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A sha rp dependence of the anisotropy ene rgy of :1ntife r rol1l:1gne tic Cr20 3 on pressure has been found. 
The effect cannot get a tri via l e:\'Pia nation by featu r es of magneto-dipole inte r ac tion. It may be con­
nected with the prope r t ies of the s pin-o rbit interaction in the c r.vs ta l. 

Of transition metal ion s esquioxides isomor­
phic in crystal structure with corundum the uni ­
axial antiferromagnetic Cr203 is the subj ect of 
close attention caused by the spe cific properti es 
of its magnetic symmetry which allows the exis t­
ence of a magneto-electric effect. Its anisotropy 
energy K has been measured [1], but its na ture 
is not understood yet finally . It has been found 
[2] that about half Karises from a magneto-di­
pole interaction. The present letter reports the 
anisotropy energy to be so s ensitive to lattice 
geometry, tha t the crystal prostration along the 
rhombohedral axis C3 with the external stres s 
~ 7kbar would produce a zero anisotropy energy 
and spontaneous" spin-over" of the spins into the 
basal plane. This result has been obtained while 
studying the effect of uniaxial compression along 
the C 3 axis on the critical field of "spin flip " 
transition in Cr203' The measurements have 
been carried out at 20AoK in a pulsed magne tic 
field oriented along the C3 axis to within 5' using 
a pair of balanced pickup coils [3]. The depend­
ence of the critical field on the applied stress is 
shown in fig. 1. Within the experimental errors 
it may be described by a straight line whose 
slope gives 

1 dHc -2-1 
Hc(O) dp = 7.5 x 10 kbar . 

The value of critical field Hc and its depend­
ence on the stress is given by K and the suscep­
tibility difference t:.X = X.L - X II ~ X.L: . 

Hc = (2K/ t:.x)t , J.. dHc =.! fl dK __ l_dC~x )) 
FIc dp 2 V(dP t:. X dp 

The order of magnitude of the second summand 
may be got from the pressure dependence of the 
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Fig. 1. Cha nges in the critical field of the "spin-flip" 
trans ition in Cr20 3 ( ~ = { Nc l,p) - Ne(O)} I Nc (0») unde r 
uniaxia l pres sure a long the rhombohedral axis. T = 

= 20.40 K. 

Neel temperature since both TN and X.L describe 
the superexchange interaction value in the crys­
tal. However, the pressure effect on Z'N [4 ~ ap­
pears to be too small (d TN/ TNdP = - 5 x 10-
kbar- 1) and consequently the value of the effect 
observed is accounted for by the anisotropy con­
stant. T<iking K = 2 x 105 erg/ cm3 [1] we find 
dK/ dp = 3.0 x 10- 5. It is interesting to note that 
the shift of FIc with pressure appeared to be by 
an order of magnitude larger than the corres­
ponding one for Fe203' which was calculated 
from the magnetostriction jumps at the critical 
point [5]. Having the same crystalline str ucture 
and similar anisotropy energy and critical field 
values, Fe203 differs from Cr203 in the metal 
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ion distribution over the magnetic sublattices. 
The difference in electronic shell structure of 
met~l ions of these substances (ground states 6S1 
and F~ ) seems to be important too. While the 
dependimce of Fe203 may be accounted for by the 
magneto-dipole interaction [5]. the corresponding 
calculations for Cr203 predict a value [2] which 
is by an order of magnitude less than the observ­
ed one. 

It can be supposed that the effect observed may 
be accounted for by the anisotropic energy con­
tribution connected with the spin-orbit interaction 
in the crystal. The present theory is unable to 
produce a quantitative estimate. However, one 
may expect that in a crystal with a large super­
exchange interaction (TN = 30aoK) the properties 
of its anisotropic part [6] are significant in par-

ticular. They are notice able against the small 
value of total anisotropy energy. 

We are grateful to V . .r-.f. Fridman for the . 
assistance in the experiment. Y'c nave benefIted 
from discussions with A. S. BOl:(;¥I~k-Romanov. 
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EFFECT OF ELECTRON CORRELATIONS ON INTERACTION 
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It is shown that the effect of electron correlations is to cbange the criterion for occurrence of localized 
magnetic states. The conditions of existence are different for parallcl and :>l1tiparaJlel configurations of 
a pair of localized magnetic states. In general, the parallel configuration is favoured. 

We consider the Anderson [1.21 model of two 
impurity transition metal atoms. each having a 
single, non-degenerate d-state. introduced into 
a matrix of a non-magnetic metal. The system 
of conduction and d-electrons is determined by 
the Hamiltonian (the notation of ref. 2 is used 
throughout). 

g{ = ~ f 1lllka +~E onia +~ tUniani, -a + 
. ka ta ta (1) 

+ (~ VikC/'a Cka + ~V12 Cia C2a + c.c.) . 
Ika a 

Cka' Cka refer to the conduction electrons, Cia' 
Cta correspond to the localized d-electrons and 
llka = CkaC'?a' nia = CicPia' tk is the energy of 
conduction electrons, Eo denotes the energy of 
the localized d-state, U is the Coulomb interac­
tion energy; Vik and V 12 are the matrix elements 
for the mixing interaction of electrons. We as­
sume U » 1 Vik I, IV 12 1. 
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The expectation values (nia) are calculated by 
the Green function method [4,3]. The chain of the 
equations of motion for the Green functions « Cia; Cia)) is reduced to a closed system by 
neglecting the Green functions «C/; -a Cia Ci -a; 
cta» and « Ck.-a Cia Ct. -a; Cia» (d. [3]), an'd by 
the following decouplings: 

« Ckani,-a; Cia:> = (ni,-a )« Cka; cta » , 

« Cjani,-a; C;a» =( ni,- a> «Cja; eta » for j '" i. 

For U » 1 t'ik I , IV12 1 we find finally 

1 - (n· \ 
( . )= t,-a , x 
nta , 7T 

1 V12 12) 
EF -Eo -(1-(ni,-a»)(;\- U(n· ,) 

[ } -
x arctan ,c,. (1 - <ni ,-(1)) , 

(2) 

+ h J. 
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