
Anomalies of magnetic properties of dilute Mnl -, Zn, F2 and Nil -, Mg, F2 
antiferromagnets below the percolation threshold 

A. N. Bazhan, V. N. Bevz, and S. V. Petrov 

Institute of Physics Problems, USSR Academy of Sciences 
(Submitted 5 July 1988) 
Zh. Eksp. Teor. Fiz. 95,985-993 (March 1989) 

It has been observed that with lowering of temperature the magnetic moments of Mn,, Zn,, F, 
and Ni,,, Mg, , F2 single crystals acquire a nonlinear dependence on the applied magnetic field 
and that the law governing the temperature dependences of their magnetic susceptibilities 
changes f romx(  T) a 1/( T + 8) tax( T) a 1/T. These anomalies are due to formation of 
magnetic states with finite correctional radii (magnetic clusters) in these single crystals. The 
difference between the anomalies of the magnetic properties of Mn,,, Zn,,, F, and Ni,, Mg,, F2 is 
caused by the presence in the latter of a Dzyaloshinskiiinteraction acting in the (001 ) plane and 
comparable with the exchange interaction at these magnetic-ion concentrations. 

The properties of M I  , Zn, F2 ( M  = Mn, Co, Ni) sin- 
gle crystals are studied at present by various methods.'-' 
These investigations have shown that at a magnetic-ion con- 
centration higher than the percolation threshold 1- 
x, = 0.25 there are produced in M I  , Zn, F, antiferromag- 
netic states corresponding to the antiferromagnetic states of 
MF, but with a lower Niel temperature than in the latter. 
The anomalies of these states are governed by the random 
distribution of the interacting magnetic ions in 
M I  , Zn, F,. Investigations of M I  _ , Zn, F, samples with 
the aid of neutron scattering4.%ave shown that the anoma- 
lies of their antiferromagnetic properties are due to the onset 
of magnetic states with finite correlation radii. At magnetic- 
ion concentrations lower than the percolation threshold 
1 - x  < 1 - x, no antiferromagnetic states are produced in 
M I  , Zn, F2, but the states produced when the temperature 
is lowered differ strongly from the ordinary paramagnetic 
states. 

ments of the samples on the applied magnetic field at various 
temperatures. We used a magnetometer with vibrating sam- 
ple, magnetic fields up to 65 kOe, and temperatures up to 100 
K (Ref. 7).  

To study the anomalies of the relaxation of magnetic 
states in dilute antiferromagnets, we investigated the depen- 
dence of the magnetic susceptibility ,y of Mn,, Zn,,, F, mea- 
sured in weak magnetic fields, on the frequency v of the rf 
magnetic field. Owing to the difficulty of growing sufficient- 
ly large Ni, , Mg, F, single crystals, their ~ ( v )  was not 
investigated. T h e x ( v )  dependences were measured only by 
a modulation procedureX in a frequency range up to 10' Hz 
at T = 4.2 K. The calibrating reference signal at high fre- 
quencies was the value of ,y of single-crystal MnF,, whose 
magnetic susceptibility is independent of v up to frequencies 
on the order of 10' '-10" Hz. 

MEASUREMENT RESULTS 

makes it possible to determine the anomalies produced by FIG. 1. Dependences of the magnetic moment of MnIl2Zn,,,F1 on the 

The purpose of the present study was an investigation of Figure 1 shows the dependences of the magnetic mo- 
the magnetic properties of dilute Mn,  -,Zn,F, and ment on the applied magnetic field for single-crystal 
Nil , Mg, F, antiferromagnets in the absence of antiferro- Mn,,, Zn,, F, at various temperatures. It can be seen that 
magnetic states, i.e., at 1 - x < 1 - x,. The difference 
between the chosen substances is that the Dzyaloshinskii 
interaction that leads to weak ferromagnetism in antiferro- 
magnets is absent in Mn, ,Zn, F, but is present in 

l o~ea  CGSM,mo, 
Ni, , Mg, F2. We have p r e v i o ~ s l y ~ ~ "  investigated 6, 

the Dzyaioshinskii interaction i n  the magnetic properties if applied magnetic field at various temperatures T: 1-1 1.3,2-4.2; 3-3.1 
K; theoretical plot of M ( H )  = (gp, J H / k T )  for J = 5/2 and T  = 2  

dilute antiferromagnets. K, calculated under the assumption that Mn,, Zn,, , FZ is in the paramag- 
We investigated the dependences of the magnetic mo- netic state; M,,,, is the magnetic moment of saturated Mn,, , Zn,, , F,. 

