Lawrence Berkeley National Laboratory
Lawrence Berkeley National Laboratory

Title
THE THICKNESS DISTORTION OF Fe 57 BACKSCATTER MOSSBAUER SPECTRA

Permalink
https://escholarship.org/uc/item/56p1h8x§

Author
Fultz, B.

Publication Date
2013-06-27

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/56p1h8x8
https://escholarship.org
http://www.cdlib.org/

RECEIVED
LAWRENCE
BERKELEY LABORATORY

SEP 26 1980

‘ ‘ LIBRARY AND
Submitted to the Journal of Applied Physics @@@QMENT%%ECT{{}@

L ———

57

THE THICKNESS DISTORTION OF Fe”’ BACKSCATTER MOSSBAUER SPECTRA

B. Fultz and J. W. Morris, Jr.

August 1980 ?WQ’WEEK LOAN COPY

This is a Library Circulating Copy |
which may be borrowed for two weeks. |

For a personal retention copy, call
Tech. Info. Division, %xio 5782

e s

Prepared for the U.S. Department of Energy under Contract W-7405-ENG-48

3

LBL-11022 _ -
Preprint

o




DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



THE THICKNESS DISTORTION OF FeS7 BACKSCATTER MUSSBAUER SPECTRA

B. Fultz and J. W. Morris, Jr.
Department of Materials Scilence and Mineral Engineering and

Materilals and Molecular Research Division, Lawrence Berkeley
Laboratory, University of California, Berkeley, CA. 94720.

ABSTRACT

The thickness distortion of a backscatter 14.41 keV y-ray M&ssbauer
spectrum is calculated for the case of isotropic y-ray re-emission in the
absorber, and a method of extracting the true absorber material resonant
scattering cross sectlon from experimental data is suggested and demon-
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strated. Some other features of backscatter and transmission Fe

Mossbauer spectra are compared.



INTRODUCTION

Most Mossbauer spectra are obtained from transmission geometry
experiments in which the measured y-ray beam intensity 1s reduced when
there is resonant scattering of the y-rays passing through a thin
absorber. The observed spectrum may not accurately represent the absorber
materlal resonant scattering cross section, GA(E)s because the number of
Y-rays with energies subject to strong resonant scattering will be
substantially reduced after they have traversed much of the specimen

thickness, so material near the exit surface of the absorber will see
disproportionately fewer y-rays which 1t can resonantly absorb. This
thickness distortion and theoretical methods of its correction are well-
known.™

Alternatively, Mossbauer spectra may be obtained from backscatter
geometry experiments by counting radiations re-emitted by the specimen
following resonant absorbtions. In this paper we shall only consider
spectra obtained from backscattered 14.41 keV y-rays. The internal
conversion coefficient for the decay of the first excited state of Fe57g
0, is 8.3 so only about 11% of the recoilless absorptions will result in
the ve-emission of a 14.41 keV y-ray. A limited detector collection
angle will also reduce the intensity of a backscatter spectrum, and in
fact, for a natural ivon absorber at room temperature a backscatter
spectrum will require nearly an order of magnitude of wore counting time
than that required for a transmission spectrum of comparable counting
statistics. This dilsadvantage of the backscatter geometry is, however,
counterbalanced by several advantages which, particularly following the

- 5-8
recent development of high efficiency detectors, make the backscatter

geometry attractive for a variety of experiments.
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The principle advantages of the backscatter geometry are these:
(1) Sample preparation. While the transmission geometry requires a thin
(frequently ~10 ym) absorber with flat and parallel surfaces in order to
correct for thickness distortions, backscatter Mossbauer spectra can be
ébtained from bulk specimens having only one good surface which need not
be strictly flat. However, the best ratios of peak intensity to back-
ground intensity are obtained when natural lron absorbers for room
temperature backscatter experiments are 200 um thick so as to help reduce
Compton scattering in the absorber of incident 122 keV y-rays and hard
x-rays from the source material. (2) Pesk-to-background ratio. Using
the new high efficiency detectors Mossbauer spectra from backscattered
14,41 keV y-rays are readily obtained with a ratio of peak intensity to
background intenéity which is an order of magnitude better than for
conventional transmission spectra. The necessary counting time for back-
scatter experiments with absorbers of low f n o, (E) (where fA is the

ATATA

recoil free fraction of the absorber and n, 1s the number of FeS7 nucledl
per cubic centimeter) may even be less than that required for transmission
geometry experiments because of their inherently lower non-resonant back-
ground intensity. (3) Sample-to-sample comparison. As long as the
absorbers are thicker than a practical lower limit (2200 um for natural
iron), virtually all incident 14.41 keV y-rays will be scattered by the
absorber. The thickness distortion for such thick polycrystalline
absorbers of similar crystal structure and chemistry will be the same.

