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The electronic and magnetic structures of the LaMmOmpound have been studied by means of periodic
calculations within the framework of spin polarized hybrid density-functional theory. In order to quantify the
role of approximations to electronic exchange and correlation three different hybrid functionals have been used
which mix nonlocal Fock and local Dirac-Slater exchange. Periodic Hartree-Fock results are also reported for
comparative purposes. Theantiferromagnetic ground state is properly predicted by all methods including
Hartree-Fock exchange. In general, the different hybrid methods provide a rather accurate description of the
band gap and of the two magnetic coupling constants, strongly suggesting that the corresponding description of
the electronic structure is also accurate. An important conclusion emerging from this study is that the nature of
the occupied states near the Fermi level is intermediate between the Hartree-Fock and local density approxi-
mation descriptions with a comparable participation of both Mn and O states.
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I. INTRODUCTION resonating forms each described by an electronic con-
figuration (a Slater determinantvritten in the atomic orbit-
The LaMnQ perovskite is the parent compound for a als basis sefsee, for instance, Ref.).7In this theoretical
series of manganese based materials with general formufeamework the DE mechanism is nothing but the contribu-
A;_,B,MnO;. Upon doping with alkaline-earth cations tion to the total energy of the ground state of the Hamiltonian
these materials exhibit unusually large variations of the elecmatrix elements coupling the MA-O?>"-Mn** and
tric and thermal conductivity induced by the presence of eximn**-0?"-Mn®* resonating forms; hereafter referred to
ternal magnetic fields. This phenomenon discovered in 19955‘I’right and ¥ .. These two resonating forms have identi-
by Jinet al’ is usually referred to as colossal magnetoresisgg diagonal matrix elements and hence one can think
tance. The origin of this technologically important property i terms of the quasidegenerate perturbation theory. The
is e_ss_enti_ally unknown and the role of the doping alth_ough:oupling term involves the interaction of eithe¥ o
decisive is also unclear. Nevertheless, the relationship bed'nd‘l’nght with the Mr#*-O~-Mn3* resonating form, here-