Mn, ,Zn,F2 and Nil -, M g ,  F2 single crystals near the 
percolation threshold 1 - x,. , but with x <x,. , i.e., in the an- 
tiferromagnetic state. In the investigation of the 
Ni, , Mg, F, singlecrystalsit was observed that in the anti- 4 
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ferromagnetic state the antiferromagnetism vector L is ori- 
ented along the [ 1001 or [OlO] axis and a weak ferromagne- 
tism a, due to the Dzyaloshinskii interaction is produced 
and is oriented perpendicular to L along the [OlO] or [ 1001 
axis, respectively. It was shown that the Dzyaloshinskii in- 
teraction H ,  is independent of the concentration of the non- 
magnetic ions, in contrast to the average exchange interac- 
tion H E .  At nonmagnetic-ion concentrations x z x ,  it was 
found that H ,  < H E  in Ni, ,Mg, F2. An investigation of YO 60 

the magnetic properties of Mn, -, Zn, F2 and Nil , Mg, F, H, kOe 



0 20 YLI Fa H,kOe 

20 YO 60 
FIG. 2. Magnetic moment of Ni,, , Mg,, , F, vs the applied magnetic field T, K 
at various temperatures and orientations of H relative to the single-crystal 
axes: T = 4.2 HI1 [ 1001--curve I, T = 4.2 K, HI1 [001 ]-curve 2, T = 40 FIG. 3. Temperature dependences of the magnetic susceptibility (0) and 
K, Hll[ 1001-curve 3, T = 40 K, H1([001 ]-curve 4. M,,,, -magnetic of the reciprocal susceptibility (@) of Mn,, , Zn,, , F?, measured in weak 
moment at saturation. magnetic fields H -  0. 

when the sample temperature is lowered a nonlinear M ( H )  
dependence sets in, describable in the case of strong magnet- 
ic field by the expression M ( H )  = M  * + xH, wherex is dif- 
ferent from zero. A linear dependence M ( H )  = X* ( T ) H  is 
observed in weak magnetic fields. The nonzero magnetic 
susceptibility x measured in strong magnetic fields indicates 
that the sample is not in the usual paramagnetic state. Figure 
1 shows M(H,T)  plots with the magnetic field applied along 
a binary axis of the Mn,,Zn,, F, crystal. Investigations 
have shown that the form of the M ( H , T )  dependence is al- 
most unaffected by variation of the orientation of H relative 
to the Mn,,,Zn,,,F, crystal axes. 

Figure 2 shows M ( H , T )  plots for single-crystal 
Ni,,Mg,,F2 at various orientations of H relative to the 
crystal axes. It is seen from the figure that when the tempera- 
ture is lowered a nonlinear M ( H )  dependence arises only 
when H is perpendicular to the tetragonal axis [OOl]; the 
shape of the curve does not depend on the H orientation in a 
plane perpendicular to this axis. At low temperatures the 

curves for magnetization along and perpendicular to the 
[OOl] axis differ greatly from one another, whereas in high 
temperatures there is no such difference. At high tempera- 
tures the dependences are linear, M ( H , T )  = x ( T ) H ,  and 
are practically independent of the orientation of H. It is seen 
from Fig. 2 that at low temperatures the M ( H )  dependence 
is linear, when H is oriented along the [ loo]  axis, only in 
magnetic fields H  < 10 kOe, beyond which M ( H )  is nonlin- 
ear. With H oriented along the tetragonal [OOl] axis, M ( H )  
is almost linear. A small deviation of M ( H )  from linearity at 
H(I [001] ( A M  / M z  8%)  is observed only at H  > 45 kOe. 

With increase of the magnetic-ion concentration, a de- 
viation from a linear M ( H )  = X( T )  H dependence for H ori- 
ented in the (001 ) plane takes place in stronger fields. The 
linearity of M ( H , T )  is hardly disturbed at HI1 [OOl]. 

