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Abstract

The observed anomaly of the parallel magnetic susceptibility of Cr2O3is discussed as the effect of the changes of the crystal lattice parameters
with temperature and the changes of the exchange parameters in some range above TN connected with it. It is shown that the temperature changes of
the crystal parameters have an important influence on the behavior of the magnetic specific heat with temperature too. The results of the calculations
based on the correlation theory and the modified Oguchi theory are presented.
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

The idea of the correlation theory is to calculate both the
static and dynamic properties self-consistently, including corre-
lation effects in a mode–mode coupling approximation [1,2]. In
other words, short order effects are taken into account by includ-
ing pair correlations self-consistently in both static and dynamic
properties. The calculations for an ideal two-sublattice Heisen-
berg ferromagnet Gd (which is a non-Bravais crystal, where
the lattice consists of two identical hexagonal Bravais lattices)
showed [3] that the correlation effects significantly modify the
magnetic susceptibility χ(T ) in the whole experimental tem-
perature range of the paramagnetic state, even if the exchange
parameters are constants. However, it should be noted that
gadolinium is a Heisenberg magnet intermediate between the
localized EuO and the itinerant Fe and Ni, and that gadolinium
is an ideal Heisenberg ferromagnet governed by the relatively
long-ranged Ruderman–Kittel exchange interactions. It should
be interesting to perform similar calculations on the basis of
the correlation theory, for a localized Heisenberg two-sublattice
antiferromagnet Cr2O3 (which is a non-Bravais crystal with
rhombohedral symmetry), both if the exchange parameters are
constants and if these are dependent on temperature. Finally,
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these results can be compared with the results of similar calcu-
lations on the modified Oguchi method [4,5] and also with the
available experimental data. In the present paper, the results for
two physical quantities which describe the static properties of
the system: the magnetic susceptibility and the magnetic specific
heat CM(T ) are considered.

2. Correlation Functions for Cr2O3

The two-sublattice Hamiltonian can be assumed in the fol-
lowing form [6,7]:

H = −
∑
l �=m,

Jll,Sl · Sl, −
∑

m�=m,

Jmm,Sm · Sm,

− 2
∑
l �=m

JlmSl · Sm, (1)

where in the first and second summation each interaction is taken
twice. Jll, are the interaction constants between spins in the first
sublatice, Jmm, are the interaction constants between spins in
the second sublattice, Jlm are the interaction constants between
spins in the first and second sublattice. Sl, Sl,, Sm, Sm, are the
respective spin operators. Agree with (1) the Hamiltonian of the
system for Cr2O3 in the case of the modifield Oguchi theory for
paramagnetic state will be used in the following form:

H = −N(J1S0 · S1 + 3J2S0 · S2) (2)
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and in the case of the correlation theory within the RPA method
[4] in the form:

H = −N(J1S0 · S1 + 3J2S0 · S2

+ 3J3S0 · S3 + J5S0 · S5), (3)

where N is the number of the magnetic ions, J1, . . . , J5 and
S0,. . .,S5 are the interaction constants and the spin operators,
respectively as [6]. (Here we restrict to four spin interactions
J1, J2, J3 and J5)

By the concept of the static correlation function, we shall
understand an average value of the product of the two spins

〈AB〉 = TrρAB

Trρ
, (4)

where A and B are the z-components of the spin operators, Tr is
denoted as trace and ρ is the density e−βH where β = 1/(kBT ),
T is the absolute temperature, kB is the Boltzmann constant.

