
SOVIET PHYSICS JETP VOLUME 23, NUMBER 5 NOVEMBER, 1966 

QUADRUPOLE INTERACTION AND ANISOTROPY OF THE MOSSBAUER EFFECT AS 

DEDUCED FROM OBSERVATIONS ON RESONANCE SCATTERING OF GAMMA 

QUANTA BY POLYCRYSTALS 

B. A. KOMISSAROVA, A. A. SOROKIN, and V. S. SHPINEL' 

Nuclear Physics Institute, Moscow State University 

Submitted to JETP editor December 14, 1965 

J. Exptl. Theoret. Phys. (U.S.S.R.) 50, 1205-1217 (May, 1966) 

The quadrupole interaction of Sn119 nuclei in the lattice of white tin is determined by studying 
the attenuation of the angular distribution of Mossbauer scattering. The values obtained are 
EQ/r = 0.58 ± 0.20, A= 0.18 ± 0.6 mm/sec at 300°K and EQ/r = 0.82 ± 0.15, A= 0.25 
± 0.05 mm/sec at 80 °K (r is the width of the nuclear level and A is the hyperfine splitting). 
The influence of anisotropy of the Mossbauer effect in crystals on the angular distributions 
of resonance scattering corresponding to excitation of individual components of the allowed 
quadrupole doublet is considered theoretically. It is shown that even when the measurements 
are carried out on polycrystalline samples it is possible in principle to derive from the angu
lar-distribution functions both the magnitude and sign of anisotropy of the effect and the sign 
of the quadrupole interaction. Experimentally, the influence of the Mossbauer effect has been 
detected in measurements of the angular distributions for the quadrupole doublet components 
in the compound (C 4H9)2Sn0. 

1. INTRODUCTION 

THE discovery of the Mossbauer effect has made 
it possible, in particular, to determine directly 
the interaction between a nucleus and the fields 
surrounding it from the hyperfine structure of the 
resonance-absorption lines. However, when the 
interaction is relatively small and the y -line 
splitting A is smaller than or of the order of the 
width r of the nuclear level, only a broadening of 
the line, which may be large or small, is observed, 
and in principle the hyperfine interaction may not 
be its sole cause. In such cases, more definite in
formation on the magnitude of the interaction can 
be obtained by measuring the angular distribution 
of the resonant scattering of y quanta. The re
sults of such measurements with 23. 8-keV y rays 
from Sn119 on the substances Mg2Sn and Sn02 
were published by us earlier. [ 1J 

On the other hand, in the case of strong interac
tions, when the hyperfine structure of the y line is 
clearly pronounced (A » r) it becomes possible to 
observe resonant scattering by excitation of indi
vidual sublevels in the scattering nuclei situated 
in the exciting field. As follows from the theory of 
angular correlations, the angular distribution of 
resonant scattering for any component of a multi
plet, is described when A » r for any polycrys
talline isotropic sample by the expression for the 

"hard core".[Z, 3] A specific feature of experi
ments on Mossbauer scattering, compared with 
ordinary y-y correlations, is that the angular dis
tributions of the resonant scattering may be influ
enced by effects connected with the dynamics of 
the crystal lattice, since the Debye-Waller factor 
enters in a significant manner in the description 
of the process. It is known[ 4-7] that its magnitude 
can be different in different directions relative to 
the crystallographic axes, and that this anisotropy 
can reach appreciable values. [ TJ Thus, even in the 
case of random orientation of the microcrystals in 
the polycrystalline sample, the latter may have 
anisotropic properties capable of influencing the 
angular distribution of the resonant Mossbauer 
scattering. 

Karyagin[ BJ has shown that the anisotropy of the 
Debye-Waller factor and accordingly of the proba
bility f' of recoilless y-quantum absorption should 
cause a noticeable redistribution of the intensities 
of the components of the quadrupole multiplet (in 
particular, the doublet in the case of Sn 119) in the 
resonant-absorption spectra. It is natural to pro
pose that the form of the angular distributions of 
resonant scattering will be no less strongly influ
enced by the anisotropy f', for individual compo
nents of the multiplet, than the intensities of the 
components. 

