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The electronic structure of delafossite type oxides AFO= Ag, Cu) has been calculated using the
full potential linearized augmented plane wave (FP-LAPW) method within the local spin density
approximation (LSDA), PerdewBurke—Ernzerhof (PBE-GGA), and EngeVosko (EV-GGA) general-
ized-gradient approximations. It was found that the EV-GGA provides a more realistic description of the
electronic structure and the optical properties of AF¢itan PBE-GGA or LSDA. The influence of
electron correlations has been considered within the PBE-BlGAnd LSDA+U methods. The effective
HubbardU, U, has been derived on the basis of an ab initio constraint calculation and by comparison
with X-ray emission spectra. The energy band gap of AfFefhin the PBE-GGAFU is found as a
charge-transfer gap between O-2p to Fe-3d states. The theoretical optical bamth gads30,A; =
2.06, andA, = 3.20 eV for CuFe@are quite compatible with experimental data. We have predicted an
optical band gap\o = 1.90 eV for AgFeQ, and the increase in the optical and energy band gaps of
AgFeQ in comparison with CuFefcan be understood as a size effect.

l. Introduction Delafossite CuFephas been extensively investigated as
Layered structures with dumbbell-A—O layers and material for quasi-two-dimensional frustrated magne#fsr.

octahedral BQlayers stacked along theaxis of delafossite Its electronic structure has been studied by Galakhov &t al.,
type oxides ABQ (A = Ag, Pd, Cu, Pt; B= Sc, Cr, Fe within the LSDA and LSDA-U approach; LSDA calcula-

Co, Ni, Rh) have been attracting much attention because oftions were performed using the full-potential linearized
physical properties related to this structére,e.g., the  augmented plane wave method (FP-LAPW) as well as the

electrical conductivity in the A- plane is much higher than lin€arized muffin-tin orbitals in the atomic sphere ap-
that along thec-axis? frustrated magnetic properties in the Proximation (LMTO-ASA) method, whereas LSBAJ
BO, layer due to the triangular lattiéé, high optical band calculations were carried out using the LMTO-ASA method.

gap in CUuAIQ,57 CuGaQ2 CulnO,® etc. Most of the However, the reported energy band gap, which is the gap

delafossite oxides are semiconductors; some of them areP€tween the top of the valance band and the bottom of the

metals, e.g., PdACOOPtCoQ, PtRhQ, or semimetals, such conduction band, is 2.0 eV, much larger than the optical band
as AgNiQ. Delafossite materials are currently used as 92P Of 1.15 eV reported from experimental d&t@he other
electrode materials in miniature batteries (Agh)i® func- two optical gaps of 2.03 and 3.35 &have not been clarified
tional windows (CUAIQ),! catalysts, e.g., synthesis of from a theoretical point of view. In addition, the reported
methanol using CuCrg? and conversion of toxic gases partial densities of states (PDOS) of Cu, Fe, and O, with

emanated by internal combustion engines using Cuf&® and without electron correlations, are incompatible with
X-ray emission spectré.

: ICotr_rteltaon?IE'g ﬁ“éh%' Email: vcv:uplng;@Ihpoa—staf-edusg- Having the same closed shell electronic configuration of
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electronic structures of 3R and 2H AgFelave been studied Table 1. Structural Parameters of AFeQ

by Seshadri et af* however, a metallic state instead of a compd a2 c(he we u(cal)®

true insulating state has been reported. So far, there havecyreg 3.0351 17.1660 0.1066 0.1057

been no experimental reports on the energy band gap of this 0.1063 (alUerr = 2.18 €V)

3R-AgFeQ 3.0391 18.5900 0.1112 0.1111

compound. RecentR? we reported an energy band gap of JHAGFeQ 30301 123950 00833 0.0835

