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Using a source of Sn119m in Sn02, we have studied the resonance absorption of 23.8-kev 
y quanta by Sn 119 nuclei in crystals of Sn02, SnO, {3-Sn and SnNb3• Resonance absorption 
spectra were obtained for different absorber thicknesses at liquid nitrogen temperature, 
and at solid C02 termperature for the {3-Sn crystal. For each of the crystals we deter
mined the probability of absorption without energy loss to recoil, and the magnitude of the 
isomer shift relative to the energy of the y transition in the Sn02 crystal. For crystals of 
SnO and {3-Sn, we observed quadrupole splittings of the absorption line, which were equal 
(at liquid nitrogen temperature) to (12.5 ± 1.5) x 10-8 and (11.0 ± 1.5) x 10-8 ev, respec
tively. For the {3-Sn crystal, the quadrupole splitting has a strong temperature dependence. 

1. INTRODUCTION 

As was first shown by Mossbauer, [tJ nuclei con
tained in crystal lattices have a certain probability 
for radiating (or absorbing) y quanta without loss 
of energy to nuclear recoil. The quantum state of 
the crystal does not change and the recoil momen
tum is transferred to the crystal as a whole; since 
the mass of the crystal can be regarded as infi
nitely large, there is no loss of energy of the quan
tum as a result of the recoil. The probability for 
such a process, calculated in the Debye approxima
tion using Lamb's theory, [2] coincides with the 
Debye-Waller factor which appears in coherent 
x-ray scattering. This probability increases with 
decreasing recoil energy of the free atom R 
= EV2Mc2 (where E0 is the energy of the y tran
sition and M is the mass of the atom), with de
creasing temperature of the crystal and increase 
of its Debye temperature. Thus we may expect a 
sizable probability of the Mossbauer effect for 
low energy y transitions (E0 ::: 100 kev); in addi
tion in most cases it is necessary to resort to 
cooling the source and absorber. 

The experimental data which have been obtained 
and the theoretical computations, which have been 
made by Kagan, [SJ show that the Debye tempera
ture is generally not the determining factor of the 
probability for this process, except possibly for 
the case of monatomic crystals. The probability 
for recoilless emission or absorption of y quanta 
depends essentially on the specific form of the vi
brational spectrum of the crystal lattice. The fun
damental theory of the Mossbauer effect and the 

relation of its probability to crystal properties is 
treated in the papers of Visscher, [4] Lipkin, [S] 

and Shapiro. [s] 
The presence in the emission and absorption 

spectra of lines having natural width and not sub
ject to any Doppler broadening or shift due to re
coil provides favorable conditions for observing 
the resonance absorption of y quanta in crystals. 
By giving the source a velocity v relative to the 
absorber, we can artificially produce a Doppler 
shift of the absorption line by an amount b.E 
= E0v/c. By observing the resulting change in 
the effective cross section for the resonance ab
sorption, we can investigate various effects asso
ciated with very small changes in the energy of 
the y transition. The required velocities are 
equal to a few millimeters or centimeters per 
second. Experiments carried out recently using 
the Mossbauer effect are discussed in the pub
lished summaries. [i] 

In the present work, we investigate the spectra 
of resonance absorption of 23.8-kev y quanta by 
Sn 119 nuclei contained in the crystal lattices of 
various tin compounds. Some preliminary results 
of these experiments have been published previ
ously. [8, 9] 

2. CALCULATION OF MAGNITUDE OF RESO
NANCE ABSORPTION 

In studying the dependence of the resonance ab
sorption on the relative velocity v of source and 
absorber, the quantity which is measured experi
mentally is 
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e (v) = [N ( oo) - N (v)J/ N ( oo ), (1) and the magnitude of the effect can be written in 

where N ( v) is the counting rate for 'Y quanta 
transmitted through the absorber when the velocity 
is v; N ( oo) is the counting rate at high velocity, 
where the resonance absorption is absent. In the 
future, for brevity, we shall call the quantity E ( v) 
the magnitude of the effect. It is not hard to show 
that the expression (1) for the magnitude of the 
effect can be written in the form 