Figure 3 shows for single-crystal Mn, , Zn,, F2 the tem- 
perature dependences of the magnetic susceptibility and of 
the reciprocal of the magnetic susceptibility measured in 
weak magnetic fields. It is seen from Fig. 2 that when the 

FIG. 4. a )  Temperature dependences of the reciprocal 
magnetic susceptibilities, measured in weak magnetic 
fields, for Ni,, , Mg,, , F, at orientation HI) [ 1001 
(curve 1)  and Hll [OOl] (curve 2) ;  b) temperature de- 
pendences of magnetic susceptibilities measured in 
weak magnetic fields for Ni,, Mg,, , F2 at orientations 
HI/[100] ( I )  and H/1[001] ( 2 ) .  
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temperature is lowered the law governing the temperature 
dependence changes from X (  T) a 1/( T + 8) (where 
0 = 15 + 2 K )  observedat T >  3 0 K t o ~ ( T )  a l/Tobserved 
at T < 6 K. The shapes of the x ( T) and X-' ( T) curves for 
Mn,,, Zn,,, F, are practically independent of the magnetic- 
field orientation. A change in the law governing the tem- 
perature dependence of the magnetic susceptibility x ( T )  is 
observed in all the investigated dilute antiferromagnets. 

The measured temperature dependences of the magnet- 
ic susceptibility and of the inverse magnetic susceptibility of 
Ni,, Mg,, , F, in weak magnetic fields H < 5 kOe at various 
magnetic-field orientations relative to the crystal are shown 
in Fig. 4. It is seen from Fig. 4a that t h e x  ( T) dependences 
for Ni,, Mg,, F2 single crystals at the orientations H/I [ 1001 
and Hll[001] differ qualitatively. For magnetic-field orien- 
tations in the (001) plane, the temperature dependence of 
the magnetic susceptibility changes when the temperature is 
lowered, from X- ' ( T) a ( T + 0 )  (where 0 = 25 + 2 K )  at 
T > 3 0 K t o X 1 ( T ) a T a t T < 8 K . A t T < 8 K a n d H l [ 0 0 1 J  
a x l ( T )  a T dependence is observed. With the magnetic 
field oriented along the [001 ] axis, lowering the temperature 
causes the temperature dependence to deviate from the 
x l ( T ) c c T (  + 6 ' )  law (where B = 2 7 +  2 K )  observed at 
high temperature; no transition to thex-  ' ( T) ar T law, how- 
ever, is observed. When the concentration of the nonmagne- 
tic ions in Nil _ ,Mg,FZ is increased at an orientation 
Hll[001], thedeviationfrom t h e x - ' ( T )  [ T +  B(x)]  law 
becomes more appreciable. 

DISCUSSION OF RESULTS 

In investigations of the magnetic properties of single- 
crystal Mn, , Zn, F2 or Nil _, Mg, F, it is necessary to 
monitor the concentration of the magnetic ions in the sam- 
ples and the uniformity of their distribution in the volume. 
The concentration of the magnetic ions in M I  , Zn, F, 
crystals can be determined by comparing the slopes of the 
x ( T) plots of M I  , Zn, F, and MF, samples at high tem- 
peratures T>) T,. The concentration of the NiZf ions in 
Ni,,, Mg,, FZ was determined also by x-ray structure analy- 
sis from the change of the lattice constants of the investigat- 
ed samples comapred with NiFz and MgF,. I '  

The homogeneity of the magnetic-ion distribution in 
the samples was estimated from the value of the constant 0 in 
the Curie-Weiss l awx(T)  a 1 / ( T  + B(x) ) for the magnetic 
susceptibility, since 6' depends on the distribution of the 
magnetic ions in the crystals. The most perfect crystals are 
apparently those in which the probability of finding a mag- 
netic ion at a given crystal-lattice site is the same for all sites 
and is equal to the concentration x of the magnetic ions. The 
probability of the magnetic ion having n<8 nearest neigh- 
bors is then determined by the binomial distribution 

S! 
P ( n )  = xn (4-x)*-". 

(8-n) ! n! 

With this distribution it is possible to calculate the concen- 
tration dependence of the quantity 0 in the Curie-Weiss law 
for x ( T); we obtain 

where 6'? is a quantity determined by the exchange interac- 

tion of only two neighboring magnetic ions. The summation 
is over eight nearest neighbors. The dependence of 8 on the 
magnetic-ion concentration is determined here by the for- 
mula B(x) = xe,,, where e,, is the value of e for MF,. 

Determination of 8 ( x )  of single-crystal Mn, - , Zn, F, 
and Nil , Mg, F, and comparison with the linear law 
B(x) = xe,, (Ref. 9)  can serve as the criterion for classifying 
single crystals by the magnetic-ion distribution in them. De- 
viation of the experimental e from the linear e ( ~ )  law indi- 
cates both the presence of magnetic-ion clusters and the 
presence, in excess over the binomial distribution, of free 
magnetic ions surrounded only by Zn'+ or Mg2+ ions. In 
the investigated crystals, the deviations from the calculated 
B(x) were insignificant. 

