University of Nebraska - Lincoln

DigitalCommons@University of Nebraska - Lincoln
Christian Binek Publications

Research Papers in Physics and Astronomy

5-14-1998

Polydispersivity of non-critical field-induced
fluctuations in FeBr2
Christian Binek
University of Nebraska-Lincoln, cbinek2@unl.edu

Follow this and additional works at: http://digitalcommons.unl.edu/physicsbinek
Part of the Physics Commons
Binek, Christian, "Polydispersivity of non-critical field-induced fluctuations in FeBr2" (1998). Christian Binek Publications. Paper 46.
http://digitalcommons.unl.edu/physicsbinek/46

This Article is brought to you for free and open access by the Research Papers in Physics and Astronomy at DigitalCommons@University of Nebraska Lincoln. It has been accepted for inclusion in Christian Binek Publications by an authorized administrator of DigitalCommons@University of
Nebraska - Lincoln.

,•
ELSEVIER

Journal of Magnetism and Magnetic Materials 175 (1997) 272-274

Jownal of
magnetism
and

magnetic
materials

Polydispersivity of non-critical field-induced
fluctuations in FeBr2
O. Petracic, Ch. Binek*, W. Kleemann
Laboratorium fiir Angewandte Physik, Gerhard-Mercator-UniversitiitDuisburg, D-47048 Duisburg, Germany

Received 10 July 1997

Abstract

The field and temperature dependence of the complex low-frequency susceptibility of the metamagnet FeBr2 exhibits
large anomalies in the vicinity of the second-order phase boundary He(T). The low-frequency losses reflect polydispersive
dynamics with a broad distribution of relaxation times peaking at z ~ 0.2 s. The dispersion, )~ versus f, is well described
within Chamberlin's model of dynamically coupled domains. The heterogeneous glass-like response gives rise to the
intuitive picture of a magnetic fluid of high viscosity.
PACS: 61.20.Lc; 74.20.Mn; 75.30.Kz; 75.40.Gb
Keywords: Metamagnetism; Fluctuations; Susceptibility-dispersion; Polydispersivity

Recent S Q U I D investigations of the magnetization, M, and of the complex AC susceptibility,
X = Z' - ix", of the metamagnetic antiferromagnet
FeBr2 in axial magnetic fields revealed large
anomalies in the vicinity of the antiferromagnetic
(AF) to paramagnetic (PM) phase boundary [1].
This renewed the experimental [2-5] and theoretical [6, 7] interest in this layered hexagonal
antiferromagnet. According to Selke [6], the extraordinarily large coordination number, N = 20, of
nearest interplanar AF bonds associated with
a relatively large ratio of the AF interplanar and
the ferromagnetic intraplanar exchange is essential
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for the occurrence of anomalies in the magnetization M and the specific heat c m. They are reminiscent of a new first-order phase boundary, which is
conjectured to connect a critical endpoint, CEP, at
TCE = 4.6 K (traditionally identified as tricritical
point, TCP) with a bicritical endpoint, BCE, at
a temperature TBE > TCE [3, 4, 7].
Most remarkably, the anomalies in the magnetic
loss function Z" have been found at unusually low
frequencies, f ~ 20 Hz [1], i.e. orders of magnitudes
below typical spin-wave frequencies, f ~ 10 l° Hz.
They are obviously due to slowly fluctuating transient spin structures, which are close to be domain
forming, but still far from becoming static. It is the
purpose of the present paper to present a first
systematic investigation of the dynamics involved
in these fluctuations.

0304-8853/97/$17.00 © 1997 ElsevierScienceB.V. All rights reserved
PII S0304-88 53(97)00383- 1

O. Petracic et al. /Journal of Magnetism and Magnetic Materials 175 (1997) 2 72 2 74

3,5

'

I

3,0
• (a) PM
~-, 2,5
2,0
-6-1,5

I
H+~

PM

. 1,4 I '
1,2 (b)

~

H. "'k~

'
~-

H¢ ~

0,03

;

. . . . . . . .

i

. . . . . . . .

i

. . . . . . . .

i

. . . . . . . .

i

. . . . . . . .

1

7.i'
0,1

0,02

0,4

AF

0,04

H

0,6

1,0
0,5
0,0

1,0
0 , 8 ~

I

273

0,01

0,2

I
5

=
T [K]

1~)

i

15

0,0

1,5

2,0
2,5
Hi [MNm]

0,01

0,00
3,0

Fig. 1. (a) Magnetic phase diagram, H i versus T from peak
positions of zI(H0 (open circles) and Z1i~(Hi)(solid squares and
diamonds) as shown for T = 7 K in (b). Arrow in (a) indicates
position of C E P at T c E = 4.6 K.