00 

e (v) = xf ( 1 - ~ e-a <E> n W, (£)dE) , (2) 
0 

the following form: 

e (v) = xf (1- J_ +r,"" exp [- C/(1 + x•)] dx) 
n j 1 + (x + y)2 ' 

-oo 

E-Eo 
X= ---r;2"' (5) 

The integral in (5) can in general be computed only 
by numerical integration. An exception is the case 
of v = 0, where the expression (5) can be brought 
to the form (cf., for example, [10]): 

e (0) = xf [ 1 -I 0 (C/2)e-C/2], (6) 
where a (E) is the effective cross section for reso-
nance absorption of 'Y quanta of energy E, We(E) where Io(x) = Jo(ix) is the Bessel function of zero 
is the distribution function for the emission spec- order and imaginary argument. 
trum, n is the number of atoms of the particular Expression (6) can be used to determine the 
isotope per cm2 of the absorber, f is the probabil- value of f', if we determine experimentally the 
ity of recoilless radiation of the 'Y quanta, K is a dependence of the magnitude of the effect on ab
parameter which determines the relative contribu- sorber thickness. Formula (6) contains two un
tion of the particular 'Y quanta to the total counting known parameters ( f' and Kf), so it is convenient 
rate. The parameter K takes account of the pres- to make a comparison with experiment of the ratio 
ence of background, i.e., the recording by the E ( 0, n )/ E ( 0, no), where n0 is some fixed value 
counter of 'Y radiation whose resonance absorption of n. 
is not under investigation. Formula (5) enables us to compute the shape 

The effective cross section is given by the of the experimentally measured absorption spec-
formula trum. In particular we can find the width of the 

line in the resonance absorption spectrum as a 
r• f' 

6 (£) = 4 60 (E- Eo)• +f2/4' 

where r is the total width of the level, f' is the 
probability of recoilless absorption of the 'Y quanta, 
and 

(3) function of the absorber thickness. For suffi
ciently thin absorbers ( C « 1 ) the line width at 
half maximum is equal to 2r; with increasing 
absorber thickness the line width increases be
cause of the effect of saturation. The natural 
width of the level can be found by extrapolating 
to zero thickness or by making corrections to 

(Here I0 and I1 are the spins of the ground and 
excited states, A. is the wave length of the 'Y radi
ation, r 'Y is the radiative width; for the first ex
cited state, r y/r = 1/ ( 1 + a) where a is the 
total internal conversion coefficient. ) 

In the following we shall, for simplicity, con
sider the case where the source and absorber are 
chemically identical and are at the same tempera
ture i.e., the case where there is an exact overlap 
of the emission and absorption lines for v = 0. 
This does not cause any loss of generality, since 
the presence of a constant line shift o can be 
taken into account by simply changing the veloc
ity v to v + o. 

If the source does not contain the nuclei whose 
resonance absorption is being studied (or if the 
source is sufficiently thin ) the emission spectrum 
has the form 

w (£) _ r 1 
e - 2n (E + Eofl/c- E0)1 + P/4 ' 

(4) 

the observed width in accordance with formula (5); 
in the latter case a prior determination of f' is 
required. 

If the source contains nuclei of the isotope 
whose resonance absorption is being investigated, 
formulas (5) and (6) are not exact, since the emis
sion spectrum will be distorted because of self
absorption and cannot be represented by formula 
(4). It is easy to show that in this case the distri
bution function for the emission spectrum will 
have the form (for v = 0 ): 

1 - exp [- (!Ldo + C+ !Ltfox• )] 
W • (£) = const. 1 + x• 

f.Ulo + C + !LdoX' ' 
(7) 

where C = aof'n, d0 is the source thickness and /J. 
is the coefficient of nonresonant absorption. We 
note that the function (7) practically coincides with 
expression (4) when v = 0, if we simply replace 
the natural width r by a width r eff, which is 
larger than r. So for practical computations 
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formula (7) can be written in the form 

r 1 
W, (E)= b 2:t b2(£- Eo)~+ r"/4' (8) 

where b = r /r eff· The parameter b can be calcu- · 
lated for different values of f' by using formula (7). 

