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SEC T ION 1 

.. 
THE fvlOSSBAUER EFFECT 

Consider a y-source in gas form, with atoms moving at a thermal velocity v. 
When an emission process occurs, this atom receives a recoil energy equal to 

E2 

-1'-- , where Ey is the transition energy, M is the mass of the atom and c the 


E2 

velocity of light. Consequently the emission line is centered at E - ~ 


Y 

with a Doppler broadening of the line due to the thermal motion. In order to have 

a resonant absorption in another atom, one needs a gamma ray energy equal to 
E2 


Ey + ~. In general, the overlap of the emission and absorption lines is 

2Mc2 


negligible. 


If either the source or absorber is located inside a crystal, then as long as the 

recoil energy is smaller than the bonding energy between atoms in the crystal, the 

emitting or absorbing nuclei do not leave their site in the crystal. In such a 

case the recoil momentum is taken up by the lattice as a whole. Part of the 

nuclear transition energy may be taken up by the lattice vibrations. The energy 

taken up by the entire lattice is negligible. However, if the recoil energy for 

a free nucleus is smaller than the phonon energy, it is then possible for the 

nucleus in the crystal to emit or absorb y-radiation with an energy equal to that 

of the nuclear transition. This effect was observed by R.L. Mossbauer in 1958(1) 

and is called the Mossbauer Effect. Its usefulness is related to the fact that 

the linewidth exhibited is of the order of the natural linewidth of the excited 

nuclear states. 

;ne MOssbauer Effect may be also clearly understood by means of the uncertainty 

principle. The wave function of an atom in a crystal is limited to a region of 
n h 

space AX, and it has an uncertainty in momentum t.X' If AX of the atom is 

larger than the momentum nK of the y-ray, then there exists a possibility of 

absorbing the recoil without changing the state of the atom. The condition for 

a large fraction of recoilless emission is k6x < 1. The probability of finding 
. . f' . . , b (2)t he 1att~ce ~n the same state a ter em~ss~on ~s g1ven y 

I<G exp{-ik'~}IG>i2 
where is the wave function or the lattice, k

-+ 
the wave vector of the gamma-

ray and 
-+ 
x the position of the emitting atom. If the initial states 
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are occupied with probability gG in thermal equilibrium, then the fraction of 

recoilless emission is 

(2) 

For a harmonic solid the probability of recoilless emission or absorption is given 

by exp { - k2<x2>T } where k is the wave vector of the gamma ray, and 

<x2>T is the mean square displacement, < >T denoting thermal average. If the 

Debye model is used to describe the solid, then 

eDIT 
r xdx}1-- (3)
J ex ....l 


o 


where 0D is called the Debye temperature. Thus, if the nuclear transition is 


of low energy and if the Debye temperature of the crystal is high, then the 


probability for recoilless emission or absorption is high. 


The theoretical interpretation was done by R.L. Mossbau~r himself, using the 

theory of W.E. Lamb Jr. (3) for neutron capture by atoms in a crystal. According 

to this theory the resonance-absorption cross section is given by 
2 

r /2 (4) 

_ 21f 1 21*+1 
(5)°0 ::: k2 l+a. 2I +1 

where a is the natural abundance of the Mossbauer isotope,f' (t) is the • 
probability of recoilless absorption, I* and I are the spins of the nucleus 

in the excited and ground state, respectively, a. is the internal conversion 

coefficient, r is the natural linewidth and k is the wave vector of the 

gamma ray. 

If one takes an absorber of thickness t, the counting rate N, is given by 

N = (l-f)exp(-t~a) (6) 

where f is the Massbauer fraction of the source, ~a the mass attenuation 

coefficient of the absorber and jlr=nor is the resonance coefficient; n is the 

number of atoms per cubic centimeter. 
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In order to observe the effect, one usually imparts a velocity to the source or 
Vthe absorber, and through a Doppler shift of the energy E = Ey(l+~) one can 

record a velocity spectrum, as seen in Fig. 1. Velocities of the order of 

1 cm/sec are needed for 57Fe • 

Two types of spectrometers are generally used, the constant-velocity and the 
~ 

constant-acceleration spectrometers. The constant-velocity spectrometer acquires 

data at one velocity, is then reset to obtain data at a new velocity and so on. 

In the constant-acceleration spectrometer the entire velocity range is covered in 

one cycle and many sequences over the velocity spectrum are required to accumulate 

a spectrum with a sufficiently small statistical error. This spectrometer requires 

a data storage to be synchronized with the movement of the Mossbauer source or 

absorber. Either a Multichannel Analyzer in the multiscale mode or a small 

computer are generally used. Transmission geometry is usually applied in the 

MOssbauer experiments (Fig. la), but a scattering geometry may also be used when 

the thickness of the absorber does not permit the transmission of the y-rays. 

In the scattering experiment either the re-emitted y-ray or the X-rays from the 

internal conversion are detected (Fig. lb) • 

Counts 

~ 
~=;w / 
~D 
m /

Source 	 DetectorAbsorber 

Fig. la 	 -v +v 

Counts~~urce 
~ ~c::::::::.1.. 

Scatterer 

Fig. lb 	 -v +v 

The geometry and 	graphical plot of MOssbauer transmission and 

scattering experiments. 
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The most commonly used Mossbauer isotope is 57Fe • The source consists of 57eo 

which is transformed by K-capture into the 136.4 keY state of 57Fe • After 

-8 /


about 10 sec this level decays with the gamma emission of 122 keY to the 

14.4 keV level. This 14.4 keY level of 57Fe is the level used in the M8ssbauer.. 
Effect experiments. After 9.8xlO-B sec the 14.4 keY level decays through in

ternal conversion or gatnma emission of 14.4 keY to the ground state. The decay 

scheme of S7eo is shown in Fig. 2. 

Isomer Shift : The nucleus in an atom is always surrounded and penetrated by 

the electronic charge with which it interacts electrostatically. One assumes the 

nucleus is a uniformly ~arged sphere of radius R and the electronic charge 

density. p is assumed to be uniformly distributed over the nucleus. Then the 

; 	difference between the electrostatic inte~action of a point nucleus and a 

nucleus with radius R is given by 
& 

DE - fp (V-V )4.r2dro

o 

270 d 

5/2 ----,._...,......___ 

Electron 
Capture 

136.4 keY 

\. 

3/2 ----t--"--rT--- ~4.4 keY 

~"v;7 \ y . l{ k "",F.'
1/2 -_----'L.-_--.:lL___ 0 

Fig. 2 Decay Scheme of 57Co 
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where V o =-
Ze 

r 
v=ze(3/2_~) for r~R

R 2R2 

and Ze =nuclear charge. 

,\ 
(8)This yields 

Taking p = -e ItP (0) 12 for the electron charge density, 

(9) 

For a transition from the excited state to the ground state 

(10) 

Thus the shift observed in the Mossbauer Effect is given by the difference 

between the shift in the source and the shift in the absorber. Kistner and 

Sunyar (4) were the first to observe the isomer shift of the Mossbauer spectral 

lines. 

Isomer shift == 2~ ze2R2~ { llJ;abs(o) 12 - !1/Jsource(,\)I Z} (ll) 

6R = Rex - Rg 

oEexExcited 

state r 


Ground 

state 


Fig. 3 The origin of the isomer shift 

This isomer shift may be used in nuclear physics to obtain information about the 

radius of the nucleus, while in solid state physics it provides information about 

the electron density at the nucleus. In chemistry the isomer shift is used in 
" 

valence investigation. 

Quadrupole Splitting : This splitting exists when the electrons and/or the neigh

boring atoms produce an inhomogeneous electric field at the nucleus and when the 

nucleus possesses a quadrupole momeht. 



The interaction between the nuclear electric quadrupole moment Q and the electric 

field gradient (EFG) is given by (5) 

2" e Qq f 2 (12)H = 4I (2I-l)' 31 z 

where I+ and I are the raising and lowering operators 	of the spin; the 
c2Velectric field is equal to minus gradient'~ , eq = V = ~ (x, y, z are zz 
d~2 y -y

i$x Xythe principal axes of the field gradient tensor) , 11 = . 
Vzz

is called the asymmetry parameter. 

