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RESUME 

Like the optical and acoustical resonance, 

Mbssbaaer effect may be defined as recoilless gamma 

resoncknce (emission, absorption or scattering) i.e, no 

part of the energy is expended in the recoil of the 

nucleus emitting or absorbing the gamma quanta. The 

probability f for the emission of gamma rays from radio-

active atoms without energy exchange with the lattice. 

vibrations of the crystal in which these are embedded, 

depends upon the strength of the interatomic forces 

between these atoms and the crystal. In this way 

Mossbauer effect offers a unique tool in its ability 

to look upon an•imputity atom selectively.Precision 

measarements of the temperature dependent I f' yield the 

temperature dependence of the mean square displacement of 

the atom <x2> along the direction of gamma ray emission, 
\ X

2 
 > 

through the relation, f = exp(° -1). Another dynamical 
- 	X 

parameter of great significance is the mean square 

velocity (v2)  of the Rbssba )r atom which contributes 

partly to the shifts of the emission and absorption 

lines. The different lattice dynamical aspects which 

can profitably be studied from these parameters include: 

phonon spectl-a.corteadtrep 0.1 +We atomic biln.d.int forces, 

anharmonicity of the motion of the vibrating atom, . 



the evidence of the force constant change of 

the impurity-host to host-host coupling etc. The present 

work comprises of the following nine chapters. 

Chjyter I-  After a brief introduction of the phenomenon 

of recoilless .  emission, absorption and discussion of 

the conditions under which it can be observed, an 

attempt is made to sketch briefly the various parameters 

of hyperfine interaction: I.S., Q.S. and magnetic 

splitting. 

CLLEILEII- Herein 's discussed the theoretical b,ck-

ground for the quantitative estimation of lattice 

dynamical parameters: f and J.O.D. Furthermore the 

various solid state applications o Mbssbauer effect are 

discussed. 

Chapter III-  Temperature dependence of Mossbauer fraction 

has been analysed in harmonic approximation for 

(i) 9.3 keV transition of Kr83  in solid Krypton, 

(ii) 77.3 keV transition of Au197  in Gold metal, 

(iii) 14.4 keV transition of Fe57  in natural Iron, 

(iv) 26.8 keV transition of I129 in Cesium Iodide 

lattice and 

(v) 81.0 keV transition of Cs133 in Cesium metal, 

in the framework of real phonon frequency distribution 

function g(').)) (p.f.d.f.) for the host lattices. 



Disagreement with the experiment for the first three 

cases was attributed to the presence of anharmonic 

effects. Nice agreement was obtained for the 1
129 

transition in Csllattice. In the case of Cs133 in 

cesium metal, although the measured f(=5.50x10-5  ) does 

not agree with the calculated f(-0.062x10-5) but in view 

of smallness of the measured effect, it is difficult 

to uphold its correctness. 

Chapter IV-- The analysis of recoilless fraction is 

improved by incorporating anharmonicity-quasiharmonic 

and explicit temperature dependent anharmonicity, in 

the calculated f(T) variation in the three unexplained 

cases((i)-(iii)). The attempt seemed to succeed in the 

first two cases whereas in the case of natural iron, 

despite the inclusion of anharmonicity; a discrepancy 

between the calculation and experiment still persisted. 

However it was suggested that magnetic ordering in 

the case of ferromagnetic iron may be responsible for the 

residual discrepancy. 

Chapter V-  Based on the theory developed by Bashkirov and 

Selyutin, magnetic ordering contribution to f(T) variat-

ion was included and good agreement with the experiment 

was obtained. 

Chapter VI- Since the probability of Mossbauer effect 

increases with increase of p.ressure, the use of high 
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pressure may allow the study of Mossbauer effect for 

materials where it is either marginal or non-existent 

at zero external pressure. Using GrUneisen law,f(P) at 

various temperatures has been calculated for 

(.i) Au197 in Gold motal, 

(ii) 1129 in Cesium Iodide, 

(iii)Cs133 in CsI and Cesium metal, 

(iv) 29.4 keV transition of K40 in Potassium metal)  
-,7 

(v) Fe' in n2,tural_ Iron and 

(vi) 23.9.keV transition of Sn119  in white (p) Tin, 

and the results are compared with available experi- 

mental data. For the first four cases where f (at P=0) is 

small even at low temperatures, we have predicted that 

with an impressed pressure of the order of 100-200 Kbar, 

one can perform the experiments with those nuclei at 

a relatively high temperature. In the case of Sn119 in white 

tin, good agreement with experiment is observed whereas 

much discrepancy still persists in the case of Fe57  in 

iron lattice. The discrepancyis qualitatively attributed 

to the change of polarisation of the iron lattice with 

pressure resulting from changes in the anisotropy and 

magnetostriction constants with pressure. 

Chapter VII- It is generally assumed that the tempera-

ture dependence of isomeric shift (hence s-electron 

density at the nucleus) is negligible. We have analysed 

the temperature and pressure dependence of Mbssbauer y-ray 



energy shift of Fe57 in natural iron taking into 

account the variation of the S.O.D. both with tempera-

ture and pressure, calculated from the experimental 

p.f.d.f. Data from the pressure studies has been 

utilized to evaluate two parameters; the proportionality 

constantabetween the 1-.6, and 	(0)1 2) and X, the 

number of electrons transferred with change of volume 

from the 4s to 3d band. It appears that in the case of 

magnetic lattice such as iron the temperature dependence 

of 	calculated from the p.f.d.f. is inadequate to 

explain the observed energy shift, that instead a contri-

bution arising from magnetization seems important which 

is to be expected theoretically. On including a term 

proportional to the magnetisation, the calculated 

temperature variation of the I.S.(-'(0.60+0.03)x10-4  mm 

sec-1 0K-1) compares well with that det3rmined from the 

pressure studies of the y-ray energy shift (,--7(0,55+0,091x10-4  

-lo -1\ mm sec 	K ). 

Chapter VIII--  Analysing the pressure variation of f 

for an impurity atom with Debye theory, quantitative 

estimation of the force constant change q' /q for 

impurity-host binding to host-host binding for Fe57  in 

Cu, V and Ti is calculated. This is compared with that 

obtained from the independent temperature studies of 

f and the results are discussed. 
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Chapter  IX-  Lastly in this chapter it is shown that 

the combined effect of high pressure and temperature 

can yield information regarding the force constant change, 

q' /q with temperature, change of the 3d-4s band electron 

transfer coefficient with temperature. Pressure depend-

ence of I,R5ssbauer intensity for Fe57  in Pt has been studied 

experimentally at two temperatures. Analysing the measure-

ment the force constant change q'/q is found to be same 

(c.."0.45) at both the temperatures. Secondly measured 

ressbauer spectrilm shift versus pressures at two tempera-

tures for Fe57 in Cu was analysed in the framework of 

Debye theory to calculate the temperature dependence of 

sl.S. with pressure. This analysis shows that at 82 Kbar 

the s-electron density at298°K becomes equal to that 

at 1 bar and 940 K. It is also found that the electron 

tranAfer parameter X at 94°K is greater than that at 

298°K by about 25*/. . Finally the measured f(T) at two 

pressures for Fe57  in natural iron is analysed in the frame-

work of experimental p.f.d.f. after accounting for the 

S.O.D. contribution for anharmonicity and magnetic order-

ing. The analysis leads to an interesting result that 

at 22°)C the s-electron density at iron nucleus at 1 bar 

equals to that at 88 Kbar and 700°C. This has been explained 

qualitatively in the framework of the band structure of 

Iron lattice. 
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CHAPTER I 

I N T R O D U C T I O N 

1.1 MWSBAUER EFFECT- The Mssbauer effect is named 

    

after the German physicist Rudolf L Mt5ssbauer for the 

work he carried out at the Max Planck Institute, Heidelberg 

in 1957. In short, it can be defined111 as recoilless 

gamma resonance fluorescence (emission, absorption and 

scattering), i.e. no part of the energy is expended 

in recoil of the nucleus emitting or abSorbing the gamma 

quanta. The consequences of this momentous discovery 

were so far reaching that research activity in Mbssbauer 

effect sprang up in all the major laboratories throughout 

the world. In recognition of this contribution, he was 

awared the Nobel prize in physics for 1961. 

1.2 RESONANCE- The phenomena of resonance with visible 

and ultraviolet light (atomic resonance) has been known 

for a long time. Thus when a beam of white light from 

a mercury lamp is made to pass through a glass vessel 

containing mercury vapour, strong resonance absorption 

occurs which is due to the transition of an atom from 

ground state to the excited state. Since atomic resonance 

depends essentially on the existence of quantised levels 

and these levels also occur in nuclei, the possibility 

of observing nuclear resonance was obviously anticipated. 

A number of attempts to observe resonant absorption 
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with gamma radiation were made-but without success. 

A natural question arises why it is relatively easy to 

observe resonance fluorescence with visible light but 

not with gamma radiation. 

1.3 FACTORS RESPONSIBTR FOR RESONANCE- In order to 

see the fad-tors responsible for observation of any type 

of resonance, Consider a free atomic or nuclear system 

of mass M with two states A and B separated by an 

energy Eo. When this atom or nucleus emits a photon, 

the syStem must recoil to conserve momentum. The reboil-

ing system takes a share R of the available energy Eo. 

Thus if Ey is the energy of the emitted photon (E (E ) o 

then because Of momentum conservation, 

p = Momentum Of the recoiling system 

= E 
Y
/c momentum of the emitted photon 	.,. (1.1) 

where c is the velocity of photon. 

non-relativistic-approximation the 
2 	E2 

receives an energy R = P. = —17 • 
- 2Mc 

to energy conservation 

Eo = Ey+R 

or 	R = E .-E 

Therefore, in the 

recoiling system 

Furthermore according 

E
2 • 2 

_ 	 .0_ 
2Mc
2 • 2 2No 

which gives the loss in the energy of emitted photon 

due to recoil of the system. 

On the 'other hand a detailed examination employing 



perturbation theory shows that any excited level (here 

decaying state B) can not be characterised by one well 

defined excitation energy Bo  only; but that the energy 

of the state is distributed about the centre energy Bo  

as shown in Fig.(1.1a) so that it is characterised also 

by its natural width r. This width I  (also called 

half maximum width) is related to the mean life time T 

of the excited state B by the Heisenberg uncertainty 

relation 

Thus the photon emitted in the transition from B to A 

showsa distribution in energy centred around Bo-R and 

displays a natural shape of width r (Fig.(1.1b)). 
Furthermore to have resonance absorption, the energy of 

the incident gamma quantum from emitter must be (including 

loss of part of the energy due to the recoil of , the 

absorber) greater than the resonance energy Bo  by same 

amount R as shown in.Fig.(1,1c) i.e. it should possess 

energy Eo+R. Thus only the overlap portion of the 

Fig.(1.1b) and (1,1c) as shown in Fig.(1.ld) is respons-

ible for resonance fluorescence Since the resonance 

maxima for emitter and absorber are separated by 2R, the 

Condition for overlap and hence for resonance becomes 

2R < 	 (1.4) 

Now let us see whether this condition of resonance is 



A 
B,  

Emitter 

Absorber 
A. 

A 	 A' 

1(a)  

1(b)  

1 (C) 

FIG.1.1_ Energy distribution involved in resonance fluorescence 
(0)- energy distributon of any excited stcte with 

excitation energy E0 . 
(b)_energy ckstribution of phOtons emitted in trans t on 

B---1•4 (emitter) 
(c)_ energy spectrum required to excite the state A/ana 

to provide the recA energy R (absorber). 
(d)_Overlap of (b) and C) viz. shaded area gives the 

probability of resonance. 
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satisfied in the atomic and nuclear cases. 

(i) Atomic system - Take the case of mercury line for 

which Eo 	eV, N 	amu therefore F6.-a0-10  eV. 

- , mean life of the excited state E,,10-8 sec, 

thus r= hIT t.-,10-8  eV 

. °. 2R <,< c implying thereby that atomic resonance 

is easily observed. 

(ii) Nuclear system- Take a typical case of y-ray with 

energy E0  x--%100keV, 	amu, therefore R 

Since ti X10-10  sec. therefore l%-)10-6  eV and 

thus 2R>>1;i.e. the gamma ray energy E0  is 

well off the centre of the resonant line and 

hence no observable resonance effect is found under 

ordinary conditions. 

1.4 EARLIER METHODS TO OBSERVE GLMNA RESONANCE 

Prior to MUssbauer's discovery various methods were 

used to compensate for the recoil loss and thus to bring 

emission and absorption lines back into coincidence. 

(i) Centrifuge- 	In order to observe resonance 

absorption or scattering with gamma rays the energy 
2 

shift 21\E = --2  must be restored in some way. This can 
Mc 

be done if the gamma ray of interest is radiated by a 

nucleus which is approaching the absorber with velocity 
UE, )32, 

U = 	, then the Doppler shift is -5-= = -=2  and the 
Mc 

resonance condition is easily satisfied. Such a type of 

E 



experiment was performed by Noon 121 in 1951 for the 

isotope Au198. He was able to bring about resonance 

absorption by placing a radioactive source on a rapidly 

spinning wheel and the velocity required to compensate 

for the recoil energy losses in both emission and 

absorption was of the order of 8x104  cms/sec, which is 

close to the maximum relizable velocity with an ultra-

centrifuge. 

(ii) Heat - The second method makes use of the 

fact that the emitting and absorbing atoms are in 

constant thermal motion which introduces an additional 

widening of the emission and absorption lines. This broaden-

ing2,commonly known as Doppler broadening D'increases with 

temperature as D = 2)(RkT. Malmfors131 in 1953 has success-

fully demonstrated the resonance scattering of y-rays using 

a stationary source (.,1,1198) and absorber with the source 

heated to 1063°C. The large increase in the Doppler 

broadening of the gamma line energy is sufficient to 

restore the resonance condition for some of the emitted 

y-rays. 

(iii) Previous recoil- In this method utilized by 

Metzger 141 the recoil due to the previous emission of 

y-quantum or p- is used to compensate for the recoil 

in the subsequent y-emission. 

One can see that all these methods of compensating 

for recoil, are, by their very nature, not very efficient 
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and require a good deal of ingenuity and skill. Their 

most serious drawback is that they cannot restore 

the natural'width of the lines from their recoil broaden-

ed state and thus can not be used in investigating small 

changes in the enorEy levels. A remarkable new method 

for producing nuclear gamma resonance was reported by 

Mossbauer111 in 1958, who instead of compensating the 

nuclear recoil, tried to eliminate it. 

1.5 MbSSBAUER DISCOVERY AND ITS INTERPRETATION- 

Rudolf L Mbssbauer working in Heidelberg in 1957 demons-

trated drametically and yet accidentally the feasibility 

of observing y-ray resonance by embedding the emitting 

and absorbing nuclei in well bound crystal lattices. He 

-was investigating the nuclear resonance scattering of 

the L29 key gamma ray from ir191, through a crystalline 

natural iridium (38.5V-11-191). For this transition, R 

is 0.05 eV, whereas Doppler broadening D at room temperat-

ure is about 0.1 eV and thus there is an overlap of absor-

ption and emission lines without employing any of the 

methods mentioned already to supply the missing energy.. 

He also observed that this resonance absorption effect 

increased with decrease of temperature contrary to expec-

tations. Furthermore by imparting modest velocities of 

the order of few cm/sec., he obtained an absorption line 

of width at half maximum rof..nearly 2 cms/sec. which 

is double the natural- line width. This is in agreement 



with the picture of recoilless emission and absorption. 

The factor of two arises because the observed spectrum 

is the result of folding an emission and absorption line 

each with a width 171 . Messbauer.  thus in single 

experiment achieved the compensation of recoil and also 

eliminated the Doppler broadening. 

The essential mechanism underlying Mbssbauer 

discovery and explanation of recoilless emission and 

absorption of y-rays was well known in the theories of 

X-ray crystallography151 and neutron scattering161. It 

was in fact Lamb's paper 161 on 'Capture of Neutrons 

by Atoms in a Crystal' which led MOssbauer to the inter-

pretation of his unexpected and remarkable result. The 

detailed theoretical papers giving classical and quantum 

mechanical interpretation of the mechanism have been 

put forward by the discoverer 11,7,81 and others19-121. 

We would not reproduce - the whole theory but will simply 

mention the salient features of the phenomena of recoilles 

emission and absorption of 1-rays. 

Let the nucleus of one of the atoms of the crystall-

ine lattice decay by y-emission with energy E=hand 

ht> momentum p = 	. Furthermore we examine as to how the 

emitting system takes the recoil momentum and the recoil 

energy. Since the atom, whose nucleus decays, is a part 

of the crystal lattice, we consider the following 

possibilities for accounting the conservation of momentum. 
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(i) the atom alone may recoil and get displaced from 

its equilibrium position in the lattice, 

(ii) the crystal lattice as a whole recoils so that 

every atom in the lattice moves and the lattice struct-

ure is still preserved, 

(iii) the lattice vibrations or any other collective 

oscillations of the lattice may take up the recoil 

momentum. 

It is well known that the energy required to dis-

place an atom from its equilibrium in a well bound crys-

talline lattice is of the order of 10 eV whereas the 

recoil energy is same 10-2 eV. Thus it looks improbable 

that the individual atom will take the recoil and get dis-

placed from its equilibrium position. Lattice vibrations 

similarly cannot take up the momentum as to each wave 

with its momentum pointing in one direction there will 

be corresponding one 	pointing in the opposite direction. 

Thus it appears that as a consequence of the .-emission, 

the entire crystal recoils. In fact the momentum p is 

transferred to a single nucleus in a time short compared 

to the period of lattice vibrations and then distributed 

throughout the whole crystal with the velocity of sound 

via the binding forces. The mass of the recoiling system 

is therefore the mass of the crystal which is same 1021 

times or more(assuming tho crystal has a size of 1 cc) 

greater than the mass of .a single atom and hence the 

energy taken up during this recoil is insignificant. Thus, 



although the entire crystal takes the momentum the 

energy transfer is negligibly small, making recoilless 

emision possible. 

Now let us consider the energy conservation. We 

again have to consider the above three possibilities, 

viz., 

(i) the individual atom may take the energy, 

(ii) the entire crystal may take the energy or, 

(iii) the energy may be dissipated in creating lattice 

vibrations. 

We have seen already that the first possibility 

is ruled out. The crystal does not take much energy even 

though it takes the momentum. It therefore appears that 

the recoil energy R must be dissipated to the lattice 

by increasing the vibrational energy of the crystal. An 

essential feature of the picture is that the energy 

states of the lattice being quantized; only certain energy 

increments are allowed and unless the recoil energy 

corresponds closely.  with one of the allowed increments, 

it cannot be transferred to the lattice, thus ensuring 

that the whole crystal recoils leading to negligible recoil 

energy. 

To understand the posibility of the occurrence 

of the Mssbauer effect and the conditions under which 

it will occur, we take the case of a real crystal 

where all the atoms are vibrating with different freq-

uencies ranging from zero to -0max. Let us denote the 
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initial state of the lattice of a particular crystal, 

before the nucleus in question has emitted a gamma ray 

by ni  and let nf  be the quantum number which describes 

one of the possible final states, after the nucleus has 

radiated the gamma ray. There are in general many possible 

final states for a given initial state.• The initial state 

itself may be one of the possible final states. Let E(ni) 

and E(nf) be the corresponding lattice energies and P(nf,ni) 

stand for the probability (normalised to unity) that the 

lattice goes from initial state ni  to the particular 

final state nf. Then Lipkin's sum rule states191, 

n[E(nf)-E(ni)J P(nf, ni) = R 	... (1.5) 

f 

Stated in words,it implies that if many emission processes 

are considered, the average energy transferred per event 

to the lattice is exactly the free atom recoil energy R. 

