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Ab initio study of magnetic interactions in KCuF3 and K2CuF4 low-dimensional systems
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Theab initio cluster model approach has been used to study the electronic structure and magnetic coupling
of KCuF3 and K2CuF4 in their various ordered polytype crystal forms. Due to a cooperative Jahn-Teller
distortion these systems exhibit strong anisotropies. In particular, the magnetic properties strongly differ from
those of isomorphic compounds. Hence, KCuF3 is a quasi-one-dimensional~1D! nearest neighbor Heisenberg
antiferromagnet whereas K2CuF4 is the only ferromagnet among the K2MF4 series of compounds~M5Mn, Fe,
Co, Ni, and Cu! behaving all as quasi-2D nearest neighbor Heisenberg systems. Differentab initio techniques
are used to explore the magnetic coupling in these systems. All methods, including unrestricted Hartree-Fock,
are able to explain the magnetic ordering. However, quantitative agreement with experiment is reached only
when using a state-of-the-art configuration interaction approach. Finally, an analysis of the dependence of the
magnetic coupling constant with respect to distortion parameters is presented.@S0163-1829~99!09831-8#
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I. INTRODUCTION

The study of magnetic interactions in strongly correla
insulators has recently attracted interest due to three m
motives. The most important one, no doubt, concerns h
Tc superconductivity because most of the cuprate super
ductors exhibit strong antiferromagnetic interactions in
normal phase and this may play a role in fundamental th
ries of superconductivity.1,2 The second reason arises fro
the difficulty of conventional solid state band structure c
culations to properly describe the electronic structure, m
netic interactions, and magnetic structures of these syste2

The third likewise important reason arises from the need
understand the strong anisotropies in crystal structures
magnetic ordering in low-dimensional systems and focus
interest of the present work. The low-dimensional term
used to describe crystal structures where some relevant p
erties can be fully explained without invoking the thre
dimensional~3D! periodic structure of the solid. The mag
netic order and most of the properties of the normal state
high-Tc cuprates can be described by invoking 2D Cu2
planes only. This dimensionality is further reduced to 1D
ladder compounds3,4 where magnetic order within neare
neighbors in the Cu-O ladders does imply just one directi

In the case of magnetic interactions and magnetic or
the appearance of low dimensionality has important con
quences. For instance, the mean field approach to the He
berg Hamiltonian is not suitable and quantum fluctuations
the Heisenberg nearest neighbor model in one dimen
have to be accounted for.5 Therefore, theoretical descriptio
of magnetic interactions in these low-dimensional syste
faces the problems originated by the strong correlated na
of these wide gap ionic insulators. Hence, instantane
electron-electron interactions must be explicitly accoun
for in any ab initio theoretical approach aimed at proper
describing these systems as insulators and at quantitat
predicting the extent of the magnetic coupling.2 Similarly,
quantum fluctuations have to be included to achieve a s
factory agreement between theory and experiment when
PRB 600163-1829/99/60~8!/5179~7!/$15.00
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ing the Heisenberg model Hamiltonian. In fact, quantu
fluctuations and electronic correlation are two different wa
to term the same effect, namely, the need to go beyon
mean field description of the exact or of the model Ham
tonian used in these theoretical approaches. In the case oab
initio approaches to magnetic coupling, inclusion of t
subtle electronic correlation effects governing the magnitu
of the magnetic coupling constant requires the use of sop
ticated state-of-the-art methods. Much of the commonly u
spin polarized band structure calculations based either
density functional theory~DFT! or in the Hartree-Fock ap
proach fail to accurately describe the electronic and magn
properties of this kind of insulators including those with 3
character.2 On the other hand, a local or cluster approa
enables the use of pure spin eigenfunctions and of hig
correlated wave functions. As a result, calculated valuesJ
are in agreement with experiment.6–16 This agreement is
complete when specially designed configuration interact
expansions are variationally solved.13,14,17 The fact that the
experimentally determined magnetic coupling constant
the ab initio cluster model calculated value quantitative
agree is the fingerprint of the local two-body character of
magnetic coupling constant.17,18