This greatly facilitates the comparison of spectra generated from

absorbers of different shapes and thicknesses.
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While the thickness distortion of the absorber material resonant
scattering cross section, OA(E), 18 independent of sample thickness for
thick absorbers, this distortion usually must be accounted for when
quantitative information 1s to be extracted from a backscatter spectrum
because the thickness distortion will only be negligible when fAnAOA(E)
<< 1y, where U is the ordinary non~resonant mass attenuation coefficient
for 14.41 keV x-rays. Although the thickness distortion for transmission
geometry spectra has been worked out in detail,lmé we are aware of no
comparable formulation for backscatter spectra. In the following we
obtain the functional form of the thickness distortion for 14.41 keV
backscatter Y-ray spectra, offer an approximation which permits straight-
forward and accurate data correction in many cases, and glve an experi-

mental example drawn from recent work on Fe-Ni-Cr alloys.

The Thickness Distortion

Assuming normal Y-ray incidence, the fraction of 14.41 keV y-rays
from a monochromatic source which are resonantly absorbed in an interval

dt at the depth t below the absorber surface is:

co -fn O (E)t
I ~ut 1
A(s,t) = - e H J{ w £, (BEde ATATA dEdt

21 o (E+€+5)2 v L ATATA

(L)

f is the probability of & recoilless y-ray emission, ' is the full width

at half maximum (FWHM) of the source lineshape, € 1s the isomer shift
difference between the source and absorber materials, and 4 = v/c(14=41 keV)
is the Doppler shift energy of the source with respect to the absorber.

We note that Egq. (1) above may be obtained from the normalized Eq. (1) in

Ref., 1 by differentiating with respect to t and ignoring the non-resonant
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part of the result. Of these y-rays resonantly absorbed at the depth t,
only (l+afﬂ'e=uz dQ/4m  rvepresents the fraction of re-emitted 14.41 keV
v-rays which will reach the absorber surface after traveling back the
distance z (which may be larger than t) through the solid angle dQ.

We next consider the contributions to the measured intensity (back-
scattered into a detector subtending 27 steradians in front of the
absorber), I(4), from all depths t below the surface of a thick absorber.
After considering the isotropic re~emission of 14,41 keV y-rays into
cones with slant height z, height t, and with verticies at each differen-

tial volume of re-emitting absorber we obtain:

s = f f AL L g
t=0 z=t z

With Eq. (1) and after some manipulations we find:

o o 1 fAnAOA(E)
(s = 2m(1+a) Jf ) it om0 () EF
%o (B+ets) T + T2 (25270 )
A . < uH n, 0, (B)
N 2°111,2;3; 2u+f,n,0, (E)
uET FAnp 0, (B pas s
2r(1+a) o (E+€+6)2 + 12 2<?u+f n,0o (E))Z

o ATA"A

The first integral represents the convolution of the absorber
resonant scattering cross section with the monochromatic source lineshape
weighted by the harmonic mean of the absorber material characterilstic
distances for resonant and non-resonant scatterings. This first integral
is identical to the result obtained for the shape of a MBssbauer spectrunm

collected by counting only those 14.41 keV y-rays which are backscattered

(2)
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along a direction normal to the specimen surface. Those 14.41 keV vy-rays
which originate at the depth t but travel to the surface along a path of length
z > € are subject to more absorptions. The e M dependence of this absorption
probability will reduce the contribution to the measured spectrum from y-rays
re—-emitted at large t, and this is expressed by the smaller second integral
in Eq. (2). A spectrum collected with a detector which intercepts less than
a 2n steradian collection angle (but still centered around the specimen nor-
mal) will be described by the first integral of Eq. (2) minus a correction
smaller than the second integral of Eq. (2). Although it should be possible
to devise procedures to fit this exact result to experimental data, in the
next section we pursue a simpler, albeit approximate, relationship to extract
GA(E) from I(4).

It does not seem worthwhile to consider the effect on I(4) due to
processes in which a resonantly scattered 14.41 keV y-ray undergoes a second
resonant absorption before leaving the absorber as a 14.41 keV y-ray. The

longer average distance traveled for two resonant scatterings and the factor
fZ

The for the second absorption and re-emission will reduce the probability of

such double scatterings 2 orders below that of the single scattering processes
we have just considered.

