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The diffraction of Mdssbauer y radiation by the weakly ferromagnetic crystal Fe,BO, has been
investigated, and the interference of resonance nuclear scattering of Mossbauer y quanta by iron
nuclei located in the crystallographically nonequivalent 4c and 8d positions has been analyzed in
detail. The energy spectra of pure nuclear Bragg reflection, from the (100) set of planes in a
Fe;BO crystal, of resonance ¥ radiation of the >’Fe isotope with an energy of 14.4 keV have been
studied experimentally for odd orders of reflection. It is shown that the shape of the spectra
obtained is determined by the nature of the interference of the scatterings by the >’Fe nuclei in the
4¢ and 8d positions, and the cases of constructive and destructive interference are investigated in
detail. The results of the measurements are in good agreement with the theoretical spectra calcu-
lated for models of ideal and mosaic crystals. Possible applications of interference of resonance

nuclear levels in structure investigations are discussed.

INTRODUCTION

There has recently been appreciable interest in the
study of the diffraction of resonance nuclear (Mdssbauer) ¥
radiation by crystals (see, for example, Refs. 14 and the
citations in them). This interest is connected, on the one
hand, with possible application of the Mossbauer diffraction
method in structural investigations, in particular for study-
ing the crystal structure of materials, and also the structure
of hyperfine fields at Mdssbauer nuclei. On the other hand
there is interest in studying new physical phenomena which
arise at the diffraction of MGssbauer ¥ quanta in crystals, for
example the effect of suppression of inelastic nuclear reac-
tion channels,">® or new features of phenomena already
known, such as, for example, pendulum beats (Pendello-
sung) in Laue diffraction.’° We note that the phenomena
mentioned and, besides, a number of other features of the
coherent scattering of Mdssbauer radiation, show up most
clearly under conditions of hyperfine splitting of a Moss-
bauer line in the crystal on, for example, scattering by mag-
netically ordered crystals.

Until recently, experimental studies of the diffraction of
Mossbauer radiation by magnetically ordered crystals have
been carried out mainly on crystals of Fe,” a-Fe,0,,' "' and
FeBO,.">!* The use in experiment of a limited number of
compounds possessing the same relatively simple crystallo-
graphic and magnetic structures, was characteristic of the
initial stage of Mossbauer diffraction studies and was ex-
plained by the difficulty in obtaining single-crystal speci-
mens, enriched in the Mossbauer isotope. Recently, in view
of progress achieved in the technique of growing enriched
single crystals,'> magnetic crystals with a more complicated
structure, containing several tens of atoms in the elementary
cell, have started to be used in a Mdssbauer diffraction ex-
periment.’®!” One such material, which is of interest for
studying coherent scattering of MGssbauer radiation is iron
borate Fe;BO,.
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The crystal structure of Fe;BOg has been studied by
White et al.'® and by Diehl and Brandt;'® analysis of the
magnetic properties?®-?* showed that the crystal is a uniaxial
antiferromagnet with weak ferromagnetism, with Néel point
Ty = 508 K.

An important feature of Fe,BOy is that the iron ions in
this compound occur in two crystallographically nonequiva-
lent types of site, the particular 4c and general 84, for which
the magnitude of the effective magnetic field at the iron nu-
clei, and also the structure of the electric field gradients
(EFG) and the isomer shifts are different. This difference
leads to the positions of the resonance lines for the iron nu-
clei in the 4c and 8d positions being, in general, different
from one another. Near each resonant transition between the
Zeeman sublevels of the ground and excited states of the
nucleus m; — m, (where m; and m, are the magnetic quan-
tum numbers), the two resonance lines of the *’Fe nuclei
corresponding to the 4¢ and 8d positions (c and d lines) thus
give the main contribution to the ¥ quanta scattering. The
energy difference between the c and d lines corresponding to
one and the same Mossbauer transition is different for differ-
ent transitions and, in addition, depends on specimen tem-
perature.”>?* The magnitude of the energy difference lies
within the limits from I" to ~ 10", where T is the natural
width of the Mdssbauer line. On diffraction scattering, the
contributions from the ¢ and d lines interfere among them-
selves, which can lead to a noticeable change in the shape of
the diffracted radiation line compared with the case of an
isolated resonance.

The first experimental studies of the diffraction of
Mossbauer ¥ radiation by a Fe;BOj single-crystal revealed
the interference of ¢ and d lines on scattering into nuclear
magnetic diffraction maxima® and, in addition, made it pos-
sible to determine reliably the magnetic structure of the crys-
tal.?6 It was shown, in particular, that on constructive inter-
ference a broadening, and on destructive interference a
narrowing, of the combined resonance line is possible, com-
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pared with the case of an isolated resonance.