For the excited level of 57Fe , 

(13) 


m
I 

/' , . < ; ±
".., 

IIihQ 

± 
3 
2 

± 
I 
2 

1
± 

2 

Fig. 4 Quadrupole splitting in 57Fe • 

Common iron compounds are either ferrous [ArJ3d5 or ferric [ArJ3d5 , having a 

different electronic configuration. This strongly affects the EFG observed 

in iron compounds. The degeneracy of the five 3d electron orbitals of an iron 

ion is removed in a crystalline field. In a cubic field the five orbitals split 

into two sets, a triplet and a double The spin degeneracy remains.t 2g 
If the splitting between t2g and is small the electrons favor a con8 g 
figuration with a maximum number of unpaired spins (H~~d's rules), which is 

called a high-spin ?ompound. When the difference between the t2g and 8g 

states is large, a low-spin configuration is attained. In a high-spin ferric 
3iron, Fe +, the EFG is caused by the external charges and not by the ions' own 

3
electrons, since Fe + is an S-state ion, 5S , having a spherically symmetric 

electronic distribution. 
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2+By contrast the high-spin ferrous iron Fe has an additional d electron and anI 

3+ /
Fe core. The EFG arises here from this electron and the external charges. 


In this case the temperature dependence of the quadrupole splitting is very pro


nounced. The absolute value of the quadrupole splitting depends on the degree 


of covalency of the compound. The EFG in low-spin compounds is more complicated 


and depends very strongly on the nature of the bonding to the ligands. 


In general, the crystal field affects the electrons of the atom, even those which 


possess spherical symmetry. These electrons are distorted and produce an electric 


field gradient at the nucleus which is frequently larger than the electric field 


gradient due to the crystal field. The electrons that do not possess spherical 


symmetry also produce a distortion of the closed electronic shells, and an add


itional field gradient. The effective field gradient is given by 


vz~ffec = (l-R) vz~electrons) + (l_~Vz~orystal) (14) 

R and yare the Sternheimer factors (6) ,.; 

(7)
Magnetic Splitting (Nuclear Zeeman Effect) : The magnetic splitting arises from 

1 ~ 

the interaction of the nuolear magnetic dipole moment with a magnetic fi~ld, H, 


due to the atom1s own electrons. The Hamiltonian of the interaction is 

~~ 

H = -g~nI·H I where g is the gyromagnetic ratio, Un the nuclear magneton, I the 
~ 

nuclear spin, and ,B the internal field. This interaction splits the degenerate 
31;

I levels. For 57Fe Iexcited = 2 and Iground = 2 ' the first level is split into 

four sub-levels, the second into two (Fig. 5 ). 

The gamma transition in 57Fe from the excited to the ground state is of the magnetic 

dipole type and 8m = ±l,O. Due to this condition only six transitions are possible • 
.#8 

The relative intensities of the transitions are given by {(IgffigLMI1eme)}2 FL(0) 

where (IgmgLMl1eme) is the Clebsch-Gordon ooeffioient describing the vector 

coupling of Ie and 19 through the radiation field 1M; 0 is the angle between Oz and 

the direction of observation, and the radiation pattern F~(0) is given by 

F~(0) = t sin2e and Fil(s) = i (1+00s2 0) for a magnetic dipole transition. 

For an unmagnetized absorber and with a single line source the relative intensities 

have to be averaged over e and the ratio of the transition is 3:2:1. When the 

absorber is magnetized perpendicular to the y-ray direction the intensity ratio 

is 3:4:1. 
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Conbined Ma2netic and Electric Quadrupole Interaction: If an EFG and an internal 

magnetic field H are present at the nucleus, then the positions of the sublevels 

of Hfs will depend on the ratio of magnetic to electric interaction energy, on L~e 

symm\~try of the EFG and on the angle e between the z-principal axis of the 

electric field gradient tensor and the internal magnetic field. 

It is possible to write the Hamiltonian for this general case, but there is no 

general solution. There exists an,approximation for the case where 

e 2(<) 

-~ « I, which is the situation encountered in a-Fe203' Then, for an axially
qUnH ( 
symmetric electric field gradient (E.F.G.) one obtains B) 

ImII+~ f (.:~.cos2e-l»)E = -g~nHmI + (-1) 2 4 l ., (15) 
.: 

From the experimental Mossbauer spectra the values of e 2qQ and H may be 

determined. 

The Relativistic Temperature Shift or Second Order Doppler Shift (9) 

tihen a nucleus in a crystal decays from an excited state to its ground state by 

recoilless y-emission, the nucleus loses energy and its mass is reduced by 6M=E/c2 

The thermal momentum p is unchanged., However, the kinetic energy of the atom 

increases by the emission of the gamma ray. There is a decrease of the energy of 

the emitted photon by the same amount. This decrease is equal to (16) 

1 <-:/>T 
oE = - 2 c2 Ey 

where <V2> is the mean square velocity of the nucleus in the lattice,< >T denotes 

thermal average, c is the velocity of light, and Ey the transition energy_ 

If we take the model of an Einstein solid then the average energy of an atom is 
ThwE 

(17) 

exp 

<E> = 

where Wg is the single characteristic frequency of the solid. The average 

kinetic energy would be one half of this, 

~ M<V2>T = ~ <E> (18) 

where M is the mass of the Mossbauer atom. Then the relativistic 

temperature shift is given by 

oE 1 <E>-=--- (19)
Ey 2 Mc2 



SEC T ION 2 

.. 
DESCRIPTION OF THE EDUCATIONAL MOSSBAUER ANALYZERS 


The ELSCINT Educational Mossbauer Analyzers, Models EMS-2 and EMS-21, are com

plete, inexpensive spectrometric systems, suitable for Mossbauer Effect measure

ments with 57Fe or 119Sn without the need for a multichannel analyzer. Model 

EMS-21 allows automatic and manual scanning of the velocity spectrum (Fig. 6), 

while Model EMS-2 is designed for manual operation only (Fig. 7). The systems 

consist of the following units: 

1. Linear Velocity Transducer, Model MVT-2. 

2. Transducer Driving Unit, Model MD-2E. 

3. 	 (a) Integrated Nuclear Spectrometer, Model INS-II (in EMS-2) 

or (b) Integrated Nuclear Spectrometer, Model INS-llE(in EMS-21). 

4. Mossbauer Probe, Model MSP-l. 

5. Mossbauer Bench, Model MOB-I. 

6. Cabinet, .Hodel EC-5. 

7. All the necessary interconnecting cables. 

Particularly suited for student laboratories, the EMS-2 and EMS-2l operate in 

the.?ons~ v~:i:~~~, providing the equivalent of a lOOO-channel resolution. 

They retain, at low cost, the excellent performance of the well-known ELSCINT 

Mossbauer Effect Analyzer, Model AME-20. The EMS-21 system is unique among 

automated systems of its kind and price range needing no external function gene

rator, digi tal-to-analog converter, or automatic baseline advance since thesA 

functions are incorporated in the system. A block diagram of the system (:,1n rJC 

seen in .;3. 

The INTEGRATED NUCLEAR SPECTROMETER, Model INS-II, is a complete nuclear channel 

comprising, in one instrument, all the units needed for counting, processing and 

control: High and Low Voltage Power Supplies, Amplifier/Baseline Restorer, 

Single Channel Analyzer, Scaler/Timer and Ratemeter. 

The INS-llE, which is a mOdified version of the INS-ll , has, in addition, a 

built-in Digital Sweep Generator which can provide the following functions 

(selected by means of a Mode Selector) 



-'l-----------------------------------------------------
*-~' 

11

Fig. 6 

Model EMS-2l 

Fig- 7 

Model EMS-2 
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EMS~21 Block Diagram 
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Automatic Baseline Advance for automatically advancing the energy level in pulse 


height analysis; 


Di~ital-to-Analog Converter which provides an analog voltage proportional to the 


scaler indication; 


Mossbauer Swee12 for automatic scanning of the veloci.ty range or parts of it in 


Mossbauer spectroscopy. 


