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Abstract—The magnetic properties of (CH3NH3)2CuBr4 quasi-two-dimensional crystals were studied experi-
mentally. The magnetic-field and temperature dependences of magnetization were measured for various mag-
netic field orientations relative to the crystallographic axes. Possible reasons for features in the behavior of the
magnetization are discussed. © 2003 MAIK “Nauka/Interperiodica”.
† 1. INTRODUCTION

Crystals of the family (CnH2n + 1NH3)2BX4 (where
n = 1, 2, …; B is a transition metal; and X stands for a
halogen) exhibit a rich variety of physical properties
[1]. Ions of the transition metal B in the crystal structure
are located in the octahedra formed by ions of halogen
X and lie in the planes bridged by the (CnH2n + 1NH3)2

groups. These crystals have a layered structure and
exhibit quasi-two-dimensional magnetic properties. By
properly varying the ion-B and halogen-X species or the
length of the bridge between the planes (by varying n),
one can purposefully control the type of magnetic
order, the anisotropic properties, and magnetic-order-
ing temperature of the crystal. We shall restrict our con-
sideration to the n = 1 case (the methyl ammonium
group (CH3NH3) ≡ MA). The crystals whose magnetic
properties have been best studied are MA2BCl4, where
B is either Mn or Cu. The MA2MnCl4 crystals are easy-
axis antiferromagnets with TN = 45 K. Their magnetic
properties are described satisfactorily in terms of the
isotropic quasi-two-dimensional Heisenberg interac-
tion [2]. Replacement of Mn by Cu results in the
MA2CuCl4 crystals being easy-plane ferromagnets
with Tc = 9 K.

Substituting bromine for chlorine substantially
changes the exchange interaction in crystals of this
family, with the type of magnetic order and the ordering
temperature changing accordingly. This communica-
tion reports on a study of the magnetic properties and
the interactions responsible for the experimentally
observed features in the MA2CuBr4 crystals.

† Deceased.
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2. EXPERIMENTAL TECHNIQUE

MA2CuBr4 crystals were grown from a solution.
The composition was verified using x-ray diffraction.
The crystals have orthorhombic symmetry and space
group Pabc. The unit-cell parameters at room tempera-
ture are a = 7.814 Å, b = 7.639 Å, and c = 19.167 Å. The
unit cell contains four formula units and, hence, four
magnetic ions. Quasi-static magnetic measurements
were carried out with a self-compensating supercon-
ducting-coil magnetometer [3]. The measurements
were performed within the temperature range T = 4.2–
300 K, with the temperature maintained to within
±0.1 K.

3. EXPERIMENTAL RESULTS

MA2CuBr4 is a poorly studied member of the
MA2Cu(Cl,Br)4 family; relevant information on this
member in the literature is very scarce. Data on the
magnetic susceptibility χ(H) measured in fields H ≤
8 kOe and on the specific heat Cv studied in the interval
T = 4–20 K were first published in [4]. It was found that
this crystal is antiferromagnetic with TN ≈ 15.8 K and
that the antiferromagnetism vector is aligned with the
c axis. The χ(H) relation measured in the H || c geome-
try exhibits an anomaly at H = 5.2 kOe, which is
assigned to a spin-flop transition.

A Br NMR study is described in [5]. The main result
achieved in [5] reduces to a refinement of the data on
the magnetic structure below TN. The NMR data are
interpreted and are found to agree satisfactorily with
quasi-static data [4] when considered in terms of the
four-sublattice antiferromagnet model, provided one
assumes the sublattice magnetic moments to lie in the
(c, b) plane and to be canted from the c axis at an angle
β = πm ± 27° (m = 0.1).
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500

        

FEDOSEEVA 

 

et al

 

.

                                   
0.4

0
20 60

1

2

(a)

5

40 80

10

0
T, K

M
, e

m
u/

g

M
, e

m
u/

g

T, K

(b)

T, K

40 800
T, K

3.2

1.6
0 100

0.2

M
, e

m
u/

g

Fig. 1. Temperature dependences of magnetization of the (CH3NH3)2CuBr4 crystal. (a) H || c, magnetic field is equal to: (1) H1 =
2.16 kOe and (2) H2 = 11 kOe; (b) H ⊥  c, magnetic field is H1 = 3.76 kOe. The insets show high-temperature parts of these relations
measured in the field H1. Arrows specify the direction of temperature variation.
We performed a comprehensive investigation of the
magnetization of MA2CuBr4 crystals in magnetic fields
H ≤ 60 kOe. The main experimental results obtained
can be summarized as follows.

3.1. Magnetically Ordered State

Figure 1 presents temperature dependences of the
magnetization M(T, H) measured in the geometries
H || c (Fig. 1a) and H ⊥  c (Fig. 1b). In the first case, the
measurements were performed both below and above
the saturation field, while in the second, the experiment
was performed below the saturation field. One readily
sees a nonzero magnetic moment to exist at low tem-
peratures in fields considerably lower than the spin-flop
field. The curves obtained in a field H ≅  11 kOe are typ-
ical of a ferromagnet (curve 2 in Fig. 1a). The tempera-
ture behavior of M(T) exhibits a hysteresis for both
magnetic-field directions. In the H || c case, hysteresis
starts near T ≅  100 K (inset to Fig. 1a), while in the H ⊥  c
geometry, it becomes evident in the region of T ≅  150 K
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Fig. 2. Field dependence of magnetization measured in the
H ⊥  c geometry. T = 4.2 K.
PH
(inset to Fig. 1b). The temperatures of the maxima in
magnetization, which are identified with the tempera-
tures TN of phase transitions to the antiferromagnetic
state, are also different for the heating and cooling runs.
For instance, for H || c and H = 3.76 kOe, the maximum
in M(T) obtained in a cooling run lies approximately
1.8 K lower than that measured in a heating run. As the
field H increases, the temperature corresponding to the
maximum in M(T) decreases for both magnetic field
directions, irrespective of the direction of temperature
variation. Note also a strong dependence of the magne-
tization tails on magnetic field.

