
SOVIET PHYSICS JET P VOLUME 30, NUMBER 2 FEBRUARY, 1970 

INVESTIGATION OF SOME HEXAGONAL FERRITES WITH AN M STRUCTURE BY 

EMPLOYING THE MOSSBAUER EFFECT 

T. A. KHIMICH, V. F. BELOV, M. N. SHIPKO, and E. V. KORNEEV 

Crystallography Institute, USSR Academy of Science 

Submitted March 14, 1969 

Zh. Eksp. Teor. Fiz. 57, 395-400 (August, 1969) 

Some hexagonal ferrites with an M structure are investigated by using the Mossbauer effect. It is 
shown that four magnetic sublattices are observed in BaFe1201o and SrCoo.4aFeu,1s019 ferrites at 
room temperature. The presence of additional lines indicates the existence of impurity layers. It is 
found that in the given ferrites spin-orbit interaction makes a large contribution to the magnetic 
anisotropy. The decrease of the magnetic field strength at the Fe 57 nuclei which occurs when Co and 
Ti are introduced into an Sr ferrite indicates that the 3d-electrons are redistributed among the Co, 
Ti and Fe ions. 

1. INTRODUCTION 

HEXAGONAL ferrites have large magnetic anisotropy. 
It is assumed that the dipole-dipole interaction does not 
play an important role in the M structure. The main 
contribution to the energy of the magnetic crystallo­
graphic anisotropy is apparently made by the spin-orbit 
interaction. It is due to the quenching of the orbital mo­
tion, which in turn is due to deivation of the symmetry 
of the local environment of the iron ions from cubic. 
This deviation leads to a quadrupole splitting in the 
Mossbauer spectra. Thus, the Mossbauer-effect method 
makes it possible to investigate the influence of spin­
orbit interaction on the magnetic anisotropy of iron ions. 

The purpose of the present study was to investigate 
hexagonal ferrites with M structure by the Mossbauer­
effect method. 

2. EXPERIMENTAL PROCEDURE AND SAMPLES 

The Mossbauer effect in hexagonal ferrites was in­
vestigated with a setup of an electrodynamic type, the 
block diagram of which is shown in Fig. 1. The relative 
motion of the source (with velocity v(t)) was produced 
by a special vibrator (1). We used uniformly-accelera­
ted motion. The y quanta passing through the absorber 
(3) were registered with a detector (4) comprising an 
Nai(Tl) crystal with an FEU-13 photomultiplier. The 
signal from the detector was fed to a discriminator (5) 
and then to a multichannel pulse analyzer of the AI-256 
type (6). The time interval during which counting in each 
channel took place was constant. Therefore, in the ab­
sence of resonant absorption of the y quanta, the number 
of pulses in each channel was independent of the channel 
number. 

FIG. I. Block diagram of expe­
rimental setup. 
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FIG. 2. Mossbauer spectrum ofFe20 3. 

The spectrum was scanned once during each period 
of motion. By way of an example, Fig. 2 shows the well 
known spectrum of iron oxide Fe 20 3• To calibrate the 
channel in velocity units, we compared the positions of 
the extreme peaks of the spectrum of iron oxide with 
the data ofl11 , which were obtained with precision ap­
paratus at a constant speed. 

The vibrator power-supply block consisted of two 
de amplifiers (8) with negative feedback and a generator 
of the NGPK-3M type (7). This generator was also used 
to supply starting pulses to trigger the multichannel 
analyzer, thus ensuring a firm connection between the 
speed of motion and the channel number. The vibrator 
was a system of two magnets, in the gaps of which there 
were suspended, on annular springs, coils interconnec­
ted by a rigid rod. The source (2) was fastened to this 
rod. The source employed was Co 57 in a matrix of stain­
less steel with activity 8.6 mCi. The diameter of the 
active spot was 5 mm. The half-width of the component 
of the experimental absorption line in nitroprusside and 
the magnitude of the effect were respectively 
0.38 mm/sec and 16% (at an absorber thickness equiva­
lent to 20 mg/ em 2 of natural iron). 

