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Abstract 

 

In this experiment, a Mossbauer setup is used to calculate the isomer shift, 
the quadruple splitting and the line width in a potassium ferricyanide 
K3Fe(CN)6 sample. The setup consisted of a Co57 mounted on a transducer 
for Doppler shifting. The emitted photons travelled down a lead-covered 
rail towards a filter, then the absorber behind which was a proportional 
counter. The counter was connected to an amplifier, which then lead into a 
multichannel analyzer. The sample put on a sample holder of the setup of 
the experiment and left for about two hours. Without magnetic field effect , 
H=0, quadruple splitting, isomer shift and the line width were calculated. 
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Introduction. 
 
   The Mossbauer effect is a phenomenon that allows a nucleus to emit 
gamma rays which have enough energy to excite another nucleus of the 
same type. Normally, when a gamma ray is emitted, a certain amount of 
energy is lost due to recoil. This loss is just enough to reduce the ray's 
energy such that it is below the natural line width for photon absorption. By 
moving the source at a constant velocity, however, the additional kinetic 
energy due to motion can compensate for this recoil and bring the photon's 
energy within the natural line width. This technique is called Doppler 
broadening. This experiment aims at the use of Mossbauer setup by 
exposing K3Fe(CN)6  powdered sample to Co57 gamma source. By  ranging 
the velocities of the source, and observing the resulting counting statistics 
of the absorber, the fine structure of the sample along with any splitting of 
the energy levels can be observed. 
 
Theory : 
  
  The idea of Mossbauer effect is that when a source nucleus in an excited 
state makes transition to its ground state it will emit γ-rays. The γ-ray is 
subsequently caught by an unexcited absorber nucleus of some species 
which end up in the same excited state as illustrated in Fig.1. 

 
Fig (1):  Resonant absorption, the basis of  Mossbauer  effect.[1] 

 
A source nucleus in excited state             nucleus in ground state got excited 
                                       Ei                           γ                                                   

                        
                       
                        

                                        Eg 

 

Z, A ( radioactive element )                                  Z, A ( absorbent material ) 

 

Recoil energy loss: 
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When the photon is emitted from nucleus during  the transition between 
energy levels, some of transition energy will be lost because of recoil. To 
calculate the recoil energy (ER), the conservative momentum law will be 
used. 
 

Suppose a photon is emitted from a stable nucleus of mass (M) ,then the 
momentum before γ-rays emission equals the momentum after the 
emission; 

Fig.2  Recoil because of photon emission.[2] 

 

 

 
Pi  = Pf 
But,   Pi = 0  because the nucleus was stable. 
As,  Pf  = Ppho – Pnucl     thus,  Ppho = Pnucl 

From the relation,  Epho =[ ( Ppho c)2 + (m0 c
2)2]1/2                              (1) 

For  photon, (m0 = 0),  
Thus, Ppho = Epho/ c = E0/c 
Where E0  is the transition energy between energy levels. 
The recoil kinetic energy of the nucleus, 
 ER = 0.5 M v2  = P2 nucl / 2M                                                                (2)     
From Eq.1 & Eq.2 
ER = E0

2 /2Mc2                                                                                     (3)       
To simplify calculations, atomic mass unit is used; 
1amu = 931.5MeV 
ER = 5.37 x 10- 4 E0

2(KeV)/A                                                              (4) 
Where (A) is the atomic number. 
By comparing the  isotopes  Fe57 & Fe58 it was found that; 
         Fe57                 Fe58 

 E0    14.4KeV       800KeV 
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ER    0.002eV        6eV 
The recoil energy of  Fe57  is very small comparing with Fe58, so Mossbauer 
spectrum cannot  be obtained by using  Fe58 but by using Fe58. 
Doppler effect: 
The hot gas contained in the spectrometer emits photons of different energy 
and the photons frequency represents the emission frequency of the gas 
where the spectrum appears in the form of sharp and bright lines. Because 
of Doppler broadening due to high density of  hot gas the spectrum lines 
becomes broad. This concept can be used in solids as the atoms are not 
stable but moves with high velocities, and their kinetic energy can be 
written as; 
           K.E = 1/2 Mv0

2 = 3/2 kT                                                         (5) 
Where ( k ) is Boltzmann's constant. 
For example , at room temperature the atoms velocities are in order of some 
hundreds of millimeters per second. These velocities cause Doppler effect. 
So, the emitted γ-rays from the radioactive element which moves with 
velocity (v0) in the direction of the emitted rays deflect by magnitude; 
ΔE = (v0/c) E 
The source velocity varies from (v0)  to (-v0), so the line width becomes 
broader with magnitude; 
       D ≈ (2 v0/c) E  = 2( ER kT)1/2                                                       (6) 
The first point to understand Mossbauer effect is understanding the concept 
of the resonance absorption which means that the absorbed energy by the 
system is quantized and equals the energy difference between two energy 
levels considering that occurs in the nucleus which is similar to what 
happen in outer energy levels of atom when an electron transfer from orbit 
to another. 
Another point should be taken in account which is the line width (Γ) of γ-
rays with energy (E0). It can be calculating by using the uncertainty 
principle where (Γ) depends on excited state age (τ ); 
     Γ τ = h/2π                                                                                         (7) 
Where ( h) is Planck's constant. 
Isomer shift ( δ ): 
If the nucleus is considered voluminous, there is probability of presence of 
valence electrons inside it which leads to isomer shift as a result of coulomb 
interaction between nucleus charge and the charge density of valence 
electrons. This kind of interaction is known as chemical deflection where 
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the resultant deflection between the radioactive source and absorbent 
material can be expressed by: 
      δ = (0.4π Ze2)(Re

2 – Rg
2)[|Ψa(0)|2- |Ψs(0)|2]                                      (8) 

where ( Z ) is the atomic number, (Re , Rg ) are the radii of the nucleus in 
excited and ground state respectively, ( |Ψa(0)| , |Ψs(0)| ) are the electrons 
density in the nucleus of the radioactive source and the material. 
 
