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An elastic Ising model for a one-dimensional diatomic spin chain is proposed to explain the ferroelectricity induced

by the collinear magnetic order with a low-excited energy state. A statistical theory based on this model is developed

to calculate the electrical and magnetic properties of Ca3CoMnO6, a typical quasi-one-dimensional diatomic spin chain

system. The calculated ferroelectric polarization and dielectric susceptibility show a good agreement with recently

reported data on Ca3Co2−xMnxO6 (x ≈ 0.96) (Phys. Rev. Lett. 100 047601 (2008)), although the predicted magnetic

susceptibility does not coincide well with experiment. We also address the rationality and deficiency of this model by

including a first-order correction which improves the consistency between the model and experiment.
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1. Introduction

The phenomenon of both ferroelectricity and

magnetism existing simultaneously in compounds,

the so-called multiferrocity, has shown great poten-

tial for both practical applications and fundamental

studies.[1−8] The magnetoelectric (ME) coupling be-

tween the frustrated magnetic orders and ferroelec-

tricity in several systems has been investigated in

the past few years, although the microscopic mecha-

nism still remains unclear.[9−12] It is deduced that the

spiral magnetic order is the origin of multiferrocity

on one occasion, as the spin current picture[9,10] and

the Dzyaloshinskii–Moriya interaction (DMI)[13,14] are

believed to play the crucial roles[11,12] for the mag-

netic frustration of spiral magnetic order. Some works

based on these mechanisms show the ferroelectricity to

be consistent with experiment for quite a number of

spiral spin ordered systems.[15,16]

However, recent discoveries show the existence

of magnetism-driven ferroelectricity in the system

with collinear spin order, in which the mecha-

nisms of spiral magnetic order fail to work well

on the ME coupling.[17,18] In Ref.[18], Choi et al

suggested that the ferroelectricity in the system of

Ca3Co2−xMnxO6 (x ≈ 0.96) is driven by exchange

striction. Ca3Co2−xMnxO6 can be viewed as a doped

Ca3Co2O6 material where the Co ions are partially

replaced by Mn ions, and the parallel diatomic Ising

spin chains of CoMnO6 form a triangular lattice in the

ab-plane. Along the c-axis, the CoMnO6 chain con-

sists of face-sharing CoO3 trigonal prisms and MnO3

octahedral prisms, and we find the intrachain interac-

tions along the c-axis are much stronger than the ones

between CoMnO6 chains.

In the Ca3Co2−xMnxO6 system, while x = 1, the

Mn and Co ions will alternate in each chain occupy-

ing the high-spin and low-spin sites, and each Ising

chain has an up–up–down–down (↑↑↓↓) magnetic or-

der in the ground state.[18,19] Different from the fer-

roelectricity driven by spiral magnets, in this system

with an FM exchange interaction between the nearest-

neighbor spins, the exchange striction in each spin

chain, which shortens the bonds between the paral-

lel spins and stretches the bonds between antiparallel

spins, is responsible for the electric polarization. This

exchange striction mechanism is attributed to the elas-

tic energy in the Ising-like model to be constructed

below.

To explain quantitatively the ferroelectricity in-

duced by exchange striction for Ca3Co2−xMnxO6, we

start from a one-dimensional spin chain, with which
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an elastic Ising model will be proposed. We assume

that Ca3CoMnO6 consists of parallel one-dimensional

diatomic spin chains which are independent of each

other, as the interchain exchange interaction is much

smaller than the one in the spin chain. Then we deal

with only a single diatomic spin chain, in which the

long range is suggested to be unbroken.

With a low-excited-state assumption and its first-

order correction, we address the rationality of the elas-

tic model by applying it to investigate the ferroelec-

tricity generation in Ca3Co2−xMnxO6 and tempera-

ture dependences of polarization, magnetic suscepti-

bility and dielectric susceptibility. The major aim

of this work is to illustrate the suggestion in Ref.[18]

for the mechanism of ferroelectricity in the Ising spin

chain system.

