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A neutron diffraction investigation of the system of hexagonal B~-xSrxZn2Fe 12022 (Y) ferrites was carried 
out in the temperature range from 4.2° K up to the Curie point (400°K) and in magnetic fields up to 
20,000 Oe. The existence of a magnetic superstructure in the neutron diffraction patterns is explained on 
the basis of a quasihelical magnetic structure model which combines collinearity of the spins in crystal
lographically different blocks of the unit cell and helical ordering of the spin axes of the blocks relative 
to each other. A brief analysis of the causes leading to the appearance of quasihelical ordering is pre
sented. 

1. INTRODUCTION 

THE purpose of this work was to investigate spin or
dering in hexagonal ferrites of the Ba2_xSrxZn2Fe 12 0 22 
system (type-Y structure). 

The hexagonal ferrites are multicomponent magnetic 
oxides with a complex crystal structure possessing a 
large magnetic anisotropy; they came to be objects of 
investigation considerably later than those with a cubic 
crystal structure. In the meantime work proceeded on 
the synthesis of new hexagonal ferrites and more than 
thirty types of structures, differing in symmetry, the 
size of their unit cells, and the number of atoms these 
contain (from several dozens to several hundred atoms 
per unit cell), are known at present. The atomic struc
ture of these compounds was investigated by a number 
of authors.[l-3 J They established the close relationship 
between the different hexagonal ferrites which repre
sent polytype structures formed of uniform structural 
elements. For hexagonal ferrites with the smallest 
number of atoms in the unit cell Braunl1 J established 
five basic structure types which were denoted by the 
symbols M, W, X, Y, and Z. 

FIG. I. Unit cell of the structure 
type Y (2/3 of the dimension along the 
C axis) 
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structure can be represented schematically in the form 
S4 -B2-S4 -B2 ... Here S4 are four-layer spinel blocks 
and B2 two-layer connecting blocks which alternate 
along the C axis. Type-Y ferrites have the space group 
R3m. 

Figure 1 shows the atomic structure of the simplest 
hexagonal type-Y ferrite: Ba2 Zn2 Fe 12 0 22 . [lJ The pro
jection of the structure on the (110) is presented. The 
figure encompasses two thirds of the unit cell along the 
C axis. The unit cell parameters are: a = 5.87 A and 
c = 43. 56 A. The a parameter remains practically un
changed for all the possible variations of ~he chemical 
composition; the c parameter is more sensitive to 
these variations and can change by several hundredths 
or tenths of an Angstrom. The positions of the atoms in 
the unit cell are: llJ 

Fe 3a X=O Z=O 0 18h X=-0.17 z = 0.085 
0 18h 0.15 0.027 Fe 18h 0.503 0.110 

Ba 6c 'Is 0.0336 0 6c 0.136 

Standard structural elements of which all hexagonal 
ferrites are formed are four or six-layer units or 
blocks of close -packed oxygen ions perpendicular to the 
C axis of the crystal. These blocks are occupied by 
Me2+ and Me3+ cations (di- or trivalent iron, other 
elements of the iron group, zinc, magnesium etc.), in 
analogy with the spinel ferrites. These "spinel" blocks 
are connected to each other by connecting blocks con
sisting of one or two oxygen layers in which, each of 
four oxygens is replaced by a large divalent cation (ba
rium, lead, strontium, etc.). The structures of all hex
agonal ferrites consist of spinel blocks and of connect
ing blocks following each other in various combinations 
and sequences. 

•1, (Fe+ Zn) 6c 1ls 0.0428 0 18h 
'h 

0.17 0.138 

The chemical formula of a type -Y hexagonal ferrite 
can in its general form be written: A2Me~+ Mel~022 
where A is a large divalent cation, for example Ba2+; 
Me2+ is a divalent cation of smaller size, usually Zn2+, 
but it can be Co2+, Fe2+ etc.; Me3+ is usually Fe 3+. There 
are three formula units per unit cell. The crystal 
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Fe 6c 0 0.0656 '/2 (Fe+ Zn) 6c 0 0.152 
0 6c 'Is 0.084 Fe 3b 'I• 1lo 

As regards the determination of the magnetic struc
ture of the hexagonal ferrites, i.e., the determination of 
the position of the magnetic ions in the crystal lattice 
and of the orientation of their spins, the first attempt in 
this direction was made by Gorterl 4J who used the as
sumptions of the indirect exchange theory of Anderson [SJ 
and Kramersl6 J for an approximate estimate of the ra
tio of the exchange energy for various pairs of ions, 
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and proposed models of magnetic structures for each 
one of the basic structure types: M, W, X, Y, and Z. 
In doing this, he assumed that the crystal structure of 
the fer rites contains no other cations except Ba 2+, Zn2+, 
Fe2+ and Fe3+. 

