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Potential Signature of a Kosterlitz-Thouless Transition in BaNi2V2O8
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ESR measurements are reported for the quasi-two-dimensional honeycomb antiferromagnet
BaNi2V2O8. Planar anisotropic properties are confirmed by angular dependent investigations of
resonance field and linewidth. The divergence of the temperature-dependent linewidth on approaching
TN from above is described in terms of the Kosterlitz-Thouless transition, the critical behavior close to
long-range magnetic order, and the 2D Heisenberg antiferromagnet. We provide arguments that the
Kosterlitz-Thouless scenario is compatible with the observed critical exponent and suggest BaNi2V2O8
is a weakly anisotropic 2D Heisenberg antiferromagnet.
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anisotropy which increases to lower temperatures as al-
ready experimentally confirmed [12]. Even in an iso-

aligned antiferromagnetically within the planes with
their three nearest Ni2� neighbors, and they are also
Investigations on a large number of layered compounds
pointed out that the interpretation of experimental results
concerning the critical behavior at the magnetic phase
transition on two-dimensional (2D) materials is sophisti-
cated [1,2]. In the case of an ideal 2D Heisenberg magnet
a phase transition to long-range magnetic order does not
exist at finite temperature [3]. For the two-dimensional
XY model, Kosterlitz and Thouless (KT) and indepen-
dently Berezinskii predicted a topological phase transi-
tion caused by the unbinding of vortex-antivortex pairs at
the transition temperature TKT � 0 [4–7]. However, real
layered magnetic compounds are situated between these
two ideal cases and exhibit a phase transition to three-
dimensional (3D) long-range order at a finite temperature
TN often too large to be exclusively caused by the weak
interlayer coupling, while anisotropies in the intralayer
coupling seem to be more likely to explain the fundamen-
tal mechanism of ordering in layered antiferromagnets
(AFM) [8,9]. In this respect the KT transition becomes a
phenomenon which is not strictly confined to the XY
model. Using the XXZ model Cuccoli et al. arrived at
the conclusion that even an arbitrary small easy-plane
anisotropy perturbing the isotropic 2D Heisenberg model
can induce a KT transition at finite temperature [10,11].
By means of recent quantum Monte Carlo simulations
[12,13] they predicted that quantum AFMs on a square
lattice with very weak easy-plane exchange anisotropy
display a crossover from a high-temperature isotropic
behavior to a genuinely 2D XY behavior at a temperature
tco (t � kBT=J~SS

2, ~SS � S� 1=2) around 30% above the
critical temperature tKT. Slightly above tKT 3D ordering
is induced at tN by the incipient intralayer KT transi-
tion [12]. In the specific heat this crossover appears in a
small temperature region, well above the estimated tran-
sition temperature, as an anomaly in the form of a tiny
peak. At the same time the susceptibility develops an
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tropic 2D Heisenberg AFM a KT transition can be in-
duced at a finite temperature by an applied magnetic field,
so that a genuine XY behavior can be observed in an
extended temperature range [14]. Therefore, quasi-two-
dimensional layered compounds with weak interplane
interactions are good candidates to verify the behavior
expected near a KT transition, e.g., MnPS3 [15,16] and
BaNi2P2O8 [17–19]. Here we present electron-spin reso-
nance (ESR) measurements on BaNi2V2O8, which is iso-
structural to the latter compound and hence may exhibit a
KT transition. In this compound ESR directly probes the
spin dynamics of the Ni2� spin and therefore is able to
obtain important information on the critical behavior
close to the magnetic phase transition.
BaNi2V2O8 crystallizes with a rhombohedral unit cell

(space group R�33, No. 148), which contains magnetic lay-
ers of edge-sharing NiO6 octahedra (Ni2�: spin S � 1)
arranged on a honeycomb lattice (cf. Fig. 1) and separated
by nonmagnetic layers of V5�O4 tetrahedra and Ba2�

ions. The growth of BaNi2V2O8 single crystals is de-
scribed in Ref. [20], where also the results of x-ray
diffraction, susceptibility, specific-heat, and neutron-
diffraction measurements are presented. The lattice pa-
rameters have been determined as a � 5:028 99�4� �A and
c � 22:3450�2� �A (perpendicular to the magnetic layers)
[20]. The difference of the intralayer Ni2�-Ni2� distance
d1 � 2:9 �A to the interlayer distance d2 � 2:57d1 is
large; the AFM intralayer exchange interaction J=kB �
�96 K is much stronger than is seen in the isostructural
compounds BaNi2P2O8 and BaNi2As2O8 [2]. The suscep-
tibility exhibits a broad maximum near 125 K indicating
low-dimensional ordering. For T > 100 K the compound
behaves isotropically. At lower temperatures it becomes
anisotropic for magnetic fields parallel and perpendicular
to theNiO6 layers. 3DAFM ordering occurs at TN � 50 K
determined by neutron scattering [20]. TheNi2� spins are
2003 The American Physical Society 137601-1
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FIG. 1. Temperature dependence of the ESR linewidth  H of
a BaNi2V2O8 single crystal for the c axis parallel and perpen-
dicular to the external magnetic field H at the Q-band (open
symbols) and the X-band frequency (closed symbols). Solid
lines: fits with Eq. (1), dashed lines: fits with Eq. (3), and
dotted lines: fits with Eq. (4).
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coupled antiferromagnetically between adjacent layers.
However, the 3D ordering is only weakly observable in
magnetic susceptibility and heat-capacity experiments.
The specific heat exhibits a small feature at about 50 K
and shows that most of the entropy was lost above TN.

These properties show a striking similarity to the
behavior theoretically predicted for weakly anisotropic
AFMs [12,13] mentioned above. Although the calcula-
tions have been performed for systems on a square lattice
with spin S � 1=2, the agreement is remarkable and a
spin value S � 1 probably causes a shift of the transition
temperatures tKT and tco to higher values as derived for
the extreme cases of the isotropic Heisenberg and the XY
model [21,22]. This argues forBaNi2V2O8 being a weakly
anisotropic 2D Heisenberg AFM.

The ESR measurements were performed on a Bruker
ELEXSYS E500-CW spectrometer equipped with
continuous-flow He cryostats (Oxford Instruments) at
X-band (9.4 GHz) and Q-band (34 GHz) frequencies in
the temperature range 4.2–300 K. The BaNi2V2O8 single
crystal was fixed in a quartz tube with paraffin in differ-
ent orientations to the applied external magnetic field.
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At high temperatures the ESR spectra in BaNi2V2O8
consist of a broad resonance line of Lorentzian shape,
which broadens very strongly with decreasing tempera-
ture and finally vanishes on approaching the magnetic
ordering transition at TN � 50 K. Resonance field Hres
and linewidth  H (half width at half maximum) have
been determined by numerical fitting of the spectra, as
described, e.g., in Ref. [23]. Rotating the external mag-
netic field from the direction perpendicular to the
magnetic planes (Hjjc axis) to the orientation parallel
to these planes the linewidth follows a cos2��� depen-
dence (� denotes the angle between the c axis and the
magnetic field) with values between 2.1 and 1.2 kOe at
120 K. Simultaneously, the resonance field varies slightly.
The g values are 2.225 (Hjjc) and 2.243 (H ? c), respec-
tively. There is no angular variation of linewidth and
resonance field for the external field applied within the
magnetic planes.

Figure 1 shows the temperature dependence of the ESR
linewidth for 50< T < 300 K measured at X-band and
Q-band frequencies. The results for both frequencies
nearly coincide except for the temperature range in which
the line becomes very broad. In that region, the values
obtained at 34 GHz are more precise and can be analyzed
up to a value of about 8 kOe due to the higher resonance
field. For all orientations of the sample with respect to the
external magnetic field the same kind of divergence is
observed. For temperatures 120< T < 300 K, the line-
width increases linearly with increasing temperature,
with a slope of m � 3:62 Oe=K and residual linewidths
of  H0 � 640 Oe (H ? c) and  H0 � 1120 Oe (Hjjc),
respectively. Below 120 K, the linewidth exhibits a mini-
mum of about 1800 Oe for H k c and 1200 Oe for H ? c
and broadens very quickly on further decreasing the
temperature until the signal becomes undetectable. The
temperature dependence of the ESR linewidth observed
in the 2D S � 1=2 AFM Cu�HCOO�2 
 4H2O [24,25] is
very similar to the results for BaNi2V2O8: For that com-
pound the linear behavior at higher temperatures has
been attributed to single-phonon absorption and emission
processes. The same explanation probably holds for
BaNi2V2O8 with the higher residual linewidth due to
the influence of the crystal field on S � 1 Ni2�.