tween the Iar_ge magnetoresistance in these OXIdeS. anda er referred to a¥ - because it involves a charge transfer
unique metal-insulator transition, in which a complex |nter—from the oxvaen to the metal. The second-order contribution
play of magnetic, charge, and orbital degrees of freedom is Y9 ' econd-orger co 0
involved, is nowadays well establishéclearly, the under- of \PET to the Aground state energy involves the
standing of the metal-insulator transitions requires a rathef¥ et H| WV cr){(Wer/H[Wigny product and hence the DE
detailed knowledge of the electronic structure of the parenfnechanism is often interpreted as a simultaneous excitation
compound material. The pioneering neutron diffraction workfrom an electron from Mfi* to 0~ and from G~ to Mn**.
of Wollan and Koehletunambiguously revealed that the un- However, one should keep in mind that the DE mechanism
doped LaMnQ is anA-type antiferromagnetiAAF) insu-  does not really involve a double excitation; it rather implies
lator, with an antiferromagnetic coupling in thedirection  the product of two single excitations. Expressed in this way
and a ferromagnetic coupling in tlae planes. Upon doping, the DE mechanism bears some similarities to the superex-
this magnetic ordering changes leading to a ferromagnetichange(SE) mechanism. However, in the case of SE some of
cell or to several types of antiferromagnetic cells, dependinghe second-order contributions involve the square of the ma-
on the amount of doping. Simultaneously, and again dependrix element coupling the Mt (a)-O?>"-Mn3*(B) and
ing on the doping, the compound exhibits a mixed valenceMn®*(8)-0?"-Mn3* («a) resonating forms, where and 8
character. These features, combined with the several possihienote the spin of the four unpaired electrons per magnetic
metal-insulator transitions, result in a rich and extremelycenter. In the DE mechanism the coupling involves a charge
complex phase diagram. transfer excitation whereas the SE mechanism occurs
Early attempts to explain the electronic structure andhrough the ionic MA™-0?"-Mn?* resonating form. The
magnetic properties of LaMnQinvolved the ideas of difference between the SE and DE mechanisms lies in the
the double-exchangéDE) mechanism, proposed by Zefier strength of the coupling which is much larger in the latter
and extensively developed by Anderson and Hasegawgprovided the unpairethy electrons have parallel spins.
and de Gennél.This mechanism can be easily under- While useful for understanding purposes these models
stood using the language of valence bond theory in whichhave a number of limitations, especially when attempting to
the total N-electron wave function is written as a super- provide a quantitative picture. The SE mechanism only ex-
position of instantaneous situatioissually referred to as plains the sign of the magnetic coupling constdnthile DE
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is just one of the possible physical mechanisms involved irestimation of the band gap. A different procedure consists in
the electron transport process in doped LaMn@n fact, choosing an alternative starting point. In this respect, the
studies by Milliset alX® have shown that DE is not enough Hartree-FockHF) method in its spin polarizetbr spin un-
to explain the enormous magnetoresistive effect exhibited byestricted implementation provides a suitable zero order ap-
the doped manganites. Based on the existence of orbital oproximation since it properly describes the insulating char-
dering in this compound, several alternative mechanismgcter of this class of materiat$;*®including LaMnG; .2
have been proposédThe orbital ordering occurs because of However, in direct contrast to the LDA, the unrestricted
the breaking of the degeneracy of the ¥nd manifold in  Hartree-FockUHF) method considerably overestimates the
thet3,e5 ground state electronic configuration. This symme-band gap. The fundamental reason for this deficiency in the
try breaking is related to the existence of the cooperativd/HF method is the neglect of electron correlation. For mo-
Jahn-Teller effect, which distorts the MgOoctahedra lecular systems electronic correlation effects can be system-
present in the crystalline structure of the material by the dif-2tically included by means of the configuration interaction
ferential elongation of some of the Mn-O bonds. Hence, it iseXpansion of theN-electron wave function. Unfortunately,
not rigorous to denote thetorbitals ast,, or e, although this ~ for extended systems, this approach cannot be used in gen-
notation will continue to be used for convenience. This par-£al although substantial progress has been made in the last
ticular orbital ordering is responsible for tietype antifer- €W years:'**At first sight a logical way to improve the
romagnetic structure present in the undoped material. The'HF description is to use exact Fock exchange in conjunc-
doping of the structure introduces Kfhions into the lattice, ~ tiON W'tﬁs‘% correlation functional as suggested by various
which are not affected by the Jahn-Teller effect, thus changuthors™** Unfortunately, this approach does not signifi-
ing the orbital ordering in the lattice and resulting in a ¢antly improve the description of the band dﬁp/ery SIg9-
change in the nature of the ground state and the magnetfificant progress has been made through the introduction of
ordering. hybrid exchange density functionals in which the exact Fock
In order to investigate the origin of the remarkable prop-€Xchange is mixed with a given exchange functional and the
erties of the manganites, the electronic structure of Lajyinocorrelation is also treated within the density functional
has been studied by means of different methods of solid staf@mework. These functionals appear to be very well suited
physics. In particular, band structure calculations have beelf describe not °”|y3}3h3% band dgﬁ ~'but also the magnetic
carried out within the local density approximatirtDA) of ~ coupling constanf%* ~of these insulating ionic systems.
density-functional theoryDFT). However, results are cata- ~ From the previous discussion it is clear that hybrid DFT
strophic, since the LDA describes the insulating cubic phas&@lculations provide an excellent basis for the development
of this compound as a conductor and yields much too smafpf @ new understanding of the complex electronic structure
a band gap for the orthorhombic phaddhis is not surpris-  Of materials such as LaMnQ In this paper periodic calcu-
ing since the LDA fails to predict the proper electronic lations based on UHF and several hybrid DFT approxima-
ground state of many narrow band system¥' Further re- tions for various magr_1et|c phases of orthorhomblc_LaMnO
finements to the exchange-correlation functional, like the2r® presented. In particular the band gap, the physical nature
generalized gradient approximatiéBGA), do not fully re- of the hlghest'occupled bgnds, and the magnetic coupling
pair the artifacts introduced by the LDR.This is in line ~ constants obtained by the different theoretical approaches are
with results reported for ionic systems with localizédpen  discussed and compared to available experimental data.
shells such as NiO which is described as a metal at the LDA
!ev:_al a_nd W_ith too small a band gap at the G_GA Ieve_l, still Il. COMPUTATIONAL DETAILS
indicating either an erroneous metallic or semiconducting be-
havior’®~'8 An approach which supplements the LDA with  The electronic structure of LaMns studied by periodic
an effective on-site repulsion, often referred to as LDAUHF and various DFT methods using a massive parallel ver-
+U, is also widely used®2° This approximation also im- sion of the CRySTAL packagé?® This computational code
proves the gap and lattice constant, but its usual implemermakes use of local basis sets of Gaussian-type orbitals
tation involves the introduction of two semiempirical (GTOS as used in standard quantum chemistry calculations.
parameteré® A different and sophisticated post-LDA method All electrons of Mn and O atoms are explicitly included in
is the GW approximation. It focuses on repairing the self- the calculations whereas a nonrelativistic pseudopotential is
energy correction in a more controlled, formally acceptableused to describe the inner electrons of the La atom. For Mn
way. It successfully introduces a gap in NiO, which in theand O we use the GTO basis sets used previously by Dovesi
self-consistent implementation of the theory-i8.7 eV2! in et al*! in their study of the CaMn@compound. The basis
excellent agreement with experiment. It is interesting to noteset for Mn contains 2§ 12p, and 5 primitive GTOs, con-
that the self-consistency condition is important, as the earlietracted to 5, 4sp, and A through a 8/6411/41 contraction
non-self-consistent implementation of the theory gives a gapcheme; for O a 18} 6p primitive set is contracted tosland
of ~5.5 eV which is significantly larger than experiméfat. 3sp shells using a 8/411 contraction. In the case of La, the
The GWapproximation also improves the magnetic momentspseudopotential designed by Dagal,*? and adapted to the
and density of states relative to the LDA. CRYSTAL code, is used in order to ease the computational
The methods described above all start from the LDA anceffort. The basis set associated to this pseudopotential starts
attempt to repair the tendency of the LDA to excessivelyfrom 5s, 4p, and 3 primitives contracted to § 2p, and
delocalize the electron densifywhich results in the under- 1d through a 311/31/3 scheme. The cutoff threshold param-
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eters ofcRYSTAL for Coulomb and exchange integral evalu- used, which are the commonly used B3LYP appr8&eind
ations(ITOL1 to ITOL5) have been setto 7, 7, 7, 7, and 14, the Fock-35 and Fock-50 approaches as defined by Moreira
respectively. The integration in reciprocal space has beegt al3” The B3LYP energy functional has the form

