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A semi—graphical method to analyze the sublattice anisotropy of
4f— 3d compounds with uniaxial magnetocrystalline anisotropy

KRISS YB. Kim

Jilin University  }in Han-min

1. Introduction

A graphical method solving directly the anisotropy constants was firstly applied to Co single crystal
by Sucksmith and Thompson [1). The authors of this paper [2) extended the method to higher order
anisotropy constants and applied to analyze the anisotropy of PrdeiB at 290 K. These are, however,
based on the rigid coupled magnetization model, and give no ideal solution for the magnetization
behaviour of 4f—3d compounds at low temperature. At low temperature near 4.2 K, the 4f—
anisotropy becomes strong and an additional energy for the exchange interaction is needed to describe
the magnetization state. In this paper, we suggest a semi-graphical method to analyze the anisotropy of
two sublattice system with uniaxjal anisotrony.

2. Analyzing procedures
In order to simplify the calculation, let us consider a tetragonal 4f—3d compound with easy
magnetization c—axis in which the anisotropy of 34 sublattice is well described by K. If we

assume an external field H is applied perpendicular to c¢—axis and all the sublattice moments rotate
on the plane made by c¢—axis and F the free energy of the compound is expressed as follows ;
E = K\345in%03,+ Ki(4sin 20,1+ Koy sin *8,+ Ky sin *6,,c054¢,
+K4(4_,) Sin604/+K5(4/)Sin604fCOS4¢4f—MgdH Singgd—M‘yH Siﬂdv m
+ Nde:idMU ( sin 03dsin 04/+ Ccos 03,1605 04/)

Here, the notation @ is the inclination angle of sublattice magnetic moments from [001) axis, and
@ is the angie from (100) of the projection of subiattice moments (or H ) on basal plane.

W H is parallel to (100} ro (110), from equilibrium conditions of free energy and the relations
sin O35= Mas/ M3y, sinly=my/ My and m= mys+ my,, following equations are obtained ;

m— Mmyy iv 1—(M4//M4/)2 =0 )
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2K\wp gy, M 4( ) (Ko * Kyup) +6( ) (Kyan * Ksap) — Myl

msq _ Myr V 1_(m3d/M3d) ]=0

+NmM3M4f{ Ms: My 2y 1—(my/M,)*

(3

Here, m, mys and mg, represents the magnetization observed in measurement direction, the

component of 3d—sublattice and 4f— sublattice, respectively. The ” " sign for =V 1—(m4f/M4f)2
is positive for ferromagnetic coupling (0< 84<x/2)) and negative for antiferromagnetic coupling
(72 04<37/2) of 4f—3d sublattices.

if we know the value of K3, , the sublattice magnetizations at a given H can be calculated

numerically by applying the experimental value of m and H into equation (2). The 47— sublattice
anisotropy constants, then, can be determined by graphically by applying the sublattice magnetizations
into equation (3) according to the following procedures ; At first, make a plot of

my V1= (mgd Mz))*
—MyH + Ny,
wH snaMsablyy M’id Mys 4\ 1—(myd My)?
mag My ( Koup * Kaap and Kyup+ Ksp terms) are neglectable at low field region, the plot should

VS, 25+ M . Since high power terms of
4f

be linear at the low field region, and Ky can be determined by the negative slope of the plot. (The
K4y also can be determined from the initial susceptibility of hard magnetization curve (3)).

Secondly, apply the value of Kjup determined by above mentioned process into eguation (3) and

mys  my N 1—(mys/ Msa)? }

ke a plot of 2K L — MyH+ N,
make p WY, M 4f 4“"'M3"'M4f[ My My sy 1—(mylM,p)?
mas\3 my
4(-M—4f) . This plot shall show a linear relation again up to higher field region in which the ( MU)
» 4

term is neglectable. Then, the negative slope of the linear portion is Kjy+ Ks4p. Finally, put again

the values of Kyyp and Koup+Ksup into equation (3), and make the plot of

mys  my N 1—(mae/ Ms)® ] vs.

2K1(4,)7-M4;H+4( ){K2(4/}+K1(4/)}+N4BdM‘idM4f{ My My + “(mu/Mu)z

5
6(—M—§—) . Then, the Kjup+Ksup can be determined by the negative slope of the linear plot. If

experimental data is out of linear relation at high field region, it may be due to the effect of higher
order anisotropy constants or the leaving of magnetic moments from original rotation plane. If it is due
to higher order anisotropy constants, they can be determined by applying the same procedure to higher
order anisotropy constants. The indivisuai anisotropy constants can be calculated from the results
obtained from magnetization curves of [100) and (110) directions.
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