In this work we extend theab initio cluster model
approach7–18to the study of the electronic structure and ma
netic coupling of KCuF3 and K2CuF4 low-dimensional sys-
tems in their various ordered polytype crystal forms. Earl
neutron diffraction studies on KCuF3 ~Ref. 19! suggested
that the KCuF3 structure was slightly distorted from the cu
bic prototypical KNiF3 one. This interpretation is in agree
ment with recent x-ray diffraction measurements20 and with
a particular orbital ordering of the magnetic orbitals claim
by Khomskii and Kugel’21,22based on the cooperative Jah
Teller effect. This fact explained the actual distorted stru
ture of KCuF3 and also properly predicted that K2CuF4 will
exhibit an analogous Jahn-Teller distorted structure w
feeble ferromagnetic interactions in the magnetic planes.23,24

It is believed that the distortion from the ideal cubic or t
tragonal structures, respectively, induces a strong anisot
5179 ©1999 The American Physical Society
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5180 PRB 60de PINHO RIBEIRO MOREIRA AND ILLAS
in their mechanical and magnetic properties. Hence, KC3
behaves as a quasi-1D nearest neighbor antiferroma
Heisenberg system whereas K2CuF4 is the only ferromagne
representative of 2D Heisenberg systems in the K2MF4 ~M
5Mn, Fe, Co, Ni, and Cu! family.25 Therefore, the interes
in these systems arises from their electronic and cry
structures, related to the high-Tc superconductors and wit
different low-dimensional magnetic character. This is a ch
lenge for a theoretical study and further motivation for
comparative analysis of its electronic structure and of its
fluence on the magnetic coupling constant.

II. EXTRACTION OF THE MAGNETIC
COUPLING CONSTANTS

Previous cluster model studies using sophisticated c
figuration interaction techniques6–18 have shown that for
wide gap ionic insulators, the magnetic coupling constanJ
is a local property that may be described correctly by me
of a properly embedded finite model containing only tw
interacting magnetic centers. The Heisenberg Hamilton
for such a cluster model reduces to

ĤHeisenberg52JŜ1Ŝ2 ~1!

and, since for two interacting centers withS5 1
2 , as the Cu21

cations in KCuF3 and K2CuF4, the triplet uT& and singletuS&
states are the only eigenstates of Eq.~1!, it follows that

J5EuS&2EuT& , ~2!

which allows us to obtainJ from ab initio electronic struc-
ture calculations.

One may also apply unrestricted Hartree-Fock~UHF! and
DFT based spin polarized solutions to the problem of m
netic coupling in ionic solids26,27 following a method similar
to those earlier used by Noodleman and Davidson28,29 or by
Bagus and Bennett.30 In this approach the ferromagnetic,uF&,
state is rather well represented but one is forced to us
broken symmetry,uBS&, solution for the antiferromagnetic
uAF&, state. In a recent work31 it has been shown that for tw
S5 1

2 localized magnetic momentsJ may be obtained as

J52~EuBS&2EuF&!. ~3!

We must remark that the periodic, band theory, approac
magnetic systems is always based in the spin polarized
proach and a broken symmetry~BS! solution is used to de
scribe the antiferromagnetic phase.32–36

III. SUMMARY OF CRYSTAL STRUCTURES AND
MAGNETIC PROPERTIES FOR KCuF 3 AND K 2CuF4

Both KCuF3 and K2CuF4 have perovskitelike structure
isomorphous to the cubic KNiF3 and the tetragonal K2NiF4,
respectively. In these structures, Cu21 is a d9 cation in an
octahedral crystal field, henceeg orbitals have different oc-
cupation and a Jahn-Teller~JT! distortion stabilizes the
structure. The distortion on each copper center is equiva
and a few possible cooperative distortions of the solid str
ture exist depending on the cation coordination and the
of the ions in the crystal. The appearance of elongated
torted octahedra has been theoretically explained by Kh
et
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skii and Kugel’21,22 from simple orbital arguments which
consists in alternatingdz22x2- anddz22y2-type orbitals aris-
ing from the two possible combinations of thedx22y2 anddz2