1.16 eV using the PBE-GGAU method with a largéJes - et refe 1 and B o ontimization in thi
— H H 2From experiment, refs 1 an rom geometry optimization In tnis
= 7.86 eV. This energy band gap is nequy the same as thework_
one reported for CuFe® (1.15 eV). Optical experiments
revealed that the energy band gap of CuM®less than 1.5 a.u. for Cu, Fe, and O (CuFgand 2.0, 1.9, and 1.6 for Ag,
that of AgMO, (with M = Al, Ga, In). Moreover, the Fe, and O (AgFeg), respectively. Inside the atomic spheres, the
electrical resistivity of AgFe@was reported to be much  Partial waves were expanded kg, = 10; the number of plane
larger than that of CuFe@ Therefore, we expect AgFeO ‘;":C‘j"f‘g‘é’:g lméeghg?r/gz ggtn:?'m;';a;: o Zéor Lorpg‘:]?eg‘\ggf

. ity wi urier-ex X
0 ltl]iaeV?Naeila{:\%?ir;hn;r%)ll'ebpaor;(tjeg?ﬁattht?lg g:fi.:(?a(ljband gaps = 14 Ry. A k-mesh of 1800 k-points in the full Brillouin zone or

! 182 k points in the irreducible Brillouin zone (IBZ) was used.
of delafossite CuAlQ CuAgQ,, and CulnQ are much larger Convergence was checked UpR@Kmax = 9.5 and 3000 k points

than the energy band gaps because the dipole selection ruleg, the whole Brillouin zone. In addition to the usual valence states,
limit the allowed transitions between band edge states. In the following “semi-core” atomic states were considered as being

this work, the same phenomenon is observed for CyuFeO band states: Ag 4s, 4p; Cu 3s, 3p; and Fe 3s, 3p. A ferromagnetic
and AgFeQ. ordering was assumed in all calculations. The AFe@mpounds

In this paper, we examine the electronic structure of AFeO crystallize in theR3m structure (see Figure 8a) with the A-atpm at
compounds within different approximations: LSDA, PBE- 32 (0,0,0), Fe at 3b (0,0,0.5), and O at 6c (0::0y). The lattice
GGA. or EV-GGA2* with or without additional local parameters of AFeDwere taken from the experimehtyhereas
correlation effects due to an effective Hubbard-U. These the_lnternal parameter, th.e ratio between theeﬁ\_dltstar.]ce a_nd_

. . . . . lattice constant, was obtained from geometry optimization within

calculations aim to describe the semiconducting nature and

h ical . f AF ds i . PBE-GGA and PBE-GGAU calculations. A comparison with
the optical properties o erompounds in comparison experimental resultss shown in Table 1. The optical properties

with experiments. We considered a simple ferromagnetic o AFe, were calculated using the optical modiiia the Wien2k
order in the hexagonal phase, neglecting the 2D anti- package. This module allows us to study the intra- and direct
ferromagnetic frustration observed at low temperatures andinterband dipole transitions using the joint-density-of-states weighted
accompanied by structural phase transitions. To see theby the optical dipole matrix elements. The X-ray emission spectra
influence of electron correlations on the electronic structures are calculated using the dipole-allowed transitions from the valance
of AFe(,, we investigated the dependency of the energy band to the corresponding core state. The intensities are proportional to
gap versudes. To estimate the effect of on-site correlations the corresponding part.ial density of states (DOS) times the square
on the ground state of CuFeX-ray emission spectra of of the momentum matrix elements between core and valance states.
CuFeQ have been studied within the EV-GGA, PBE-GGA, ) i

and PBE-GGA-U and compared with experimental results. lll. Band Structures and Optical Properties of

From these calculations, a reasonable valublgf= 2.18 CuFeG,

eV was extracted, which can then be used to study the (a) LSDA and GGA Calculations. The density of states
electronic structure and optical properties of ALgl@ading of CuFeQ within the LSDA, PBE-GGA, and EV-GGA
to results that are consistent with those from the experiment.methods are shown in Figure 1. A metallic state instead of

