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Mossbauer-effect study of Fe2Ti05, an anisotropic uniaxial spin-glass
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Mossbauer-effect studies were carried out on two mosaic samples of oriented single-

crystal platelets of Fe2TiO&. The experiments were done at various temperatures between
15 and 300 K. The low-temperature spectra indicated that the spins of the Fe'+ ions were
parallel to the crystallographic c axis. Hyperfine splittings were observed at temperatures
higher than the "transition temperature" detected by susceptibility measurements. The
temperature dependence of the most probable hyperfine magnetic field shows a transition
at the same temperature as the cusp in the susceptibility measurements. These features are
interpreted in terms of relaxation phenomena.

I. INTRODUCTION

The anisotropic uniaxial spin-glass behavior of
FezTi05 below 55 K was previously reported. ' The
following experimental results were presented: (a)
The magnetic susceptibility was strikingly anisotro-
pic at low temperatures. The c-axis susceptibility
exhibits a cusp at 55 K, whereas the other two axes'

susceptibilities exhibit smooth paramagnetic
behavior below and above 55 K. (b) Powder
neutron-diffraction measurements did not reveal
long-range magnetic ordering even at liquid-helium
temperature. (c) Analysis of the room-temperature
neutron diffraction indicated that Fe + and Ti +

ions were essentially randomly distributed at the Sf
and 4c sites of the Cmcm (Dzh ) space group. (d) No
anomalies or peaks were revealed by either ultrason-
ic measurements of single-crystal or specific-heat
measurements of powder of Fe2Ti05 in the tem-

perature range 30& T & 80 K. (e) Mossbauer-effect
measurements on mosaics of oriented single-crystal
platelets showed hyperfine splitting at 16 K. From
the spectra patterns it was definitely concluded that
the hyperfine magnetic field (HMF) was aligned in
the c direction.

In this paper we introduce the detailed
Mossbauer-effect studies of FezTiO&. Measure-
ments were performed on powder sample and on
two mosaic samples of oriented single-crystal plate-
lets. The crystallographic c axes of the crystals
were aligned parallel in one sample and perpendicu-
lar in the second sample to the direction of the y ra-
diation.

This paper contains analysis of the data in terms
of field distribution, and it gives some qualitative
description of the clustering of spins. Mossbauer-
effect measurements on compounds with spin-glass

nature were previously reported. " A common
feature of all the presented hyperfine split spectral
patterns is their broad absorption lines, even at low
temperatures. This broadening is attributed to two
sources: (a) HMF distribution, namely a variety of
HMF's, and (b) relaxation phenomena. The first
source broadens mainly the outermost absorption
lines, while the second source broadens mainly the
innermost absorption lines. The analysis of the
HMF distribution was done in some of these stud-
ies by the procedure proposed by Window, ' oth-
er studies used step functions as proposed by
Hesse and Riibartsch, ' and there are some studies"
which assumed a known shape of the distribution of
the HMF. In the present study the field distribu-
tion was expanded in Lorentzians. Clustering of
the spins was explained by relaxation times and an-

isotropy. The Fe2Ti05 compound was the first to
exhibit uniaxial spin-glass behavior.

II. EXPERIMENTAL

Single crystals of Fe2Ti05 with approximate di-
mensions of 8)&5&3 mm were grown by B.Wank-
lyn (Clarendon Laboratory, Oxford, England).
These crystals were used to prepare two samples as
follows: The crystals were cemented to a Perspex
sheet with their c axes perpendicular in one sample
[gamma perpendicular to c (GPC) sample], and
parallel in the second sample [gamma vertical to c
(GVC) sample]. The thickness of the crystals was
reduced to the height of 100 pm above the Perspex
sheets, which made them suitabl. e to Mossbauer-
effect measurements in transition geometry. The
GPC and the GVC samples were designed for y
transition parallel and vertical to the c direction,
respectively. Conventional Fe Mossbauer spec-
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troscopy with a Co-in-Pd source was used. The
spectra were obtained using a constant-
acceleration-type spectrometer. The absorber was
cooled in a liquid-helium flow cryostat, and the
temperature stability was within 0.5 K.