pure atomic orbitals~cf. Fig. 1!. For both KCuF3 and
K2CuF4, this orbital alternation on neighbor copper cente
in the ab planes results always in a feeble direct exchan
interaction leading to a ferromagnetic interaction in theab
plane,Jab.0. In the case of KCuF3 for each magnetic cente
in theab plane there is always a magnetic center neighbo
thec direction which can interact by a strong superexchan
mechanism,Jc,0, and this system can be regarded
formed by linear antiferromagnetic chains in thec direction
but with a feeble ferromagnetic interchain interaction. F
K2CuF4 the additional nonmagnetic KF planes along thec
direction block any magnetic interaction and the only ma
netic interaction left is the weak ferromagnetic coupling b
tween neighbor magnetic centers lying in theab planes.

A. KCuF 3

In the KCuF3 tetragonal perovskite, there are three Cu
distances and two nonequivalent bridging F because the
distortion on the Cu21 centers slightly displaces the F ion
from the midpoint of adjacent Cu sites in theab planes~Fig.
1!. Depending on the stacking of theab planes along thec
axis, KCuF3 has two ordered polytype structures: twisted,A
~Fig. 2!, and untwisted,D.19,20 In a given sample these tw
polytype forms usually coexist and preparation of pu
phases requires careful synthesis.

Susceptibility measurements and heat capacity curv37

denoted a 1D antiferromagnetic behavior with aJ value of
2380 K. Neutron diffraction experiments19 found a magnetic
order consisting in linear antiferromagnetic chains along
c axis with Jc again of;2380 K with a feeble interchain
Jab ferromagnetic coupling of;10.4 K and with a Cu21

magnetic moment of 0.5mB confined in theab planes. Values
for Jc in the @2406, 2337# K range andJab;14 K have
also been reported.38–41

Periodic UHF calculations34 predict that KCuF3 is a wide
gap insulator with a KK ground state orbital ordering a
that ordered,A and D, and disordered stacking polytyp
forms are almost isoenergetic. This study predicts t
KCuF3 has effectively 1D magnetic structure. TheJc
5292 K andJab512 K reported values are in qualitativ

FIG. 1. Schematic representation of the ordering of the el
gated axis of the distorted octahedra onab planes. The magnetic
orbital of each Cu21 center,dz22x2 anddz22y2, are perpendicular to
the elongated axis and are also shown.
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agreement with experiment but are too small because of
lack of electron correlation.32–35

B. K2CuF4

K2CuF4 is a ferromagnetic ionic insulator with crysta
structure derived from that of the ideal K2NiF4 crystal. In
K2CuF4 the JT distortion displaces the F anions from t
middle of the adjacent Cu centers, as in the KCuF3 ab planes
~Fig. 1!. The K2CuF4 crystal structure has been unequiv
cally resolved and an ordered phase similar to that of id
K2NiF4 was found.23,24 This is precisely the one chosen
the present study; the orthorhombic unit cell, containing fo
formula units, is represented in Fig. 3, with the basal plane

FIG. 2. The unit cell of the twisted,A, structure for KCuF3.
Small~medium! dark spheres represent Cu21 (K1) cations and light
large spheres represent F2 anions. The cluster model used to calc
lateJc is also shown, thick lines link the atoms in the cluster mo
used in the calculations.

FIG. 3. The orthorhombic unit cell of K2CuF4. Small ~medium!
dark spheres represent Cu21 (K1) cations and light large sphere
represent F2 anions. The cluster model used to calculateJab is also
shown, thick lines link the atoms in the cluster model used in
calculations. The basal plane of the K2NiF4-type pseudocell is indi-
cated in the middle of the figure.
he

al

r
f

the K2NiF4-type pseudocell indicated in the center of t
figure for comparative purposes.

