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It has been found experimentally that the ferroelectricity in Y2CoMnO6 is driven by a magnetic ordering of
collinear up-up-down-down (↑↑↓↓). Here, the origin of the magnetism and thereby ferroelectricity is studied
using first-principles calculations. We firstly confirm that the experimentally observed ↑↑↓↓ antiferromagnetic
structure is the ground state of Y2CoMnO6. Additionally, both the Co2+ and Mn4+ are in the high-spin state.
By analyzing the exchange coupling and corresponding pathways, we conclude that the ↑↑↓↓ spin order in
Y2CoMnO6 originates from a subtle competition between the ferromagnetic Co-O-Mn super-exchange and
antiferromagnetic Co-Mn direct-exchange along c axis.

Magnetoelectric (ME) multiferroics with ferromagnetic
and ferroelectric order in the same phase are interested due
to their potential applications to memory and magnetic stor-
age devices[1, 2]. One of the ME materials with magnetically
induced ferroelectric order is particularly interesting due to
their strong ME coupling, which is important for the elec-
tric control of magnetism or vice versa[3]. There are two
types of ME materials with the ferroelectricity driven by the
magnetic order: one in which ferroelectricity is caused by
an noncollinear (spiral) magnetic ordering and the other in
which magnetostriction driven ferroelectricity can be induced
by collinear magnetic ordering[4]. As such, the origin of mag-
netic ordering in these material is especially correlated with
the ME performance.

The second type of magnetostriction driven ferroelectrici-
ty to date is caused by a collinear up-up-down-down (↑↑↓↓)
magnetic structure. The different distortion of ferro and anti-
ferro bonds (↑↑ and ↑↓) breaks inversion symmetry and re-
sults in ferroelectricity. This phenomenon is firstly found
in Ca3CoMnO6[5, 6] and then spreads to some double per-
ovskites R2CoMnO6 (R = Y or Rare earth metals)[7, 9].
The special ↑↑↓↓ magnetic structure has been observed
in Ca3CoMnO6 below TN ≈ 13 K and attributed to the
stronger exchange interaction between adjacent metal ion-
s with identical spin (next-nearest-neighbor Co-Co and Mn-
Mn) than between adjacent metal ions with opposite spin-
s (nearest-neighbor Co-Mn)[10]. Recently, the ferroelectric
↑↑↓↓ spin configuration has been detected in double per-
ovskites Lu2CoMnO6 with magnetic and ferroelectric tran-
sition temperature TN ≈ 35 K [7] and Y2CoMnO6 with TN

≈ 80 K[9], while the origin of ↑↑↓↓ phase has not yet been
researched, although it has been proposed to be the same with
that in Ca3CoMnO6[7, 9]. However, as we will see below, the
structure of R2CoMnO6 is very different from Ca3CoMnO6,
especially the next-nearest-neighbor (NNN) Co-Co or Mn-Mn
distances are much larger (7.41Å in Lu2CoMnO6 and 7.46Å
in Y2CoMnO6) than those of Ca3CoMnO6 (5.29 Å). Hence,
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FIG. 1: (color online)Monoclinic structure of Y2CoMn6. (a) Repre-
sentation in three dimensions and (b) in the (a,b) plane.

the exchange interactions of NNN Co-Co/Mn-Mn are greatly
weakened and not comparable to those of the nearest-neighbor
(NN) Co-Mn. Besides, more recently reported magnetic mea-
surements reflect that Y2CoMnO6 becomes ferromagnetic be-
low TC ≈ 75 K[11]. Therefore, it is highly demanded a fur-
ther study for Y2CoMnO6 to clarify the nature and origin of
magnetism, which are crucial for the appearance of ferroelec-
tricity in similar double perovskites.

We performed first-principles calculations to identify the
nature and to seek the origin of the magnetic ground state.
Our results firstly confirm that the ↑↑↓↓ state is the magnetic
ground state for the P21/n structure determined by experimen-
t. Furthermore, by analyzing the exchange coupling and cor-
responding pathways, we conclude that the ↑↑↓↓ spin order in
Y2CoMnO6 originates from a subtle competition between the
ferromagnetic (FM) Co-O-Mn super-exchange and antiferro-
magnetic (AFM) Co-Mn direct-exchange along c axis. Such
subtle magnetic origin, which is very sensitive to even a smal-
l perturbation, results in a large discrepancy between theory
and experiment results for the polarization of Y2CoMnO6.

Our calculations were performed by using the stan-
dard full-potential linearized augmented plane wave code
WIEN2k[12]. The muffin-tin sphere radii were chosen to be
2.2, 2.0, 2.0, and 1.4 a.u. for Y, Co, Mn and O atoms, re-
spectively. The cutoff energy of 16 Ry was used for plane
wave expansion. The calculations were fully converged using
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FIG. 2: Schematic representation of magnetic configurations AF1,
AF2, AF2*, AF3 and AF4 used in our calculations. Only Co and Mn
atoms are drawn: squares and circles denote the Co2+ and Mn4+

ions, respectively, and the up and down spins are represented by the
white and black filling, respectively.