In the present work a systematic study of the interfer-
ence of c and d lines on Bragg reflection of Mdssbauer radi-
ation from a Fe,BO crystal is carried out. A detailed analy-
sis of the interference of two closely placed resonance lines in
Mossbauer scattering is given. The influence of interference
on the shape of the energy spectrum of the diffracted radi-
ation, for the cases of constructive and destructive interfer-
ence, is studied in detail. Results of the measurements are
compared with theoretical calculations carried out for mod-
els of ideal and mosaic crystals. Possible applications of the
interference of closely placed resonances lines in physical
investigations are discussed.

EXPERIMENTAL METHOD. RESULTS OF THE
MEASUREMENTS

The experimental investigations were carried out on a
Mossbauer diffractometer, the design of which was de-

scribed before.?® The y-quanta beam with energy E = 14.4
keV and line width I'; =2I" from a MG{ssbauer source
37Co(Cr) of activity ~ 100 mC, secured to the shaft of an
electromagnetic vibrator, passed through a system of colli-
mators and, with a divergence of ~0.8°, fell on a >’Fe;BO,
single crystal placed on a goniometer in one of the positions
of symmetrical Bragg reflection (4, 0, 0). In the experiment,
reflections with odd values of 4 were studied (pure nuclear
magnetic diffraction maxima), to which only resonance scat-
tering by nuclei makes a contribution. The setting of the
crystal in the reflecting Bragg position was carried out with
the help of the bremsstrahlung from an x-ray tube, which
could fall on the specimen studied through the hollow shaft
of the vibrator.

In the method of adjusting the crystal for pure nuclear
diffraction maxima,?’ for which structural extinction of
Rayleigh scattering of 14.4 keV x rays occurs, use is made of
the fact that the x radiation of energy 28.8 keV, such extinc-
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FIG. 1. Energy dependence of the intensity of ¥ radiation,
diffracted by a >’Fe,BOj single-crystal, for the (11, 0, 0), (15,
0, 0) and (17, O, 0) reflections corresponding to the case of
constructive interference. The full and dashed lines show the
theoretical spectra for the ideal and mosaic crystal models
respectively. The vertical arrows give the positions of the re-
1= sonances for iron nuclei in 4c and 84 positions, 05 is the
Bragg angle
20
0 +—
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FIG. 2. Spectra for the (5, 0, 0), (9, 0, 0) and (19, 0, 0) reflections
corresponding to the case of destructive interference.

tion does not take place. Adjustment is carried out by the
second order of reflection with the help of a single-channel
pulse-height analyzer. The diffracted radiation was record-
ed by an Si(Li) detector with energy resolution 250 eV for the
FeK, line and detector area of sensitive surface 100 mm?,
All measurements were carried out at room temperature at
constant velocities.

A Fe,BOq crystal with dimensions 12 X 6 X 0.3 mm, en-
riched in the resonance isotope >’Fe to 95%, was grown at
the Simferopol State University.2® The width of the rocking
curvein the (4, 0, 0) reflection for MoK, x radiation was 20”.
A (100) plane emerged at the crystal surface, the weakly fer-
romagnetic moment lay along the [100] axis, the antiferro-
magnetic axis was in the (100) scattering plane and in the (k,,
k,) plane, where k, and k, are the wave vectors of the inci-
dent and scattered waves.

The results of the experimental studies are shown in
Figs. 1 and 2. Energy spectra of the (11, 0, 0), (15, 0, 0) and
(17, 0, 0) reflections are shown in Fig. 1, corresponding to the
case of constructive interference of the ¢ and d lines, for .
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which the structure factors F¢, and F2_ for iron atoms re-
spectively in the 4c and 84 positions have the same sign. The
distinguishing feature of these spectra is the broadening of
the resonance lines and also the existence of splitting of the
outer lines in the spectrum.

The energy spectra of the (5, 0, 0), (9, 0, 0) and (19, 0, 0)
reflections shown in Fig. 2 correspond to the case of destruc-
tive interference, for which F¢, and F2_ have different
signs. In this case the resonance peaks have the shape of
narrow single lines.

