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ÖZET

Bu çalışmada, Mössbauer olayı ve Mössbauer parametreleri basit ve 
özlü bir şekilde sunulmuştur. Güçlü bir araştırma aracı olan Mössbauer 
spektroskopi tekniğinin kullanma yerlerinden örnekler verilmiştir.

ABSTRACT

in this rnork, the Mössbauer effect and Mössbauer parameters have 
been briefly discussed. Some applications of the Mössbauer spectroscopy 
technique as a powerful research tool in various fields has also been 
shown.

I. INTRODUCTION

The Mössbauer effect is a nuclear physics phenomena discovered by 
Rudolf L. Mössbauer in 1959. As soon as it was realized that the Möss
bauer line is extrcmcly narrow and allovvs hyperfine interaetions to be 
resolved, it became the basis for a new technique, called Mössbauer or 
gamma - resonance spectroscopy.

The Mössbauer spectroscopy provides a sensitive and non-destructive 
method of investigating the interaction of an atom (or, strictly, the nuc
leus) with its environment. Although many years have passed since the 
discovery of the effect, the Mössbauer technique is stili an up-to-date 
powerful tool useful in nearly ali fields of natural and biological sciences 
such as solid state physics, chemistry, physical metallurgy, geology. mine- 
ralogy, biochemistry, nuclear physics and even archaelogy. The technique
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has already been applied in a wide range of investigations and the num- 
ber of publications on the subject is stili continuous to grow. By using the 
Mössbauer spectroscopy technique, some fundamental Information may 
be obtained on structures, composition. magnetisim and bonding in 
compounds, alloys and intermetallic phases. The technique has been used 
to identify, and sometimes to analyse quantitatively, the components of 
mixtures, mineral ores, ete.

Many articles and books deseribe the basic aspects of the Mössbauer 
effect and sophisticated applications of this spectroscopy technique (1. 2, 
3, 4).

It is not our purpose here to discuss the physics of Mössbauer effect. 
An elementary introduetion on the effect and technique will be given. 
Some applications of the Mössbauer spectroscopy technique will then 
follow- No attempt will be made to discuss any particular topic in detail.

II. THE MÖSSBAUER EFFECT

The Mössbauer effect is the emission and resonant absorption of y 
-rays by nuclei bound in solids in which there is no energy loss due to 
nuclear reeoil. The reeoil momentum is taken by the crystal as a whole, 
with negligible energy transfer to or from the lattice vibrations.

The Mössbauer effect is also called <the nuclear resonance fluores- 
cence», and it enables a speetrum to be observed for certain nuclei about 
40 elements having excitation energies in the range of 10-100 keV. Fe5’ 
and Sn1'9 are two good ezamples, having nuclear energy States of 14.4 keV 
and 23.8 keV, respeetively. Energy splittings and shifts of the Mössbauer 
nuclei may be deduced due to their interaetions with the electric and mag- 
netic fields of surrounding eleetrons.

We obtain a Mössbauer speetra with a relatively simple apparatus 
shown in Fig. 1. The basic equipment consists of a radioactive source, a
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Fig. 1 — Mössbauer effect experlment
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resonant absorber and a y-ray detector. The detector is used to observe 
the transmitted radiation through the absorber. Here the source is mo- 
ved back and forth with precisely controlled velocity v to modulate the 
y-ray energy by means of the Doppler effect.

A Mössbauer nucleus emits a gamma-ray when it drops from an ex- 
cited state to the ground State or to a lower State. If this gamma-ray 
falls on a similar nucleus which is in its ground state, it may be absorbed 
resonantly and the second nucleus excited. Such resonant absorption de- 
pends on an exact macth betvveen the nuclear euccitation energy and the 
energy of the incident gamma-ray. Hovvever, these energies are not usu- 
ally the same because the emitting nucleus will recoil. The energy of the 
gamma-ray is therefore less than the nuclear transition energy.

Let Eo be the energy of the excited state, M the mass of the emitting 
nucleus and c the speed of light; then the recoil energy will be R = E02/ 
2Mc2. Thus, the energy spectrum of y-rays emitted from identical nuclei 
at rest will be centered at energy E;1-R. A y-ray can be resonantly absor
bed by a similar nuclei if, and only if, it possesses an energy of E3 + R. 
Therefore the spectrum of such y- rays will be centered at energy Eo + R 
shown in Fig.2. For Fe57, the recoil energy of a free atom is 2 x 10 3 eV and 

Fig.2 — The effect of recoil on the v-ray energy spectrum.

the line vvidth is 4.6 x 10-’ eV. Therefore, the resonant absorption and 
reemission of y-rays can not occur for free atoms. Hovvever, Mössbauer 
dicovered that if, instead of considering y-ray emission from free atoms, 
one vvere to consider the emission of y-rays from nuclei embedded in a 
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solid crystal, then the situation would be altered. There will then be a 
fraction of the nuclei which will emit or absorb gamma rays without any 
recoil.

