PHYSICAL REVIEW B

VOLUME 19, NUMBER 5

1 MARCH 1979

Individual Co site contributions to the magnetic anisotropy
of RCos compounds and related structures

R.L. Streever
US Army Electronics Technology and Devices Laboratory ERADCOM, -
Fort Monmouth, New Jersey 07703
(Received 8 November 1978)

NMR results are used to evaluate the spin-orbit contribution to the magnetic anisotropy of Co
atoms at individual Co sites in R Cos compounds. The easy c-axis Co anisotropy of RCos com-

pounds is found to arise from the (2¢) sites, while the (3g) sites make a smaller opposing contri-
bution. The anisotropy parameters of the individual sites are used to calculate the variation of
anisotropy with composition in mixed|R (Co,_,Fe,)s compounds and also to estimate anisotropy
parameters at individual sites in some structures related to the R Cos phase.

I. INTRODUCTION

The rare-earth cobalt intermetallic compounds such
as RCos and R,Co,7 have attracted considerable at-
tention in recent years because of the large magnetic
anisotropy which these compounds possess. The
work reported here is directed toward understanding
~ the origin of this large anisotropy and is part of an
ongoing effort in our laboratory to develop high-
energy-product permanent magnet materials for use
in advanced millimeter-wave/microwave systems.

Within the single-ion approximation the anisotropy
can be divided into rare-earth and cobalt parts and by
comparing related compounds the relative importance
of the two contributions can be assessed. In SmCos,
for example, the uniaxial anisotropy field is about
550 kG at 4.2 °K and arises from Co and Sm contri-
butions each of which favor a c-axis alignment of the
magnetization. In YCos, where the rare-earth-like Y
atom has a closed shell and therefore makes no con-
tribution to the anisotropy, the measured uniaxial an-
isotropy field is about 150 kG at 4.2 °K and is due en-
tirely to the Co atoms. While the basic features of
the rare-earth contribution to the anisotropy can be
fairly well understood in terms of the crystal fields
acting on the R atoms,! a detailed understanding of
the large Co contribution of the anisotropy has been,
to a large extent, lacking.

In an illuminating paper on the subject, Déportes
et al.? pointed out that the '~rge Co anisotropy might
arise from the large orbital magnetic moments of the
Co atoms which could provide an anisotropy mechan-
ism through spin-orbit coupling. As shown in Fig. 1,
there are two Co sites in the R Cos structure. Polar-
ized neutron studies® show that the Co; atoms at (2¢)
sites have large orbital moments with the 3d orbitals
and magnetization density extended in the basal

plane perpendicular to the hexagonal c axis. Conse-
quently, because of this orbital anisotropy, these Co
atoms would be expected to make the larger spin-
orbit contribution to the magnetic anisotropy. The
magnetization densities of Coy; atoms at (3g) sites, by
contrast, are found to be more isotropic and these
atoms would be expected to make a smaller contribu-
tion to the magnetic anisotropy.

Recent Co NMR studies by this author* support
this model and show the Co atoms at (2¢) sites to
have a large positive anisotropy contribution (favor-
ing an easy c-axis alignment of the Co moments).
The Co atoms at (3g) sites by contrast are found to
have a smaller negative contribution (favoring an
alignment of the moments in the basal plane).

Most of the Co sites in the other rare-earth cobalt
compounds are related to the (2¢) and (3g) sites of
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FIG. 1. RCo;s unit cell.
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the RCos compounds. Consequently, the quantita-
tive evaluation of the anisotropy parameters of these
sites and particularly the negative contribution from
site (3g) has some interesting consequences in terms
of understanding anisotropy in the related rare-earth
cobalt compounds. The purpose of this paper is first
to discuss in Sec. II the Co anisotropy in the R Cos
compounds as determined* by NMR and then to
show in subsequent sections how these results can be
used to understand the anisotropy of related rare-
earth cobalt structures.

II. Co ANISOTROPY IN THE R Cos COMPOUNDS

A. Spin-orbit contribution to the Co anisotropy

As already mentioned the spin-orbit coupling can
provide an important contribution to the Co anisotro-
py in the R Cos compounds due to the large orbital
moments. The spin-orbit coupling SO energy will be
given by the usual expression

ESO=)\E'§=%)\(;‘:L'}ZS) (up)2. ¢}

Here L and S are the unquenched orbital,‘and spin
angular momentum vectors of the Co atom and the
orbital and spin moments are given by

fio=—Lup and fis=—2Sp; .