2. Model and formulation

We start from the diatomic Ising model for a sin-

gle one-dimensional spin chain. For such a chain with

alternating magnetic ions Mn and Co, we consider

the nearest-neighbor FM interaction (JF > 0) and

next-nearest-neighbor AFM interaction (JAF < 0). In

Fig.1(a) we draw schematically two forms of diatomic

spin chains aligned along the c-axis. As expected, the

ground state has an up–up–down–down magnetic or-

der if −JAF/JF > n/(1+n2), where n = SA/SB.[18,19]

The Hamiltonian for such an Ising model is

H = −JF

∑

〈ij〉

Si · Sj − JAF

∑

[ij]

Si · Sj

− hµBgl

∑

i

Si +
1

2

∑

i

kir
2
i , (1)

where subscript 〈ij〉 refers to the nearest-neighbor spin

pair and [ij] the next nearest-neighbor pair, Si repre-

sents the spin of ion on site i, h denotes the external

magnetic field, µB is the Bohr magnon, gl is the Lande

factor and ki is the stiffness factor for the ion on site

i.

2.1. Elastic interaction

Taking account of the exchange striction effect,

for an FM interaction, there is an attraction force

between two ions with parallel spins, and a repul-

sion force between ones with antiparallel spins. As

shown in Fig.1(a), where the dashed circles represent

the original ion positions without exchange striction,

the up–up–down–down spin order with alternating Mn

and Co ions which breaks the inversion symmetry has

two configurations (the left and right chains) inducing

opposite polarizations.[18] Take the first configuration

for example (the left chain in Fig.1(a)), all the Mn ions

have an upward displacement while all the Co ions dis-

place downwards. Taking the upward direction as the

positive c-axis, we have the total electric polarization

at temperature T = 0 for the Ising chain:

P (T = 0) =

2N
∑

i=1

Pi = N (PMn + PCo) , (2)

where N is the number of Mn and Co ions in a unit

volume, Pi is the electric polarization of the ion on

site i defined with respect to the position with no ex-

change striction. Here PMn and PCo are the electric

polarizations defined with respect to the shift of Mn

and Co ions, respectively. The exchange force com-

peting with the restoring force from the crystal lattice

causes the displacement of the ions.

Fig.1. (a) Two configurations of the up–up–down–down

Ising chain with alternating Mn and Co ions. The dashed

circles represent the original positions of the ions and the

arrows indicate the spin directions. (b) Change of polar-

ization upon one spin flipping from the configuration in

the left chain into the right one.

Along these lines, an elastic Ising model is in-

troduced to describe the exchange striction and the

exchange energy terms JF and JAF should contain a
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long-range elastic term:[20]

J = J0((rij/r0)
12 − (rij/r0)

6), (3)

where rij is the distance between the ions on site i

and site j, and r0 is the original distance between two

ions without elastic exchange. Considering the elastic

exchange associated with the next-nearest-neighbor

terms (JAF), no symmetry breaking can be found

to cause effective exchange striction. This indicates

that the elastic interaction should only apply to the

nearest-neighbor interaction JF. We denote the dis-

placement of the ion on site i as ri, then the distance

rij can be represented as: rij = r0 + ri + rj . Since ri

is a relatively small quantity with respect to r0, the

elastic energy can be cut-off only to the first order.

2.2. Ferroelectricity at ground state

From the Hamiltonian in Eq.(1), together with

the elastic energy in Eq.(3) for the nearest-neighbor

terms (JF), one obtains the ion equilibrium position

by minimizing H1 with respect to ri. Therefore with

the displacement ri, the electric polarization in the

ground state (T = 0) in Eq.(2) can be expressed as

P (T = 0) =

2N
∑

i=1

Qi · ri

= N

(

QMn ·
12JFSMn · SCo

r0kMn

− QCo ·
12JFSMn · SCo

r0kCo

)

, (4)

where Qi is the electric charge of the ion on site i

(QMn, QCo).

For the Ca3Co2−xMnxO6 system, the parallel

Mn–Co chains along the c-axis form a triangular

lattice in the ab-plane. The interchain distance is

a =5.24 Å (1 Å=0.1nm) and the intrachain distance

is r0 =2.65 Å.[21−23] The number of Mn–Co couples

in a unit volume N =1.57×1028 m−3. Then we have

QMn = 4e and QCo = 2e. The spin for the Mn ion is

SMn = 3/2, and for the Co ion is SCo = 1/2.