Theoretical calculations of Mossbauer diffraction by a
Fe,BO, crystal were carried out for ideal and mosaic crystal
models. Comparison of the theoretical curves with the ex-
perimental spectra was carried out by the least squares meth-
od, taking account of the contribution of all experimental
points, unlike Artem’ev et al .,2 who mainly took account of
the nonresonance region of the spectrum in comparing the
theoretical and experimental spectra of haematite. The spec-
tra obtained reveal interesting features of the interference of
two closely spaced resonance lines in the diffraction scatter-
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ing of Mdssbauer y-quanta. Before going on to discuss them
we present the results of a theoretical consideration of the
diffraction of Mssbauer radiation by a Fe;BO, crystal.

STRUCTURAL SCATTERING AMPLITUDE

The amplitude of the coherent scattering of Mossbauer
y radiation by an elementary cell of a crystal has the form

12
Fi) = E F{Mexp{i(k.—ki) 13}, (1)
j=1
where F {¥is the amplitude of the scattering by the jth Méss-
bauer nucleus, 1; is its coordinate; the summation is carried
out over all the resonance nuclei in the elementary cell. We
note that the amplitude of Eq. (1) is written for scattering
into the nuclear diffraction maximum and therefore does not
contain a Rayleigh term.

Since the >’Fe nuclei in a Fe,BOg crystal are in the crys-
tallographically nonequivalent 4c and 84 positions, it is con-
venient to divide the sum in Eq. (1) into two, in each of which
the summation is over the nuclei in one position

.
gN) (N)c .
Fun =2I F, Oxp{l(kz—k1)1p°}
p=1

8
R e (i ke, 2)
gq=1
The indices c and d here denote quantities referring to Moss-
bauer nuclei corresponding to the 4c and 8d positions. In Eq.
(2) it is also taken into account that four iron ions are in the 4¢
positions while eight ions are in 84 positions.
Carrying out the summation in Eq. (2) and taking into
account all the hyperfine structure components, we obtain

6
Fii'= a[ Fi Yy P (E—E, +il/2)~"
n=1{
6

+F:t,‘2 p? (E—E:Hr/z)-*], (3)

n=t

where

& 8
Fao=2 explitkik)n),  Flo= X expfilo—ky)r),
p=1 g=1

Jois the common factor of the resonance nuclear amplitudes
for iron nuclei in 4c and 84 positions, E is the y radiation
energy, PV) and E, are, respectively, the nuclear polariza-
tion factor and resonance value of the energy for the nth
resonance line in the spectrum, the index n enumerates the
resonance lines of the >’Fe;BOg spectrum in the direction of
increasing E.

Since the magnetic fields at the iron nuclei in each of the

positions are ordered antiferromagnetically,”,?>?® then
PNr=pWi — pN) where

P{” =(nh, (k) (h,(k;)n,") — (n;h, (k) (b (ko) ng?).  (4)

In Eq. (4) n, and n, are the polarization vectors correspond-
ing to the incident and scattered radiation, h,, (k;) is the po-
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larization vector of the radiation emitted in direction k; in
the Mdéssbauer transition indicated by the index n. The ex-
plicit form of h,, (k;) and the factor f;, can be found, for exam-
ple, in Belyakov.?

Equation (3), with Eq. (4) taken into account, gives the
amplitude F)(n,, n,) of coherent scattering of a wave with
polarization n, into a wave with polarization n,. The expres-
sions which determine the intensity of diffraction scattering
I (n,, n,) through the amplitude F {})(n,, n,) for the cases of
ideal and mosaic crystals are well known.??® We shall make
use of these expressions without quoting them here.

If the incident beam of ¥ quanta is unpolarized, then
I (n,;, n,) must be averaged over the polarizations. For the
experimental conditions chosen (scattering into the nuclear
magnetic maxima, antiferromagnetic axis lying in the (k,, k,)
plane), averaging over polarizations amounts to summation
of the intensities of the diffraction scattering corresponding
to m- and o-polarized ¥ quanta falling on the crystal, since in
the present case these two polarizations are scattered inde-
pendently of one another. We should remember that the «-
polarization lies in the (k,, k,) plane, while the o polarization
is perpendicular to this plane.

It is interesting to note that the polarization properties
of PV are in this case such that the diffraction scattering of
¥ quanta takes place only with rotation of the plane of polar-
ization. For example, if m-polarized radiation falls on the
crystal, then the diffracted beam will consist only of -polar-
ized ¥ quanta, and on the other hand a o-polarized incident
beam gives only m-polarized ¥ quanta on scattering. This
results from the amplitudes of nuclear scattering without
change of polarization, F{)(m,, m,) and F})(o,, o) being
zero in the case considered, while the scattering amplitudes
for a change in polarization, F{})(w,, 0,) and F'})(a,, m,),
differ from zero. Analysis of Eqgs. (3) and (4) shows that for
the experimental geometry chosen F{)(w,, 0,)

= — FiXl(oy, m).

