
Journal of Magnetism and Magnetic Materials 104-107 (1992) 737-738 
North-Holland /1 1" 

Magnetocrystalline anisotropy of RECo 5 compounds 
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The magnetocrystalline anisotropy energy and anisotropy of the orbital angular momentum have been calculated ab initio 
for YCo 5 using the LMTO method. Quantitative agreement with experiment is found if a recently proposed orbital 
polarization correction is included. The anisotropy of the orbital angular momentum and the energy are strongly correlated. 
The crystal field parameters at the RE site in RECo 5 compounds, calculated using the FLAPW method, have the correct 
sign and are comparable to the experimentally observed values. 

The compound SmCo 5 is of considerable interest 
because of its large magnetocrystalline anisotropy en- 
ergy (MAE) of 0.016 e V / u n i t  cell [1-3]. This anisotropy 
is in large part due to single ion anisotropy originating 
from rare earth (RE) 4f electrons localized on the R E  
site which has hexagonal symmetry. However,  because 
the anisotropy energy of YCo 5 is only a factor of four 
smaller [4], i t inerant Co 3d electrons are also believed 
to contribute substantially to the anisotropy energy. In 
this paper we present for R E C o  5 compounds first 
principles calculations of the anisotropy within the 
framework of the local-spin-density-approximation 
(LSDA) [5]. 

The anisotropy energy of YCo 5 is obtained by first 
solving the K o h n - S h a m  equations [5] self-consistently 
for the scalar-relativist ic spin polarized Hamil tonian 
for the material with n valence electrons. This is done 
using the linear muffin tin orbital (LMTO) method in 
the atomic sphere approximation (ASA) including s, p, 
d and f partial waves in the basis [6]. The spin-orbi t  
coupling term, ~:l. o-, is then added and the full Hamil- 
tonian is diagonalized for two directions of the magne- 
tization. The  force theorem is used to calculate the 
anisotropy energy, z~E = E(h II c) - E(h  ± c), as the 
difference in sums of K o h n - S h a m  eigenvalues [7]. E(h) 
is the total energy when the magnetization is oriented 
in the direction h. The anisotropy in the orbital angu- 
lar momentum is defined analogously. We have also 
investigated the influence on the M A E  of an orbital 
polarization correction, recently proposed [8] to take 
account of Hund 's  second rule. The orbital polariza- 
tion term in the Hamil tonian has the form - B L l . h ,  
where the Racah B parameter  is calculated using the 
radial d wavefunctions. The orbital angular momen-  
tum, L, is obtained by iterating the relativistic Hamil- 
tonian (including both spin-orbi t  coupling and orbital 
polarization) to self-consistency with h II c. The M A E  is 
then calculated using the force theorem. By calculating 
the anisotropy energy - denoted A E ' ( q )  - as a func- 
tion of the bandfilling q, it is shown to be strongly 
correlated with the anisotropy in the orbital angular 
momentum,  A L"(q).  

In fig. l(a) the anisotropy energy versus bandfilling 
is shown by the solid line, obtained including spin-orbi t  
coupling together with orbital polarization; the dotted 
line indicates results obtained including spin-orbi t  
coupling only. The correct easy axis is predicted and 
good quantitative agreement  with experiment is ob- 
tained if orbital polarization is included. The anisotropy 
in the orbital angular momentum (shown as the dashed 
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Fig. 1. (a) The magnetic anisotropy energy per 3d atom, 
AEn(q), versus bandfilling q (solid: calculation including 
spin-orbit coupling together with orbital polarization, dotted 
curve: spin-orbit coupling only). The anisotropy of the orbital 
angular momentum per 3d atom (calculated including orbital 
polarization) is shown by the dashed curve, referred to the 
right-hand axis. The actual number of valence electrons, n, is 
denoted by the vertical line, and the experimental anisotropy 
energy is indicated by the horizontal dashed line. (b) The 
anisotropy in the orbital angular momentum per Co atom at 
the 2c site (dashed) and 3g site (dotted), in units of h, and the 

average anisotropy per Co atom (solid). 
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curve in fig. l(a)) is clearly corre la ted with the 
anisotropy energy. In fig. l (b)  the anisotropy in the 
orbital  angular  m o m e n t u m  is resolved into contr ibu-  
tions from the Co atoms at the two different  types of 
sites in this structure,  the 2c and 3g sites. The  peaked 
s t ructure  is seen to be mainly de t e rmined  by the Co2c 
atoms. Al though  there  were exper imenta l  indicat ions 
that  the anisotropy was to be associated with these 
types of a toms [4], we find that  at the actual Fermi  
energy AL~g exceeds AL2c. 

