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Mossbauer isotopes
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White boxes —
Maossbauer isotopes

50 [ 60 61 62| 63| 64| 65| e6| 67| 68| 69 70| 7
Pr { Nd [Pm | Sm | Eu | Gd | Tb | Dy | Ho | Er | Tm [ Yb | Lu

141 145 145 152 151 154— 159 160- 165 166 169 172 175
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232 | 231 | 238" [ 237 | 230 [ 243

Handbook of Nuclear Chemistry (Springer, 2004)
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Fluorescence in >’Fe -

>’Fe >’Co

Ty, = 270 days

Electron capture: p+e~ - n+v,

5
[==(-) Ti/, =9ns
2
y = 137 keV (9%) y = 123 keV (91%)
3 v -9
| = E(—) T/, =96ns (AE = 6.8 - 107" eV)
l y = 14.4 keV

1
I'=2() ¥

| WiSe 2024-2025 | PHY-VFATCM -




Mossbauer isotopes

IVA VIA

White boxes —
Maossbauer isotopes

50 [ 60 61 62| 63| 64| 65| e6| 67| 68| 69 70| 7
Pr { Nd [Pm | Sm | Eu | Gd | Tb | Dy | Ho | Er | Tm [ Yb | Lu

141 145 145 152 151 154— 159 160- 165 166 169 172 175
147 154* 153 158* 162* 168* 174*

91 92 93| 9| o5
Pa | U [ Np | Pu| Am
232 | 231 | 238" [ 237 | 230 [ 243

Handbook of Nuclear Chemistry (Springer, 2004)

| WiSe 2024-2025 | PHY-VFATCM n




Scheme of the experiment
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Hvperfine interactions

Nucleus interact with the electric field of electrons (Coulomb, quadrupole) and magnetic field of

electrons (magnetic dipole).

Free nucleus Coulomb interaction = Quadrupole interaction Magnetic field m
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Example: steel

Material: Steel
The standard pattern of a steel in

which ferrite and austenite phases
are present. The °’Fe Mdssbauer

Phase: Martensite .
V V V' \ spectrum of the sample is a complex

Phase: Austenite \/ spectrum that is a sum of
subspectra. The subspectra of the

ferromagnetic ferrite with bcc
Site: in Martensite Vv V. lattice and the paramagnetic
Site: in Austenite Y austenite with fcc lattice are also

superimposed from elementary

patterns because of the effect of

Microenvironments in Martensite { WVW——UV alloying elements, although the Fe
atoms can only occupy one single

Microenvironments in Austenite { crystallographic site in each phase.
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Mossbauer spectrometer
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https://serc.carleton.edu/research_education/geochemsheets/techniques/mossbauer.html
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Synchrotron Maossbauer spectroscopy (SMS) -

1. Excitation by a short synchrotron pulse (~100 ps) 2. Long nuclear fluorescence (~100 ns)
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W. Sturhahn, J. Phys.: Condens. Matter 16 S497 (2004)
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SMS on Fe,0O

I T
(d) 73 GPa, Postperovskite
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S.-M. Shim et al., “Electronic and magnetic structures of the postperovskite-type Fe,0; and

implications for planetary magnetic records and deep interiors” PNAS 106 (14) 5508-5512 (2009)
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What to remember -

N | S

Heisenberg uncertainty for energy resolution and life-time: AE - At >

Mossbauer effect is recoilless absorption/emission of y-quantum by a nucleus. It is
only possible in solid state and at low temperatures

Maossbauer effect allows to determine local electric and magnetic field at a nucleus
There are many Mdssbauer-active isotopes, including >’Fe

One can get a Nobel Prize for a PhD thesis
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