Further those transitions in which no energy is trans-

ferred to the lattice i.e., the Mbssbauer transitions, 

contribute nothing to the sum. Thus the sum rule allows 

an appreciable probability for no energy transfer to the 

lattice, if there is an appreciable probability for an 

energy transfer which is greater than that which a freely 

recoiling nucleus would receive. The true situation is, 

of course, not so simple. In fact we will tend to get an 

increased Mbssbauer effect when there are many high 

frequency modes available to which the nuclei can transfer 
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energy, i.e., in a crystal with a high Dobye tempera-.  

ture. Purther at a low to-qperature close to absolute 

zero, the atomic vibrations within the crystal lattice 

are reduced to practically zero, so that during emiJ-:. - ion 

and absorption the atoms have little or no motion. Under 

those conditions the Doppler broadeninL is reduced prac-

tically to zero and the observed line rovools its natural 

line width. 

The MOssb,auer affect haS been detected in about 

88 y--ray tran4itione in 72 isotpes of 42 different 

elements 113,141 e.g., 14.4 keV Fe57, 23.9 keV Sn119. and 

- 57 57.6 ke/127 V1 	etc. 14.4 keV y-ray of 1.,'e 	has been exten- 

sively used because of high rocoilleso fraction (---70./.) 

even at room toT:perature, the relatively long half-life of 

the state (0.1 1,1sec.) with the result that the natural 

line width is quite narrow (4.6x10-9 eV). Further large 

total cross-section at resonance (1.5x10-18 cm2) renders 

expelipents feasible with absorbers of natural iron, even 

though the natural abundance of .zo57 i4 only 2.17r. . 

1.6 	kOBAUhR 6PECIRUL- li'dssbauer spectrum consists of a 

plot of tranryl)ision (or scattered) goEma beam intensity 

ver,us the 1)oppler velocity. To obtain the hyPerfine(hf) 

spectrum, one proceeds as follows.lho radioactive material 

which coastitutes the source is incorporated into a non-magnetic 

cubic host, where its nuclear levels roD.E'.in unsplit. The source 

is then mounted on the 'velocity Lodulater',i.e.,on the 
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mechanical device which provides the motion for the 

Doppler shift. A stationary absorber containing the 

same material is now placed between the source and the 

detector. If the nuclear levels in the absorber are split 

by hf interaction, there will be a number of different 

energies at which absorption takes place. The counting 

rate at the detector will drop wherever the Doppler 

velocity applied to the source brings the emitted gamma ray 

into coincidence with an absorption energy in the absorber. 

1.7 THE IMPORTANCE OF TEE M0S6B253R EFFECT- The 

Mossbauer effect primarily derives its importance from 

the fact that it makes feasible the observation of the 

electronic perturbations of nuclear energy levels and 

thus making available the tool of highest energy resolu-

tion. Taking the case of Fe57 for which the life time 

of the excited state is 1.4x10-7 sec. and thus the 

natural width r. 4.6x10-9  eV and the fractional line 
width Q (which gives the sharpness of the line) is 

Q .17/Ey = 4.6X10-9/14.4X103  

This is equivalent to the statement that so sharp is the 

resonance that any effect which changes the energy of 

emitting (or absorbing) nucleus by even so little as 

one part in 1013  will cause detectable shift from the 

resonance. Indeed in an extreme case a shift of one 

part in 1016 has been detected 1151 with 93.0 keV transi-

tion in Zn67. Here it may be pointed out that the 
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electromagnetic radiation with comparable stability, 

puthy and line width has not yet been obtained by any 

other means even with the gas laser, where QL--710-12 

Thus the Mbssbauer line is the most accurately defined 

electromagnetic radiation available for the physical 

experiments. Mbssbauer effect has ingenious applications 

not only in nuclear physics, relativity and solid state 

physics but also in chemistry, biophysics, metallurgy and 

mineralogy etc.114,161. In certain cases it has come out 

as a unique tool, e.g., in the interpretation of clock 

paradox, a test of equivalence principle for rotating 

systems, in determination of the gravitational red shift, 

in study of the motion of the drum of the inner ear and 

the electron density at the nucleus in a direct and 

straightforward manner, etc. 

1.8 PARAMETERS OF GAMMA-RESONINCE SPECTRA- The parameters 

of y-resonance spectra can be classified arbitrarily 

into following two groups:- 

(a) Dynamical parameters- These parameters depend on the 

dynamics of the motion of the emitting and absorbing 

nuclei in solids, e.g., probability of the Mossbauer effect 

and the temperature shift of the spectral lines etc. 

As our work is related to the study of these parameters, 

their discussion is defered to Chapter II, where these 

will be described in detail. 
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(b) ElectroMagnetic parameters- These parameters depend 

on the interaction'of the electric charge of the nucleus 

(Ze), of the electric quadrupole (Q) and of the magnetic 

dipole moment (p.) of the nuclei with intracrystalline 

and intramolecular electric (E) and magnetic (H) fields, 

Since these parameters have been a subject of profuse 

discussion in so many excellent books and review articles 

113,141, these are touched here only briefly. 

Depending upon the interaction, we can classify 

these into three types. 

(i) Isomer shift or chemical shift- If the gamma radiation 

from Co57 27 	(which decays to 26Fe57) source falls on an 

absorber where the iron nuclei are in an environment 

identical with that of the iron source atoms, then the 

resonant absorption of the gamma rays will occur at 

zero velocity. However, if the iron nuclei in absorber 

are in different environment than in the source, no absor-

ption occurs and the radiation is simply transmitted. 

In order to obtain resonance absorption it is then 

necessary to impart a Doppler velocity to the source 

relative to the absorber. This velocity is known as the 

Isomer shift (I.S.), 6 Fig.(1.2(a)). The dependence of 6 

on chemical environment can be derived on the basis that 

I.S. (similar to the isotopic shift in optical spectro-

scopy) is due to the difference in size of the nucleus 

between the ground and isomeric excited level which 
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gives rise to difference in Coloumb interaction 

between the nucleus and the surrounding electrons. If 

the electron density at the nucleus is different 

between emitter and absorber for some reason or other 

then such a difference will result in a shift of energy 

levels as shown in Fig. (1.2b). It can be shown that the 

electrostatic shift of the nuclear levels is given by 

113,141, 

2 
6E1  = 2n —5- Ze2  IT(o)1 R2 

Here R is the radius of the nucleus of charge Ze and 
2 

-elT(o)i represents the electronic charge density at the 

nucleus. 

Thus for emitter, the total energy is 

Es = Eo 	(6Eext)s 	(6Egd)s 

2n 217 	- 2 = 	3- Ze 	Aext
, 

 is 

and for absorber 

2n 	 , Ea  = E0  + 5- Ze2 	(o) 

Therefore 6 = Ea-Es 

2 

FRe2xt-Rgdi a - 

2 	2 
_ 2n 2[ _ 5-- Ze 17.,(o)L -IT (0 1 1112  a 	8- 	R13  

where we have used (Rext-Rgd ;-.1' 6R and Rext +Rgd 	2R. 

Equation (1.7) shows that I.S. depends on the 
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nuclear (6R/R) as well as the atomic parameters , 

(electron density at the nucleus) and so one of these 

has to be calculated independently , if one is to deter-

mine the other. Walker et al.1171 were the first to 

carry out an analysis of the I.S. in different compounds 

of iron. Assuming that in completely ionized salts of 

divalent iron the configuration of valence shell is 

3d6 while in similar salts of trivalent iron, it is 3d5, 

they computed the total s--electron density at the nucleus 

from the Watson's 1181 free ion wavefunction. Comparing 

this with the measured isomer shiftI191, the authors1171 

have shown SF, to be negative which implies that the 

excited state is smaller than the ground state. This also 

shows that if the isomer shift is positive then the 

s-electron density at the nucleus will decrease in going 

from source to absorber and vice-versa. There are two 

main effects which influence the electron density at the 

iron nucleus- 

(i) contribution from the s-orbitals and 

(ii) contribution from the d-orbitals 

The effect of 4s-orbitals which may be obtained from 

Fermi-Segre'Goudsmit formula 1201 follows directly. 

Adding s-electrons increases the electronic charge den-

sity and this will lead to a decrease in the isomer shift. 

On the other hand the effect of 3d electrons which can 

be calculated from Hartree-Fock calculationsI181, is 
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opposite to that of adding s-electrons due to the shield-' 

ing of the s-electrons. In non-relativistic approximation 

the contribution due to p-electrons is negligible. 

Figure (1.3) shows the relative electron density at the 

iron nucleus and the corresponding I.S. for various iron 

ions, with respect to sodium nitroprussideI211.' The I.S. 

-.values have thus been used to determine electron confi-

guration in metals and alloys, to study the ordering 

mechanisms in alloys, to measure covalences and to study 

phase transitions etc. It may be remarked that the 

'experimental shifts are actually not the true I.S. values 

rather it is a composite sum of the I.S. and S.O.D.122,231. 

This will be discussed in detail in Chapter II. 

(b) Quadrupole Splitting- If the nucleus is non-spherical 

and the electric charge density at the nucleus is non-

uniform then there will be splitting of the levels instead 

of shifting and one will get two absorption lines as 

shown in Fig.(1.4). The separation between the two 

absorption peaks is called the quadrupole splitting 

(Q.S.) denoted by 13Q. More precisely the quadrupole 

splitting is due to the interaction of the nuclear quadru-

pole moment Q with the gradient of the electric field 

..57E at the nucleus due to other charges. 

Mathematically this interaction can be represented 

by the HamiltonianI241 

- 
T1  H =

eq Q 	
13Iz

2 
 -I(It1)+ .2'(I.4.

2 
 + I2  )i 

(2I-1 )  
• • • 1.8) 
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wher) p = (Vxx-Vyy)/Vz, is called the asymmetry para-

meter,and 0‘.041 and VXX (Q2Vidx2), VYY 
and 

V 
zz 
 are the three components of the electric 

field gradient along x7y-And z7diredtion 

respectively. I is the nuclear spin quantum number, 

I+ and I are the raising and lowering operators. 

This equation has eigen values given by 

eq Q 
	r- 	

- 	, 2 / 
E, 	3m

2 	n - 1(1+1)1(1+ _)1/2 	.. (1.9) = 
 41(21-1) L I 	3 ' 

m . I, I-1, ..., -I 

It is evident that the excited level of Fe57(I=3/2) 

will split into two levels whereas the ground state (I=7) 

will remain degenerate. The observed spectrum will thus 

consist of two absorption lines corresponding to transi-

tions A B and A 4 C and the separation is given by 

(from Eq.(1.9)), 

It may be emphasized that in the case of Fe57, Mbssbauer 

effect measures the quadrupole interaction of the excited 

state and thus presents unique information about the 

nuclear quadrupole interaction, because the conventional 

methods fail since there are no suitable isotopes of 

iron with a ground state spin Ig> 1/2. 
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Like I.S. values, the of values are also character-

istics of ferrous and ferric compounds with further 

differentiation of low spin and high spin1251. 

(c) Magnetic hyperfine splitting- The third important 

hyperfine interaction is the nuclear zeeman splitting. 

This will occur if there is a strong interaction between 

the nuclear magnetic dipole moment p with a magnetic 

field H. The magnetic field H can originate either 

from the internal magnetic field or as a result of placing 

the compound in an externally applied magnetic field. 

Due to such hyperfine interaction, the Mbssbauer spectrum 

reveals resonance minima as shown in Fig.(1.5). 

The Hamiltonian Hm of the interaction between p and 

H can be written as 1261 

Hm  = -117:11 = -gp n. • • • 2:.11) 

and therefore the energy levels are given by 1261 

Em(mi) 	 _ hmIpn 
	... (1.12) 

where p.= gpnI, pn  the nuclear magneton and g, is the 

nuclear g factor. It is obvious from Eq.(1.12), for Fe57, 

that 

(i) ground state splits into two levels corres-

ponding to in, = + 1/2, 

(ii) excited state splits into four levels corres-

ponding to m
I  = +3/2 and +1/2. Then according to 
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CHAPTER-II 

LATTICE DYNAMICAL PARAMETERS OF y-RESONANCE 
SPECTRA 

2.1 INTRODUCTORY REMARKS- The two parameters which depends 

on the dynamics of the motion of the emitting and absorb-

ing nuclei in a solid arc the probability of the MOssbauer 

effect or recoilless fraction (f) and the temperature 

shift of the spectral lines, also called the second order 

Doppler shift (S.O.D.) 6E2. First of all we will like to 

give the theoretical background for the quantitative 

estimation of these parameters and later on their relat-

ion to the properties of the solids. 

2.2 PROBABILITY OF THE MOSSBAUER EFFECT - We have seen in 

Chapter I, when an emitting and absorbing atom is 

embedded in a solid, there is a definite probability 

that the emitted y-ray has the full transition energy 

Eo and the lattice remains in its initial state, that is, 

there is no excitation of the lattice vibrations (phonons) 

and thusthe process is also called zero phonon proces. 

This probability for the zero phonon process, defined as 

the Mossbauer fraction f, is zero for a free atom and 

increases with the increase of lattice rigidity, becoming 

unity for a perfectly rigid lattice. 

Let e be the. initial state of the nucleus prior 

to the emission and g be the final state of the nucleus 
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after emision; ni  and of  are the initial and final 

vibrational state4 of the lattico. Then the fraction of 

the gaEma rays emitted 02 absorbed by a nucleus bound in 

a cryst7.1, without any change in the quantum state of the 

lattice (in quant= mechanical calculation) f8(n.n.)==f 

is given by 11.0,2E-1, 

2  f  = [<ni eiK.x n  :1 
T 

a thermal aver:Te over the initial lattice states 

where K is the wavevector of the emitted gamma ray 

(1KI=K= 	= 4-1; X i4 the gamma ray wavelength) and 

K is the position vector of the radiating nucleus. This 

equation is very general and is valid for many crystals 

which contain an arbitrary number of atoms in a unit 

cell but which have a strictly regular structure. In order 

to got a more specific expression lot us assume for 

- simplicity thet the solid can be represented' as a one- 

dimensional harmonic oscillator with oscillation frequency W. 

The nucleus at mass Nlis then bound in this harmonic 

potential. The IMmiltonian of the system H is 1291, 

= kinetic energy + potential energy, 

P
2 	

hc0
2 2 

2fyi ' 

with eigen values 

En  = iratO (n+ 	 • • 	 (.• • 7) 

and eigen functionZ1291 

.. (2.2) 
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2 2 

a x  ¶r  (x) = NnHn(ax) e 2  .• (2.4) 

where, 

MK' 
a = (77-)

1/4 
 K' = force constant = M,6)2  

a 	1/2 
N - ( 	- 

n1/22nn1 

and Hn(ax) is the Hermite polynomials. The first few of 

these polynomials are He(y) = 1, H1(y) = 2y, H2(y) = 4y2-2. 

Substituting n=0 in Eq.(2.4) and making slight algebraic 

manipulation, ground state wavefunction of Harmonic 

oscillator will be 

1/4 —E-i2-2x2  T 0 
( X  ) = ( q)) 	

e 2h 

and the corresponding f from Eq. (2.1) becomes 

f =(Tole-iKx  IT0><701e
iKx 

 1T0> 

... (2.5) 

(R.R=Kx since we are dealing with one 
+co dimensional oscillator) 

+ _ f 	+00  .r,r, ' , 	
0

-iKx 	ux 	T. eiKx'w  To 	1,0dx' , 	o 
-oo 	-co 

',-, co M 0 2 	00 MCO ,2 -.h  x 	 ---x 
= 4-M1'-1) j nh 	e 	e-j-Kxdxj e 	dx' -h eiKx ' 

o . 	, 	o 
co 

III-' 1 	-(tx2Wx) 	e-(tx -t x 2 I 1) 
= 4 -r) th , 	0 	dxj 	/ dx' 

o 
0 

6 	. (t = 1\1 t =1K) 

t' 	00 - 	;;)2  
=4 (N— e 

t,2 	
oo 

/2tf o-t(K+ dx J e 	(2.6) 

) 



Let t t_' 
2t 

and 

t(x'- .124)=z 

-1/2 y 	dy 
so that 1:1X 

tA./2 2 

z
0-1/2dz  so that dX' -  
2t1/2  

Eq.(2.6) then redliceS to 

op 	00 
f  = 4(E.,?) et' 2/2t 	r 	Y-1/2dy I 7111 

	

	
zz-1/2dz 4t J  

0 
Kh 

= 4(N  )e---75/14)  Teh 	4146) 

KZfi 
= e-2Mt4 

0 

(2'.7) 

Since for an harmonic oscillator the average potential 

energy is half of the total energy i.e., 

cz2 4,x2, = 1 o) 
2 2 

Therefore, 	<x2> 

Rewriting Eq.(2.7), one gets 

f = exp(-K2  < x2> ) = exp (- <x2> A2) = exp(-2w.) 

.. (2.8) 

where <x2>is the component of the mean square vibrational 

amplitude of the emitting atom in the direction of inci-

dent gamma ray due to its zero point and thermal vibrations. 

This is to be averaged over all possible modes of 

vibration that are occupied at a certain temperature. 



The exponent 2W is the well known DOye Waller 

factor, which also determines the intensity of X-ray 

diffraction lines. Eq.(2.8) shows that f increases 

exponentially with decrease in <x2> which in turn depends 

on the firmness of binding and on.the temperature, 

Further the displacement of the nucleus must be small 

compared to the wavelength X of the y-rays and thus, the 

Wassbauer effect is not detectable in gases and non-

viscous liquids. 

For most experimentally relizable situation, Eq,(2.8) 

describes the zero phonon process to a high degree of 

accuracy , including the case where the emitting.or 

absorbing atom is an impurity vibrating in a localized 

mode, and in the presence of anharmonic potentia1130-331. 

Now we would like to derive expression for <x2> 

using realistic model for interatomic forces for lattice 

vibrations. Let the crystal be represented by 3N oscillators 

offrequenciest0..(j=1,3N). The average energy associated 

with each oscillator is 

E(r* 	(171 + j 2 	• J 

where R. is given by the Planck diStributibn functidn 

(2.9 

1 

hoj1777_1_  

If xj  is the root mean square displacement of the atoms 

due to the jth, oscillator and assuming harmonic case, we 
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have the energy of the crystal attributable to the jth 

oscillator as 

‹x.> = 	EO:dy = 	 (Ei  +2)h 6.)j  .: (2.10) 

Summation over j gives 

2 	h > 	L 	 
j=1 

  

.. (2.11) 

  

Let g(() be the normalised lattice phonon frequency 

distribution function (p.f.d.f) i.e., number of phonons 

lying in the frequency interval f0and (.4+d6A , then averag-

ing E02.11) over the entire vibration spectrum, we have 
( 
`
.
max 1 	1 	g('''))i )  <x2> = 	( 	+ 2) 	d 	. 	(2.12a) 

o 	
600 

og  'max coth( htoj 	g(4y 
2Ni 2kT ) 	 d 	(2.12b) 

toi 

Hence from Eq.(2.8), one gets 

-;')max 
li 	h(z g(4))  

	

f = exp - ----2 	coth(  2kT) 
 GA fl(L,  ,..- 

2MX  0 
( max 

r-  R a(A) g(tA) -I  A \ = expt - Ed 	coth k---2kT) — d4) I co 	.. (2.13) 

0 

This is the general expression for calculating f when the 

actual. p.f.d.f. is available either calculated theoretically 

or measured experimentally. 