Within  the  minori ty spin subband,  orbi tal  polariza-  
tion represen ts  an effective s p i n - o r b i t  coupling param-  
e ter  ( =  ~: + BL. Within  pe r tu rba t ion  theory [9] the  
orbital  angular  m o m e n t u m  is propor t ional  to ~, and  in 
the limit of large exchange split t ing a new orbital  
angular  m o m e n t u m  of L = L 0 / ( 1 - L o B / ~ )  results 
upon including orbital  polarizat ion,  where  L 0 is the 
orbital  angular  m o m e n t u m  obta ined  without  orbi tal  
polarization.  At  the cen te r  of the  occupied minority 
spin d bands,  ~: = 33 m eV  and  B/~ = 3.9. The  increase 
in the orbi tal  angular  m o m e n t u m ,  from L 0 = 0.12 to 
L = 0.23h for each Co atom, is well descr ibed by this 
relation. With  the same approximations,  the  energy 
gain upon including the sp in -o rb i t  coupling and orbital  
po l a r i za t i on ,  E"(q,  h ) -  E'  Z o(q), is given by 
~2(L"(q, fi). It can be seen in fig. l (a)  tha t  the rat io 
AE"(q ) /AL" (q )  is given well by the proport ional i ty  
factor 1~. W h e n  orbital  polar izat ion is included, the 
spin magnet ic  momen t s  of the  Y, Co2c and  CO3g atoms 
are - 0 . 3 2 ,  1.33 and 1.51/z B respectively, result ing in a 
total (spin and orbital)  calculated magnet ic  m o m e n t  of 
1.60/z B per  Co atom, compared  to the exper imenta l  
value of 1.66/z B [4]. The  discrepancy in the calculated 
magnet ic  m o m e n t  with respect  to the  exper imenta l  
value is comparab le  to the discrepancy of 0.05/~ B ob- 
ta ined for hcp Co. 

With in  the approximat ion that  the in teract ion be- 
tween the 4f e lect rons  and  the valence e lect rons  may 
be t rea ted  perturbatively,  crystal field pa rame te r s  may 
be calculated straightforwardly within the  f ramework  
of the LSDA. We expand the  Har t r ee  potent ia l  within 
a muffin tin sphere  on the  R E  site, v(r), in Car tes ian 
funct ions t'~" of degree  l (cor responding  to Tesseral  
Harmonics  apar t  from a prefactor)  [10]; v(r) = 

m m ~ m ~l.,,,w~ (r)t I ( ) .  The crystal field parameters ,  A t , are 
then given by A)"{r t) = -efR24f(r)w[n(r)rZdr, where  
w~'(r) describes the radial dependence  of the  poten-  
tial, R4f is the  radial 4f wavefunct ion and  ( r  l )  = 
fR]f(r)rl+2dr. Because the crystal field pa ramete r s  
are not found to vary strongly with the type of R E  
atom [3], we calculate AT'(r l) for GdCos ;  with a half  
filled f shell the Gd 4f charge  density is spherically 
symmetric and  the  4f s tates  may be t rea ted  as core-like 
s tates  in the LSDA calculations. The  non-spher ical  
valence charge  density is ob ta ined  from self-consistent  
calculat ions with the full potent ia l  l inear  augmen ted  
plane wave (FLAPW)  me thod  [11,6]. 

Table 1 
Crystal field parameters A)'; times radial expectation values 
( r  l) in GdCo 5 separated into on-site and lattice contributions 
in K. The calculated radial expectation values are (r 21 = 
0.93a~ and (r  41 = 2.11a 4 

On-site Lattice Total Expt. 

-1743 980 - 763 - 180~; - 4202; - 2103 
5p-5p 87 
6p-6p -407  
5d-5d - 775 
others 648 

3 - 24 - 27 

A~(r2> 

The result ing values for AT'(r I> are given in table  
1, divided into on-site and  lattice contr ibut ions,  based  
upon the separa t ion  of w["(r) into these cont r ibut ions  
[12]. The  5p states are found to con t r ibu te  only - 15% 
to A °. Abou t  44 and  23% respectively of the on-site 
cont r ibu t ion  to A ° can be a t t r ibuted  to d - d  and p - p  
cont r ibut ions  from the wavefunct ions to the charge 
density [13]. Wherea s  the  lattice cont r ibu t ion  to A ° is 
comparab le  to the on-site contr ibut ion,  it completely 
domina tes  A~. 

We conclude that  the i t inerant  e lec t ron contr ibu-  
t ion to the magnetocrysta l l ine  anisotropy and the crys- 
tal field pa rame te r s  can be calculated from first princi- 
ples. 
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