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1. INTRODUCTION

Most MOssbauer experiments are based on a transmission geometrv;
an absorber 1is placed between a source and a counter; either the
source or the absorber is moved, and resonance absorption is ob-
served as a decrease in count rate. However, in some cases 1t mav
be more favourable to use a scattering geometry, where the ab-
sorption is observed via the de-excitation of the absorbing nu-
clel [e.g. 1, 2}. MBssbauer transitions are normally partly
converted, anl it 1s thus possible to detect either the emission
of y=-quanta or the emission of cznversion electrons, Auger elec-
trons, and X-rays. The electrons, however, have such a low en-
ergy (tvpicallv 1-10 keV) that they cannot penetrate a detector
window; therefore the absorber must be placed inside the detec-
tor volume. It iz possible to incorporate Mdssbauer isotones in
a scintillator [3], but normally a gas-filled counter is used;
such a combined absorber-detector is generally called a reson-

ance counter.

57 . ..
Counters for “'Fe based on this principle have heen de~

119

scribed by i.a. Spijkerman [e.g. 4] ; a counter for
125
d

Sn has
d by Mitrofancv et al. [5] and for Te bv Lebe-
1 125

been describe
£]. In the Te case the energv of the conversion

dev et al. [5
electrons 1s only about 1 keV, and it is more favourable to de-
tect the accompanying X-rays. More elaborate set-ups, where the
electrons are detected with a small B-spectrometer, have been
described for “YIsn by Bonchev et al. [7] and for 182y by Kan-
keleit [8].

Resonance counters can be used in two ways. If the source
and the absorber in the counter are of the same material, the
maximum resonance is observed when source and counter are sta-
tionary, then the M3ssbauer spectrum of another moving absorber
between the source and the counter can be measured. If, on the
other hand, the source and the absorber in the counter are of
different materials, either the cource or the counter must be
moved; then the MOssbauer spectrum of the source can be invest-
igated if the absorber is known or vice versa. Only measure-
ments of the latter tvpe are discussed in the following; here

resonance counters have three attractive properties:



1) The sepsitivitv ¢f the detector for y-radiation can he
made very low; therefore a large rescnance to baziground
ratio can be obtained. Typically the ratio is about ten
times larger than in a corresponding transmission meas-
urement, This is a potential advantage in 'beam experi-

ments' (c¢f. sect. 5.1).

2) The electrcns have A very short range; for 7.3 keV elec-
trons from 57Fe in metallic iron the attenuation coef-
ficient, Hyos is thus about 5-10_5 cm.l LG], correspond-
ing tc a range of the order of 1000 A. Therefore onlv
absorption in a thin surface layer of the absorber is
registered. This mav be exploited in e.g. corrosion
studies (cf. sect. 5.3). In principle it should even be
possible to distinguish electrons originating at differ-

ent depths in the absorber and thus toc record Mdssbauer

however, are complicated by the emission of L-shell
Auger electrons which follow the conversion electrons
with a probability of 0.7. A theoretical analysis of the

problem has been presented by Krakowski and Miller [9].

3) A resonance ccunter has a better energy resolution for
Mdssbauer absorption ihan a conventional absorber-
counter combination, since thickness broadening is neg-
ligible. This is a potential advantage in 'source exper-

iments' (cf. sect. 5.2).

The advantages are set off by two drawbacks: A low efficiencv
- typically only about 10% of that of a conventional system

[10] - and a low pulse height resolution (ef. rig. 3).

The present report describes the construction of a resonance

57

counter for Fe and summarizes the experiences ohbtained in

various experiments. Some of the results have been published

elsewhere - others are purely informative,

2. MDSSBAUER TECHNIQUE

All Mdssbauer spectra were recorded on spectrometer: of the



constant acceieration type with transducers mads from two Hi-Fi
loudspeakers. In the first experiments the velocity drive [ll]
was operated in pulse height mode; later a drive operating in
time mode was used [12]. Since a resonance counter has a low
background, a drift in the base line 1s not serious, and the
choice of drive mode 1s not critical.

The counter (cf. sect. 3) was followed bv conventional
electronics (Nuclear Enterprise) consisting of preamplifier,
amplifier, single-channel analyser, and high-voltage un’t. The
pulses were stored in a multichannel analyser (Nuclear Lata)
which was slightly modified [12] to give a reference signal for
the velocity drive.

The accumulated data were treated with a 'least-squares
method'-computer program [13], which fitted Lorentzian lines to
the experimental points. Any set of parameters or linear com-
binations of parameters could be constrained; normally pairs of
lines were assumed to have equal intensity and widths. The vel-
ocity calibration was made with the spectrum of an enriched

iron foil.