Fig. la shows the magnetic phase diagram (PD)
of FeBr2, plotted as internal field Hi versus T. It is
extracted from Z' and Z" data measured at constant
frequency f = 7 Hz after correction for demagnetizing fields. The internal field is given by
Hi = H - NM, where H is the applied field and the
demagnetizing factor N = 0.76, calculated from
M(H) data. For the internal susceptibility then follows Zi - ~M/OHi = Z/(1 - NZ). For T > T c E =
4.6 K (Fig. la, arrow) the real part Z'i peaks at the
second-order phase-transition line He(T) (open
circles), as shown in Fig. lb for Z'i(Hi)-data (open
circles) at T = 7 K. A similar peak is found along
the metamagnetic transition line of first-order below TCE. The non-critical lines H_(T) and H+(T)
(Fig. la solid diamonds and squares, respectively)
are extracted from the successive peak positions of
the broad anomalies in the Z'i'(H0-curves as shown
in Fig. lb for T = 7 K. The absence of an anomaly
of Z[ at Hc is probably due to the low measuring
frequency, which falls way below the critical relaxation frequencies expected at f ~ 10 ~° Hz. Hence,
only Z'i is sensitive to the phase transition.
Fig. 2 shows the dispersion of g'{(f) at frequencies 10 - 2 ~<f~< 103 Hz for T = 5 K at H+ = 2.30
and H _ = 2.28 MA/m (open and solid circles,
respectively), T = 6 K at H+ = 2.34 and H_ =
2.22 MA/m (open and solid squares, respectively)
and T = 8 K at H+ = 2.57 and H_ = 2.01 MA/m
(open and solid diamonds, respectively). In addition, one representative dispersion step of Z'i(f)
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Fig. 2. Z'i'(f) for T = 5, 6, 8 K at Hi = H (T) (solid symbols)
and Hi = H+(T) (open symbols), zi(f) is shown for T = 5 K and
Hi = H_(T).

is shown for T = 5 K at H _ = 2.28 MA/m (solid
triangles).
The solid lines are results from best fits of Chamberlin's model of dynamically coupled domains
[8, 9] to the data of zi(f) and g'i'(f). His model
connects the dynamics of the transient domain
structures with heterogeneous magnetic response.
According to the representation of time-dependent
relaxation processes in terms of a superposition of
Debye-type exponential relaxations, one obtains
Z"(/) =

+ofdx ,(x)x[f/w(x)]/{1

+ [f/w(x)]2},

(1)

where q~0 is an amplitude, n(x) is the distribution
function of domains of size x and w(x) is the inverse
relaxation time. In contrast with an Arrheniusansatz, however, the relaxation rate is given by
w(x) = w~ e x p ( - C / x ) with possible coefficients
C < 0 and C > 0. Since the non-critical fluctuations are transient structures in thermal equilibrium, the size distribution n(x) is of Gaussian-type,
n(x) = exp[ - (x - (x))2], where x is normalized
to the width of n(x).
Fig. 3 shows the results of the fitting procedures
at Hi = H_ (solid symbols) and H+ (open symbols), for fixed temperatures T = 5, 6 and 8 K,
respectively. Surprisingly, both sets of parameters
show the same qualitative temperature dependence.
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Fig. 3. Fittingparameters~n(w~)(circ~es)~x~(squares)andC(triang~es)versusT~fthedatainFig. 2to Eq. (1) and peakpositionsf0 of
the z[(f)-curves (diamonds). Open symbols represent data for Hi = H+(T) and solid symbols for Hi = H_(T), respectively.

This result and the similarity of the corresponding
x[(f)-curves suggest that the H_- and H+-fluctuations are of the same nature, probably due to the
conjectured AF II phase 1-6,7]. While the normalized cluster size <x> increases, the correlation
coefficient C and the largest relaxation rate w~ decrease with increasing temperature. In addition to
these fitting parameters, Fig. 3b shows the peak
frequencies, fo, of the Z"(f)-curves. They decrease
f r o m f ~ 1.5 to ~ 0.5 Hz with decreasing temperature. Presumably this indicates a freezing tendency of the transient spin structures into a static
domain state, which accompanies the conjectured
[3, 4, 7] first-order phase-transition line between
the CEP and the BCE. Its very existence, however,
cannot be evidenced by this finding and still remains an open question.
In conclusion, the polydispersive and heterogeneous low-frequency response of the non-critical
fluctuations resembles the dynamics of glass-forming liquids or spin glasses. Being quite uncommon
for ergodic magnetic systems it stresses the anomalous behaviour of FeBr2.
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