In the Gorter models the spins are collinear, along 
the hexagonal C axis (structures M, X, and Z), or in 
the basal plane (Y structure). These models are in sat
isfactory agreement with the magnetic properties of 
hexagonal ferrites, and there was no doubt that they are 
correct. In two instances they were confirmed by the 
results of neutron diffraction studies carried out on the 
ferrite BaFe12019 (type M), [7 J and on the Y -type ferrite 
Ba2Zn2Fe12022•[BJ In Fig. -1 arrows indicate the spin 
orientation corresponding to the Gorter model. 

However, along with the hexagonal ferrites that con
tain no other magnetic ions, except for iron ions, a 
large number of compounds is known which belong to 
the basic structure types M, W, X, Z, and Y in which 
the Fe2+ and Fe3+ ions are partly or completely re
placed by ions of cobalt, manganese, titanium, and other 
elements. [9l In certain cases there are also consider
able differences in the magnetic properties of the sub
stituted and unsubstituted fer rites. In particular, in 
cobalt-substituted ferrites of the type W Bickford[10 l 

and Perekalina and Zalesskii[llJ observed a complicated 
picture of the magnetic crystallographic anisotropy. 
The neutron diffraction investigation of the magnetic 
structure of these ferrites which we carried out[12 l 

showed that although the magnetic structure remains 
collinear, the spin axes deviate from an orientation 
parallel to the C axis, making an angle with the C axis 
which depends on the cobalt content and on the temper
ature. 

In investigations of the magnetic properties of the 
ferrite Ba2-xSrxZn2 Fe 12 0 22 (Y) Enz [13 l observed the 
anomalous nature of the torque and magnetization 
curves. The Gorter model of the magnetic structure 
could not explain the observed effects and Enz assumed 
in this instance the existence of a helicoidal spin order
ing. This assumption was based on the idea that in sub
stituting the barium ions by strontium the large differ
ence between the ionic radii (Ba-1.43 A, Sr-1.27 A) 
should result in a local distortion of the crystal struc
ture with a shift of the Fe3+ ions which lie close to the 
Ba (Sr) ions. In such a shift one can expect a change in 
the values of the exchange interaction between certain 
pairs of magnetic ions and a corresponding change in 
the type of the magnetic structure, in particular a dis
turbance of the collinearity in the latter. Enz's hypoth
esis remained unconfirmed, since the spin configura
tion was not established by neutron diffraction. The 
only neutron -diffraction investigation of a Y -type fer
rite [BJ was carried out on the Ba2 Zn2 Fe 12 0 22 ferrite 
for which no deviations from the plane Gorter model 
were found. 

2. EXPERIMENTAL PART 

A. The samples were single crystals of ferrites of 
the Ba2-xSrxZn2Fe 12 0 22 system with a strontium 
content x per formula unit of 0, 1.0, 1.2, 1.4, and 1.6. 
The crystals were grown by the method of spontaneous 
crystallization from a solution in the melt with slow 
cooling of the latter. Just as Enz, [13 l we were unable 

to achieve complete substitution of barium by strontium. 
For strontium contents larger than x = 1.6 the crystal
lization product consisted in the main of crystals of 
other phases: spinel, M, W, and Z. Crystals of the Y 
phase were mostly in the form of hexagonal platelets of 
various dimensions. In some cases these attained cross 
sections of 7-8 mm and a thickness of 0.8-2.5 mm. 

Diffraction patterns of the basal plane of the crystals 
were obtained on an URS-501 (Fe Ka radiation) x-ray 
unit. For further investigation we chose crystals whose 
diffraction patterns contained only lines corresponding 
to the Y phase. For these crystals we determined the 
values of the c parameter of the unit cell making use of 
reflections at 2 e angles larger than 100°. The stron
tium content in the crystals was measured by the x-ray 
fluorescence method. The discrepancy between the 
measured values and the mixture content of strontium 
did not exceed ± 5 percent. The obtained results are 
presented in Table I. 