carried out on a Pack-Monkhurst grid of shrinking factor 8,

yielding a mesh of 36 points in the irreducible Brillouin EBSLP= (1— A)ESRe AENF+ BEBSCe CELYP

zone. The numerical thresholds used to ensure the numerical
convergence of the self-consistent-field procedure were set to
107% a.u. for the one-electron eigenvalues and 18.u. for . . HE
the total energy. In the DFT methods an even-tempered set §f1€re is the D'r%%;f!ater local exchangg,™ the
auxiliary Gaussian basis functions has been used to fit thE@rtree-Fock exchangg,™"the gradient part of the Becke

L ; - LYP
density in order to compute the electron-electron Coulomigradient corrected exchange functioffakgy;, the correla-

and exchange-correlation contributions to the total energytion functional of Lee, Yang, and PdftandE " the local
For manganese, the auxiliary basis set containss-fiype  density approximation to the electron gas correlation func-
basis functions with exponents between 0.1 and 7000.gjonal following the parametrization of Vosko, Wilk, and
sevenp-type functions with exponents between 0.5 and 20.0Nusair™ In the B3LYP method thé, B, Cparameters of the
five d-type functions with exponents between 0.25 and 6.0exchange-functional are fitted to reproduce experimental
threef-type functions with exponents between 0.35 and 4.3thermochemical data witA~20%. It is worth pointing out
and finally threeg-type functions with exponents between that quite surprisingly, the B3LYP hybrid functional is able
0.45 and 3.3. In the same way, the auxiliary basis for oxygeitio reproduce the thermochemistry of molecules containing
contains 14s-type functions with exponents between 0.07 transition metal elements although no transition metal com-
and 4000.0, and ong oned, and onef function, each with pounds were included in the data set used in tiéft'In a
an exponent 0.5. Finally, the auxiliary basis set for the Lasimilar way, the Fock-35 and Fock-50 approaches combine a
pseudoatom consists of Mitype functions with exponents 35% or a 50% of Fock exchange with the Slater exchange
between 0.1 and 6000.0, fiyetype functions with expo- and also use the standard Vosko-Wilk-Nusair correlation
nents between 0.5 and 30.0, thigdéype functions with ex- functional. For a more complete discussion about these hy-
ponents between 0.5 and 3.0, drgpe function with expo-  brid approaches the reader is referred to Moretral 3’
nent 0.5, and ong-type function with exponent 0.3.