To this end, we present an analysis of the origin of the larger a semiconductor is obtained. The origin of the metallic state

energy band gap in AgFe@ompared to CuFeO of CuFeQ comes mainly from the Fe-3d states. The EV-
_ _ GGA gives the most realistic description, because within the
Il. Computational Details EV-GGA, the top of the valance band and the bottom of the

All calculations in this work were carried out with the Wien2k cqnductlon b{?md (mainly due _to Fe-3d electrons) overlap only
software packag® This program allows us to compute the Slightly, forming an overlapping band from0.1to 0.1 eV
electronic structure of AFeOcompounds within the density —around the Fermi level (see Figure 1c). The DOS in Figure
functional theory (DFT) applying LSDA or LSDAU, PBE-GGA 1 show that the Fe ion is in a high-spin state with the spectral
or PBE-GGAFU, and EV-GGA or EV-GGAFU approximations. weight of Fe-3d spin up band centered slightly below the
The electronic structure of AFeOwas calculated using the  Cu-3d, but above O-p bands. This is qualitatively in a good
augmented plane wave local orbital (APWA-lo) basis set for 3d ~ agreement with X-ray emission specifaThe calculated
electrons and LAPW basic set for s and p electrons. For the atomic X_ray emission spectra of CuFe@ithin PBE-GGA (the
spheres, the muffin-tin radiiRur) were chosen as 1.9, 2.0, and dotted lines) and the EV-GGA (red triangles) are given in
Figure 2. Within PBE-GGA, the peak of the ¥k spectrum
is in the energy range of the-€X spectrum and they are 2

(21) Seshadri, R.; Felser, C.; Thieme, K.; Tremel,@%iem. Mater1998

10, 2189. i
(22) Ong, K. P.; Bai, K.; Wu, PJ. Alloys Compd200§ in press. eV lower than the peak of the €l spectrum. In compari-
(23) Nie, X.; Wei, S. H.; Zhang, 8B, Phys. Re. Lett, 2002 88, 66405. son with experimental data, we see that the theoretical PBE-

(24) Engel, E.; Vosko, S. HPhys. Re. A 1993 47, 2800.

(25) Blaha, P.; Schwarz, K.; Madsen, G. K. H.; Kvasnicka, D.; Luitz, J.
WIEN2k, An Augmented Plane Wat Local Orbitals Program for (26) Abt, R.; Ambrosch-Draxl, C.; Knoll, PPhysica B1994 194-196,
Calculating Crystal Properties Technical University of Vienna: 1451; Ambrosch-Draxl, C.; Sofo, J. @omp. Phys. Commu2006
Vienna, Austria, 2001; ISBN 3-95010.31-1-2. 175, 1.
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Figure 1. Density of states of CuFeQuvithin different approximations: (a) LSDA, (b) PBE-GGA, and (c) EV-GGA. The positive/negative DOS represents

the spin up/spin down DOS, respectively.
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Figure 2. X-ray emission spectra of CuFe@ithin the EV-GGA and PBE-
GGA+U using U = 0, 2.18, and 7.86 eV. The black squares are
experimental data from ref. 19.

GGA Cu—L, Fe—L, and O-K peaks are about 2 eV higher
than the experimental data, whereas within the EV-GGA,
the theoretical FeL and O-K peaks are lowered by 0.6
and 0.7 eV, respectively. Thus the EV-GGA results seem
superior to those of PBE-GGA.