B. The neutron diffraction measurements were car
ried out on single -crystal samples in the form of a 
prism with a rectangular cross section of 1 x 2 mm and 
a height of 3-5 mm. We measured the intensity of the 
diffraction peaks [mainly of the (OOZ) planes] and its 
dependence on the temperature, direction and intensity 
of the external magnetic field imposed on the sample. 
We investigated the range of temperatures of 4.2-
4000K and of fields 0-20,000 Oe directed parallel and 
perpendicular to the scattering vector e. 

In the 77-293 o K temperature range the investiga
tions were carried out in a cryostat equipped with a de
vice for heating the sample. The temperature at which 
the sample was being investigated was determined with 
the aid of a thermocouple. The error in these measure
ments did not exceed 5°. 

The measurements were carried out on neutron dif
fractometers[14 ' 15 l with .\ = 1.07 A. The intensity was 
measured in steps of 10 minutes of angle with simul
taneous e: 28 displacement of the sample and of the 
neutron detector. The integrated intensity was obtained 
by weighing the areas enclosed between the outlines of 
the diffraction peaks and the background line. 

C. The neutron diffraction patterns are character
ized by the presence of structure reflections corre
sponding to the space group R3m and to the unit cell 
parameters presented in Table I. These structure re
flections contain along with nuclear contributions also 
more or less appreciable magnetic contributions. 

With the replacement of barium by strontium the dif
fraction pattern changes considerably, this being par
ticularly noticeable for x > 1. Broadening of reflections 
containing considerable magnetic contributions is ob
served; for large strontium contents this is followed by 
a splitting off of superstructure magnetic reflections 
(satellites) from the structure reflections. It is seen 
from Fig. 2 which depicts the angular region near the 
009 reflection (which contains the largest magnetic con
tribution) that as the strontium content increases there 
is an increase in the distance of the satellites from the 
structure reflection which is also accompanied by con
siderable change in their intensity. 

D. It turned out that the superstructure reflections 
observed in the diffraction pattern could not be indexed 
on the basis of the unit cell of the investigated ferrites, 



738 SIZOV, SIZOV, and YAMZIN 

/,rel. units 

:c:O 

009 

28, deg 

FIG. 2. Diffraction peaks in the region of the 009 reflection as a 
function of the composition of the investigated samples at a tempera
ture of 293°K. 

even by increasing them within reasonable limits. We 
have denoted them by OOZ ±, as is usual for satellites 
appearing in the case of helical spin ordering, because 
the observed splitting of the magnetic reflections is 
characteristic for the diffraction of neutrons by helical 
magnetic structures. 

Assuming the existence of the superstructure to be 
due to helical spin ordering, one can determine from 
the positions of the satellites in the diffraction pattern 
its repeat distance T from the expression 

1 1 1 
-=-+-
,; dhkl - d~kl, 

where dhkz and dhl:z are the interplanar distances for 
hkl and hkl ± reflections. 

Measurements of the repeat distances T of the mag
netic superstructure for various compositions as a 
function of temperature and external magnetic field 
showed that within the error of the measurements the 
values of T are multiples of % of the unit-cell dimen
sion along the C axis. Repeat distances T were ob
served which were close to 2/3c, 4/3c, 5/3c, and 2c. 

E. The temperature dependence of the repeat dis
tance of the superstructure for various compositions is 
given in Table II. With increasing strontium content 
(with the temperature constant) the repeat distance T 

decreases. At the same time, for all compositions the 
repeat distance remains constant within broad tempera
ture ranges, except for narrow temperature intervals 
characteristic for each composition; these occur in the 
220-270 and 310-355°K ranges where T changes 
abruptly. 

F. Switching on a magnetic field perpendicular to the 
scattering vector t, i.e., in the basal plane of the crys
tal also causes a change in the positions of the satel
lites and in their intensities. Figure 3 shows diffrac-

/, neut/min 

4000 

10 12 14 16 
29, deg 

FIG. 3. Neutron diffrac
tion patterns of a 
Bao.4Sr~o 6 Zn2 Fe 12 022 in 
magnetic fields H 1 e: I - H = 
0, 2 - H = 800 Oe, 3 - H = 
1500 Oe. 

