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Magnetic Properties of NiO and MnO by LSDA+U
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Abstract—The spin (g and orbital (rg) magnetic moment of
the antiferromagnetic NiO and MnO have been studiethe local
spin density approximation (LSDA+U) within full paitial linear
muffin-tin orbital (FP-LMTO method with in the cauhb interaction
U varying from 0 to 10eV, exchange interactihrirom O to 1.0eV,
and volume compressioviC in range of 0 to 80%. Our calculated
results shown that the spin magnetic moments armd ditital
magnetic moments increase linearly with increatlrapdJ. While
the interesting behaviour appears when volume cesson is
greater than 70% for NiO and 50% for MnO at whichawllapses.
Further increase of volume compression to be at 8#ds to the
disappearance of both magnetic moments.

Thereby, in this work, we report on the pioneeraady
focusing on the effect of the parametérJ and theVC on
spin and orbital magnetic moment of NiO and MnOusing
the LSDA+U+FP-LMTO method. The calculated results a
described guiding to the better knowledge on magnet
phenomenon and properties of this compounds.

Il. CALCULATION DETAILS

In this work, the magnetic moments of NiO and Mn@€rev
calculated by using the local spin density appr@tion plus
the Coulomb interaction (LSDA+U) [12] method withihe

Keywor ds—spin-orbital magnetic moment, Coulomb interactioffull potential linear muffin-tin orbital (FP-LMTOJ19]. To

U and exchange interactidn volume compressioviC, LSDA+U.

|. INTRODUCTION

FOR over a decades, many researchers interested in
electronic structures and the magnetic propertiés
transition metal monoxides (TMO), such as MnO, FEOD
and NiO, have been widely investigated both expenially
and theoretically. Among these compounds, NiO am®DNre
one of the most potentially applicable compoundhpeised in
variety of applications for instance high-temperatsuper-
conductors [1], and electrochromic devices [2]isltwidely
accepted that NiO and MnO are a type Il antiferrgnedic
insulator, the magnetic moments are aligned fergyagcally
on the (111) plane and the Neel temperatug@ ¢T 523K and
122K, respectively.[3],[4]. The number of working
experimental researchs have been recently dedicated
discriminate its relevant physical and magnetic pprties
including Coulomb interactiot) [5], the magnetic moments
[6]-[8] and lattice parameter [9]Previous experitsegave the
total magnetic moment of NiO is equal to 1.3[7}, 1.641s
[6] and MnO is 4.58p [10]. Meanwhile, theoretical studies on
NiO and MnO have been accordingly carried out bgoues
calculation methods including the local spin densit
approximation plus Coulomb interaction) (LSDA+U)
[11],[22], the local spin density approximation pldynamical
mean-fields theory (LSDA+ DMFT) [13], the self-indetion
correction local spin density approximation (SICA)M4],
[15], SIC+LDA+U [16], [17], Constrained LDA [18],ra so
on. Although the electronic and magnetic propertéNiO
and MnO have been studied within LSDA+U method langn
pioneered works, but the effect of the CoulombraxtgonU,

determine the orbital magnetic moment, the spirtalrb
coupling is simultaneously included in the self-sistent
loop. The LSDA+U Hamiltonian is given by [12]

the ~ ~ ~ o~
o Hioaw =Hioa+Hu —Hoe Q)

and Hoc

double counting correction foHu , respectively. With the
Coulomb interaction U and exchange interaction]

where H.on represent LSDA Hamiltonian and

parameters, one can writdo. andHu as [12]
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When N7 =Tr(n7,) and n; is the d occupation number
matrix of spin g. Meanwhile the relation between screen
Coulomb interactionV (mm';m'm") and Slater integraF ¥

is given by

(4)

2
V(mm';m"m’) =" c* (Im Im")c* (I, Im")F <
k=0

where ¢ (Im,Im") is a Gaunt coefficient. For NiO, MnO all

. . 2 4
the exchange interactiod and the volume compression on3d TMO materials, three Slater integrals Bf, F* and F

both spin and orbital magnetic moment have not betn
investigated.
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are involved in calculation, which they connectegarameter
UandJbyU =F° andJ = (F?+F*)/14 [13].

