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Abstract A high field Mossbauer spectrometer using a Bitter coil producing

fields of up to 155 kOe is described. Problems encountered in the

design of this type of equipment are discussed arid preliminary

results demonstrating the performance of the spectrometer are

presented.

Résumé On décrit un spectromètre Mossbauer sous chaisp magnétique intense

atteignant 155 kOe. On discute les divers problèmes rencontrés lors

de la construction et présente les premiers résultats montrant

les perfornanc.es de l'appareil.
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External magnetic fields are frequently of considerable use

in Mossbauer spectroscopy (I). The first reported Vossbauer experiment i

an external magnstic field vas that of HANNA et_ al_. (2) in I960 who detc

rained the sign of the hyperfine field in iron metal with the help of a

conventional electromagnet producing a field of 20 kOe . In 1962'

superconducting magnets (35 kOe) were introduced into Mossbauer spectres

by CRAIG et al. (3) who conf irrcsd the existence of giant magnetic moment

in PdFe. In early 1964, BLUM et al. (4, 5) reported a comprehensive, stucî

of localized magnetic moments in metals using high field water-cooled

solenoids (*»• 110 kOe) of the type designed by F. BITTER. Since then the

technology of the superconducting materials has improved greatly and fie

of 100 kOe are currently attainable. However, Bitter water-cooled magnet

still have some advantages, such as the possibility of obtaining fields

of large magnitude in large bores : for example at the Service National

des Champs Intenses (SNCI) in Grenoble several Bitter coils produce

155 KOe in a 5 cm bore. Such a large room temperature working space is

convenient for both low temperature and high temperature experiments. Ir

addition these magnets have a fast field sweep rate (approximately 2

minutes). Their main drawback is the high level of mechanical vibration

resulting from the huge flow of cooling water.

Hyperfine interactions observed in Mossbauer spectroscopy ar

-5 -9typically in the range 10 - 10 eV. Therefore one needs to slightly

modulate the energy of the emitting y-rays in order to sweep through the

resonance lines. Because the required energy changes are so small the

Doppler effect is most often used for this purpose. For example for

nuclei, moving the source with a velocity of 0.1 mn/occ changes the
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14.4 kcV Y~ray energy by an amount equal to 4.8 x 10 eV, i.e.

comparable to the natural linewidth of the nuclear level. In a Mossbauer

spectrometer the energy scale is therefore a velocity scale. Motion of

the source is obtained by using a velocity producing apparatus, usually

an electromechanical transducer. The experimental aspects of Mossbauer

spectroscopy have been discussed in details in several reviews C6), and

BLUM who pioneered the use of Bitter coils in conjunction with Mossbauer

spectrometer has comprehensively reviewed this field (7). One is faced

with two special problems : (a) mechani al vibrations which interfere

with the Doppler motion, and (b) the large stray fields produced by the

Bitter coil which interact with the electromechanical transducer, the

detector and the sample. In this paper ve will describe a Mossbauer

spectrometer installed at the SNCI using a Bitter coil, the characterist

of which are given in table I. A schematic view of the spectrometer is

shown in fig. J.

Effect of mechanical vibrations :

Mechanical vibrations result in randon velocities comparable

in magnitude to those produced by the transducer. Their effect ranges

from a simple broadening of the resonance lines to the complete disap-

pearance of the Mossbauer pattern. It is therefore absolutely necessary

to isolate the spectrometer from the vibrations of the magnet. Since in

our arrangement the magnet is rigidly coupled to the floor, we have

suspended the whole Mossbauer apparatus from the ceiling. Even so, a

significant amount of vibration is transcitted to the spectrometer.
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In order to decrease the effect of the ceiling vibrations the weight of

the platform (fig. 1) which supports the transducer and the sample holder

has to be as heavy as possible and the suspensions which support the

platform have to be as thin as possible. Then the platform will be at a

vibrational node for the vibrations transmitted along the suspensions. In

addition the system (transducer and sample holder) is isolated from the

platform by an air suspension consisting of an automobile tite inner tubo

The natural resonant frequency of the tube is set by the air pressure ar.̂

should be as low as possible in order to filter out the higher platform

vibration components. BEYSENS (8) has calculated that if R is the mean

radius of the tube and a the radius of its section (see insert of fig. 1}

the pressure p is related to the resonant frequency uo by

Mgp = —6- 2 -
auo

vherc M is the mass and g is the gravitational acceleration. For example

with Mg = 50 Kg, a = 5 cm and R = 15 cm, one obtains p = 65 fl.cm

for w0 «= 2 Hz.

