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COMPARISON OF TRANSMISSION AND SCATTERING METHODS USED IN MOSSBAUER SPECTROSCOPY

J,J, Boro ond B,F, Bogoex

Institute of Physics, Jogiellonion University
Reymonta 4, 30-059 Crocow, Polond

The results of the comparison of line quolity porameters, mognitudes of the Mombouer effect ond line
widths of the obsorption and the scattering specira ore presented.

1. INTRODUCTION

Although the tronsmission mathod is still most frequently used
in Massbouer spectroscopy (1,2), continvally Increcsing interest
in scattering experiments hos been lately obsarved (3), The «at-
tering method s usually applied to specicl investigations such as
high energy Mossbouer transitions, intarferance between the Roy-
laigh and nuclear resononce tcatterings, bulk somple analysis and
surfoce effects, It Is in principle particulorly sultable (4,5) for
utitization in sclentific investigations of the unique properties of
Mossbouer spactroscopy such as high energy resolution and short
observation time os well o3 the large volue of the nucleor re-
sononce cross section, Moreoever, as will be thown later,
the scattering method moy predominate the fransmission method
even in some conventlonal expeciments,

It fs the purpose of this paper to present the results of com-
porison of the fronsmission and the scottering methods,

11, COMPARISON OF ABSORPTION AND SCATTERING LINES

Let us consider the cbsorption and the scattering lines mea-
sured in the geometry of Fig, 1, A single line source &5
moved with o constant acceleration parollel to a beam direction,
The gomma rays that pass through the somple under Investiga-
tion ond those scottered by it ore independently detected ond
their intensities ore simultoneously stored in the memory of o
multichanne! analyzer os functions of the source velocity, In
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this way Mossbouer absorption ond scattering spectra are mea-
sured, Their corresponding parometers ore the subjects of
comparison ,

The total number of gammo quanta that poss per second
through the investigated somple ot o given source velocity ond
then are registered in detector No, 1 is easy to colculote and is

given by Eq, (1),
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where y is the energy of a gamma quantum, S is the Doppler
energy shift of the source, ond S, is the isomer shift of the
sample wnder investigotion; all of the above ore expressed in
T/2 units. y ond S, are given with respect to the mean value
of the energy of hm}nnr gamma rays whose intensity and recoil-
less froction are denoted by |, and fg, respectively, tis the
thickness of the somple, while u ond i, are its electronic ond
nucleor resononce absorption coefficients, respectively, The
angles 8‘ ond didy ore described in Fig. 1,

The total number of gammo quonto scattered per second, ot a
given source velocity foward the detector No, 2 Is composed
of five contributions ond Is given by Eq. (2).
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Fig. 1. Gesrerry used f2r the semparion of abeorption mndf scottering spechs,
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T=utlesd, +oschy). The recoilless~recollless N, (S), recofl-
less=non-recoilless (5) nucleor resonance, recoilless Royleigh
Ng, (5) and non-recoilless Rayleigh plus non-elastic Compton Ng.c(S)
contributions originating from recoil<ree gomma rays, os well os the
Rayleigh plus Compton contribution Nguc orginating from non-re-
coilessly emitted gamma rays, ore included in expresion (2),
6 is the scattering angle, W, (8) is the ongular distribution function
for the resonantly scathered gomma rays, while & is the total Infer—
nal conversion coefficient for o Moubouer ransition, The sample
under Investigation Is chorocterized by Its Royleigh up (8) and
Compton U ~(8) attenvation coefficients ond Ihmolﬁn'mc—
thons 6, ..S fa(8) for the nuclear resononce and Rayleigh scatter-
ing processes, respectively, The angles 8, ond dus, ore described
in Fig. 1,

From Eqs, (1) and (2) con be calculated the line amplitudes

N(=)=N(5;) , the mognitudes of the Mombauer effect
Sy= | (=)=N(S)] /N(=) and the line widths of the ob-

luw‘m ond scottering lines. The experimental errors of these
parometers depend on the quality of the measured spectrum, A
Messbauer specirum it thought 1o be of high quolity when the ex-
perimental points closaly follow the theoretical line. Let us
Introduce the |ine qual ity paromater