If the nucleus has electric or magnetic moments 
(in its ground or excited states), then as a result 
of interaction with external or crystalline fields 
the emitted line, the absorption line or both may 
be split into a number of components. In this case 
the results obtained above cannot be used directly 
since every splitting causes a change in the form 
of the functions <T ( E ) and We ( E ) . 

The simplest case is that in which the emission 
line is split into a number of components with rela
tive intensities Ji (l:Ji = 1 ), while the absorption 
line is unsplit. From formula (2) it immediately 
follows that in this case the magnitude of the effect 
can be represented as a sum of terms like (2), 
each of which enters with weight Ji. The presence 
of a shift between the i-th component of the emis
sion line and the absorption line must be taken into 
account by an appropriate choice of the form of the 
function We (E). It is easy to see that for the case 
of such a splitting the magnitude of the effect can 
be written in the form 

(9) 

where Oi is the shift between the i-th component 
of the emission spectrum and the absorption line, 
for a given relative velocity of source and ab
sorber. 

The computation is more difficult for the case 
where the absorption line is split. Then the func
tion <T ( E ) splits into a sum of terms: <T ( E ) 
=l:iJi<r(E + oi), where Ji is the relative intensity 
of the i-th component in the absorption spectrum, 
and Oi is the shift between the emission line and 
the i-th component of the absorption line. Since 
the function <T ( E ) is in the exponent of the for
mula (2), in this case the expression for the mag
nitude of the effect cannot be written as a sum of 
terms, as we did above. The computation of the 
quantity E (v) can be done only by ~umerical in
tegration. 

Let us consider in more detail the case of 
quadrupole splitting of the absorption line for the 
case of Sn119• The interaction of the nuclear quad
rupole moment with the electric field gradient 
qfj = a2V/BXiBXj is described by the Hamiltonian 

eQ ~ 
3t = 21 (21 -1) ~ qJtf" 

l,J 

where Q is the nuclear quadrupole moment and 

I is the nuclear spin operator. As a result of such 
an interaction, the excited state of the Sn 119 nucleus 
(which has spin%> splits into two sublevels, which 
are degenerate in the sign of the spin projection; 
their separation is 

A= fe2Qqzz(l + + fl2)'1•, (10) 

where the asymmetry parameter 1J = (~-qyy)/<lzz· 
The ground state of Sn 119 (with spin % ) is not 

split by quadrupole interaction. Consequently the 
absorption spectrum should consist of two lines, 
of equal intensity, whose separation is given by 
formula (10). Let us find the expression for the 
magnitude of the effect for the case where, at a 
given velocity v0, the unsplit emission line ex
actly overlaps one of the two components of the 
absorption line. Using formulas (2) and (5) one 
can easily show that in this case the magnitude of 
the effect is , 

+co { C( 1 1 )} 
e (v ) = xf ( 1-_!_ \ exp -2 1+XS + 1 + (x + y)z dx) 

0 n ) 1 +x2 ' 
-co 

(11) 

where x has the same meaning as in (5), and y 
= tl (r /2 )-1• The integral in (11) was calculated 
by numerical integration for different values of 
the parameters C and tl. The results were used 
for determining the values of f' for cases of quad
rupole splitting of the absorption line. 

3. DESCRIPTION OF THE EXPERIMENT 

Measurements of the dependence of the reso
nance absorption effect on the relative velocity of 
source and absorber (the resonance absorption 
spectrum ) were made with an apparatus whose 
principle of operation was described briefly ear
lier. [S] An overall view of the arrangement 
(omitting the electronics) is shown in Fig. 1. The 
absorber 9 moved relative to the fixed source 5, 
where the absorber velocity changed linearly with 
time between given limits (from -v0 to +v0, 

where v0 is the maximum velocity). The absorber 
velocity was produced by rotation of the cam 2, 
whose profile was cut to correspond to a linear 
variation of velocity. The rate of rotation of the 
cam (and consequently the limits of variation of 
the absorber velocity) could be changed by a sys
tem of gears and pulleys. The cam set in motion 
a rod to which the frame-holder 4 of the absorber 
was attached. 

