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DEVELOPMENT OF M8SSBAUER SPECTROSCOPY

THE USE OF 67Zn

By A. I. Beskrovny, N. A. Lebedev, and Yu. M. Ostanevich

|}?aper before the International Conference on
Mfissbauer Spectroscopy, held in Dresden,
German Democratic Republic, 20-25 Sept. 1971)

The nucleus of 'Zn is one of the very attractive MBssbauer

emitters. Its basic characteristics, i.e., E = 92.7 keif, T x = 10~-*

sec, and r'E = 5.25 x 10~ , permit an improvement by a factor of

100 of the absolute energy resolution and by one of 700 times of

the relative energy resolution compared to the resolution obtainable

with the use of -"Fe. This means that the accuracy of an entire

series of basic research studies performed up until' now with the use
57 \

of Fe may be increased by three orders of magnitude.

However, studies with the use of Zn are connected with con- :

siderable experimental difficulties, and this explains why the num-

ber of studies performed in this area has been small. Suffice it
*

to say that the resonance absorption energy spectrum has been obtained

only by two research groups [1, 2], and only for ZnO.

The nature of these difficulties is clear enough. A high re-

coil energy at the free nucleus E- = E Q /2Mc = 70 mev corresponds

to a high transition energy, and this does not permit"a satisfactory

fulfillment of the conditions for observation of the resonance ab-

sorption ER/k9 4*1• Because of this, the observed resonance effect

is very weak («*2 x 10"^ in ZnO). The time period of measurements is

limited by the half-life of the matrix nucleus of °7Ga (T, = 78 h).
—11 *

And, finally, the extremely narrow 7-line (G = 5 x 10 ev) requires
careful attention to various factors (contaminants, vibrations, heat

treatment of the investigated substances, etc.), which cause line

broadening.

In order to overcome these difficulties, we had to accept the-

method of applying strong emitters (above 100 millicurie) in the usual



transmission geometry. Under these conditions, the counting rate

in the detector reaches a level of at least 10 Y-quanta/sec.

In this case, the detection equipment [3] is different from

that which is generally accepted, because integration of the detector

current in a short time period (16 usec, Pig. 1) is employed instead

of counting the number of photons reaching the detector.

Strong 'Ga sources were prep&red in the following way [4J.

The target, consisting of pure copper, was irradiated for 6 to 8 h

by a-particles having energies of 32 Mev at a mean current equal to

150 |iA. The gallium formed during the reaction ^Q\x(a,2n) ^G& was

extracted from the copper by means of radiochemical methods and was

introduced in very pure form (<10~ g) into the necessary matrix by

high-temperature annealing.

In order to measure the energy spectrum, a multi-plate quartz

oscillator was used; it consisted of fourteen piezoelectric quartz

plates {Pig. 2), oriented in such a way that the vibration amplitudes

of all plates would be additive. Contrary to the publication [2],

we found that the displacement of such a system at an operating fre-

quency equal to 122 Hz and with sinusoidal voltage excitation did

not follow the shape of the excitation voltage at the half-cycle,

corresponding to the strain of the oscillator. This effect appeared

as an asymmetry of two components of the velocity spectrum, which

should have mirror-symmetry. Evidently, the asymmetry was related

with the unsatisfactory rigidity of the plate base. This asymmetry

could be successfully eliminated by selection of a sufficiently rigid

spring {13 in Fig. 2) made of beryllium bronze (k * 100 kg/cm ), as-

suring a precompression of the base by a load of about 10 kg.

The measurements of resonance absorption were performed in a

metallic helium cryostat [5] with beryllium windows for escape of

the Y-radiation. The cryostat was installed on a sound-insulated

base, consisting of a heavy metallic plate on a pad. It was found

that the effect could not be detected unless the absorber-source-

oscillator system was suspended on threads. Even when the system is

suspended, boiling of liquid nitrogen will reduce the resonance by

3Qj5. Consequently, the measurements were performed with continuous

evacuation of the nitrogen tank, and this made it possible to keep

the nitrogen solid. Evacuation of the volume below the x-point of

helium «*id not result in any increase of the effect.
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Fig* t —Block diagram of the re-
cording equipment for operation
under current conditions. D =
detector, S = current integrator,
A = amplitude-digital converter,
S = summator, M = magnetic mem-
ory, C = sealer with a capacity
of ?0 1 0 counts, T = synchronizing
block.