K2CuF4 exhibits a 1.0mB localized magnetic moment o
each Cu atom~at T50 K! lying on ab planes42–44 forming a
quasi-2D Heisenberg ferromagnetic system at low temp
ture with a smallXY anisotropy~;1%!. The Curie tempera-
ture of this compound is 6.25 K,42–44 the magnetic coupling
constant has been determined from thermal analysis,44 and
by neutron diffraction43 and is in the range 15–23 K. Th
KK orbital ordering of the magnetic planes was also invok
to explain the observed magnetic order.42

Recent theoretical works on electronic and magne
properties of K2CuF4 are from local density approximatio
~LDA !,45 and fromab initio derived Hubbard Hamiltonian46

studies. The LDA band structure calculations45 were even
unable to predict the distorted K2CuF4 structure and the un
distorted structure was predicted to be metallic. Extend
Hubbard Hamiltonian studies46 were able to nicely reproduc
the magnetic order of this compound. However, the accur
of these model Hamiltonians strongly depends on the par
eters used and predictions of physical magnitudes, so elu
as the magnetic coupling constants, from model Hami
nians is of limited value.

IV. COMPUTATIONAL APPROACH

In this work we use a cluster model configuration intera
tion approach to obtain the relevant magnetic coupling c
stants for KCuF3 and K2CuF4. For KCuF3 we considerJc in
A and D polytypes andJab in the D polytype. For K2CuF4
we considerJab in ordered K2NiF4-type structures. For both
compounds we have also investigated the effect of the
distortion in theab planes onJc or Jab , respectively, by
using idealized, fictitious, structures,I, in which the struc-
tural parameters are those of theA polytype for KCuF3 and
those of the K2NiF4-type structure for K2CuF4 but where
distortion has been removed.

Local Cu2F11 cluster model representations of the com
pounds have been used. These models contain two mag
centers lying on thec axis or on theab planes and are em
bedded in an appropriate crystal environment consisting
one shell of total ion potentials~TIPs!,47 and an array of
point charges to adequately account for the Madelung po
tial ~see Refs. 48 and 49!. Further, nonempirical pseudopo
tentials are used to represent the He and Ne inner core
outer F~Ref. 50! and Cu,51 respectively. For the bridging F2

anion all electrons are explicitly considered. The number
electrons corresponds to that of an ionic system although
complete final clusters are electrically neutral. The wa
functions used in this work are flexible enough so as to
clude any possible covalent character albeit this has b
shown to be very small.34,45 Pure spin wave functions o
increasing complexity were obtained to describe the e
tronic structure of the central Cu2F11 unit of the KCuF3 and
K2CuF4 cluster models. The wave functions are construc
from atomic orbitals expressed in a contracted Gaussian-
orbital ~CGTO! basis set. For Cu we use a (10s5p5d) primi-
tive set contracted to@4s3p3d# basis, for the bridge F anion
the basis set is (11s5p2d) contracted to@4s3p2d#, while
for the remaining ligands we use a@2s2p# contraction of the
(5s5p) primitive set. Improvements beyond the present b
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5182 PRB 60de PINHO RIBEIRO MOREIRA AND ILLAS
sis set quality lead only to modest changes in calculateJ
values.7–10,12–18A preliminary restricted open-shell Hartree
Fock calculation for the triplet state is carried out to gener
a set of molecular spin orbitals.