MODEL OF TWO LINES

As has already been noted above, two resonance lines
make the main contribution to the scattering near each
Mossbauer transition, one for iron nuclei in 4c¢ positions, the
other for nuclei in the 84 positions. In the present section,
therefore, we introduce the results of a numerical calcula-
tion for two resonance lines for an analysis of Mdssbauer
scattering by crystals in which the resonance nuclei are in
nonequivalent positions.

We write the scattering amplitude in the form
(N)

FN=F" +F;
=a,[2(E—E,)/T+i]~'+a.[2(E—E.) /T+i]™,  (5)

where @, and a, give the contribution to the scattering from
each resonance line (i.e., they play the role of the structure
factors in Eq. (3)), and E, and E, determine the positions of
these lines. In what follows we will use the parameter
A = E, — E,, determining the distance between the lines.
For definiteness we will calculate the diffracted beam
intensity I on the model of a mosaic crystal?® with subse-
quent averaging over the shape of the source line. The results
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FIG. 3. Diffraction spectra for constructive interference for three values
of the parameter A: a) A = 0.5T", b) A = 3T, ¢) A = 6I". The case of equal
amplitudes @, =a, = 1.

~

of the calculations are shown in Figs. 3-6.

The dependence of I on y-radiation energy is shown in
Fig. 3 for the case of constructive interference with an equal
contribution from each line. The calculated curves are ob-
tained for three values of the parameter A; the vertical ar-
rows give the positions of the resonances for each value of A,
the widths of the source lines is assumed to be equal to 2I".
The value of the coefficient of linear attenuation of the ¥
quanta by electrons u, and nuclei u, was taken to be the
same as for a Fe;BOg crystal.

For constructive interference the existence of resonance
coefficients for the amplitudes F{) and F}¥'in Eq. (5) leads
to the real parts of F{¥) and F") adding together in the re-
gion of y-ray energies to the right and left of both resonances,
and subtracting in the energy region lying between the reson-
ances. This means that the diffraction scattering of ¥ quanta
is increased to the left and right of the resonances, while it is
weakened between the resonances. For values of A < I'/2 the

I, rel. units l

L |
=20 -1 0 0 20
E/T

FIG. 4. Spectra for constructive interference in the case of unequal ampli-
tudes: g, = 1, a, = 0.5. The values of A are the same as in Fig. 3.
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I¢, rel. units c
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FIG. 5. The shape of the diffraction spectra for destructive interference in
the case of equal amplitudes: @, = 1, @, = — 1. The values of A are the
same as in Fig. 3.

dimensions of the region where F) and F$" cancel one
another is small and the function I (E) has the form of a
single line with smoothed-out vertex. For AR I'/2 a dip ap-
pears in the center of the diffracted spectrum (Fig. 3, a),
which grows as A increases. In this case I, as afunction of £
has a “volcano-like” shape, in which the inner slope is
steeper than the outer. For values of A = 3T" and 6I" the
diffraction spectra have two peaks, the distance between
which is more than double the distance between the reso-
nance lines (Figs. 3, b, c). For given values of A, constructive
interference thus leads to an anomalous splitting of the spec-
trum of diffracted radiation.

The difference between the amplitudes @, and a, in Eq.
(5)1eads to an asymmetry of the spectrum. The curves shown

I, rel. units

05+
=70 -J g J 0
E/r
FIG. 6. Diffraction spectra for destructive interference in the case of une-
qual amplitudes: @, = 1, @, = — 0.5. The values of A are the same as in
Fig. 3.
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in Fig. 4 demonstrate this clearly. It should be remarked that
the peak in the spectrum of diffracted radiation, correspond-
ing to the line of smaller amplitude is shifted further from its
resonance position than for the line with larger amplitude.

For destructive interference, when the amplitudes a,
and a, have different signs, the diffraction scattering in-
creases in the energy region between the resonances and is
weaker outside it. The corresponding spectra of the diffract-
ed radiation are shown in Fig. 5 for the case of equal contri-
butions from each line. The I (E ) dependence of Fig. 5 has
the shape of a single symmetrical peak, differing from a Lor-
entzian by a sharper vertex and a more rapid fall in the
wings. The maximum value of I (E) is reached exactly
between the resonances. Destructive interference leads to a
noticeable compression of the diffracted spectrum, the width
of which, as shown by calculation, can be less than the width
of the diffracted spectrum of a single Mdssbauer line.