Effect of stray fields :

Stray fields of significant magnitude exist in the surroun-

dings of the Bitter coil and at the ends of the bore are of the order of

several kOe. It is therefore necessary to keep the transducer far enough

away so that it can be properly shielded from the residual fringing ficl<
4

In addition a non-magnetic drive rod is used to transmit the ration fron



the transducer to the source (fig. 1). But a problem then arises due

to the phase difference between the velocity reported by the pick-up

coil and the actual velocity of the source (7). -Its magnitude depends

upon the frequency of the motion, the material of the rod and its length

and becomes significant for rod lengths greater than one raeter, as for

example v/hen the rod is used to drive the source in the tail of a low

temperature dewar. In order to decrease this phase difference one must

operate at low frequency (3-10 Hz) and use a rod material having a high

sound velocity. Fiberglass or permali combining good mechanical properti

and insensitivy to magnetic fields have been successfully used. A rela-

tively simple technique for correcting for the effect .of stray fields an

of the phase shift is to perform a simultaneous calibration of the velo-

city scale by having a second Mossbauer source (S£ in fig. 1) attached

to a similar rod on the side of the transducer opposite to the high

field region. Thus two simultaneous Mossbauer spectra are recorded.

For that purpose an electronic interface permits the memory of the

multichannel analyser to be shared between the two data acquisition

units <9).

Stray fields also act on the radioactive source. Their effec

depends on the nature of the source and on its temperature. If the sourr

is at low temperature large hyperfine fields can be induced by the stra;

fields and the emitting y-ray is no longer monochromatic. As suggested

by CLARK (10) and SWARTZEN0RUBER (11), it is possible to find a tempe-

rature for '..'hich the induced hyperfine field exactly cancels the extern.'

field. However this requires a separate temperature control unit for th

source. It is also possible to use a small coil to produce a field vrhic'

cancels the fringing field of the Bitter solenoid at the position of th

source. In any case, an effective field at the source nuclei must be
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accounted for in the interpretation of the spectra.

Finally, because of their extreme sensitivity to magnetic

fields, scintillation detectors are prohibited unless the photomultiplier

is removed from the neighborhood of the magnet and a light pipe used

to guide the light from the Nal(Tl) crystal to the photomultiplier.

However this results in some loss of resolution. If possible it is

desirable to use proportional counters as shown in fig. 1 or semi-

conductor detectors, as these are insensitive to magnetic fields.

Demonstration of the spectrometer : Fe in FeSiF-.oH-O

As an example of the type of experiment possible with this

high field spectrometer wa show in fig. 2 the room temperature spectra

of polycrystallirie ferrous fluosilicate (12) for H fc = 0 and 75 kOe

using Co in Rh as a source. Both spectra were obtained simultanaously,

i.e., A. and A. are ferrous fluosilicate and S. and S_ are Co in Rh

(fig. 1). Linewidths of the zero-field spectrum are 0.30 mm/sec without

correction for the absorber thickness (27 ng/cm2 of natural iron). This

value for the linewidth indicates that no significant amount of vibration

is transmitted to the spectrometer. The spectrum with H «-75 kOe

shows the characteristic "doublet" and "triplet" bands (13) due to the

superposition of the applied field on the randomly oriented electric

field gradient in the polycrystalli.ne sat-plc. From the spectrum one

deduces that the electric field gradient at the 57Fc nucleus has a nega-

tive sign at room temperature.
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As far as mechanical vibrations are concerned, experiments

with fields greater than 75 kOe (up to 155 kOe) are not a problem since

the amount of vibration does not depend on the current in the coil but

is due to the flox* of cooling water. This flow remains the same for

intermediate or large values of the field. However for high fields, the

magnetic coupling of the metal dewar or of the sample holder to the

shaking magnet may be an additional source of broadening (7) . A way of

overcoming this effect is to use a dewar tail or a sample holder made

of glass or plastic.
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Table caption

Main characteristics of the Bitter coil used in conjunction with the

Mossbauer spectrometer.

Figures captions

Fig. I Schematic view of the whole Mossbauer spectrometer enabling to

conduct two simultaneous experiments : S. and S» are the radio-

active sources, A. and A» the absorbers and C. and C- the propor-

tional counters. Dimensions are given in cm. For the rest see

the text.

Fig. 2 Mossbauer spectra of ferrous fluosilicate recorded simultaneously

at 300 K with K = 0 and Hfixt = 75 kOe (source Co in Rh at

300 K) . The field produced by the coil is parallel to the Y~ray

propagation direction.



TABLE I

- s -

maximum field

maximum current (A)

maximum power (MW)

flow of cooling water (m3/h)

field homogeneity

(in a sphere of 2cm diameter)

bore diameter (cm)

stability of the field

(within 2 hours)

157

15,000

5

180

< 5 x 10-3

i 5 x 10-5
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