In the absence of availability of g((A.)) one can 

as a first approximation use Deb ye model for the lattice 

which gives 
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9N (A)2 

g 	) = 

(0)max 
	('`)<6)max 	

(2.14.) 
= 0 	(..4)).6.) 

max 

subject to the normalization condition 

6) max 

0-4))(1.0  = 3N 

Thus from Eq.(2.13) 

(2.15) 

`'max 

f = exprr - -,--- 
h 
2R (f

!.) max g(co) 1 	1 

(.0 (7  + .1i.0/kT..2. ) d6)/ $ 
gp)d 6:1 

0 	 0 6.) 

expr 6R (1 
‘2 

o 

dud .. 	(2.16) 
103 max 

)63 h6)/kT -1 

Defining -1- = x with 15.0max  = kap  where OD  is the Debye 

temperature of the lattice,Eq. (21.6) reduces to 

D/T 

 - R-- (+4(- )2  
xdx ' !

j

if . exp 	.7 	ex-1. 

 

o 

Table for the evaluation of the Debye integral for 

different OD/T ratios is available 1341. 

2.3 SECOND ORDER DOPPTRR EFFECT- The experimental fact 

that Mssbauer resonance very rarely occurs at zero 

velocity inspite of the identical environment of Mssbauer 

nucleus in source and absorber , is due to the S.O.D.' 

shift which is purely a relativistic phenomena. The-exis-

tence of 6,0.D., also called thermal red shift , in 

max 

(2.17) 
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the Mossbauer spectra was almost simultaneously pointed 

out by Pound and RebkaI221 and Josephson1231. 

According to Pound and RebkaI22I approach,the 

emitting.and absorbing nuclei are vibrating at random, 

at its lattice sites in the crystal, with fairly high 

speeds depending on the temperature of the solid. There-

fore it might be expected that these vibrations would 

impart a Doppler shift to the gamma ray and consequently 

change the energy. The relativistic equation for Doppler 

effect on an emitted photon gives the observed frequency 

-1)' for a closing velocity v aa 

7-7. —F.01- -v2)1/2  c  LI = Vobs.(1-  c 	2 

- = 	2 
',---- fobs (1- X-c  LL 4. v  2) . 2c  

.. (2.18) 

Y. is the unit vector in the direction of propagation 

of gamma ray and ..Jobs  is the frequency for a stationary 

system. The velocity component of the vibrating atom 

changes its direction at frequencies characteristics 

of the lattice vibrations (10 12-1013 sec-1) and as 

the nuclear life time is of the order of 10-7 sec.(i.e. 

the average time over which a gamma is emitted), therefore 

as many as 105-106 oscillations take place within the 

life time of the nuclear levels useful in Mossbauer 

experiments. Since the positive and negative velocities 



occur with equal probability, the first order 

term CV...TVG vanishes giving rise to unshifted Mossbauer 

line. However, the second order term will not average 

to zero as it is a term in v
2 and is therefore independ-

ent of direction and will cause a shift in the energy 

of the emitted. or absorbed gamma ray.• As a result 

Equation (2.18) reduces to 

_2 
= V(1+ -11-2-) 	 .. (2.19) 

2c 

and accordingly the shift in the Mossbauer line is 

given by 

5E 
 - (51-1 	<-7 	 

2 - - Et 	2c2 
.. (2.20) 

where <v2> is the mean square velocity of the resonant 

atom in the solid. 

Considering a change in the mass of the nucleus, 

when it emits or absorbs a gamma ray photon, the same 

expression (Eq.(2.20)) was derived independently by 

Josephson1231. As was done in the case of f, we now 

consider the description of 6E2  in terms of the lattice 

dynamics of the solid. If E(n) represents the average 

energy associated with each oscillator (Eq.(2.9)) then 

from the property of harmonic oscillator the square of 

the total velocity satisfies the relation 

• 
0 • 

1  -M Gv2  = 3 (-1  E(6,- )) 2 	2 	j 

<v2)  = 

.. (2.21) 

.. (2.22) 
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Summing over all the possible modes of vibration 6). 

the fractional energy change due to S.O.D. shift becomes 

bEY 	, 2>  
y 	 2 

20-  

ax 

	

2Mc2 	
E(.,:i.)g(ca)dt,)• 

J 	J 

max 
3-h 
2Mc2 0  

"...;)max 
3h r 

OLA 
4MC2 -10 

In the special case if we take the Debye model for 

the lattice spectrum (Eq.(2.14)) then Eq.(2.23) reduces 

to 

44"max 	
ta 

2 	max OE  __y 	 
E 	- 3h2 

f 	dttb(1  ,, 4- 1 	 9N 63 / f g(0)d() 
o 	z 707kT _1' \ 03 y 	2Mc max 

C3

I 

 max 

	

Mc
9 	 

1 
= --,-- 0), 3 

(7 
 + 	1  

‘ 	eho /k T-1) 
dry) 

2 	 - 	CO' 3  - o max 
Amax 

- 

	

	
C.33dro . 1 

2MC2  

	

9 	I: °max 4-col3i 	[ 	J1 0 	63/kT-1
_I 

max 

max 
tta Substituting k 	x and ho..) max  keD, the above equat- 

ion becomes 
D/T 6E1 	9kT 	1 '3)).4.(T 

' 	
x3dx 

E 	2Mc? L8 T "OD  Jo J e -1 
.. (2.25) 

0 

.. (2.24) 

(2+ 77717 _1) g(f,..)dw 
	

(2.23(a)) 

coth ( -WT) g(G)) dCO. 	..(2.23(b)) 
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To evaluate the integral , we write 

X (, Y X
2 4 

7—  -- 1--  7 + 12 - 77T 4-  '" ) e -1 
eD/T 0D 

	

	2 	4 /T 
x3dx

-1 - 

 1 	
+  and thus f 

o e x 	
x2(1- 7 ' 12 - 720 -1-*")dx  o 

• 

Therefore from Eq. (2.25) 

6E 
1---„ 	( .]:),2 	1 	( 1),4_,_ 

E 	2111c7 L'' 12'T ' 	1680'T '  

3kT 	\ 21. 
— 2Mc 2 L._ 

k  
-` 12 T 	I 

... (2.28) 

... (2 29) 

Before giving various lattice dynamical aspects 

which can be derived from f and S.O.D., we will discuss 

in brief the experimental methods of measuring f. 

2,4 EXPERIMENTAL DETERMINATION OF MoSSBAUER FRACTION 

By measuring either of dip, line width or the area under 

the absorption curve, one can get the MOssbauer 

fraction of the absorberlc. In all the three methods, 

these quantities are measured using a,given source 

7ith a several combinations of absorbers of various 

thickness ta° In the dip method if (CR)exp and  (CN)exp 

represents the resonant and nonresonant counting rates, 

... (2.26) 
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then assuming the source line width G = 1 , the 

natural line width (determined from the life time of 

the state), the maximum dip can be expressed al 351 

.- C

R, 	-TA/2 iTA  

dipmax 7- 1  - (7)max = fsir l-e 	Io2 	.. (2.30) 

where fs is the recoilless fraction in the source, 

TA= fataaona with ta the physical thickness of the 

absorber in centimeters, na the number of Mbssbauer iT A  
nuclei per cm3

'ao the Mbssbauer cross-section. Io 2  ) 

is a zero order Bessel functions of the imaginary argu-

ment. Plot of (dip) 

f is known from other measurements. 

O'Conner1351 has shown that for absorber with 

T
A$5 the measured line width r- is given by 

im 
= 

la+Is+0.27rfataaona 
	... (2.31) 

la is the absorber line width. Plot off'm versus ta 
gives fa (from the slope) and r+1  (from the intercepts). a s 

The third and the most exact method of determining 

fa and fs consists in the measurement of the area under 

the peak of resonance absorption obtained in a velocity 

spectrum. It has, been shown that the background correct-

ed absorption area A is related to the absorption 

thickness ta  by the formula1361 

max  versus ta  can give fa  provided 
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-TA/2 	TA A = 7n ImfsTAe 	[Io(i 7-)+Il(i 2A • • 	• 

where Io and II are zero and first order Bessel funct-

ton of imaginary arguments. Eq.(2.32) can be alternativol 

expressed as 

A = inCrafsTA(1- 1TAt 	17 TA 574 T3A  • • 

Using Eq.(2.32) or (2.33) the variation of A versus TA  

for various values of fs  and fa  have been plotted 1131 

Comparison of the experimental data of A =p(TA) with 

the most suitable curve of this series can give the 

desired value of fa  and fs: 

Housley et.a11371 have discussed the more accurate 

method commonly known as 'black absorber' method to 

determine the absolute recoilless fraction of source 

fs for isotope Fe
57  . The observed resonance strength F 

is given by 

F = 
CN-CR - f f C 	s IDA 

with flot is the fractional absorption of recoil free 

y-rays, by the absorber (called the 'blackness'). In order 

to measure absolute f values, an absorber with known 

flot is required. They used an absorber consisting of a 

mixture of enriched Fe57  ammonium-lithium fluoroferrate 

(referred to as Li-NH4  absorber) because of its special 

properties. The ammonium ferric fluoride has a pair of 
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broad lines for its absorption pattern; the - lithium 

ferric fluoride has a single broad line pattern, which 

falls between the pair of lines of ammo- Aum salts. 

Combined in the proper proportion the mixed salts have a 

broad, flat-topped absorption spectrum which has a full 

width of 7-'36 mm/sec. ("dr.15 	at the bottom of the 

well and a width of 1.64 mm/sec. at half height. Because 

the LiNE
4 
absorbers are very thick, they absorb essent-

ially all of the Mbssbauer y-rays lying between +15 source 

line widths of the centre. This encompasses all of the 

source Mssbauer y-rays, except 2.5r. lying in the wings 

of the Lorentzian, hence making the absorbers 97.5V. 

black and thus fbr-0.97. Hence fs  can be calculated 

from . relation 	fs=F/floi. 

Using this technique Steyart and Taylor1381 have 

measured the absolute values of f of the 14.4 keV y-rays 

of Fe57 in Au, Cu, Ir, Pd, Pt, Rh and Ti. It should be 

noted that a normal black absorber as mentioned above 

can only be used for single line source or sources with 

small quadrupole splitting, since for larger quadrupole 

splittings one of the components falls outside the absorp-

tion region. Recently Kolk and Harwigl 391 have shown 

that the effective width of the absorption region of a 

black absorber can be trippled by using an absorber system 

with the moving black. absorbers with opposite velocities 

and keeping the third one stationary. With this triple 

absorber system, sources with a large quadrupole splitting 

can also be investigated. 
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2.5 APPLICATIONS OF MOSSBAUER EFFECT TO THE. STUDY 

G2 SOLID STATE PHYSICS 

Even though the MUssbauer effect is fundamentally 

concerned only with processes in which the quantum 

state of the lattice remain unchanged, it does not mean 

that the information concerning the motion of the lattice 

atoms is not obtained in an experiment where only. recoil- 

free gamma rays are observed. The different lattice- 

dynamical aspects which can be profitably studied from f 

and S.O.D.include: the evidence of the force constant 

change q'/q of the impurity-host to host-host coupling 

138,40-43Ixharmonicity of the motion of the vibrating 

atom 130,44-471 anisotropy of the atomic binding forcesI48-531, 

surface studies154-57I, molecular crystals 158-621, thin 

films1631, zero point root mean square velocity164-671 

and d'Aermination of the phonon spectra 111,681 etc. 

We will describe some of these, that too in brief. 

(a) Determination of the mean square displacement <x2> 

(MSD) and mean square velocity (v2)(MSV)- can be done 

directly by measuring f and thermal energy shift values, 

through Eqs.(2.8) and (2.20). 

(b) Evidence of force constant change and existence of 

localised modes for an impurity atom- The study of 

crystals containing defects constitutes one of the 

frontiers of modern physics and problems connected withdefects 
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have aroused a good deal of interest in recent years. 

There does not seem to be any other way at the present 

time of measuring the mean square amplitude and velocity 

of an impurity atom in a crysta1138,401. From such deter-

mination it is possible to obtain some information about 

the force constant of the interactions between the 

impurity and the host crysta1141-431. This is'disaussed 

in detail in Chapter VIII. 

(c) Anhamoniciiym For some materials, measurements of. 

f(T) showed such an unusually weak temperature dependence 

that they could not be explained by the harmonic model and 

one has to include anharmonic effects. By anharmonicity we 

mean that the vibrating atom sits in a potential well 

which is.not quite harmonic. This is easy to imagine if 

we place an emitting atom between two neighbours both of 

which produce identical attractions Fig.(2.1). Thus, in 

cases where the Mbssbauer nucleus is in a large cage of 

atoms the binding is expected to be anharmonic. This 

results in anomalously large mean square displacements 

(and low f factors} especially at low temperatures 1441. 

A square well atomic potential was suggested for the 

binding of Mbssbauer atom to explain the dynamics of a 

small noble gas atoms in a clathrate 1451. Recently to 

explain the low temperature dependence of f for divalent 

Fe57  impurities in Th02  Shechter et al.1461,have proposed 

the 'wine bottle' potential. Detailed discussion of 
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anharmonicity follows in Chapter IV. 

(d) Anisotropy- Another application of the Mossbauer 

fraction measurements is the investigation of the spatial 

anisotropy of atomic vibration. Consider, for example, 

a lattice in which the binding of the MOssbauer atom is 

strongly anisotropic. It is clear that since an average 

energy of kT is associated with motion along each of the 

coordinate axes, the amplitude of the motion will be 

greatest in the direction of weakest binding. It then 

follows that the recoil-free fraction will be smallest in 

the direction of weakest binding forces. 

The asymmetric binding forces at the atomicsites 

will give rise to anisotropic f values both in single 

crystalsI48-501 as well as in polycrystalline samples150-531. 

Meecham and Muir1491 using single-crystal t.ite absorbers)  

have observed the MOssbauer effect in an119  as a function 

of crystallographic orientation of the absorber. The 

resonance absorption (raw dip) ratio, (001) to (100), was 

found to be 0.67+0.09 at room temperature and increased 

with decreasing temperature to 0492+0.03 at 100°K. Anisotropy 

of zinc have been studied from pin0 crystal as well as 

from polycrystalline .zinc and it is found that the M.S.D. 

in the direction of c-axis is nearly three times that of 

in a perpendicular direction1501. 

(e) Surface Physics- The Mtssbauer effect because of its 

sensitivity to strength and angular distribution of binding, 
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to mEgnetic and electrical fields, the density of s-

electrons at the nucleusy can be used as a tool to study 

aurfacesI54-57(. Experiments on surfaces present great 

difficulties but they promise to yield information not 

obtainable by other methods and to complement the results 

of low-energy electron diffraction. Flinn et.a1155I have 

measured the relative probability of recoilless absorption. 

in different directions in a specially prepared sample 

of Al203 of very high specific surface area in which 

some of the Al ions in surface sites were replaced by 

trivalent ions of Fe57, They find an anisotropy in the 

f when the resonant nuclei are in the surface of Al203 

sample, which, however, is absent when the nuclei are 

in the interior of the sample. Burton et.a1.1541 using 

Fe57  on the surface of polycrystalline and single crystal 

tungsten, deduced the M.S.D. ratios, 1/x2 	), I 1 /4x2 L surface= 

1.9+0.4joc2,,Ax2›bulk = 1.3+0.2 and • 

e x2 	
2.5±0.5. 'It may be remarked that II > 11.l<x2>bu-lki  

and J. represents directions parallel and perpendicular 

to surface. 

(f) Molecular Crystals- The earlier treatment given fox' 

the Debye Waller factor is strictly applicable only to 

an atom in a monatomic lattice of identical atoms where 

only the acoustical modes of lattice were considered. 

In more complicated solids e;g., molecular crystals, the 

presence of optical as well as acoustical modes 
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complicates the matter considerably. For such crystals 

the vibrational properties of the molecule which may be 

,observed both in solution and in the solid by using 

infra-red absorption or the Raman effect, are retained 

in the -solid due to the intermolecular (motion of the 

Molecular units with respect to each other) binding which 

i6 relatively weak compared to the intramolecular (or 

interatomic motion of the atoms Within a molecule) 

force. The former binding gives rise to the acoustical 

modes :of vibration extending from zero to maximum 

frequency whereas the latter resulting in optical modes 

of vibrations.  (high frequency modes). For a molecule 

consistingJ:ofiN •atoms.• (3N degrees of freedom), 3 degrees 

of freedom, go over to the acoustic modes and the rest 

3(N-1) modes of vibration, are tied up•in the optical 

modes, The characteristic property of tle optical modes 

is that their energy is independent of crystal momentum 

and thus. can be approximated by one or a number of 

single-frequency Einstein oscillators. Regarding the 

probability of M6ssbauer effect f , for such crystals, 

it can be expressed as a first approximation, as 1581, 

f = fofa 
	 .. (2.35) 

where fo is the probability that the intramolecular vibr-

ation will not be excited and fa  is the probability 

that the intermolecular vibrations are not excited. The 

effect on f provided by an acoustic mode (fa) which can 

be represented by Debye model is given in Eq.(2.17) with 
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R the recoil energy' of the whole. molecul-: whereas one 

provided by an optical modes (fo) can be calculated from 

Eq. (2.13) by introducing the normalised g(W) for a single 

frequency oscillator as a delta function!26I 

g(C:0) 	514(4),-0E) 	 .. (P.36, 

where N is the number of degrees of freedom contributing 

to the single frequency mode withhooE  = k0E, GE  is the 

characteristic temperature for this oscillator. It can be 

shown that Eq.(2.36) when substituted' in Eq.(2.13) yields 

(#)E fo 	e xiD r - 1‘111--- coth ( s 2kT )-1 

H R exd- coth ( 	) 
- 	2T J .. (2.37) 

with R the recoil energy of the Mtissbauer atom. 

By measuring the temperature dependence of f in 

molecular crystals, solid state information like normal 

mode vibrations etc. have been obtained by various 

investigators159-621. 