Since A is negative for the 34 ions with more than
half-filled shells, the spin moment will align itself
parallel to the orbital moment. If, in addition, the 3d
orbitals are anisotropic then the spin will tend to align
along the direction of largest orbital moment in order
to achieve the lowest energy. For example in the
case of the (2¢) site the spin will align itself along the
hexagonal c axis because of the larger orbital moment
along the c axis due to the extension of the Co orbi-
tals in the basal plane (see Fig. 2). The situation is
similar to that which occurs in the case of ferrites.’

We can define a stabilization energy or local aniso-
tropy energy per atom E;, where positive E; favors a
moment alignment along the hexagonal c axis, by the
expression

E,= Esé(L) —Ego(1D)
=%|)\| (o {ps)u— (mL (Ms)l]lts_z V)

Here (u.)yor (u.), refer to the expectation values
of g, measured with the moments aligned and quan-
tized parallel or perpendicular to the hexagonal ¢
axis, respectively. The corresponding spin quantities
are similarly defined. If we define

App =)= (ue)y) @3)

then for the case where (u.) is small (of the order

of Au.) and where
[(<Ms>n_ (Ms)x”(#s)n] <1,
Eq. (2) reduces to the simpler expression
o= 7 I Q)= )y (us)ps?
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As was shown in a previous note,* NMR studies
allow a rather direct way of determining the moment
difference Au; which is a measure of the anisotropy
in the orbital angular momentum. The value of Au,
can then be used in Eq. (4) to determine E;, the local
spin-orbit anisotropy energy of a Co atom at a given
Co site. In the following subsections we will discuss
briefly hyperfine fields at the Co atom and show how
the Au, values can be extracted from the NMR data.

B. Hyperfine fields at the Co atom in R Cos compounds

As in the case of Co in pure Co metal, the Co
hyperfine field has an isotropic part arising from core
polarization, localized and delocalized conduction-
electron polarizations and the isotropic part of the or-
bital hyperfine field. Also, there is an anisotropic
component arising from the dipolar fields and the an-
isotropic component of the orbital hyperfine field.
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FIG. 2. Local environment around the two types of Co sites
in the RCos structure. The arrows indicate the symmetry
axes established by the R neighbors.
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From results in pure Co metal,® the major part of the
anisotropic component should come from anisotropy
in the orbital hyperfine field. The orbital hyperfine
field is often expressed as®

Hp = (us) (=2 (r7) , ®)

here g is the Lande g factor. As already mentioned,
for 3d atoms the unquenched orbital moment will
add to the spin moment so that g > 2. Consequent-
ly, the isotropic orbital-hyperfine-field contribution is
positive when referred to the direction of the total
magnetic moment. Since we have

(& =2) =(L)/(S) =2{(pr)/{us) . (6)

Eq. (5) can be written in the following equivalent
form:

Hy=2(uL) (r7) . (72)
The anisotropic component of H, is then given by
(H\—H)=2(Apy) (r7), _ (7b)

where H, and H, refer to the Co hyperfine field in a
direction parallel and perpendicular to the hexagonal
c axis.

C. Determination of Au; from the hyperfine fields
in YCos and SmCos

Values of the Co hyperfine field at the two Co sites
of SmCos were obtained in our earlier paper* from
the Co>® NMR spectrum. The spectrum from nuclei
in domain walls allowed a determination of
H, and H, at the two sites. The values obtained are
summarized in Table I. By comparing the NMR
spectra of Co*® in SmCos with that for Co®® in YCos
obtained by Searle et al.,” hyperfine field values
could be estimated for YCos as well and these are
also included in the Table.

Zero-field NMR permits a determination of the
magnitude but not the sign of the hyperfine field and
in listing the hyperfine fields in Table I we assumed
them to be negative. This should be a reasonable as-
sumption as the core-polarization contribution which
is negative and the delocalized conduction-electron
contribution which is also negative should dominate
the hyperfine field.