Furthermore, for Ca3Co2−xMnxO6, six Mn–O

bonds form an octahedral prism, while six Co–O

bonds form a trigonal prism. Three of the six Mn–

O (or Co–O) bonds have an angle θMn (or θCo) from

the Mn–Co chain along the c-axis, while the others

have the angle π − θMn (or π − θCo). We treat the co-

valent bond equivalent to a Coulomb interaction with

equivalent charge Q∗Mn = αQMn, Q∗Co = αQCo and

Q∗O = αQO where QO = 2e is the charge of the oxy-

gen ion. Only considering the interaction along the

c-axis, the Coulomb interaction from these six bonds

can be regarded as a harmonic oscillator when the

displacement is small, so that the stiffness factors for

these bonds can be evaluated. We have the Coulomb

interaction F for the Mn–O bonds and Co–O bonds:

F =
3

4πε0
·

(

QµQOα2 cos (θµ)

(Rµ − rµ/cos (θµ))
2

+
QµQOα2 cos (π − θµ)

(Rµ − rµ/cos (π − θµ))
2

)

≈
3QµQOα2

πε0R3
µ

· rµ,

µ = Mn, Co, (5)

where ε0 is the dielectric constant in vacuum, the

length of the Mn–O bond is RMn = 1.905 Å, the length

of the Co–O bond is RCo = 2.140 Å.[21−23] So the stiff-

ness factor can then be expressed as

kµ =
3QµQOα2

πε0R3
µ

, µ = Mn, Co. (6)

Taking α = 0.4, we obtain kMn = 2.89×102 N/m,

the stiffness factor for Mn–O bonds, and kCo = 1.01×

102 N/m, the factor for Co–O bonds.

2.3. Temperature dependence

Subsequently, we investigate the temperature de-

pendency of electric polarization. At a nonzero T ,

some of the Mn and Co spins may flip due to the

thermal activation. As an approximation we only con-

sider the low-excited-state (LES) at a low T , which

means that the ferroelectricity is generated from the

LES associated with the ground state of the up–up–

down–down magnetic order. Consequently, the ferro-

electricity is sensitive to the magnetic order (or spin

configuration of the chain) but the latter can be very

stable because of the strong intra-chain exchange in-

teraction. To understand this ‘sensitivity’ and ‘stabil-

ity’, one may consult Ref.[18]. The measured electric

polarization for Ca3Co2−xMnxO6 (x = 0.96) cooled

down to 3.1 K is much smaller than the one cooled

down to 2 K. Furthermore, it is expected that the

electric polarization as a function of x reaches its max-

ima at x =1, and falls down quickly with decreasing

x. Upon a magnetic field h being applied along the

chain direction (h = 4 T, 7 T), the electric polariza-

tion is partially suppressed but does not disappear.

We therefore argue that Ca3Co2−xMnxO6 can be well
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approached by the present diatomic spin chain model

under the LES assumption.

Now we discuss the dynamics of spin flip at a

given low T . The dynamics may prefer a single spin

flip sequence rather than a collective one due to the

low-excited state. The dynamic can be calculated

within the mean-field approximation. While a Co ion

has its spin flipped, as shown in Fig.1(b) for an ex-

ample (from the left chain to the right chain), its own

displacement will turn to the opposite direction and

its two nearest-neighbor Mn ions will return to their

original positions where no electric polarization ap-

pears. The change of polarization for one spin flip can

be represented as

∆P = −2(PMn + PCo). (7)

The excited energy for this spin flip is under

h = 0:

∆Eµ = 4JAF · S2
µ, µ = Mn, Co. (8)

According to the Boltzmann statistics, the probability

for the Mn/Co spin flip can be defined as

ωµ = exp

(

4JAF · S2
µ

kT

)/(

1 + exp

(

4JAF · S2
µ

kT

))

,

µ = Mn, Co, (9)

where k is the Boltzmann constant. For

Ca3Co2−xMnxO6, SMn/SCo = 3. At h = 0, equa-

tion (8) gives ∆EMn = 9∆ECo. At the low-excited

state, ωMn is negligible with respect to ωCo since

ωMn ≈ ω9
Co ∼ 0, noting that ωCo itself is also a small

quantity (ωCo < 1).