The only input datum used.in all calculations_ is the crys- Il ELECTRONIC STRUCTURE
talline structure of LaMn@, which has been studied by sev-
eral group$3~*°In the present study, the recent neutron dif-  In order to study the electronic structure of LaMn@ne
fraction parameters determined by Rodriguez-Canetjal.  needs first to determine the electronic ground state. In highly
have been used throughout. It is important to notice thatocalized systems in which the electronic, orbital, structural
upon changing the temperature the structure of this comand spin degrees of freedom are strongly coupled there are
pound undergoes several phase transformations. At low tentypically a large number of possible stable states of the self
peratures LaMn@ exhibits an orthorhombic symmetry de- consistent procedure. In order to determine the ground state
fined by thePnmacrystallographic group. In this structure spin polarized calculations have been carried out starting
the MnQ; octahedral building units are distorted as a resulfrom several different electronic configurations and the cor-
of the Jahn-Teller effect and appear slightly tilted relative toresponding electron density iterated to self consistency, the
each other. Upon heating above 790 K, the structure becomelifferent spin polarized solutions obtained are described in
“cubic” and the space group changesPtbnm For the pur- more detail in Sec. IV. The electronic ground state is pre-
poses of the present investigation, tRema experimental dicted to be the AAF phase which involves antiferromagnetic
structure has always been considered. In order to compamupling between Mn-O layers in theb plane and ferro-
results obtained using different methods calculations havenagnetic coupling within a givea-c layer. This prediction is
been performed at the experimentally determined structurén agreement with experimehtand independent of the
The UHF optimized cell parameter and fractionary coordi-method of calculation chosefUHF or the several hybrid
nates of cell atoms are in fairly close agreement with experifunctionals explored in the present worklowever, the cal-
ment and so this is expected to have a negligible effect on theulated band gapA) of LaMnO; has been found to be ex-
description of the band gap or of the physical nature of thdremely sensitive to the treatment of exchange and correla-
bonding and character of the highest occupied bands. Nevetion; this is clearly seen in the plots of the total density of
theless it is important to realize that magnetic properties arstates reported in Fig. 1. The UHF method predidts
more strongly affected by the choice of the crystal structure=13.0 eV, which is much larger than the observed value of
In fact, the dependence of the magnetic coupling constant A=1.7 eV >%°¢
on the distance between nearest neighbor magnetic centers isOne can understand the overestimate of the band gap in
usually J~r~" with 12=n=6, depending on the UHF theory and its underestimate in LDA/GGA approxima-
compound'® Therefore, it is preferable to use the experimen-tions to DFT from a number of points of view. Here we note
tal structure and thus avoid any bias introduced by the use dhat the two approaches are radically different in their treat-
a different crystal structure. We will return to this point in the ment of electronic self-interaction. In the LDA/GGA ap-
forthcoming discussion. proach the occupied states are pushed up in energy by self

Three different computational DFT methods have beerinteraction as each state contributes to the total potential; the
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FIG. 1. The total density of statd®OS) for LaMnO; in the AAF electronic ground state as predicted by the UBF Fock-50(b),
Fock-35(c), and B3LYP(d) approximations.

unoccupied states are unaffected by this and thus it is quitenough, B3LYP predicts a band gap of 2.3 eV, extremely
natural that the band gap is underestimated and that this errotose to the experimental value even if final state effects are
is largest in localized systems where the diagonal Coulomineglected in the calculation of the band gap directly from the
interactions are large. The self-interaction corredt8tC)- band structure. All hybrid exchange functionals predict val-

