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ABSTRACT

The properties of & —Fe;0s fine particles with and without adsorbed pyridine were
studied by Mossbauer spectra. The effective anisotropy constant K were calculated.
The K of pyridine- adsorbed a —Fe:03 particles is smaller than that of pure a -Fe;03

particles. A probable mechanism of the decreasing effective anisotropy constant K is
discussed.
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1 INTRODUCTION

The electron cloud density and spin of Fe ions on the surface of & —Fe,0; fine
particles can be changed by pyridine adsorption. In order to make clear further the
influence of surface adsorption on the properties of « —Fe;0; particles, the Mossbauer
spectra of « —-Fe,0; particles with and without adsorbed pyridine have been measured
to get the effective anisotropy constants K of them. This paper presents the
experimental results. The probable mechanism has been discussed.

2 EXPERIMENTS AND RESULTS

2.1 Sample preparation
Samples were prepared as follows”: Sample A—1.0 g analytically pure Fe(NO,);

9H.O was dissolved in 500 ml distilled water, held at 95 °C for dehydration, and kept at
150 °C for 48 h. « -Fe;0; fine particles were obtained.

Sample B was obtained by chemical adsorption of pyridine on the surface of
sample A at 120 °C.

2.2 The dimension and structure determination of « —Fe;0; fine particles

The shape and dimension of sample A was determined by high resolution
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transmission electron microscopy. The average size of sample A is near 15 nm and that
of sample B is the same as sample A. The phase structure was determined by electron
diffraction. From its electron diffraction pattern the structure of sample A is identified
as pure « ~Fe;0;. '
2.3 Mossbauer spectrum measurement

A Co (Rh) source of 1.85% 10° Bq was used. The adsorption Mossbauer spectra
were measured at temperatures from 80 to 295K and calibrated by o —~Fe at room
temperature. These spectra were fitted by a least square procedure. For fine particles
with constant volume, the relaxation time of the electron spin may be written as™

T .=(1/af) exp (K VIkT) (1)

where a is a geometrical factor which for trigonal o —-Fe;0, a=2, f the frequency
factor of the Larmor precession, V the average volume of particles, T the absolute
temperature, K the effctive anisotropy constant, and & the Boltzmann constant. When
ferromagnetic and superparamagnetic parts are equal in the analysis of Mossbauer
spectrum, f is equal to 7.7X10° K - cm - s - g. Using these values, Eq.(1) can be written
as

In (4%x107K)=(2KV/kT) (2)

The temperature 7, at which the ferromagnetic and superparamagnetic Mdssbauer
spectra are equal, may be determined from the Mossbauer spectra measured at
different temperatures. The particle volume V of sample A can be calculated from the
particle diameter. Substituting the 7 and V into Eq.(2) the effective anisotropy
constant K may be calculated.
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Fig.1 Mossbauer spectra of a) sample A and b) sample B measured at 200 K

Mossbauer spectra of-samples A and B were measured at 295, 200, 150, 100 and
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80 K, respectively. Fig.1 shows the M0Ossbauer spectra of samples A and B measured at
200 K.

The area ratios of each subspectrum to the total spectrum of samples A and B are
listed in Table 1.
Table 1
Area ratios of each subspectrum to the total spectrum in percentage

T (K) . Sample A Sample B
FM* STM* * M STM
295 48.8 51.2 424 57.6
200 50.9 49.1 46.0 54.0
150 53.3 46.7 48.9 51.1
100 54.8 45.2 53.5 46.5
80 64.6 35.4 59.0 41.0

* Ferromagnetic phase * * Superparamagnetic phase
From Fig.1 it is shown that the spectra of samples A and B were composed of two

components, one is ferromagnetic and the

other a doublet. With decreasing 0 50
temperature the ferromagnetic peak area 60 L Sample B | .
increases gradually, while the super- .

paramagnetic decreases. But the area g %0 50 g
changes with temperature of samples A and ; 401 Sample A 160 =
B are different. At 295 K the ferromagnetic

and superparamagnetic peak areas are 30 170
48.8% and 57.6%, respectively. The area 20 . . 80
ratios of the ferromagnetic to the —— T (K)
superparamagnetic peak of A and B were Fig.2 Percentage of superparamagnetic
calculated directly from the Mossbauer (STM) and ferromagnetic (FM)
spectrum peaks. The ratio  versus parts of samples A and B changed with
temperature is shown in Fig.2. the temperature

From Fig.2 the temperature T at which the ferromagnetic and superparamagnetic
parts become equal could be determined that T=240 K for sample A and T=110K for
sample B, respectively. Substituting the values of 7 and V into Eq.(2), the effective

anisotropy constants K may be calculated.
for sample A,  K;=1.04x10* Jd/m*  for sample B, K;=5.17x10° J/m.}

K, is smaller than K, this means that the effective anisotropy constant K of the
o —Fe;0; fine particles after pyridine adsorption decreases.

3 DISCUSSION

The above experimental results showed the effective anisotropy constant K of
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sample B adsorbed with pyridine decreases by about 50% compared with that of
sample A. The mechanism is probably as follow:

Pyridine is the nonmagnetic organic compound with ring structure, it contains
one N atom in its ring. In tems of the result of quantum chemical calculation, the
charge distribution of pyridine can be written like Fig.3.1

As reported by us in a previous paper®™ the isomer shifts (IS) of a -Fe;0, particles
adsorbed with pyridine are larger than that
of a-FeyO, particles without pyridine and

0.95
10 = L0 the' quad!"upole spli'ttings (QS) increased
rapidly with decreasing temperature. These
092 N 0.92 results means that when pyridine is
1.20 adsorbed on the surface of a-Fe;O; fine

particles the electrons can be partially tran—
smigrated from pyridine molecules to the Fe
Fig.3 Charge distribution of pyridine ions on the surface of a —Fe,0; particles.
Because of the charge transmigration the spin of Fe ions on the surface of
a -Fe,0; particles adsorbed pyridine has been changed,” which decreases the effective
anisotropy constant K. However the reason that charge transmigration from pyridine
molecules to Fe ions can change the effective anisotropy constant K is not yet clear.
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