(g) Zero point root mean square velocity- Kitchens et a7._164 

have shown that by interComparing f and 6E- both directly 

determined from the Mbsobauer experiments, one can cal-

culate zero-point mean square velocity. This quantity' 

is valuable in permitting tests of theoretical models of 

impurities in crystal lattice, and of molecular crystals 

etc.1611. They1641 have presented the results for a 

cumber of systems involving both the Fe57 and Sn119 

AWRAL MAP MilfrERSITY OF ROORIet 
ROORKEE. 
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resonance, like Sn119 in SnTe, Nb3Sn ane Fe57 in 

Fe, Ir, Rh, Ft, Pd, Au, Cu etc. Suganthy et al1651 

have calculated <v2>0  to be 3.9x108  and 6x108  cm2/sec2 

for Fe57  in FeF2  and V respectively. This quantity 

(ZP veloci;Jy) in addition to zero point root mean square 

displacement (Z2 displacement) which can, be obtained 

from f factor at zero temperature,is a useful parameter 

in the study of superconductivityl66l as the recent 

work by McMillan1671 on the mechanisms controlling the 

critical temperature in superconductivity shows that a 

parameter likely. to be of great importance is related to 

the ratio of the expectation of the mean square velocit7 

to the mean square displacement within the lattice near 

r ;c0> 
zero temperature i.e., 1 ---- L03-1> ZP • 

Finally it may be pointed out that glasses1691, 

ferroelectric materialsl701, microcrystalsi71, disordered 

materials 1721 and frozen liqllids173], have also been 

studied both theoretically and experimentally, by various 

investigators, with Mbssbauer spectroscopy to get the 

dynamical information. 
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CHAPTER-III 

ANALYSIS OF MoSSBAUER FRACTION IN THE 

.HARMONIC APPROXIMATION 

3.1 INTRODUCTION 

We have seen in Chapter I that for a nucleus bound 

in a crystal, the recoil energy is dissipaId by the 

transfer of integral multiples n of the phonon energy fib) 

to the lattice. Under certain conditions n is zero and the 

quantum state of the lattice remains unchanged. The 

emitted gamma-ray then has the full transition energy. 

The probability f, for this zero-phonon process for a 

cubic monatomic lattice, that is, harmonically bound, 

id given by (Eqs.(2.8) and (2.13)), 

f = exp (-2W) = exp[ 

= exp 

<x2\ 

(3.1) ..;11  

max 

gP) c oth *1)&01 
o 	ta 

2W is the Debye Waller factor, C is the rationalised wave, 

length of the gamma ray and (x2> is the component of the mean 

square displacement of the emitting nucleus in the direct-

ion of gamma-rays. It is this particular quantity which 

needs the lattice dynamics of the host material and 

comparing the experimental measured f with the theoret-

ical prediction, one can check how far the dynamical model, 

• 
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used for calculation of lattice dynamic6 of the system 

under study is reliable, Information regarding anharmonic 
, 

lattice forces etc. can' also be obtained'; as has been 

done by various workers, 	Narshni aildBlanclird1741 

in Ge73, Jaswal051 in alkali iodides, D b1-11 -j and 

Puri 	 i61 9 wla2 ,183 uri1161 in 	 and Schuster - Ana 

abtobkirii in Nb3Sn119. For,  detailed information, refer-

efice mayHa&'made to a recent review arti.ae 11571Baral781. 

We have analysed the measured 'f (T)' Varihtion for 

(i) 9.3 keV transition "Of -  Kr8.  in solid' KryiAon1791 

(ii) 14.4 keV transition Of Fe57  in natural rronI801 

(iii) 77.3 keV transition of Au197 in Gold metal) 81) 

.26.8 keV transition of 1129 	Cesium_Iodidel821 and 

keV transition of Cs133 in Cesium metall821. 
These will be discussed in'tutn. 

3.2 2;LLk2Llippsition Of Kr83  An Solid Krypton- Gilbert 

and Violet:4Gq1831 measured the f in solid kiiypton 

between 5-85J.',: IALling the hiici8aje_gamma-raeohance 

of 9.3 keV transition-of Kr83-m  (i .43-). 'idemet (1.911) used 

as source produced by irradiating the Kr gas ih' a thermal 

neutron flux of 1.9x1013  neutrons/cm2sec: The 'source and 

absorbers were obtaihed'by flbwing the Kr gas into the 

source and absorber cells, both' placed Within the same 

cryostat. Later on Kolk1841 re-evaluated'the recoilless 

fraction using a nuclear resonance cross section co  

derived by them from a remeasurement of the conversion 
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coefficient a of the 9.3 keV transition, which was 

found to be 40,! lower than the value used by -GV1831. 

Krypton has a f.c.c. lattice. We have done the calculat-

ions using g(()) at 0°K derived from the (m-6) Lennard-

Jones potentia11851. This was obtained from the measure-

ments of the phonon dispersion relations for the symmetric 

C100], 11101 and 1111f branches in krypton by triple axes 

neutron spectrometryl86l. The input frequencies were 

corrected for mass change according to the relation 

'-1(83) = C0(83.8)(83.0
83.8  )1/2 which was considered necessary 

since the g(w) curve is for natural krypton (average 

atomic weight 83.8), whereas we require for Kr83. Free atom 

recoil energy R for Kr83is 5.57x10-4 eV. The results of 

calculation of f versus temperature in the harmonic theory, 

using the frequency distribution of Brown and Horton1851, 

are displayed in Fig.(3.1a), along with the experimental 

results of Kolk1841 showing the disagreement between the 

experiment and harmonic theory. To understand the cause 

of discrepancy, we decided to use p.f.d.f. at 0oK derived 

by Buckingham (exp,-6) potential calculated by Gupta 

and Gupta1871 since as pointed out by Walkley1881 and 

Finegold and Philips1891 the (m-6) potentials are inadequate 

to account in detail for the thermodynamic properties 

of solidified raregases. Further the (exp,,6) potential 

functions are theoretically more sound than the (m-6) 

potentials in the sense that both the attractive and 

repulsive terms have quantum mechanical, foundation. 
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Figure (3.2a) shows the calculated f(T) along with 

the experimental results1841. From Figs.(3.1a) and (3.2a) 

it is evident that under harmonic approximation there 

appears disagreement with the experiment. Subsequent to 

our work, Gupta1901 have calculated f versus T 

using the distribution function derived from (exp-6)1911 

and (exp-6) Buckingham potentia11871., Their results are 

in agreement with the values calculated by us(Fig.3.2a). 

Mahesh and Sharma 1921 also calculated f(T) variation using 

distribution function derived by Gupta1911 and results 

again agree with curve'(3.2a). Vashishta and Pathak1931 using 

the Debye approximation with Debye temperature BD  = 50°K, 

have found f(T) dependence to be in agreement with the 

previous measurement of GV1831 but in disagreement with 

the recent measurement of Ko1k1841. 

Thus it is obvious that no potential gives the 

satisfactory agrement with the experiment and it was there.; 

fore decided . to calculate f(T) in the anharmonic approxima-

tion. This will be discussed in detail in the next chapter. 

3.3 14.4 keV TRANSITION OF Fe57  IN NATURAL IRON  - 

Kovats and Walker 1941 reported the intensity measure-

ments of MUssbauer absorption of 14.4 keV y-rays of Fe57 

in metallic iron over a temperature range 22-1400°0 and 

obtained the recoilless fraction from the area analysis.  

of the absorption curves. Furthermore, Owen and Bvans1951 
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studied the temperature variation of atomic vibrational 

amplitude in iron from the fall in intensity of X-ray 

reflection over the temperature range 50-900°K. 

Upto 1044°K, iron is ferromagnetic and has b.c.c. 

phase (a). Free atom recoil energy R for the transition 

under study is 1.9567x10-3 eV. The p.f.d.f. of a-iron has 

been calculated theoretically 196-981 from phenomenological 

models of .deLauany1961, Krebs1971 and modified angular 

force model 1981 and derived experimentally from inelastic 

neutron scattering199-1021. We employed the experimental 

phonon spectrum measured byminklewicz et al.11021 which is 

representative of reported experimental measurements.199-1021. 

Minkiewicz et.a1.11021 measured the room temperqture phonon 

dispersion relation in principal symmetry directions of 

a-Fe using neutron inelastic scattering technique. A 

Born-Von-Karman fifth-neighbour general force constant  

central model was 'used to analyse the data and phonon distri-

bution function was obtained:  Using this distribution 

function, f at various temperatures varying from 150-1000°K 

has been evaluated1801 on the basis of Eq.(3.1); after 

necessary modification of the vibrational frequencies for 

mass change according' to the relation r.)(57) =6J(55.85)(55.85\1/2 -----) 57.0 
The results, displayed in Fig.(3.3a), when compared with 

the experimental results show the disagreement. To account 

for the discrepancy we used the anharmonic effects. This 

will be discussed in Chapter IV. 
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3;4 77:3 keV TRANSITION OF Au197  IN GOLD METAL - Recently 

Erickson,et.a1.11031 by fitting an appropriate theoreti-

cal line shape to the measured thick absorber spectra, 

have deduced f at temperatures ranging from 4.2-10Q°K 

for 77.3 keV y-ray transition of Au197 in gold metal. 

Gold has a f.c.c. lattice.Free atom recoirl energy R is 

1.629x102 eV. Since no experimental determination of 

ilisporsion relation for gold is available, we have to 
use the theoretical p.f.d.f. calculated at T Oct recently 

by Christensen and Seraphin11041. Employing this we 

calculated1811 f(T) for gold in the temperature range 

4,2(T<100°K and the results are displayed in Fig4(3 4a) 

along with the experimental results1103I. Again, as in 

the earlier cases we have to include the enharmonic 

effects to seek comparison with the precise measurements 

of E-ickson et al.11031.This is accomplished in Chapter IV. 

3.5 26. keV TRANSITION OF 1129  IN CsI LATTICE AND 
8 . ke TRANSITION OF Cs133  IN CESIUM METAL 

ache times back AaDamelater et al. 11051 reported 

the solid state and nuclear results from Mtissbauer 

5+  7+  studies performed with 26.8 keV, — 4.7— transition of 
129 I 	in CsI along with other alkali iodides using the 

InTe129  as source at ao°K. By studying the dependence 
of the line width on the absorber thickness, they computed 

the recoilless fraction f of Cs1129  to be 0.24t0.05. On 

the other hand Boyle and Perla* 11061 from the study of 



O 
E 
a 0 _c 
a 

a 
a 
0 
c 0 >... 	 E 

.r,) 	 H 	co . a c -c  • 
I 	I 	c 1---1 - cf.) 

0 j) 

-+-• 0 
LO c 0 

1, 
N -.E.  

cid 
6 0 < c  

	

C5 -4-cil 	 . o 4. x _c x 	 .... 	a) 

	

G., 	 F- 	(1.,  0 r---i S.- 

a)  .-... 
0 >c 

	

CN 	,,.. 4  0 
4- 0 
0 E 
-4-x 0 0 

t- 
< 8-  , 

I 	I 	I 	I 	I 	t 	0 	NT cri  
0 	<0 	CN 	00 	Nt 	0 
CV 	 0 V 0 

 d 
6 c3 0 d a 	c; 	c; 	L.1.- 

fts-4.- 

o 

_r.. c 	 0 	-6 c? 
c 	 i' 	-46 
o E ---0  

- 

_c) 
.. 

E 0 

i__, 
v.. 

> 



-48- 

81.0 keV keV transition, ; 	2- of Cs133 in CsI at 

4.2°K, computed f = (0.94+0.08)x10 2  by measuring the 

dependence of absorber thickness on the line width. From 

this one can easily deduce (through Eq.(3.1)) the corres-

ponding f for 1129-26.8 keV transition at 4.2°K to be 

(0.590+0.006). Because of the importance of this parameter 

various workers1105,107-1091 have tried tc explain these 

values with different theoretical lattice dynamical models 

for p.f.d,f. and the results are collected in Table (3.1), 

given on page 49. Hafemeister et.all1051 have compared 

their experimental values with those calculated from 

Kagan and Maslov11101 theory derived for NaC1 lattice 

based on nearest neighbour short-ranged interactions. 

This gives f(80°K) = 0.06 as compared to the experi-

mental value of 0.24+0.05. Assuming CsI to be monatomic 

lattee, Kamal et.a1.1107I using the theoretical g(0) 

calculated from the classical Kellerman's 11111 method, 

assuming spherical and nondeformable ions in the harmonic 

approximation and nearest neighbour interactions have 

derived .f to be 0.601 and 0.145 at 4.2 and 80°K respectively. 

The disagreement at 80°K has been attributed to the 

presence of anharmonic forces and the deformation and 

polarisation of the ions. Mahesh and Sharma. 11081, using 

the Debye model of the phonon spectrum with the Debye 

temperature 8D after modifying due to lattice thermal 

expansion as derived by them, have calculated f to be 

0.660 and 0.308 at 4.2 and 80°K respectively. Haridasan 
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and Orandini11091 taking CsI to be diatomic lattice, 

have calculated the same quantity with the theoretical 

calculated eigenfrequencies and corresponding eigen 

vectors based on shell model developed by Woods et.a111121 

and found f (4.2) = 0.603 and f(80) = 0.21, in agreement 

with the experimental.  results 1105,1061. 

Inspite of the difficulties involved in obtaining 

the experimental dispersion curves for cesium halides, 

by neutron scattering experiments due to the small 

scattering cross section of cesium ion and its heavy mass, 

Biihrer and Halg11131 recently have measured the frequencies 

of the normal modes of vibration of CsI at room tempera-

ture by means of the slow neutron inelastic scattering 

which were fitted with 14-parameter model to compute 

the frequency distribution function. In view of the avail-

ability. of this experimental phonon spectra we decided 

to recalculate f for 1129 and Cs133 in CsI lattice. 

Although CsI is diatomic lattice but as masses of the 

cesium (133) and iodine (129) are nearly equal, it can be 

treated as a monatomic lattice and accordingly one can - 

use Eq.(3.-1). The approximation of the monoatomicity 

of the CsI lattice seems acceptable due to the absence 

of any band gap in the phonon spectra 11131 .unlike the 

cases of LiI11141, NaI11151 and KI11161 lattices where 

discernible band gap has been shown. For 26.8 keV 

transition of 1129, R is 3.205x10-3  eV. Employing the p.f.d.f, 
jo'77R(:) 

;..7.77zAl Emmy thr/rpsry pooPka 
ROORKEE. 
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dete-mined by Bailer and Ha1g11131 with the measured 

frequencies modified again due to the mass correction 
1/2 

n)(12u__a\ f(T) upto 300°K was as 	=6`)(126 * -- `129.01  

calculated1821 from Eq.(3.1) and the results are presen-

ted in Fig.(3.5a) along with the experimental results 

1105,1061. The nice agreement with the experiment 

shows that either the anharmonic contribution to f is 

negligible or that the anharmonicity due to the lattice 

thermal expansion is more or less offset, by explicit 

temperature dependent anharmonicity1791 (See Chapter IV). 

Absence of anharmonicity seems acceptable because of the 

strong ionic binding, heaviness of the ions and the large 

cohesive energy of cesium iodide lattice. Fig.(3.5b) 

shows the plot of f(T) for Cs133-81.0 keV transition 

(R=2.648x10-2  eV) in CsI which gives f(4.2°K)=1.12x10-2  
-2 

as compared to the experimental value 11061 of (0.94+0.08)x10. 

Further the temperature dependence of f for Cs133  is 

stronger as compared to that for 112? in CsI. In addition, 

f(T) was also calculated 182r for Cs133-81.0 keV transi-

tion in cesium metal, between 2-10°X using the theoretical 

g( ), recently calculated by Satya Pa111171 and the 

results are tabulated in Table (3.2). The experimental 

measured f at 4.2°K from the analysis of the absorption 

• line using a source Ba133  Al
4 is 5.50x10

-5 11181 as comp- 

ared to the calculated value1821 of 0.062x10. In view 

of the smallness of the measured effect, it is difficult 
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CHAPTER-IV 

ANALYSIS OF MoSSBAUER FRACTION IN THE 

ANHARMONIC APPROXIMATION 

4.1 INTRODUCTION- In Chapter III we saw that even using 

the frequency distribution derived from the experimental 

phonon dispersion relation, the agreement of f factor 

with experimental was not obtained. The reason is simple 

because the treatment was based on harmonic approximation 

and no account was taken of anharmonicity but adequate 

analysis must include the latter effects144,47,121,1221 

(Section 2.4c) which persists even at absolute zero because 

of the zero point vibrations. The anharmonic theory has 

been systematically developed during the last decade by 

Leibfried and Ludwig11211, Iviaradudin and Flinn11221, 

Cowley- 11231, Pathak11241, Koehler11251 and others. 

The effects of anharmonicity are observable in 

neutron scattering measurements as frequency shifts and 

frequency widths of phonons with temperature1126-1291 

viz., anharmonic frequency is shifted from the harmonic 

value according to11301 

(4)(T) 	+ A co(R, j) + 	(R I  j) 
	

( 4.1) 

at each point K 	j denotes the branch. The imaginary 

part simply gives the change in phonon width and not the 

phonon shift. The widths are assumed to have the effect 
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of'fuzzi,r1/ ,6L;(61) versus CO curve .There 8g((0,T),  

g(6,),T)- (:); g(0),T) being the anhamonic and 41,(0b) 

the harmonic frequency distribution function. The average 

thermodynapeic properties remain unaffected by the width 

and ')ence one has to consider only the frequency shifts 

with tamperatare. 

Normally the temperature dependence of the freq-

uencies of the normal modes of an anharmonic crystal 

are accounted for either in quasihsrmonic approximation 

1929 93,1311 (where lattice modes are assumed to be 

temperature dependent through volume expansion only) or 

explicit temperature dependent anharmonicity1131,1321 

where the frequencies depend explicitly on temperature 

and will be present even if the crystal is held at constant 

volume. This arises directly from terms in the potential 

energy expansion of higher order than quadratic in 

powers of displacements of the atoms from their mean 

positions. But it has been shown by readbetter11331 and 

Loses and Simmons!1341 that the total anharmonic shifts 

in &) with temperature calculated from, the volume depend-

ence through Graneisen constant y plus the explicit 
• temperature dependence of entropy change LCO

anh ; are 

in excellent agreement with the frequency shifts 

observed in inelastic neutron scattering 11261. There- 

fore it is argued that a proper calculation of temperature- 

dependent properties should include both the change in 



-56- 

volume due to thermal expansion as well as the explicit 

anharmonc effects; and not just the either as has been 

done by some earlier workers192,93,1311. 

According to Barron 1129,135,1361, the anharmonic 

shift in the frequency at temperature T can be approximated 

from its value at T=0 by the expression 

Q(T) =60(0) [1_ y P.,172 	T ->1 
vib .. (4.2) 

where LAT = V(T)-V(0). The second term describes the 

volume dependence while the parameter T describes the 

explicit anharmonic temperature dependence through average 

vibration energy per normal mode <Evib> , including the 

zero point energy. The sign of T may be negative or 

positive depending on whether the cubic or quartic . 

anhannonic terms is dominant in the expansion of lattice 

potential energy 11371 and this account at least qualitat-

ively why an integral property like heat capacity, even 

of strongly anharmonic solids; may not show any marked 

anomalous behaviour1135,1381. 

So far we have done the qualitative aspect of anhar-

monicity; regarding quantitative study,,the most useful 

experimental quantity in the quasiharmonic approximation 

is Grilneisen constant y, giving dependence of frequencies 

with volume, is defined by 11391 

y(V,K, 
	dincq; 	

*es (4.3) 
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wk,j and V being the eigen frequencies and volume 

respectively. 

Assuming that a change in volume gives rise to the 

same relative change of frequency of every mode, 

from Eq.(4.3) it can be shown that 

T 

J 
.(T) = 	. K ,J(0) exp[731 a(T' )y(T' )dT'l 	.. (4.4) 

where 3a is the volume expansion and 
J
.(0) is the 

, 
, eigen frequency at T=00  K. In-all our calculation y is 

assumed to be independent of mode (K,j). 