_^. 2—Diagram of the device.
. - ̂ -radiation source, 2 - low-
teroperature resistance thermome-
ter, 3 •» absorber made of zinc
oxide, 4 - helium blanket, 5 - '
nitrogen blanket, 6 - vacuum
shield, 7 - beryllium window,
8 - copper leads for cooling of
the suspended unit, 9 - metal plate
for fastening the quartz elements, 10 - quartz oscillator, 11 -
insulator, 12 - supplementary quartz plate, 13 - beryllium bronze
spring, 14 - heater, 15 - Y-radiation detector.

The basic part of the measurements was performed by using a

source and absorber in the form of zinc oxide (absorber of ZnO,
67Zn; source-natural zinc oxide of "special purity" grade). Studies

of the influence of the annealing conditions used for the source on

the level of the observed effect revealed (Fig. 3) that the optimum

method consisted of annealing a pellet of ZnO (Ga) in air for 12 to

16 h at 1100 to 1200°C and subsequent quenching of the pellet in

water. At higher temperatures, considerable sublimation of ZnO occurs.

Quenching of the source in water increases the observed effect

by 30# compared to the effect obtained when the source is cooled

slowly. Evidently, during slow cooling some of the gallium atoms
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form appear which do not participate in the emission of the observed

Mtissbauer line.

Fig. 3—Dependence
of the value of the

£.t$t resonance effect on
the time of measure-
ments and on cooling
the source conditions.

. » . o - 1100°C, 6 h,
t* - " furnace cooling; A -

repeated heating to
1200°C, air quenching;
O - repeated heating
to 1150°C, quenching

— in liquid nitrogen;
0 - repeated heating
to 116O°C, quenching
in water; Q, - repeated

k heating to 1150°C,
furnace cooling of
the previously
quenched source.

The quartz os-

cillator used by the

authors to obtain

the energy scan, re-

"Days quires an absolute

calibration. Because

a direct measurement

of the vibration amplitude was very difficult in our case, we applied

the well-known method of partial modulation of the ^-radiation [6].

To perform this experiment, an additional quartz plate (12 in Fig. 2)

was mounted on the fundamental oscillator, and a modulating voltage

with a frequency f = 166.66 Khertz was applied to this plata. The

source was mounted on that plate.

The results of the measurements are presented in Fig. 4. The

secondary components in Fig. 4c depend on the quadrupole level split-

ting of 92.7 kev. In our case, the complete spectrum should consist

of 7 lines (Fig. 5), corresponding to quadrupole splitting of the

5/2 level in the source and absorber. The splitting parameters

|e
2qQ| = 2.32 ±0.11 MHz and r\ = 0.19 ±0.04 are in a good agreement

with the results of de tfaard [2] (2.47 ±0.03 MHz and 0.23 ±0.06).
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Fig. 4—Velocity spectrum in ZnO (central
part); a - with frequency modulation; b -
without frequency modulation3 on the ordin-
ate - absorption in relative units.

width usually amounted to 0.8 to 1.0 ^m/sec ani 0.6 to 0.8

for the central and secondary peaks, respectively; this is about 2

to 3 times more than the low level of 2 r = 0.3 |jm/sec.

The value of the

piezoelectric modu-

lus of quartz,

d n = (2.2 ±0.12)

x 10"10 cm/volt,

determined by the

authors on the

basis of the ex-

periments with

partial modulation,

is in reasonable

agreement with the

usually accepted

value of d^ = 2.02

x 10"10 cm/volt [73.

In our experi-

ments the line
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Fig. 5—Total velocity spectrum in ZnO.
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One series of experiments was designed and performed to inves-

tigate the influence of temperature on the characteristics of the



velocity spectra. In these experiments, the source was kept at the

temperature of helium, and the absorber was heated to 50°K. The

temperature of the absorber was controlled by means of copper-

constantan thermocouples and a germanium resistance thermometer [8].