2. CONSTRUCTION OF THE CQUNTER

The construction of the counter has been shortly described pre-
viously [10], and it is shown in detail in fig. 1. It is a flat,
cylindrical flow counter with entrance and exit windows which
also serve as cathode, made of 0.5 mm bervllium discs (Bruch
Beryllium Co.). On the exit window is glued a 1.5" diameter
foil of 310 stainless steel containing 1 mg 57Te/cmg; the actual
absorber thickness is about 2 mg/cm2 (NENC). A rim of conducting
paint on the edge of the absorber provides electrical contact
with the window. The windows are glued with araldite to aluminium
flanges; these are placed on either side of a Lucite flange which
supports a number of anode wires of 0.1 mm stainless-steel wire.
The Lucite flange also holds inlet and outlet tubes, made of
aluminium, for the counting gas.

One, three, and five anode wires have been used and counter
thicknesses between 3 and 10 mm were tried. Helium mixed with

1-10% methane was used as counting gas with a flow rate of about
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Fig. 1. The resonance counter in the final
version for source and beam experimsnts. Outer
diameter 10 cm (Scale 1:1.33).
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4 cc/min,
In 'beam and source experiments' the counter was screwed

directly on a 30 mn®

collimator with a graded Compton electron
shield (cf. fig. 2 in ref. 12). In surface studies the exit

window can be replaced by a flat sample (cf. fig. 1 in ref. 1u).

4L, DETERMINATION OF WORKING CONDITIONS

Whein the counter is used, radiation from the Mossbauer source
goes through the entrance window, passes the volume of counting
gas, and is eventually absorbed in the absorber; unabsorbed
radiation disappears through the exit window. Conversion and
Auger eiectrons, which are emitted in the backward direction

and from not too deep in the absorber, enter the counting volume
and must be detected to show resonance absorption. Therefore

the ~ounter must have a low detection efficiency for y-quanta
combined with a high efficiency for electrons. To achieve this,
we can adjust three parameters: the composition, and in principle
the pressure of the counting gas, *the thickness of the counter,
and the electric field gradient. In addition it is of course
possible to select the pulses from the detector by a conven-
tional single-channel analyser.

As a measure of the performamce of the counter we deter-
mined the count rates when the counter was exposed to a Pd(57Co)—
source in movement and at rest. The Mossbauer spectrum of the
Pd(57Co)—source is shown in fig. 2, and it is seen that the ab-
sorption is measurable at zero velocity. With a large velocity
scar, the response to a moving source is nearly equivalent to
the background, and the response tc a source at rest indicates
the background plus a fraction of the peak height.

In a counting gas at 1 atm. composed mainly of helium 7.3
keV electrouns deposit their kinetic energy within 1 cmj after a
few preliminary experiments we chose a counter thickness of 8 mm,
This thickness should allow an almost 100% detection of conver-
sion electrons which enter the counter volume; at the same time
the efficiency for relevant y-quanta should be negligible [15,
16]. Any background registered must therefore be due to Compton

electrons produced by y-quanta in the entrance and exit windowe,
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Fig. 2. The Mossbauer Spectrum of a Pd(”'Co)

Source measured with the resonance counter;

the absoiute velocity is indicated.

in the absorber, or possibly in the anode wires.

Various experiments with different numbers of anode wires
indicated that for the given absorber diameter (~v U cm) three
wires were sufficient. The helium~methane ratio in the counting
gas was not critical, but the best results were obtained with
a mixture cf 94% He and 6% CHH [10].

The shape of the pulse height spectrum depends upon the
“high voltage, and the best resolution is obtained in the region
1300-1400 V, Fig. 3 shows the spectra of a source at rest and
in rapid movement; the difference between the two spectra rep-
resents to a good approximation the en=rgv spectrum of the de-
tected electrons. In recording of Mdssbauer spectra the channel
analyser was used in 'integral' with a lower discriminator
setting corresponding to channel 20 in fig. 3. The ratio he=-
tween the integrated count rates for the source at rest and in
movement is about 2.5:1; this is seen to be in agreement with

the Mdssbauer spectrum of Pd(°’Co) shown in fiz. 2.
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Fig. 3. Typical pulse height spectra from the
resonance counter. High voltage 1375 V.

57
20 uC Pd(” 'Co) source at 12 cm distance. Live

time 4 min.

Alternatively the counter can be operated with a fixed
lower discriminator setting, and at various high voltages. Again
a difference between the count rates for the source at rest and
in movement shows the contribution from conversion electrons,
which allows a choice of a suitable high voltage [10].