To characterize the divergent behavior on approach-
ing TN, we analyzed the temperature dependence of the
linewidth in BaNi2V2O8 in the context of (a) the KT
transition, (b) classical critical behavior close to a mag-
netic phase transition, and (c) in terms of the 2D
Heisenberg AFM.

In the case of the two-dimensional XY model, the
temperature dependence of the ESR linewidth, disre-
garding the temperature dependence of the vortex ve-
locity, is proportional to the cube of the correlation
length �. The contribution of the out-of-plane correla-
tions is negligible [5,17]. Adding a linear term to describe
the high-temperature behavior, the linewidth should
137601-2
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follow the equation

 H � A exp

0
@3b�

�����������������
T
TKT

� 1

s 1
A�mT �  H0|							{z							}

 Hlin

; (1)

with the Kosterlitz-Thouless temperature TKT and b �
�=2. Theoretical predictions for more realistic spin sys-
tems [26] allow the parameter b in Eq. (1) to be much
smaller. This was confirmed by NMR [18] and ESR [17]
measurements on the isostructural compound BaNi2P2O8,
which yielded a value of b � 0:9.

Applying Eq. (1), with m fixed to the high-temperature
value, and b � �=2, fits the temperature-dependent line-
width of BaNi2V2O8 for H ? c with TKT � 43:3 K, A �
8:7 Oe, and H0 � 525 Oe. The result is shown as a solid
line in Fig. 1. The same values for m, b, and TKT result in a
satisfactory description of the temperature dependence of
the linewidth for H k c as well, yielding A � 17:8 Oe
and  H0 � 913 Oe. The linear plot of ln� Hdiv� �
ln� HESR � Hlin� vs ��T=TKT � 1��0:5 shown in the
upper frame of Fig. 2 demonstrates the good agreement
of fit and data in the temperature range 65< T < 160 K.
At lower temperatures the experimental values may be
0.2 0.4 0.6 0.8
0

5

10

-1.5 -0.5
4

7

10

-2 -1 0 1
3

6

9

ln
(∆

H
di

v
/O

e)

T
N
/T

τ=T/T
KT

-1

T
KT

=43.3K

ln
(∆

H
di

v
/O

e)

-τ-0.5

BaNi
2
V

2
O

8

ε=T/T
c
-1

T
N
=50K

ln
(∆

H
di

v
/O

e)

ln ε

FIG. 2. Upper frame: plot of ln� Hdiv� � ln� HESR � Hlin�
vs ��T=TKT � 1��0:5, middle frame: plot of ln� Hdiv� vs
ln�T=TN � 1�, and lower frame: plot of ln� Hdiv� vs TN=T
(data and fits).
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not precise enough due to the large linewidth, and at
higher temperatures the misfit can be caused by a decreas-
ing number of vortices.

From the first results the interplane interaction J0 in
BaNi2V2O8 can be estimated: According to Bramwell
and Holdsworth [16,27], who have developed a theory
for a system with weak in-plane anisotropy and inter-
plane coupling, the following relation holds:

TN � TKT
TKT

�
4b2

�ln�J=J0�
2
: (2)

This is valid even for weakly anisotropic quantum mod-
els [13]. Using our experimental values, Eq. (2) yields
J=J0 � 3000, a result comparable to that observed for the
isostructural compound BaNi2P2O8 [2].

The common expression for classical critical behavior
near a phase transition at a temperature Tc is

 H � C


T
Tc

� 1

�
�p

� Hlin: (3)

Fitting the experimental data for H ? c with m fixed to
the high-temperature value, and Tc � TN � 50 K held
constant at the three-dimensional ordering temperature,
we found a critical exponent p � 2:3, C � 427 Oe, and
 H0 � 610 Oe. The same analysis for Hjjc, with fixed
p � 2:3, yielded C � 851 Oe, and H0 � 1137 Oe. Both
of these fits are illustrated as dashed lines in Fig. 1.
The linear plot of ln� Hdiv� � ln� HESR � Hlin� vs
ln�T=TN � 1� is shown in the middle frame of Fig. 2.
The agreement of fit and data again is satisfactory.