The main anomalies of the magnetic properties of the 
investigated single crystals are the onset, when the tempera- 
ture is lowered, of nonlinear dependences of the magnetic 
moments M(H,T)  on the applied magnetic field, which have 
in strong magnetic fields (Figs. 1 and 2)  a nonzero magnetic 
susceptibility, and also the change of the temperature depen- 
dence of the magnetic susceptibilities measured in weak 
magnetic fields, from X (  T)  cc I / [  T + B(x) J ,  observed at 
high temperatures to X (  T) a 1/T at low ones. 

The dependence of the magnetic susceptibility on tem- 
perature and magnetic field for a system of interacting mag- 
netic ions was obtained in Ref. 10, and is of the form 

1 
X(H, T I =  - N ~ T  X[(S~S,)~I~. i,j 

where (...) ,. denotes averaging over the temperature and 
[ ... ] ,, averaging over the configurations. The onset of a lin- 
ear x ' ( T) dependence (Figs. 3 and 4) and its deviation 
from X- ( T) a ( T + 6') when the temperature is lowered, 
as well as the onset of a nonlinear M(H,T)  dependence, are 
due to the onset of nonzero correlation functions of the mag- 
netic ions.' Using the following expansion of the magnetic 
moment M(H,T)  in powers of H 

we can determine the contributions to the magnetic suscepti- 
bilities from the various correlators contained in Eq. ( 1 ). 

Let us examine the onset of which states of the investi- 
gated magnetic systems can account for the observed fea- 
tures of the magnetic properties of M I  , (Zn, Mg),F,. To 
verify the assumption that all the magnetic ions in 
Mn,,,Zn,,,F, can be paramagnetic, we have plotted the 
magnetic moment vs the magnetic field at T = 2 K: 

M' ( H ,  T )  =ilIuB., - ("3 
for J = 5/2 (Mn2+ ions), as shown by curve 4 of Fig. 1. I t  is 
seen from this figure that the plot of M * (H,T) as given by 
Eq. ( 2 )  differs greatly from the experimental plot, indicat- 
ing that the Mn2 + ions in Mn,,, Zn,,, F, are not purely para- 
magnetic. A plot of Eq. (2 )  for Ni,,, Mg,,, F, at orientation 
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HI( [ 1001 and J = 1 (Ni2+ ions) deviates significantly from 
the experimental plot. 

The nonzero magnetic susceptibility observed in strong 
magnetic fields both for Mn, ,Zn,, F, and for Ni,, Mg,,, F, 
(see Figs. 1 and 2),  and the fact that the sample magnetiza- 
tion in fields H z  60 kOe is still far from saturation, indicate 
that the samples magnetic-moment saturation should take 
place in magnetic field much stronger than in the case of 
paramagnetic state. The assumption that one part of the ions 
are antiferromagnetically ordered and another paramagne- 
tically is likewise not in accord with the experimental data 
for either Mn,,, Zn, , F, or Ni,, Mg,,, F, inasmuch as order- 
ing in Mn,,, Zn, , F, should lead to a maximum on t h e x (  T) 
plot if the magnetic field is oriented along a tetragonal axis, 
and to different magnetic susceptibilities at HI1 C4 and 
HlC,, whereas in Ni,,, Mg, , F, there should be observed a 
weak ferromagnetism u,, (Ref. 3).  

The anomalies of the magnetic properties of M I  - , (Zn, 
Mg),F, might be attributed to the presence of Mn2+ or 
Ni2+ magnetic ions surrounded only by nonmagnetic Zn2+ 
or Mg2 + ions, the number of which can be determined from 
the binomial distribution. The magnetic susceptibility of 
such Mn" (Ni2+ ) ions is X (  T)  c 1/T. This assumption, 
however, does not accord with the experimental results for 
Ni,, Mg,,, F2  which are shown in Fig. 2 and in Figs. 4a and 
4b, since a strong difference is observed between the 
M(H,  T) and X(  T)  dependences in the cases HI1 [ 1001 and 
Hll[001] at low temperatures. In the case of Mn,, Zn,,, F, 
an interpretation of the experimental results (Figs. 1 and 3 )  
on the basis of this assumption leads to the conclusion that 
the investigated samples have an appreciable (up to 50%) 
content of free Mn2+ ions, which does not agre with the 
observed value of the constant 0 in the Curie-Weiss law. 