200 k points in the first Brillouin zone. To account for the
strong electron correlations, the local spin density approxima-
tion plus Hubbard U (LSDA+U) calculations[13] were carried
out, with U = 5 (4) eV for Co (Mn) and Hund exchange J =
0.9 eV for both Co and Mn, which have been widely used in
Ca3CoMnO6[6, 10].

We take the experimental structure data of monoclinic lat-
tice (P21/n) which have the lattice constant a = 5.2322Å, b =
5.5901Å and c = 7.4685Å[9]. As shown in Fig. 1, the MnO6

and CoO6 octahedral are corner-sharing and alternate along
all a, b, and c directions in double-perovskite Y2CoMnO6.
This structural characteristic is obviously different from that
of Ca3CoMnO6, in which the MnO6 and CoO6 octahedral are
face-sharing along c direction and CoMnO6 chains are iso-
lated by Ca ions. The nearest Co-Mn distance is 3.73Å in
Y2CoMnO6 while 2.65Å in Ca3CoMnO6. In the following,
we will explore the magnetic ground state of Y2CoMnO6 and
its origin according to the structural characteristic.

To confirm that the ↑↑↓↓ state is the magnetic ground s-
tate, six possible magnetic configurations are considered (see
Fig. 2): FM, AF1 (↑↑↓↓ intrachain and FM interchain), AF2
(↑↓↑↓intrachain and AFM interchain), AF2* ((↑↓↑↓intrachain
and FM interchain), AF3 (↑↑↑↓ with identical spins at the Mn
sites), AF4 (↓↑↑↑ with identical spins at the Co sites). These
states are constructed using 1×1×2 supercell. From Table I,
our LSDA+U results exhibit that the AF1 of ↑↑↓↓ state is the
lowest-energy state, which is consistent with the experimental
result from Sharma et al.[9]. In addition, the FM and AF2*
of ↑↓↑↓ states, which have been the controversial ground s-
tate of Y2CoMnO6[11] and Ca3CoMnO6[6, 10], are only 10
and 25 meV/f.u. less stable than the ground state AF1. The
small energy difference of these three states indicates a weak
exchange interaction.

Now, we estimate the exchange constants between magnet-
ic atoms: the NN Co-Mn J1, the NNN Co-Mn J2, the NN
Co-Co J3, and the NN Mn-Mn J4 (Fig. 2(AF1)). By map-
ping the obtained total energies for each magnetic state to the
Heisenberg model, the exchange interactions J1, J2, J3 and J4
were calculated within the approximation:

4S2(4J1 + 4× 2J3 + 4× 2J4) = E(FM)− E(AF1) (1)

4S2(8J1 + 4× 4J2) = E(FM)− E(AF2) (2)

TABLE I: The total energy E (meV/ (4f. u.)), magnetic moment M
(µB) per Co/Mn in different magnetic states.

Configuration E M(Co/Mn)
FM 38 2.57/2.92
AF1 0 2.57/2.89
AF2 290 2.61/2.67
AF2* 100 2.57/2.86
AF3 154 2.59/2.80
AF4 148 2.59/2.77
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FIG. 3: (color online) The density of states (DOS) of Co-3d and Mn-
3d obitals for the AF1 ground state of Y2CoMnO6 by LSDA+U.

4S2(4J1 + 4× 2J2 + 4× 2J3) = E(FM)− E(AF3) (3)

4S2(4J1 + 4× 2J2 + 4× 2J4) = E(FM)− E(AF4) (4)

Since the spin size of Co2+ and Mn4+ are stable and are high-
spin (see Table I), with the moment S=3/2, we get J1=0.99
meV, J2=-4.5meV, J3=0.14meV and J4=0.22meV. These val-
ues reflect that in addition to a relatively strong FM interaction
along J2, all the J1, J3 and J4 are weakly AF.