In the present paper we shall consider the correlation func-
tions of the type 〈Sz

l S
z
m〉. The correlation functions for the spins

of a pair of the nearest neighbours, connected with the strongest
interaction parameter J1 will be denoted CJ1 . The correlation
functions for the spins of a pair of the next nearest neighbours
with the integration parameters J2, . . . , J5 will be denoted CJ2 ,

. . . , CJ5 , respectively.
In the case of the correlation theory for two-sublattice it is

convenient to introduce the so-called uniform and straggered
Fourier transformed variables Uq and Vq as [2,3]:

Uα
q = 1√

2
(Sα

A(q) + η∗
qSα

B(q)),

Vα
q = 1√

2
(Sα

A(q) − η∗
qSα

B(q)), (5)

Sα
A(q) = 1√

2
(Uα

q + Vα
q ), Sα

B(q) = 1√
2
η∗

q(Uα
q − Vα

q ), (6)

where ηq = j(q)/ |j(q)| , (ηq=0 < 0), then the intra-sublattice
Fourier transformed interaction J(q) is given by the formula:

J(q) = ei qν[J1 + J2(e−i qa1 + e−i qa2 + e−i qa3 )

+ J3(e−i q(a1+a2) + e−i q(a1+a3) + e−i q(a2+a3))

+ J5 e−i q(a1+a2+a3)], (7)

where a1, a2, a3 are the primitive lattice vectors for small unit
cell, ν = 0.210(a1 + a2 + a3) [8,9], The correlation functions
are defined by Uq and Vq operators as:

〈Sα
l Sα

l,
〉 = 2

N

∑
k

(〈Uα
kUα

−k〉 + 〈Vα
k Vα

−k〉) ei k(l−l,), (8)

〈Sα
l Sα

m〉 = 2

N

∑
k

η∗
k(〈Uα

kUα
−k〉 + 〈Vα

k Vα
−k〉) ei k(l−m), (9)

where the wave-vector variables q and k are general wave-
vectors in the Brillouina zone for the reciprocal lattice of the
magnetic structure.

3. Magnetic susceptibility of Cr2O3 in the correlation
theory

As it was written in paper [1], the static equations in
the correlation theory for the Hamiltonian of the type (1)
and in the paramagnetic state give the following formulae
for the static wave-vector-dependent susceptibilities: χu(q) =
(Uz

qUz−q)- uniform mode, χv(q) = (Vz
qVz−q)-staggered mode,

where the symbol (AB) is the static relaxation function:

(AB) =
∫ β

0
〈eλHUz

q e−λHUz
−q〉dλ.

(The theory has previously been reviewed in detail in Ref. [2].)
Performing the calculation, similarly as for a number of

magnets [2,10], for a two-sublattice antiferromagnet Cr2O3we
introduce in the above formulae, according to definition (7),
J(q + k) and take the terms depending on q outside the sum-
mation over k. Straightforward calculations show that we can
express the above mentioned quantities by eight self-consistent
parameters αi(i = 1, . . . , 8):

α1 = J12

N

∑
k

η∗
k ei kν(〈Uz

kUz
−k〉 − 〈Vz

kVz
−k〉) = 2J1C

J1 , (10)

α2 = J22

N

∑
k

e−i ka1η∗
k ei kν(〈Uz

kUz
−k〉 − 〈Vz

kVz
−k〉)

= 2J2C
J2 , (11)

α3 = J32

N

∑
k

e−i k(a1+a2)η∗
k ei kν(〈Uz

kUz
−k〉 − 〈Vz

kVz
−k〉)

= 2J3C
J3 , (12)

α4 = J52

N

∑
k

e−i k(a1+a2+a3)η∗
k ei kν(〈Uz

kUz
−k〉 − 〈Vz

kVz
−k〉)

= 2J5C
J5 , (13)

α5 = J12

N

∑
k

η∗
k ei kν |J(k)|

|J(0)|
× (〈Uz

kUz
−k〉 + 〈Vz

kVz
−k〉), (14)

α6 = J22

N

∑
k

e−i ka1η∗
k ei kν |J(k)|

|J(0)|
× (〈Uz

kUz
−k〉 + 〈Vz

kVz
−k〉), (15)

α7 = J32

N

∑
k

e−i k(a1+a2)η∗
k ei kν |J(k)|

|J(0)|
× (〈Uz

kUz
−k〉 + 〈Vz

kVz
−k〉), (16)
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