The shapes of the magnetization curves M ( H , T )  at low 
temperatures (Figs. ! and 2)  as well as the change of the 
X(  T) dependences when the temperature is lowered (Figs. 3 
and 4) ,  can be explained by assuming that at lower tempera- 
tures there are produced magnetic states with finite dimen- 
sions and correlation radii- magnetic clusters-which have 
a "superparamagnetic" behavior. According to the picture 
of the distribution of the magnetic ions in the crystals, the 
investigated samples contain up to 16% of free magnetic 
ions surrounded only by Zn" or Mg2+ ions, up to 30 mag- 
netic ions having only one nearest magnetic ion, and up to 
30% magnetic ions having two nearest magnetic ions; the 
remaining 24% correspond to magnetic ions having 3,4, or 5 
nearest magnetic neighbors. Magnetic ions having more 
than one nearest magnetic neighbor can form magnetic clus- 
ters of finite size, since the concentration of the magnetic 
ions is lower than the percolation threshold. 

Such a distribution of the magnetic ions governs the 
distribution of the exchange interaction over the volume in 
crystals, which determines in turn the observed average val- 
ue of e in the Curie-Weiss law for x ( T ) .  The formation, 
when the temperature is lowered, of noninteracting magnet- 
ic clusters having superparamagnetic properties causes the 
temperature dependence of the magnetic susceptibility to 
change from X- ' a T + 6 to X I  a T, since the magnetiza- 
tion of a superparamagnet is described by a Brillouin func- 
tion. The sample nonzero magnetic susceptibility observed 
in strong magnetic fields (see Figs. 1 and 2 )  is determined by 
the magnetic susceptibility of the clusters if they are magne- 

tized along the applied magnetic field. The cluster suscepti- 
bility is determined by the average exchange interaction 
(HE ) within the magnetic clusters. Saturation of the magne- 
tization curves should be observed in this case in fields 
H z  (HE ). For Mn,,, Zn,, F, and Ni,,, Mg,, F, we have 
(HE ) =. 120 and =: 200 kOe, respectively. 

Analysis of the nonlinear dependences of the magnetic 
moment on the field H for the investigated single crystals 
shows that in magnetic fields up to 20 kOe this dependence 
can be written in the form 

M ( H ,  T) =Y,,(T)B-x3(T)H'. 

Plots o f x ,  ( T )  for the investigated single crystals are shown 
in Figs. 3 and 4. The determination of the x , ( T )  tempera- 
ture dependence is limited by the accuracy of the determina- 
tion o f x ,  ( T )  in the magnetic-field range in which the devi- 
ation AMofM(H,T) from linearity is small: AM/M- 10%. 
The deviation o fx ,  ( T )  from the X, ( T) a 1/T3 law can, ac- 
cording to Eq. ( 1 ), be determined by the temperature vari- 
ation of the correlation radii of the produced magnetic clus- 
ters. Unambiguous conclusions, however, can be drawn only 
after performing direct neutron-diffraction investigations of 
the dependences of the magnetic-cluster correlation radii on 
the magnetic field and on the temperature. Investigations 
using small-angle neutron ~ca t t e r ing ,~  as already indicated, 
have shown that when the temperature is lowered there are 
produced in M I  - , Zn, F, with x <x, states with finite cor- 
relation radii-magnetic clusters. 

With increase of the concentration of the nonmagnetic 
ions in Nil , Mg, F, the average exchange interaction de- 
creases, and the influence of the Dzyaloshinskii interaction 
increases. The random distribution of the magnetic ions in 
the crystal leads to a disordered orientation of the magnetic 
moments of Ni2+ in the (001) plane perpendicular to the 
tetragonal axis of the crystal. The Dzyaloshinskii interac- 
tion in Nil , Mg, F, acts in the (001 ) plane and possibly 
prevents the magnetic moments from leaving the plane; this 
would explain the difference between the magnetic proper- 
ties of Nil -, Mg, F2 for HI1 [001] and HI [OOl ] . There is no 
Dzyaloshinskii interaction in Mn, - , Zn, F, single crystals. 
When the temperature is lowered, magnetic clusters can 
then be formed with arbitrary orientation of the magnetic- 
ion magnetic moments. In this case the properties of the 
anomalies of the magnetic properties are practically inde- 
pendent of the orientation of H relative to the crystal axes, as 
is in fact observed in experiment. 