On the other hand according to BarrOn11351 and 

Overton11401 the explicit anharmonic effects can be taken 

into account by a relative shift in the frequency of 

each lattice mode proportional to lattice energy 185,128, 

L.6) (ti, 	AEvib  
.. (4.5) 3Nk 

) 

with 

Evil)  = kT 	[ + 	x = 
e -1 K,j 

Here, as pointed out by Barron135 , it should be noted 

that different shifts ALO are needed for different 

thermodynamic properties like entropy, heat capacity 

etc. Leadbetter11331, Barron11351 and Overton11401 

have shown that the shift z16.)s  corresponding to the 

110(K,j) 
kT 
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entropy are identical to the shifts derived by Maradudin 

and FeinI1261 for inelastic neutron scattering. The shift 

Lwin Eq.(4.5) as assumed by 	Barron11351 corresponds 

to that of the entropy shift. The parameter A in Eq.(4.5) 

is different for different substances and is dependent 

on mode (K,j), volume 11311, particular model chosen11411 

and the thermodynamic function being consideredll4ll. In 

the reasonable first approximation one can ignore the 

dependence of A on (K,j)1851 and on volume for the study 

of explicit anharmonic contribution. Further we will 

consider A corresponding to entropy frequency shift. To 

estimate A for a given model, Feldman et.a1.11421 have 

shown in the limit of low temperatures that 

,a 	 oh ) 
wo \ 
(

j-
14. 

8  
2 
A co ' .. (4.6) 

where ea is the anharmonic (experimental) Debye tempera-

ture at low temperatures while eo and e
h o refers to the o 

harmonic Debye temperature obtained from a particular 

model (of phonon distribution function) at low and high 

temperatures respectively. To calculate Debye temperature, 

one has to first calculate from given p.f.d.f., the 

specific heat at constant volume Cv(T) through the stand-

ard relation 11431 

co 	20.1 /kT 

	

ov(T) =k f 	) 	e  g(oo)d; . 	(4.7) 
o (ehw  /kT 	2 

-1) 	• 



and 

44)a' ABvib 
- 317k .. (4 .11) 

-59- 

Comparing this Cv(T) with specific heat, obtained from 

Debye theory11431 
a
D
/T 

3k( 	) /
3 	x4ex 

	

Cv(T) = 3k(- 	(ex_1)2 dx 

	

D 	0  
.. (4.8) 

for various eD/T ratios, one can calculate OD  at any 

temperature. Taking into account both the quasiharmonic. 

(Eq.(4.4)) and explicit temperature dependent anharmonicity 

(Eq.(4.5)), the modified frequency for individual mode 

becomes 

qh 	. 	a'  
(-4 8.(ii9.3) =W(ii,j)+LO (K,J)+,aw 	(x 9 j) .. (4.9) 

with ' qh 

  

  

= e-8-1 9 B = 3 I a(T')y(T')dT' .. (4.10) 

  

This leads to the final expression 

a 0 B AE co =41 (e-- 	vib .. (4.12) 

Gilat and Nicklow11291 have measured the phonon dis-

persion curves of aluminium at 80 and 300°K and have 

calculated the p.f.d.f. at these temperatures. A comparison 

of their spectrum reveals a rather uniform shift in 

frequencies ( -73V.) accompanied by a slight change (4-1.0'/.) 

in the relative heights of peaks in g(t)). The overall 

shape of the distribution function does not change 
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appreciably. Furthermore any change in g(A)) consequent 

upon the change in is unimportant as it is a normal-

ised function. 

Employing the formalism outlined above, we have 

recalculated variation of Mbssbauer fraction with tempera-

ture for 

(i) Kr83  in solid Kryptonf79f 

(ii) Fe57  in natural iron1801 and 

(iii) Au197  in Gold meta11811 . 

These cases are discussed in turn. 

. 4.2 9.3 keV transition of Kr83  3ESolIpidKrt212 

The anharmonccity plays an important role in all 

rare gas solids because of small binding energies of these 

crystals11441.Beaumont et al11451 have shown from the 

shape of experimental OD  versus temperature curve that 

anharmonic contribution to the vibrational properties 

of solid krypton are appreciable, particularly in the 

range T>OD/10. Vashishta, and Pathak193 using Debye 

, theory (OD  = 50°K) have calculated f(T) variation consider-

ing only the quasiharmonic approximation (Eq.(4.10)) i.e. 

allowing the Debye temperature to vary only with volume. 

The calculated values, when compared with the experiment1841, 

get worsened than that obtained with the use of harmonic 

approximation. The lack of agreement is due to the use 

of (i) the Debye approximation and (ii) only 'one type 

of anharmonicity. 
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Here we will like to point out that for krypton 

the quartic anharmonic term dominates the cubic term at 

all temperatures11441 and thus T (Eq.(4.2)) will be 

positive and will remain so. Thus as both the corrections 

have opposite effect on the frequency shift, therefore 

O3(T) will be determined by the resultant of these 

contributions. 

We have calculated 1791 f(T) ranging from T=5-1000K 

using Eq.(2.13) after modifying the measured frequencies 

185,871 (harmonic) according to Eqs.(4.10-4.12) for the 

quasiharmonic , explicit temperature dependent anharmoni-

city and total anharmonicity respectively. The input data 

of y(T) and 3a(T) at various temperatures studied were 

taken from the experimental work of Losee and Simmons11341. 

For (m-6) potential distribution functionl85l the value 

of the anharmonic parameter A = 1.0x10-3/°K, as calculated 

by Feldman and Harton11461, was used. On the other hand 

for (exp-6) Buckhingham potential distribution function1871, 

,A was evaluated from Eq.(4.6) with et = 61.0, et0.57.5 

(calculated from Eqs.(4.7) and (4.8)) and eao  = 70.9°K1145,1471 

and turned out to be 7.55x10-3/°K. Figure (4.1) shows the 

variation of Debye temperature 8D(Vo) with temperature, 

as calculated from .(a), (m-6) potential, g(& ) and (b), 

(exp-6) potential g(U)); along with the Debye temperature 

derived from measurement of specific heat 1145,1471. 
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The results for the calculation, for the quasi-

harmonic, the explicit temperature dependent anharmonic 

and total anharmonic cases, are displayed in Fig.3.1(b,c,d) 

and Fig.3.2(b,c,d) respectively for the (m-6) and (exp-6) 

potentials, phonon distribution functions. The nice 

agreement with the experiment is observed especially for 

the distribution function derived from the(exp-6) paten-

tia11871. An independent calculation of f(T) dependence 

was made by BrownI1481 who also included both kinds of 

anharmonicity in the same way as we did, and the results 

are in agreement with ours, (Fig.(3.1d)). 

Finally, we would like to point out that the 

inadequacies in the existing model calculation may emanate 

from various causes; firstly the use of two body inter-

atomic potential for the study of lattice dynamics of the 

rare gas solids may be questionable1141,1491. For example 

Losee and Simmons 1150,1511 measured the equilibrium 

vacancy concentration in solid krypton and concluded that 

upto 20. of the total potential energy might be contri-

buted by many body forces. Some further indication that 

three body effects may be important in krypton comes 

from the non-agreement of the experimentally measured 

value of Poisson ratiol152I near T=O, with the calculations 

based on only central two body interactionsI1531. 

Secondly the thermal formation of atomic vacancies 1150,1511 

which have a significant effect on all the thermodynamic 

properties of solid krypton especially at high 
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temperatUres 1134,1451 will reduce the binding and 

hence will make the observed f values small. Thirdly 

the discrepancy may be due to the breakdown of the 

perturbation approach when applied to inert gas solids, 

above '-/4/10 of their melting temperature (i 0e. for root 

mean square amplitudes greater thant.16V,)1149,154 1551 

and one should perform the calculation of f in the frame-

work of self consistent phonon theory of Born1156-1581. 

Lastly the approximations used in the anharmonio model 

may also be partly responsible. 

4.3 14.4 keV TRANSITTaht Fe57  1y NATURAL ..IRON,- Using 
Eq.(2.13) with the necessary modification of vibrational 

frequencies for anharmonicity according to Eqs.(4.10 to 

412), Lamb-Mbssbauer factor has been calaulated1801 at 

varius temperatures ranging from 150-1000°K with the 

phonon spectra measured by Minkiewicz et,a1.11021, 

Due to the non-availability of the temperature dependence 

of Grfineisen parameter y(T), it was evaluated from the 

expression 

3a(T)VT  Y(T) 	- 	. 
KTCv(T)  

where the isothermal compressibility 

.. (4.13) 

3 

1 (T)+2C1  (T) 

a(T),VT  and Cv(T) are respectively the linear expansion; 

., (4.14) 
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molar volume and specific heat at constant volume. The 

various quantities used are taken from latest experi-

mental measurements, viz., the elastic constant Cil  and 

C12  from the work of Rayne and Chandersekhar11591, Lord 

and Besher11601 and Lees and Iord11611; a and VT  from 

Ridley and Stuart 11621 and Cv  from Schweiss et al.1991. 

The anharmonic parameter A determined from Eq.(4.6) with 

442.6011631, et = 437.03 and ell= 422.0 °K (Eqs.(4.7) 

and (4.8)), came out to be 0.0805x10-3/°K as compared 

with 7.53x10-3/°K for krypton lattice. Since the experi-

mental measurement of p.f.d.fe pertained to 300°K; the 

calculations of all the anharmonic frequency shifts at 

various temperatures were normalised with respect to 

300°K. To quote typical values, it turns out that at 

T = 1000°K, harmonic frequency is shifted by -3.72Y. in 

quasiharmonic, +5.51Y, due tiv explicit anharmonicity, 

leading to a total shift of +1.797. • The corresponding 

f values are changed by -7.963/4,, +11.32Y. and +3.76/. 

respectively as displayed in Fig.3.3(b-d) along with the 

experimental results 194,951. 

Thus inspite of using all the input quantities 

measured experimentally, agreement with the experiment 

is not much improved (Figs.4.1(a and d)) and shows some 

extra factor contributing to f. Further the fact, that 

the residual discrepancy in f from measurements)  

being large at low and relatively small at high temper-

ature (near C-rie temperature), indicate possible 
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contribution of magnetic ordering. Thi3 is in conform-

ity with the experimental finding of Coey et.a1.11641 

observed in the case of thermal energy shift in 

HoFe03 system and theoretical prediction of Bashkirov 

and Selyutin(1651. It will be discussed in detail in 

Chapter V. 

4.4 77.3 keV TRNNSITION OF Au197 IN GOLD METAL 

Employing the p.f.d.f. measured at 0°K by 

Christensen and Seraphin11041, the recoilless fraction 

has been recalculated 1811 over a temperature range 

4.2-100°K after incorpOrating the contribution due to 

anharmonicity as done in the above two cases. The experi-

mental specific heat C measured by Gebelle and Giaque11661 

after correcting for C p  -Cv  and Ce-electronic heat capacity,. 

yields ea  = 166.56°K whereas eh  and Oho  calculated from o 

Eqs.(4.7) and (4.8) gives 80 = 142.96 and ell = 200°K. 

Eq.(4.6) then gives the anharmonic parameter 

A = 2.20x10-3/°K. The coefficient of linear thermal 

expansion a(T) was taken from the measurements of Fraser 

and Hollis Hallett11671 and Kos11681. Further the 

GrUneisen coefficient y(T) was calculated from Eq.(4.15) 

with KT taken from the measurements of Neighbour and 

Alers11691. To quote specific value,the maximum fre-

quency shifts at 100°K with respect to 0°K come out to 

be -70.64'/., +24.85'/. and +24.21'4 for qua:siharmonic, 
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only anharmonic and combined anharmonicity respectively. 

The corresponding f(T) change due to combined anharmoni- 

city ( Eq.(4.12)) is shown in Fig.(3.4b) and exhibits nice 

agreement with the experimental measurements11031. 
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CHAPTER-V 

ANALYSIS OF MOSSBAUER  FRACTION IN SPIN-ORDERED 
SYSTEM 

5.1 INTRODUCTION 	We have seen in Chapter IV that the 
MOssbauer fraction for Fe57  in natural iron, calculated 

from experimentally measured phonon frequencies even 

after modifying frequencies due to anharmonicity, was 

in disagreement with the measured f(T) variation 

(Fig.3.3). The important feature of the plot in Fig.(3.3) 

is that the departure from the experimental values 

starts at the magnetic transition temperature (Curie 

temperature, Tc). This suggests that the observed effect 

is associated with some kind of magnetic ordering in 

the system and is not simply the consequence of the 

inadequacy of model used in describing the phonon spectrum 

or anharmonicity. Alekseev et.a1.11701, have also observed 

such an anomaly in Yttrium iron Garnets from Mbssbauer 

studies. Coey et.a1.11641 studied the temperature 

dependence of MOssbauer spectrum shift for HoFe570 3 

(TN  = 642°K) in the temperature range 99-875°K and 

Bashkirov et.a1.11711 for a-Fe203  (T .956°K) in the 

temperature inteeval from 80 to 1080°K and made the 

similar observations. Such type of anomaly has also been 

observed'in various other properties like thermal 
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expallsion11721, specific heat 11731 etc. Thus, it 

seems that the existence of magnetic ordering plays 

an important role in the origin of all these anomalies, 

in other words these quantities are influenced by the 

exchange interaction of magnetic ions. The reason is 

simple- the energy of exchange interaction of magnetic 

ions in the crystal depends on the distance between 

the interacting ions. Therefore, the presence of 

exchange forces can not have an influence upon the 

elastic constants of the lattice and consequently on 

the vibrational spectrum of the crystal. Since the 

intensity of the Mossbauer effect as well as the 

relative--shift 1121. the Mossbauer • spectrum dep,mds on the 

parameters which characterize the vibrational spectrum 

of the crystal, therefore it becomes clear that.e-xchange 

forces between spins of the electrons on neighbouring 

magnetic ions in a crystal lattice will influence (and 

contribute to) the magnitude of these quantities. Further 

the exchange interaction energy also depends on the 

relative orientation of the spins of the interacting 

ions, and hence f and S.O,D. should vary with a change 

in the degree of ordering of the spin system in the 

crystal. 

Quantitative solution of the problem, formulated 

above has been made by Bashkirov and Selyutin for both 

the cases viz., intensities :1741 and relative shift of 

Mossbauer spectrum11651, We will describe in brief their 
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approach to the problem. 

The Debye Wier factor and centre shift .in the 

MOssbauer spectrum may be expressed as 11751 

2 
,„ 4n

1 

" = 2NM 
KJ921 P 	Va)(Kj)tt) (Dil) 

(R 6(ki))(Z 	(2'J')) 

)( 
Kj 

6E 	 h 
E2 2 2N ` W 2() c 	- 

i9Ki l  

. 1 (0) > 	.. (5.1) 

6 Di') 	\to(IT:J)fAiiiJn 

)1 /' 	(o) B- . (o) > Tz I J  I \N  Kj  
.. (5.2) 

where N' is the mass of the M6ssbauer atom, g is the 

wave vector of the gamma quantum,W(Kj) and e(Kj) are the 

phonon frequency and polarisation vector. A- = a,a- 
Kj KJ Kj 

+ 	+ and B-  = a- -a.7.  with a- and a,-:.  are respectively the Kj •Kj .Kj 	.- Kj 	lkj 

annihilation and creation operators for a phonon mode 

KJ. Thus the solution of the problem reduces to deter- 

mination of the phonon correlation functions <Aiyo).AR,i  (or> 

and <13...j 
	K 
(o)  B-

ij 
 ,(0) taking account of the distortion 
 

(perturbation) of the phonon spectrum of the crystal 

introduced by the exchange interaction of the magnetic 

ions. 

The operator which describes the exchange interaction 

of magnetic ions is 
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A h n  

He 	= 	(R. i) 
xch. . 	14 i•4 (5.3) 

where Si  is the spin operator of the ith atom, ii,( 

characterizes the distance between the ith and Kth ion. 

One can arrange the above expression successively in 

the order of relative shifts u/ of magnetic ions, 

retaining upto quadratic terms in lilt: 

A A 

H0  = L 	I (R. i). s e  0 14 Si 4 

Hl  E 
-'- 4  J 

.. (5.4) 

The Hamiltonian HL 
which describes the vibrations of the 

crys-ual in the harmonic approximation is 

_ 
. HL 	h ( 	) 	a yj 2 . + —1  9 	 .... 

KJ 

... (5.5 ) 

Finally the Hamiltonian of the problem can be expressed 

as 
A A 
H = H 

with 	 ... (5.6 ) 
A n  

HLS H0  + H1  + H2  

A 
HL 

and H describe the state of the lattice oscillators 

and the spin system of the crystal respectively without 

taking into account the interaction between them, while 
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/.\ 
HLS 

represents the interaction of the two subsystems 

mentioned. 

Using the standard Green function technique to 

calculate the correlation function, Bashkirov and 

SelyutinI165,1741 have shown that in a crystal containing 

exchanged coupled magnetib ions, f and SEr /Ey  can be 

calculated from Eqs.(2.13) and (2.23), with the phonon 

frequenciesco(in the absence of any exchange interaction) 

is changed to 61 as 

( K, j ) 	0•)(11 9 j)  (1+B)
1/2 

with B related to the correlation function <S. .S. j 

as 
2 

B = (872 	J" (a) 
v j 2M  e 

.. (5.7) 

.. (5.8) 

a =i xf is the distance between neighbouring magnetic- 

ions, v, the velocity of sound in the lattice and J:(a) 

is the second derivative of the exchange integral.. 

Using this formalism we will try to explain the 

discrepancy obtained in f for Fe57  in natural iron. 

5.2 14.4 keV TRANSITION OF Fe57 IN NATURAL IRON 

As has been done by other workersI164,1761, we 

have assumed molecular, field model for exchange inter-

action where exchange parameter B can be written as 

B = B 1.12(T) 	 .. (5.9) 
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where [1(T) is the reduced sublattice magnetisation 

and Bo‘1"41 (for both ferromagnet and antiferromagnet ). 

Treating Bo  as a variable parameter, Lamb-Mbssbauer 

factor has been calculated 1801 from Eq.(2.13) with the 

measured phonon frequencies 11021 modified due to 

the presence of exchange interactions (Eqs.(5.7) and 

(5.9)) combined with the frequency shift due to the 

total anharmonicity (Eq.4.12). The reduced sublattice 

magnetisation tl(T) at various temperature was taken from 

Housley and Hess 11771. The corresponding curves of f 

for Bo 	0.2, 0.4 and 0.6 are displayed in Fig.(5.1). 

Thus we find that the Mbssbauer intensity data is 

explained satisfactorily by the addition of a magnetisa-

tion dependent f, with magnetisation terms proportional 

to. 112 and constant of proportionality B0.0.4+0.2. This Bo  

will be used. in Chapter VII to analyse the measured 

energy shift for Fe57  in natural iron. 
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CHAPTER VI  

THE INFLUENCE OF PRESSURE ON 

MoSSBAUER EFFECT 

6.1 INTRODUCTION- Mossbauer effect because of the sharp- 

ness of the resonant line it emits, and of their sensitive 

dependence upon both the immediate environment of the 

nuclei and upon the lattice characteristics of the 

crystals in which they are located, has become major 

topic of research in several areas of physics. Unfortunately, 

at the present stage only a few elements can be studied 

with this technique because of the various restrictions 

(mentioned in Chapter I) in observing the MOssbauer 

effect. One such restriction is the tight binding of the 

host lattice. On the other hand if the pressure on the 

lattice, containing the nucleus, is increased, the 

lattice rigidity also increases. This as a result should 

bring about an enhancement in the amount of recoilless 

radiation. Thus the use of high pressure may allow the 

study of MOssbauer effect for materials where it is 

either marginal or non-existent at zero external pressure. 