In addition to continuing the previously 
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started[il measurements of small quadrupole in
teractions of Sn119 nuclei in crystals, we have car
ried out in this work theoretical and experimental 
investigations of the influence of the anisotropy of 
f' on the angular distributions of resonant scatter
ing by individual components of the quadrupole 
duplet in crystals of tin compounds. From the at
tenuation of the anisotropy of the angular distribu
tion of the resonant scattering we have determined 
the quadrupole interaction of the Sn119 nuclei in the 
crystal lattice of white tin (.B-Sn). Measurements 
on the individual components were made with SnO 
and (C 4H9)2Sn0, the absorption spectra of which 
are doublets with large values of ~. In the latter 
case a noticeable distortion of the angular-distri
bution function was noted, apparently connected 
with the large anisotropy of f' in this substance. 

2. THEORY 

In this section we present a short summary of 
the necessary information from the theory of per
turbed angular correlations, and also the results 
of calculations of the influence of the anisotropy of 
the recoilless y-quantum absorption probability 
on the angular-distribution function of resonant 
Mossbauer scattering. 

The angular distribution of nuclear resonant 
scattering of y quanta is described by the for
mulas of the general theory of angular correla
tions. [ 2• 3• 91 In the presence of quadrupole interac
tion between the nucleus and the intracrystalline 
fields, it is written for a polycrystalline isotropic 
scatterer (without account of the anisotropy of f') 
in the form 

W(8) = ~ AkGkf~<(cos 8), 
k 

(1) 

where Gk are the angular-distribution attenuation 
coefficients, determined by the interaction of the 
nucleus in the intermediate (excited) state, and Pk 
are Legendre polynomials. 

We confine ourselves to the case of the transi
tion 

L 1=1 L 2=1 

la = 1/z~h = 3/z~lc = 1/z, (2) 

which is realized in Sn119 , and also in Fe57 • For 
such a transition, the angular distribution function 
isc 31 

W (8) = 1 + 0.25GzPz (cos 8), (3) 

and in the case of interaction between the nucleus 
and a static axially-symmetrical electric-field 
gradient we have[ 21 

Gz = {[ 1 + 1 + E~z;rz], 
where EQ = 1/ 2 QVzz is the level splitting and r 
its real width; Q is the quadrupole moment and 

(4) 

V zz the tensor component of the electric field 
gradient. Generally speaking, the Gk depend on 
the symmetry of the field, but for Jb = % there is 
no such dependence.c 101 It is seen from (4) that~ 
is the most sensitive to the magnitude of the inter
action when EQ/ r ~ 1, i.e., in the region where 
the hyperfine structure of the resonant-absorption 
spectra is poorly resolved. 

In the case of strong quadrupole interaction 
(EQ/r » 1) the value of G2 tends to a nonvanish
ing limiting value ~min= 0.2 (for Jb = %), and 
(3) goes over into the expression 

W(8)= 1 +0.05P2(cos8), (5) 

called the "hard core." 
In the case of large splitting in the scatterer, 

using a source with a single line, we can observe 
resonant scattering by excitation of individual sub
levels of the intermediate state. In general form 
the angular distribution for this case (quadrupole 
interaction in the intermediate state) is written 
(using Alder's notation[ 31 ) in the following manner: 

W(kt,kz)=~ ~~CJ,M. CJbMb 
JbMbLIMI JcMcL2M2 

Ma, Me Mb 

where in the intermediate state the summation 
over the indices Mb is carried out only for two 
values, equal to + Jbz and - Jbz (k 1 and k 2 are 
the wave vectors of the incident and scattered 
photons). 