The two methods of obtaining a good combination of high
voltage and discriminator setting yield the same signal to back-
ground ratio; this is roughly about twice that normally reported
in the literature for such counters.



A direct evaluation of the performance of a resonance
counter relative to that of a conventional counter is difficult,
i,a. because the gecmetries, in the nature of things, are dif-
ferent. However, if we define a figure of merit as the ratio
between the peak height of a particular resonance and the stand-
ard deviation of the counts registered per channel, we can com-
pare spectra recorded for the same time with different tech-

niques.

5. APPLICATIONS

5.1. Beam Experiments

Some MOssbauer isotopes are difficult (or impossible) to form
in the excited state by a nuclear decay, whereas it may be
achieved in an induced nuclear reaction. In other cases one mav
want to study the chemical effects of an induced nuclear reaction
by MOssbauer spectroscopy. This may lead to the set-up of a
M8ssbauer beam experiment.

A beam of particles (e.g. thermal neutrons) hits a tilted
target and induces the nuclear reactions. The target serves as
a source in a Mdssbauer experiment which - in order to reduce
the background - is performed with the axis forming a right
angle with the beam. In experiments based on (n,y)-reactions the
sequence of events is the following: A neutron 1is absorbed in a
nucleus, and capture-y quanta are emitted in a cascade which
with a certain probability passes the M&ssbauer level. Since the
stopping time of recoil atoms is much shorter than the lifetime
of Mdssbauer levels, the atom will recoil out of its lattice
site and again come to rest before the Mdsshauer quantum is
emitted. A measurement of 'MOssbauer parameters' (isomer shift
etc.) might therefore yield information on the chemical form
and (or) the surroundings in which the recoil atom is stopped.

In experiments of this type, the background is much higher
and the overall count rate generally lower than in conventional
Mdssbauer experiments; therefore various special counting tech-

niques have ber ' tried,



“e have used the resonance counter and compared it with a
proportional counter in studies of the chemical effects of

S5Fe(n,v)%7Fe-reactions in FeC,0,. 2,0 and ¥ Fe(CM) .3H 0,

which were irradiated in a theimzl neutrcen beam at the Dgnish
reactor DR 2 [12]. The resonances were very weak and could onlv
be found by computer analvsis of the experimental dataj there-
fore it was an advantage that the resonance counter gives spectra
with peaks, whereas the proportional counter gives dips; the

idea that the observed resconances were an artefact of a curved
base line could then be excluded. Further the resonance counter
of fered
STco(EC)

cause of the poor energy resoclution of the resonance counter,

a direct comparison with results obtained in studies of
57Fe-reactions (cf. sect. 5.2). On the other hand, be-
its 'figure of merit' (cf. sect. 4) was not better than that of
the proporticnal counter.

An avalanche counter, also based on detection of conver-
sion electrons, has been described by J. Christiansen et al.

56Fe(d,p)57Fe-reaction.

[17] and used by them in studies on the
Such a counter has no energy resolution, but its time resolution
is of the order of some nsecj this permits a time-gating tech-
nique which, combined with a pulsed beam, allows an efficient
suppression of the background. Since the resonance counter works
in the proportional region, its time resolution is modest, and
it is not suited for coincidence measurements. In anv case, it

would hardly be a feasible solution for neutron beam experiments.

5.2, Source Experiments

Mossbauer spectroscopy is well suited for studies of chemical
57Co(EC)57Fe—decay has
>7co-1abelled
cobalt compounds or 57Co—doped iron compounds are used as M&ss~

effects of nuclear decay in solids. The

naturally received most attention, and typically

bauer sources and measured in a conventional transmission ge-
ometry. The emission spectra of such sources are complex and
normally the resonance lines are weaker and considerably broader
than in corresponding absorber spectra. The mechanisms behind
these effects are not fully understood, but it is reasonable

to assume that they are related to a radiolysis or radiation
damage of the crystal lattice.



We have on various cccasion [e.g. 18] attempted to use the
resonance counter in order to improve the resolution of source
spectra, and an example (Mn3 [57CO(CN)6 ]2.12H2O) is shown in
~fig. 4, A large 'signal to background' ratio is observed, but
the 'figure of merit' (cf. sect. 4) is not better than can be
obtained with a conventionel technique. A comparison between

57

spectra of Fe(” 'Co)C,0,.2H,0 recorded with the resonance count-

er and a scintillation couﬁter is shown in fig. 3 of ref. 10.
The line width of a recorded resonance is roughly the sum
of the linewidths of the source and absorber; therefore a
reasonable improvement in the resolution of source spectra can
only be obtained if the source linewidth 1s not too large. For
the Pe2+-resonances in Fe(57Co)C2Ou.2H20 with a lirewidth of
about 0.4 mm s—l, the resonance counter gives lines which are
significantly more narrow than observed with a conventional
counter {10,12 ] . Tor the Fe(CN)Z—— resonances in cobhalti-
hexacyanides with a width of aboﬁt 1 mm s-l, on the other hand,

the improvement was found to be negijgible [18] .