The results of the measurements are shown in Figs. 6 and 7- Thase

patterns show that in the case of 'Zn, the temperature red shift

becomes an observable effect starting from about 20°K. The value of
h.

the te»aperature shift in this temperature range increases with T .

(04
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Fig. 6—Dependence of
the characteristics of
the velocity spectra
in zinc oxide on the
absorber temperature
(relative units), a -
Distance between the
first secondary peaks;
b - line widthj c -
area below the central
peak.

Yu. Kagan proposed

a comprehensive theory

of this phenomenon for

crystals with several

atoms in the unit cell

[93* However, the basic

characteristics for ZnO

necessary for a direct comparison of the experiment with the point

theory [9] are unknown. The other possibility consists of comparing

our results with data on the specific heat of zinc oxide. A well-

known relationship is the following:

v(T, )-w(T,) E(T2)-E(Tt)

2Mc* 0)
between the temperature shift of the resonance line with the total

energy and mass of the emitting atom in a crystal with one atom in

the unit cell [10]. In the low temperature range, where only acous-

tical vibrations are excited, it may be assumed that each unit cell

of a polyatomic crystal vibrates as a whole. In this approximation,

eq. (1) will remain valid, if E and M are the energy and mass of

the total unit cell, respectively. The comparison of our results



with existing data on the specific heat of ZnO [11] shows (Fig. 7)

that such a low-temperature range is in good agreement with the ex-

perimental data. Eq. (1) in this range assumes the form

" ^ ^ i - f r / . r / r i (2 )

where the indexes S and A apply to the source and absorber. The

coefficient a determined during the Mflssbauer experiments has a

value ctjj = (0.141 ±0.012) x 10~20 (K)"^, and the same coefficient

found from determinations of the specific heat [11] has a value a_

(0.167 ±0.002) x 10~20 (K)~\
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Fig. 7—Temperature shift in zinc oxide. —.— Values of the expected
shift on the basis of the value of the specific heat.

The next type of experiments, started by us was designed to

search for the resonance with the source and absorber in various ma-

trixes. The low levels of the resonance effect and the line width

set very strict limits on the variety of investigated substances.

We were able to observe the resonance with a MgO( 'Ga) source and a

ZnO absorber (Fig. 8). The MgO( 'Ga) emitter has a single emission

line; because of this, the velocity spectrum consists of three lines,

corresponding to quadrupole splitting of the ground state of Zn

(1 = 5/2). This spectrum allows a direct determination of the sign



of the electrical field gradient in ZnO, which appears to be > 0.

The center of mass of the spectrum is- shifted in respect to zero and

is at a velocity of (-21±2) |jm/sec. At the present time, it is not

clear which part of this shift may be compared with the usual iso-

mer shift related with the change of electron density distribution

in the zinc atom, because, according to the order of the value, such

a shift may be caused by the difference in the zero vibration energy

of Zn atoms in the ZnO and MgO lattices. (In "the Debye approximation,

A8 = 130 K corresponds to a shift of 15 pm/sec.)

According to model representations [12], the presence of the

unit length 1 should result in spectral line broadening. The small-

est width observed by the authors for the secondary components of

the spectrum (Fig. 5) is equal to 0.6 ±0.1 (jm/sec. Without any cor-

rections for line broadening at the expense of the geometry of the

experiment and finite thickness of the specimen, the estimated upper

limit of the unit length is equal to:

In conclusion, the authors wish to thank the staff members of

the cyclotron U-200 for their assistance in preparation of the

*- Fig. 8—Velocity spectrum.

0 -f '10 -15 -20 -25 '3a -35 ;i/sec Absorber - source - MgO( Ga),

sources, F. L. Shapiro, W. M.

Plakid, and L. Cher for their

constructive review of the re-

sults, and also E. A. Pikelner

and A. I. Sekizin for their

help in the measurements.
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