First, we consider a complete active space configura
interaction~CASCI! wave function containing all Slater de
terminants that can be built by distributing the active el
trons in the active orbitals. This CASCI is equivalent to t
superexchange Anderson model.52,53 The CAS is defined by
the two half filled orbitals arising from the JT splitting of th
eg manifold and contains two active electrons, therefore, g
ing rise to either triplet or singlet states. This model is lim
ited because it neglects terms that involve excitations ou
the CAS; these excitations contribute to the external corr
tion and correspond to important physical mechanisms n
essary to correctly describe magnetic interactions.54

Following previous works, the CASCI description is im
proved by making use of the difference dedicated configu
tion interaction~DDCI! method55 ~see also Ref. 17 for recen
applications related to this work!. Two different DDCI
spaces have been considered. The first one, DDCI2, inclu
excitations, either holes and/or particles, with at most t
inactive orbitals. When covalent effects are important
ML1M 2 configurations~whereL is the bridging atom be-
tween the metal atoms! play an important role in enhancin
the superexchange mechanism.17 These charge transfer con
figurations are included in the DDCI2 space as one-hole c
figurations, but their effective energy is too high unless
stantaneous repolarization of these instantaneous phy
situations is explicitly accounted for. This effect is includ
when considering the full DDCI list which includes config
rations having up to two holes, one particle and one h
two particles in the inactive orbitals and, hence, is often
noted as DDCI3. Both DDCI2 and DDCI methods have be
used to compute theJ values in various structures of KCuF3
and K2CuF4.

In order to provide an adequate comparison to availab34

and forthcoming solid state studies where configuration
teraction techniques cannot be applied, we have comp
theJ values in KCuF3 and K2CuF4 by using a spin polarized
broken symmetry approach in Hartree-Fock, UHF, or D
methods following the previous works by Martin an
Illas.26,27 These BS calculations are carried out on the sa
cluster models but using all electron basis sets as in Refs
and 27. The exchange-correlation functionals used incl
the well-known B3:LYP hybrid three-parameter function
which mixes the single determinant exchange~as in Hartree-
Fock! with the gradient corrected Becke88 exchange fu
tional, and uses the Lee-Yang-Parr gradient corrected co
lation functional,56 and a set of functionals which include a
equal mixture of Fock and DFT@local or gradient-corrected
Becke88~Ref. 57!# exchange and the correlation function
is either ignored or included in the LYP form;58 for a de-
tailed description see Ref. 27.

All CI calculations were carried out using thePSHF-CIPSI-

CASDI chain of programs.59 UHF and DFT calculations were
performed using theGAUSSIAN94 program.60

V. RESULTS

The theoretical values of magnetic coupling constants
KCuF3, Jc for A, D, andI structures andJab for the D-type
e
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one are given in Table I whereas theJab for the I and ex-
perimental ordered structures of K2CuF4 are collected in
Table II. An important general feature of all theoretical a
proaches, including the simplest UHF method, is the corr
qualitative description of the magnetic ordering. All resu
show the effective quasi-1D magnetic structure of KCu3
(Jc@Jab) and the 2D feeble ferromagnetic character
K2CuF4. Another feature is the close similarity between t
calculatedJc ~at all levels of theory! for the A andD struc-
tures of KCuF3, in agreement with experiment.

The CI calculations show a systematic improvement
the theoretical results which parallels the degree of comp
ity of the particular CI expansion used. The CASCI calcu
tions provide a qualitative description only. The DDCI2 r
sults lead to a semiquantitative agreement with
experimental values recovering roughly 50–70 % of the
perimentalJ value. This level of theory permits a fair de
scription of magnetic coupling using rather small CI spac
for the clusters used in this work the dimension of t
DDCI2 space is of;104– 105 determinants. A further im-
provement is achieved when considering the full DDCI l
~;33105– 23106 determinants!. The results are now in
very good agreement with experimental results for KCu3
and K2CuF4, in accordance with results for the more sym
metric KNiF3, K2NiF4, and La2CuO4 systems.17 This is be-

TABLE I. Magnetic coupling constants of KCuF3 in A, D, andI
structures~in K! obtained at different levels of theory using embe
ded Cu2F11 cluster models.

