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MAGNETIZATION AND MAGNETIC PART OF SPECIFIC
HEAT OF A CLUSTER SYSTEM")

P. NOZAR?), V. SECHOVSKY?), Prague

In the contribution the formulae of temperature and field dependences of magnetiza-
tion and the magnetic part of specific heat for the system of magnetic clusters with
vanishing intercluster interaction are derived.

HAMATHHYEHHOCTb U MATHUTHAS YACTb YIEIBHOWM
TEILIOEMKOCTH KIACTEPHBIX CHCT EM

B paGote Boimenensi OpMYNbI AR 3aBUCHMOCTH OT TEMNEPATyPhbl W 1OAA Hamar-
HUYCHHOCTH ¥ MarHUTHOR YACTH YAENLHOM TenmoeMKOCTH I CHCTEMBI MArHUTHBIX
KJIaCTepOB € Ucye3arolle MenbiM B3aHMOJIEHCTBHEM MEXIY KIacTepam.

L INTRODUCTION

We report our calculation of the magnetic properties of a system of magnetic
clusters treated as a set of “non-interacting” ferromagnetic particles. The clus-
ter-glass is considered here as a binary solid solution where one component carries
a localized magnetic moment. The elementary magnetic moments are distributed
into groups (magnetic clusters) comprising (in general) a different number of
moments due to the fluctuation of the impurity concentration in the solid solution,

The arrangement of moments into clusters establishes such characteristic proper-
ties of the cluster-glass as a finite paramagnetic Curie temperature (without
long-range order) and freezing phenomena. The former property is due to the
intracluster exchange interaction, the latter is determined by different kinds of
magnetic anisotropy [1].

I1. MODEL
Let us consider the set of the localized magnetic moments selected into clusters
ina non-magnetic matrix. Assume that the magnetic moments interact ferromag-
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M, = nM,B(h,) (N

where M,= gu,S, h, Hm.e.:mmo+AH=\‘J (3/S$+1)B(h,), g is the Landée factor,
Us the Bohr magneton, S the spin number, B =(kgT)™, ky is the Boltzmann
constant, T the temperature, T,, the Curie temperature, H, the external magnetic
field <mJ\m:m with cluster size and B(h,) is the Brillouin function. For further
convenience we define the step function

0 for x =X,
fulx) = A ! for gt )
and
Li(c)= M (v.()) G)

a distribution function of clusters. (v,(c)) is an average number of clusters of size »
and c is a concentration of magnetic impurity. Then

M= (1= (D) (v 0)) aoB() )

describes the magnetization of a cluster system at temperatures above j -
(T.... max and T, min are maximum and minimum of the set ofall T,,, respectively).
The moments within one cluster behave as one giant moment below T... At these
temperatures the influence of cluster anisotropy is switched on. Below the
characteristic temperature T, the influence of cluster anisotropy becomes
superior and the cluster freezes (i.e. the direction of the cluster moment is aligned
to the anisotropy axis). In the temperature range (T,,, Tr.1), however, the cluster
system behaves like a Superparamagnet. The magnetic moment M., of one cluster is

M.=(1-f, ( D)fren HM,L(x); x= M, H,/ ky T (5)

where L(x) is the Langevin function. The distribution of the freezing temperatures
Tr., we define as ’

o

NNAN.?L” M M @;,.Aﬂ.ﬂ:_v (6)

n=ng {1}
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(041 1s the number of clusters with the same Te,;). In the temperature range (T,,.
Trn1) the first member of expansion of I(x) in (5) can be considered only and we
may write for the whole system

M= 3 2 (1= Fros( Do (Do Tow) (-MB(RYY 13y . ()

The magnetic contribution of one cluster (considered as a ferromagnetic particle)
to specific heat is

_ 9 ., 1 38
rr =Tew 57 Biha) (=5 ko 520 @)
and for the whole cluster system
5 (_1 38 @ i
ni':M A 2 \Am %.THV A.—\:Aﬁvv BHE 3T B A\\sz . AOV

Ill. CONCLUDING REMARKS

The magnetization M of the cluster system could be expressed as a sum of
4 contribution

§”z~+zw+§u+§u Amov

where
ny—1
E_uww S (vue)) nM2/3k, (11)
n=1

realizes from a small percentage of elementary moments which are not ordered at
any temperature (for moments of clusters with n <ngis T, =0).

Mo= 3 (u(e)) "MuB(R) (1~ f;.(T)) (12)

is the contribution of the clustees with n=n, above 1... This part can be
approximated by the Curie-Weiss law in the high temperature limit.

M= 5 & W Dfr0u(Tr) (MBR)Y I3k (13)

is resulting from “gjant” moments described formally by the Curie law in the
temperature range (T.,. wins T'tn1, max). The part M, describes the magnetization of
the frozen clusters equal to zero (in first approximation). A more detailed approach
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to parts M, and M, is described in [2]. It is remarkable that the temperature
dependence of the specific heat exhibits a broad and flat maximum at temperatures

TZ Ten max It is due to hte fact that the contributions of different clusters are
realized at different T...
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