Although the band structure calculations within the EV-
GGA do not show an energy band gap, the calculated
absorption spectra, see Figure 3, start at a finite enérgy.
The same phenomenon was observed for CulfMD= Al,

Ga, In)2 where the energy band gap is much lower than

= 2.03+£ 0.05 eV, have their origin from the minority spin
states (spindown state), wheress— 3.35+ 0.1 eV has its
origin from the majority spin (spinup state). The experimental
optical gaps are obtained from{hv)?, and thus we compare
directly this quantity (withoay = (0xx + oty + 0)/3). In
Figure 4a, an optical gap @, ~ 1.04 eV is obtained, which
can be compared td = 1.15 e\?° from the experiment.
However, the other two experimental optical g8zt 2.03

and 3.35 eV cannot be identified from this calculation, where
two optical gaps around 2.0 eV (1.80 and 2.20 eV) and two
others around 3.3 eV (3.10 and 3.5 eV) are observed. To
analyze this, thex andzzcomponents ofhv)? have been
plotted in parts b and c of Figure 4c. We can see that gaps
at A; = 1.80 eV andA; ~ 3.10 eV originate from thez
component, whereas the other two theoretical gaps stem from
the perpendicular direction.

(b) PBE- GGA+U Calculations. The failure of LSDA,
PBE-GGA, and EV-GGA calculations in correctly describing
the electronic states of CuFe(has its origin in the
underestimation of the on-site coulomb correlation between
d-electrons of transition-metal ions. The EV-GGA, however,
leads to better results for the correlated Fe-3d electrons, but
unfortunately, the improvements due to the EV-GGA are not
sufficient. Because of this, we have to go beyond GGAs and
use a method introducing correlation effects via an external
HubbardU parameter, which to some extent is a “fitted”
guantity. Once one does this, it is better to use PBE-GGA
instead of EV-GGA-U, because PBE-GGA is supposed to

the optical band gap. This can be explained by the fact thatbe better for the “regular” (noncorrelated) electrons, and the
transitions between the top of the valance band (spin up)correlated electrons are described anyway via the_ external
and the bottom of the conduction band (spin down) are not U parameter. Therefore, we performed calculations by

allowed, following the parity and selection rules.

explicitly adding the on-site Coulomb correlatidd, with

The spin-polarized absorption spectra (see Figure 3b) showth® LSDA+U and PBE-GGA-U methods.

that the experimental optical band g&p#, = 1.15 andA;

(27) We notice here that within the LSDA and PBE-GGA, the absorption
spectra of CuFe@start from a finite value atth= 0 eV.

In a previous report? the 2.0 eV energy band gap was
reproduced by taking into account the electron correlation
U = 8.0 eV andJ = 0.9 eV for both Cu and Fe. However,
we notice here that the X-ray photoelectron core level spectra
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Figure 3. Absorption spectra of CuFe0n perpendicular and parallel directions to thexis: (a) the total absorption spectra; (b) the spin polarization
absorption spectra.
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Figure 4. Absortion spectra: (a)o@hv)? (b,c) (xdw)? and @ w)? of CuFeQ within the EV-GGA calculation. For demonstration of optical gaps,
different scales have been used.

20 X-ray emission spectra within the PBE-GGA with =
18] —=— LSDA+U 7.86 eV is given in Figure 2 as dasHdot—dot line. The
] —o— GGAsU Cu—L and O-K peaks are 2.4 and 1.2 eV higher than the
187 experimental values, whereas the-feegpeak is 4.2 eV lower.
144 Thus, a value obles = 7.86 eV does not really give a good
121 description of the electronic structure of Cukedd further
% 1.0 calculations with significantly reducedes were done. At
:1' 051 Uer = 2.18 eV, both the theoretical and experimentat-Ee
06.] peaks are in good agreement, whereas thelCand O-K
o peaks are still 2.2 and 1.3 eV higher than the experimental
04 values. From these calculations, we see thatfor Fe has
0.2+ a strong influence on the F& peak, whereas it has only a
B N minor influence on the CulL and O-K peak. Although we
0 2 4 6 8 10 12 14 do not recommend usirlde for Cu, we notice that applying
Ueff (eV) a largeUen(Cu) = 7.86 eV for the Cu-3d states leads to the
Figure 5. Dependence of energy band gapon theUe of the CuFe® Cu~—L peak shifting down by only 1.0 eV, and thus the value
compound. is still 1.20 eV higher than that in the experiment.
on delafossite CuFefy show that the Ctiion has a closed The above analyses allow us to udgr = 2.18 eV for