Therefore, classical critical dynamics with a power-
law behavior can describe the temperature dependence of
the linewidth of BaNi2V2O8 as well. The critical exponent
is characteristic for the dimensionality of the fluctuations
near the phase transition. Theoretical predictions for the
critical exponent exist for the 3D Heisenberg (p � 1:7),
the 3D Ising (p � 1:8), and the 2D Ising (p � 3:3) AFM
[1], which all differ from our experimental value.
However, the exponent observed in BaNi2V2O8 is close
to the empirical value found in several 2D magnets (p �
2:6), which are considered as good realizations of the 2D
Heisenberg model with finite interplanar coupling [1]. It
is interesting to note that an approximation of the theo-
retical expression for the linewidth at the KT transition by
a critical behavior also yields p � 3b=2 � 2:4. This sug-
gests that the observed critical increase of linewidth does
not contradict the KT scenario. In a similar way the
magnetization of the 2D XY model with finite interplanar
coupling below TN can be approximated by a critical
behavior, which is compatible with the KT scenario and
in agreement with experimental results in many real 2D
systems [27].

For an isotropic S � 1=2 nearest-neighbor quantum
Heisenberg AFM on a square lattice with a small inter-
planar coupling Chakravarty and Orbach [28] predicted
137601-3
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 Hc�T� � F


�
a

�
3 �kBT=2��s�

5=2

�1� kBT=2��s�
4 �  Hlin; (4)

where �s � kJ is the spin-stiffness constant with k �
0:18 for the spin-1=2 square lattice Heisenberg AFM
[29], and �=a is the ratio of the temperature-dependent
spin-correlation length to the spin-spin nearest-neighbor
distance

�
a

� �0
exp�2��s=kBT�
1� kBT=2��s

: (5)

For H ? c with m fixed to the high-temperature value and
J=kB � 96 K this yields k � 0:31, F � 2:5, �0 � 3:5, and
 H0 � 665 Oe. The same analysis for Hjjc, with fixed
k � 0:31 results in F � 6:8, �0 � 3:3, and  H0 �
2000 Oe. The fitting curves are indicated as dotted lines
in Fig. 1, and the lower frame of Fig. 2 shows both data
and fits as a plot of ln� Hdiv� � ln� HESR � Hlin� vs
TN=T. In the region 1:25TN to 2:5TN the agreement is
satisfactory. The results for Cu�HCOO�2 
 4H2O, which
were interpreted in terms of this model, suggest rather a
pure ��=a�3 dependence of  H than a behavior according
to Eq. (4) [25]. Fitting our data with a pure ��=a�3 term
yields curves almost undistinguishable from those ob-
tained by Eq. (4) with parameters k � 0:25, �0 � 2:5
(H ? c), and �0 � 3:3 (H k c), respectively. It is not
surprising to find a qualitative agreement of the linewidth
data with the prediction for the 2D Heisenberg model due
to the only weak anisotropy of this compound. This is not
in contradiction to the KT scenario, because our linewidth
data are confined to the crossover regime between iso-
tropic Heisenberg and disordered XY behavior.

Using ESR techniques we have investigated the tem-
perature dependence of the linewidth in the 2D AFM
BaNi2V2O8. From previous magnetic and thermodynamic
measurements [20] we supposed that BaNi2V2O8 is a 2D
Heisenberg AFM with weak easy-plane exchange anisot-
ropy [12,13]. The ESR measurements confirm the 2D
properties of the spin dynamics: The divergent behavior
of  H�T� on approaching the 3D AFM phase transition
from above can be well described in terms of the 2D
Heisenberg AFM. However, such a system still undergoes
a KT transition with a preceding temperature range of
disordered XY behavior [10]. This region is increased by
an applied magnetic field [14] as used in ESR mea-
surements. Because of this the data can be described
very well in the KT scenario revealing the predicted
value b � �=2. We arrive at a KT temperature TKT �
43:3 K (tKT � 0:2), well below the 3D ordering tempera-
ture. Based on these arguments, we conclude that the
experimental results are fully compatible with the pres-
ence of a KT transition in BaNi2V2O8.
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