In the A.B.A. and Mossbauer sweep modes either Single Scan or Multiscan may be 


selected by means of a front-panel switch. 


Outputs for data collection include a recorder output for an X-Y recorder and a 

printer output. The number of steps for which a reading is output may be fixed 

in advance, by using the Preset Time to obtain the number of steps for the output, 

while a Preset Channel Selector allows the scanning of only part o.f the range. 

Four time increments per step are provided (0.1 sec, 1 sec, 10 sec, 100 sec). 

By using a short time increment for rapid sweeping of uninteresting parts of the 

spectrum, measuring time is considerable reduced, leaving more time for data 

evaluation. The Scaler/Timer (and Ratemeter in the INS-lIE) have an inhibit 

inpu;t, so as to stop the counting automatically during flybacks of the trans

ducer platform. Thus counts are taken only during the controlled motion of the 

transducer platform in both the automatic and manual modes of operation. 

The controls pertaining to the additional functions of the INS-lIE are located 

on a separate panel. 

Accurate manual velocity scanning is carried out in both the EMS-2 and EMS-21 

systems via a range selector and high-resolution helipot located on the Driving 

Unit, Model MD-2E. In the EMS-21 a front-panel switch allows convenient selec

tion of either automatic or manual operation. 

The VELOCITY TRANSDUCER, Model MVT-2, has a loudspeaker type of movement. It is 

composed of a driving coil, a velocity pick-up coil, a source holder and a photo

electric sensing device for controlling the displacement. 

The TRANSDUCER DRIVING UNIT, Model MD-2E, imparts a linear or parabolic motion 

to the transducer rod. It comprises a DC-coupled, high-gain, differential 

amplifier in a closed servo loop with the transducer. The MD-2E also has a 

10/30 rom/sec range switch, an ATTENUATOR la-turn potentiometer, and an INT/EXT 

switch. In the INT position the maximum velocity range can be set to 10 mm/sec 

or 30 mm/sec, and the ATTENUATOR potentiometer is used to change the velocity 

of the transducer from +10 mm/sec to -10 rom/sec or from +30 rom/sec to -30 mm/sec. 

http:veloci.ty
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In the EXT position the 10/30 rom/sec switch is inoperative, the maximum range 

being ±30 rom/sec. The ATTENUATOR helipot is used to set a lower range, e.g. 

ATTENUATOR = 3.33 range ~ ±IO rom/sec. 

The HOSSBAUER PROBE, Model MSp-l, is a O. I-rom thick NaI (Tl) crystal mounted on 

a low-noise photomultiplier, and connected directly to the INS-ll/INS-1LE 

Integrated Nuclear Spectrometer. 

The MOSSBAUER BENCH, Model MOB-I, is a low-cost optical bench equipped with 

stands for mounting the MVT-2 transducer, an absorber and a detector (such as 

the ELSCINT Model MSp-l). It features easy adjustment and a scale calibrated 

in millimeters for accurate alignment. 

SPECIFICATIONS: 

Features Common to both EMS-2 & EMS-21 

Motion : Linear, constant velocity 

Velocity 	 Variable in the range -10 rom/sec to +10 rom/sec and -10 rom/sec to 

+30 mm/sec, by means of a range switch and a ten-turn precision 

potentiometer. 

Velocity Resolution : 0.2% of max. velocity. 


Length of Stroke : Variable from 2 rom to 6 rom. 


Noise Amplitude: O.Olmm/sec. 


Gain Drift* : vs. Temperature : better than 0.003 mm/sec/oc. 


vs. Line voltage: better than 0.01 mm/sec/±lO%. 

vs. Time : better than 0.01 mm/sec/24 hours. 

Zero Velocity Drift: 
o 

VB. Temperature better than 0.003 mm/sec/ C. 

VS. Line Voltage: better than 0.001 mm/sec/±lO%. 

VS. Time better than 0.001 mm/sec/24 hours. 

Velocity Reproducibility: ±O.S% at any velocity setting. 
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Nuclear Channel : See INS-11 data sheet. 

Line Width: The line width of a Mossbauer spectrum employing a 57Co : Pd source 

and a 30 mg/em2 Nitroprusside absorber is smaller than, or equal to, 

0.27 rom/sec. 

Ambient Temperature: 


Operating +SoC to +4SoC. 


Storage -30°C to +70oC. 


Power Requirements: 230V ± 10% or 11SV ± 10%, 47 to 63 Hz, 75 VA. 


Dimensions of Cabinet : 39 em (lS~") H; 51 em (20") W; 44 em (17l:J") D. 


weight of Complete System: 50 kg (llOlb). 


Finish : Scratch-resistant grey cabinet; clear anodized aluminum panels. 


Features of the EMS-2l System Only 


Mode Selector : 4-position switch selects one of the following modes : Manual, 


Automatic Baseline Advance (ABA), Digital-to-Analeg Converter (DAC), Mossbauer. 


Baseline Advance & Sweep Modes! 


Preset Channel 4-position switch selects the initial channel number as 


o ch, 80 ch, 200 ch, 400 ch. 

:·sweep Time: 0.1 sec, 1 sec, 10 sec, 100 sec per step (switch selectable). 

Multiscan/Single Scan Toggle-switch selects either Multiscan or Single Scan 

operating mode. 


Recorder Output: Voltage -150 mV to +.150 mV (zero impedance). 


Current 0.1 rnA to 1 rnA. The X output is proportional to the 

channel number while the Y output is proportional to the 

ratemeter indication. By adjusting the Y offset the sensitivity 

of the y-scale can be enhanced. 

Y Offset : A I-turn potentiometer enables the y-level of the pen to be changed. 


Printer Output : A 36-pin connector delivers the contents of the scaler and the 


channel number in parallel 1-2-4-8 BCD code. 


stability Better than 2 ppm/°C (fixed by crystal clock). 
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Digital to Analog Converter: 


Digit capacity : 12. 


Full Range : 4-position switch selects the full range of the DAC output as 


10 3, 10 4, 10 5, 10 6 counts (switch selectable). 

Voltage Output: 0 V to +10 V (zero impedance). 

OVerall Accuracy ±O.l%. 

Integral Non-Linearity: 0.5%. 

r n t e r con n e c t ion s 

Before starting the experiment, connect the instruments according to the following 
table : 

I-

MSP-l INS-llE I Control Panel MD-2E MVT-2 
! 

X-y Recorder Printer 
I, 

i !H.V. I H.V. OUT, 
i 
I : 

ANODE I INP. AMP. I 

I CONTROLS 36-pinI 
I CABLE connector 

RATEMETER IOUT ! .. 
MOSSBAUER INPUT

OUTPUT 

INHIBIT INHIBIT
INPUT 

TRANSDUCER 14-pin 
connector 

RECORDER 
OUTPUT: -- -,-- ~'''''' '_-' -, ,-- -' - -,--  -  w,.' _ -'- r-~- - -, _._ ~-- - --.: -- - -"'- _.""""" '~~ 

X - AXIS X Input
f-  -'" -".,,' '-y--- -'AXiS" ,,--.. -.-.. -~ - -. - __ '_v -- Y~- , - -' -". -.,.. . ~ .. ,..,; ---- y Input .... 

STOP OUT Pen CommandCONTACT 

PRINTER OUT I Input 
.
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USE OF AN X-Y RECORDER 

A continuous recording of the spectrum being scanned can be obtained by connecting 

the RECORDER OUTPUT : X & Y AXIS connectors (on the INS-lIE) to the X & Y input, 

respectively, of the recorder. If a discrete point spectrum is desired, the 

STOP OUT CONTA:'::'f connectors should be connected to the Pen Command connector on 

the recorder. 

The calibration of the X-Y recorder is performed as follows: 

I 


I 

i 


X Starting Point (0 channel) 


Set MODE SELECTOR to A.B.A. 


Set TIME PER CHANNEL to 100 sec. 


Set PRESET CHANNEL to O. 


Press S'fART on the INS-IIE. 