A Data Correction Procedure

The power series definition of the hypergeometric function,

F(1236)—l+2<3+k) 0!,

was evaluated numerically and is graphed in Fig. 1. TIn many cases of practi-
cal interest, such as for natural ferromagnetic iron alloys at room temperature
where 6 only varies from 1/2 to =0.6, ZFl(l,Z;B;G) can be replaced with an

F o(1,2535;6) = 0.5452 + 26. With the

accurate linear approximation of 5Fy

additional approximation of
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U +f n o (E) fn o (E)
AAA AAA
6 = ~1/2 + 1/4 —ee we have:
2u+fAnAGA(E) U
fy = T »  fn,0, (E) 1 - ,7726p+fAnAGA(E)/4
20(1H0) % (pyeas)® 4 12 \PFEA0,0,(B) ) 2utf,n,0, (E)

4
(3

o,(E) << u, and the

Our two approximations are quite good when fAnA A

maximum error in the integrand of Eq. (3) dis less than ~N1% of the dinte-~

grand until f (E) = Y. The accuracy is more than adequate for most

57

A"
absorber materials which are not enriched in Fe
The approximate form of Eq. (3) is particularly convenient for

processing a backscatter spectrum to recover the true absorber material
resonant scattering cross section, OA(E)g and a straightforward procedure
for this is now suggested. The deconvolution of the lorentzian source
lineshape from the measured spectrum gives a result, D{(v), which is

related to OA(E) as:

D(v) _ fAnAOA(h) ».7726 + fAnAGA(E)/a o
k 2U+fAnAOA(E) U+ fAnAOA(E)
This relationship yields a quadratic equation for OA(E) from which we
extract the root:
2.4548 - 8 P—%‘Q -s.7232 D(k") + 6.026
fAnA>
o (E)( = : . (5)
A H s DG

k

GA(E) may be described as a sum of single lorentizian lineshapes with
identical FWHM's but different mean energies due to the different nuclear

environments dn the adsorber material. The sum of the maxima of these
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- 2
component lorentizians is known to be fA(2.4 x 10 8)cm when normalized

to one FeS7 nucleus. A fit of lorentzian functions to the deconvolved
experimental data, D(v), will show approximately how this fA(Zsé X 1O~18)cm2
total cross section is distributed among the component lorentzians.

D(v) normalized in this way may be used as UA(E) in Eq. (4) to
approximately determine the scale factor, k, when we also know the
absorber material constants U and Dye With this first approximation for
k, OA(E) can be fecovereé from D(v) with Eq. (5). This OA(E) can then
be used for a better approximation for k in Eq. (4), and a better OA(E)
may then be determined from D(v) with Eq. (5). Such an iterative

procedure converges quickly when max{f ()} <p.

A%
The determination of the mean energies and individual maxima of the
component lorentzilans which make up OA(E) is frequently a goal of an
experimental study. When there 1s a low statistical counting error in
the raw data, a loventzian curve with a FWHM as large as that of the
component lorentzians making up OA(E) could be deconvolved from OA(E)
determined from Egqs. (4) and (5). The helght of the resulting function

. . 57 \ .
at 4 is proportional to the number of Fe nuclear enviropments in the

absorber with resonant absorptions centered at the Doppler shift 4.

Example:

The ~3/2 -+ ~1/2 transition line for an unenriched ferromagnetic
Fe ~ 8.5 w/o Ni ~ 0.2 w/o Cr absorber 1s shown in Fig. 2A. The I for
our radiation source was determined to be 0.12 mm/sec. A computer
generated lorentzian function with this FWHM was deconvolved (using a
Gaussian rolloff of higher order Fourier components of the data) from

the background corrected data to give the result shown in Fig. 2B.
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Using the first approximation for k with max{fAnAGA(E)} = 300 c::i:nm1 and
B o= 450 cmw1 in Eq. (4) gives the result from Eq. (5) for GA(E) shown in
Fig. 2C. To more sharply reveal the intensities and mean energies of
the nuclear environments contributing to GA(E)‘a lorentzian function of

FWHM = 0.08 mm/sec was deconvolved from the function of Fig. 2C to give

the result shown in Fig. 2D.

Conclusion:
The thickness distortion of OA(E) in a measured 14.41 keV back-
scatter y-ray Mossbauer spectrum can be described (for the case of
isotropic y-ray re-emission in the absorber and a 21 steradian detector
collection angle) in a clumsy exact way or 1n an approximate way con-

venlient for data processing and with acceptsable accuracy when f (E) < yu.

A"A%
Such an approximate procedure for extracting OA(E) from experimental data
is described and demonstrated. For absorber materials with large maxima
of fAnAOA(E) good counting statistics are more readily obtained with
transmission rather than backscatter experiments. Nevertheless,
advantages in specimen preparation and the consistency expected in the
thickness distortions for different absorbers may in themselves make the

14.41 keV y-ray backscatter technique an attractive choice for precision

. 57 . .
work in Fe  Mossbauer spectrometry.
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Figure 1.

Flgure 2.
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FIGURE CAPTIONS

The Hypergeometric Function 2F1(192;3;6),

Backscatter 14.41 keV y-ray MUssbauer Spectrum of Quenched
Fe-8.5Ni~0.2Cr. a) raw data. b) source line shape deconvolved.
¢) thickness distortion corrected. d) absorption line width
deconvolved.

Note the visibility of the resonance peak from Fe atoms with a

Cr atom as a nearest neighbor. (Data channel interval =,029 mm/sec).
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Figure 2.