Our calculations assumed NiO and MnO as a type I
antiferromagnetic with a lattice constant of 7.9261. and
8.393 a.u., respectively. The muffin-tin radii of?f 0% and

Mn?*, O % jons are 2.179, 1.783 a.u, and 2.346, 1.843 a.u.,

respectively and the volume compression was detiyad\VVo
ratio. The effect olJ, J andVC on the magnetic properties of

234



International Journal of Engineering, Mathematical and Physical Sciences
ISSN: 2517-9934
Vol:6, No:3, 2012

NiO and MnO were studied varying, J andVC ranging from
0-10 eV, 0-1.0eV and 0-80% , respectively.

I1l.  RESULTSAND DISCUSSIONS

A. Effect of U and J

proportional to the exchange interactidnwhich the ratio of
m, and J approximated 1:1. Since on the atomic scale, the
exchange interaction J tends to align neighbounsspp the
total magnetic moment increase with increasing Jf
Therefore we can conclude that the magnetic momiepénd
on both U and. It is noticed that total magnetic moments of

Magnetic moments of NiO and MnO were evaluated &€iO and MnO increase with increasingldfandJ.

function of Coulomb interaction U and exchangernat&on J,
which the corresponding results are illustrateérigure 1 and
Figure 2, respectively. The calculation was caroet by the
LSDA+U method at designed of 0.40eV, 0.60eV, 0.80eV
and 0.95eV and normal volume without compressione T
result shows that total magnetic moments of NiO &rD
gradually increase with increasing Coulomb intecactas
shown in Figure 1. This feature is understandaflgiéw of
the reason that the Coulomb interactibh enhances the
electron localization, which leads to magnetic motgain.
Moreover, the 10% change &f can induce the change of
0.3% in total magnetic moments.
moments of NiO and MnO are summarized in Tablen1
comparison with experimental data and previous ltedwy
other calculated methods. Our calculated resultsalethat the
orbital magnetic moments are underestimated comgaid
the experiment results [21] meanwhile the spin retign
moment and CoulombU values are agreement with
experimental data [5],[7]
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Fig. 1 The total magnetic moment at normal presstiiO(top) and
MnO(bottom) depend on the Coulomb interactibfor all J

Furthermore, In Figure Z2Zexhibits the total magnetic
moment of NiO and MnO also strongly dependldar all U .

Calculated magnetic
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Fig. 2 The total magnetic moment at normal presstiiO(top) and
MnO (bottom) depend on the Coulomb interactidor all U.

B. Effect of VC

Figure 3 shows the variations of the spin)(and orbital
(m,) magnetic moments of NiO and MnO as a function of
volume compression & of 8.0eV. It is noticed that grand
m, decrease with increasingC whereas the spin magnetic
moment slightly decrease. At the compression rarfi@e60%
for NiO and 0-50% for MnO, the gndecreases from its
original value by 0.6% (NiO) and 1.2% (MnO) as ti€
increases by 10%. As théC is larger than 70%, the spin
magnetic moment of NiO and MnO rapidly decreasezeto.
Meanwhile, the value of orbital magnetic moment NifD
gradually decreases by 2.0% for every 10% increga%ia
until the collapse of goccurs at 80% o¥C. This strange
behaviour may be originated from the delocalizatddrmost
electrons.Furthermore, Figure 3 shown the intergsti
phenomena while volume was compressed 60%. Thevalu
spin and orbital magnetic moment of NiO equate MhCour
notion, at this point, the electronic structure\a® and MnO
should be similarly. This strange phenomena is equit
interesting and still in doubt therefore the furthdeep
researches not only experimental but also thealetiorks

The calculated results of total magnetic moments a@re required for better clarification
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TABLE |
CALCULATED RESULTS AND EXPERIMENTAL DATA OF THECOULOMB INTERACTION U (EV), THE EXCHANGE INTERACTIONJ (EV),
THE SPIN Ms(its) AND THE ORBITAL Mo (1g) MAGNETIC MOMENT OFNIO AND MNO AT NORMAL PRESSURE

NiO MnO
Parameter ) )
OurWork GGA[11] LSDA+U [12] Experiment Our work LDAW [17] experiment
U 1.0-10 6.20 8.00 5.80 [5] 1.0-10 6.9 -
J 0-1.0 1.36 0.89 - 0-1.0 0.86 -
1.64[6],
mg 1.39-1.85 2.00 1.64 1.77[7], 4.42-4.77 4.59 2?3%;2{
1.90 18],[21] ’
mg 0.14-0.17 - 0.29 0.32[21] - -
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