(6) 

For a single-crystal scatterer, after perform
ing the foregoing operations, the angular distribu
tions in the coordinate system fixed in the crystal 
take the form 

W(k1,kz)= 1 + 1_ Yzo(kt)+~Yzo(kz) 
2l'5 2l'5 

for the transition 

L 1=1 L 2=1 

IMal = 1h~IMbl = 3/z~IMcl = 1/2 

and 
1 1 

W (k,, kz) = 1 ---= Yzo (kt)- --= Yzo (k2) 
2l'5 2l'5 

1 +- Yzo(kt) Yzo(kz) 
20 

(7a) 

(7b) 
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for the transition 

Lt=i L 2=1 

!Mal= 1/z~IMbj = 1/z~IMcl = 1k 

For a polycrystalline isotropic sample the an
gular distributions are obtained by averaging (7a) 
and (7b) respectively over the orientation of the 
systems of the system of principal axes of the 
electric-field gradient tensor. Here, as expected 
from general symmetry considerations, the angu
lar distributions for both components are the same 
and coincide with the "hard core" (5), where e is 
the angle between the vectors k1 and k2• 

As already noted in the introduction, the use of 
the existing theory of angular correlations for the 
description of the angular distribution of the Moss
bauer scattering is valid in principle only under 
the assumption that the probability of the Moss
bauer effect does not depend on the direction of 
propagation of the y quanta relative to the crys
tallographic axes, an assumption not satisfied in 
the general case. 

The corresponding quantitative calculation was 
performed by us for a polycrystalline scatterer 
with axially-symmetrical microcrystals. The 
transition (2) was considered in the following 
cases: 1) EQ/r .$ 1, which corresponds to simul
taneous excitation of both components of the 
doublet, and 2) EQ/r » 1-for separate excitation 
of the components, and for two methods of regis
tration of the scattered radiation: with the aid of 
an ordinary nonresonant detector and with the aid 
of a detector registering only recoilless-scattered 
y quanta (resonant detector). It was assumed, just 
as in [ 81 , that the angular dependence of there
coilless-absorption probability can be represented 
in the form 

/'(ft) = ao + azPz(cosft)+ ... , (8) 

where P2 (cos J.) is a normalized Legendre poly
nomial and J. is the angle between the direction of 
the quantum and the principal axis c of the crys
tal. 

A. Weak splitting, nonresonant detector. In this 
case the anisotropy of f' is taken into account only 
for the absorption process. The angular-correla
tion function in the presence of quadrupole interac
tion in the single crystal is of the form (Formula 
(11) of [31 ) 

Multiplying (9) by (8) and averaging over all ori-

entations of the microcrystals, we obtain after 
substituting the concrete values of the moments 

)'5az 1( -.Jsaz\ W(8)= 1+- -P2 (cos8)+-4 1- 14 - 1 G:J>z(cos8). w ~ ~ 

(10) 

We see from this expression that the angular dis
tribution for the total transition is not very sensi
tive to the degree of anisotropy. 

B. Strong splitting, nonresonant detector. Using 
formulas (7a) and (7b), we obtain in similar fash
ion the angular distributions for the individual 
components: 

W(8)=1+ 7 + 1Bl'Saz/ao P2 (cos8) (lla) 
14(10 + l'5 azfao) 

or the transition l1/2l -L. I% I -L. 11/ 21 and 

W(8)= 1+•- 7 - 12 )'Saz/ao Pz(cos8) (11b) 
14(10-y5az/ao) 

for the transition l1/2l -L. l1/2l -L l1/2l· 
Figure 1 and Table I show the values of the co

efficients of the Legendre polynomials in expres
sions (11) for an angular distribution of the form 

W(8) = 1 + AJ>z(cos 8) (12) 

as functions of the degree of anisotropy the quan
tity f', equal to 

e = [f (n)- f (n/2) ]![f (n) + f' (n/2) ]. (13) 

Table I lists also the ratios of the intensities I of 
the doublet components in the resonance-absorption 
spectrum, calculated from the formula given in 
Karyagin's paper. [81 It turns out that the angular 
distributions for the individual components are 
much more sensitive to the value of the anisotropy 