Fig (3)  Schematic diagram of the isomer shift in a source and absorber.[2] 

 

 
 
Quadruple splitting: 
 
The quadruple comes from the interaction of electric field gradient with 
quadruple moment which shows that the nucleus is not spherical symmetry. 
But the electric field yields from symmetry of charge ( electrons, ions & 
dipoles ) distribution around the nucleus. This interaction can be 
represented by using Hamiltonian operator; 
     Ĥ = [ e2qQ/4I(2I- 1)][3Iz

2 – I(I+1) + (Ix
2 – Iy

2)]                                (9) 
Where (eq) is the absolute value of electric field gradient in Z-direction 
(Vzz) at nucleus position , (Q) is quadruple moment of the nucleus, (I) is the 
spin coefficient and ( Iz,  Iy, Ix) are spin operators. The symmetry parameter 
is; 
  η = ( Vzz – Vyy)/Vzz 

provided that ( |Vzz|� |Vyy|� |Vzz| ) , and their values should guarantee  that   
( 0 < η < 1 ). 
The eigen values of Hamiltonian operator of  Eq.(9)  for ( I < 3/2 )can be 
written as: 
    EQ = [ ( e2 Qq ) /4I(2I - 1) ][3mz

2 – I(I+1)](1+η2/3)1/2                                  (10) 
Where (mz) is the magnetic quantum number with values ( I, I-1, I-2,…-I ). 
On this basis , it can be said that the number of energy levels ( Mossbauer 
lines ) which yields from quadrupole interaction depends on magnetic  
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quantum number as shown in fig.( 4 ). From the figure it can be noticed that 
the energy level ( I = 1/2 ) did not split because ( Q = 0 ) and in this case the 
nucleus in ground state and spherically symmetrical. [1]. 
 

Fig (4) Schematic diagram shows the quadruple splitting.[2] 
 

 
 
Procedure  
 
Using Mossbauer technique laboratory at Tajoura Research Center, a 
sample of (K3Fe (CN)6) using the ( Co57) enveloped in Rhodium as a source 
has been examined. A (100mg) weight of sample was crushed and folded in 
a plastic foil the fixed on a holder. The sample was irradiated by gamma 
rays emitted from cobalt source for about two hours. Data obtained was 
analyzed using a special program available for such kind of experiment. 
The experiment setup is as mentioned in fig. ( 5 ). 
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Fig. ( 5 ) Mossbauer spectrometer setup.[3] 
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Results and analysis of data : 
 
The quadruple interaction was observed in the absence of effect of magnetic 
field. It is a spectrum of two lines  as shown in figs. ( 6- a,b ) and it was 
found that: 
 

1- The quadruple splitting  ΔEQ = 0.26878018 mm/s. 

2- The isomer shift  δ = - 0.07648237 mm/s. 

3- The line width  Γ = 0.27957594 eV. 
 
 
 

counter  absorber
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                    Fig. (6-a) K3Fe(CN)6  powder  plot. 
 

 
 
          Fig (6-b) The double peak spectrum of K3Fe(CN)6. 
 

 
 
Discussion 
 
When the above results is compared by the results of other phases of  iron 
ores, its noticed that the sample used in this experiment has the same kind 
of spectrum but with its own properties and values. These values appears in 
the same order and in  satisfying ferricyanides results.   
The intensity of both peaks were of unequal amplitudes. This was more 
likely to be due to insufficient points at the tips of the two lines. Also the 
efficiency of the source was weakened and the thickness of plastic tape may 
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have interfered with the counting results by decreasing the amount of 
emission that were transmitted. 

 
Conclusion 

 
Using Mossbauer techniques,  a powdered sample of ( K3Fe(CN)6 ) was 
irradiated to a radioactive  element ( Co57)   produced a doublet spectrum of 
quadruple splitting and isomer shift which simulates the results of ferric 
ores results. These results  opens the way to direct measurements of the 
widths of narrow transition lines, as well as to the observation of small 
energy shifts due to nuclear, atomic, and macroscopic causes. Nuclear 
fluorescence thus became an  important tool not only in nuclear physics, but 
also in the theory of solid state, and in gravitation and relativity. 
 
List of Symbols 
 
Ei   : energy of excited state. 
Eg : energy of ground state. 
Z :  mass number. 
A : atomic number. 
M : mass of nucleus. 
P  :  linear momentum. 
m0 :  rest mass of electron. 
c :  speed of light. 
ER : recoil kinetic energy. 
E0 :  transition energy between levels. 
MeV:  million electron volt. 
Kev :  kilo electron volt 
K.E :  kinetic energy. 
v  :  velocity. 
k  :  Boltzmann's constant. 
Γ :  line width. 
τ : excited state age. 
 h : Planck's constant. 
 δ : isomer shift. 
Ψ : electron density. 
 
 
Ĥ:  Hamiltonian operator. 
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e : electron charge. 
I :  spin coefficient . 
Q: quadruple moment. 
η : symmetry parameter. 
Mz:  magnetic quantum number. 
ΔEQ :  quadruple splitting. 
Vxx, Vyy, Vzz:   components of electric field gradient. 
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