2.4. Polarization, magnetic and dielec-

tric susceptibilities

Under the LES assumption, it is easy to derive

the temperature dependence of the electric polariza-

tion (PLES) under zero field (h = 0) along the chain

direction:

PLES (T ) = N (PMn + PCo) − NωCo∆P

= N (PMn + PCo) · (1 − 2ωCo). (10)

Given a finite h, the excited energy for the spin

flip, equation (8), can be rewritten as

∆E±
µ = −4JAF · S2

µ ± µBglh · Sµ, µ = Mn, Co, (11)

where the superscript ‘+’ of ∆Eµ refers to the case

with spins parallel to h, and ‘–’ to the case with spins

antiparallel to h. Same as Eq.(9), we define the prob-

ability for the Mn/Co spin flip as

ωh
µ =

(

ω+
µ + ω−

µ

)

/2,

ω±
µ = exp

(

−
∆E±

µ

kT

)/(

1 + exp

(

−
∆E±

µ

kT

))

,

µ = Mn,Co. (12)

Similar to the discussion for ωMn, we can also have

ωh
Mn ∼ 0. In the ground state, the numbers of spins

in parallel and antiparallel to h are the same, so the

electric polarization becomes:

PLES (T ) = N (PMn + PCo)·
(

1 −
(

ω+
Co + ω−

Co

))

. (13)

Following the discussion above, the AFM order

of Mn spins in the low-excited state is rigid with re-

spect to Co spins and the Mn spin flip is very hard

since ωh
Mn ∼ 0. Therefore, the nearest-neighbor ex-

change interactions for Co spins are cancelled because

the two nearest-neighbor Mn spins of each Co spin are

opposite. The Co ions themselves can then be seen as

an Ising chain with AFM exchange interaction. Un-

der a weak magnetic field, the magnetic susceptibility

under the low-excited-state:

χLES = M/h =
NµBglSCo

h
·
(

ω+
Co − ω−

Co

)

. (14)

The dielectric susceptibility along the c-axis can

be calculated by

εc =

〈

P 2
〉

− 〈P 〉
2

NkBT
. (15)

Noting that P = (N − 2n)(PMn − PCo) where n is

the number of flipping Co spins. Here we simply ex-

press ωh
Co as ω for short. For an N -spin chain, the

probability for n spin flips with N − n retained is

ρn = Cn
Nωn (1 − ω)N−n , (16)

yielding

〈n〉 =
N
∑

n=0

n · ρn = Nω,

〈

n2
〉

=

N
∑

n=0

n2 · ρn = Nω (Nω + 1) . (17)

The dielectric susceptibility under a magnetic field h

along the chain direction is

εLES = ε′ +
2 (PMn + PCo)

2

kBT

(

ω+
Co + ω−

Co

)

, (18)

where ε′ is the dielectric susceptibility for other ions

in the system.
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2.5. First-order correction

From Eqs.(13), (14) and (18) we can calculate

PLES, χLES, and εLES as a function of T and compare

them with experimental data. Nevertheless, before we

do this, it is necessary to pay attention to the appli-

cability of the LES assumption at high temperatures.

We look at the transition point TC of ferroelectricity

where the ferroelectricity disappears. Equation (7)

tells us that at Tc, the number of flipping spins is

about N/2, i.e. 25% of the total spins in the chain.

This number can no longer be treated as a small quan-

tity, and the LES assumption will no longer be valid

when the temperature approaches Tc for the ferroelec-

tricity. A correction to the model for application to

relatively high temperature becomes necessary, and

the correction for the LES assumption is made for the

first order below.

When a Co spin flips (noting here that no more

flip of Mn spins is concerned since ωMn ∼0), we denote

this spin as spin L1 in Fig.2, and the probability for

flipping of its two next-nearest-neighbor spins (also Co

spins) which are denoted as L2 in Fig.2 is no longer

ωh
Co as defined in Eq.(12) but always 50%, no matter

what the magnetic field h is. The electric polariza-

tion contributed from these two flipping spins (i.e.

the two spins next-nearest-neighboring to spin L1) is

zero. We then count all these spins over the whole

Fig.2. Ground state of the diatomic Ising spin chain is

shown as the left chain. A flipped Co spin (L1) and its two

next-nearest-neighbor spins (L2) are shown in the right

chain.

spin chain and they can be removed from a counting

for those flipping spins which contribute to the elec-

tric polarization. For a small h, their contribution to

magnetization can also be neglected. Consequently,

the effective number of spins in the chain is no longer

a constant but a variable depending on T and h:

Neff (T ) = N ·

(

1 −
ηCo (T, h)

2
·
(

ω+
Co + ω−

Co

)

)

, (19)

where ηCo represents the number fraction of Co spins

to be removed per spin flip, noting that ηCo tends to

be 2.0 at T → 0 K and 1.0 as T → Tc (where almost

half of Co spins flip and the other half remain static).