shell configuration Cu-3& As a consequence of this, we €, and we optimized the position of the oxygen atoms in
will take the on-site coulomb correlation into account for CuFeQ. We obtained an oxygen position with= 0.1063,
the Fe-3d electrons only. The dependence of the energy ban§€€ Table 1, which is in very good agreement with the
gap,A, on Uy (Ue = U — J) is given in Figure 5. Within ~ experiment ¢ = 0.1066).
LSDA-+U and PBE-GGA-U, an energy band gap will open The DOS of CuFe@within PBE-GGA+U with Ueg =
whenUgs = 2.72 and 1.36 eV, respectively. 2.18 eV is shown in Figure 6. An energy band gap of 0.29
To truthfully describe the band structure of Cuke®@e eV has been obtained, and the character of this gap is
need to know the value of the effectilks. In a previous predominantly a charge-transfer gap from O-2p to Fe-3d
calculation for AgFe@ we obtainedJ¢ = 7.86 eV for the orbitals. The Fe-3d bands have been shifted downward and
Fe-3d electrons. Because of the similarity of the two systems, they overlap significantly with O-2p, so that the O-p DOS
CuFeQ and AgFeQ, we take the same on-site coulomb also shows some spin-dependency. Almost all minority Fe-
correlation for Fe-3d electrons for CuFgQhe theoretical 3d bands are above the Fermi energy, and thus thieiéies
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Figure 6. Total and partial density of states of CuFe®ithin PBE-
GGA+U andUegr = 2.18 eV.

are in a high-spin state. The magnetic moment of th& Fe
ion is 4.1ug, which is quite comparable with the 4420.1

ug reported from recent high-resolution neutron powder
diffraction experiment§ but smaller than the 4 4s obtained
from previous powder neutron diffraction experiméhgnd
the spin moment &g obtained from Mossbauer measure-

Ong et al.

The absorption spectra of CuFe(®BE-GGA+U calcula-
tion) with Ues = 2.18 eV and Lorentzian broadening =
0.10 eV are given in Figure 7. Thei{hv)? spectrum in
Figure 7.b clearly demonstrates an optical gag3.20 eV.
This gap can be considered as being the direct optical gap
A, = 3.35+ 0.10 eV observed from the experiméhtt
has its origin from majority spin in both directions, parallel
and perpendicular to theaxis. At lower energy, two direct
optical gapsAo = 1.30 andA; = 2.06 eV, are obtained that
are comparable with the experimental indirect optical gap,
Ao = 1.154 0.02 eV, and direct optical gappy = 2.03+
0.05 eV? These optical gaps have their origin in transitions
due to the minority spin in the direction perpendicular to
the c-axis (A;) and in both directions, perpendicular and
parallel to thec-axis (Ag).

IV. Band Structures and Optical Properties of AgFeG;

(a) EV-GGA. AgFeQ has two kinds of polytypes, a
rhombohedral structure with space group (Pearson symbol)
R3m (3R) and a hexagonal structure wi6s/mmc(2H), as
shown in Figure 8. The 3R structure is the same as for
CuFeQ. In our previous work, the electronic structures
within PBE-GGA and LSDA have shown metallic character
for 3R and 2H AgFe@*? The LSDA+U and GGAU
calculations gave better results in producing the insulating
state of AgFe@with an energy band gapp = 1.15 eV at
Uert = 7.86 eV2?2 However, following our analyses in section

ments?® Because of the strong hybridization between Fe and Il for CuFeQ,, this energy band gap might be overestimated
O (and probably due to the assumed FM order), the oxygenbecause of the high value dfi.s. On the other side,

atoms also have a significant magnetic moment of @28
(inside the small O-sphere). We notice that within LSDA,
PBE-GGA, and EV-GGA calculations, the magnetic moment
of Fe¥* ion is 3.38, 3.78, and 3.98g, respectively. The
LSDA value differs a lot from a previous theoretical repdrt
that obtained only 0.910.96 ug (a “low-spin” solution)
using LMTO-ASA and FP-LAPW methods, respectively.
The magnetic moment of the Feion within EV-GGA
comes close to the PBE-GGAJ results, indicating again
that this EV-GGA describes the strong on-site correlation
much better than LSDA or PBE-GGA.