Table I. Values of the coefficients of the 
Legendre polynomials in the angular-distribu
tion functions (12) for individual components 
of the doublet and component intensity ratios 
in the absorption spectra as functions of the 

anisotropy of the Mossbauer effect probability 
in the crystal 

A, 

·- ".,., II 

A 

• 
J'/1--+1'/J 11'/zl~ • 11'/,1~ 

I 1('/,) 
1(1/o) 

l'/·1~1'/ol 
1(1/z) 

·~ 2 ~P/zl I ~1'/zl 

' 
-1.0 -0.071 0.123 0.18 0.2 0.065 -o.02o -0.06 
-0.8 -0.050 0.113 0.15 0.4 0.113 -O~Om -0.13 
-0.6 -0.028 0.100 0.12 0.6 0.1.49 -0.040 -0.22 
-0.4 0.004 0.086 0.09 0.8 0.189 -0.087 -0.3 4 
--0.2 0.022 0.070 0.05 1.0 0~232 -0.152 -0.50 

0.0 0.050 0.050 0.00 



QUADRUPOLE INTERACTION AND ANISOTROPY OF MOSSBAUER EFFECT 803 

0.10 

, ~ I a 
'j l 

! I v 
' I !'-.. 

"" 
I 

~- -- >< i 
I .J I I\ 

-tO / 0 \ I.Oe 

/ ~~ 
I ~I I 

1.20 

0 

0.10 

0.20 

FIG. 1. Dependence of the coefficients of angular distribu
tion of Mossbauer scattering by individual components of the 
quadrupole doublet on the anisotropy off': a-using a nonre
sonant detector, b-a resonant detector (polycrystalline scat
terer). Curves: 1-transitionl 1/d +" l'/2l, curves 2-transition 

11/21 ""' 11/21• 

than the angular distribution for the complete tran
sition. Moreover, they are essentially different, 
and in the case of sufficiently large values of 
€ (> 0. 3) this difference is so large that it becomes 
possible to determine, not only the absolute value 
of € but also its sign and the sign of the quadru
pole interaction, something impossible in princi
ple with measurements of the component intensity 
ratio only (without additional measurements with 
partially oriented sampler 8 J). 

C. Strong splitting, resonant detector. In this 
case the anisotropy f' must be taken into account 
both for absorption and for emission of the 'Y 
quantum. As a result we arrive at the expressions 

W(S) = 1 + 5 (1+ 3iSadao) 2P2(cos 8) 
(10+-y'5a2fa0) 2 

+ 180(a2fao)2 P4(cos 8) (14a) 
49(10+J'5 a2fao)2 

for the transition l 1/2l ..!. I% I L l1/2l and 

W(e) = 1 + .5(i-l'5 adaoP,P2(cos 8) 
(10 -1'5 a2fa0)2 

+ 180(az/ao)2 P4(cos 8) 
49(10 -1'5 az/a0)2 

(14b) 

for the transition l1/2l.l. l1/2l.l. l1h 1. 
As seen from the plot (Fig. 1b), the sensitivity 

of the coefficients of the angular distributions to 

the value of the anisotropy € is much higher here 
than in case B. 

3. APPARATUS 

The measurements were made with the appara
tus used by us earlier:ru the source and detector 
were mounted at equal distances from the center 
of the scatterer (200 mm), which constituted a 
square of 80 x 80 mm, so that the average angle of 
incidence of the 'Y rays on the scatterer was equal 
to the average angle of reflection (focusing geom
etry). In those cases when it was necessary to 
make the measurements at low temperatures, the 
scatterer was secured to the wall of a brass ves
sel with liquid nitrogen. The thermal insulator 
was foamed plastic; to prevent frosting of the scat
terer, the space in front of it was covered with a 
thin polyethylene film (see Fig. 2). 