Therefore, it is easy to obtain the following expres-

sions for ηCo, according to the Boltzmann statistics

ηCo (T, h) = 2 −
(

ω+
Co + ω−

Co

)

. (20)

Replacing N in Eq.(10) with Neff(T ), we obtain

the electric polarization and magnetic susceptibility

with a first-order correction:

Ptot (T ) = N (PMn + PCo) ·
(

1 −
(

ω+
Co + ω−

Co

))

×

(

1 −
ηCo (T, h)

2
·
(

ω+
Co + ω−

Co

)

)

, (21)

χtot = M/h =
NµBglSCo

h
·
(

ω+
Co − ω−

Co

)

×

(

1 −
ηCo (T, h)

2
·
(

ω+
Co + ω−

Co

)

)

. (22)

For the dielectric susceptibility, a simple substi-

tution cannot produce a proper result. Denoting the

effective probability for a Co spin flip by WCo, the

electric polarization can be written as

Ptot (T ) = N (PMn + PCo) (1 − 2WCo) , (23)

and WCo can be got from Eqs.(21) and (23):

WCo =

(

1 +
ηCo(T, h)

2
−

ηCo(T, h)

2
·
(

ω+
Co + ω−

Co

)

)

×
ω+

Co + ω−
Co

2
. (24)

Replacing ωCo in Eq.(18) by WCo, one obtains the

dielectric susceptibility with the first-order correction

εtot = ε′ +
2 (PMn + PCo)

2

kBT
2WCo. (25)

3. Results and discussion

3.1.Comparison with experiment

In this section, we present our model calcula-

tion of the temperature-dependent electric polariza-
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tion, magnetic susceptibility, and dielectric suscepti-

bility, and compare them with measured data taken

from Ref.[18]. For such a calculation, we need the

values of parameters JAF and JF.

Unfortunately, accurate values of these two pa-

rameters for Ca3Co2−xMnxO6 (x ≈ 0.96) are not

available to us so far. We may employ the data for

Ca3Co2O6, the base system for Ca3Co2−xMnxO6. It

was reported that JF ∼ 22 K,[24] and JF ∼ 15 K.[25]

By substituting these two parameters into Eq.(4), one

obtains the electric polarization in the ground state

Pgs ∼ 130 µC/m2 for JF ∼ 22 K, and ∼ 89 µC/m2

for JF ∼ 15 K. The results both have the same order

of magnitude as the measured data P ∼ 90 µC/m2 at

T = 2 K.[18] We take JAF = −10 K in order to meet

the condition for the up–up–down–down magnetic or-

der: (−JAF/JF > SA/SB/(1 + (SA/SB)2) = 0.3.

Figures 3(a)–3(c) present the calculated electric

polarization in the low-excited state, PLES (open

square dots, LES), and that after a first-order cor-

rection, Ptot (open circle dots, tot), as a func-

tion of T under several values of field h. The

measured data taken from Ref.[18] are plotted too

in the figures (solid circles, exp.) for compari-

son. It is clearly shown that the temperature de-

pendence of PLES and Ptot shows similar behavior

with measured polarization. Nevertheless, PLES(T )

is much larger than the measured ones, indicating

that the LES assumption does not work well at

Fig.3. Electric polarization as a function of temperature

T calculated under the LES assumption (LES) and after

the first-order correction (tot), and taken from experiment

(exp.) (Ref.[18]). (a) h = 0 T. (b) h = 4 T. (c) h = 7 T.

high temperatures. This is reasonable since the LES

approximation itself applies only to the low tempera-

ture.

Given a first-order correction to the low-excited

state, the calculated polarization Ptot shows much bet-

ter consistency with measured one over the whole tem-

perature range. This consistency indicates that the

present model reasonably describes the ferroelectric-

ity generation in Ca3Co2−xMnxO6 (x ≈ 0.96). The

first-order correction results in a smaller polarization

with respect to PLES. This is easily understood since

the first-order correction considers more spin flipping

events which are unfavorable for ferroelectricity gen-

eration.