In Co metal the orbital contribution to the
hyperfine field anisotropy is roughly a factor of three
times larger than the dipolar one. Since in these
compounds the orbital anisotropy is quite large rela-
tive to Co metal, it should be a good approximation
to neglect the dipolar contribution compared to the
orbital one. Then the measured values of (H,— H})
from Table I can be used in Eq. (7b) to calculate the
values of Au;. Values of Ay, calculated this way are
listed in Table I where we have taken (r) to have a

value of 0.35%10% cm™ the same as in Co metal.®
Corresponding values of E; expressed in wave
numbers obtained by using Eq. (4) with |x| =300
cm™! and (us)y=1.7 usp are also listed.?

As can be seen from Table I, for site (_2c) the
quantity Au, is positive indicating a larger orbital
moment along the hexagonal ¢ axis in agreement
with the preceding discussion. For site (3g), by con-
trast, Au, is negative indicating a larger orbital mo-
ment in a direction perpendicular to the c axis. The
larger orbital moment along the perpendicular direc-
tion suggests an extension of the Co orbitals out to-
ward the four neighboring R atoms as indicated in
Fig. 2. Consequently, it appears that the different
sign of the orbital anisotropy for the two Co sites ar-
ises from the different symmetry direction established
by the plane of the neighboring R atoms.

We can make these arguments more quantitative
by considering the electric field gradient (efg) at the
Co site. Since the efg is a measure of the axial elec-
tric field at the site, it should be at least a crude
measure of the axial character of the Co orbital

‘charge and hence of the anisotropy.

We use a point-charge model which neglects the
effects of the Co neighbors and assumes the rare-
earth nearest neighbors to have a +3 charge. Then
for site (2¢) the efg arising from the three planar R
neighbors (see Fig. 2) will have an axial component
V,, lying along the hexagonal c axis with a magnitude
0.62x10™ V/cm?. For site (3g), V,, arising from the
four R neighbors will be directed perpendicular to the
c axis and will have a magnitude 0.59%x10'* V/cm?.
Consequently, the orientations, if not the precise
magnitudes of the efg’s correlate with the local aniso-
tropies at the two sites.

D. Relation of the stabilization energy to the
measured anisotropy

The anisotropy energy for a hexagonal system is
just given by

E =K,sin?0+ K,sin%0 , (8)

where 0 is the angle between the magnetic moment
and the c axis. The difference E, =E, —E =K, +K,
can be identified with the stabilization energy per
atom defined previously summed over all the
different atoms. The total Co anisotropy energy E,
per unit cell is then given by

E((RCos) =2E,(2¢) +3E,(3g) . )

Note that for the R Cos structure, one unit cell
corresponds to one formula unit.

Using the values of E; listed in Table I, the net Co
anisotropy energy for YCos can be calculated to be 27

“ecm™! / formula unit (expressed in wave numbers) or

about 6.4x107 ergs/cm®. The measured® anisotropy
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TABLE L. Values of Co hyperfine fields (parallel and perpendicular to the hexagonal c axis) for
Co atoms at different sites of SmCos and YCos. Values of Au; and E; at the different sites com-

puted from Egs. (7b) and (4) are also listed.

Compound Site H, H, (Hy—H)) Apg E,
kG) kG) (kG) Cup) cm™!
2c —114 —176 +62 +0.095 +25
SmCos
3g -159 —132 =27 —0.042 -10
2c -99 -159 +60 +0.092 +24
YC05
3g -139 —121 —18 —0.028 -7

energy K, for YCos is about 7.5x107 ergs/cm? and
K, is thought to be relatively small compared to K.

Consequently, it appears that the Co single-ion aniso-

tropy can explain most of the anisotropy of the com-
pound. In Secs. III-VI we extend the model to dis-
cuss anisotropy in several related rare-earth cobalt
structures.
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FIG. 3. Comparison of the anisotropy constant K calculat-
ed for the R (Co;_,Fe,)s system with the experimental
values of K| measured by Rothwarf e al. (Ref. 10) for the
systems where R =Th or Y. In computing the calculated
curve the values of E given in Table I for YCos were used
along with the site occupancy factors corresponding to the
smoothed curves of Fig. 4 (see text).