Quantitatively, one can incorporate the effect of 

pressure on Mossbauer parameters f and S.O.D., through 

either the GrUneisen relation 1139,1781 

dtn00 	dLn6D  

= cltnV, TTTV- 
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or the Lindeman relation 11791 

Const. 	/m/ 

3/Ti -/ 7-  
.. (6.2) 

as both give the variation of lattice frequencies (hence 

Debye temperature) with volume. In the above equations 

y is the Gruneisen constant; OD  and Tra  are the Debye 

temperature and melting point at the specific volume V. 

Following Hanks11801 and Dlouha 11811, we employ 

the GrUneisen relation. Assuming, in the first approxima-

tion that y is independent of volume and all the frequencies 

shift equally by the application of pressure then from 

Eq.(6.l) the lattice frequency (..11, at pressure P becomes,. 

6-)P = 
	VD  -Y 	

• 

(6.3) 

($3 is the lattice frequency at zero pressure. Rewriting 

it in terms of Debye temperature e as 

- 
(L)

y a o Vo  ▪ (6.4) 

where 0 and 0o are the Debye temperatures at the specific 

volumes VII  and Vo  respectively. Vp/Vo  can be known from 

the experimental measurement of equation of state. 

However, in the absence of this, one can approximate 

(Vp/V0)-Y to 

VP 	. 
(7-)

-y 
 = (1+YKTLsP) 

0 
.. (6.5) 

1 AV where aP = P2-P1 and Km V = 	the compressibility of 
0 
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the host lattice. In the light of this formalism, we 

are interested in the two types of studies. 

(a) Southwell et.a1.11821 have measured the Mbssbauer 

fraction for 14.4 keV transition of Fe57  in natural 

iron over the pressure range 0-85 Kbar and Panyushkin 

and VoronovI1831 have measured f for Sn119 in white tin 

upto 110 Kbar. It is worthwhile to compare the measure- 

ment with the calculations in order to check the validity 

of the model used. 

(b) Mnsbauer fraction for Cs133 in cesium11181, K40 

in potassium 11841 and Au197 in gold meta111031 is 

observed to be very small even at low temperatures. It 

will be interesting to see whether the effect of high 

pressure can obviate the necessity of low temperatures, 

which are normally required to study these elements and 

their compounds. 

All these cases will be discussed below: 

6.2 77.3 keV TRANSITION OF Au197 IN GOLD METAL 

Variation of f with pressure has been calculatedl8lt 

from Eq.(2.13) with phonon frequencies, calculated by 

Christensen and Seraphin11041, modified according to 

Eq.(6.3) for pressures ranging from 0-200 Kbar. Calculat-

ions were done at T=4,2 and 80°K. Gruneisen constant y 

was taken as 2.40 and 3.02 at 4.2 and 80°K respectively 

(Sec.(4.4))and VP/Vo at various pressures was taken from 



) 

LO 

1 
	 1 

 

--. 

L. 

I 

,--.)....-- 	0' ) 

\:t 	rr ) .1  

r 

1 

r 

Li

- _ 

0 

0 

0 4-- 
C./ 
-3 

.73 
tr) 

C)  

-C 
' _ 



-76- 

the reported measurements of Vaidya and Kennedy11851 

and McQueen and Marsh11861 and was taken to be independ-

ent of .temperature. The results are displayed in 

Fig.(6.1). However, the prediction has to wait its 

verification till measurements are available. To quote 

specific value, at P=200 Kbar with Vp/Vo  = 0.91711861 

we get fp/f0  = 1.431 and 6.596 at 4.2 and 80°K respectively. 

It clearly shows that one can perform the experiments 

with Au197 even at relatively higher temperature say._ 

liquid nitrogen to get observable effect provided an 

impressed pressure of the order of 200 Kbar is applied. 

6.3 26.8 keV TRANSITION OFI129IN  CESIUM IODIDE AND  

81.0 keV TRANSITION OF Cs133  IN CESIUM IODIDE  
AND CESIUM METAL  

We have seen in Chapter III that the probability 

of Mossbauer effect is rather very small in all these 

cases. Because of the high compressibility of these 

materials it is worthwhile to study the effect of 

pressure on these transitions. We have calculated f 

versus pressure 1821 for Cs133I (T=4.2 and 80°K), CsI129  

(T=80 and 300°K) and Cs133  (T=4.2°K) upto 100 Kbar 

pressure. Unperturbed phonon frequencies, taken from 

the work of Buhrer and Halg11131 for CsI and Satya Pal 

11171 for Cs lattice, were modified through Eq.(6.3) 

at various pressures. Values of Vp/Vo  at different 

pressures are taken from the work of Bridgman11871 

for CsI and Bridgman11881 for cesium metal and assumed to 



-77- 

be independent of temperature. y was. taken as, 2.0 for 

CsI at all the -three temperatures 11891 and 1.29 for 

Cs at 4.2°K 11901. The resulting f versus pressure 

for CsI129  is shown in Fig.(6.2) and for Cs
133I and Cs133 

are tabulated in Table 6.1. For Cs133  in cesium the 

results are also plotted in Fig.(6.3) which shows the 

discontinuity in f between 40-50 Kbar. Similar type of 

discontinuity is also seen in the S.O.D. shift SE2 versus 

pressure plot (Chapter VII). It may be pointed out that 

the transition in f and 6E2 is due to the discontinuity 

in volume VP/Vo which is of the order of 0.056 at 

45 Kbar11881. Although no experimental results are 

available for these but from Fig.(6.2) and Table (6.1), we 

observe much stronger effect in these cases especially 

in cesium metal as expected due to its high compressibility. 

Thus we conclude that by applying a pressure of the order 

of 100 Kbar, CsI
129 and Cs1331 can be studied even at 

300 and 80°K respectively whereas Cs133  metal can be 

investigated at liquid helium temperature with consider- 

ably higher accuracy. 

6.4 23.9 keV TRANSITION OF Sn119 IN WHITE TINIL-Panyushkin 

and Voronov11631 have studied the Mbssbauer effect in 

metallic tin at pressure upto 110 Kbar and at T=300°K. 

Comparing the areas of the resonance curves for diff-

erent pressures with the area of the curve at atmospheric 

pressure and taking the absolute probability, of the 
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Table 6.1)-Calculated dependence of pressure 
on Mossbauer fraction for Cs133-81.0 keV 
transition in CsI and Cs metal 

(Note,E-x=10-x) 

Cs155  Pressure 
(Kbar) 

Cs133I 
T=4.2°K T=4.2°K T=80 "K 

0.0 0.623E-6 0.112E-1 0.154E-5 

10.0 0.86lE-4 0.199E-1 0.311E-4 

20.0 0.534E-3. 0.295E-1 0.199E-3 

40.0 0.430E-2 0.502E-1 0.178E-2 

60.0 0.199E-1 0.707E-1 0.611E-2 

80.0 0.284E-1 0.902E-1 0.134E-1 

100.0 0.333E-1 0.108E-0 0.230E-1 
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effect in p-tin, the value of 0.060+0.006, at zero 

external pressure1191 , they obtained the pressure 

dependence of f. Although they analysed their results 

the framework of Debye theory to get the Gruneisen 

constant but in view of the available phonon spectra 

of white tinli92l, it was decided to calculate variation 

of f with pressure. 

Strictly speaking Eq.(2.13) is applicable only to 

a monatomic cubic lattice. However, as a first approxima-

tion likewise the earlier workers1193,1941, we will 

apply this equation to study white tin which has a 

tetragonal structure. Using Eq.(2.13) after modifying 

the phonon frequencies 11921 with pressure P according 

to Eq.(6.3), dependence of f an pressure upto 110 Kbar 

(T=300°K) is calculated 11951. Grdneisen Yis . taken to be 

1.71, calculated from Eq.(4.13) with the input quantities 

taken from the experimental measurements reported in the 

literature. VP/Vo at various pressures is taken from 

the work of Bridgman 11961, Vaidya and Kennedy11851 

and McQueen and Marsh11861. 

The calculated values of f(P) are shown in 

Fig.(6.4) along with the experimental results11831. 

Evidently there is nice agreement with the measurement. 

6.5 29.4 keV TRANSITION OF K40 IN POTASSIUM  METAL-  For 

this transition, f even at 4.0°K is 3.6*/. 11841. Due to 
the large compressibility of alkali metals, it stands 
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to reason to anticipate distinctly noticeable pressure 

effects.• Taking the p.f.d.f. measured, from inelastic, 

neutron scattering, by Cowley et.a1.11971, f(P) was 

calculated, at 4.0 and 80°K, for a pressure range 

0-100 Kbar. The values of Vp/Vo  are taken from the experi-

mental measurements of Bridgman 118q and Vaidya et.al.11981 

and assumed to be independent of temperature. y is taken 

as 1.45 and 1.41 at 4 and 80°K respectively11991. The 

calculated f versus pressure is shown in Fig.(6.5)12001. 

To quote typical values these are at 4°K; f(0) = 0.0988, 

f(100)=0.439 and at 80°K, f(0)=0.439x10-4  and f(100)=0.195. 

Although no contact of these predictions can be made with 

the experiment due to lack of measurements; it is, however, 

abundantly clear that at 80°K, a pressure of 100 Kbar will 

bring f to an observable value of 0.195. In other words 

the crystal binding is changed sufficiently, to increase 

f by four orders of magnitude. Thus it is concluded 

that 100 Kbar pressure renders feasible the measurement 

of f for 29.4 keV transition in potassium even at 80°K. 

6.6 14.4 keV TRANSITION OF Fe57  IN NATURAL IRON- Southwell 

et a1.11821 reported the Mbssbauer spectra for 14.4 keV 

transition of Fe57  in natural iron-foil source over the 

pressure range 0.85 Kbar at room temperature. From the 

area of the absorption dips in the transmission curve, 

normalised to unity far off-resonance , with the assump-

tion that absorption area is proportional to the source 
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recoilless fraction fs(Eq.(2.32)); they obtained the 

value of a --P  (f p  /f0  ) 
	- dP  - (A p  /A o)...0.0017 Kbar

-1;, where 
d  

f and A represent the Mbssbauer fraction and area of 

the absorption curve respectively at pressure P and fo  and 

Ao 
the corresponding values at zero atmosphere. With 

atmospheric Debye temperature OD  =.400°K and y=1.6, they 

calculated A—p  (f p o /f ) = 0.00038 Kbar-111821 showing that a  

measured f factor increases with pressure nearly three 

times as rapidly as the theoretical estimate. They attri-

buted the discrepancy due to the polarisation of iron 

with pressure. It may be pointed out that it is appropriate 

to apply the experimental g(6)) before attempting the 

comparison of the calculation with the measurement. It 

was thus decided to recalculate f(P) using phonon frequ-

encies measured by Minkiewciz et.a1.11021 from inelastic 

scattering of ,neutrons and look into the discrepancy. 

Using Eq.(2.13) with the phonon frequencies 11021 modified 

according to Eq.(6.3); f(P) was calculated at T=300°K for 

pressures upto 100 Kbar. Vp/Vo  was replaced by Murnaghan 

equation 12011 

Vp 	( 

V
o 
= kl+ P )-0.169 

275 .. (6.6) 

for b.c.c. iron. y was taken as 1.611781. No temperature 

anharmonicity was included since both the experimental 

f as well as p.f.d.f. were obtained at room temperature. 

Figure (6.6) shows the results of present calculation. 
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(a) Dobye model calculation 11821 along with the 

experimental results 11821. Thus inspite of refined 

calculation we find the same discrepancy as observed 

by Southwell et.a1.11821 and one can state that the 

residual discrepancy may have its possible origin in the 

change of polarisation of iron lattice with pressure, 

resulting from pressure dependent changes in the anisotropy 

and magnetostriction constant 12021. The fact that polari-

sation of the iron foil changes with pressure can be 

seen from Fig.3 of Southwell et al. paper 11821,which 

shows the variation of intensity, of lines 2 and 5 in 

the six finger pattern of Fe, with pressure. On the other 

hand Vanfleot and Decker12031 have'shown that there is 

some evidence that the f-factor in iron is a function of 

polarisation. Thus it is concluded that the discrepancy 

between theory and experiment can be resolved if the 

experiment can be performed with more accuracy which is 

possible only if either the unpolarised or completely 

polarised foil is available or some quantitative estimat-

ion regarding polarisation dependent f is made. 
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TIAPTER-VII 

ANALISIS 02 ASSBAUER GA MA RAY 

ENERGY SHIFT 

7.1 INTRODUCTION- So far we have been dealing With 

MOssbauer intensity, In this chapter we will explore the 

second dynamical parameter of Mbssbauer effect 

MOssbauer gamma-ray energy shift. As seen in Chapter II 

this can also give fund of information. Because Of 

'extremely high resolution (about 1 part in 1015) of 

Mbssbauer resonance absorption, a number of relativistic 

effects(26( have been measured-most notable being the 

accurate measurement of the gravitational shift 12041 

and the thermal shift 1221 etc. In any experiment the total 

spectrum shift (6E) which is actually measured is the 

sum of the isomeric shift (I.S.) of the absorber relative 

to the source (6E1) and the difference between the 

second order Doppler shifts (30.D.) of the source and 

abSorber (6E2). These two arise in quite distindt ways; 

The LS, of the eiieity leVels of the absorber With respect 

to the source is a result of the different eleatrostatic 

interactions of thse nuclei with the field of surrounding 

electrons and, in the non-relativistic approximationj 

is given by the relation (Eq.(1:7), 

sEi  = ia ze2(Re2 	Rg2)[it (0) a2  -Ivo) s2 	.(7.1) 
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where Re and Rg  are the nucleax radii of the excited 

and ground state and 111(o)la and 1111(o)ls2   are the total 

s-electron densities at the absorber and emitting nuclei. 

On the other hand the energy shift due to S.O.D. in turn 

is given given by (Eq.(2.20)) 

OE 	,_2, 
6E = 
2 	E 	- 2c2 

.• (7.2) 

where <v2) is the mean square velocity of the emitting 

or absorbing nucleus and depends on the lattice properties. 

Using the phonon spectrum of the lattice one can calculate 

this contribution to the energy shift and subtracting it 

from the accurately measured energy shift 8E, one can 

draw some important conclusions regarding I.S. or s-

electron density at the nucleus, its variation with 

temperature and pressure. 

7.2 ENERGY SHIFT DUE TO S.O.D. IN CsI1_Cs.  Au K 
AND Kr LATTICE 

Figure (7.1) shows the temperature variation of 

y-ray energy shift due to S.O.D. effect and the corres-

ponding mean square velocity of the resonant atom in 

CsI(a), Cs(b), Au(c), K(d) and Kr(e) lattice, in harmonic 

approximation, calculated from Eq.(2.23) with respective 

p.f.d.f. mentioned already in the f calculation. Figure 

(7.2) represents the preshure dependence_ of the same in 

CsI at T.80(al) and 300°X (a2); Cs at 4.2°K(b); Au at 

80°K(F1) and 4.2°K(c2) and in K lattice at 4.0°K(di) 

and 80K(d2), calculated from Eq.(2.23) with the input 

frequencies modified due to pressure according to Eq(6.3). 
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state. All state lying below the Fermi level by more 

than kT remains occupied; however the states near the 

Fermi energy mix with the higher states. This changes 

the s-electron density at the nucleus and hence I.S. with 

temperature and pressure. 

Analysis carried out by Housley and Hess11771 for 

thermal shift in iron, have given evidence of a non-

negligible temperature dependence of I.S. Further, from 

the shape of I.S. (=6E,5E2) versus T curve, they 11771 

have shown that the temperature dependence cannot be 

accounted for by thermal expansion alone and have quali-

tatively attributed the discrepancy to be arising from 

magnetisation. It was decided to tackle the problem more 

carefully by calculating the S.O.D. of the absorber and 

source (including anharmonicity) from the experimentally 

determined p.f.d.f. 1102. 

The total shift cf the Mossbauer y--ray energy is 

given by 

6E =6El,(SE2)s-(6E2)a' 	... (7.3) 

In the experiment done by Preston et.a1.12061 the source 

Fe57 doped.in Cu lattice was maintained at constant 

temperature and thus S.O.D. of the source, (6E2)5, has 

no temperature dependence.. Furthermore the S.O.D. for an 

impurity atom of mass M' in a host of mass M is given() 

by 12071 
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r  

	

3kT 	:L ma\e , 

	

(6E2)8 = 2M'c 	kT ' M' .. (7.4) 

wherel)max  is the cut-off frequency for the host lattice 

and e/q is the binding force constant ratio of the 

impurity in the host lattice. 

The shift of the nuclear levels due to the finite 

size of the nucleus can be written as from Eq.(7.1) as 

12081 

6E, = alT(o)1 2+constant. 	.. (7.5) 

where a is the scaling factor containing electronic and 

nuclear parameters and 17(01 2  is the total s-electron 

density at the nucleus in the host under consideration. 

Since we are interested in the volume expansion of 

'Von2, only the 4s- and 3s- electron contributions are 

considered. Thus the total electron density at tree nucleus 

becomes 

1T(0) 1 2  = 174. (0)12-1T3s(0)12 
	 .. (7.6) 

Starting from the free atom wavefunctions'118,2091 for the 
1 

configuration 3d'
7 
 4s- 	b.c.c. metallic iron1191, 

Ingalls12081 has performed a Stern's modified-tight-

binding (MTB) calculation for the wavefunction in the real 

solid along various directions and for several. volume, 

He has shown that the electron density for the 3s and 4s 

contribution is 

2 
gI 1  +o) ! =ns  IT (o)

2  +6c / nUmax
k
av+constant. 1 	il 	I .. (7.7) 
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The dependence of I.S. with volume is 

o(6,E1) 

dAnV - a (-nsY1 

2 

7 ( ) 12+p a  <numax 
1 	a inv.  

On 	< nU 	) 	an , 2 TE  . I-1k°) 	d nV 	
max . av 	d 

7T.V)  

	

on 	T  

EF 	
(7.8) 

where ns  = r Ns(E). is the number of s-electrons per 
iron atom, With Ns(E) is the number of s-states in the 

3d-4s conduction band; 111,...(o)1 2  is the 4s wavefunction 

2 at ri(kE0) and varies with volume as, 1,.7 (0)1 
=-2constant V-Y1 with y1=1.25. Like ns, nd  = 
EF 

 is the number of d-electrons per iron atom 
0 

with Nd(E) the d-like density of states per atom and the 

other symbols have been explained in Ingalls paper12081. 