experiments on CuM@and AgMQ, (M = Al, Ga, In)
revealed that the energy band gap of AgM®larger than
that of CuMQ.?° Because of this, we might expect that the
energy band gap of AgFeGhould be larger than that of
CuFeQ. To clarify this, we have calculated the electronic
structure of AgFe@within EV-GGA 2* which is believed
to give a better energy band gap than PBE-GGA. Figure 9
shows the DOS of AgFeQwithin EV-GGA. Contrary to
LSDA and PBE-GGA calculations, the EV-GGA calculations
result in a small insulating gag\ = 0.05 eV, for 3R and
2H AgFeQ (see Figure 9). In comparison to CekRethe
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Figure 7. Absorption spectra: (ayx and (b) (ahw)? of CuFeQ from PBE-GGARU (Uer = 2.18 eV) calculations. For demonstration of optical gaps,

different scales have been used.
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Figure 10. Absorption spectra of 3R-AgFeQuithin the EV-GGA along
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spectrum withotay = (axx + oty + 027)/3, which reveals an optical band

Figure 8. (a) 3R R3m) and (b) 2H P6/mmg polytypes of AgFe@
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Figure 9. Density of states of 3R- and 2H-AgFe@ithin the EV-GGA

calculation.

(b) PBE-GGA-+U. Although AgFeQ is already an
insulator within EV-GGA, the strong electron correlation
Ag-4d states are lower in energy than Cu-3d, and a more Petween Fe-3d electrons in AgFgehould not be neglected.
pronounced charge-transfer gap character is found. Previously, we did calculations of AgFe@ithin different

The absorption spectra of 3R AgFe@e given in Figure ~ LSDA+U and PBE-GGA-U method$ using Uer = 7.86
10. It is interesting to see that the tendency that the optical €V, and obtained an energy band gap of 1.15 eV. However,
band gap of CuM@is smaller than of AgM@ (M = Al as was mentioned for CuFeQhe effectiveUer = 7.86 eV
Ga, In) is still true with M= Fe: Within the EV-GGA is overestimated, and a smalldgs = 2.18 eV will be more
calculation, one optical gafto = 1.05 eV has been obtained ~realistic. Figure 11 shows the corresponding DOS of 3R
for CuFeQ, whereas it is\o = 1.7 eV for 3R AgFe@(the ~ AgFeQ. An energy band gap = 0.45 eV is obtained that

optical gap of 2H AgFe@is not shown here, but has the has the same nature as Cuke@ is a charge-transfer gap
same value\, = 1.7 eV). from O-2p to Fe-3d states.

The absorption spectra in different directions parallel and
perpendicular to the-axis of 3R AgFeQ@are given in Figure
12. An optical band gap\o = 1.9 eV is obtained (see the

(28) Mekata, M.; Yaguchi, N.; Takagi, T.; Sugino, T.; Mitsuda, S.;
Yoshizawa, H.; Hosoito, N.; Shinjo, T. Phys. Soc. JprL993 62,