2 

4 

3 

FIG. 2. Cooling system for scatterer: 1-brass vessel filled 
with liquid nitrogen, 2-foamed-plastic thermal insulation, 
3-organic film, 4-scatterer on brass substrate.· 

In all measurements we used a source in the 
form of Sn20 (f' ~ 0. 5 at T = 300 o K), the emission 
line of which in our measurements can be regarded 
as single. The source was rectangular in shape, 
with height 25 mm and width 12 mm, and its ac
tivity was about 0.2 f.LCL To tune to resonance with 
the absorption line in the scatterer, the source was 
made to execute reciprocating motion with speci
fied speed (up to 5 mm/sec) by means of a minia
ture mechanical system with a motor. The reso
nant effect was determined by the difference be
tween the readings corresponding to the forward 
and backward motion of the source. The measure
ments were made for scattering angles from 90 to 
150 o. The corrections for the variation of the solid 
angle in this range of scattering angles, calculated 
by the Jaffey formulas, r 111 and also determined ex
perimentally, were ""25% (accurate to "'1%). The 
thickness of the scatterer was chosen in accord
ance with the condition CA = a 0nf' ~ 10. r 1l 
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4. RESULTS 

A. Measurements of small quadrupole interac
tions in Mg2Sn, {3-Sn, and Sn02• In this work, 
just as before, we determined the attenuation co
efficients in the angular-distribution functions 
from the ratios of the experimental values of the 
coefficients A2 (12) of the Legendre polynomials 
for the investigated substance and for the com
pound Mg2Sn, for which, according to investiga
tions of the resonant absorption spectrum, r 12 l un
perturbed correlation should be observed. This 
method masks possible inaccuracies in the deter
mination of the corrections. Since this makes it 
obvious that a knowledge of the experimental un
perturbed angular-distribution function is neces
sary here with maximum accuracy, we repeated 
the measurements with an Mg2Sn scatterer and 
obtained results with a lower statistical errors 
than in r 1 J. From the approximation of the exper
imental points (curve 1, Fig. 3) by least squares 
by means of functions of the type of (12), we ob
tained 

A2{Mg2Sn) = 0.251 + 0.013, 

in place of 0.26 ± 0.03 in r 1J. The theoretical 
value for the transition l1h 1-1% 1-1 1/21, cor
rected for the finite angular resolution, is A2 

= 0.242. 
Measurements with a scatterer in the form of 

metallic white tin ({3-Sn) were carried out at tern
peratures 300 and 77 o K. The obtained angular 
distributions are represented by curves 2 and 3 
respectively of Fig. 3 and are approximated by the 
functions 

W(8) = 1 + (0.20 + 0.02)P2(cos 8), T = 300° K; 

W{8) = 1 + {0.17 ± 0.01)P2 (cos 8), T = 77° K. 

The values of the attenuation coefficients G2 ob
tained in this manner and the corresponding val
ues of the quadrupole interactions are listed in 
Table II. The same table gives these quantities 
for Sn~, recalculated from the angular distribu-

w ( 8 J !!.ill. 
'W(1f/2) ,---,-----.-----,.--------, W(1f/z) 

fJ? {COS 8) 

FIG. 3. Angular distributions of the resonant scattering of: 
1-Mg2Sn, 300°K, 2-{3-Sn, 300°K, 3-{3-Sn, 90°K. 

tion measured in [ 1J but with the corrected value 
of A2 (Mg2Sn) taken into account. 

The values of the quadrupole interaction of the 
Sn119 nuclei in {3-Sn and Sn02 lattices were esti
mated earlier from the shift of the centers of 
gravity of the resonant-absorption lines in single
crystal samples oriented in various manners, £5, SJ 

and from the broadening of the absorption lines in 
polycrystalline samples. [13 • 14 l In the former case 
the signs of the quadrupole interactions were de
termined, but only estimates were obtained for 
their magnitudes, since the observed shifts were 
small compared with the experimental line widths. 
Our results agree within the limits of error with 
the values of the quadrupole interactions obtained 
by Mitrofanov et al. [ 14 ] from the decomposition of 
the absorption spectra measured with high appara
tus resolution, into unbroadened Lorentz compo
nents. Our data, as well as the data of [ 141 , indi
cate .that the quadrupole interaction in {3-Sn de
creases with rising temperature. 