The formation of magnetic states with finite correlation 
radii at low temperatures is accompanied by a change of the 
magnetic-system relaxation. This relaxation determines the 
frequency dependence of the magnetic susceptibility of the 
system. We have measured, for Mn, , Zn, , F, samples at 
T = 4.2 K, the dependences of the magnetic susceptibility, 
measured in weak magnetic fields, on the frequency v of the 
applied rf magnetic field in the range from 10' to 10' Hz. 
Thisx(v)  dependence is shown in Fig. 5. An investigation of 
the frequency dependences of the magnetic susceptibilities 
of several Mn, , Zn, , F, samples grown under various con- 
ditions, with different crystal cooling time after growth 
(corresponding to their annealing) has shown that thex(v)  
dependence is governed by the distribution of the magnetic 
moments in them, and is determined by the prior history of 
the samples. 
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Thex(v)  dependence obtained by us in Ref. 6 changed 
after the annealing, and for the investigated samples it has 
the form shown in Fig. 5. It appears that in the Mn,, Zn,, F, 
crystal investigated in Ref. 6 the magnetic ions were inhomo- 
geneously distributed, for no suchx(v) dependence was ob- 
served in the succeeding measurements. The single crystals 
investigated in the present study have a more uniform, close 
to binomial, magnetic-ion distribution. The influence of the 
prior history on the frequency dependence of the magnetic 
susceptibility of samples with randomly distributed interact- 
ing magnetic ions, of the spin-glass type, was noted in a num- 
ber of studies, including in the review of Ref. 1 1 .  We have 
investigatedx(v) for Mn,, Zn,, F2 up to frequencies of or- 
der 10' Hz. With our apparatus it is practically impossible to 
investigate by the modulation method the frequency depen- 
dence of the magnetic susceptibility at frequencies higher 
than 10' Hz. 

Inasmuch as in real crystals the magnetic clusters pro- 
duced when the temperature is lowered can have different 
correlation radii, depending on the magnetic-ion distribu- 
tion, it is also possible to have in them a distribution of var- 
ious relaxaiton times T~ ,..., T,,, . It is shown in Ref. 11, for 
systems having a relaxation-time distribution T,,, ..., r,,, that 
the dependence of the physical quantities on the time, in 
contrast to the usual relaxation law 

shown in Fig. 5, is given by 

where 0 < y < 1. Such a relaxation law was observed in spin 
glasses. 

Our computer calculations of the frequency depen- 
dence of the Fourier transformation given in Ref. 11 

corresponding to a frequency dependence of the magnetic 
susceptibility, for different values of re, and y, and a com- 
parison with experiment, have shown that the ~ ( v )  depen- 
dence shown in Fig. 5 can be described by the relaxation law 

FIG. 5 .  Magnetic susceptibility of Mn,,Zn, , F,, measured 
in weak magnetic fields, vs the frequency of the rf magnetic 
field at T =  4.2 K (curve 1 ) .  Curve 2--calculated ~ ( v )  de- 
pendence assuming a relaxation law M ( r )  
= M(O)exp[ - ( t / r ) ] .  

where re, ~ 2 . 5 . 1 0 - ~ s  and yz0.4-0.5. It must be indicated 
once more, however, that the distribution of the interacting 
magnetic ions in the crystals and that the dependences of re, 
and of y on such a distribution as well as on the prior history 
of the samples1' are decisive in such investigations. To study 
the relaxation it is necessary to investigate directly the mag- 
netic-ion distribution in crystals, a task of considerable diffi- 
culty. 

We have shown thus that in single-crystal 
Mn,., Zn,, F, and Ni,, Mg,,, F, at magnetic-ion concentra- 
tions lower than the percolation limit 1 - x, = 0.25 there 
are produced, when the temperature is lowered, magnetic 
states with finite correlation radii-magnetic clusters. These 
states have superparamagnetic properties. In contrast to 
Mn,, Zn,, F, single crystals, where the observed anomalies 
of the magnetic properties are practically independent of the 
orientation of H relative to the crystal axes, in Ni,, Mg,,, F2 
the observed singularities of the magnetic properties depend 
substantially on the H orientation. This difference is due to 
the presence in the Ni, - , Mg, F, single crystals of a Dzyalo- 
shinski1 interaction that is comparable at such concentra- 
tions of the Ni2+ ions with the exchange interaction of mag- 
netic ions. 
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