Adjust the zero X position of the pen, 


Record the pen position (e.g. 0 em). 


x EndP2int (1000 channels) 


Leave TIME PER CHANNEL at 100 sec. 


set PRESET CHANNEL to 400. 


Press START. 


using the controls of the X-Y recorder. 

Adjust the position of the pen as desired. The position of the pen represents 

0.4 of the full X-scale (e.g. if the pen is at B em, the full 1000-channel range 

corresponds to 20 em. 

Y starting Point 

I 
I set MODE SELECTOR to MANUAL. 

Set GAIN MULTIP. to TEST. 

set DrF'F/INTEG to INTEG. 
i

;) Set T.C. to 1 sec. 

Adjust the zero Y position of the pen, using the controls of the X-Y recorder. 


Record the pen position (e.g. a em). 


Y Full Scale 


Set the function switch to RATE. 
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Set the RATE switch to the 6 Kcpm scale. A reading of 3 Kcpm (50 Hz line 

frequency) or 3.6 Kcpm (60 Hz line frequency) will be obtained. Using the 

controls of the X-Y recorder, adjust the pen to a convenient position, and 

record this setting, which will correspond to the 3 Kcpm or 3.6 Kcpm standard 

rate. Any changes of the gain of the recorder can now be correlated to this 

initial setting. 

USE OF A PRINTER 

A digital printout of the results can be obtained by connecting a printer to 

the PRINTER OUT connector on the rear-panel of the INS-llE. The printer 

should be set for automatic operation. 
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EXPERIMENT No.1 

Gamma-Ray Spectrum of the Mossbauer Source 

The purpose of this experiment is to scan and record the nuclear spectrum of a 


MOssbauer source. From this spectrum the nuclear transition will be selected; 


in the case of a 57Co source the transition of interest is the 14.4 keY. 


57Co i.s in "J or Cu matrix the n:!commend~d .source for students' laboratories. 


Required Equipment 


1) ELSCINT EMS-2l 


2) A MOssbauer 57Co source. ('" 1 mC) 


3} An X-Y recorder for automatic recording. 


Procedure 

l} 	Set up the experimental apparatus I as shown in Fig. 9. 

2) 	Place the source on the transducer. 

'3) Check that theON-OFF transducer switch is set to OFF and that the HV ADJ 

cont~l is set to zero.
.) Connect the INS-HE to the 230 V (115 V) main supply. 

,,!) Connect the HV output (INS-llE rear panel) to the HV input of the scintillation 

detector (1300 V). 

6) 	Connect the A (anode) output of the scintillation detector to the INP AMP of 

the INS-llE (rear panel) • 

set the controls of the INS-lIE according to the following table: 

Control Setting, 

DIFF/INT DIFF 

PRESET MODE OFF 

MANUAL/RECYCLE MANUAL 

FUNCTION HV 

DISPLAY COUNTS 

I BASELINE 10.0 

WINDOW 0.10 

POWER ON ON 
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7} Adjust the iN ADJ control to obtain the required voltage for the particular 

scintillation detector (1300 V for MSP-l). 


8) Lock the HV potentiometer in that position. 


9) set GAIN MULTIP of INS-lIE so that the pulse of the relevant Mossbauer 


energy (14.4 keY for 57Co ) is about 1 - 3 volts. (Use a scope connected 

to the OUT amplifier in the rear panel). In this case the y-radiation goes 

through the absorber only and good collimation is necessary. 

10) Take a nuclear spectrum with the Automatic Baseline Advance. See p.17 for 

the calibration procedure of the recorder. 

11) In the EMS-2l set the upper switch to single scan, the TIMER PER OiANNEL 

switch to 0.1 and the MODE SELECTOR switch to A.B.A. 

12) 	 PRESET CHANNEL to O. Set the Baseline to 10, the window to 0.1, the T.e. 

switch to 0.3 or I, and the preset time on the INS-lIE to 3 or 10, 

respectively. SWitch <;:m DUf. 

13) Turn the FUNCTION switch to rate and RATE (cpm) to a range where the meter 

gives a maximum reading without being at full scale. 

14) The sensitivities of the X and Y of the recorder are set up so that~, 

full scale is available for recording the spectrum. 

15) The spectrometer is ready for the automatic recording. Push the STARr 

button. 

16) If· the obtained spectrum is not well resolved, use then the manual mod.! 
I 

switch to MANUAL. If the spectrum is well resolved then adjust the 

BAS_LINE and WINDOW of the INS-HE to detect only the 14.4 keY y-raysof 

57Co (9ft Fig. 10) ~ A rough measure of the percentage of 14.4 keY can be 

obtained by using a 1 rom thick Al plate. If this plate stands on the way 

the y-ray (after the absorber) then the number of counts must not be 

larger than 30t for a thin absorber and 40 - SOt for a thick absorber. 

(It is strongly recommended that the work is carried out with a thin 

absorber) . 

17) Choose a convenient counting time and set this time on the preset switch. 

(For example, if 20 seconds are required, set the PRESET thumbwheel$ to 
J- (,- 0 


~ and the MULTIPLIER to xl). 


18) 	 Set the PRESET MODE switch to TIME. 

19) 	 Set the BASELINE to O. 



6.3 14.4 KeV 

Fig. 10 

Pulse Height Analysis spectrum 
taken with the ELSCINT EMS-21 
Automatic Educational MOssbauer 
Analyzer. 

57Co Source 
WINOOW = 200 mV 
TIME PER CHANNEL 
Ratemeter T.e. = 1 

0.1 sec 
sec 

RANGE set to 240 Kcpm 

N 
N 

OV 2V 4V 6V 8V IOV Baseline 
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20) Depress the START button. The INS-lIE will start counting. When the PRESET 

TIME has elapsed, the total number of counts will be displayed. 

21) Increase the BASELINE in steps of 0.20 to 10, recording the number of counts 

at each interval. 

22) 	 Plot a graph of the number of counts as a function of the BASELINE setting. 

23) 	 Adjust the BASELINE and WINOOW of the INS-llE to detect only the 14.4 keV 

y-rays of 57Co (see step No. 16). 

c. C C(l.cvT"\-tA-M~ L 'l. cl. 'i!!J.
&\,>~h€cL ~o.l/V',W\.a...(Lo-.~ S6'ec...tY'vI.Meb-Yl ~·.rJ.,'>:::tIC AJ,,\,.S ¥\ v-e\J\\' 
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EXPERIMENT No.2" 

Mossbauer Spectrum of 57Fe and Calibration of The Mossbauer Anal~~r 

The M8ssbauer spectrum of a 57Fe foil is characterized by six absorption lines (Fig.10). 

Because of the cubic symmetry of the iron lattice the ollly interaction is the 

magnetic interaction. 

In this experiment a 57Co single-line source is used which is placed on the 

transducer. Since a Doppler shift is given to the MOssbauer source , the energy 
v-

of the MBssbauer source will be E= Ey(l + -) I where V is the velocity of the 
C 

transducer, and c the velocity of light. Since there is a Zee.an splitting of 

the nuclear levels, absorption will take place at six different energies (six 

different velocities). The Doppler-shifted energy is related to the transition 

energy by 

".here E' takes into account the isomer shift (the centroid of the spectrum
Y 

will not be at zero velocity), H is the internal magnetic field at the site of 

the nucleus:, lle and ~g are the magnetic moments of the excited and the ground 

states, respectively I me and lIlg are the magnetic quantum numbers havinq ~ 

(~Ie + 1) and (219 +1) values, respectively, Ie and Ig are the nuclear spins of 

the excit4Q and ground 'states, respectively. Thus, if Vg and the velocity 

¢alibration of the M8ssbauer Analyzer are known I then H and ~e can be calculated 

from the experimental lines. The internal field is determined up to a 8iqn I which 

may ~. derived by applying an external field Hex to the sample. (T!Je field 

mtlstbe larger than 10 KG for appreciable changes in the position of the lines 

to be observed). lle can be determined by measuring the velocities for the 

transitions 0/2-1-1/2) ,(1/2-+1/2) and (1/2-+-1/2)· 
" 

V(3/~i/2) .. V(1/2-+1/2) ... 


lJe :: 3li
g 

V(1/2-+l/~) - V(1/2+ _ 1/2) 


The magnetic ground state moment, llg of 57Fe is +O.0903±O.0007 nuclear ~qnetons~. .. 
If the MOssbauer Analyzer is not calibrated, then the velocity may be found by 

measurinq the distance between the outermost lines. The magn~tic field at the 

iron nucleus has been carefully measured and a value of -333l<~±lbKG has been 

obtained, this being equivalent to 10.65 rom/sec. 