Table I. Dependence of the 
c parameter of the unit 

cell of ferrites of the 
(Ba, Sr )2 Znz Fe12 Ozz system 
on the chemical composi

tion 

Composition 

Ba2Zn2Fe12022 
Bai,oSrJ,oZn2F'er2022 
Bao,sSr1,2Zn2Fe~2022 
Bao,sSri,,Zn2F'e12022 
Bao,,Srt,sZn2Fe12022 

c, A 
(±O.oo.\ A) 

43,565 
43.517 
43.490 
43.488 
43.477 

tion patterns obtained at 20° C with crystals of compo
sition x = 1.6 (the vicinity of the 009 reflection) in fields 
perpendicular to t and of magnitude 0, 800, and 
1500 Oe. From the spacing between the satellites it 
follows that in weak fields H = 800 Oe the repeat dis
tance of the magnetic superstructure is practically 
constant, T 1 = 43 A. With increasing fields the repeat 
distance decreases rapidly to a value T 2 = 29 A, and 
then remains constant until the helical ordering is en
tirely destroyed (the satellites disappear) in fields 
larger than 8000 Oe. 

Table II. Temperature 
dependence of the 

magnetic superstructure 
repeat distance 

Chemical composition I ; I ~ 'I A; I ; 
Bao,sSr,,,zn,Fe,022 185. 6186.0 176. 216.1. 2 
Bao,6Sr,, 4Zn2Fe120 22 74.8 74.0 61.3 43.9 
Ba,,,sr,,6Zn,Fe,120 22 60.0 59.0 43.8 31.6 

A strong broadening of the satellites and a distortion 
of their shape is observed in the diffraction pattern in 
the temperature and field ranges in which a jumpwise 
change of T occurs; this can apparently be explained by 
the existence of regions with superstructure repeat dis
tances T 1 and T2 in the crystal. 

Switching on a magnetic field parallel to the scatter
ing vector t, i.e., along the C axis of the crystal, leads 
to a gradual decrease in the intensity of the superstruc
ture reflections with increasing field intensity until 
their complete disappearance in fields above 16,000 Oe. 

The change in the position of the satellites and in 
their intensity is accompanied in the indicated transi
tion regions of magnetic fields by a sharp change in the 
intensities of the magnetic structure reflections. Thus, 
on switching a magnetic field H 1 t the intensity of the 
009 structure reflection undergoes two jumplike 
changes: at H = 800-1000 Oe and for H = 7000-
8000 Oe, i.e., when the repeat distance of the magnetic 
superstructure changes from 43 to 29 A (first jump), 
and when the magnetic superstructure disappears (sec
ond jump) (see Fig. 4). The change in the intensity of 

FIG. 4. Dependence of the 
intensity of the structure reflec
tion 009 (composition x = 1.6) 
on the intensity of the magnetic 
field H 1 eat 293°K. 

5 10 15 
H,kOe 
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the structure reflection between both of these jumps 
and in fields above 8000 Oe can be related to the do
main mechanism of magnetization in the basal plane. 

In the absence of a field at a temperature above 
370-380°K, i.e., after the disintegration of the mag
netic superstructure, one notes the appearance of a 
magnetic contribution to hO l structure reflections a 
fact which attests to the reorientation of spins fro:n di
rections perpendicular to the C axis to a direction 
parallel to it. This is also confirmed by the results of 
magnetic measurements carried out in [l6J • At 400° K 
(the Curie point) all magnetic reflections disappear. 

3. POSSIBLE MODELS OF THE MAGNETIC 
STRUCTURE 

We have considered two models of the magnetic 
structure that explain best the observed neutron diffrac
tion pattern. 

The first is a helical structure of the usual kind with 
spins lying in the basal plane. Helical magnetic struc
tures have been investigated in a series of theoretical 
and experimental works. [l7 - 23 l Starting from the pecu
liarities of the exchange interactions in the lattice of a 
hexagonal type-Y ferrite, one can estimate the phase 
angles of the cation spins in the various sublattices 
which participate in the helical ordering. As is seen 
from Table III which contains the basic initial data for 
the calculation of the intensities of the magnetic super
structure reflections on the basis of the helical model 
the Fe3+ cations are distributed over ten sublattices. ' 
The angle of rotation of the spins is determined by the 
wave vector of the helical structure I kl = 2rr/T. This 
structure is helicoidal with the helicoid direction of 
propagation along the C axis. 