The Mossbauer spectrum were measured on crystals, 
grown from the melt, of hexagonal ferrites with M 
structure (BaFe1a01oi SrCoo.4aTio.4aFeu; 1s019j 
SrFe1a019). A similar structure is possessed by mag-
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netoplumbite. The hexagonal unit cell of such a struc­
ture consists of nine layers of oxygen ions. Each layer 
in the unit cell contains four large ions. In four suc­
ceeding layers, the large ions are the oxygen ions, but 
each fifth layer has besides the three oxygen ions also 
one strontium (or barium) ion. In this structure, the 
trivalent iron ions occupy sites of three different types. 
Besides the tetrahedral and octahedral positions, there 
is here also a five-fold surrounding, constituting a 
trigonal bipyramid. Such sites are contained in layers 
with barium (strontium) ions. There are twelve iron 
ions in each formula unit of the barium ferrite. They 
are distributed as follows: two ions occupy tetrahedral 
positions, one ion is located in the trigonal bipyramid. 
The remaining ions occupy octahedral sites. It is possi­
ble to separate three types of octahedral voids in the M 
structure l2J • 

The investigated compounds contain five sublattices 
(see Table I) •>. One should expect complicated Moss­
bauer spectra in this case. 

3. RESULT AND DISCUSSION 

Figure 3 shows the spectrum of the hexagonal ferrite 
BaFe 12019. We see that the Mossbauer spectrum is a 
complicated structure, due to the superposition of 
Zeeman six-line splitting pictures I, II, III, IV from the 
iron nuclei, located in different crystallographic posi­
tions (sublattices I, II, III, IV). 

Sixteen spectral components are resolved relatively 
distinctly. Line 1 is slightly broadened and has a lower 
intensity than the single line 2, which has a high inten­
sity. Attention is called to the broadened lines 7 and 9, 
which have identical intensities, and also to line 16, 
which has a gentle outward slope, making it possible to 
assume a superposition of not less than two lines. Com­
paring the intensities of the components with the distri­
bution of the iron ions over the sublattices (with account 
taken also of the line broadening), we can resolve the 
spectrum of polycrystalline BaFe12019 into four six-line 
spectra with a chemical shift characteristic of the ions 
Fe3+. However, the spectrum contains additional lines, 
which are not characteristic of the single-crystal 
BaFe 1~19l 3 J • They form one more six-line spectrum 
with a chemical shift -2 mm/ sec, a quadrupole splitting 
A = 0.29 mm/ sec, and a magnetic local field Hz 
= 440 kOe. This spectrum is possibly due to the pres­
ence in the sample of layers having a different struc­
ture. 

In the Mossbauer spectrum of SrFe1~19 (Fig. 4), 

•>In Table I we indicate the number of iron ions and the direction of 
magnetic moment in the sublattices. 
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FIG. 3. Mossbauer spectrum of BaFe12019. 
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FIG. 4. Mossbauer spectrum of SrFel20I9· 
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FIG. 5. Mossbauer spectrum of SrCoo.4zTio.4zFell.I60I9· 

there are likewise 16 distinctly resolved components. 
A distinction feature of this spectrum is the splitting of 
the outermost right-hand line into two components (lines 
15 and 16, Fig. 4). The spectrum of SrFe12019 can a~so 
be resolved into four six-line spectra I, II, III, IV w1th 
a chemical shift o characteristic of the trivalent iron, 
and one spectrum corresponding to the layers of another 
structure with Fe2+ ions (Hz = 397 kOe, 
A= 1.41 mm/sec, o = 1.74 mm/sec). Antiferromagnetic 
ordering giving rise to losses to the rotational hystere­
sis which was observed by Shchurova et al. l4J, can ap-

' parently occur on the boundaries of these impurity 
atoms. 

The magnetic properties of the investigated samples 
were studied inl4 J. The overall view of the spectrum 
remained the same when the Fe3 + in the strontium 
ferrites were replaced by Co2+ and Ti4 + ions (Fig. 5). 
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There are 15 distinctly resolved components. Analysis 
shows that the line-intensity ratios, the line widths, and 
the distances between lines all change. Line 2 becomes 
less intense, whereas line 1 has maximum intensity. 
Line 15 of the Sr ferrite (Fig. 4) is split in this spec­
trum into two components. Additional low intensity lines 
9 and 12 also appear. 

It is possible to separate here four six-line spectra 
with a chemical shift corresponding to Fe3 +, and one 
spectrum with a chemical shift close to Fe2 + 

(15 = 1.52 mm/sec, ~ = 0.95 mm/sec, and Hz= 385 kOe). 
An analysis of the presented spectra, in terms of the 

line intensity, the line width, and the distribution of the 
Fe ions in the sublattices, shows that it is possible to 
separate in the investigated ferrites the four magnetic 
sublattices listed in Table I. The fifth sublattice of the 
Fe3 + ions did not appear in our experiments. Appar­
ently, just as inr31 , the spectrum due to the fifth sub­
lattice coincides in the investigated samples with the 
spectrum due to the iron ions in the third sublattice. 

Table II gives the Mossbauer parameters of the 
spectra of the investigated samples. 

