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Effect of Exchange Interaction J on
Magnetic Moment of MnO

C. Thassana and W. Techitdheera

Abstract—This calculation focus on the effect of exchange
interaction J and Coulomb interaction U on spin magnetic moments
(ms) of MnO by using the local spin density approximation plus the
Coulomb interaction (LSDA+U) method within full potential linear
muffin-tin orbital (FP-LMTO). Our calculated results indicated that
the spin magnetic moments correlated to J and U. The relevant
results exhibited the increasing spin magnetic moments with
increasing exchange interaction and Coulomb interaction.
Furthermore, equations of spin magnetic moment, which  h good
correspondence to the experimental data 4.58ug, are defined mg =
0.11J +4.52pg and mg = 0.03U+4.52up. So, the relation of J and U
parameter is obtained, it is obviously, J = -0.249U+1.346 eV.

Keywords—exchange interaction J, the Coulomb interaction U,
spin magnetic moment, LSDA+U, MnO.

I. INTRODUCTION

VER decades, electronic structure and magnetic

properties of 3d-transition metal monoxides (TMO) such
as MnO, FeO, CoO and NiO, have been extensively
investigated both experimentally and theoretically. Among
these materials, The most potentially applicable material being
used in wide range of applications such as high-temperature
superconductors, antiferromagnetic material [1], and
electrochromic devices [2]. It is well recognized that MnO is a
type Il antiferromagnetic insulator with the Neel temperature
(Tn) of 122K. At temperature above Ty, MnO has a cubic
rocksalt (B1) structure and below Ty, the magnetic moments
are aligned ferromagnetically on the (111) plane
orientation[3]. The magnetic moment from experiment was
4.58ug[4], Meanwhile, theoretical studies on MnO have been
accordingly carried out by various calculations including
self-interaction corrected local spin density approximation
(SIC-LSDA) [5,6], Constrained local density approximation
(Constrained-LDA)[7], self-interaction corrected local density
approximation plus Coulomb interaction (SIC-LDA+U)[8,9],
hybrid approximation [10], Quasiparticle GW approximation
(QP-GWI[11]), LSIC[12], EXX [13] and so on. Moreover,
these methods also differ on J and U parameter for instance
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J=0.86¢eV,U=69V[7], ) =09eV, U=468eV[8].
The spin magnetic moments, which were calculated from this
method, shown in the table 1. Compare to the experiment [4],
both they overestimated [6,7,12,13] and underestimated
[5,8,10].

Although the electronic and magnetic properties of MnO
have been studies within LSDA+U method by many
pioneered works, but the effect of exchange interaction J and
Coulomb interaction U on magnetic properties and equation of
spin magnetic, as a function of J or U, have not yet been
investigated. Thereby, in this work, we report on the
pioneered study focusing on the effect of the parameter U and
J on spin magnetic moment of MnO by using the FP-LMTO
within the LSDA+U method. First, the magnetic moments
were calculated by J ranging from 0 — 1.0 eV. The calculation
was conducted at constant U. The next calculation was
carried out by varying the Coulomb interaction from 0 to 6 eV
at constant exchange interaction. Finally, magnetic equations,
as a function of J and U, and the relation of J and U were
defined.

I1.COMPUTATIONAL DETAIL

In this work, the spin magnetic moments of MnO were
calculated by using the local spin density approximation plus
the Coulomb interaction (LSDA+U) method within the full
potential linear muffin-tin orbital (FP-LMTO)[14], which is
among the most accurate method for performing electronic
structure and magnetic properties for 3-d transition metal
monoxide.

All the calculations and methods are performed using the
MSTUDIO 7.0 package [15]. The muffin-tin radii of Mn*
and O% ions were 2.346 a.u. and 1.843 a.u., respectively. The
lattice constant of MnO is 4.44 A at normal pressure. While U
and J parameter were defined U = F® and J = (F2+F*)/14 [16].
Our calculations, the effect of J and U on the spin magnetic
moments of MnO were studied. Firstly, the spin magnetic
moments, which the J and U were varied from 0 to 1.0 eV and
1.0 to 5.0 eV, were calculated. Finally, the relation of J and U
parameter was obtained where the spin magnetic moment is
4.58ug [4].

I1l. RESULTS AND DISCUSSIONS

The value of the spin magnetic moments of MnO at normal
pressure were calculated by self-consistently LSDA+U
method. In Fig 1 is shown that the spin magnetic moments, as
a function of J for all U, slightly increased with increasing of
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J. Since the exchange interactions should be analyzed by
means of quantum theory, so it strongly concerns with spin-
spin interactions. More specifically, on the atomic scale, the
exchange interaction J tends to align neighbor spins so the
spin magnetic moment increase with increasing of J.
Moreover, our calculations show equation of the spin
magnetic moment (m;) and J was defined

M = 0.11] + 4.52 pig 1)

where mg and J represent the spin magnetic moment and
exchange interaction, respectively.
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Fig. 1. represents the spin magnetic moment of MnO depend
on the exchange interaction Jfor U= 4and 5eV .
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Fig. 2. Represents the spin magnetic moment of MnO depend
onU for J= 0.86and 1.0 eV.

Furthermore, the spin magnetic moment also depend on U
as shown in Fig 2. Our results were shown the spin magnetic
moments are proportional to the Coulomb interaction U. Since
U enhances the electron localization, which leads to magnetic
moment gain.

In addition, equation of the spin magnetic moment (m;) and

U was defined
ms = 0.03U + 4.52 pg. 2

where mg and U represent the spin magnetic moment and
the Coulomb interaction, respectively.
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Fig. 3. represents the relation of U and J where the spin magnetic
moment is 4.58ug.

In table 1 shown our calculation the values of spin magnetic
moments were 4.37ug. (U=1.0 eV, J=0 eV) to 4.67 us.
(U=5.0eV, J=1.0 eV). Therefore we can conclude that
the spin magnetic moment depend on both U and J. In Fig 3.
shown the relation of U and J where the spin magnetic
moment is 4.58 pg[4], We found that J linearly decreased
about 0.249 with increasing of U 1.0 eV. Hence, the relation
of J and U was obtained :

J =-0.249 U +1.346 eV. ©)

However, the values of spin magnetic moment, were
calculated by using LDA+UP™ [9] and Constrained LSDA[7]
which both methods used U of 6.9 eV and J of 0.86 eV
were 4.59up and 4.61ug, respectively. While our calculation it
be equal to 4.58uB we use J as 0.86 eV and 2 eV of U.

IV. CONCLUSIONS

Effect of the exchange interaction J and Coulomb
interaction U on the spin magnetic moment of MnO was
studied by using the local density approximation plus the
Coulomb interaction method within the full potential linear
muffin-tin orbital. Our results revealed that the value of the
spin magnetic moments are depend on J and U. Furthermore
we can define mg=0.11J + 4.52 pg and ms = 0.03U + 4.52 pg
In addition, the relation of exchange interaction J and
Coulomb interaction U is defined J =-0.249U+1.346eV.
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TABLE |
CALCULATED THE SPIN MAGNETIC MOMENT m (p1g),
EXCHANGE INTERACTION J (8V) AND THE COULOMB INTERACTION U (eV).

Methods U (eV) J(eV) ms (ug)
This Work 0-6 0-1.0 4.37-4.67
Experiment [4] - - 4.58
SIC-LSDA-ASA[6] - - 4.64
Constrained LSDA[7] 6.9 0.86 4.61
LDA+U®*?[9] 6.9 0.86 459
Hybrid [10] - - 4.46
QP+GWI[11] - - 4.50
LSIC[12] - - 4.63
EXX[13] - - 481
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