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Mőbauer Spectroscopy II



Agenda: ANSEL Mössbauer Experiment 
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Möbauer (Mössbauer) Spectroscopy with proportional counters:

 Ultra-high-precision photon energy measurement: 
 Precision scanning resonant-absorption spectroscopy  
 with doppler-shifted photon energy, using gas amplification counters.

➢ Gas amplification counters, proportional counters, electronics.

➢ Mössbauer Principles: 

 Resonant  absorption (=part of total).

 Recoil effects in  emission and absorption, 

       Recoilless  absorption by macroscopic samples, 

➢ Determination of electric and magnetic HF interactions in various 
chemical Fe compounds

Reading Assignments: 
(Knoll, LN): X ray spectroscopy with proportional counters (PC),

E-dependent absorption coefficients, gas amplification counters,

Response of proportional counters to  - and X rays, spurious peaks.



Precision Absorption Spectroscopy with 57Fe
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Recoilless Emission/Absorption
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Momentum-energy transfer to nucleus (mass m) changes effective  
energy → Loss of resonance condition 

Momentum-energy transfer to nucleus embedded in macro 
crystal lattice is negligible → Resonance condition fulfilled 

Anchored to macro crystal



Mőbauer Transmission Scan: DAQ Setup
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ANSEL Mőssbauer Drive/Setup
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ANSEL drive has non-linear, sinus-type 
velocity profile defined by function 
generator controlling electro-magnet

( ) ( )0 sin 2t t T dN dt  = → 

1 16Velocity signal mm s mV

dN d



Drive velocity profile is highly stable and 
precise. Auto-correction via electronic 
feedback to function generator from 
magnetic induction pickup. 

Loudspeaker 
module

Source holder
& magn. pickup



Mőbauer Spectroscopy Applications

Precise level energy scan, resolution E ~ 10-10 eV

→ Investigate small perturbations of nuclear level energies due to 
interactions between

❑ Nuclear charge distributions and electronic density distributions in 
molecules, solid lattices (chemical shifts, electrostatic hyperfine 
interactions)

❑ Nuclear spins and magnetic moments with electronic or external 
magnetic fields, in lattices (spin and g-factor determinations, 
magnetic hyperfine interactions)
 

❑ Other applications (chemistry, material science)
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Isomer (Chemical) Shift of Atomic States
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N(r)

R

Coulomb potential for spatially 
extended nucleus → depends on R

Point → finite size→

Finite Size nuclear states
Radii R=Rn  (n=0,1,..)

Perturbation theory calculation of nuclear 
energy level, perturbation = H’ due to 
interaction of  (r) with electrons  (r)

( ) ( ) ( )0: :H r V r R V nintera or cti =  − =st1 PT

Transmission of -ray 
through absorber 

depends on source 
velocity 

→ scan with T=T(v)

Nuclear state (n=0,1,..)

Difference 
between 2 states

 nfor r R

( ) ( ) ( ) = − 0 rP n H rerturba V rt Vio



Electric Quadrupole Hyperfine Interaction in Atoms
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Nuclear electric 
quadrupole moment eQ 
measures deviation 
from sphere. 
Qeff(I) can be aligned via 
interactions of external 
fields (spin I alignment).

Energy shift depends on orientation 
of Q (i.e., I) with respect to crystal 
field gradient.
Qeff = Q’= 0 for I = 0,1/2

Orientation dependent


( )V z



mI

( )1 2I  



Magnetic Hyperfine Splitting in Atoms
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Nuclear magnetic moment  oriented || to spin I, can be 
aligned w/r to magnetic field B.   gN = gyro-magnetic ratio: 
different for different nuclear states → structure information!   

Orientation 
of spin & 

Nuclear magneton μN = 5.05078324(13)×10−27 J/T

n I n N z
E B m g B  = −  = −





Electric + Magnetic HF Interactions
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Mössbauer velocity absorption spectra are shifted against zero and split

Isomer-shifted Fe hyperfine level scheme and allowed E1 transitions

Chemical
Isomer Shift



Magnetic HF Interaction from MB Spectroscopy
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Ferromagnetic Fe absorber→ observe magnetic HF

ge,g = gyro-magnetic ratios
   N = Bohr Magneton (unit) 

Chemical 
Shift IS
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Applications in Chemistry/Material Science
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Simulation of chemical reaction in 
Martian (oxygen-free) environment.

Precipitation of Fe in water under 
influence of UV light:

Intense Hg lamp at distance d from 
quartz flask 
with Fe2+ solution d=5cm (A) or 
d=10cm (B) → Factor 4 in UV 
intensity

Moessbauer parameters at liquid- 
nitrogen temperature (77 K) of the 
photo-oxidized precipitation samples A 
and B, compared to natural FeOOH

→ -FeOOH precipitates (B has larger 
particles, strong B field at 300K)



Probing Ordinary Iron
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Other Möbauer Cases

57Fe is by far the most common isotope used in Möbauer experiments.

Isotopes of other elements also frequently studied: 129I, 119Sn, 121Sb
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http://en.wikipedia.org/wiki/Iron-57
http://en.wikipedia.org/wiki/Iron-57
http://en.wikipedia.org/wiki/Iodine-129
http://en.wikipedia.org/wiki/Iodine-129
http://en.wikipedia.org/wiki/Tin-119
http://en.wikipedia.org/wiki/Tin-119
http://en.wikipedia.org/wiki/Antimony-121
http://en.wikipedia.org/wiki/Antimony-121
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Mőssbauer Experiment
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