The shape of the spectrum in the case of unequal contri-
butions of destructively interfering resonance lines is shown
in Fig. 6. The curves shown reveal the asymmetry of the
diffraction spectrum and display a steeper fallin I (E ) on the
side of the smaller amplitude resonance. We note that in this
case the maximum of I (E ) is reached for values of E closer
to E,, i.e., to the position of the resonance line of larger am-
plitude.

The model of two lines discussed in the present section
clearly demonstrates the influence of interference on the
shape of the energy spectrum of diffracted y radiation. It
should be noted that this model can be used not only for
purposes of illustration, but also in calculating spectra for
concrete experimental situations. In particular, it is applica-
ble in those cases where the distance between the interfering
lines, A, is small while the energy of the  quanta lies near the
resonance values E,; and E,. The contribution of the remain-
ing lines of the spectrum can then only give an insignificant
(a few percent®®) correction to the scattering intensity. The
approximation of two lines thus not only simplifies the dis-
cussion, but also can give a good quantitative description of
the resonance region of the spectrum.

DISCUSSION OF THE RESULTS

As the results of the previous section have shown, the
shape of the diffraction spectrum is determined to an appre-
ciable extent by the relation between the structure factors for
iron nuclei in the 4¢ and 8d positions. The values of F¢,, and
F§, for *’Fe nuclei in the 4c and 8d positions for (A, 0, 0)
reflections from a Fe;BOg crystal are given below:

(2,0,0) (5,0,0) (9,0,0) (11,0,0) (15,0.0)  (17,0,0) (19,0, 0)
- 370 —094 -390 154 3,98 2,08
i 504 448 680 714 3,32 ~7,42

str!

It should be noted that the structure factors for (h, O, O) re-
flections, where 4 is an odd number, are real numbers and for
different values of  can differ not only in magnitude but also
in sign. For each of the reflections (11, 0, 0), (15,0,0)and (17,
0, 0) the signs of F¢, and FZ agree among themselves,
which leads to constructive interference of the c and d lines.
For the reflections (5, 0, 0), (9, 0, 0) and (19, 0, 0) the signs of
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F;, and F2_ are opposite, which leads to destructive inter-
ference.

Yet another parameter which has a noticeable influence
on the form of the spectrum is the energy difference between
the c and d lines of the separate components of the hyperfine
structure A, = EZ — E¢. The values of A, for the Moss-
bauer transitions in >’Fe nuclei in 4c and 8d positions, ex-
pressed in units of I, are given below:

n 1 2 3 4 5
An 59 28 0,5 -1.3 -3.6

6
-33

It is convenient to analyze the spectra with the help of
the results obtained in the previous section.? We shall at first
discuss constructive interference of the ¢ and d lines. The
effect of interference on the shape of the diffraction spec-
trum is a maximum for the (11, 0, 0) and (17, 0, 0) reflections
for which F ¢, and F2, are large and comparable in magni-
tude. For these reflections there is an anomalous splitting of
the outer lines in the spectrum and a broadening of them to
~20T'. The third and fourth lines in the spectrum are also
broadened but not split, since the values of A, and A, corre-
sponding to them are small. Because |A;| < |A,], the intensi-
ty of the diffraction scattering for the third line is greater
than for the fourth. F&_ for the (15, 0, 0) reflection is appre-
ciably greater than F¢,, so that the influence of interference
is clearly marked in this case.

It should be noted that for nearly all (4, 0, 0) reflections
from a Fe;BOg crystal (h an odd integer) the absolute value of
the structure factors for iron nuclei in 8d positions are
greater than for nuclei in 4¢ positions. This is not surprising
since there are twice as many iron nuclei in 84 positions as in
4c¢ positions. The only exception is the (17, 0, 0) reflection for
which |[F¢,. | > |F&,|. Inthesplit outer peaks of the spectra of
the (11, O, 0) and (15, 0, O) reflections, therefore, the lines
corresponding to scattering by iron nuclei in 84 positions are
more intense, while in the (17, 0, 0) spectrum it is the lines
corresponding to scattering by nuclei in 4¢ positions.