The source was at room temperature in all the 
measurements. In many of the measurements the 
absorbers were cooled with liquid nitrogen or dry 
ice; in these cases the absorbers were placed in a 
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0 !Ocm 
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FIG. 1. Schematic diagram of apparatus for measuring 
reasonance absorption spectra: 1 - pulley, 2 - cam, 3- con
tact disc for amplitude modulation circuit, 4 - absorber 
holder, 5 - source, 6 - palladium filter, 7 - lead collimator, 
8 - low-temperature styrofoam vesl;;el, 9 - absorber, 10 -lead 
collimator, 11 - Nal (Tl) crystal, 12 -photomultiplier. 

low-temperature vessel 8 of styrofoam. The con
struction of the container was such that a y quan
tum on its path to the counter encountered no liquid 
nitrogen but only styrofoam, which absorbs the 24 
kev y quanta weakly. The x rays of tin are prac
tically completely absorbed by the 0.6 mm thick 
characteristic filter 6 of palladium. 

Gamma quanta passing through the absorber 
were recorded by a Nal ( Tl) crystal 1.5 mm thick 
and a FEU-11 photomultiplier. The amplified 
pulses entered a single-channel pulse analyzer, 
whose window was set on the 24 kev photopeak. 
Separate recording of counts of y quanta for dif
ferent absorber velocities was accomplished by 
linear (in time ) amplitude modulation of the 
pulses. The pulses from the output of the single
channel analyzer entered a gating circuit at whose 
other input a modulating voltage was applied which 
increased linearly in time in synchronism with the 
change in velocity of the absorber. The amplitude
modulated pulses entered a 100-channel AI-100 
pulse analyzer. The period of variation of the 
modulation voltage was exactly equal to the period 
of rotation of the cam; thus there was a one-to-one 
correspondence between absorber velocity and am
plitude of the output pulse, which enabled us to 
measure the whole absorption spectrum simulta
neously, i.e., the dependence of the resonance ab
sorption effect on velocity over the whole selected 
range of velocities. In the present work measure
ments were made for three different values of the 
maximum velocity: 2.5, 5, and 6.5 mm/sec. 

A source in the form of Sn02 was prepared from 
metallic tin, enriched to 92% of Sn 118 and then irra
diated with thermal neutrons in a reactor. 

The powder of irradiated tin was then oxidized 
by heating to form Sn~; at the beginning the Sn~ 
is formed mainly in an amorphous state. After a 
long period of baking (ten days ) at a temperature 
...... 700° C a transformation of the Sn02 to the metal
lic state occurs. The source thickness was 6 
mg/cm2. 

As was already mentioned earlier, for the Sn02 
crystal the probability of recoilless emission of 
y quanta is already reasonably large at room tem
perature. There is no quadrupole splitting of the 
emission line for the Sn02 crystal. Thus the 
source of Sn 119m in the form of tin dioxide is 
convenient for the investigation of the resonance 
absorption of 23.8-kev y quanta by Sn119 and has 
definite advantages over, for example, the source 
of white metallic tin previously used by us. [8•9] 

Absorbers of white metallic tin were prepared 
by rolling tin foil or by depositing tin on an organic 
backing in vacuum. Absorbers of Sn02, SnO and 
SnNb3 were prepared by precipitating powders on 
a thin aluminum foil. 

4. RESULTS OF EXPERIMENT 

In all the measurements, the Sn119mo2 source 
was at room temperature, while the absorbers 
were either at room temperature or at liquid 
nitrogen temperature or (for the white tin ab
sorbers) at dry ice temperature. 