The second model which we have called quasihelical 
differs from the usual helical models in that it combines 
collinearity with helical ordering. We have considered 
two variants of this model: 1-with a statistical distri
bution of the zinc ions over the 6c locations (z = 0.0428 
and z = 0.152), and II-with localization of zinc ions in 
the 6c locations (z = 0.152). 

In case I the structure is considered to consist of 
unequivalent structure blocks S4 and B2. Within these 
blocks the spins are collinear and parallel to the basal 
plane. However, the spin axes of the blocks S4 and B2 

are at an angle to each other. In order to explain the 
observed neutron diffraction pattern, one must assume 
the existence of a helical arrangement of the spin axes 
of the blocks. 

In case II it is natural to divide the unit cell along 
the C axis into three structurally equivalent blocks T, 
each of which contains six layers of oxygen ions. The 
boundary between the layers passes through the loca-

Table III. Phase relations between the spin magnetic 
moments of the Fe3+ ions in various sublattices 

Location 
ofFe3+ 

ion 

3a 
6c 

6c 

Phase 
angle <L 

0 

{ ~ 
{ ~ 

z parameter · . of ,Fe3+ Ill z parameter o. o 1ons m I No of ions in[l Location I Phase I I N f. . 
1 the sublatllce I !On angle the sublattice 

0 
0,0428 
0,290 

0,0856 
0,269 

18h 

6c 

3b 

{ ~ 
{ ~ 

0 

0,110 
0,223 

0,152 
0,18 
0,167 

9 
9 

1,5 
1,5 
3 

FIG. 5. Model of the quasihel
ical spin structure II with an angle 
w = 90° at a temperature of 77°K 
and with a composition of x = 1.6. 
On the left is the model of the 
magnetic structure, on the right is 
a schematic diagram of the period
icity of the helical wave along the C 
axis. ooz-

4 Osr,6a + oOctahedron f Tetra-
(, r, • Tetrahedron ° e, hedron 

T. 9 Spin directed away 
2 from observer 

ED Spin directed towards 
observer 

tions occupied by the zinc ions. Within the blocks T 
the spins are collinear and parallel to the basal plane. 
However, the spin axes of the blocks form an angle w 
with each other. The spin axes are ordered along a 
helix with its propagation vector parallel to the C axis. 
As in the preceding case, the magnitude of the angle w, 
as well as the repeat distance of the quasihelix, depend 
on the temperature and on the externally imposed mag
netic fields. 

The angle w can be obtained from the experimental 
values of the repeat distance of the superstructure: 
w = 2rrc/3T. The observed repeat distances T = 29, 43, 
59 A ... correspond to angles w = 180, 120, 90° ... 
(i:nodel II). 

Figure 5 shows the model of the quasihelical mag
netic structure II with an angle w = 90°. 

The intensity of the magnetic superstructure reflec
tions due to the helicoidal ordering of spins is given by 
the expression 

where K is a constant which includes geometrical, 
temperature, absorption factors, etc., o is the angle be
tween the normal to the plane of rotation of the spins 
and the scattering vector, and the factor % takes into 
account the splitting of the magnetic contribution into 
two satellite reflections. 

For the helical model the structure factor of the 
satellites is of the form 

Fh'tz = ~ pvei«>v exp{2niRH'rv}, 

where p = 0.269 fJ.l, and <1> 11 is the phase angle between 
the spins of the ions in various sublattices 

, ( hx ky lz) 
BH = 2lt -+-+- . 

a b c 

For the satellite reflections 00 z± the structure fac
tor takes on the form 

F:X = ~ Pv COS ctlv COS 2lt ( lz. ± czv/t}. 

Analogous expressions can be derived for the quasi
helical structure. 

For the quasihelical structure I we have 
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h1l = ~ Pm e14>m exp{2rtBn'rm}+ ~ Pt exp{i<l>t + iw}exp{2rtBn'rt}. 
m 

F ~ = ~ Pm cos <l>m cos 2nlzm + ~ Pt cos <l>t cos w cos 2nlzt. 

Here the index m refers to ions situated in block B2, 
while t refers to those situated in the block S4. 