Since scattering of Mossbauer y radiation in nuclear
magnetic diffraction maxima are studied in this work, there
are no contributions to the scattering from transitions with
Am =0, where Am = m; — m;. Near these transitions (the
second and fifth lines in the spectrum) the intensity of the
reflected radiation has small dips produced by absorption of
the ¥ radiation in these transitions on scattering at zero an-
gle.”®

The theoretical curves shown in Fig. 1 show good agree-
ment with the experimental results. The theoretical spectra
for the (15, 0, 0) and (17, 0, 0) reflections, calculated on the
ideal and mosaic crystal models agree, but there is a small
difference between them for the (11, 0, 0) reflection. We note
that for the (17, O, 0) reflection near transitions with Am = 0
there is some difference between the theoretical and experi-
mental spectra. The theoretical spectrum near transitions
with Am = 0 has small dips, while there are no dips in the
experimental spectrum. The reason for this discrepancy re-
mains to be explained.

For destructive interference all the lines in the spectrum
of diffracted radiation are in the form of single narrow peaks
(Fig. 2). The peaks in the spectrum in the case of the (5, 0, 0)
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reflection, for which |F &, | nad [F¢, | are close in magnitude,
have an almost symmetrical shape, with the maximum of
each of them lying between the corresponding ¢ and d lines.
For the (9, 0, 0) and (19, 0, 0) lines, |F2 | > |F&, |, so that the
peaks in the energy dependences have an asymmetric shape,
and their maxima are close to the corresponding values of
E¢.

A characteristic feature of diffraction spectra in the
case of destructive interference is that the peak for the first
line in the spectrum is broader than for the sixth. This is
related to the fulfillment of the inequality |4, | > |A¢l, i.e., to
the fact that the region over which scattering through the ¢
and d lines enhances each other is greater for the first line
than for the sixth. A similar inequality for the inner lines of
the spectrum, |A,| > |A;| leads to the peak for the fourth line
being more intense than for the third.

The width of the peaks of the spectra shown in Fig. 2 is
appreciably less than for the case of constructive interfer-
ence. In addition, the separate peaks are narrower than in
the case of scattering through a single line (isolated reso-
nance). For example, calculations show that for the (5, 0, 0)
reflection the peak for the sixth line in the spectrum is about
twice as narrow as for the same line on scattering only by
iron nuclei in 84 positions.

It should be noted that the dips near transitions with
Am = 0 are almost absent for destructive interference. This
is a result of weakening of diffraction scattering due to inter-
ference of the ¢ and d lines in the wings of the spectrum.

Theoretical spectra calculated on the ideal and mosaic
crystal models agree in the case of destructive interference
for all reflections studied and agree well with the results of
the experimental observations.

CONCLUSIONS

The results of the present work show that a Fe;BOg¢
crystal offer convenient and promising material for studying
the interference of closely spaced nuclear resonant transi-
tions. It is possible with this crystal to study both construc-
tive and destructive interference for different contributions
of interfering lines. The shape of the diffraction spectra for
each reflection together with general relationships have a
number of characteristic features containing information
about the scattering crystal. For example, the dependence of
the diffraction picture on the contributions of the ¢ and d
lines can be used to determine the structure factors F,_, i.e.,
for studying the crystal structure of the material. This same
dependence can also, in principle, be used to study impurity
compounds to determine the position of the impurity atoms
and their inclusion in the matrix. The high sensitivity of the
interference picture to the type of magnetic ordering in the
crystal should also be noted, making it possible to demon-
strate a clear and simple means of determining the magnetic
structure of Fe,BO, with the help of magnetic Mdssbauero-
graphy.2®

The results of the present work show a number of inter-
esting features of the Mossbauer diffraction method of struc-
tural studies in the presence of interference of the resonant
nuclear lines. We should especially stress the merits of this
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method in studying compounds with complicated crystal-
line and magnetic structures in those cases when application
of traditional methods of structural analysis—x-ray and
neutron diffraction—is inconvenient. The results obtained
can be used in studying diffraction scattering of Mdssbauer
radiation from other compounds, particularly those in
which the Mdssbauer nuclei are in non-equivalent positions.

The authors thank V. N. Seleznev and A. R. Prokopov
who grew the isotopically enriched crystals, and E. A. Aris-
tov and V. A. Bakhshi-Zade for help in carrying out the
computer calculations.

UFor the further discussion, the weak ferromagnetism of the Fe;BO, crys-
tal is insignificant.

21t should be borne in mind, however, that the theoretical spectra shown
in Figs. 1 and 2 were calculated by taking into account the contribution of
all the hyperfine structure components.
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