition to the FAFM state when an external magnetic field is applied. Additionally,
the electronic densities of states (DOS) in the 11!} AFM phase qualitatively agrees with the results of X-ray emission
spectra, that is, the Fe ion is in a high-spin state with the spectral weight of the Fe 3d spin-up band centered slightly
below the Cu 3d but above the O 2p bands. Analysis with ligand field theory also indicates that the empty orbital of the
Fe 3d spin-down provides a chemical environment favorable for ferroelectric polarization.
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1 CuFeO, B4
Fig.1 Crystal structure of CuFeO,
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Table 1 Wyckoff notations and atomic fractional
coordinates (x, y, z) of triangular delafossite CuFeQ,"

Atom Wyckoff notation X y z
Cu 3(a) 0.0000 0.0000 0.0000
Fe 3(b) 0.0000 0.5000 0.0000

o 6(c) 0.0000 0.0000 0.1072

Crystal cell basis vector as unit; including no electronic spin symmetry
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Fig.2 The '1!! AFM spin configuration of CuFeO,
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Fig.3 Dependence of the unit cell energy (E) on its
lattice constant in different magnetic phases

F2 Bt GGAITEREIMEEEE(E) HEw)F
FEBEPR(E,)
Table 2 Total energy (E), magnetic moment (), and
optic energy-gap (E,) calculated within GGA

Magnetic state EleV e/ s Mol EJeV
FM —76.2086 3.636 0217 0.00
FAFM —76.5458 3.685 0.010 0.05
11l AFM -76.5680  +3.715  +0.069 0.07
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Fig.4 Total and partial density of states (DOS) of
CuFeO, calculated in FM phase
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Fig.5 Total and partial density of states of CuFeO,
calculated in 11!} AFM phase
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Fig.6 Total and partial density of states of
Fe ions calculated in 11!} AFM phase
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Fig.7 Total and partial density of states of O ions
calculated in 11} AFM phase
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