It is seen from the table that all the sublattices have 
a noticeable quadrupole splitting. In the barium and 
strontium ferrites, the largest value of ~ was observed 
for Fe3 + nuclei located in the first and fourth sublattices. 
The local surrounding of the Fe3 + ions, located in the 
second and third sublattices of SrFe1a019, deviate insig­
nificantly from cubic symmetry (~ = 0.18 and 
0.05 mm/ sec). Substitution of strontium ions for the 
barium ions lowers the quadrupole splitting of the third 
sublattice. However, the magnetic anisotropy constant, 
together with large quadrupole splitting of the first and 
for sublattices, changes little (kl equals 3.3 
x 106 erg/cm3 for BaFe1a01s and 3.6 x 106 erg/cm3 for 
SrFe1a01s). 

When some of the Fe3 + ions are replaced by Co and 
Ti ions in the strontium ferrite, the deviation of the 
local symmetry of the surroundings for the Fe3 + ions in 
the first, second, and fourth sublattices, decreases. 
Simultaneously, the magnetic anisotropy decreases 
strongly (kl = 1.8 x 105 erg/cm3). 

Thus, the magnetic crystallographic anisotropy of 
SrCoo.4aTio,4aFeu,l601s is due mainly to the iron ions in 
the first, second, and fourth sublattices. In the barium 
and strontium ferrites, all the sublattices (especially 
the first and fourth) make a noticeable contribution to 
the magnetic anisotropy. The correlation between the 
anisotropy constant k1 and the magnitude of the quad­
rupole splitting makes it possible to assume that in the 
investigated compounds the spin-orbit interaction exerts 
a strong influence on the magnetic anisotropy. 

When strontium replaces barium, the magnetic fields 
at the iron nuclei (in table II) in the second and fourth 
sublattices remains practically unchanged. In the 
barium and strontium ferrites, the magnetic fields at 
the nuclei located in the first and third sublattices are 
also the same. However, in SrCoo.4aTio.4aFeu.l60ls the 
local magnetic fields at the Fe 57 nuclei in the first and 
third sublattices are much weaker than Hz in barium 
and strontium ferrites. 

The deviation of the symmetry of the local surround-

Table ll 

n I a. mm/sec j~. mm/secl :cJ: 
BaFe1201s 

I 0.40 

I 
0,27 

I 
419 

II 0.54 0.25 510 
III 0.43 0,23 500 
IV 0.505 1.12 405 

SrFe1,o" 
I 0.53 

I 
0.33 

I 
418 

II 0.42 0.18 503 
III 0.24 0.05 488 
IV 0.40 1.27 403 

SrCoo,<ofio,.,Fei,,I,OI• 
I 0.393 

I 
0.06 

I 
392 

II 0.272 0.145 490 
III 0.23 0,09 4616 
IV o:w7 0.88 418 

Here n - number of sublattice. 

ing of the Fe ions from cubic, and the covalence of the 
chemical bond, make positive contributions to the nega­
tive magnetic field due to the exchange polarization of 
the ion core of the iron. The resulting field then de­
creases. The quadrupole splitting for the first and third 
sublattices in SrCoo.4aTio,4aFeu.l601s is smaller than the 
quadrupole splitting for the corresponding sublattices in 
the barium and strontium ferrites. The decrease of Hz 
when the iron ions are partly replaced by Co and Ti 
ions cannot be attributed to the deviation of the symme­
try of the surrounding from cubic (the symmetry, to the 
contrary, increases). It is seen from Table II that the 
chemical shift for the iron nuclei situated in the first 
and third sublattices changes little when the barium is 
replaced by strontium and the iron ions are rrJplaced by 
Co and Ti ions. Consequently, the positive contribution 
to the magnetic field at the nuclei (localized in the first 
and third sublattices), due to the covalence of the chem­
ical bond, also changes little. When the Fe 3 + are partly 
replaced by Co2 + and Ti4+ ions, the value of 15 for the 
second and fourth sublattices decreases to almost one­
half. The magnetic field at the Fe 57 nuclei in these sub­
lattices remain practically unchanged. 

Thus, the weakening of the magnetic fields at the 
nuclei by introduction of Co and Ti in Sr ferrite cannot 
be attributed to the covalence of the chemical bond and 
to deviation of the symmetry of the surrounding of the 
Fe3 + ions from cubic. The weakening of the magnetic 
fields at Fe 57 nuclei in the first and third sublattices 
may be due to a redistribution of the magnetic 3d-elec­
trons among the Co, Ti, and Fe ions as a result of in­
direct exchange interaction. 
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