Stern 12101 has shown that there is a decrease of Nd(E) 

with respect to Ns(E) with the decrease of volume, with 

the consequence that there is a transfer of electrons 

from s- to d-band. If we further assume that the number 

of electrons in the 3d-4s'conduction band of iron is cons-

tant, we have 

ans 	and 
TTTITT 	TTTV-  = X  ... (7.9) 

where X is then evidently the s44 d electron transfer 

parameter. Thus the volume dependence of the I.S. at some 

reference volume, say V=V1, becomes 
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8 (6E, ) 
d fnV 

2 
> . 2 	d<nUMax av\ 

=V = a(-nSY1111.-1  1 +P l 
i 2 

+0a (1lir,(0)1 2_ 6CTI:ma;av 	) 
'=V 11 	nd 	 , 

.. (7.10) 
On the right hand side, all the quantities except a 

and X are known 12081 while the left hand side can be 

obtained from the experimental measurements.  of 6E. 

Employing the experimental pressure study of Mbssbauer 

y-ray energy shift 1182,2111 corrected for S.Q.D. from 

Eqs.(2.23) and (6.3), and using Eq.(7.10) the relation 

between a and X is established 12121. This relationship 

in turn is used in the study of temperature variation 

of Z.S. In this manner it was possible to correlate the 

temperature and pressure studies of the Mbssbauer 

y-ray energy shift of Pe57  in natural iron 12121. 

Figure (7.3) shows the plot of S.O.D. variation 

with pressure and at T=300°K(a), calculated from Eq.(2.23). 

after modifying the frequencies for pressure, Eq.(6.3) 

along with the experimental results for energy shift 

6E1182,2111. No temperature anha-2monicity was 

included as both the experimental measurement of the 

energy shift 6E as well as the p.f.d.f. 11021 was carried ' 

out at room temperature. Figure (7.4) shows the variation 

of LS., 6E1(=6E-E2) versus pressure and volume (Eq.(6.6)). 

A linear fit to the I.S. data according to the form 
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(1(6E1) , 

doE1  gives A = nV V.V = 1.2+0.2 mm/sec. 

where V1(.80 o
3  is s the volume of the unit cell of iron 

lattice at room temperature and zero atmosphere. Using 
d(6E1) the present value of T73- and the various quantities 

in Eq.(7.10) as given below 12081, 

2 j u  

-5.5 a-2 , v 1.25 	= 0.03 ao1  o 	-1--  - 	dXnV 

dnU2 , _max>av = 0.g  
dnd 

9  ns  = 0.53 

.. (7.12) 
and I u r 

1
(0).1

2 	7.l a0 

where . 1.1e the last t7o values are at room temperature 

(V1  .E0a
3) one gets the relation 

1.20 = -4.87a÷12005aX 	 (7.13) 

which any independent measurement of a and X must 

satisfy. This is plotted in Fig.(7.5). Since from 

Stern's 12101 work one expects X >0, so only the portion 

of the curve pertaining to X >0 in Fig.(7.5) is perti- 

nent for the study of temperature variation of the I.S. 

To study the variation of the I.S. with temperature 

0 I with respect to T.0 K ( the volume 1 2131 Vo  at 0oK.. 

78.95 ao), we once again use the Eq.(7.10) 
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6(6E1) 

atnV 

a4aIU2 x)av 
V.Vo 	

a (-nsYllTh (0)12 
	13 	ma,  ) 

'V.Vo 1 	I 	d‘nV 

a4 2 
max)av  

' + aX (11F r., (0) I 24 	
nU 

and 	V=Vo 

.. (7.14) 

From Fig.(4) of Ingalls paper 12081, 1111 1-i(0)1 2  = 7.2a-03  for 

3 ans  
V = Vo  (=78.95 ao) 12141 and using X = 717 = 0.205 

(arbitraril9from Fig.(7.5)). We have the number of 

s-electron per iron atom at T = 0°K, ns=0.527.The rest 

of the quantities on the right-hand side have the same 

value as used previously (Eq.(7.12)). Employing these 

values one gets 

a(6E1) 
= a [4.91+12.15X] .. (7.15) 

dinV 

Taking a ranging from 0.246 (corresponding to X=0) to 

-0.800 a3 mm/sec. (corresponding to X = 0.279) one obtains 

da1  da1 1  1  dV 	TITV 78.95 = (0.153+0.001)x10-  mm/sec. 
 

The corresponding 5E1  at T = 1000°K (where the volume 

V = 82.52 a3012131 with respect to T = 0°K will be 

(0.548+0.003)x101  mm/sec. The uncertainty covers all th) 

different combinations of a and X (of course for X >0) 

The value of X was taken arbitrarily since it is found 
from Eq.(7.14) that by taking any combination of a and 
X(X > 0) satisfying Eq.(7.13),and the corresponding‘n 1  
the Overall effect on the temperature variation of " 8  ■  I.S., a8E1/aT4  comes out to be very sma11.,(0.548+0.003)x10-4  

mm sec-1  0K-1. 
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variuus temperature, alog with the actual* experimental 

y-ray energy shift SE 12051, after correcting for the 

measured energy shift at constant pressure to constant 

volume by means of the thermodynamic relation 11791, 

1 - 	1/ a.V 	d d(r1V  
v VoTip 1)-kRSTTHT(-77")p (7.16) 

where the conversion term 

d/nV  1( 	-) 3k5C)7,7)T( oT  )p = 0.16x10
-15/oK at room temperature 

and 0.18x10-15/°K at high temperature 12051. Figure (7.7) 

shows the temperature variation of the I.S., 6E1  F.,-(5E-

((6B2)s-(6E2)ad between the source and absorber.This is 

after subtracting the solid line from the experimental 

points in Fig.(7.6). The shape of the curve suggests that 

the observed effect is associated with some kind of 

magnetic ordering in the system. This could arise from 

either of the following two possible causes: 

(a) the dependence of the I.S. (s-electron density 

at the nucleus) on the degree of magnetic order 

and /or 

(b) the dependence of the S.O.D. on the degree of 

magnetic order in the system. 

The relative value of S.O.D. were converted to the 

absolute values on the basis of its actual measurement 

(shown in Fig.4 of Ref.12051) at 295°K where 6E,--0.350 mm/sec. 
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Both are to be expected theoretically from the band 

model of iron lattice as suggested by Alexander and 

Treves 1216r.Regarding the first, the magnetic splitting 

of the 3d-band changes with temperature and this causes 

a shift in the absolute position of the Fermi level and 

through this,a change in the number of 4s-electrons; as 

a result the I.S. changes. Regarding the second conjecture, 

because of the phonon-magnon interactions, some of the 

atomic kinetic energy is contained in relatively high 

frequency modes which are essentially magnons. The Change 

of magnon spectrum with temperature leads to a change in 

the S.O.D. Following Bashkirov and Selutin the phonon 

frequency shift due to magnetic ordering can be expressed 

as (Eq.(5.7)), 

= ( 	) / 2  

where the symbols are explained already. By assuming 

a molecular field model, B can be written as B=Bok
2(T) 

with k(T) the reduced sublattice magnetisation. In our 

earlier work (Chapter V), the experimental data on f was 

fitted by assuming B0=0.4+0.21801. Again using Eq.(2.13) 

with the phonon frequencies corrected for anharmonicity 

and magnetic ordering (Eqs.(4.12) and (5.7) with 

A = 0.08052x10/oK and Bo  4.4+0.2), (SE2)a is recalcula-

ted at all temperatures and the new values of corresponding 

I.S. are derived. Figure (7.8) shows in particular the 

I.S. plot corresponding to B =0.4. Within the experimental 
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error , the points lie on the straight line with 

slope (calculated from least square fit), -- aT(I.S.) = 

(0.60+0.03)x10-4  mm/sec°K (+ covers the range of Bo). 

This compares with (0.55+0.09)x10-4  mm/sec°K which was 

obtained from the independent pressure studies.The 

corresponding value foraT 	obtained by Housley 

and Hesstl77 1 by fitting the derived I.S. data with the 

functional form 

5B1 = A + sT + xµ(T) 
	 .. (7 .17) 

is 1.0+0.3x10-16/ K or 0.30+0.09x10-4  mm/sec.°K. From the 

shape dependence of I.S. versus temperature (Fig.(7.8)), 

it is difficult to comment on a possible contribution 

of the magnetic ordering to the I.S. It is small, if 

at all present as was already suggested by Housley and 

Hess 11771. 

It will be seen in Chapter IX that the combined 

effect of temperature and pressure on Mbssbauer spectrum 

shift can give useful information regarding the isomer 

shift variation with temperature and pressure. 
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CFAPTER VIII  

ANALYSIS OF MOSSBAUER PARAMETERS FOR  
AN IMPURITY ATOM 

8.1 INTRODUCTION - In this chapter we will consider 

the information about atomic motion that can be 

obtained when the Mbssbauer atom is an impurity in 

another lattice. Here the ability of the Mbssbauer effect 

to pick out the motion of the impurity - atom is particu-

larly valuable and specific. for a particular atom. 

The study of crystal containing imperfections 

constitutes one of the frontiers of modern physics and 

problems connected with defects have aroused a great deal 

of interest in recent years. Many physical properties 

of solids are strongly dependent on defects present in 

them rather than on the host crystal itself. Quite 

striking changes in the vibrational properties are observed 

when defects are introduced into a crystal. There are 

alterations in the frequencies of the normal modes of 

vibrations of the crystal lattice, and in the pattern of 

the atomic displacements in the normal modes. Localised 

modes can appear when activated by a light impurity or 

by a defect coupled to its neighbouring atoms more 

strongly than a host-host atom. The frequencies of the 

localised or bound states lie in the ranges forbidden for 

the normal modes of the pure host crystal. Quasilocalised 
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or resonance modes may also appear for a heavy impurity 

or defect coupled weakly to its neighbours compared to 

the host atoms. The frequencies of the resonance modes 

lie in the ranges of the frequencies allowed to the 

normal modes of the pure host crystal. These modes are 

characterised by a large vibrational amplitude of the 

defect or of these atoms with which it directly interacts. 

An increase in the density of states near the resonance 

frequency is observed which gives rise to peaks in the 

frequency spectrum of the impure crystal. Further these 

modes have finite life-time because they can decay into 

the band modes. 

Thus we see that when a Mossbauer atom of atomic mass 

M' is an impurity placed in a lattice composed of atoms 

with the atomic mass M, the lattice dynamics of the 

composite system is no longer that of the pure crystal. 

In particular the change in mass at defect site and change 

in the force constants in the vicinity of this site will 

influence the mean square displacement <x2>and the mean 

square velocity 0-2> of the impurity atom. This, in turn, 

will influence f and 8E2  and its temperature 12171 

and pressure dependence 12181. Such measurements of f 

and SE2 may yield rather unique information of the 

impurity-host to the host-host binding q'/q , in the 

sense that one studies directly the vibrations of 

impurity atoms themselves without recourse to the bulk 

properties. Much theoretical work has been devoted to 
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the study of the dynamics of an impurity atom in a variety 

of crystal models, including the effect on <x2> and (v.2>, 

of changes in the mass 131,2191 and / or force constants 

140,2201 of the impurity. 

Debye Waller factors for 14.4 keV, y-rays of Fe57  

atoms as a dilute impurity have been measured at constant 

temperature for different crystal lattices 1221,2221 

as well as for a definite crystal, over a wide temperature 

range 138,137,223,2241. These measurements were considered 

to be consistent with the calculations of Visscher12191 

and Maradudin and Flinn1311 and it was inferred 12211 

that the'impurity - host coupling constant is about the 

same as the host-host coupling constant. On the other 

hand Lehman and DeWames 1401 have used the matrix partition-

ing technique which in addition the mass change admits 

the change in the force constant as well as polarisation 

of phonons.Their analysis for Fe57 impurity in Al, Cu and 

Pt lattices indicates that the impurity-host to host-host 

force constant ratio q'/q is appreciably different from 

unity. Nussbaum et.al 11371 have measured very accurate 

values of f for Fe57  impurity in Cu,Pt and Pd over the 

_ temperature range 4-760°K and have drawn similar conclu-

sions. Recently Mannheim 12201 has derived a closed form 

expression for ‹x2> and <IT 2> for the central force b.c.c. 

and f.c.c. crystal models in which there are changes 

in the nearest neighbour forces around the defect site. 

Mannheim and Simopulus 12231 measured experimentally 
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the variation of <x2> and e,v2> with temperature from 
• 

100-700
oK for Fe57 in vanadium and analysing the measure- 

ments, found the evidence for force constant change, 

q' /q = 1.67-2.5. Making use of the Mannheim expression 

2201 for „%x27and experimental g()) for Cu, Pt, Mo and 

W, Raj and Puri 142,225,2261 have shown the evidence of 

7 q'/q for Fe5 in these host matrices. 

Recently pressure variation of f at room temperature 

has been measured by Moyzis et.al.(2181 for Fe57  impurity 

in Cu, V and Ti, By analysing this f data in Debye 

approximation, it was decided to seek evidence for q'/q 

due to impurity. In Debye approximation, the recoilless 

fraction f is given by Eq.(2.17). To account for the 

effect of impurity on host Debye temperature eD, there 

are two simple models which have been treated in the 

literature. Visscher 1219H assuming (i) a substitutional 

impurity in a harmonic simple cubic lattice with nearest 

neighbour interactions only and (ii) that shear spring.  

constants are equal to compressive spring constants, has 

shown that in the limit of low temperatur-es, f is 

approximated quite well by Eq.(2.17) provided host Debye 

temperature eD  is replaced by the effective Debye tempera-

ture eeff through the relation 

/,) _ 
,off 	D`IIT  c 

Maradudin and Flinn have calculated the recoilless fraction 
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in th.: high temperature limit considering nearest 

neighbour interactions in a f.c.c. lattice. As with 

Visscher's theory it is possible to define Oeff  by the 

relation, 

2 ,  0 	= 0 (E'  )
1/2[1+0.60(1- a t ) + 0.74(1- a  --1) +. 	

-1/2
qeff 	D M 

... (8.2) 
For our calculations we will confine ourselves to 

Visscher's model. 

On the other hand to account for the effect of 

pressure , it has been shown already Eq.(6.3), if eeff 

is the effective Debye temperature of the lattice at 

zero atmospheric pressure then at pressure LP, the 

0eff •' 	(P) will be 

0 ' (P) . (VP  /Vo  )-Y 0eff eff  

(1+yKILP)Oeff  

... (8.3a) 

... (8.3b) 

Finally the recoilless fraction becomes 

.Z 
- 	6R 	1 	1 	x dx ) I 	(8.4) f(P) = exp[- T7.7 7 ( + 2 x 

	

/1' off ' 	Z P e -1 

with Z = (0;ff/T). 

We have'calculated f(P) for Fe57 as a dilute impurity 

in Ti, V, Cu, Ni, No, W and Pd from 0-100 Kbar. These 

hosts are elements in which the atomic size is very 

close to the atomic size of the Fe-impurity; hence we 

can expect the assumptions made in Debye theory, and 
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the refinements there on by Visscher 12191 to hold. 

Integral in Eq.(8.4) for different Z values can be known 

from Muir's table 1341. The values of KT,y, OD  etc. have 

been taken from the latest literature. Regarding ci t /q 

values, these have been taken from the work of various 

investigators 138,137,223-2251, The calculated plots 

of fP/fo versus pressure for various force constant ratios 

are shown in Figs.(8.1) and (8.2)1411. The values of 

slope obtained from Figs.(8.1) and (8.2), and experimental 

measurements , along with the input data are given in 

Table(8.1), given on page 102. 

From Table (8.1) the following conclusions are 

drawn; 

(i) For the fixed value of Jeff, the pressure 

effect increases with increase of yKT  instead of KT  alone 

as was pointed out by Hanks 11801; who took the constant 

value of 2 for y of all the hosts. 

(ii) For fixed value of YKT, the pressure effect 

depends on the effective Debye temperature and it 

increases with the decrease of 0eff. This is physically 

plausible since if the binding is rigid, the effect of 

impressed pressure will be less as compared to when the 

binding is loose. The only available experimental results 

are for the systems Fe: Cu, F:V and Fe: Ti reported by 

Moyzis et.a1.12181 we discuss these cases below. 
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the refinements there on by Visscher 12191 to hold. 

Integral in Eq.(8.4) for different Z values can be known 

from MUir's table 1341. The values of KT, y, OD  etc. have 

been taken from the latest literature. Regarding q'/q 

values, these have been taken from the work of various 

investigators 138,137,223-2251. The .calculated plots 

of fP/fo versus pressure for various force constant ratios 

are shown in Figs.(8.1) and (8.2)1411. The values of 

slope obtained from Figs.(8.1) and (8.2), and experimental 

measurements , along with the input data are given in 

Table(8.1), given on page 102. 

From Table (8.1) the following conclusions are 

drawn 

(i) For the fixed value of Oeff' the pressure 

effect increases with increase of yKT  instead of KT  alone 

as was pointed out by Hanks 11801; who took the constant 

value of 2 for y of all the hosts. 

(ii) For fixed value of yKT, the pressure effect 

depends on the effective Debye temperature and it 

increases with the decrease of 
0eff. This is physically 

plausible since if the binding is rigid, the effect of 

impressed pressure will be less as compared to when the 

binding is loose. The only available experimental results 

are for the systems Fe: Cu, F:V and Fe: Ti reported by 

Moyzis et.a1.12181 we discuss these cases below. 
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8.2 Fe57 AS AN IMPURITY DIFFUSED IN  
Ou. LATTICE  

- 4 The calculated values of the slope: 8.5x10 for 

VA.  1.00 and 7.38x10-4  Kbar 1  for qt/q . 1.19, when 

compared with the experimental value, (8.14+0.65)x10-4 
• 

Kbar 1 yield the evidence of small force constant change, 

1.0<q i /q <1.20. Thus the pressure studies support 
qualitatively the q'/q value of 1.19 obtained by 

Nussbaum et.al.[1371 from the variation of f with temper-

ature and that of q' /q .'1.20 obtained by Steyart and 

Taylor138. 

8.3 le57  AS AN IMPURITY DIFFUSED IN Ti LATTICE 

In the case of Fe:Ti the calculated slope when 

compared with the experimental slope gives q'/q of the 

order of 1.5 i.e.,Fe impurity in titanium is about 507 

strongly bound than Ti in Ti. 

Qaim 12221 by analysing the measured f only 

at 300°.K with similar theory, finds that the impurity-

host force constant is much weaker than the host-host 

force constant. The discrepancy, we think is due to the 

difficulties of measuring accurately the f(P) values, as 

pointed out by Moyzis et.a112181. One can strive for a 

better comparison when more reliable value of either 

f(T) or f(P) is available. 

8.4 Fe57  AS AN IMPURITY IN  V LATTICE - Here the slopes 

have been calculated for three different values of qVq.1.00, 

1.20 and 1.67 and on comparison with the experimental 
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value (7.81+0.56)x10-4 again yield unambiguously the 

evidence of small force constant change, 1.0 4q /q <1. 20. 