; 
{ 

\ 
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Required Equipment 

1) MBssbauer Analyzer Model EMS-21. 


2) A 57Co source (about 1 mC). 


3) An X-Y recorder for automatic recording. 


4) An enriched 57Fe foil 


Procedure 

1) set up the experimental apparatus as shown in Fig. 9. 


2) Take a spectrum of the 57Co (see Exp. No.1) and select the 14.4 keV peak. 

-:- \ r /' i (?'{:~ --t [h J.1 (1,.11'1 ,'~- . 

3) 	 In the EMS-2l set the upper switch to single scan, the ~er time switch to 

1 sec if your source is about 1 mC, and if not, choose the time increment so 

that the number of counts is about 5000 per step. Set the MODE SELECTOR switch 

to MBssbauer. 

4) Turn the ATTENUATOR potentiometer of the transducer driving unit MD-2E to 3.33.** 

Turn the switch in the MD-2E to Ext. 

5) Set the T.C. switch to 1 or 3 sec and the preset time to 10 or 30, respectively, 

and the multiplier to xl. PRESET MODE to TIME. 

6) Turn the function switch to rate and RATE (cpm) to a range where the meter 

gives a maximum reading without being at full scale. 


7) Set the PRESET CHANNEL switch of the EMS-21 to 80. 


8) The sensitivities of the X and Y of the recorder are set up so that the full 
" 

scale is available for recording the spectrum. Turn the Y-level to 0% if the 

number of counts is about 5000. If this number cannot be reached then turn 

the Y-level to the most favorable position. If discrete pQ,ints are preferred 

to a continuous spectrum, the STOP OUT contact in the rear panel of the INS-lIE 

should be connected to the X-Y recorder. 

9) The spectrometer is ready for the automatic recording. Push the START button. 

10) From the spectrum obtained determine the calibration of the velocity, and the 

j.J e for the excited 14.4 keV level of 57Fe • The isomer shift is determined • 
from the center of the two lines. 

* Caution Note : The transducer switch should always be the last one to be 

switched on and the last one to be switched off. Ensure that all theinstru

ments are set to the right line voltage. Ensure that the interconnections 

between the instruments are according to the interconnection diagram. 

*. Turn the switch on the MD-2E to manual. Zero adjustment of the MD-2E : Turn 

the velocity control potentiometer until 500 is reached. Adjust Zero Adj. to 

zero velocity of the transducer. f 
! 
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EXPERIMENT No.3 

Angular Dependence of the Zeeman Splitting of the Mossbauer S~ectrum of Iron 

, 
In this experiment the angular dependence of the Zeeman Nuclear Effect will be 


shown. Two non-enriched iron foils are used, one of which is introduced between 


the poles of the magnet (about 1-2 KG). If the measurement is to be made with the 

I 

magnet in the path of the y-ray,l care must be taken not to approw the I)3cintillator 


detector i it is advisable to use a magnetic shield•. 


Required Equipment 


1) 	An EMS-2l Mossbauer Analyzer. 


2) A 57Co source. 


3) 'Two iron foils, about 0.001" thick. 


4) A laboratory magnet. 


5) An X-Y recorder for automatic scanning. 


Procedure 


1) set up the experimental apparatus as shown in Fig. 9. 


2) Take a spectrum of the 57Co (see Exp. No. 1) and select the 14.4 keVpeak. 


3) In the EMS-2l set the upper switch to single scan, the TIME PER CHANNEL switch 


to 1 or 10 sec if your source is about 1 mC, and if not, choose the time in

crement so that the number of counts is about 9000 per step. set the MODEL 

SELECTOR switch to Mossbauer. 

4) Turn the ATTENUATOR potentiometer of the transducer driving unit MD-2E to 3.33. 

Turn the switch in the MD-2E to Ext. (Full velocity range is now 10 mm/sec. 

5) Set the T.C. switch to 1 or 3 sec, the preset time to 10 or 30, respectively. 

and the multiplier to xl. PRESET MODE to TIME. 

6) Turn the function switch to rate and RATE (cpm) to a range where the meter gives 

a maximum reading without being at full scale. 

7) 	 Set the PRESET CHANNEL switch of the EMS-21 to 80. 

8) 	 The sensitivities of the X and Y of the recorder are set up so that the full 

scale is available for recording the spectrum. Normally the Y-offset is turned 

to O. In non-enriched absorbers maximum Mossbauer resonance dips are of the 
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order of 10%. Thus, to opserve a well resolved line in the X-Y recorder, the 

Y-level must be turned to a favorable position. Use the Y-offset in conjunc

tionwith the Y ~ain of the X-Y recorder to obtain a high gain. If discrete 

. points are preferred to a continuous spectrum the STOP OUT contact in the 

rear panel of the INS-llE should be conneqted to the X-Y recorder. 

9) The spectrometer is ready for the automatic recording. Push the START button. 

10) Take a spectrum of the unmagnetized iron foil. Determine the ratio of the 

Am = ± 1, .i transitions. 

11) 	Take a spectrum of the magnetized iron foil~ Determine the ratio of the 

~m = ± 1, 0, -1 transitions. A 3:4:1 relation among the intensities should 

be obtained. 



r 
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EXPERIMENT No.4 

Mossbauer Spectrum of sta~nless Steel 

The purpose of this experiment is to show the Mossbauer Effect on stainless steel 

(Fig. 11) I where there is no magnetic ordering and therefore no Zeeman splitting. 

This absorber is characterized by a single line absorption pattern. A scattering 

experiment may also be performed if the stainless steel is used as the scatterer. 

This method of recording Mossbauer spectra has wide applications in metallurgy. 

Required Equipment 

1) 	A Mossbauer Analyzer, EMS-2l. 

2) A 57co source. 


3) A stainless steel absorber, 0.001" thick for transmission analysis. 


4) An X-Y recorder for automatic recording. For scattering thicker samples may 


be 	used. 

Procedure 

1) The experimental set-up is as in Experiment No.1. 


2) Take a spectrum of 57co (Exp. No.1) and select the 14.4 keV peak. 


3) In the EMS-21 set the upper switch to single scan, the upper time switch to 


10 sec if your source is about 1 mC, and if not, choose the time increment 

so that the number of counts is about 9000 per step. set the MODE SELECTOR 

switch to Mossbauer. 

4) Turn the ATTENUATOR potentiometer to 3.33. Turn the switch in the MD-2E to 

EXT. 

5) set the T.C. switch to 10 or 30 sec and the preset time to 10 or 30, 

respectively. 

6) Turn the FUNCTION switch to rate and RATE (cpm) to a range where the meter 

gives a max. reading without being at full scale. 

7) 	 set the PRESET CHANNEL switch of the EMS-2l to 400. 

B) 	 The sensitivities of the X and Y of the recorder are set up so that the full 

scale is available for recording the spectrum. Normally the Y-level is turned 

to O. In non-enriched absorbers maximum Mossbauer resonance dips are of the 

order of 10%. Thus, to observe a well resolved line in the X-Y recorder, the 

Y-level must be turned to a favorable position. If discrete points are preferred 
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COUNTS 
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Fig. 12 

Mossbauer spectrum of a stainless steel absorber 
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to a oontinuous spectrum, the STOP OUT oontact in the rear panel of the 

INS-llE should be connected to the X-Y recorder. 

9) The spectraneter is ready for the automatic recording. Push the STARr button. 

10) 	Take. a spectrum of the stainless steel absorber. 

11) 	The experimental set up for the scattering experiment is shown in Fig. 13. 

