N
N

N

HAL

open science

SUPERPARAMAGNETISM OF SMALL o-Fe203
CRYSTALLITES STUDIED BY MEANS OF THE
MOSSBAUER EFFECT

A. van Der Kraan

» To cite this version:

A. van Der Kraan. SUPERPARAMAGNETISM OF SMALL «-Fe203 CRYSTALLITES STUDIED
BY MEANS OF THE MOSSBAUER EFFECT. Journal de Physique Colloques, 1971, 32 (C1), pp.C1-

1034-C1-1036. 10.1051/jphyscol:19711370 . jpa-00214408

HAL Id: jpa-00214408
https://hal.science/jpa-00214408
Submitted on 4 Feb 2008

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.science/jpa-00214408
https://hal.archives-ouvertes.fr

GRAINS FINS.

SUPERPARAMAGNETISM OF SMALL «-Fe,O; CRYSTALLITES STUDIED
BY MEANS OF THE MOSSBAUER EFFECT

A. M. van der KRAAN
Interuniversitair Reactor Instituut, Delft, the Netherlands

Résumé. — Les spectres Méssbauer de grains trés fins de a-Fe2O3 de différents diamétres ont été mesurés en fonction
de la température et du champ magnétique externe. Afin d’étudier 'influence des ions de surface sur le spectre Mdssbauer,
des grains de «-Fe203 sont employés dont la surface est enrichie en 57Fe jusqu’a 92 9. Les résultats indiguent que les
ions de surface ont un temps de relaxation de spin électronique plus grand que ceux de I'intérieur et que le déplacement

carré moyen des ions de surface est plus grand.

Abstract. — Maossbauer spectra of ultrafine «-Fe»Q3 particles with different mean size are measured as-a function
of temperature and external magnetic field. In order to study the influence of the surface ions on the Mossbauer spectrum,
o-Fe,03 crystallites are used the surface of which is enriched in 57Fe up to 92 %. From the results it follows that the
surface ions have a faster electron spin relaxation than the inner ones, and that the mean square displacement of the sur-

face ions is larger.

Ultrafine particles of ferro- and antiferromagnetic
material show a paramagnetic behaviour below the
magnetic transition temperature. This phenomenon
is called superparamagnetism by Néel [1] and is due
to a fast relaxation of the magnetic moments of the
particles. The relaxation time is strongly dependent
on the particle volume and the temperature. When this
times becomes smaller than the nuclear Larmor pre-
cession time the magnetic hyperfine field measured in
a Mdssbauer. spectrum collapses [2-6]. In order to
investigate this phenomenon Mdssbauer spectra of
ultrafine o-Fe,O; particles of different mean size are
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FiG. 1. — MS of a-Fe;03 of various particle size, A (40 4) C
(90 A) D (120 A) at 295 °K.
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measured as a function of temperature and external
magnetic field.

With smaller particle size the internal magnetic
field decreases and finally disappears. By decreasing
the temperature the magnetic hyperfine splitting
appears again (Fig. 1, 2). These results are qualitatively
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F1G. 2. — MS of sample B (70 A) at different temperatures.

in agreement with Néel’s model of electron spin relaxa-
tion .and the different models describing the influence
of fast electron spin relaxation on the shape of Mdss-
bauer spectra [7, 8]. A quantitative comparison between
experiment and theory is complicated by the inevita-
ble volume distribution of the particles in each sam-
ple.

By applying an external magnetic field the magnetic
moment of a particle is more or less fixed by this

field. In this way the relaxation of the spins is retarded
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and it is to be expected that the intensity of the hyper-
fine splitted spectrum increases by increasing external
magnetic field. The results of such an experiment
shown in figure 3 for sample B are in agreement
with those reported in the literature [4, 5]. However
the conclusion drawn by Eibschiitz [4] that the changes
in the relaxation time are less important than the
trivial polarization of the superparamagnetic parti-
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FiG. 3. — MS of sample B (70 A) at 350 °K and the applied
field as parameter.

cles by the field does not seem to be correct. Actually
increasing polarization is caused by an increasing
relaxation time, so that there should be no difference
between the two mechanisms. The expression
H¢ = — Hy + Hy LH[KT)

given by the same author cannot be understood in
terms of intensities of magnetic hyperfine spectra.
There is just a correlation between the fractional area
of the six line pattern, ¢, and the polarization of the
sample which can be given by

Li(Hexe) 2 Lyes(0) + {1 — Le(0) } L(uH/KT)
-in the case of an uniform particle size in the sample.
However, due to the particle size distribution there
will not be one single Langevin function but many
of them.