Next, the orbital occupations are analyzed to seek the origin
of the exchange constant and the ground state. The density of
states (DOS) of Co-3d and Mn-3d obitals for the AF1 ground
state are presented in Fig. 3. Y2CoMnO6 is insulating with
a band gap of 1.2 eV. In the approximately octahedral crys-
tal field, the 3d manifold splits into lower t2g and upper eg
states. For the 3d orbital of Co2+, the up-spin is fully occu-
pied and down-spin is partially occupied on t2g states, which
suggests a high-spin Co2+. Mn4+ is also high-spin, that is,
the three electrons are parallelly occupied on the up-spin t2g
states. According to the occupations, schematic energy level
and possible interactions are demonstrated in Fig. 4. Along
J1 and J2 directions, there could be a FM superexchange (SE)
via a hopping of Co2+ eg electrons to the empty Mn4+ eg s-
tates, and a AFM direct-exchange (DE) between the partially
occupied Co2+ t2g states and the half occupied Mn4+ t2g s-
tates. So there is a competition between the FM and AFM
couplings. As we know, the SE is more influenced by the Co-
O-Mn angle, while the DE is by the Co-Mn distance. Here,
the Co-O-Mn angle along J1 and J2 are similar, but the Co-Mn
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FIG. 4: Schematic crystal field level diagrams of the high-spin Co2+

and Mn4+. The eg electrons hopping leads to a FM coupling while
the t2g electrons hopping to a AFM coupling.

distance along J1 (3.73 Å) is smaller than that along J2 (3.83
Å). Therefore, the FM SE in both directions are identical and
the AFM DE along J1 could more or less larger than that a-
long J2. As a result, a relatively strong FM interaction along
J2 is obtained due to the dominate FM SE, while a strong com-
petition between the FM SE and AFM DE results in a weak
AFM interaction along J1. As for J3 and J4, only AFM DE
exists along both directions. Since the nearest-neighbor Co-
Co and Mn-Mn distances (5.34 Å and 5.35 Å) are relatively
large, both J3 and J4 are weakly AF. All in all, ↑↑↓↓ ground
state originates from the strong competition between the FM
SE and AFM DE along J1, like a frustration. As the low-
ered temperature, the system chooses a crystal distortion or a
Co-Mn dimerization to release the competition (frustration),
because a definite AFM DE is dominant between the short-
ened Co-Mn sites while a FM interaction should be the case
between the elongated Co-Mn sites.

This picture can be strengthened by the behavior in
its sister double perovskites, typically in Lu2CoMnO6

and La2CoMnO6. In Lu2CoMnO6, the Co-O-Mn angle
(141.8◦)and Co-Mn distance (3.71Å) along J1 are very simi-
lar with that of Y2CoMnO6 (141.6◦ and 3.73 Å). The above
mentioned competition is active and results in the same ↑↑↓↓
ground state and hence ferroelectricity in Lu2CoMnO6. How-
ever, in another double perovskite La2CoMnO6, a FM ground
state with a higher Curie temperature Tc of 226 K has been
obtained[14]. The Co-O-Mn angle (157.0◦)and Co-Mn dis-
tance (3.89Å) along J1 are much increased in La2CoMnO6,
due to the relatively larger ionic radii of La3+ than Y3+ and
Lu3+. The Co-O-Mn angle close to 180◦ should enhance the
FM SE and the increased Co-Mn distance will weaken the
AFM DE. Finally, the competition mentioned before is absent

here and a definite FM ground state is the case.
To see whether there is a Co-Mn dimerization, the struc-

ture of Y2CoMnO6 in ↑↑↓↓ configuration is optimized by re-
laxing the atom positions but fixing the cell parameters. The
optimized structure shows that the Co-Mn distance is 3.75 Å
between the two sites with identical spins, and 3.73 Å be-
tween that with opposite spins. These atom displacements
result in an non-centrosymmetric structure, which is the mi-
croscopic source of ferroelectricity in otherwise centrosym-
metric structure of Y2CoMnO6. Further to estimate the fer-
roelectric polarization of Y2CoMnO6, the electric polariza-
tions for the ”ferroelectric” optimized structure and ”paraelec-
tric” centrosymmetric structure are calculated using the Berry
phase method[15]. From the difference of the two structures
in polarization, the ferroelectric polarization of Y2CoMnO6

is estimated to be 500000 µC/m2, which is much larger than
the experimental value of 65 µC/m2. This large discrepan-
cy between theory and experiment results for the polarization
of Y2CoMnO6 is compatible with the subtle magnetic origin,
which is very sensitive to even a small perturbation and thus a
stable long-range ↑↑↓↓ state is difficult to achieve.

To summarize, using first-principles calculations, we
find that ↑↑↓↓ magnetic structure is the ground state of
Y2CoMnO6. From the orbital occupations, both the Co2+

and Mn4+ are in the high-spin state. Furthermore, the ex-
change coupling and corresponding pathways are analyzed
to seek the magnetic origin, in which the ↑↑↓↓ spin order
in Y2CoMnO6 is found to be originated from a subtle com-
petition between the ferromagnetic Co-O-Mn super-exchange
and antiferromagnetic Co-Mn direct-exchange along c axis.
At last, our results predict a strong electric polarization of
Y2CoMnO6, much larger than the experimental one. This dis-
crepancy most probably arises from that the experiment can
not practically achieve the stable long-range ↑↑↓↓ state yet.
Our derived physical mechanism above will certainly stimu-
late the on-going experiment.
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