A good collimation is necessary in order to observe the MOssbauer scattering 

spectrmn. There is a large background due to Rayleigh and Compton scatter

ing. 

12) 	:Repeat the above procedure from step 3 until 9, bearing in mind that higher 

statistics is needed for this experiment, that the MOssbauer spectrmn is as 

shown in Fig. lb and· that therefore the Y of the X-Y recorder must be ad

justed acoordingly. 

x y 
OUTPUT 

INS-llE 

MVT-2 

P-1 

ANODE H.V. 

to RECORDER 

Fig- 13 

Set-up of the Scattering Experiment 
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EXPERIMENT No.5 

Quadrupole Interaction 

This experiment is carried out with a S7Co source and a sodium nitroprusside 

(Na2Fe(CN)sNO 2H20) absorber. The purpose of this experiment is to observe 

a Mossbauer spectrum in the presence of a pure quadrupole interaction. Sodium 

nitroprusside is generally used by Mossbauer physicists as a standard absorber 

(~EQ = 1.7.l4±O.002 rom/sec) and as a calibration for the isomer shift. 

This absorber is characterized by a relatively large and temperature-independent 

quadrupole splitting. The Mossbauer spectrum of a sodium nitroprusside absorber 

can be seen in Fig. 14. 

Required Equipment 

1) A MOssbauer Analyzer EMS-21. 


2) A S7Co source (about 1 roC). 


3) A sodium nitroprusside absorber (about
• 

30 mg/cm2) • 


4) An X-Y recorder for automatic recording. 


Procedure 


1) Set up the experimental apparatus as shown in Fig. 9. 


2) Take a spectrum of the S7Co (see EXp. No.1) and select the 14.4 keV peak. 


3) In the EMS-21 set the upper switch to single scan, the upper time switch to 


10 sec if your source is about 1 mC and, if not, choose the time increment 

so that the number of counts is about 9000 per step. Set the MODE SELECTOR 

switch to MOssbauer. 

4) Turn the ATTENUATOR potentiometer of the transducer driving unit MD-2E to 3.33. 

Turn the switch in the MD-2E to EXT. 

5) Set the T.C. switch to 10 or 3D sec and the preset time to 10 or 30 sec, 

respectively, and the multiplier to xlO. 

6) Turn the function switch to rate and RATE (cpm) to a range where the meter
l I 

I gives a maximum reading without being at full scale. 

7) Set the PRESET CHANNEL switch of the EMS-21 to 200. 

8) The sensitivities of the X and Y of the recorder are set~'up so that the full 

scale is available for recording the spectrum. Normally the Y-level is 

turned to O. In non-enriched absorbers maximum Mossbauer resonance dips 
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Fig. 14 

MOssbauer spectrum of a sodium nitroprusside absorber; 57Co source. 
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are of the order of'lO%. Thus, to observe a well resolved line in the X-Y 

recorder, the Y-level must be turned to a favorable position. If discrete 

points are preferred to a continuous spectrum the STOP OUT contact in the 

rear panel of the INS-lIE should be connected to the X-Y recorder. 

9) The spectrometer is ready for the automatic recording. Push the START button. 

10) 	Take the spectrum of the nitroprusside absorber. 

From the difference between the two dips in the spectrum calculate the quadru

pole splitting, using the calibration obtained in Exp. No.2. 
n21 2 ~ ~vThis splitting is equal to 2 e qQ(l +~) = -c Eo' where ~v is the 

difference in velocity between the two dips, c the velocity of light and E 
o 

the 	transition energy 14.4 keV. 

~\I 

i 
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EXPERIMENT No.6 

Mossbauer Spectra of a-Fe203 (Hematite) 

In this experiment the simultaneous presence of a quadrupole interaction and a 

magnetic interaction will be observed. 

a-Fe203 is a magnetically ordered substance. In this compound the ordering of 

the spins is antiparallel, as against a ferromagnetic substance where it is 

parallel. A substance having such an antiparallel ordering is called antiferro

magnetic. The internal magnetic field at the nucleus is predominantly produced 

by the contact interaccion of the inner s-electrons which are polarized by the 

3d-electrons. This field is antiparallel to the magnetic moment of 57Fe atoms. 

The orbital magnetic moment of the 3d-electrons and the dipole moment of the 

asymmetric charge distribution of the 3d-electrons contribute as well.to the 

internal magnetic field. ! : 
! 

Since at room temperature the electric field gradient (z principal axis) and the 

internal magnetic field are perpendicular, the energy level can be easily found 

from Formula (15). Then the internal magnetic field and the quadrupole split 

ting may be determined. 

Resuired "Esuipment 


1) A Mossbauer Analyzer EMS-21. 


2) A 57Co source (about 1 mC). 


3) An X-Y recorder for automatic recording. 


4) An enriched u-Fe203 absorber. 


Procedure 

1) Set up the experimental apparatus as shown in Fig. 9. 


2) Take a spectrum of the 57Co (see Exp. No.1) and select the 14.4 keVpeak. 


3) In the EMS-21 set the upper switch to single scan, the upper TIME switch to 


1 sec if your source is about 1 mC, and if not, choose the time increment so 

that the number of counts is about 8000 per step. Set the MODE SELECTOR 

switch to MOssbauer. 
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4) Turn the ATTENUATOR potentiometer of the trqhsducer driving unit MD.;.2E to 3.33. 

Turn the switch in the MD-2E to EXT. 

5) Set the T.C. switch to 1 or 3 and the PRESET TIME to 10 or 30, respectively, 

and the MULTIPLIER to xl. 

6) Turn the FUNCTION switch to rate and RATE (cpm) to a range where the meter 

gives a maximum reading without bein~ at full scale. 


7) Set the PRESET CHANNEL switch of the EMS-21 to O. 


8) The sensitivities of the Y and X of the recorder are arranged so that the 


full scale is available for recording the spectrum. Normally the Y-level is 

turned to O. In non-enriched absorbers max~um MOssbauer resonance dips 

are of the order of 10%. Thus, to observe a well resolved line in the x-Y 

recorder the Y-level must be turned to a favorable position. If discrete 

points are preferred to continuous spectrum the STOP OUT CONTACT in the 

rear panel of the INS-lIE should be connected to the X-Y recorder. 

9) The spectrometer is ready for the automatic recording. Push the START button. 

10) 	Take a spectrum of the a-Fe203' (See Fig. 15). 

11) 	From Formula (15) and using the calibration of the Mossbauer Analyzer, 

calculate the internal magnetic field and the quadrupole splitting. 

:1 


I 
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EXPERIMENT No.7 

Isomer Shift of Ferrous and Ferric Salts 

The purpose of this experiment is to measure the center shift of MOssbauer 

spectra for ferrous and ferric absorbers relative to the same source, as well 

as to show the large difference in the quadrupole splitting between ferrous 

and ferric compounds. (See Introduction, on quadrupole splitting). 

Different values have been found for the isomer shift of ferrous and ferric 

iron. Their automatic configurations differ only by a 3d-electron which does 

not contribute directly to IW(o)/2. However, the 3d-electrons screen the 

nuclear charge, thereby reducing the attractive Coulomb potential and causing 

the 3s-electron wave function to expand, and the charge density at the nucleus 

to be reduced. (The Is-and 2s-electrons are inside the M-shell and are per
3turbed by the 3d-electrons). Thus Fe + with five 3d-electrons has a larger 

2+


charge density at the nucleus than Fe The 4s-electrons also contribute to 

electron density at the nucleus and this contribution may only be neglected 

when the compound is pure ionic. 

d lId'Wa1ker, Werthe~ · an Jaccar1no. (10) p'Iotted t he tota s-e ectron ens1ty at 

the nucleus against the 4s-electron contribution for different 3d configurations. 

For this they used the free-ion Hartree-Fock calculations of the s-electron 

density for different 3d configurations, as well as the Fermi-Segre-Goudsmit 

formula concerning the 4s-electron density. 

The isomer shift was calibrated in terms of the total s-electron density by 

using the experimental shifts of the most ionic ferrous and ferric salts. 