The nuclear resonance absorption can be detected in terms of the 
decreased transmission of y-rays through the absorber containing the si- 
milar nuclei. For maximum absorption, the transmitted intensity is mini
mum. If the surrounding of emitting and absorbing nuclei are ezactly the 
same, then a maximum resonant absorption occurs at zero Doppler velo- 
city If the source moves ,vith respect to the absorber, then the overlap 
of the two lines decreases and less radiation is absorbed. When the rela- 
tive velocity becomes large enough, the resonant absorption disappears 
completely.

In practice, the surroundings of emitting and absorbing nuclei are 
usually different, resulting in small changes in the magnetic and electric 
fields on the resonant nuclei. Under these circumstances, the resonant 
absorption occurs at a certain Doppler velocity v„ and the Mössbauer line 
will be shifted by an amount S„ = (vo/c) E„. called the «Chemical isomer 
shift» or just «isomer shift».

Another important energy shift is the «temperature shift». It occurs 
when the source and absorber are at different temperatures. These ener
gy shifts are the principal measured parameters in most Mössbauer spec- 
troscopy ezperiments.

Since a nucleus possesses certain properties like electrical charge, 
magnetic dipole moment and electrical quadrupole moment, it «feels» the 
fields produced by its own atom and surrounding atoms. Therefore, there 
are ahvays electrostatic and magnetic interactions between the nucleus 
and surrounding electrons, called «hyperfine interactions». Their stren- 
gth and nature depend strongly on the electronic, Chemical an magnetic 
States of resonant atoms. In addition to «Chemical isomer shift» and «tem
perature shift» mentioned above, the «hyperfine splittings» and «quadru- 
pole splittings» of the Mösbauer line tend to be different for different so
lid surroundings. Thus, measurements of ali these parameters are the pri- 
mary results in most Mössbauer experiments.

III. MÖSSBAUER PARAMETERS

The majör parameters used in Mösbauer studies and derived from 
Mössbauer spectra are the follovving: the isomer shift, the temperature 
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shift, the hyperfine magnetic splitting, the quadrupole splitting and the 
recoil - free fraction (called Debye - Waller factor).

The isomer shift (IS) is the difference between the nuclear transition 
energies of the absorber and the source. It arises from the fact that the 
□ucleus is not a point source, but interacts as a region of spherically 
symmetrical charge space with the surrounding electronic charges, which 
are s - electrons. Changes in the s - electron population affect the isomer 
shift directly and variations in the number of p - or d - electrons have an 
indirect shielding effct. It is normally possible to use the measured IS to 
determine the electronic density at the resonant nucleus, which has an 
immediate application to Chemical bonding. It usually provides enough in- 
formation to determine the valence State of the ion.

The isomer shift is just a Doppler energy shift of the Mössbauer line, 
so it does not split the energy levels. However, the hyperfine interaction 
(HFS) splite the nuclear energy level vvithout changing the çenter of gra- 
vity of the spectrum. The strength and sometimes the direction of the 
magnetic field at the nucleus may be determined by using HFS. In ferro- 
magnetic, antiferromagnetic, and some paramagnetic materials, the mag- 
nitude of the magnetic field can be related to various mechanisms for the 
coupling of electronic and nuclear spins, and to relaxation processes. Thus, 
the HFS measurements can be used to draw conclusions about the elec
tronic structure of the material under investigation. HFS interaction pro
vides a technique for the study of magnetically ordered materials; Curie 
or Neel temperature and atomic magnetic moments can be deduced from 
it.

The quadrupole splitting (QS) is produced by the interaction between 
the nuclear quadrupole moment and the electric field gradient. Püre a - Fe 
does not give this effect because the iron lattice possesses a cubic sym- 
metry. The electric field gradient may be produced by a nonsymmetrical 
(non - cubic) arrangement of the ions surrounding the Mössbauer atom. 
It may also arise from a nonsymmetrical distribution of the electrons of 
the Mössbauer atom as in high - spin ferrous an low - spin ferric comp- 
lexes. The QS is also produced when the other atoms bound to the Möss
bauer atom are not identical or are arraged nonsymmetrically. Thus, the 
QS is very sensitive to the structure of the system and to the differences 
in bonding between the Mössbauer atom and its immediate neighbours. In 
analytical applications, the measured isomer shift, hyperfine magnetic sp- 
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litting, and quadrupole splitting can be compared with those of known 
compounds to identify the phases and the material being studied.