Sn02. The measurements of the resonance 
absorption spectrum for a Sn02 polycrystal were 
done with absorbers of seven different thicknesses 
in the range from 4.2 to 37 mg/cm2. In Fig. 2 we 
show one of these spectra, for an absorber thick
ness of 9.4 mg/cm2 at room temperature. For 
each of the measured spectra we determined the 

6,0 
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5.4 

5.2 

oo 

5,8[ 

~2----~--~0~---~;-----2~'-
tJ£,10-7 ev 

FIG. 2. Resonance absorption spectrum for .an Sn02 ab
sorber. The abscissa is ~E = E0vjc (where E0 = 23.8 kev and 
v is the absorber velocity). Positive values of ~E correspond to 
motion of the absorber toward the source. The ordinates give 
the number of quanta passing through the absorber, which is 
proportional to the number N o.f quanta recorded. 
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FIG. 3. Dependence of width of absorption line r exp on 
absorber thickness. The abscissa gives the number of atoms 
containing the Sn119 isotope per cm2 of absorber. 

width of the absorption at half height r exp and 
the maximum value of the resonance absorption 
effect E ( 0 ) . 

The dependence of the line width of the absorp
tion spectrum on absorber thickness is shown in 
Fig. 3. Extrapolation to zero absorber thickness 
gives the value (5.5 ± 0.5) x 10-8 ev. This is equal 
to the sum of the natural width r and the width of 
the line in the emission spectrum. A computation 
shows that for the source which we used (contain
ing 2.3% of Sn119 ) the broadening of the line in the 
emission spectrum is only 12%. Thus we get for 
the natural width of the 23.8 kev excited state of 
Sn119 the value 

r = (2,60 ± 0,25). 1 o-s ev, 

which is in good agreement with the value found 
earlier by a delayed coincidence method. [11] 

The probability for recoilless absorption of 
the 'Y quanta, f', was determined for the Sn02 
crystal from the dependence of E ( 0) on absorber 
thickness. From formula (6), for different values 
of f' we can calculate the dependence on n of the 
ratio E ( 0, n )/ E ( 0, n0 ). To improve the accuracy 
and reliability of the results, we took for n0 in 
turn the thicknesses of all the seven absorbers 
which we used. In Fig. 4, the dependence is shown 
for n0 = 1.45 x 1018 (4.2 mg/cm2). 

The average value of f' for the Sn02 crystal 
at room temperature was found to be 0. 7 ± 0.1. 
With the absorber cooled to liquid nitrogen tem
perature, the value of f' is close to unity. Know
ing the value of f' enables us to determine the 
parameter Kf [ cf. formula (6) ] for the source. 
It was equal to 0.25 ± 0.02. The parameter Kf 
was much less than unity, mainly because the 
source radiation contained x rays of indium pro
duced from decay of the long-lived isotope Snus. 
Since this parameter is practically independent of 
the form of the absorber, this value can now be 
used for determining f' for the other crystals. 

2,0 

1.6 

1,5 

1,6 

i 1.2 

1.0 ~ 
0 2 4 6 8 10 12 I0"11n 

FIG. 4. Dependence of maximum value of resonance ab
sorption effect E(O) on thickness of Sn02 absorber. The ab
scissa is the number of atoms containing the Sn11" isotope 
per em• of absorber. The ordinate is E(O, n)/E(O, n0), where 
n. = 1.45 x 10'". The solid curve was calculated theoretically 
for f' = 0.7. 

SnO. Resonance absorption spectra for a SnO 
polycrystal were measured with absorbers of 
various thicknesses in the range from 4.8 to 27 
mg/cm2, at liquid nitrogen temperature and at 
room temperature. Two of these spectra are 
shown in Fig. 5. Both spectra have a doublet 
structure, corresponding to a splitting of the ab
sorption line in the SnO crystal into two compo
nents. Such a splitting can be interpreted as the 
result of the interaction of the quadrupole moment 
of the Sn119 nucleus in its excited state with the 
electric field gradient in the SnO crystal. The 
center of the absorption line is shifted toward 
positive energies relative to the emission line. 

It is apparent that changes of temperature have 
little effect on the appearance of the absorption 
spectrum (in contrast to the case of white tin, 
which will be considered later ) . The value of the 
shift of the absorption line in the SnO crystal rel
ative to the energy of the emission line in an Sn02 

6 2 0 -2 -4 
tJE, t0" 7 ev 

FIG. 5. Absorption spectrum for SnO crystal. The upper 
figure is for a 4.8 mgjcm 2 absorber at liquid nitrogen tempera
ture. The lower is for a 15 mgjcm2 absorber at room tempera
ture. 
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crystal is equal to + (22 ± 2) x 10-B at 78°K and 
(21.5 ± 1.5) x 10-B ev at 293° K. The values of 
the quadrupole splitting L:::.. are equal to (12.5 ± 1.5) 
x 10-B ev at 78° K and (11.0 ± 1.5) x 10-B ev at 
293°K. 