This plot appears in Fig. 16, where the calibration is given with respect to 

sodium nitroprusside (originally stainless steel was used). Thus the electronic 

configuration maybe estimated from the isomer shift of the compound. 

Moreover, from Formula (11) a linear relationship between the isomer shift and 

electron density at the nucleus (IS = al~(o) 12 + b) may be observed, maki~g it 

possible to determine the-' constants a and b from two measurements, as well as 

the relative difference between the nuclear radius in the excited and ground 

states. 
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Required Equipment 

1) A M6ssbauer Analyzer EMS-21. 


2) A 57Co source. 


3. 	A ferrous absorber, Fe (NH4) 2 (S04)2"6H20 or Fe(S04)"7H20, and a ferric abosrber 

Le. FeP04" 4H20. 

Procedure 


1) set up the experimenta~ apparatus as shown in Fig. 9. 


2) Take a spectrum of 57Co (Exp. No.1) selecting the 14.4 keV peak. 


3) Turn the RANGE switch of the transducer driving unit MC-2E to 10 mm/sec, 


the 	potentiometer to 2.50 and the switch to Internal*. 
4) 	 Display switch on COUNT position, Recycling switch on MANUAL position, 

Preset mode at TIME position. Choose time with the preset thumble switches 

and multiplier (about 20,000 counts per step is statistically sufficien~). 

The foUowing proaedure shoul.d be foUolJed in tdking spectra during this 

e:r:periment : 

a) 	 Depress the START button. The INs-llE will start counting. When the 

PRESET TIME has elapsed the total number of counts will be displayed. 

b) 	 Increase the attenuator in steps of 0.05 up to 7.50 recording the number 

of counts at each interval. 

c) 	 Plot a graph of counts as a function of the attenuator setting (velocity). 

5) Take the spectrum of the ferrous absorber. 


6) Take a spectrum of the ferric absorber. 


7) Compare the two center shifts. There will be a difference caused by a change 


in the s-electron density. Although the second order Doppler shifts of the 

two substances could differ, at room temperature the effect is very small 

and therefore may be neglected. Estimate the electron configuration of the 

ferrous and ferric compounds from Fig. 16. 

Compare also the quadrupole splittings. 

* 	 In this experiment it is recommended that the spectrometer be used in the 

Manual mode. However, by using the Y-level offset this experiment may be 

carried out in the Automatic mode, following the same procedure as in . 

Exp. 5. 
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EXPERIMENT No.8 

Second Order Doppler Shift 

The purpose of this experiment is to show the temperature dependence of the 

center shift of the Mossbauer spectrum. 

The Mossbauer center shift stems from the second order Doppler shift and the 

isomeric shift, the latter being temperature-independent far away frorr 

transition points. 

Required Equipment 

1) A Mossbauer Analyzer EMS-21. 


2) A 5700 source. 


3) An enriched 57Fe absorber. 


4) A dewar to cool the absorber (e.g. of the cold finger type). 


Procedure 


1) Set up the experimental apparatus as shown in Fig. 17. 


2) Take a spectrum of the SICo (see Exp. No.1) and select the 14.4 keV peak. 


3) In the EMS-21 set the upper switch to single scan, the upper TIME switch 


to 1 sec if your source is about 1 mC, and if not, choose the time in

crement so that the number of counts is about 5000 per step. Set the upper 

right switch to Mossbauer. 

4) Turn the ATTENUATOR switch of the transducer driving unit MD-2E to 3.33. 

Turn the switch in the MD-2E to EXT. 

5) Set the T.C. switch to 1 or 3 and the preset time to 10 or 30, respectively, 

and the multiplier to xl. 

6) Turn the FUNCTION switch to rate and RATE (cpm) to a range where the meter 

gives a maximum reading without being at full scale. 

7) Set the PRESET CHANNEL switch of the EMS-21 to 80. 

8) The sensitivities of the Y and X of the recorder are set up so that the 

full scale is available for recording the spectrum. If discrete points 

are preferred to a continuous spectrum the STOP OUT CONTACT on the rear panel 

of the INS-lIE should be connected to the X-Y recorder. 
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9) The spectraneter is ready for the automatic recording. Push the START button. 

10) 	Fill the cryostat with solid 002 and alcohol (temp. = 195~). 

11) 	Take a spectrum of the 57Fe foil. 

12) 	Fill the cryostat with liquid nitrogen (temp. 7rf'K).I: 

13) 	Take a SpectrllD of the 51Fe absorber. 

14) 	Measure the center shift for the two temperatures. 

15) 	Plot a graph for the two temperatures and the room temperature results. 

Fit the experimental results using an Einstein model of a solid (Formula 19) 

and calculate an· appropriate "'E. 

S'l'YROFORM INSULATION 

MSP-l 
-t-- MVT-2 

ABSORBER 

T CONDUCTOR 

Fig. ~7 


Experimental Set-Up, with a Cold Finger cryostat. 
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EXPERIMENT No.9 

Observation of the Transition Points in Magnetic Substances 

I 
I The purpose of this experiment is to demonstrate the usefulness of the Mossbauer 
I effect in the observation of transition points in magnetic substances. An in

teresting example of such a transformation is the antiferromagnetic transition 

in FeF3- This substance is a canted antifcrromagnet. In this substance the internal 

field at the nucleus is proportional to the magnetization. A necessary condition 

in order to observe the Zeeman splitting of nuclear levels is that 
Il HI-i--I > 2fe ' where fe is the linewidth of the excited state, Ile is the 

e 
magnetic moment of the excited state, Ie the spin of this same state and"H 

the internal magnetic field. 

This experiment may be carried out in a 

tOo much sophisticated equipment. 

Required Equipment 


1) A MBssbauer Analyzer EMS-2l. 


2) A 57Co source:. 


3) A FeF 3 absorber.' 


4) A thermocouple (i.e. Chromel-Alumel). 


5) A small furnace. 


6) A potentiometer. 


7) A cryostat. (See Exp. No.8). 


Procedure 

1) Set up the experimental apparatus as 

student laboratory, which does not contain 

shown in Fig. 18. 

2) Take a spectrum of 57eo (see Exp. No.1), selecting the 14.4 keV peak. 

3) Turn the RANGE switch of the transducer driving unit MD-2E to 10 -mm/sec 

and the switch to Internal. 

4) Display switch on COUNT position, Recycling switch on MANUAL position, Preset 

mode at TIME position. Choose time with Preset thumble switches and Multiplier 

(about 20,000 counts per step is statistically enough). 
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5) Take a spectrum of the absorber at room temperature •. 


6) Increase the temperature in steps of lo-20o
C and take a spectrum each time. 


7) Use the set-up of Exp. No. 8 for the low temperature measurements. 


8) Take a M8ssbauer spectrum using CO2 as a coolant. 


9) Take a MBssbauer spectrum using liquid air as coolant. 


10) 	Plot in a graph the magnetic splitting as a function of temperature. 

Determine the Nee1 point. This is the point where the substance is transformed 

from antiferromagnetic into paramagnetic. Extrapolate to zero temperature and 

determine the intemal magnetic field at T = OOK. 

* 	 In this experiment it is recommended that the spectrometer be used in the manual 

mode. However, by tuming the Y-1eve1 to a favorable position this experiment 

may be carried out in the automatic mode, the procedure to follow being the same 

CIS 	 inExp. No.2. 

HEATING ELEMENT 

.~ _O~"'-.J""'-''-''J..J.'"'''' /'l'HERMOCOUPLE 

~P-~ __ --11--

t=:GL!:~::=;==~ INSULAL..T-I-ON---------' 

MV'l'-2 

(Pb) 
COLLIMATOR 

Fig. 18 


Experimental set-Up with small FUmace 
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EXPEfaM'eN'r No.. lO 

MOssbauer Effect in Tin (119Sn ) 

The purpose of this experiment is to ob$,erve the Mossbauer Effect in tin and its 

application in the chemistry of tin compounds. 

Tin (119Sn ) is a useful Mossbauer nuclide. The 89-keV metastable level of 119Sn 

decays by an isomeric transition directly to the 23.S keV first excited state of 

119sn • This is a MOssbauer level with spin +3/2 and a half life of 1.SSxlO-S sec; 

in turn, it decays by an Ml transition to the stable ground state with spin +1/2 

(Fig•.19. 

