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I": width of the emission/absorption line (*’Fe)

At - AE > %, At~ 1077s, AE = 5-10"°%eV

The absorption process is observed only for photons belonging to a very narrow
energy range.

During this process, energy and momentum conservation
have to be fulfilled

Images are taken from: Méssbauer Spectroscopy, Ed. by U. Gonser, Springer-Verlag 1975
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The energy of the emitted photon is
smaller than the energy difference
between the two levels (E). If the
emitting isotope is at rest, the recail
energy (Ep) equals to:
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If the emitting isotope is not at rest, also the contribution of the Doppler shift of
the emitted photon has to be considered.

1%
Ep =—E, ~ T1/2
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FWHM « T

T increases
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¥ - Quantum
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These results have to be applied both to the emitting and to the absorbing nucleus.

FWHM « VT

T increases T increases

EMISSION ABSORPTION

The probability to observe resonant absorption should increase with T.



Mossbauer y-rays emission and absorption processes

Spectroscopy

1.y-rays emission and EXCITED _ STATE EXCITED _STATE
absorption processes 1 - Quantum

2. Resonant absorption EO Y

3. Mdssbauer Spectroscopy

4. Applications GROUND STATE GROUND STATE

macroscopic model | energy relationship | atomistic model!

Eq % 7

——

emussian absorption

In 1958, R. Mossbauer found the opposite result, as the resonant absorption
increased as T decreased.
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The nucleus that emits (absorbs)
the y photon is located in a “rigid”
system (e.g. a crystalline lattice).

The nucleus is not at rest, but
displays small oscillations that
depend on the system normal
modes of oscillations (phonons).
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The recoil energy of the isotope is comparable to the energy that is
needed to excite a phonon in the system. However, zero-phonon
processes may exist.

The recoil-free fraction, f, (also known as the Lamb-Mossbauer factor)
represents the fraction of absorption or emission processes that occur
without recoil.
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emitter absorber

I': larghezza della riga di emissione/assorbimento (°’Fe)

h

— At =~ 1077s, AE = 5-10" %V

At - AE >

Can a spectroscopy be performed using a monochromatic source?
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«—
Mossbauer
Drive
Source ¥ " Collimator
Detector
Sample
v
Ey(v) = E, + EEO
_ -7

v~10mm/s E,=144keV, E, ., ~ 5107 eV

The measurements are plotted as a function of the relative velocity.

By Hokur - Own work, Public Domain,

10016873

https://commons.wikimedia.org/w/index.php?curid
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collimator

emitter detector

absorber

motion of the emitter with respect to the collimator — cosine effect
source/sample distance — smearing of the velocity
thickness of the sample — self-absorption
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Hyperfine interactions that affect the nuclear energy levels:
electrostatic & magnetic
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2n Ze*R?

nuclear level

isomer shift

5

b (0) ‘2 {electronic charge density (s electrons)

£, | N

emitter absorber

isomer shift gives indications concerning the chemical environment

isomer shift values are referred to the isomer shift value of bulk iron
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eQ V.

quadrupole splitting (Sm% —I(I + 1))

2.Resonant absorption 4](2] _ 1)
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! = 3 —Jr—A' ‘e
£'° N . I my g
T
$ ¥ Al
emitter absorber

depends on the quadrupole moment; Q=0 if I=1/2
depends on m¢, the + degeneracy is not removed
V_,is different from O if:

- the electronic charge distribution of the valence orbitals is not spherical
- the degree of symmetry of the lattice is lower than that of the cubic one
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Interactions that affect the nuclear energy levels: electrostatic & magnetic

Magnetic interaction: nuclear Zeeman effect

h,
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J. Alloys and Comp. 488, 18-22 (2009), 10.1016/j,jallcom.2009.08.101
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Nuclear Zeeman effect

_,.j.
1. Nuclear absorption _ ) < ] 3 :Fﬂfm“?i' 1T 2 34 5 6
2. y-rays emission and -4
absorption processes Eo A~ ] j {ggdm
,, i

3. Resonant absorption 3 -—
— AL, (9)
4.Méssbauer f ‘4 i ’ Ak, (9) Ak, (e)
Spectroscopy emitter absorber

5. Applications
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Nuclear Zeeman effect
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Sm  Eu

Pu Am

EC.~
136.5

lsotope abundance: ~ 3 %. 13 !