The force constant change 1.67‹ /q (2.50 as inferred by 

Mannheim and Simopoulos 12231 from the analysis of 

variation of f with temperature, is decisively higher than 

our value. This discrepancy is understandable in view 

of the higher value of f ( 	0.78) at room temperature 

measured by Mannheim and Simopoulos 12231 , in comparison 

with the value (0.55+0.03; reported by Bara and 

Hrynkiewicz12211 and (0547+0.024) by Mayzis et al] 2181 , 

at 50 Kbar. The latter authors have given the measured 

value only at 50 Kbar and as such the value f 0  at atmos-

pheric pressure will be slightly lower. Further our 

value of q /q is in agreement with the value obtained 

by Qaim 1 2221. FiAlly it may be remarked that pressure 

ariation of f is sensitively dependent on e ff  (and 

h nce on q' /q) value, and thus such an analysis can 

augment the much desired information on force constant 

change for impurity-host binding obtainable from variation 

of f with temperature. 
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CHAPTER IX  

COMBINED EFFECT OF TEMPERATURE AND PRESSURE 

ON MOSSBAUER PARAMETERS-ANALYSIS  

9.1 INTRODUCTION- We will see in this chapter that the 

MUssbauer parameters especially spectrum shift, can give 

useful information regarding electron transfer parameter 

and isomer shift variation etc., when measured as a 

function of temperature for various fixed pressures and 

vice-versa. 

9.2 14.4 keV TRANSITION OF Fe57  IN PLATINUM LATTICE-

Recently reliable measurements of f versus pressure 

7  upto 100 Kbar at 23 and 600°C for Fe5  doped in Pt lattice 

have been made available 12301. The values of 

f1 df 
T; f 	=, (7.9+0.9)x10-4 at 23°C and (22.54+2.00)x10-4 

o 
7  

Kbar-1  at 600°C have been used to estimate q'/q at both 

the temperatures 1431 and to assess the extent to which 

it agrees with the independent evaluation of this ratio 

as reported by Raj and Puri12261 from the analysis of 

f(T). 

In the light of the prOcedure outlined already in 

Chapter VIII (Eq.(8.3), f(P) was calculated 1431 

upto 100 Kbar at T=300 and 87-3°K with qi/q as a variable 

parameter. The experimental measurement of specific 

heat of Pt after correcting for C p  -Cv  =9a
2
VT/KT' and 
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electronic speciftt heat Ce -y T): were utilized to derive 

the value of 0D 
at both the temperatures: Graneisen 

constant y is calculated from Eq.(4.13) and turns 

out to be 2.7 and 3.0 at 300 and 873°K respectively. The 

requiste values of p 
 0: 9 
	and y were taken from the 

literature 1231-2331. Furthermore the value of VP/V°  

(assuming it to be independent of temperature) are taken 

from the reported measurements of BridgmanI1961 and 

Walsh et al.12341. The calculated fr  for a range of 

q'/q values are displayed in Fig.(9.1), along with the 

experimental values. The thick lines are the best fit 

straight lines as obtained by StokesI2301 through the 

measured f factors. It is obvious that the agreement is 

attained for q'/q lying around 0.40 at 300°K and 0.45 at 

873°K. It is gratifying to note that the predicted range 

of q'/q (0.4-0.5) compares reasonably with q'/q=0.5 

obtained Raj and Puri12261, and 0.33 reported by Patnaik 

and Mahanty12351f7-m the analysis of f versus T measurements. 

Value of q'/q being less than unity implies that iron atom 

is weakly bound in Pt host as compared to the Pt-Pt 

binding. 

9.3 14.4 keV TRANSITION OF Fe57  IN COPPER LATTICE- 

Recently Williamson and Inga11s12361 measured the recoil-

less fraction and thermal energy shift for Fe57  in' dilute 

solution in Cu upto 130 Kbar at 94 and 298°K. Using 

Eq.(8.5) and the corresponding equation for S.O.D.6E2, 
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where all the quantities are defined already. The 

Mbssbauer fraction and S.O.D. is calculated 12371 at 

94 and 298°K employing the input data given in Table (9.1). 

The force constant ratio q'/q was taken as 1.19141,137,2251 

and the calculated results are tabulated in Table (9.2). 

Figure (9.2) represents the calculated f,(a), along with 

the experimental results (b and c). The solid lines 

(b and c) represent the least square fit given by the 

authors 1236,2181. We have already derived 1411 from 

the pressure studies, the force constant ratio q'/q 

at 298°K to be around 1.2. At 94°K the calCulated slope 

a  (f if dP 	P,94 0,298
) = 2.58x10 4 is to be compared with the 

experimental value (5.0+2.4)x10-4  Kbar-112361. Because 

of the large error in the experimental value no conclu-

sion is warranted regarding the change of force constant 

with temperature, what one expects normally. Miler and 

Brockhouse 12401 from the inelastic neutron scattering 

of Pd at various' temperatures have found that the domi-

nant force constant decreases with increasing temperature. 

The similar conclusion has been derived by Nicklow et al. 

12151 in the case of Cu. However to get the clear 

conclusion about the temperature variation of force 

constant between Fe57  in Cu)more precise data on 

measurements of f is required. 
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In view of the higher accuracy of the available 

energy shift data 1218,2361 one can attempt to get 

meaningful information from its analysis. Figure (9.3) 

shows the calculated (a) S.O.D. shift (6E2) versus press-

ure along with experimentally measured shift &E at 

both the temperatures (b and c). Again the solid lines 

0?)andc)represent the least square fit given by them 

through their experimental points. Although the experi-

mental energy shift 6E does not change appreciably with 

temperature 12361, the S.O.D. contribution changes app-

reciably with temperature (Fig.(9.3)). This implies that 

I.S.(SE1) does vary with temperature. Figures (9.4a) and 

(9.4b) gives the plot of I.S. versus pressure at 

temperatures 298 and 94-°K (normalised to that at 1 

atm. and T.298°K). However, it is more instructive to 

plot the real 1.3. versus pressure at these temperatures. 

The information about the actual value of I.S. at diff-

erent pressures is easily obtained from Figs. (9.4a) and 

(9.4b) when the difference of I.S. at 94 and 298°K 

(at atmospheric pressure) is known from independent 

measurements. Using the total energy shift values as 

measured by Steyart and Taylor 1381, with respect to 
7 

Fe}' in iron, after correcting for the S.O.D., one gets 

(6E1)298-(6E1)
94

1 	= +0.0068 mm/sec. Based on this 
2=1 atm. 

value the actual I.S. variation with pressure at 94°K 

is reconstructed and is shown in -ig.(9.4c). The diff-

erence (OE1)298-(8E1)94, as shown in Fig.(9.5), decreases 
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(0) 998 end (a) 94.°K (c) actual variation with pressure of 941,< 
expk,:ned in the text . 



1-_) 	....._ 
H 	0 H 
C.)0 .  — 

0 

O O  
0 

0 H 
0 

N 
0 rd 

N 
N 
H 

0 

0 

1:? 
0 

E4 0 
 

d-  0") 
on 

N 

cd 

C) 

ink.° 	 el-4 	4-)  H 
(:/) 	 0 	4-) 

cH 0 s--.... ci 
0 

lr■'3h` 0  

	

'Z' 1 	0 
O— 	 0 r --I  
)...0 N 

0") 	 0 	.r 
I 	 -P 0 N 	 > 	A-) 

O H 
El 

0) H 4 
O i-) 

 0 —  H 	Lt1 r-t 	 (t C--- 	t-..• 	F1 
0 0 

. — 

	

r•-1 	-P 
0 4 

	

0 	.1-1 
0 
.... 

(13 --,---, 	 0. LA CO 	 E---■ 
• (NJ 	1 	`,..... 

N— 
H 	 d 

tr\ 

it 

n• co 	 Fi 
▪ er■ 	f 	I a) 

	

. c \j 	 -P 

N— 
	 a) 

H 0 
Fi 
0 C -' 	 I 	Pa 

cv 	 0 — 	H 	 a) ir, 	N` 	M 
H H 
1,11 	,..,. 0 

	

N 	0 
O n 

CO 
0') 

0 

4.) 
O 

Fa 
eH 

F-; 
0 

co 
:0 

0 

"P 

• 

N 

0 
t•O 

CH 

O 

• 

(1) 
7-4 g 
-P 

t13 
H -P 
O ct-i 

H 
H 

O 0) 
-p 

0 

$.--r 

RI rt, 

O 0 
e0 
4.)  co 
• ,c3 
O 0 
H 

CY) 

H 



CO 
C 

t
h
e
  
v
a
r
i
o
us
  
c
a
l
c
ul
a
t
i
o
n
s
  
a
s
  
e
x
p
l
ai
ne

d
 

T
ab
l
e
  
9
.
2
-
  
R
e
s
ul

t
s
  

CH 
O 

C
a
l
c
ul
a
t
e
d
 
r
e
s
u
l
t
s
  

E-1 0 

4) 

5 

1 0 
H 
• • 

14-■ 

0 
+ 1 

co 

(
mm
/
s
e
c
  
K
b
a
r
)
 

 <;:i- 1 	,---, 

	

0 	 ...---- 	.---... 

	

H d 	N 	L---- 

	

PC ro 	o 	o 

	

--. 	 co 	co 

	

0--, • 	o 	o 

	

---.)- 0 	 • • 
• Cl) 	0 0 	o 0 

	

O ul 	+ 1 0 	+ 1 0 

	

+ I ---- 	to (t) 	co co Lc) 

	

H 	
1/4.0 '-----, 
0 	...1----.. —1 El • ....... 	0 	0 EI 

0 	I 	N 
H0 	..--, 
N H 	CM ..-.. 	N 	':;' 
N • 'CI- 	0 
H 	• 	+  +1 	CV 	H1 
H + 	1 	H • 0 
0 	• 	■0 Lf 

 

H H 1 	1 
d d 	 ----. 	...---.. 	. 

XI 	ro 

	

W 	 d 	--.1- 	cd 

	

in 	,sp 	I 	,--0  `y 	d- 	I 	0 W 	.---.. 	„---, 

	

10 	
0 • H 	 E.) 	c I 	 .) 

cp 	 H a) 

	

0 	N 0 	co 
H H 	H 

N 0 	LC1 0 	01 
a)  
(i) 	cr■ co 

a) 	co 	,i_ -...... 	,,i- ---.. 	0 0, 	c,,J H 
t•(-  

• 	

in 	 • 	. ,,.-, 
• s. 	L.CN. 	H 	S. 	0 *........ 	 0 ...,—... 

N 	C \I 	I N....., 	 1 ,...., 

op oc) 	 co 

	

Cr 	 01 
\ 

..--N. 

	

co 	---, 

	

cr, 	co 

	

c\J 	cs, 	 ---. 
• cv 	 CO 	 ---... 

o - 	c0 	c • 	co 	OD CO 	--i-  (X) 
(1-,1 	0 	O 	c\J 	-..t.  cm 	cm Cr 	01 Crt --,, 

	

cf-i 	C\I 	... 	CS.N N 	CV C\J 	ft. N 

	

00 	-.4., 	0, 	0 	0,, 	os 	... 	cr, 	N 

	

G"N 	.1-• 	Iii ,----.. 	P-4 0 	N H . ..--. 	H 

	

cv o■ 	 -----, 	 N 	..-.... ..., 	 ...••■ ..." \ 	 C \J e.".1 

	

th 	 Ce. 	 N 	cr.1 	N 	N 	C \I 	CV 	Pc.1 . 	c\1 

	

P-.1 	P-i 	14 	co 	P-1- 	r-T1 	ril 	PI 	CO 	ril 

	

C4-1' 	-1 	CO 	...-., 	40 	(0 	(.0 	LO 	......., 	c,0 ,....... 	 •-...., 	i 	....... 	s....... 	........, 	••—• 	...--- 	....-..... 

	

......• 	 I 	....-... 	I 	 1 

	

iP-1 	p-i 	ip-i (-0 [0 	-0 l'ID 	"0 i ID 	er) I (0 	'0 IrOk 	r0  



0 
P (K bar) 

20 40 60 80 100 120 140 
1 

0.008 

0.006 

()) 0.004 

cl 0.002 
Lir 

st,§,) 0.000 
N 

crJ 

-0.004 

FIG.9.5_Voriation of derived I.S.,(5E1)298- (SE1)94  versus pressure. 



with _ncrease of pressure and at about 82 Kbar LS. 

(hence s-electron density) at 298 becomes equal to that 

at 94°K and 1 bar. To explain this interesting result we 

consider the band structure of Cu lattice which has 

a rather broad 4s band overlapped by a narrow 3d band 

and the density of allowed energy states is much higher, 

in the latter one. The Fermi level lies somewhere 

within the'3d band. Due to the large difference in the 

density of states between the two bands, a small move- 

ment of the 3d band with respect to the 4s band caused by 

the change of pressure and temperature could result in a 

substantial redistribution of electronic population. 

Therefore the obtained resultsindicate that the transfer 

of electrons from 4s to 3d band caused by a pressure of 

82 Kbar is probably counter balanced by the transfer of 

electrons caused by decrease in temperature. The quanti- 

tative estimation of the electronic transfer can be possible 

if a (proportionality constant between isomer shift 

and. electron density at the nucleus, Eq.(7.5)) and 

X (s .yd electron transfer parameter) are known 

(Chapter VII). To calculate these we make use of Eq.(7.10) 

which gives the volume dependence of I. S. at some reference 

volume, say V=Vl. Although this equation is primarily 

derived for Fe57  in iron but we will assume that the 

same relation can also be applied to Fe57  in Cu as 

done by Moyzis et al. too 12181. Employing values of 



the various quantities which are volume independent, 

the same as given in Eq.(7.12) and the volume dependent 

quantities as ITr,(02  = 7.1c3  and 7.2 a."c; at 298 and 
94°K respectively 12141 (as IU

Fl  
,(0)1 2,...e1CV-Y1 and 

V(298°K) = 80.0 a3  , V(94°K) = 79.50 a3) 

a(6E1) 	 d(SE) 
0.917 mm/sec. and  	= 0.782 mm/sec Ot 	0 	

t nV 	298 = 	 dnV 194 	t  

(Table (9.2), Cols. 5 and 6) in Eq.(7.10)we get the 

relations 

0.917 = -4.869a+12.05aX 	at 298°K 
	

(9.2 ) 

0.782 = -4.935a + 12,15aX at 94°  K, 	.. (9.3) 

a6B1  
The values of I.S. variation, —7--- a4nV were obtained from 

converting the pressure variation of isomer shift data to 

volume variation through theNittrnaghan equation for 

copper lattice 12181, 

' 
- (1+  _2_1,0.176 

Vo 	1 	234 ' (9.4) 

The relation (9.2)'and (9.3) have been shown as a vs. X 

plots in Fig.(9.6), along with that obtained for Fe57 

in iron at room temperature 12121. Thus the quantitative 

estiration of electronic transfer can be possible provided 

either a or X is known independently, However, from 

Stern's work 12101, X >0 so that this port:_on of 

cur,* would be physicall:- meaningful region.Furthermor-e#  

it is obvious from Fig.(9.6), that the electron transfer 
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parameter X at 94 K is greater than at 298°K by about 

25%. . This conclusion is plausible since the decrease 

of temperature will cause a contraction in volume which 

will simulate the effect of increase of pressure. 

9.4 14.4 keV TRANSITION  OF Fe 57  IN NATURAL IRON-,  In the 

previous cases the pressure studies of M6ssbauer 

parameters at two:  temperatures were analysed. On the 

other hand Millet and Decker12411 reported Mssbauer 

measurements on iron at 88 Kbar and temperature upto 

600°C. It was decided to analyse this data, in conju-

nction with the earlier measurements of Preston et,a112051 

at atmospheric pressure, in order to determine the 

temperature dependence of isomeric shift at 1 and 

88 Kbar.I2421. 

Using p.f.d.f. of iron measured at room temperature 

by Minkiewicz et.al. 11021, S.O.D. at 1 bar was calculated 

through Eq.(2.23). The calculations were repeated at 

88 Kbar, the input p.f.d.f. having been modified through 

 Eq.(6.3) with Vp/Vo  = (1+ 777T)-0.169 and y = 1.6. 

The change in the calculated values of S.O.D. (oE2) due 

to anharmonicity and magnetic ordering were incorporated 

through Eqs.(4.12), (5.7) and (5 9) with anharmonic. 

/ parameter A 0.08052x103 /o  and magnetic ordering 

parameter Bo = 0.4. The relative S.O.D. values at 1 and 

88 K bar are shown in Figs.(9.7) and (9.8), along with 

the available measurements of energy shift SE at constant 
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volume 1205,2411. Tie measured energy shift at constant 

pressure was converted to constant volume through 

Eq.(7.16). To quote the numerical values from .Fige.(9.7) 

and (9.8); the energy shift 1T(.5E) and S.O.D, variation 

7(6,2) respectively are 

4 	/ 	_ 7.528x10 	mm/sec.°K 12051' 6.993x10 
	
mm/sec°K 

at 1 bar 
and 

- 4 8.275x10 	mm/sec°K 12411, 0.946x10 	mm/sec°K 

at 88 Kbar. 

Figure (9.9) gives the plot of relative variation of 

I.S. with temperature at these pressures. However to 

get meaningful information, it is more effective to 

plot the absolute I.S. versus temperature at these 

pressures. This can be obtained from Figs.(9.9a) and 

(9.910.when the differenee of I.S. at 1 and 88 Kbar 

is known from independent measurements. Employing the 

energy shift measurements of Moyzis and DrickamerI2111, 

the actual I.S. difference at 300°K CWINRA out to be 

(6E1)88 Kbar-(6E1)1bor = -0.0585+0.0032 = -040553 mm/sec. 

The resulting I.S. at different temperatures at 88 Kbar 

is depicted in Fig.(9.9c). The plot of (.,E ) - 1 88 Kbar 

(6E1)1bar versus temperature is shown in Fig.(9.10). It 

is obvious that at 700°C, the I.S. (and for that reason 

the s-electron density at the nucleus) at 88 Kbar. 

becomes equal to that 1 bar and room temperature. Again 
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considering the band mole' of iron lattice, the above 

interesting result, viz. equality of s-electron at the 

iron nucleus at t-.To different sets of temperature and 

pressure, indicates that the transfer of electrons from 

4s to 3d band caused by a temperature of 700°C is 

probably counterbalanced by the increase in pressure. 

The quantitative estimation of electronic transfer can 

be done using Eq.(7.10) with the relation 

asE1 66E1 aT  6-777  = 	. ofnv  at the two pressures with volume
aT  

expansion, dinV/OT = 46.41 x10 6/°K. Employing the 

following set of. values 

 

2 
P = 7.10 a-3 at P = 1 bar 

= 7.57 a-0'3  at P = 88 KbarI2141 

. =76.33 a3) (V 	=80 a V ,Dar 	o' 88Kbar 

1  = 1.153 mm/sec at 1 bar dinV 

= 2.864 mm/sec. at 88 Kbar 

with the other quantities in Eq.(7.10) which are volume 

independent, the same as given in 'Eq.(7.12), one obtains 

the following relations between a and X, 

1.153 = -4.869a+12.05aX at 1 bar 

2.864 = -5.180a+12.52aX at 88 Kbar 

which any independent measurement of a and X must 

satisfy. These are plotted in Fig.(9.11) and the plot 

o6E 
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gives value of a=-0.237 and -0.553 a3 at 1 bar and 

88 Kbar respectively, for X = 0. i.e. assuming the 

s-electron density to scale with volume only without the 

change of shape of 4s wavefunction. The problem of 

quantitative estimation of electronic transfer then 

reduces to the problem of gettinga, from independent calcul-

ation. 

Thus it is concluded that'the combined effect of 

pressure and temperature on the centre shift values and 

MOssbauer fraction can yield useful informations. 
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