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ABSTRACT

Mo6ssbauer measurements on polycrystalline FeCO?
/Isiderite/ often reveal asymmetric quadrupole doublets dif-
fering even in the sign of the asymmetry. Possible reasons
for this phenomenon are discussed and it is concluded that
oxidization plays an important role in these anomalies. Re-
laxation effects can not be observed at room temperature.
The magnitude of the Goldanskii-Karyagin effect in siderite
iIs estimated.

KIVONAT

Polikristdlyos FeCO”-on (szideriten,) végzett
Mossbauer-merések olyan kvadrupdl-dubletteket mutatnak,
amelyek gyakran az aszimmetridanak még az el6jelében is
kilonbdznek. Megvizsgaljuk e jelenség lehetséges okait, és
arra a kovetkeztetésre jutunk, hogy az oxidacid jelentés
szerepet jatszik ezekben az anomalidakban. Relaxacios effek-
tusokat szobahémérsékleten nem lehet megfigyelni. Megbecsil
jik a Goldanszkij-Karjagin effektus nagysagat szideritben.

PESHOVE

B meccbayapoBCKUX CNeKTpax MNOJNMKPUCTaNINYeCKOro
FeCG* (cnmpepwnT) 4YacTo MNOABNAKTCA acMMMeTpuuyecKue KBagpynosib-
Hble Ay6neTbl C pas3/IM4HbIM 3HaKOM acumeTpuun. O6cyXKparTcsa BO3-
MOXHble MNPUYUHBLI 3TOT0 ABJIEHUA U aBTOPbl NPUXOAAT K BbIBOLY, UTO
OKWUC/IeHUe urpaeT O0NbWYK pPOSb B MNOSABMAEHUM aHOManuii. [pn Kom-
HaTHOW TemnepaType penakcayWoHHble SAB/IeHUA He HabnwgarTCcs.
OueHuBaeTca BennumnmHa spdekta MNonbpgaHckoro-KapsarnmHa nna cuje-

puTa.



INTRODUCTION

In recent years, much interest has been paid to the
Mossbauer spectra of FeCO” the mineral form of which is side-
rite. The interest is explained partly by the fact that sev-
eral authors have observed different asymmetries in the quad-
rupole doublet of polycrystalline samples at about room tem-
perature [1 - 5] The asymmetries have been explained vari-
ously as due to relaxation of the atomic spins [5], to the
Goldanskii-Karyagin effect /GKE/ [1 - 4], or to a preferred
orientation of the microcrystals [3» 4]

It is thought, however, that some of these explana-
tions have failed to take into account other asymmetry-caus-
ing effects. The aim of this paper is to discuss different
possible origins of the asymmetry and to give an estimate of
the value of the GKE in FeCO,.

EXPERIMENTAL

The measurements were carried out on several con-
stant-acceleration spectrometers coupled 512- and 1024-
channel analysers. -5760 sources diffused into Cr and Pd were
used.

In the first measurement runs [5] natural samples
of different origins were investigated to determine the
effect of the presumably different impurities. As we could
not find any significant difference between the spectra of



different samples, we continued our measurements only &n
samples of Dobsina. Since it was concluded from our first
measurements that most of the asymmetry was caused hy a
preferred orientation of the microcrystals, special care
was taken in the preparation of the samples. In order to
avoid preferred orientations, samples were mixed with car-
bon powder, MgO or Mg-glass and in some cases suspended in
silicone vacuum grease or paraffin. In every case the side-
rite powder was ground in an agate mortar. The samples were
handled so that they were not subjected to shocks, press

or vibrations that might produce microcrystalline orienta-
tion. Samples of different particle sizes were also inves-
tigated™

The spectra were analysed by a least squares fit-
ting program [6]. Where there was a high negative asymmetry
a Fourier analysis [73 was also performed.

Some typical spectra showing quite different
asymmetries are presented in Figs. 1, 2 and 3« The results
of the measurements are listed in Table 1.

The most important features of the spectra can be
summarized as follows:

1. /A high negative asymmetry appeares only if the
0 -line is broadened.
2. /[ A sample with its plane perpendicular to the

gamma-beam generally yields about 5-10 % higher asymmetry
than the same sample at 45°. A rotation in the plane of the
sample does not result in any change.
3. /[ The asymmetry generally decreases with the time
/See Fig.4./
4./ The initial asymmetry is mostly positive.
5./ The resonance lines are rather narrow /about
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Table 1.
linewidths measured on several
pies at room temperature
thickness Q A Crr
(mgFe/cm2) (%) (mm/sec)
1.2 90° -41.6+2.1 .412+.015
1.2 50° -47.6+1.4 .431+.0il
1.2 90° -17.5+2.4 .434+ .015
1.2 45° -17.4+2.0 .438+.011
1.2 90° - 0.2+5.0 .307+.008
1,2 450 - 7.8+1.2 .309+.003
1.7 90° -49.4+2.1 .266+.007
1.7 45° -56.5+1.0 .201+.005
1.7 Ao - 1.6+41.4 .279+.002
1.7 45?ph + 0.8+0.9 .291+.001
1.7 90° + 6.7+0.5 .285+.001
3.0 90° + 8.4+1.1 .287+.003
3.0 454 + 5.940.7 .293+.002
3.0 45% + 3.4+0.7 .295+.002
3.0 90° +21.3+1.8 .279+.003
3.0 45°/3 + 9.6+1.4 .302+.003
3.0 45% + 7.9+2.3 .282+.005
3.0 90° +14.7+1.2 .279+.003
1.3 « 90° - 2.9+2.2 .290+.006
1.3 450 - 3.1+2.4 .339+.008
1.3 90° + 2.7+2.6 .332+008

siderite

‘*a

(mm/sec)