Since in ultrafine particles of about 100 A a signi-
ficant fraction of the atoms are located near or at
the surface, the question arises in how far the shape
of the Mossbauer spectrum is influenced by the sur-
face ions. In order to investigate this problem it is
worthwhile to measure the Mossbauer effect in ultra-
fine particles the surface of which has been enriched
in 7Fe up to 92 %. In order to get such samples, the

ultrafine particles are exposed to a solution of ferric
nitrate (pH = 2.5) 92 % enriched in *’Fe and slowly
heated up to 140 °C.

In order. to prove that the enriched iron is prima-
rily attached to the original particles as a-Fe,O5 the
same procedure is applied also to particles with a
diameter of 500 A (sample E), which behave like
bulk «-Fe,0;. When new particles of a-Fe,0; would
have been formed, their size would be so small that
the Morin transition characteristic for «-Fe,O; should
lie below 85°K. However, whenever a->"Fe,0, is
attached to the surface of the relatively large particles
the whole sample will show the Morin transition. In
figure 4 the Mdssbauer spectra are given of sample E
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Fi16. 4. — MS of «-Fe;03 sample E (500 A) and the enriched
sample E' at 295 °K and 85 °K.

and the enriched sample E' at temperatures of 295
and 850K respectively. From these measurements it
is concluded that the enriched material should almost
completely be attached to the surface of the original
particles and that only a small fraction has formed
new small particles giving rise to the two small central
peaks in the spectra. Samples of ultrafine particles of
much smaller size have been enriched with 37Fe in the
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same way. In figure 5 M6ssbauer spectra are given of

sample B’ at temperatures of 295 and 85 °K. Compa-

ring the spectra of samples E, B with E’, B’ respec-

tively, it follows that the effective magnetic field at the

nucleus of surface ions is smaller than that of the
- inner ones.

' ' T=295K
120- .
10 B :
<
2 100 __
X 120] =
2
w
<
@
£ 115 ]
110 .
1. 1 1 I

200 300 400
—— Doppler velocity

!
0 100

F1G. 5. — MS of a-Fe;O3 of the enriched sample B’ at 295 °’K
and 85 °K,

Furthermore it is calculated [9, 10] that vibrations
of surface ions are larger than for inner ones, so the
Debye-Waller factor for surface ions will decrease
with temperature more rapidly. This has been verified
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by measuring the total absorption area of the spectra
of the original and the enriched samples at 85°K
(fss) and 295 9K ( f,o5) respectively. In table I the

TaBLE I
Sample Afy x 1072 Af, x 1072
E 17+ 1
E’ 17+ 1
B 21 +1
B’ 325+ 1 454+ 5

results are given in terms of Af, = (fzs — f20s)- fos -
For the rather large particles (sample E, E’) there is
no difference within the experimental error. By taking
now for bulk ions Af = 17 9, Af; for the surface ions
in sample B’ can be derived from Af; and the intensity
ratio of the sharp and very broad six line patterns
observed in the spectrum at T = 85°K (Fig. 5). The
result is given in the last column of the table.

It can be concluded that ferric ions on the surface
of a particle of a-Fe,O5 experience a weaker magnetic
interaction than bulk ions. Therefore the ionic spins
of the former relax faster with the result that both the
magnetic hyperfine field is smaller and the motional
narrowing effects are more pronounced. In addition
the mean square displacement of surface ions is larger
than that of ions in the bulk. It turns out that the
influence of surface ions on the shape op the Moss-
bauer spectrum of 500 A «-Fe,O; crystallites is small -
while it is rapidly increasing with decreasing particle
size. :
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