Figure 2 shows a field dependence of magnetization
obtained in the H ⊥  c geometry at T = 4.2 K. Its pattern
is typical of a Heisenberg uniaxial antiferromagnet
placed in a magnetic field perpendicular to the principal
axis and does not change with temperature for T < TN

[6]. Only the saturation magnetization depends on tem-
perature. The field dependence of magnetization in the
H || c geometry has a more complicated pattern (Fig. 3).
Curve 1, measured at T = 4.2 K, illustrates the main rel-
evant features. The magnetization passes through an
inflection point at Hc1 ≅  5 kOe associated with a spin-
flop transition, then the slope of the magnetization
curve changes in the field Hc, the sublattices collapse at
Hc2, and saturation sets in. In contrast to a uniaxial two-
sublattice antiferromagnet, one clearly observes the
fields Hc1 and Hc to be separated. Note that the break at
the field Hc practically disappears at T ≥ 10 K. As seen
from Fig. 3, the values of all critical fields plotted vs.
temperature fall on straight lines to within experimental
error.

3.2. Paramagnetic Region

Figure 4 gives an idea of the behavior of magnetiza-
tion in the paramagnetic region. It appears unusual that
YSICS OF THE SOLID STATE      Vol. 45      No. 3      2003
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the M(H) curve deviates widely from a linear course in
such weak fields and that this deviation is seen to persist
up to high temperatures despite the fact that TN ≈ 15 K.
In addition to the temperature hysteresis, one clearly
sees the existence of a field hysteresis up to T ≅  30 K.
As follows from the high-temperature asymptotic
behavior of the experimental data treated in terms of
standard molecular-field theory under the assumption
of Heisenberg interaction, the magnetization obeys the

Curie–Weiss law at temperatures T ≥ 200 K, with  =

–80 K and  = –190 K. In this approach, the relation
between Θc and the exchange parameters is given by

 = 2µα /[3kB(gαµB)2] [7], where α stands
for “||” or “⊥ ” (the rest is a matter of traditional nota-
tion). Therefore, the first explanation that comes to
mind is that the magnetic moment per copper ion and/or
the exchange constants are anisotropic; this conclusion
does not agree with the Heisenberg interaction between
the copper ions (electron configuration d9, S = 1/2).

4. DISCUSSION

The most interesting results of our study that require
interpretation are the high paramagnetic temperatures
|Θc | observed at a low transition temperature to long-
range order and the reasons for the formation of a
crossed magnetic structure in the magnetically ordered
region. Clearly, these observations should find explana-
tion within a common approach. We assume, as a work-
ing hypothesis, that the Jahn–Teller character of copper
ion interaction and the quasi-two-dimensional structure
of the crystal play a major role here.

At low temperatures, an MA2CuBr4 crystal resides
in the monoclinic phase with a very small distortion
angle, so that one may assume, as a zero approxima-
tion, that the crystal is orthorhombic. The layers con-
taining the magnetic copper ions in the octahedral envi-
ronment of the halogens have perovskite structure in
these crystals, with the layers being bound by weak van
der Waals forces [8]. In these conditions, the copper
ions in a layer are coupled through indirect exchange
interaction, which should be considered with due
account of its Jahn–Teller character [9]. Each layer
exhibits ferromagnetic orbital ordering (with the local
quantization axis canted away from the principal axis at
an angle β) and antiferromagnetic spin ordering. It is
the magnitude of the spin exchange interaction that
determines the value of TN. Although no long-range
order can appear in the two-dimensional case [10], the
situation becomes different in the presence of any long-
range interaction. It may be conjectured that ions
located in different layers are coupled by an interaction
which results in antiferromagnetic orbital ordering
mediated by the phonon field, so that the quantization
axes in the adjoining layers are canted at angles ±β. It
is known [9] that this interaction can be strongly aniso-

Θc
||

Θc
⊥

Θc
α
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tropic and, as a consequence, can give rise to the effec-
tive exchange parameter becoming dependent on both
the temperature and magnetic field. Thus, under certain
conditions, a crossed antiferromagnetic spin configura-
tion may form.

A more detailed theoretical description of magnetic
ordering in MA2CuX4 crystals will be given in a later
publication.
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Fig. 3. Field dependences of magnetization measured in the
H || c geometry. T (K): (1) 4.2, (2) 6, (3) 8, (4) 10.5, (5) 12.5,
(6) 15, and (7) 17.

6

0 20 40

1

2

3

H, kOe

M
, e

m
u/

g

Fig. 4. Field dependences of magnetization in the paramag-
netic region measured in the H || c geometry. T (K): (1) 18,
(2) 25, and (3) 39.
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