Computational StructureA StructureD StructureI
method Jc Jc Jab Jc

CASCI 272.2 273.6 11.9 2109.6
DDCI2 2187.5 2184.9 11.2 2276.0
DDCI 2344.0 2363.0 16.5 2513.4
Experiment19,37–41 @2405,2380# ;14.0
UHF 283.8 284.2 14.4 2130.5
B3:LYP 2680.9 2672.0 146.4 21137.9
F-S:Null 2266.2 2261.9 113.5 2402.1
F-S:LYP 2290.9 2286.5 112.0 2443.4
F-B:LYP 2251.8 2247.8 114.7 2398.8

TABLE II. Magnetic coupling constants of K2CuF4 in experi-
mental andI structures~in K! obtained at different levels of theor
using embedded Cu2F11 cluster models.

Computational
method

Experimental
structure

Jab

StructureI
Jab

CASCI 13.4 27.6
DDCI2 15.1 221.3
DDCI 114.6
Experiment42–44 @115,123#

UHF 16.5 25.7
B3:LYP 186.7 253.2
F-S:Null 123.1 221.9
F-S:LYP 125.1 223.9
F-B:LYP 121.2 221.1
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cause the DDCI space includes almost all important phys
mechanisms determining the magnitude of theJ in this kind
of ionic solids. The improvement of the numerical resu
achieved when the DDCI2 space is enlarged to form the
DDCI space is due to the inclusion of the single excitatio
of the Cu-F charge transfer determinants which account
the orbital relaxation of these instantaneous ionic form
Hence, DDCI is able to mimic the orbital relaxation effec
accounted for in the nonorthogonal configuration interact
~NOCI! approach used by Van Oosten, Broer, a
Nieuwpoort14 in their study of superconductor parent com
pounds. The use of the full DDCI list includes the sam
effects and can be applied to cases such as KNiF3 where
NOCI becomes prohibitive. We must point out that the u
of the full DDCI list is not necessary. In fact, it will be
enough to extend the DDCI2 space by including the rat
small list of the single excitations of the Cu-F charge trans
determinants. The use of the full DDCI space is just con
nient for technical reasons.

Now, we turn our attention to the BS approaches wh
can also be employed in solid state periodic calculations.
crude UHF method has been included to properly comp
the numerical results from a local cluster model approach
those that correspond to a fully periodic description as
ported in previous works.10 For KCuF3 the cluster results
nicely reproduce those arising from the periodic calculatio
by Towler, Dovesi, and Saunders.34 Hence, for eitherJc or
Jab we found286 and14 K which have to be compare
with 292 and12 K reported in Ref. 34. This fact is anothe
clear fingerprint of the local, two-body, character of the ma
netic coupling constant in the Heisenberg Hamiltonian.10,17,18

For K2CuF4 the BS UHF also correctly describes the ma
netic ordering. However, one must be aware of the fact
these UHF, cluster or periodic, calculations lead to value
J that are too small compared to experiment because of
lack of external correlation. The UHF provides a crude a
proximation to the CASCI and, hence, cannot go beyond
Anderson model. One must recognize that the magnitude
the ferromagnetic coupling constants of K2CuF4 and Jab of
KCuF3 are very small and results from this BS UHF meth
are surprisingly close to the experimental value. The D
results have been included because they currently pro
the only way to study magnetic coupling fully exploiting th
3D character of these systems. We must remark that
methods correctly predict the KK orbital ordering. The fa
that all methods predict this KK orbital ordering is a cons
quence of the electronic structure which is the driving fo
for the crystal structure. Therefore, the magnetic order
consequence of the electronic structure and not vice ver

With respect to the numerical values predicted by the
ferent DFT approaches we find the same trend as in
works by Martin and Illas.26,27 The effect of the correlation
functional is minor and all the action is taken by the e
change part. As in previous works,26,27 a reasonable numeri
cal description is only found when Hartree-Fock and DF
local or gradient-corrected, exchange are mixed on an e
footing. We must stress that the semiempirical B3:LYP fun
tional which is very popular in chemical applications a
performs very well in thermochemistry61,62gives values forJ
that are systematically 80% or more in excess with respec
the experimental ones for ferromagnetic or antiferromagn
al
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couplings. The rest of the hybrid functionals obtain nume
cal values close to the DDCI2 ones for all the structures
order to bring the B3:LYP close to the experimental valu
one must assume that, in spite of having an expectation v
of ;1.000 for the total square spin operator, the energy
the BS B3:LYP solution is that of the pure singlet state.63,64

This assumption will also violate the mapping procedu
discussed above and will lead to the absurd consequence
two equivalent BS approaches such as UHF or DFT hav
use two different mappings~see Ref. 10! to compute the
magnetic coupling constant and to the absurd conclusion
the antiferromagnetic state of a periodic system leads to
energy of the pure singlet state.

