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The paramagnetic susceptibility and relative magnetization of a random ferromagpet for bee, hep and
some plane lattices are studied in the molecular field approximation. The temperature dependence of
susceptibility is numerically calculated for different concentrations.

A simple theoretical model for a randomly diluted magnetic system, which has been widely studied, is
the randomly dituted Ising model. We can write the Hamiltonian of such a system as follows
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where (ij) indicates that the sum is over pairs of the nearest neighbours (nn-sites), g is an Ising spin
variable, and p; is a random variable equal to one if the site is occupied and is zero otherwise, # is the
exchange constant.

The miean field theory (MFT) equation for this random system may written as follows

0,=Bs(p$ 3, op;+ fH), (2)
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in which o, is the relative magnetization at an occupied site i, =1/ kT, k — the Boltzmann constant,
T — the absolute temperature, H is proportional to the applied field, and B is the Brillouin function
for the spin S. All occupied sites are assumed to have the same value of the local moment, independent
of the environment and all unoccupied sites are taken to have the zero moment.

The average relative magnetization & is determined by averaging over all possible configurations of
occupied and unoccupied sites:
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where 7 is the coordination number of the considered lattice, Pi(z) = ¢~ (1—¢)* “Z!/N!(z — N)!is the
probability of finding N occupied nn sites for the concentration ¢ of the magnetic element, and
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where > indicates a summation over those sites which are nn of 1; M- indicates the summation over
1 1

those sites which are nn's both of site 0 and 1, and M is 2 sum over the remaining sites exclusive of 0,
3

which are nn's of 1.

This treatment accounts for the correlation in a lattice between the numbers of magnetic neighbours
of two atoms which are themselves the nearest neighbours. This feature has also been used to explain
the clustering of magnetic moments in an alloy.

" The equations (3)—(6) give the closed system by assuming that o,(N) in (6), for which site / 1S two nn
steps removed from site 0, can be expressed in terms of 0u(N), 6,(N) and 4

g(N)= a,0,(N) + bo,(N)+ da, N

where g, + b, + d, = 1, and the relative values of a;, b, and d, are proportional to the number of nn sites
in common with 0, in common with 1, and common to neither 0 or 1, respectively.

The results for the sc and fcc lattices were calculated in papers [1, 2]. It is possible to show that the
resuit for the bec lattice is the same as that for the sc and for the hcp lattice, corresponding to the fce
lattice.

The result of the triangular lattice was obtained in the following form:
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This closed system of equations can be solved numerically and we can obtain the temperature
dependence of magnetization, which can be experimentally verified. For example, in paper [1] a very
good agreement is obtained with the measuring of magnetization on Ni—Cu alloys.

In the paramagnetic region, we can linearize the equations and obtain the results for the
paramagnetic susceptibility. For example, for a triangular lattice:

) 1+ps SELy 2841 G
P53 N-55s
uzM&R.TmEIMi N-1)- ey (35 N
5P 557 ¢ 5 )
xt= ©
3
3s ISEN?LM,NVA 5 N=1)
541 35 &% N2 Sl o STV
1=569 55 (N=1-097 (555) N

The temperature dependence of the susceptibility numerically calculated for different lattices and
concentrations is shown in Fig. 1. where we used relative quantities.
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Fig. 1. The paramagnetic susceptibility as a fun-

ction of temperature for a triangular lattice (® ¢

=01,0¢ =04, Xc =06 0c = 09)and

fec (hep) latticc @ ¢ = 0.1, A ¢ = 04,.c¢ = 0.6,
A c=0.9).
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