LDA approach introduces explicit nonunitary interactions inues ofA which are reasonably close to experiment. The UHF

an attempt to correct for this error. In the UHF approxima-and LDA approximations represent extremes of an overesti-
tion the self-interaction correction appears as the exact cammation and an underestimation of the band gap, respectively.
cellation of the diagonal Coulomb and exchange interactiondt is reasonable to expect that a better description of the
Here the SIC is overestimated, and the resultant band gap tanagnitude of the band gap implies an overall better descrip-
large, as in reality the on-site Coulomb interaction istion of the electronic structure. Therefore it is important to

screened(or equivalently is modified by electron correla- examine the effect of the amount of Fock exchange mixed
tion). Empirically one finds that LDA/GGA band gaps are into the functional on the qualitative description of the elec-

invariably much smaller than those predicted by the UHFtronic structure and in particular of the density of states

method and in the limit of the LDA implementation of DFT (DOS) near the Fermi energy which has been subject of
LaMnO; band gap is predicted to be0.2 eV, one order of some controversy. In fact, from photoemission spectra Saitoh
magnitude smaller than the experimental vafe. Within et al>® conclude that there are two main and nearly equal
the SIC point of view the hybrid exchange functionals can be
considered to be a crude form of a screened exchange a
proximation in which the bare diagonal exchange interactio
of UHF theory is screened with the semilocally approxi-
mated exchange of the LDA and GGA. Certainly the intro-

_ TABLE I. The band gagA), net charge on Mn and Qyf,, and

o in a.u), and total magnetic moment on Mmu(,) in the AAF
electronic ground state. The charges and magnetic moments are
obtained from a Mulliken population analysis.

duction of Fock exchange in the exchange functional has a

very large effect as has already been pointed out by severaMEthOd AEY) Aw@w d@w ww@w
authorst®2637|n fact, the magnitude of the band gap pre- UHF 13.0 2.18 ~1.58 3.96
dicted by the different DFT methods varies with the amountrock50 5.8 1.92 —1.46 3.89
of Fock exchange although not in a linear way. From result$ock35 4.0 1.83 —1.42 3.84
in Table | one can see that introduction of 50% Fock ex-B3LYP 23 1.77 ~-1.38 3.80
change decreases the UHF value from 13.0 to 5.8, whereasggperiment 1.9 _ _ 3.87

further reduction to 35% leads to 4.0 eV. Interestingly
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FIG. 2. The local density of states for LaMg@® the AAF electronic ground state as predicted by the UaFFock-50(b), Fock-35(c),
and B3LYP(d) approximations. The Mn(@) and O(2) contributions are marked by solid and dashed lines, respectively.