For the quasihelical model II the structure factor is 
written as for collinear structures: 

F:t,l = ~ P• ei<l>v exp{2rtiBn'rv}, 

however in the intensity expression for the superstruc
ture reflections the splitting is taken into account by 
means of the factor 

2 _ 1 { 1 + cos26) 
q -2\ 2 

In Table IV we present the intensities of the super
structure reflections, measured and calculated on the 
basis of three magnetic structure models-the helicoi
dal and the quasihelical models I and II. In the calcu
lations we made use of the value of the magnetic form 
factor for Fe3 + taken from the work of Nathans, Pick
art, and Alperin. [24 l The correction for the thermal 
vibrations of the atoms at 293 and 355°K was made 
using the factor B = 0. 656 A 2 adopted from [1J. The 
calculation of the primary and secondary extinction co
efficients Ep and E~ was carried in accordance with 
Hamilton's paper. [25 The thickness of the mosaic block 
was taken to be t = 10-3 em, as determined for the fer
rite Ba2 Zn2Fe12 0 22 .[8 J The angular misorientation pa
rameter of the mosaic blocks 11 was determined by the 
use of the nuclear intensities of sixteen OOZ reflections. 
For the composition x = 1.6 it was 65" at 77°K and 30" 
at 293 and 335°K. The same values of 11 were employed 
in taking into account the effect of secondary extinction 
for other compositions. The correction for the temper
ature change of the magnetic moment was taken from 
the curves of the temperature dependence of the mag
netization obtained for the investigated ferrites by T. M. 
Perekalina and kindly placed by her at our disposal. 

Table IV shows that for the composition x = 1.6 
model II of the quasihelical structure yields the best 
agreement of the measured and calculated intensities. 
Satisfactory agreement of the intensities measured and 
calculated on the basis of model II is also obtained for 
the composition x = 1.4. For lower strontium concen
trations the accuracy of the intensity measurements of 
the satellites is low because of the bad resolution. 
However the complete similarity of the diffraction pat
terns of ferrites with x = 1.0 to x = 1.6 and the fact 
that the repeat distances of the superstructure are mul
tiples of one third of the repeat distance c allows one 
to conclude that all the investigated compositions have 
the quasihelical structure II. 

The assumption of a quasihelical model of the mag
netic structure allows one to explain satisfactorily the 
changes in the neutron diffraction patterns taking place 
with changing temperature and the switching on of an 
external magnetic field illustrated in Table II and 
Fig. 3. 

In the low-temperature region the crystal has a 
quasihelical magnetic structure with an angle w = 90° 
between the spin axes of neighboring T blocks 
(T = %c). At 293°K this angle increases to 120° 

Table IV. Calculated and measured neutron diffraction 
intensities from a single crystal of 

Sr 1.6 Ba0 , 4 Zn2(Y} ferrite 

Calculated intensities of magnetic superstructure 
reflections IEplls 

Measured 
hkl helical spin I quasihelical I quasihelical intensity of 

configuration model! model II reflections 

T = 77" K 

oo3- 169.u 240.0 316.5 280.0 
oo3+ 154.0 232.6 244.0 263.2 
006- 110.0 7,7 3.0 8,0 
ooo+ 98,0 5.6 2.5 6.6 
oo9- 307.0 340.0 648.6 715,0 
ooo+ 297.6 339.0 576.7 680.5 

0012'" 34.4 0.2 14.6 16.0 
0012+ 27.2 0,1 12.4 14.2 
0015- 80.0 97 .. 0 140.0 72.0 
0015+ 64.4 78.0 128.6 110,0 
0018- 144.4 146.2' 208,0 231.5 
0018+ 126.8 f27.6 194.0 128.0 
0021- 1.4 4.0 31.0 40.0 
0021+ 1.3 3.3 28.6 36.5 
0024- 0.3 O.f 18.4 12.3 
0024+ 0.2 0 15.2 10.0 

T = 293' K 
oo3- 4.0 60.0 113.0 102.5 
oo3+ 2.9 57.0 88.4 91.0 
006- 23.0 12.7 1.6 0 
006+ 17.0 9.3 1.2 0 
oo9- 63.0 103.4 241.6 298.6· 
oo9+ 57.0 100.0 212.0 253.5 

0012- 13.0 1.0 5.0 13.5 
0012+ 9.8 0.8 4.5 11.2 
0015~ 10.0 15 .. 0 42.0 49.8 
0015+ 8.1 12.2 36.4 19.6 
OOH> 28.7 22.'0 68.0 81.3 
0018+ 25.2 19,0 60.4 34,8 
0021- 0.4 0 8.4 15.7 
0021+ 0.3 0 6.8 11.4 
0024- 0 0.4 4.6 0 
0024+ 0 0.3 4.0 0 