III. RESULTS AND DISCUSSION

A. Hyperfine magnetic field distribution analysis

Mossbauer spectra of a FeqTi05 powder sample

at the temperatures of 15 and 28 K are shown in

Fig. 1. The spectra exhibit six, well-defined but

broadened, absorption lines. These patterns could

not be fit by the usual six Lorentzians expected
from a single set of equivalent positioned Fe'+ ions.

As was established by neutron-diffraction measure-

ments, the Fe + and Ti + ions are randomly distri-

buted among the Sf and 4c special positions of the

Cmcm(Dzt) space group. This random distribu-

tion yields a large number of structurally ine-

quivalent Fe + sites. Therefore, Mossbauer absorp-

tion patterns of this compound should exhibit su-

perposition of a large number of hyperfine split-

tings.
The main contributions to the HMF at a

Mossbauer nucleus are due to its own ionic magnet-

ic moment and to those of its nearest neighbors.
The magnetic moment of the Fe + ions in this com-

pound are either parallel or antiparallel to the c
direction. ' Consideration of nearest neighbors only

limits the number of possible spin configurations

!
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and therefore the number of HMF's. The contribu-
tion of further ions are taken into account as
broadening of the HMF of each configuration to a
distribution of HMF's.

The HMF distributions assumed in this work
were Lorentzian distributions:
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PJ.(H) =—
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Convolution of a Lorentzian distribution with

Lorentzian absorption lines is
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FIG. 1. Mossbauer spectra of a powder sample of

Fe2Ti05. The solid lines are the best-fit calculated spec-
tra.
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FIG. 2. Mossbauer spectra of a single-crystal sample

of Fe2Ti65. The c axes of the crystals are parallel to
the direction of the measured y radiation (GPC sample).
The solid lines are the best-fit calculated spectra.
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TABLE I. Values obtained by the best-fit procedure for the average HMF, H, the most
probable HMF, HM, the width of the HMF distributions, 8", quadrupole interaction, 6», and
the width of the absorption line in the various temperatures.

15
16
21
28
30
38
40
40
45
50
55
60

Sample

type

Powder
GPC
GVC
Powder
GPC
GPC
GPC
GVC
GPC
GVC
GVC
GVC

H
(kOe)

442+18
404+16
416+17
383+15
363+15
329+13
317+13
285+12
291+12
260+10
205+8
130+5

HM
(kOe)

442+18
459+18
441+18
427+17
425+17
425+17
362+14
356+14
397+16
326+13
71+3
41+2

(kOe)

66+3
144+9
87+5

136+9
153+9
197+12
220+12
218+12
213+12
251+15
263+15
201+12

eqV /4
(mm/sec)

0.14+0.03
0.14+0.03
0.15+0.03
0.18+0.03
0.14+0.03
0.17+0.03
0.17+0.03
0.15+0.03
0.16+0.03
0.18+0.03
0.15+0.03
0.18+0.03

~is
(mm/sec)

0.30+0.03
0.30+0.03
0.29+0.03
0.31+0.03
0.29+0.03
0.30+0.03
0.29+0.03
0.28+0.03
0.31+0.03
0.25+0.03
0.26+0.03
0.34+0.03

r.
(mm/sec)

0.6
0.6
0.6
0.7
0.7
0.7
0.7
0.7
0.8
0.8
0.8
0.8

tions, Fig. 4. This increases the reliability of the ob-
tained distributions.