contributions to the DOS near the Fermi energy, these arganese to the highest occupied energy levels, while the hy-
given formally by the ioniad* and formally charge transfer brid scheme, having a 50% of the Fock exchattygreafter
d°L configurations. This picture implies a large covalentreferred to as Fock-50exhibits a DOS which is intermedi-
contribution to the Mn-O chemical bond and contrasts withate between B3LYP and UHF approaches. However, the im-
the interpretation of Sarmet al.>” who, based on LDA cal- portant point is that the qualitative picture of the electronic
culations, suggest a much more metallic description withirstructure and of the DOS near the Fermi level predicted by
the d band. the different hybrid methods is not sensitive to the proportion
To analyze in more detail the structure of the DOS corre-of Fock exchange used and qualitatively different from either
sponding to the AAF electronic ground state as described bshe UHF or the LDA extremes. The fact that the hybrid meth-
the different methods the total DOS as well as the Mi)(3 odology provides a consistent picture, independent of the
and O(2) contributions to the DOSi.e., the local density precise details of the mixing, and also provides a reasonable
of stateg are given separately in Figs. 1 and 2. The localestimate of the band gap, is a strong indication that the de-
density of state$LDOS) obtained by the UHF methddrig.  scription is reliable and that both Mnd3} and O(2) par-
2(a)] exhibits a very large contribution of oxygen states neatticipate in a quite similar proportion to the DOS near the
the Fermi energy while the contribution of the Mrorbitals ~ Fermi energy. This conclusion is consistent with a picture of
is very small. At the opposite extreme, the LDA calculationsthe chemical bond in which both ioni{i the formal valence
of Pickettet al!? and Sarmaet al®’ suggest that the DOS sensg and covalentmetal-ligand orbital mixing contribu-
near the Fermi energy is dominated by the Morbitals. The  tions (or resonating formshave to be considered and is also
different description of the LDOS by UHF and LDA meth- consistent with Saitokt als interpretation of the photoemis-
ods is a consequence of a qualitatively different descriptiorsion spectra® This picture of the chemical bond in LaMgO
of the chemical bond. The electronic structure picture arisings also in agreement with the results arising from the Mul-
from the hybrid methods is somewhat intermediate betweefiken population analysis carried out for the different total
the HF and LDA methodg&Fig. 3), as has been reported for a densities(Table ). The absolute value of the net charge is
number of other systent&3¢3"The variation in the magni- not a quantitative measure of the ionicity as Mulliken
tude of the band gap is accompanied by noticeable changeharges are strongly dependent on the basi®sébwever,
in the states near the Fermi energy, thigands being shifted the variation of the Mulliken charge with the amount of Fock
towards higher energies by an amount which depends on thexchange is a reliable measure of changes in the bonding and
extent of Fock exchange included in the method. In this wayit indicates a significant reduction of ionicity when going
the B3LYP method leads to the largest contribution of manfrom the UHF method to B3LYP. Interestingly the variation
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in the net charge is not paralleled by the variation in the TABLE Il. The energy of the different broken symmetry solu-

magnetic moment which is relatively insensitive to the mix-tions of LaMnQ relative to the FM solution for various exchange-

ing and very close to the experimental vald&his is in the  correlation approximations. The values are in meV per unit cell
line of previous investigations on LaMnQRef. 29 and  containing four Mn centers.

several other ionic magnetic compourids:®

Method AAF GAF CAF
IV. MAGNETIC ORDERING AND PHASES UHF —5.18 51.21 55.88
B3LYP —32.16 113.96 121.51

In order to study the magnetic order the widely used bro-
ken symmetry approach is adopted. This consists of findin
different spin-polarized solutions and, from the correspond- ock35
ing energy differences, deducing the magnitude of the mag-
netic coupling constants:?° Usually, the different broken
symmetry solutions are found by doubling the unit cell in theThe energy of each magnetic phase has been calculated using
appropriate directiof>?¢%761 However, in the case of Spin-polarized Hartree-Fock theory and the three hybrid den-
LaMnO;, there are several possible broken symmetry solusity functional theory approaches described in Se¢Table
tions within the primitive unit cell. Following the work of Su I1). For all of the approaches employed in this work, the
et al?® we have chosen to study the four lowest broken symlowest energy always corresponds to the AAF phase, in good
metry solutions; this will permit a detailed comparison with agreement with the observed ground state. In increasing or-
the previous UHF calculations and allows us to isolate theler of energy one finds the FM, GAF, and CAF phases. The
important effects of the different hybrid functionals on their same order of stability is predicted by all four approxima-
relative energies. The four broken symmetry solutions corretions. The UHF results are very close to those reported ear-
spond to the FM, AAF, CAF, and GAF magnetic cells which lier by Su et al® and Nicastro and Patterséhthe small
are described as follows: FM is associated with the fullydeviations probably being due to the use of a different
ferromagnetic material; AAF corresponds to a ferromagnetid®seudopotential for the La atoms and the slightly different
coupling along theac plane with an antiferromagnetic cou- geometry adopted in the current study. Here it is worth em-
pling along theb axis, CAF corresponds to an antiferromag- Phasizing that the present values for the magnetic coupling
netic order in theac plane with a ferromagnetic coupling in constants are all obtained using the experimental geometry.
the b axis, and GAF corresponds to the situation where aliThis strategy is different from that used by Nicastro and
spins are antiferromagnetically coupled to their nearesPatterson, who used the UHF optimized structure. The rea-
neighbors. In all cases the magnetic orbitals and magnetigon for such a different choice in the current study is the
order are identical to that discussed in the previous works oflesire to isolate purely geometric effects from those due to
Su et al?® and Nicastro and PattersriTherefore, we will ~ varying treatments of exchange and correlation. The strong
not discuss this point further and will concentrate instead orflependence of the magnitude of the magnetic coupling con-
the effects of the exchange-correlation effect on the energgtants with the geometry was commented upon in Sec. Il.
difference corresponding to the each magnetic phase and fdicastro and Patterson obtained reasonable values for the
the resulting values of the magnetic coupling constants.  magnetic coupling constants using the UHF optimized geom-