The Debye-Waller factor (f) is a measure of the tightness of bin- 
ding of the Mössbauer atom in its lattice. From the value of f, the Debye 
temparature and mean sauare displacement of the Mössbeuar atom can 
be determined.

IV. APPLICATIONS

The Mössbauer spectroscopy technique is very well suited to the qua- 
litative and quantitative analysis of many substances. The accuracy in 
quantitative estimations is about 2-5%. Numerous applications can be 
found in ali nautral and biological Sciences. We intend to mention only a 
few of them, demonstrating the range of problems considered and the 
types of results obtained.

a) Solid State Physics
The Mössbauer technique has been .videly used in solid state physics, 

particularly in the study of magnetic materials. One of the earliest app
lications was the determination of the magnitude and sign of the effective 
magnetic field on Fe” nuclei in a - Fe (5-6). Since then, numerous measu- 
rements have been made on magnetically ordered salts, garnets, ailoys 
and intermetallic compounds using a Co"' source (7). The effect of the 
core polarization and the conduction electrun polarization on the value 
of the effective magnetic field on resonant nuclei has been studied (8). 
For dilute ailoys of non - magnetic atoms in iron, the variation in conduc
tion electron polarization depending on the distance from an impurity 
atom has been investigated (9). f - factor measurements have given va- 
luabe information about the dynamics of solids and liquids (10).

b) Physical Metallurgy

iron is the most important element in metallurgy. An alloy containing 
some amount of iron is either a single phase or a multi - phase alloy. In 
steels, for example, austenite, ferrite, martensite, cementite and s - Car
bide are the main phases.

A Mössbauer spectrum can be broken down into its components to 
obtain information about individual phases in the absorber. Therefore, 
problems in order - disorder ailoys. interstitial ailoys, solid solution ailoys.
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ferromagnetic alloys, precipitation, diffusion. ozıdation and lattice defects 
ete, can be investigated using the Mössbauer technique.

In plain carbon steels, ferrite and martensite are ferromagnetic pha- 
ses giving rise to a siz - line speetrum, »vhile austenite is a paramagnetic 
phase and gives a single line. Marcus et al. (11) and Crist and Giles (12) 
have used this fact to determine the amount of retained austenite in 
steels.

Precipitation, phase determination and ozidation processes in Cu-rich 
Cu - Fe alloys under different annealing and auenehing conditions have 
been studied in detail (13, 14, 15. 16). Mösbauer studies on iron - nickel 
alloys (17), and iron meteorites (18) have led to the discovery of the ezis- 
tence of a 501% - 50 % Fe - Ni phase, called «ordered phase» or «supers- 
trueture», in teanite lamellae of Cape York iron meteorite.

c) Chemistry

The Mössbauer spectroscopy technique has already been applied to 
many kinds of Chemical problems. It has become customary to attempt 
to correlate Chemical properties with data on the isomer shift and quad- 
rupole splitting. In the field of structural chemistry, the procedure has 
particularly been used in studying iron and tin compounds to determine 
the strueture of valence eleetron shells of the Mösbauer atoms and bond 
properties, e.g. s - and k - interaetion betvveen the Mösbauer atom and 
bonded ligands. The technique has also been found to be a posverful tool 
in identifying Chemical species oualitatively and puantitatively.

In tin chemistry, Mösbauer spectrometry has been used to confirm 
that compounds of the type R.Sn contain quadrivalent tin for which a QS 
is normally observed only for organo metallic compounds. While the QS 
value is partially dependent on the nature of the substituents. it is much 
more dependent on the strueture of tin. Thus, compounds of the type 
R3 Sn X have QS of 1.0-2.2 mm sec if monomeric- or 3.0-3 5 mm/sec if 
polymeric. On this basis it appears that many halides (19) and carbozy- 
lates (20) are polymeric, but carbozylates in the solid state to be mono- 
meric.

d) Biochemistry
The Mösbauer spectrometry is quite useful as a quantitative and ,qua- 

litative analyticai tool in rcscarch and in more detailed studies of the Sta
te of iron in biological molecules. Using this teehnigue, several Systems, 
mainly iron - containing proteins, have already been ezamined.
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In Johnson’s work (21), it has been shown that the Mössbauer spect- 
ra cf lung material from a normal person and from a victim of hemosi- 
derosis are quite different. The spectrum of the diseased lung indicates 
abnormally large amounts of iron in the form of a finely divided, low mo- 
lecular vveight compound.

Mössbauer studies on hemoglobin complexes have shown that the 
Mössbauer parametre are very dependent on the nature of the sixth li- 
gand (Os, Nr CO„ F , CO) (22).
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