The probability f' for recoilless absorption of 
y quanta by the SnO crystal was determined from 
the dependence of the magnitude of the effect on 
absorber thickness. The experimental values of 
the effect were compared with those computed for 
different values of f' according to formula (11). 
We found a value of 0.47 ± 0.07 at liquid nitrogen 
temperature and 0.15 ± 0.05 at room temperature. 

{3-Sn. The resonance absorption of 23.8 kev 
y quanta by Sn 119 nuclei in a polycrystal of white 
tin ( {3-Sn) was first observed in the work of 
Lyubimov and Alikhanov [12] and of Barloutaud 
et al. [13] In our previous work, [B,B] in which we 
used a source of Sn119m in the form of a {3-Sn 
polycrystal, we showed that at liquid nitrogen 
temperature the absorption line (or the emission 
line ) in a {3-Sn crystal is split by the quadrupole 
interaction into two components whose separation 
L:::.. is equal to (11.0 ± 1.5) x 10-B ev. 

The observation of the quadrupole splitting with 
source and absorber in the form of polycrystals of 
{3-Sn presents considerable difficulties. The struc
ture of the absorption spectrum is well resolved 
only if one uses a source and absorber which are 
thin (in the Sn119 isotope). If this is not the case, 
the broadening of the emission line in the source 
because of self-absorption and of the absorption 
line because of saturation prevents a satisfactory 
separation of the side maxima from the central 
absorption maximum, which has an amplitude twice 
that of the side maxima. 

The effect of absorber thickness on the shape 
of the absorption spectrum for this case is graph
ically illustrated by Fig. 6, in which are shown ab
sorption spectra in a {3-Sn crystal at liquid nitro
gen temperature, obtained with a source of white 
metallic tin, which was also at liquid nitrogen 
temperature. Despite the fact that the source was 
very thin (9 mg/cm2, content of Sn119 isotope 
equal to 2.3%), for an absorber thickness of 31.3 
mg/cm2 the side maxima are poorly resolved 
from the central one. The considerable broaden
ing of the line may explain the result of Picou et 
al., [1'] who used relatively thick sources and ab
sorbers and did not observe any quadrupole split
ting in {3-Sn at liquid nitrogen temperatures. 

The use of an Sn mm source in a poly crystal 
of Sn02, in which there is no quadrupole splitting 
of the line, considerably simplifies the problem 
of investigating the hyperfine structure of the ab-

"'P"·~-1.00 
0.9S 

"'l==:v?T 0.80 .fP 

0. 7S 

u z 
dE. 10-1 ev 

FIG. 6. Resonance absorption spectrum for a {3-Sn crystal, 
obtained with a s.ource of Sn119m in the form of white me_tallic 
tin. The absorl:!er thicknesses were: 1 - 5 mgjcm2, 2-14.4 
mg/cm2, 3 - 31.3 mgjcm2• The spectra .are symmetric about 
zero velocity, so the figure shows only the half of the spec
trum for positive velocities. 

sorption line in the {3-Sn crystal, though even in 
this case the source and absorber must be suffi
ciently thin. 

The measurements of the resonance absorption 
spectrum for a {3-Sn polycrystal were done with 
absorbers of varying thickness in the range from 
5 to 50 mg/cm2 of natural tin, at liquid nitrogen 
temperature, dry ice temperature and room tem
perature. The main results of these measure
ments were discussed in our previous paper, [15] 

where we gave the resonance absorption spectra. 
It was shown that the quadrupole splitting L:::.. in 
the {3-Sn crystal depends strongly on temperature. 
We found the following values for L:::..: (11.1 ± 1.5) 
x lo-B ev at liquid nitrogen temperature, (8.0 ± 1.6) 
x lo-B ev at dry-ice temperature and (4.6 ± 1.5) 
x 10-B ev at room temperature. 