A neutral tin atom has a Kr (4d)10(SS}2(Sp)2 electron configuration. If the 

compound is pure ionic then the electron configuration is (4d)10 for the stannic 

ion and (4d) 10 (5s)2 for the stannous iron. 

For pure ionic stannic compounds '*5S(0) 12=0" although due to covalency this 

does not always apply. This ionic character of the compound increases with the 

electronegativity of the ligand. An interesting case is the series SnF4' SnC14, 

SnBr4 and Sn14, where the electronegativity of the ligands is X=4.0, 3.0, 2.S, 

and 2.5, respectively. A strong correlation exists between the isomer shift and 

the electronegativity of these compounds. 

The MBssbauer spectra of the tin halogenides should be preferably taken with the 

absorber in a cryostat at liquid air temperature. The MBssbauer sPectrum of 

SnC14 is a single line without quadrupole splitting, the distribution of charge in 

this compound being symmetric around the tin ion. If the chlorine atoms are sub

stituted for by one, two or three phenyl groups C6HS, then a quadrupole splitting 

appears, The symmetry of the charge distr~~ution has been destroyed and an 

electric field gradient appears at the nucleus. If the four chlorine atoms are 

substituted for by the phenyl groups, then the charge symmetry is restored and the 

MBssbauer spectrum is again a single line. 

A tin source is available in different chemical compositions. A higher effect and 

a narrower line are obtained with BaSn03_ 
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Required E~uipment 

1) 	 A Mossbauer Analyzer EMS-21.
I 

2) A 119msn source (about 1 mC). 

I 3) A metallic tin absorber, an Sn02 absorber and a 

SnCI4, SnBr4, SnI4·
.1 

4) 	 An X-Y recorder for automatic scanning. 

5) 	 A cryostat. 

Procedure 

set of absorbers of SnF4' 

1) 	Set up the experimental apparatus as shown in Fig. 9. 

2) 	 The X-ray an~ the MOssbauer transition cannot be resolved with the scintilla

tion detector and a single peak will appear• 

Take a nuclear spectrum of 119sn (Exp. No.1}. Choose a window and baseline 

I which permit a maximum number of counts. 

3) In the EMS-2l set the upper switch to single scan, the upper TIME switch to
I 

10 sec, if your source is about I mC and, if not, choose the time increment 

so that the number of counts is about 9000 per step_ Set the upper right 

switch to Mossbauer. 

4) 	 Turn the ATTENUATOR potentiometer of the transducer driving unit MD-2E to 

3.33. Turn the switch in the MD-2E to EXT. 

5) Set the T. C • switch to {IOor 30 sec and the PRESET TIME to 10 or 30, 

respectively, and the MULTIPLIER to xlO. 

6) Turn the FUNCTION switch to rate and RATE (cpm) to a range where the meter 

gives a maximum reading without being at full scale. 

7) Set the PRESET CHANNEL switch of the EMS-2l to 80. 

8) The sensitivities of the X and Y of the recorder are set up so that the full-

scale is available for recording the spectrum. Normally the Y-level is 

turned to ,0. In non-enriched absorbers maximum Mossbauer reson~~ce dips are 

of the order of 10%. Thus, to observe a well resolved line in the X-Y recorder 

and the Y-level must be turned to a favorable position. If discrete points 

are preferred to a continuous spectrum, the STOP OUT CONTACT in the rear panel 

of the INS-lIE should be connected to the X-Y recorder. 

9) The spectrometer is ready for the automatic recording. Push the START button. 

10) Take a spectrum of the tin metal absorber. 

11) Take a spectrum of the Sn02 absorber. 
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12) Observe the difference between the two center shifts. of the two absomere. 

13) use the set-up of Bxp. No. 8 for the low temperature measurements. 

place an SnF~ absorber in the cryostat. 
14) Take a M&1sba.uer spectJ:wa in the automatic mode, using liquid Aix' as a coolant .. 

15) Repeat steps 8 and 9 for absorbers of SnC1 .. , SnBr.. and SIll... 

16) plot a graph of the electronegativity of F, el, Br and I va. th4 iscaar shift 

with respect to Sn02 and to grey tin. Explain the results. 
S

17) 	Repeat steps 13 and 14 using absorbers of snC1.. , snC13 «1;H5> SnC12 (C6 S) 2; 

SnCUCt;Bsh and Sn(C6BS).... Measure the quadrupole splitting and center ldIift.. 

Bxplain the results. 

ll"l'm-
1/2 '. - -U1 18m JOO

I 
I 

I 
l19 

9/2+---=~~~--

CIOIIPlex 

li/2..... 119msn 245 d 89.1 

119Sb 

Sn 	 (n,l) 

Yl 

3/2 +---......-"'"------" 

1/2 + _______.a--- 0 

Pig. 19 

Tl I 23.8 keY 

T. : 65.3 keV 

lCos : 25.8 keY 



r 

- 48 

GENERAL REFERENCES 

1) 	 "The M6ssbauer Effect" by Hans Frauenfe1der , W.A. Benjamin Inc., 

New York (~963) • 


2) 	 "M8ssbauer Effect : Principles and Applications" by G.R. Wer~eim, 


Academic Press, New York (1964). 


3) 	 "Chemical Applications of M6ssbauer Spectroscopy", Edited by 
V.I. Go1danskii and R.H. Herber, Academic Press, New York and London (1968) • 

• 
4) 	 "Proceedin9 of the Second International Conference on the MOssbauer Effec.t" I 


Edited by D.M.J. Compton and A.H. S~oen, John Wiley and Sons Inc., 

New York (1962). 


5) 	 "Third International Conference on the MBssbauer Effect", .Rev. Mod. Physics I 

36, 333 (1964). 


6) 	 "Proceedin9 of the Dubna Conference on the MOssbauer Effect 1962", Transla
tion by COnsultant Bureau Enter.prises Inc., 227 West 17th. St. New York (1963). 

7) 	 "MOssbauer Effect Methodo1Q9Y", Edited by I.J. Gruver:man, Vol. 1 - 6, 

Plenum Press, New Yok-k. '. 


8)' 	"Applications of the'MOssbauer Effect in Chemistry and Solid State l>hysics",. 

Technical .Report Series No. 50, lAEA, Vienna (1966). 


9) 	 "The M8ssbauer Effect", A.J.F. Boyle and H.E. Hall, Report on PrQ9ress in 

Physics, ~, (1962). 


In Ger:man: 

10) "Der M8ssbauer Effekt", H. Wegener, BibliQ9raphisches Institut, Mannheim (1965). 

In French: 

11) "t.'Effet M8ssbauer et Ses Applications a l'Etude des Champs Internes", 
A. Abragam, Gordon and Breach (1964). 

II 



- 49 

PARTICULAR REFERENCES 


(1) R.~. M6ssbauer Z. Physik 151, 124 (1958). 
Z. Naturforsch. 14a, 211 (1959). 

(2) H. Lipkin: Ann. Phys. 1, 332 (1960). 

(3) W.E. Lamb Jr. :' Phys Rev. 55, 190 (1939). 

(4) O.C. Kistner and A.W. Sunyar : Phys. Rev. Letters!, 412 
lit 

(~960). 

(5) A. Abragam : "L'Effet MOssbauer et Ses applications a l'Etude des 
Champs Internes", Gordon and Breach, (1964). 

(7) The first correct measurements of the internal magnetic field in Fe were 
done by 5.5. Hqnna, J. Heberle, C. Littlejohn" G~J. Perlow, R.S. Preston 
and D.H. Vincent: Phys. Rev. Letters!, 28 (1960). 

(8) G.K. Wertheim : "Massbauer Effect principles and Applications", 
Academic Press, New York, (1964). 

(9) R.V. Pound and G.A. Rebka Phys. ReV. Letters I, 439 (1959). 
B.D. Josephson: Phys. Rev. Letters!, 341 (1960). 

-A: (10) 






