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Mossbauer spectroscopy

is a versatile technique that can be used to provide information in many
areas of science such as Physics, Chemistry, Biology and Metallurgy.

It can give very precise information about the chemical, structural,
magnetic and time-dependent properties of a material.

Key to the success of the technique is the
discovery of recoilless gamma ray emission
and absorption,

now referred to as the '‘Mossbauer Effect’, after its discoverer Rudolph
Mossbauer,

who first observed the effect in 1957 and received the Nobel Prize in Physics
in 1961 for his work.



The Mossbauer Effect
Nuclei in atoms undergo a variety of energy level transitions, often
associated with the emission or absorption of a

These energy levels are influenced by their surrounding environment, both
electronic and magnetic, which can change or split these energy levels.

These changes in the energy levels can provide information about the atom's
local environment within a system and ought to be observed using
resonance-fluorescence.

There are, however, two major obstacles in obtaining this information:

*the 'hyperfine' interactions between the nucleus and its environment are
extremely small, and

*the recolil of the nucleus as the gamma-ray is emitted or absorbed prevents
resonance.



H daouatookoria Mdssbauer eival mapopola he tn
NMR daopatookoria dedopevou OTL e€eTaAlEL TIQ
MUPENVLIKEC ueTaBaoslc Kal eival €Tol euaiodntn otic
mapopolec aAANAeTudpACEIC NAEKTPOVIO-TIUPTIVWV
oTwe n uetatoruon oto NMR.



Erurm\eov, AOYw TwV UPNANC EVEPYELAC KAl TWV
eEAlPETIKA O0TEVOU TIAATOUC YPAUU®YV AKTIVWV
Yauua,

elval pLa arno TIC TO EUAloBNTEC TEXVIKEC ATIO
TNV arnoyn INC EVEPYELAKNC akpiBelac
(resolution) TIou €xel TNV IKAVOTNTA TNC
avixveuoncg Twv aAAaywvVv akpLBwC UEPLKWV
uepwv ava 101,



In a free nucleus during emission or absorption of a
gamma ray

it recoils due to conservation of momentum,

just like a gun recoils when firing a bullet, with a recoil energy
Er.

This recoill is shown in Fig1.
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The emitted gamma ray has Er less energy than the
nuclear transition but to be resonantly absorbed it must
be Er greater than the transition energy due to the recoil
of the absorbing nucleus. To achieve resonance the loss of
the recoll energy must be overcome in some way.



To paLVOpEVO Mossbauer elvail n orioBoyxwpnon-sAslBepn
EKTIOUTT) TNC Y AKTIVOBOAIaC aro eva padlevepyo OTEPED
UALKO.

Oruoboxwpnon Twv eAeUBEPWV TIUPNVWV OTNV EKTIOUTM 1] TNV Aroppo$non gamma-ray

Miag Kat n yapua n EKrnmoumm eivat eAetBepn ano
oruoboxwpnorn, urnopel va anoppodnOei resonantly aro
Ta oTaowua atoua, OnA., arno eva oTepPEO.

Ol TupnVikeC petaBaoclc eival oAU euaiodnTec OTO
TOTUKO TIEPIBAAAOV TOU ATOMOU Kal N $acHaATOOKOTIA
Mossbauer eival evac euaiobntoc EAeyxoc aro Ta
dlapopeTIKA TEPIBAAAOVTA TIOU €va ATOHO
KataAapBavel oe eva otepeO UALKO.



Free emitting and absorbing atoms

———
Emission Absorption
Y e—
Recoll

Energy of recoil — - «— Y-ray energy

Mass of atom




As the atoms will be moving due to random thermal motion the gamma-ray energy has a
spread of values Ep caused by the Doppler effect.

This produces a gamma-ray energy profile as shown in Fig2.

To produce a resonant signal the two energies need to overlap and this is shown in
the red-shaded area.

This area is shown exaggerated as in reality it is extremely small, a millionth or less of the
gamma-rays are in this region, and impractical as a technique.

> UVTOVIOMEVN eTUKAAUYN oTa eAeUBepa AToua.

http://en.wikipedia.org/wiki/File:Dopplerfrequenz.gif



Emitting and atoms fixed in a lattice
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Mossbauer spectroscopy is the recoil-free emission
and absorption of gamma rays


http://upload.wikimedia.org/wikipedia/commons/9/90/Dopplerfrequenz.gif

AuTO ou o Méssbauer avakaAuye eivatl OTl
OTaVv TA ATOMA €lval HECA O€ Ula OTEPEQ NNTPA
N ATOTEAEONATIKN pala Tou Tupnva ivat mapa moAU

ueyaAuTepn
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H eAeUBepn oruoBoXWPNON-EKTIOUTT N
aropPOPNON YAaUUA-AKTIVEC

OTAV Ol TIUPNVEC elval

O€ [Ia OTEPEA UNTPA OTIWC VA OLKTUWTO TIAEYUA
KPUOTOAAOU



EQv ol EKTIEUTIOVTEC Kal arnoppodoUVTEC TIUPINVEC
elval idlol, owe ota KUBLKa meplBailAovTta, ol
EVEPYELEC HETAPBAONC elval IOlEC KAl EXOUME €va
dAaoua onwe:

detector

Fig4: Simple Mdssbauer spectrum from identical source and absorber



TTXPAYWYN GKTIVWV Y YLX (PXOUXTOOKOTILX Mossbauer 57Fe
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TTEPLTTOU TO 90% TNC DLEYEPUEVNC KATXOTKONC TWV
TTUPNVWYV 57Fe XTTOOLEYELPETAL OTO EVOLXUETO ETTLTTEDO 14,4
keV YL TTPOYWYN Y XKTLVOROALKC.

AUTX TX Y (PWTOVLX PUTTOPOUV VA& XTTOppopnBolv 110 TO
OElYH X TOU 57Fe.
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http://serc.carleton.edu/research_education/geochemsheets/techniques/mossbauer.html



http://serc.carleton.edu/research_education/geochemsheets/techniques/mossbauer.html
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Fig: Elements of the periodic table which have known Mdssbauer isotopes (shown in red font).

Those which are used the most are shaded with black