Table II. Coefficients of attenuation of angular distribu
tions and values of the quadrupole interaction for {3-Sn 

and Sn02• 1) Substance, 2) present work 

Ll., mm/sec 
Substance T, °K G, Eofi' 

I present [14] 
work 

[3-Sn 80 0.68±0,07 0.82±0,15 0.25±0.05 0,32±0.02 
300 0.80±0.10 0.58±0.20 0.18±0,06 0,25±0.02 

Sn02 300 0.49±0.05 1.32::!:g:fl 0.41::!:&:&2 0.50±0.04 
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While the quadrupole splittings for {3-Sn and 
Sn02 obtained from the absorption spectra and the 
angular distributions of resonant scattering agree 
in general within the limits of error, a systematic 
deviation is noted in the latter case towards lower 
values (see Table II). This may indicate that the 
absorption-line broadening in these substances 
may in part not be of quadrupole origin. (Using 
formula (10) and the known values of the anisotropy 
f' for {3-Sn and Sn02 [ 5• 6] it can be shown that the 
correction to the coefficients of the angular dis
tributions, which take into account the anisotropy 
of f', are in this case negligibly small (~ 1 %) and 
cannot explain the observed deviation.) 

B. Measurements on individual components of 
the quadrupole doublets of SnO and (C 4H9hSn0. As 
is well known [15, 16 l the resonant-absorption spec
tra in the compounds SnO (tetragonal modification) 
and (C 4H9)2Sn0 are well-resolved quadrupole dou
blets with splitting ~ equal to 1. 4 and 2.1 mm /sec 
respectively. This makes it possible to measure 
the resonant scattering angular distributions cor
responding to separate excitation of each of the 
sublevels. 

Measurements with SnO were made at room 
temperature. The scatterer was prepared by pre
cipitating from a suspension in alcohol of fine 
powder of black tin oxide, resulting in a dense uni
form non-heaping layer over the entire surface of 
the scatterer. As shown by Boyle et al. [ 17 l, the 
principal axes of the microcrystals become par
tially oriented in this case in a direction perpen
dicular to the sample surface. From the resultant 
asymmetry of the absorption spectrum, the sign 
of the quadrupole interaction was found in that pa
per to be positive. Figure 4 shows the absorption 
spectra for two SnO samples, one of which was 
prepared by precipitation from the suspension 

-I 0 2 0 2 
U, mm/sec 

FIG. 4. Absorption spectra for SnO: a-absorber made by 
precipitation from a suspension; b-absorber in the form of fine 
powder, N(v)-number of counts as a function of the source 
speed v. 

(Fig. 4a) and the other comprising a very fine 
powder, poured in the measuring cassette (Fig. 4b). 
In the first case the spectrum is noticeably asym
metrical, and from the degree of asymmetry it is 
possible, knowing the preferred alignment direc
tion, to determine the relative value of the latter. 
It turns out to be ~ 10%. The spectrum of the pow
dered sample was practically symmetrical, indi
cating the absence of noticeable alignment. 

It is obvious that the partial alignment of the 
sample should affect the angular distributions. 
The results of the measurements are shown in 
Fig. 5, which shows also the theoretical curves for 
an isotropic sample (the "hard core" is shown 
dashed) and for a sample with 10% alignment 
(solid curves). The difference between the calcu
lated curves is especially noticeable for the com
ponent of the 11/ 2 1-1 312 1-1 1/ 21 transition (Fig. 5a) 
(in the case of SnO-the high-energy component), 
and the experimental points agree satisfactorily 
with the assumption regarding the indicated de
gree of alignment of the sample. This fact, and 
also the symmetry of the spectrum for the pow
dered sample, indicate that the anisotropy of f' in 
this compound is apparently small (lEI< 0.15). 