To provide further arguments about the influence of
electronic structure on the magnetic order let us have a ra
insight into the ideal,I, structures, in which the distortion
parameters in theab planes have been set equal to zero. T
consequence is that the magnetic orbitals become alm
puredz2 atomic orbitals and the KK ordering disappears. F
KCuF3 this effect enhances the superexchange mechan
along thec axis because the overlap between the magn
orbitals and the F bridgepz orbitals increases. Therefore,Jc
becomes more negative and the effective 1D character o
magnetic structure is maintained. For K2CuF4 the removal of
the structural distortion causes a different effect onJab . In
terms of the simple Anderson model where one consid
that the magnetic coupling constant has simply a weak di
exchange contribution plus a stronger antiferromagnetic
perexchange contribution toJ, the removal of the distortion
maximizes the overlap between the magnetic orbitals and
F bridge p(x,y) orbitals. Hence, the superexchange mec
nism contribution dominates over the direct exchange con
bution and the sign of the magnetic coupling constant
reversed while maintaining the 2D magnetic structure.
similar line of reasoning holds forJab in KCuF3.

VI. CONCLUSIONS

In this work difference dedicated configuration interacti
methods have been applied to properly embedded clu
models of theA- and D-type structures of KCuF3, ordered
K2CuF4 structure and the respective ideal,I, undistorted,
structures to investigate the physical contributions to
magnetic coupling constants and to provide accurate theo
ical values of this elusive physical property. To provide a
equate comparison to forthcoming periodic calculations, s
eral polarized UHF and DFT formalisms using a brok
symmetry approach have also been used. In spite of u
cluster models which explicitly consider two magnetic ce
ters only, the DDCI approach reaches a quantitative desc
tion of the magnetic coupling constant for all the experime
tal structures. The success of the DDCI method lies in
inclusion of the instantaneous relaxation of the Cu-F cha
transfer forms. This effect is crucial to correctly describe t
magnetic coupling constant in this class of wide gap io
insulators. The DFT results provide a qualitative agreem
with experiment for KCuF3 and even quantitative agreeme
for K2CuF4. However, the widely used B3:LYP functiona
givesJ values exceeding the experimental ones by a facto
1.5 to 4 for ferromagnetic or antiferromagnetic interactio
The rest of the hybrid functionals explored in this work r
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cover roughly 60% of the experimental value for antiferr
magnetic interactions and match the experimental one
ferromagnetic interactions. The orbital ordering described
Khomskii and Kugel’ is predicted at all levels of theory us
in this work provided the experimental structures of bo
solids is used as external input. We must stress the fact
crystal structure results from the electronic structure, a
magnetic order is a consequence of this electronic struct
This assertion is supported by computational experime
where the distortions in theab planes are eliminated, resul
ing in ideal I-type structures. Calculations on theseI struc-
tures reveal that the directionality of the magnetic orbitals
each Cu21 center is enhanced and has two different effects
the two compounds. In KCuF3 this larger directionality in-
creases the magnitude of the magnetic coupling cons
along thec axis because superexchange mechanism is
vored due to an increasing in overlap between open shel
O
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m

en

J

w

al
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-
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neighbor magnetic centers and the bridging ligand.
K2CuF4 the overlap between magnetic orbitals of neighb
Cu21 centers and F2 orbitals is maximized and the wea
enhancement of the antiferromagnetic contribution toJ is
slightly augmented reversing the sign ofJ for the interaction
in the ab planes.
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