Q = [N(=) = NIS I /T{ N(=)+ ‘{N(s,)'l {3

which is determined by the ratio of the line amplitude to its stotis-
tical error,  The line quolity porameter incraoses with on increase
in fima intecval ™ of the soring Massbouer line s the square

root of 7, The line quolity parameter is porticulorly suitable for
comparison of Mosmbouer absorption and scattering line intensities,
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i, THE RESULTS

1t is worthwhile to compare the line quality parometers, the
mognitudes of Mossbouer effect ond the line widths of Membouer

and scattering spe d in the g try of

Fig. 1. Eqs. (1) and (2) were used in the numericol calculation
of these porometers, The 14,4keV gomma rays of 2/Fe emitted
with 0.05 sterodion of o solid ongle towards detsctor No, 1 and
those Wwi*lﬂ 1.0 steradion townrds detector No, 2 were

sid The calculations were performed for the first Zeemon
!ne of the mohllec iron foil of vorious thicknesses, vorious reso-
nant {sotope abundances and various hypotheticol electronic ob-
sorption coefficients, The results ob'uhod for the electronic
obsorption coefficient equal to 528cm™! carrespond best fo those

= = = QUALITY OF ABSORPTION LM O,
e GUAUTY OF SCATTERMG LNE O,
——— PATIO OF LME QUAUTES 0,13,

LINE QUALITY Q

of o real metallic iron foil,

The line quality porameters of obsorption and scattering specira
and their rotios caleuloted for the non-enriched metollic fron folls
of various thicknesses are shown in Fig, 2, Only for very thin ond
very thick somples the scattering methed gives better results
fQA “Q¢) than the transmission method os for os the Intensity
scole of the Massbouer spectra is concerned, The ratios of line
quality porameters calculoted for somples of various parameters
are shown In Fig, 3, The somple thickness intervals for which
the transmission method gives better results (Q, >Q) thon 'ho
scattering one decrease with the increase in m;
obundences ond with the increase in the value of the olcctrcnic

obsorption coefficient,
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The opplication of the scattering method always gives much cases the scottering line is norrower than the obsorption one. The

higher values for the mognitude of the Mossbauver effect as com~ ratios of absorption ond scattering line widths calculated for somples

pored with those obtained by the tronsmission method (Fig, 4), of vorious porometers ore shown in Fig, 6. For thin somples,

This Is due to the filtrational properties of the nuclear resonance especially those of small values of electronic obsorption coeffi-

scattering process (4,5), clents, the absorption lines are narrower thon the scattering ones
The line width of the absorption line does not depand on the (T} /l' <1). For somples with large thicknesses the situation is

volue of the electronic absorption coefficient, whereas that of mond; the wattering lines are narrower in comporison to those

the scattering line does. This s illustrated in Fig. 5, In some of the corresponding absorption lines,
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THICKNESS IN 107 em

Fig. 6. e rotlen of abwrption Iy and wattering T, line widths calculoted for somplen of various ticknesses afectranie absorp-
Vion coelficients L ond resonent isol chundances p,

The line quality parameters ond the line widths derived from The rofios of line quality paremeters were determined also for
the absorption and scattering fra measured in ”‘g:p&"""? of non-enriched hematite somples of various thicknesses, The uniform
Fig. 1fgr 2.3-1074, 1.6.10" » 2,0°107°, 3,5°107 ond layers of hematite were obtained by sedimentation of o very fine
3’540 em thick metollic iron foils enriched to 95.15% by polyerystolline powdar in aleohol, The experimental results are

Fe are shown in Figs, 7 ond 8, respectively, The experi- in good ogresment (Fig. 9) with those calculated for hematite
mentol dota qualitatively confirm the theoretical resulty, Debye-Waller ‘mibr of 0,46 ond electronic absorption coeffi-

clent of 225em (6).
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