W(O}/W(ff/2) 
f.2 

f.f - f---

a 

-..--1,0 
r~ t--l 

0.9 

9/1 110 

b ! 1-l 
i 

~; 
T T -l~ 
1 1 

130 !50 90 flO 130 150 
0, deg 

FIG. s. Angular distributions of resonant scattering for the 
right-hand (a) and left-hand (b) components of the SnO doublet; 
T = 300°K. The scatterer was made by precipitation from a 
suspension. The solid curves are drawn under the assumption 
of 10% alignment of the microcrystals of the sample in a direc
tion normal to the scatterer plane; the "hard core" is shown 
dashed. 

As already mentioned, in the absorption spec
tra for organic tin compounds an assymetry of the 
quadrupole doublets is sometimes observed, us, 19 ] 

one of the possible causes of which may be the 
anisotropy of the Mossbauer-effect probability. [Sl 

The compound (C4H9hSnO (tin dibutyloxide) was 
chosen from the large group of organic tin com
pounds characterized by a large quadrupole inter
action, because of its chemical stability to variable 
external conditions (temperature, humidity), this 
being an important factor for prolonged measure-
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ments with periodic heating and cooling of the 
scatterer .1> 

To obtain an even, uniform, and sufficiently 
strong scatterer of large thickness (CAr::::; 10) from 
light and friable powder of (C4Ifs) 2Sn0, possessing 
in addition a small value of f' (f'(77 o K) r::::; 0.2 
summed over both components of the doublet), we 
constructed it from tablets made by pressing the 
powder at 150 atm. 

Measurements of the angular distributions were 
made with the scatterer cooled with liquid nitro
gen. The results are shown in Fig. 6. It can be 
seen that the angular distributions for different 
components of the doublet, unlike those expected 
for a completely isotropic sample, are markedly 
different: they have opposite signs, and a negative 
angular anisotropy is observed for the high-energy 
component of the doublet. Such a distortion of the 
angular distributions can be due to two causes 
(see Sec. 2): 1) the alignment of the microcrystals 
in the sample, which generally speaking can occur 
upon compression; 2) the large anisotropy of f' 
(see Fig. 1a). 

W(B)/W(1f/2) 

1,10 

0.90 

90 110 130 150 170 
0. deg 

FIG. 6. Angular distributions for the components of the 
quadrupole doublet of (C4 H,)2 Sn0 at T = B0°K. Curve !-left
hand component, 2-right-hand component (see Fig. 7). The 
solid curves are drawn through the experimental points by 
least squares, and the dashed curve is the "hard core." 

Both factors should affect also the form of the 
resonant-absorption spectra. These spectra were 
measured by us with samples of two types: pre
pared from finely crushed powder, or pressed into 

l)We take the opportunity to express deep gratitude to 
Q. Yu. Okhlobystin of the Institute of Organoelemental Com
pounds for supplying the required amount of the substance. 
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FIG. 7. Absorption spectra of (C4H, )2 Sn0, T = B0°K: 
a-powdered absorber, b-pressed absorber. In spectrum b the 
dashed curves are the calculated intensities of the right-hand 
component under the alignment assumed in the text for the sam
ple. 

a tablet at 150 atm. The sample thickness was 
CAr::::; 1. Both spectra (Fig. 7) are markedly asym
metrical, the degree of asymmetry being the same 
for both within the limits of error and amounting 
to ~ 10% (as determined from the areas under the 
lines). 

Calculation by formulas (7a) and (7b) of Sec. 2 
shows that to attribute the observed negative ani
sotropy of the angular distribution for one of the 
components to the first of the aforementioned 
causes it is necessary to assume either a 20% de
gree of alignment in a direction perpendicular to 
the plane of the sample (in which case this is the 
component with I mb I = 1/ 2), or 40% in the scatterer 
plane (in which case this is the component with 
I mb I =% ). The dashed curves on the absorption 
spectrum show the intensities expected in these 
cases for the right-hand (high-energy) component 
relative to the left-hand component. So large a 
change in the relative intensities of the component 
could not go unnoticed, and comparison of the 
spectra of Figs. 7a and 7b shows that the sample 
apparently remains isotropic after compression. 