At the lowest temperature the HMF distribution
is the narrowest and is centered around 450 kOe.
As temperature increases, the most probable HMF
shifts slightly toward lower fields, and its intensity

decreases while the intensity of the low-field side of
the distribution increases. At about 55 K there is a
broad distribution with almost equal probability but
a slight preference to fields which are close to zero.
At higher temperatures the most probable field is
close to zero and the distribution has a higher-field
tail which narrows with temperature. The three fol-
lowing parameters, characterizing the distributions,
are defined:

400 a

I 300 ~0

200
I&

100

(a) The average HMF, H = g, ,HP', where Ho
is the center of the ith Lorentzian and I is its rela-
tive weight in the distribution, g,. &I = l.

(b) The width W of the distribution,
8'=H2 —H~, where

f P(H)dH =I P(H)dH =
4 .

00 H2

(c) The most probable field H~, i.e., the field for
which P (H) has its maximum.

x 200-
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I I I I
20 30 40 50
Temperature (K)

I
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FIG. 5. Variation with temperature of the average
HMF, H, the most probable HMF, HM, and the width
of the HMF distributions. Circles are for the GPC, tri-
angles for GVC, and squares for the powder sample.

The variation of these parameters with temperature
are shown in Fig. 5. The most probable field HM,
at temperatures lower than 50 K, is higher than H.
At T =55 K, HM drops abruptly almost to zero and
above this temperature it has a "short-range-order-
like" tail. It should be noticed that 55 K is also the
temperature of the cusp in the susceptibility mea-
surements of Fe2Ti05. ' The susceptibility, as well

as the most probable field HM, is dominated by the
large magnetic clusters. Therefore the temperature
of the cusp in the susceptibility corresponds to the

transition temperature in HM.
Mossbauer-effect measurements show the ex-

istence of HMF at temperatures higher than 55 K,
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but not higher than 70 K. Furthermore, neutron-

diffraction scans of Fe2Ti05 single crystal revealed

magnetic correlations at temperatures as high as
room temperature. ' Such differences between the
freezing temperatures obtained by these three kinds

of measurements were described by Murani. ' '
These differences fit the model of Smith' for spin-

glasses. Smith's model defined clusters of correlat-
ed spins. All the spins in a cluster are completely

aligned, and each cluster is free to rotate as a rigid

body in the presence of the other clusters.
The Fe2Ti05 strong anisotropy restricts iis spins

to the +c direction. Therefore, the clusters flip be-

tween the +c and —c directions. The relaxation
times of the clusters as function of temperature and

E /kT
anisotropy are given by ~=~oe ', where E, is
the anisotropy of the cluster and ~0 is its intrinsic

relaxation time. This expression was originally in-

troduced by Neel' for superparamagnetic particles.
When the temperature decreases, the relaxation
times and the time-average magnetization (5), in-

crease. The increase in (S), causes the merging of
clusters into larger clusters of spins. When the re-

laxation time of a cluster reaches the order of mag-

nitude of the Larmor precession period, a magnetic
hyperfine splitting is observable by Mossbauer-

effect measurements. According to this model, a
measurement will show a transition when the relax-

ation time exceeds the duration of this measure-

ment.
The influence of the relaxation on the Mossbauer

spectra were accounted for by broadening the
Lorentzian absorption lines. More sophisticated
calculations, such as those done for KFeC13, ' did

no( improve the fit appreciably.

D. Quadrupole interaction and isomer shift

In the procedure of best-fitting calculated spectra
to the observed data, an average quadrupole interac-
tion and isomer shift were assumed. According to
Table I, the best-fit values for these averages did not

change much with temperature. The spectra ob-

served at room temperature did not exhibit any

variety of either quadrupole interaction or isomer
shift. This justifies the use of average values for
these two parameters. Although the Fe + ions are
located at a variety of crystallographic environ-

ments, a single quadrupole splitting is observed.

Consequently, the electric field gradient is not sensi-

tive to this variation.
The isomer shifts have the Fe + value. It is con-

sistent with the fact that Fe + HMF splitting was

not observed. This should be emphasized because
the FezTiO& compound could contain some FezTi04
impurity.
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