Thus, with increasing temperature the value of 
the quadrupole interaction decreases, and at room 
temperature the splitting L:::.. does not exceed the 
line width in the absorption spectrum (5 x 10-B ev) 
even for a thin source and absorber. In this case 
one can only judge the quadrupole interaction from 
the considerable broadening of the line in the ab
sorption spectrum. This fact may explain there
sults of Boyle et al., [is] who observed no splitting 
of the line from {3-Sn with the absorber at room 
temperature. In their work they used a thick 
source for which the width of the emission line 
was twice the natural width; under such conditions 
of measurement, the quadrupole splitting of the 
line could not be seen. 

The probability of recoilless absorption of y 
quanta, f', was determined for the i3-Sn crystal 
by the method discussed above for the case of the 
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SnO crystal. For f' at liquid nitrogen tempera
ture we obtained the value 0.4 ± 0.1, which is in 
good agreement with the value of 0.36, found by 
Picou et al. [14] The determination of f' at room 
temperature for the case of {3-Sn is difficult, be
cause at this temperature the hyperfine structure 
components are not resolved and the magnitude of 
the quadrupole interaction is not determined suf
ficiently accurately. From an analysis of the line 
shape in the absorption spectrum and of the de
pendence of the magnitude of the effect on absorber 
thickness we found for f' at room temperature a 

' . [14] value of the order of 0.1. Picou et al. found a 
value 0.04 ± 0.01 for f' at room temperature, but 
they did not take into account the change in the 
quadrupole splitting of the absorption line with 
temperature. 

SnNb3• We have shown previously[&] .that ~e~e 
is no quadrupole splitting of the absorptiOn hne m 
the SnNb3 crystal and that at liquid nitrogen tem
perature the energy of the y transition in the 
SnNb3 crystal is close to the energy in a crystal 
of white tin. Resonance absorption spectra ob
tained with the absorber temperature equal to that 
of liquid nitrogen and room temperature, respec
tively, are shown in Fig. 7. A striking feature is 
the considerable reduction in the energy of the y 
transition with increasing temperature of the crys
tal. The shift in energy of the y transit~~n in the 
SnNb3 crystal is equal to + (15 ± 2) x 10 ev at 
liquid nitrogen temperature and + (11 ± 2) x 10-8 ev 
at room temperature. The values of f' were de
termined from the dependence of the magnitude of 
the effect on absorber thickness, and were equal 
to 0.3 ± 0.1 at liquid nitrogen temperature and 
0.06 ± 0.02 at room temperature. 

5. DISCUSSION OF RESULTS 

The results of our measurements of the reso
nance absorption spectra of the 23.8 kev Y quanta 

Quantity• I SnO, 
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FIG. 7. Absorption spectra of SnNb, crystal. Upper fig
ure _ 26 mg/cm 2 absorber at liquid nitrogen temperature; 
lower figure - 62 mgjcm 2 absorber at room temperature. 

by sn119 nuclei in crystals of Sn02, SnO, {3-Sn 
and SnNb3 are given in the table. 

The values found for the probability of absorp
tion of y quanta without loss of energy to recoil 
vary over quite a wide range for the various crys
tals. It is not possible at present to make a de
tailed comparison of the experimentally deter
mined values of f' with the theoretical computa
tions, since such computations can be carried out 
only if one knows the phonon spectrum of a real 
crystal. Computations on the Debye approximation 
are certainly only a rough approximation; the 
Debye temperature cannot in general serve as a 
parameter to determine the probability of the 
Mossbauer effect. [S] For example, on the Debye 
approximation one cannot explain the low value of 
f' for the SnNb3 crystal and the extremely high 
value for the Sn02 crystal. 