On the other hand, the entire aggregate of the 
observed facts-the asymmetry of the absorption 
spectrum 

I right /I left= 0.90 + 0.06 

and the angular distributions 

Wten(8) = 1 + (0.10 + 0.03)Pz(cos 8), 

Wright(8) = 1 - (0.06 ± 0.03)P2l(cos 8) 

have a natural explanation if it is assumed that the 
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probability of the effect f' in crystals of (C 4H9)aSn0 
is strongly anisotropic. Simultaneous solution of 
(lla) and (llb) with respect to adao. using the in
dicated experimental values of the coefficients of 
the Legendre polynomials in the angular distribu
tions, is possible at values E < -0.6. The left-hand 
and right-hand components of the doublet in the ab
sorption spectrum correspond in this case to I mb I 
= 1/ 2 and lmbl =% respectively, i.e., eQVzz > 0. 
However, the accuracy of the present measure
ments does not exclude completely the possibility 
of E""" 0.5, (in which case eQV zz < 0). At any rate, 
it can be concluded that the probabilities of recoil
less absorption in directions parallel and perpen
dicular to the axis of the molecular crystal 
(C4H9)aSnO, differ by at least a factor of 3. So 
strongly pronounced an anisotropy should be ac
companied by a considerable anisotropy of the 
elastic properties. 

Strictly speaking, comparison of the experi
mental angular distributions with formulas (lla) 
and (llb) is valid if the molecular crystals 
(C4H9)aSn0 are axially-symmetrical and the angu
lar dependence of f' can be represented in the 
form (8). This question calls for a special inves
tigation. 

5. CONCLUSION 

From the results of the present paper it follows 
that measurements of the angular distributions of 
the Mossbauer resonant scattering can be used not 
only to determine the value of the quadrupole in
teraction (it should be noted that such a determin
ation is direct and does not depend on such fac
tors as inaccurate knowledge of the value of f', 
which can introduce an uncertainty in the value of 
!::. determined from the absorption spectrum when 
!::. """ r), but also to disclose effects connected with 
the dynamics of the crystal lattice, particularly 
the anisotropy of the Mossbauer effect. It must be 
particularly emphasized that in principle one can 
determine simultaneously the magnitude and the 
sign of the anisotropy and the sign of the quadru
pole interaction without using single-crystal sam
ples, something impossible with absorption-spec
trum measurements. Since single-crystal samples 
are in most cases rather difficult and sometimes 
impossible to produce, the number of objects that 
can be investigated through the use of this method 
is greatly increased. 

At large values of the anisotropy of f' (IE I> 0.3), 
the indicated quantities can be relatively easily 
determined at a moderate measurement accuracy. 
In order to proceed to smaller values, it is neces-

sary to increase the accuracy of the determined 
angular-distribution coefficients to ..... 5% at A2 

~ 0.05 (in the case of Sn119), which is not difficult. 
As already noted (item C of Sec. 2), when a reso
nant detector is used the angular distributions of 
the resonant scattering are more sensitive to the 
degree of anisotropy of f'. Therefore, in spite of 
additional experimental difficulties (loss of inten
sity at small values of f' , some complication of 
the experimental setup), such measurements may 
be useful for this purpose. 

The increase in measurement accuracy should 
also be accompanied by an increase in the compu
tation accuracy: it is necessary to take into ac
count such factors as the non-axiality of the elec
tric field gradient, the non-coincidence of the 
gradient and crystal axes, possible relaxation 
processes which may particularly strongly affect 
the intermediate state of the nucleus, etc. 

In conclusion, the authors are deeply grateful 
to L. D. Blokhintsev and N. N. Delyagin for discus
sions and valuable advice, K. P. Mitrofanov and 
A. N. Karasev for collaboration in the measure
ment of the absorption spectra, and A. S. Mogilev 
for the development of the system of motion of the 
source. 
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