%0

130
120
1o

100

COUNTS PER CHANNEL (%)

SOURCE VELOCITY(mms™)

Fig. 4, MOssbauer emission spectra of
Mn3[57Co(CN)6]Z.12H20 recorded '>th the res-
onance detector, Reference velocity: Metallic

iron.
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5.3. Studies of Conducting Surfaces

As described in ref. 1% the resonance counter can be used for
surface studies by replacing the flange with the exit window at
the stainless-steel absorber by a sufficiently flat sample.
Since the sample then forms part of the cathode, its surface
must be conducting or at least be a thin layer on a conducting
material.

We have made preliminary measurements of surfaces of pure
iron and various corroded iron plates. A typical example [14]
is shown in fig. 5. The spectrum was recorded with a 5 mm iron
plate covered with a thick laver of rust, and it exhibited a

single narrow doublet with an isomer shift of N.4NN.03 mm s-'1

1

relative to iron and a quadrupole splitting of 0.55*0.02 mm s
These values show that the rust is essentiallvy composed of
v~FeOOH. A similar doublet (A = 0.69 mm s—l) has been observed
by Terrell and Spijkerman [19] with an X-ray scattering tech-
nigque and was ascribed to B-FeOOH. Since the X-ravs have a high-
er penetration power than conversion electrons, spectra recorded
by means of X-ray scattering represent a thicker surface layer;
therefore the difference in spectra may be ascribed to a varying
structure of the surface with depth.

e

COUNTS PER CHANNEL (%)
g

SOURCE VELOCITY (mms-1)

Fig. 5. MOssbauer spectrum of a rusty 5 mm
iron plate, substituted for the exit window
in the resonance counter. Source: Pd(57Co).

Reference velocity: Metallic iron., [1u] .



We atvemitel U0 study rhe surfaces cf some peollshed goo-
logical samples (rincly supr.ied by The Mineralogical Musewn,

University of Copenhagen), but with discouraging results. Thus,

the spectrum of a sample of basalt, containing so much metallfl

o]

iron that is was electrically conducting, on the whole onlv

showed the presence cof Fe and Fe30u. Apparentlyv the preparation

n
273
of the surface had 'ed to an oxidation.

5.4. Studies of Insulating Surfaces

We have only made a few surveving experiments with different
techniques for measurements of insulating surfaces.

Sufficiently small flat samples can be placed directlv on
the exit window, replacing the stainless-steel absorber; at the
same time the collimator opening must be reduced correspond-
ingly. A reasonable spectrum was obtained from a single crystal
(10 x 10 x 1 mm) of KuFe(CN)6.3H20.

Polished samples can in principle be covered with a thin
layer of aluminium by evaporation. In practice, however, it
seems impossible to obtain sufficient conductivity without pre-

venting the conversion electrons from entering the counter.

6. CONCLUSION

A MOssbauer resonance counter gives spectra with a much higher
peak-height to background ratic than a conventional absorber-
counter combination; further, the line broadening in the ab-
sorber due to thickness effects, 1s negligible. Therefore it
was reasonable to expect that a resonance counter could be used
with advantage in source and beam experiments. In the actual
experiments, however, it appeared that the advantages wera
largely set off by a much lower sensitivity.

Applications in studies of thin layers and surfaces are
more promising; and it is noteworthy that the onlyv systematic
studies with a resonance counter [e.g. 20 ] have been within
this field. Here Mdssbauer measurements may supplement measure-
ments by various types of electron spectroscopv [e.g. 21,221,
which give related information [23] for surface lavers onlv a
few atomic distances thick.



3)

L)

5)

6)

7)

8)

9)

10)

11)

P. Debrunner and H. Frauenfelder, 13ashauer Scattering.
In: Aprlications of the M3ssbauer Effect in Chemistry and

5clid-state Physics. IAEA Technical Reports 3Jeries lo. 50

R.L. Collins, A One-3ided View of MOsshauer Spectroscopy.
In: I.J . Gruverman {editor), !dscsbauer Effect Methodologv.

Yol. & (Plenum Press, HNew York, 1968) 129-138.

L. Levv, L. Mitrani, and . Ormandjiev, Prorerties ~-f a
Resonance Seintillation Counter. Nucl. Instrum. Meth. 3

(1964) 233-236.