.518+.015
.529+ .01l
460+.0il
464+ .0il
.351+.010
.329+.003
.386+.006
.333+.005
.274+.002
.288+.001
.286+.001
.288+.003
.291+.002
.295+.002
274+ .005
.287+.003
.276+.006
.279+.003
.304+.006
.339+.008
.364+.009

saim

xV

Vi

Vilr

—_—
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_ r
preparation t(rrhI;Fg(er}gr;i) © (c;z) (mm?sec) (mlr_r(ljlsec)
. 1 2.0 4503 + 8.4+3.0 .303+.007 .277+.007
[\“A}i(fgefas‘f‘gith » 2.0 9°° +14.1+5.2 .314+.008 .290+.008
e g« 2.0  g° +8.5+2.8 321+.007 .319+.008
?[i)z)e vwloum 4 20 90° + 5.6+1.6 .288+.004 .288+.004
5 2.0  45°a- 2.6+2.6 .285+.007 .302+.007

6 2.0  4-5% - 2.9+1.9 .288+.006 .298+.006

7 S0  45% - 3.2+41.9 .283+.006 .294+.006

mixed with 1 2.0 92 +2.9+41.2 293+.003 .291+.003
B"O%Vgéiss 2 2.0  4-5% - 0.5+1.5 .291+.004 .296+.004
AN 3 2.0 45% + 117414 .291+.004 .305+.004
(D) 4 2.0 90° + 4.1+2.4 .293+.006 .290+.006

R=Rozsny6, D=Dobsina. a and b refer to 2 perpendicular posi-
tions in the plane of the sample. © is the angle between the
direction of the gamma-beam and the plane of the sample.

*T =100-K

the best linewidths .measured with the corresponding sources/.
6./ The average value of the asymmetry A =1 /1 -1
at the sample with the least angular dependence is A =

= (1.9+0.5)%

DISCUSSION

Up till now, the asymmetries observed on the quad-
rupole doublet oOf siderite at room temperature have been
explained by relaxation effects, GKE, or a preferred orienta”
tion of the microcrystals. Oxidization of the sample, how-
ever, also results in an asymmetry, since a ferric impurity



may contribute to the a-line /v = 0.30 mm/sec/, giving a
negative asymmetry. The presence of a ferric impurity is
supported hy statements 1./, 3./ and 4./ of the above list
of experimental results. The fact of oxidization might seem
rather surprising in the case of mineral samples, but the
light brownish colour of the crystallites in some cases indi-
cated the presence of Fe”™+ ions.

The low value of the linewidth can be understood
if it is supposed that

a./ the lines of some oxides /occuring presumably in
the form of thin surface layers/ practically
coincide with the a-line and/or

b./ the surface Fe ions show a surface GKE and

' they in the course of oxidization /or some

other chemical surface process/ are inactived
from the point of view of the surface GKE.

Another fact revealed by the narrow linewidth is
that the environment of the Fe atoms is rather homogenous,
a rare occurrence in mineral samnles.

The finding that the initial asymmetry is generally
positive shows that no relaxation effects can be observed at
room temperature. This conclusion is in contradiction with
the results of Walker et al. [5] and suggests that their
sample probably contained some ferric impurities.

The unusually high angular dependence of the asym-
metry is hardly explicable purely on the basis of a prefer-
red orientation of the microcrystals, though we can not
propose any other explanation. However, from our data it is
obvious that the angular dependence is connected in some
way with the preparation of the sample.

Finally, it seems possible to estimate the GKE of



the bulk material. As the asymmetry of least angular de-
pendence was A = (1.9+0.5)% for a 2 mg Fe/cm thick sample
we may consider this val%e as the asymmetry belonging to

the thickness 2 mg Fe/cm at room temperature in FeCO”.
This value is.in fair agreement with the value A = 2.2%
which is expected from the single cristal data of Gold-
anskii et al.. [2] but does not agree well with the later
single crystal data of Vinogradov et al* [4], who themselves
found the same divergence. /From their single crystal data a
small negative asymmetry can be expected for the poly-
crystalline measurements, yet they obtained a small positive
asymmetry, in correspondence with our present results./

The authors are grateful to Prof. L. Pal for his
continuing interest in this work. They are also indebt-
ed to the Maossbauer group of the 1.V. Kurchatov Institute
of Atomic Energy, Moscow, for making possible to carry out
the first measurements on their spectrometer. Thanks are
due to Dr. Cs. Ravasz,Head of the Mineral and Rock Collec-
tions of the Museum of Natural Sciences, Budapest for the
siderites samples.
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FIGURE CAPTIONS

The spectrum belonging to Measurement 1V/1 of Table
1. A= (-49.4+2.1)%. A small peak on the negative
side of the o -line was found by both the Fourier
and the least squares analysis. The source was -"“Co
in Cr.

The spectrum belonging to Measurement Y/2 of Table 1.
A= (+0.8+0.9)%. The source was “"Co in Cr.

The spectrum belonging to Measurement VII/1 of
Table 1. A= (+21.3+1.8)%. The source was "~7Co in

Cr.

Time dependence of the asymmetry as a consequence of
the gradual oxidization observed in Sample IX. of
Table 1. ® and the dashed line: © = 90°? T =300 K,
EUs ©= 90°, T = 100 K, x and the full line:

©=43°, T = 300 K.
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