In order to extract the relevant magnetic coupling con-etry to carry out a rather limited configuration interaction
stants of LaMnQ from the energy of the different magnetic calculation which lacks many of the dynamical correlation
solutions an Ising model Hamiltonian is considered, whicheffects that have previously been demonstrated to be essen-
considers the nearest nEIthdﬁX and next-nearest neigh_ tial for a reliable and quantitative description of the magnetic
bor (J,) manganese centers, coupling constant of a large variety of compoufidsdso, it

is worth pointing out that although the UHF optimized ge-
ometry is noticeably close to the experimental one, small
H:_Jl% Sziszj_‘]Z% SeSa1 (2 variations in the structural parameters have a much larger

ock50 —12.16 89.22 93.64
—18.85 109.83 115.35

where S,; stands for thez component of total spin on the
madgnetlc c((jenter_ 6;1nbd (ij) and <k|>t.mclhcalile t§umtsh0;/er_:‘;]rsth_ for various exchange-correlation approximations and using the en-
and second neignbors, respectively. INotice that with ISergy values of all four magnetic phases reported in Table II. Error

definition positive(negative values of the magnetic coupling bars correspond to the standard deviation for the series of values

constant mean ferromagneti@ntiferromagnetic interac-  :omputed from the overdetermined set of equati@s
tions. Using the mapping procedure described in previous

TABLE Ill. The magnetic coupling constands andJ,, in meV,

works?®®%61 an overdetermined set of three equations and pethod I J,
two unknowns is obtained. These are
UHF 0.88+0.01 —0.15+0.01
E(FM)— E(AAF)=—32J,, B3LYP 2.09+0.27 ~0.62+0.54
Fock50 1.52-0.09 —0.26+0.17
E(GAF) —E(FM)=64J; +32];, Fock35 1.93%0.15 —0.38+0.29
Expt. (Ref. 59 0.83 ~0.58

E(CAF)—E(FM) = 64J; . 3)
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FIG. 3. Detail of the local density of states for LaMni the AAF electronic ground state near the Fermi level as predicted by the UHF
(), Fock-50(b), Fock-35(c), and B3LYP(d) approximations. The Mn(@) and O(2) contributions are marked by solid and dashed lines,
respectively.

effect on the magnitude of the magnetic coupling constantsnagnetic coupling constants. This is in line with previous
because of thd~r " relationship described above. findings showing the decisive role of the exchange functional

The values ofl; andJ, are found to be largely dependent in the description of the electronic and magnetic structure of
on the hybrid functional in agreement with previous findings.these strongly correlated systefis® The fact that B3LYP
Nevertheless, all methods predict the correct sign of eachnd Fock-35 methods are able to quantitatively reproduce the
magnetic coupling constaKiTable Ill). From a more quanti- available experimental data strongly suggests that the corre-
tative point of view it is found that the three hybrid ap- sponding description of the electronic structure is also well
proaches predict values 8f reasonably close to experiment reproduced. An important implication of this conclusion is
and with little standard deviatioftomputed from the differ-  that the nature of the occupied states near the Fermi level is
entJ; values obtained using any two of the three equationsntermediate between the UHF and LDA descriptions which
given in Eq.(3)]. The value ofl, computed from the differ-  favor the participation of Mn or O states, respectively. In the
ent hybrid functionals is also in agreement with the experi-hybrid description the participation of both Mn and O states
mental value, especially for the B3LYP method, although itsappears in a similar proportion. This is an important conclu-
standard deviation is slightly larger than the values(see  sion that needs to be considered when studying the more
Table Il1). technologically important doped related compounds.
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