Such an approximation might be reasonable for 
the monatomic {3-Sn crystal; but the known values 
of the Debye temperature of tin, as found from 
specific heat measurements, give considerably 

SnO I {l-Sn SnNb, 

0.47±0,07 0,4±0.1 0,3 ±0,1 { 78°1( 
I' 293"1( 0. 7±0, 1 0.15±0,05 -0.1 0.06±0,02 

{ 78°1( <2 22±2 20.0±1.5 15±2 
0,10-8ev 293"1( 0.0 21,5 ±1,5 19,5±1,0 11±1 

{ 78°1( 0 12.5 ±1,5 11,0±1,5 0 
a,10-8ev ' 194"1( 8,0±1,6 

293'1( 0 11,0 ±1,5 4.6±1,5 0 

•f' is the probability of recoilless absorption of y quanta. 8 is the shift 
of the y transition energy relative to the transition energy in the Sn02 crystal, 
1"1 is the quadrupole splitting. For the SnO and {3-sa crystals, 8 -:"as deter
mined from the position of the "center of gravity" 'of the split hne. 
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greater values of f' than the experimental value. 
Mitrofanov and Shpinel' [!1] measured the temper
ature dependence of the resonance absorption ef
fect for the {3-Sn crystal; the dependence is not 
in agreement with that computed theoretically on 
the Debye approximation. Agreement could be 
obtained if one assumed that the Debye tempera
ture of the {3-Sn crystal changes from 180° at 
liquid nitrogen temperature to 165° at tempera
tures above 200° K. But these values of the Debye 
temperature lead to values of f' which are far 
greater than the value of f' found in the present 
work. Furthermore, the relative change in the 
magnitude of the effect with temperature which 
they found is in agreement with the change in the 
value of f' found in the present work. 

The lattices of the {3-Sn and SnO crystals are 
tetragonal, and in both crystals the tin atoms do 
not have spherically symmetric surroundings. In 
such lattices we may expect considerable electric 
field gradients at the tin nuclei, and this is con
firmed by the observed quadrupole splitting in 
these crystals. The SnNb3 crystal has a lattice 
like that of {3-tungsten, which is very close to 
cubic; in such a lattice one should not find any 
sizable quadrupole splitting. The Sn02 lattice is 
not cubic, but in this lattice the surroundings of 
the tin atom should be much more symmetric than 
they are in {3-Sn and SnO, which is probably the 
reason for the absence of a quadrupole splitting 
in the Sn02 crystal. Unfortunately it is not pos
sible at present to make a sufficiently exact cal
culation of the electric field gradients in the {3-Sn 
and SnO crystals and thus to determine the quad
rupole moment of the Sn119 nucleus in the excited 
state. 

The observed changes in energy of the y tran
sition for the different crystals (the values of o 
in the table ) can be explained very naturally as 
the result of the interaction of the nucleus with 
the outer electrons (mainly with a-electrons), 
which is different for the ground and excited 
states of the nucleus and changes according to 
the chemical surroundings of the tin atom in the 
crystal (the isomer shift). [9•18•19] The value of 
the shift should be proportional to the product 
~(R2 ) • Al>e(O), wh~re ~(R2 ) is the change in 
the square of the effective radius of the nucleus 
when we go from the ground state to the excited 
state and Al>e ( 0 ) is the change in the electron 
density in the neighborhood of the nucleus when 
we change the chemical environment of the tin 
atom in the crystal. The theoretical calculation 
of the interaction of the nucleus and the electrons 

requires a knowledge of the electron wave func
tions for atoms in crystals; such calculations would 
enable us to get additional information concerning 
the charge distribution in the nucleus and its change 
when the nucleus is brought to the excited state. 

The influence of the temperature on the hyper
fine structure of the y radiation and on the energy 
of the y transition is an extremely interesting 
effect. When the crystal temperature changes 
there is a change in the amplitude of thermal vi
bration and a change in the interatomic spacings; 
as a consequence we may expect a change in the 
electric field gradient at the nucleus and a change 
in the interaction of the nucleus with the outer 
electrons in the crystal. Other factors, such as 
pressure, can also have an analogous effect. Such 
effects can be calculated in principle (cf., for ex
ample, [20]). A comparison of the theoretical com
putations with experimental data would also be 
very interesting for this case. 

The authors thank N. E. Alekseevskii for useful 
discussions. 
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