The case of °’Fe

14.41—
A >’Co source is needed for the measurements. ' l“ﬁ
L I
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Science Biology
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Ferrite nanoparticles
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Superparamagnetic relaxation

KV
Tmis = To €XP
P\%T,

=~ 10710

SQUID 1005, 7M5 2~ 251079 s

mis ~ S mis st

SQUID
) In Tmis
TMS To
B ~0

SQUID MS ~
TB lll (Tllliﬁ)

This analysis can be performed also on
nanoparticles made of antiferromagnetic materials,
as this spectroscopy probes the magnetic properties
of a single atom.

Phys. Rev. B 62, 1124 (2000), 10.1103/PhysRevB.62.1124

@ =
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https://doi.org/10.1103/PhysRevB.62.1124
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Maghetic nanoparticles + External Applied Field
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Maghemite nanoparticles

Relative Transmission (%)

Velocity (mmV/s) Velocity (mm/s)

The hyperfine fields corresponding to the different sites are not
parallel with each other, as the peaks move in the opposite direction

2 and 5 lines are observed, even if the direction of the external field
is parallel to the y-rays direction: spin-canting effect

Nanomaterials 7, 373 (2017), 10.3390/nano7110373
J.Phys.: Condens. Matter 23, 426004 (2011), 10.1088/0953-8984/23/42/426004



https://doi.org/10.3390/nano7110373
https://doi.org/10.1088/0953-8984/23/42/426004
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Rock-forming elements

Major industrial metals in red Rh
Precious metals in purple . .
Rare-earth elements in blue Rarest "metals Ir
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0 10 20 30 40 90 60 70 80 90

Atomic number, Z

Abundance, atoms of element per 10° atoms of Si

Maossbauer Spectroscopy can be applied in geological studies

Some theoretical aspects of rock-magnetism
Louis Néel, Adv. Phys. 4, 191-243 (1955) 10.1080/00018735500101204



https://doi.org/10.1080/00018735500101204
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Obsidians investigations
1.y-rays emission and

absorption processes In the Neolithic period obsidian artifacts were used for commercial exchanges

2. Resonant absorption

3. Mdssbauer Spectroscopy
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0.998 —
0.996 —

0.994 —

0.992 —

Relative transmission

0.990 —

The specific Fe oxidation state depend
on the details of the eruption process.

0.988 —

0.986 —

velocity (mm/s)

Areas of origin of prehistoric obsidians in
the Mediterranean basin

© San Martino Spadafora

@ Aeolian islands (Lipari)

@ Monte Arci

© Pantelleria

@ Palmarola (Pontine Islands)
© Antiparos, Mylos (Cyclades)
! ® Gyali (Dodecanese)

map obtained using Google Earth
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By Richard Wheeler (Zephyris) 2007. wikipedia

Eur. Biophys. J. 48(7), 635-643 (2019)
10.1007/500249-019-01389-w



https://doi.org/10.1007/s00249-019-01389-w
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Maossbauer spectroscopy can be performed
using also the backscattering configuration

Source Sample Detector
+V >
Y
57 > o
|:| NNN Fe 2
3
AN 9
L

Transmission

emitted electrons,
Geometry

x-rays, and y-rays

BE

velocity [Imm/s]

Detector

Backscattering
Geometry

counts

J. Geophys. Res. 108(E12), 8067 (2003), 10.1029/2003JE002138
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1,004

+ data — total —— Haematite
—— doublet (Felll) —— Goethite

1.y-rays emission and
absorption processes
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Relative Emission

3. Mdssbauer Spectroscopy

4.Applications

0
Velocity (mm/s)

. STAR: Science & Technology of Archaeological Research
Trompetender Putto, Klimt 3.2, 450-455, 2018, 10,1080/20548923.2017.1399332