Figures 4(a) and 4(b) present the calculated mag-

netic and dielectric susceptibilities as a function of T

for a comparison with experimental data. It is seen

that the calculated magnetic susceptibility (χLES and

χtot) under h = 0.2 T and dielectric susceptibility

(εLES and εtot) under h = 0 are on the same order

of magnitude with measured data (χ and ε). For

details, while the measured χ(T ) does not change

much over the range for measurement, the calculated

χLES(T ) and χtot(T ) are both zero at T = 0 and

then increase up to their respective maxima before

falling slowly in the high temperature range. The in-

consistency between the calculated and measured χ is

remarkable, but the susceptibility under the first-order

Fig.4. (a) Magnetic susceptibility χ and (b) dielectric

susceptibility ε as a function of temperature T calculated

under the LES assumption (LES) and after the first-order

correction (tot), and taken from experiment (exp.) (ε′

here is 30) (Ref.[18]).
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correction, χtot(T ), is well consistent with the rigorous

solution of the one-dimensional AFM Ising model.[26]

The magnetic susceptibility in Ref.[18] was defined as

χ = M/h, while in our model no spontaneous magne-

tization is possible because of the up–up–down–down

magnetic order, which has zero magnetic susceptibil-

ity χ = 0 at T → 0. It is suggested that the mag-

netic property of CCMO cannot be simply explained

by an Ising model and other contributions such as low-

T quantum fluctuations seem to be important.

It should be addressed that the calculated dielec-

tric susceptibility shows quite similar temperature de-

pendence to the measured one, and they both exhibit

the single peak pattern against temperature. We also

observe that εtot has much better consistency with

εLES, indicating the significance of the first-order cor-

rection at high temperatures (e.g. T > 4 K).

3.2.Discussion

Our model focuses on a single diatomic Ising

spin chain and the predicted ferroelectricity cannot

be in perfect consistency with the measured data for

a parallel-aligned spin chain system with interchain in-

teractions. This is reflected by the difference between

the calculated data and measured ones in Figs.3 and

4, even after the first-order correction. In this paper,

we suggest an unbroken long range order, which can-

not be realized in the true system. It is found that

the exchange interaction between the diatomic chains

is responsible for the stability of the long range order,

and then a qualitative discussion for the effect of the

interchain interaction on the ferroelectricity is to be

presented below.

As mentioned earlier in subsection 2.1, the di-

atomic Ising chain has two configurations with op-

posite polarization directions. In the ground state

(T = 0) the polarization for all the chains has the

same direction,[18] but it may not at high temperature.

That means, at high temperature, a whole chain (or

some part of a chain) may flip together, which is not

considered in our model. For this reason, the polariza-

tion we calculated is higher than the measured data

over almost the whole temperature range. The inter-

chain exchange interaction absent from our Hamilto-

nian is apparently thought to be responsible for these

flip events, and the external magnetic field is expected

to suppress them according to experiments. In our

model, the external magnetic field gives suppression

to the polarization of a single chain. Meanwhile it

also reduces the probability for flip of a whole chain

(or some part of a chain), since a rigid magnetic order

would prevent such an event from occurring. These

two competing effects lead to the intersection of mea-

sured polarization curves under strong magnetic fields

and under zero field, so that the calculated polariza-

tion under h > 0, shown in Figs.3(b) and 3(c), has

better consistency with measured data than the case

of h = 0 shown in Fig.3(a).

As for the magnetic susceptibility, the magneti-

zation of the Ca3Co2−xMnxO6 (Ca3Co2O6) system

was fully investigated in previous works.[27−32] These

works illustrated the important role of the interchain

exchange interaction for the magnetization, and pre-

dicted that the present spin chain Ising model is

not proper to calculate the magnetic susceptibility of

Ca3Co2−xMnxO6. The good consistency of calculated

dielectric susceptibility with experiments even with-

out consideration of the interchain interaction con-

firms the applicability of the present model.

What should be mentioned here is that the in-

consistency between our calculation and experimental

data grows with temperature. High order correction

of LES assumption may be a reason for this inconsis-

tency, and the long range order, which is supposed to

be unbroken in the whole paper, is not so stable in

the real system that a suppression of polarization for

the breaking of long range order may be an effective

correction to our model.

4. Conclusion

In summary, an elastic Ising model is con-

structed to explain the exchange striction in the

Ca3Co2−xMnxO6 system, and also the ferroelectric-

ity generated from the collinear spin order. A statis-

tic solution to this model under the low-excited state

assumption and the first-order correction has been

presented. The calculated dielectric and ferroelectric

properties at the ground state and low-excited state

agree well with the experiment. The elastic exchange

energy in the up–up–down–down magnetic order is

considered to be responsible for the ion displacements

and thus the ferroelectricity.
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