T=360"K 
oo3- 14.0 2.1 46.0 42.5 
oo3+ 11.7 1.6 40.0 37,7 
006- 6.0 38.6 0 0 
ooo+ 4.0 28.2 0 0 
009- 29.5 39.6 120.6 103.5 
oo9+ 24.5 34.7 98.0 91.6 

001:0 5.0 5.8 1.7 0 
0012+ 3.6 4.5 1.5 0 
0015- 1.0 0.2 20.0 9.6 
0015+ 0.7 0.1 17.6 13.1 
OOH> 4.3 0 35.3 29.0 
0018+ 3.3 0 31.5 12,4 
oo2r 0.3 0 0 0 
0021+ 0.2 0 0 0 
0024- 0 2,0 0 0 
0024+ 0 1 '7 (] (} 

(T =c), and at 350°K to 180° (T =%c). 
The change in the magnetic structure when a mag

netic field H 1 t (293°K) is switched on can be repre
sented in analogous fashion. This change is illustrated 
by the schematic diagrams presented in the upper por
tion of Fig. 4. (the arrows denote the spin axes of the 
structural blocks T). In weak fields H < 800-1500 Oe 
the structure is quasihelical w = 120° (T = c). On in
creasing the field the rotation of the spin axes and the 
angle w increase to 180° (T = %c). We explain the 
gradual change in the intensity of the satellites in the 
range of fields between 1500 and 7000 Oe by the exist
ence in the crystal of regions with quasihelical and 
collinear spin ordering; this is also manifested by the 
increase in the magnetic contribution to the structure 
magnetic 009 reflection (Fig. 4). 

4. PROBABLE REASONS FOR THE APPEARANCE 
OF QUASIHELICAL ORDERING 

A comparison of the measured neutron diffraction 
intensities with those calculated on the basis of various 
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models of spin ordering compels us to accept the quasi
helical model of the spin structure for the hexagonal 
ferrites (Ba, Sr )2 Zn2 Fe 12 0 22 • This structure differs 
considerably from the well-known types of spin config
urations, including the helicoidal ordering, and also 
from the usual collinear structure of the unsubstituted 
barium ferrite Ba2 Zn2 Fe 12 0 22 • 

In the structure of the barium ferrite Ba2 Zn2Fe120 22 

the 6c tetrahedra (z = 0.0428) closest to the barium 
ions are occupied by iron and zinc ions. On replacing 
the barium ions by strontium ions which have a consid
erably smaller ionic radius a change is possible in the 
shape and dimension of these polyhedra. It can be as
sumed that the zinc ions which "prefer" a tetrahedral 
coordination go over into 6c (z = 0.152) tetrahedra, 
freeing their places for the iron ions. As a result the 
structure breaks up into blocks perpendicular to the C 
axis; the boundaries of these blocks are formed by 
layers of tetrahedra preferentially occupied by zinc 
ions. Within these blocks there exists a strong ex
change bonding between the magnetic ions which leads 
to spin collinearity. The presence in the structure of 
intervening layers of nonmagnetic ions leads to a change 
in the lengths and angles of the exchange bonds of the 
iron ions lying in neighboring blocks, as a result of 
which one can expect a redistribution of the exchange
interaction energy, and as a consequence the destruc
tion of the collinearity of the spin axes of the T blocks. 

This assumption is favored by the experiment con
ducted within the framework of this work. 
B~.4 Sr 1, 6 Co2 Fe 12 0 22 ferrite crystals were grown 
which differed from those previously investigated in 
that all the zinc was replaced by cobalt. No magnetic 
superstructure was observed in the neutron diffraction 
patterns of these crystals. It turned out to be possible 
to calculate the magnetic contributions to the structure 
reflections on the basis of a scheme of collinear spin 
ordering proposed by Gorter for type-Y fer rites. 

The authors express their deep gratitude to T. M. 
Perekalina for placing at their disposal the data of the 
magnetic measurements, v. V. Lider for carrying out 
the x-ray fluorescence analysis of the investigated 
samples, and R. P. Ozerov for a useful discussion of 
the results. 
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