4474, . . . . . .
(29) Muir, A. H.; Wiedersich, J.; Wiedersich, H. Phys. Chem. Solids inset of Flgure 12)' which is again Iarger than the optlcal
1967, 28, 65. band gapA, = 1.2 eV of CuFeQ@
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160 yan p— calculations reveal that the experimental optical band gaps
1a0] PBE-GGA+U L xx of CuFeQ, Ao = 1.15 andA; = 2.03+ 0.05 eV, have their
— 1.=0.1eV I\ origin in the minority spin state, whereas = 3.35+ 0.10
IE 1204 E eV originates from majority spin states.
S 100 The calculated X-ray emission spectra of Cukesing
% 1 EV-GGA better agrees with experimental results than those
< 80+ calculated using PBE-GGA. Within the EV-GGA, the
~— 60 theoretical Cu-L, Fe—L, and O-K peaks are 1.90, 1.27,
8 40 and 1.20 eV higher than the experimental data, respectively.
] The role of electron correlations between Fe-3d electrons
20+ on the electronic structure and optical properties of CufFeO
ol e and AgFeQ has been examined using the PBE-GEA
o 1 2 3 4 5 6 7 8 9 10 method. An effectivéJ.s = 7.86 eV has been obtained from
hv (eV previous ab intio calculatior®? This value seems too large,
Figure 12. Absorption spectrasy anda,of AgFeQ within PBE-GGA+U because the theoretical X-ray emission spectra withUbis

(and Lgrentzian broadening factgi = 0.1 eV). The inset shows the  puts the Fe-L peak at 4.2 eV, far below the experimental
(1a8v213 spectrum, which demonstrates clearly an optical band/pE Fe—L peak, whereas the GtL and O-K peaks are nearly

unchanged in comparison with PBE-GGA. Exploring dif-

(c) Origin of Why Optical Band Gap of AgFeO; is ferentUe values revealed thatey = 2.18 eV is a reasonable

Larger thanThat of CuFeO,. To understand why AgreO ~ Value in describing the X-ray emission spectra of CukeO
has a bigger energy band gap than Cuke@ studied the By using this value, both theoretical and experimentatEe
size effect on the electronic structures of Agke@nd peaks are in good agreement, whereas the other theoretical
CuFeQ using the EV-GGA. When we replace Cu by Ag, Cu—L anq O—K peaks are still _2.2 and 1.3 eV higher than
keeping the CuFegXrystal structure parameters, the virtual the experimental data, respectively.

AgFeQ, compound is metallic. On the other hand, when we ~ The energy band gaps within PBE-G&M of CuFeQ
replace Ag by Cu using the AgFeG@tructural parameters, and AgFeQareA = 0.29 and 0.45 eV, respectively. They
the virtual CuFe@compound is an insulator with an energy ~are of charge-transfer character from O-2p to Fe-3d states.
band gap of 0.1 eV. These calculations clearly show that The absorption spectra of CuFg@veal three.optlcal band
the size effect is the primary origin causing the bigger energy 98PSAo = 1.30,A; = 2.06, andA, = 3.20, which compare
band gap in AgFe®than in CuFe@ Larger distances well with experimental datad, = 1.15+ 0.02,A; = 2.03

between atoms cause smaller bandwidth and thus largert 0-05, andA; = 3.35+ 0.10 eV. For AgFe@ an optical
energy gaps. band gapA\o = 1.90 eV has been predicted, which is larger

than the optical band gafi, = 1.22 eV of CuFe@ More
generally, the conclusions that energy and optical band gaps
of CuMQO; are smaller than those of AgMGor M = Ga,

In summary, we have studied the electronic structure andIn, Al are also true for M= Fe; this is primarily due to a
optical properties of delafossites CuReihd AgFeQ using size effect.
different exchange-correlation functionals (LSDA, PBE-  The Fé' ions in CuFeQare in a high-spin configuration
GGA, EV-GGA, LSDAt+U, and PBE-GGA-U). The LSDA with a magnetic moment of 4.Lg, which is in good
and PBE-GGA calculations result in a metallic state that is agreement with the experimentally reported 42 For
in contradiction with the semiconducting properties found AgFeQ;, the magnetic moment of the Fe ions.ifFe) =
in the experiment. The EV-GGA describes the semiconduct- 4,04 us.
ing state of CuFe®and AgFeQ better. Within EV-GGA,
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