Belo Horizonte,
Minas Gerais, Brasile

www.spectroscopyeurope.com, 2012



https://www.spectroscopyeurope.com/article/m%C3%B6ssbauer-spectroscopy%E2%80%94-indispensable-tool-solid-state-research
https://doi.org/10.1080/20548923.2017.1399332
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s . In the Universe, iron is the 6 element in order of abundance
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0.001
Abundance in the Universe (%)

https://periodictable.com/
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NASA
Mars Exploration Rover

MIMOS I
Mossbauer spectrometer

Www.spectroscopyeurope.com, 2012

Fe* Jarosite
@ r phase
® Fe** silicate

@ Magpnetic phases It forms only under aqueous

| conditions at low pH (~ 3-4) and is

: therefore clear mineralogical evidence
for aqueous processes on Mars

.

Intensity

Maossbauer Spectroscopy and
Transition Metal Chemistry
Gutlich, Bill, Trautwein

. 10.1007/978-3-540-88428-6
Velocity ’



https://www.spectroscopyeurope.com/article/m%C3%B6ssbauer-spectroscopy%E2%80%94-indispensable-tool-solid-state-research
https://doi.org/10.1007/978-3-540-88428-6
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Maossbauer Spectroscopy and
10t Transition Metal Chemistry

Gutlich, Bill, Trautwein

10.1007/978-3-540-88428-6
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Inorg. Chim. Acta 275/276, 334 (1988), 10.1016/50020-1693(98)00069-3
Phys. Rev. Lett. 84, 1007 (2000), 10.1103/PhysRevl ett.84.1007
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The International Board on the Applications of the Mossbauer Effect (IBAME) was
established with approval of a Constitution in August 1993 at the International
Conference on the Mossbauer Effect that was held in Vancouver that year.

The first official meeting of this organization took place at ICAME '95 in Rimini, Italy.

The objectives of this Board are :

to advance the diffusion of knowledge in the field of the Mdssbauer Effect and its
applications;

* to promote the activities of the international community in this interdisciplinary
field of basic and applied research;

* toattempt the harmonization of venues and dates of the various international
and continental Mdssbauer conferences to avoid duplications;

* toencourage the participation of young research workers and research workers
of weak resource countries.


http://ibame.org/
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Maossbauer spectroscopists, Italy
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Giovanni B. Andreozzi (gianni.andreozzi@uniromal.it)
Dipartimento di Scienze della Terra, Sapienza Universita di Roma
Maossbauer Spectrometer, N, cryostat, oven (max 800 °C)
Characterization of the Fe oxidation state in minerals and rocks

Maria Fittipaldi (maria fittipaldi@unifi.it)

Dipartimento di Fisica e Astronomia, Universita degli Studi di Firenze

Characterization of nanomagnets, molecular magnets

Mossbauer Spectrometer (1.7 K-300 K); (4.2 K-300 K)@5T; closed loop cryostat (15 K=300 K)

Roberto Mantovan (roberto.mantovan@cnr.it)

CNR-Institute for Microelectronics and Microsystems (IMM) Agrate Brianza (MB)
Maossbauer Spectrometer, CEMS (100 K - 300 K), eMS @ISOLDE-CERN

Investigations of materials used for micro-nanoelettronics and spintronics applications

Luca Nodari (luca.nodari@cnr.it)

Dipartimento di Scienze Chimiche, Universita di Padova

Maossbauer spectrometer, N, & He cryostat, closed loop cryostat, CEMS

Characterization of oxides systems for catalysis applications, minerals and rocks, historical-
archeological artifacts.

Davide Peddis (davide.peddis@unige.it)

Dipartimento di Chimica e di Chimica Industriale, Universita degli Studi di Genova
Investigation of hyperfine structure and magnetic structure of nanostructured magnetic
materials.

Federico Spizzo (federico.spizzo@unife.it)

Dipartimento di Fisica e Scienze della Terra, Universita degli Studi di Ferrara
Mossbauer Spectrometer, closed loop cryostat (25 K- 300 K)

Investigation of the properties of magnetic nanostructured systems.
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