J.J. Spiikerman, Conversion Electron Mosshauer Spectrosconv.
In: I.J. Gruverman (editor), Mossbhbauer Effect Methodologv.

Vol. 7 (Plenum Press, New York, 1971) 85-96.

K.P. Mitrofanov, M.V. Plotnikova, and N.I. Roklov, A Res-
1149

onance Counter Based on HgZSn for 23.8 keV Sn*l” Gamma-Ravs.

Instrum. Exp. Tech. 1 (1963) 790-793.

V.A. Lebedev, E.XK. Bakov, A.I. Kuz'min, and A.M. Babeshkin,
Resonance Counter for Observing the Mdssbauer Effect in
125Te Huclei. Instrum. Exp. Tech. 15 (1972) 1346-13u8.

Zw. Bonchev, A. Jordanov, and A. Minkova, Method of Analv-
sis of Thin Surface Layers by the Mossbauer Effect. Nucl.
Instrum. Meth. 70 (1969) 36-u0.

E. Kankeleit, Untersuchung von Konversionselektronen beim
M&ssbauer~Ef fekt am Wolfram=-182 mit einem magnetischen
Spektrometer. Z. Phys., 164 (1961) uy2-uss5,

R.A. Krakowski and R.B. Miller, An Analvsis of Backscatter
M&ssbauer Spectra obtained with Internal Conversion Elec-
trons. Nucl. Instrum. Meth. 100 (1972) 93-105.

J. Fenger, Design of a Simple MOsshauer Resonance Counter.
Nucl. Instrum. Meth. 89 (1969) 268-270.

L. Lgvborg, Velocity Drive for Mdssbauer Experiments
Using an Amplifier with Negative Output Impedance.
Nucl. Instrum. Metn. 34 (1965) 307-310.



13)

i)

15)

16)

17)

19)

20)

21)

22)

- 15 =

J. fenger, A M8usbauer Beam Experiment and its Possible
Appiications in the Study of Chemical Effects of the

c -

6?e(n,y)57Fe Reaction. Ris¢ Report No. 255 (1971) 18 pp.

(In shorter form: Radiochim. Acta 17 (1972) 170).

A.J. Stone, H.J. Aagaard, and J. Fenger, MOSSPEC, a Pro-
gramme for Resolving M3ssbauer Spectra. Risg-M-13u8 (1971)
42 pp. (In a revised version by J. Vraa and J. Fenger,
(1974) 59 pp.).

J. Fenger, A Simple Mdssbauer Resonance Counter for Surface
Studies. HNucl. Instrum. Meth. 106 (1973) 203-20u.

K.R. Swanson and J.J. Spijkerman, Aralysis of Thin Lavers
by Fe-57 Mdsshauer Backscattering Spectrometrwv., J. Appl.
Phys. 41l (1970) 3155-3158.

1. Takafuchi, Y. Isozumi,and R. Katano, A Proportional
Counter for M&ssbauer Spectroscopy by Scattered Electrons.
Bull. Inst. Chem. Res. Kyoto Univ. 51 (1973) 13-18.

J. Christiansen et al., Hyperfine Structure Investigations
with the Mdssbauer Effect Following the Reaction
>6Fe(d,p )°7Fe. Nucl. Phys. A99 (1967) 345-352.

J. Fenger, K.E. Siekierska, and J. Olsen, After Effects of
the Ccbalt-57-Iron-57 Electron-Capture Reaction in Hexa-
cyanocobaltate (III) Complexes. J. Chem. Soc. Dalton
Trans. (1973) 563-567.

J.H. Terrell and J.J. Spijkerman, Determination of Surface
Compound Formation by Backscatter M&ssbauer Spectroscopy.
Appl. Phys. Lett. 13 (1968) 11-13.

G.W. Simmons, E. Kellerman, and H. Leidheiser, Jr., The
Oxidation of Iron as Studied by Conversion Electron
M&ssbauer Spectroscopy. Corrosion 29 (1973) 227-233.

N.A. Gjostein and N.G. Chavka, Technological Application
of Auger Electron Spectroscopy. J. Test, Eval. 1 (1973)

C.R. Brundle, The Application of Electron Spectroscopy to
Surface Studies. Surface Defect Prop. Solids 1 (1972)
171-20u4,



23)

..16..

G.K. Wertheim, X-Ray Photoelectron Spectroscopy and
M5ssbauer Effect, Complementary Techniques for thc Studv of
Scolids. In: S.G. Cohen and M. Pasternak (editors), Perspec-

tives in MOssbauer Spectroscopy (Plenum Press, New York,
1973) u1-53.



ISBN 87 550 0249 8