III. MAGNETIC ANISOTROPY IN THE
MIXED SYSTEM Y (Co;_,Fe,)s

A knowledge of the anisotropy contribution from
the individual Co sites is of particular interest for
understanding the variation of anisotropy with com-
position in the mixed systems like Y (Co,_,Fe,)s
where preferential site substitutions can occur.

The anisotropy constants (K;) at room temperature
as a function of composition for the compounds Th
(Co;_.Fe,)s and Y (Co,_,Fe,)s have been measured
by Rothwarf and coworkers'? and are shown in Fig.
3. The anisotropy is relatively low near the Fe-rich
end of the system so that the Fe anisotropy may not
be very important in these systems. Assuming only
the Co contributes to the anisotropy, we can express
the anisotropy of the compound per unit cell by the
following expression:

E;=2E.(Q—f)+3E,(0 -1 . (10)

Here in order to shorten the notation we have denot-
ed the value of E; for the (2¢) site of the RCos com-
pound by E,. and the value of E; for the (3g) site by
E,. The quantity f; is the fractional occupancy of the
(2c¢) site by Fe [the probability of an Fe atom occu-
pying the (2¢) site] and f; is the corresponding frac-
tion for the (3g) site.

The values of f| have been determined for the Th
(Co;_.Fe,)s system by neutron-diffraction measure-
ments of Laforest and Shaw.!! Since 2f; +3/,=
Sx, fis fixed by the value of f;. Values of f and
f> obtained from the data of Ref. 11 are plotted in
Fig. 4. We see that there is a partial preference of Fe
for the (3g) site at low concentrations of Fe as dis-
cussed in Ref. 11.

Using these site occupancy factors in Eq. (10)
along with the previously determined values of
E. and E,; for YCos, we can evaluate E,4 at each con-
centration of Fe and the results are shown in Fig. 3.
The experimental and calculated values of K; cannot
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be compared directly because the calculated values
are at low temperatures while the experimental
values are at room temperature. Nevertheless, the
variation of the calculated and measured K, with Fe
concentration shows an overall similarity.

IV. COBALT ANISOTROPY IN
THE R,Co;7 COMPOUNDS

A. Anisotropy of Y,Coy7

The R,Coy7 structure is derived from the more
basic R Cos structure by ordered substitutions of R
atoms by pairs of Co atoms.'? The unit cell of the
rhombohedral R,Co;; structure is shown in Fig. S.

In this section we try to estimate the anisotropy of the
Co atoms at the different Co sites of Y,Coy7 by ex-
tending the YCos results.

The 181 site of the rhombohedral R,Co,; structure
derives from the 2c site of RCos by replacing one of
the R neighbors by a pair of Co atoms. Also, distor-
tions in the ideal structure move the Co; atoms at
these sites toward the substitutional Co pair. As dis-
cussed in Ref. 1, these factors should reduce the an-
isotropy associated with the Co;-atoms. In Table II
we assign these atoms a stabilization energy aE,
where a should be less than unity because of the an-
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FIG. 4. f, the fractional occupancy of the 2c site by Fe and
f, the fractional occupancy of the 3g site by Fe plotted as a
function of iron concentration x in the compound Th
(Co;_,Fe,)s. The data is from Laforest and Shaw (Ref.

11). The triangles or circles correspond to two different heat
treatments I and II described in their paper.

TABLE II. Values of E; for atoms at different Co sites
of YCos and Y,Coy;. The numerical values in the last
column expressed in wave numbers correspond to a=0.5
(see text).

Compound Co lons and E; E;
Sites em™!
YCos . Coy(2¢) E, 24
Co“(3g) Eg -7
Y2C017 COl(lsf) (IEC 12
(rhombohedral)
(R3m) Coy(18h) (DE, -5.2
CO“I(6C) Ed —18
Copy (94) (3)E, -35

isotropy reduction.

The 184 and 9d sites of R,Co,; derive from the 3g
site of R Cos by replacing one or two of the R neigh-
bors, respectively, by pairs of Co atoms. Using the
crude point-charge model discussed in Sec. II we can
assign the Co atoms at these sites stabilization ener-
gies of %—Eg and %Eg in view of the reduction in R
neighbors from 4 to 3 and from 4 to 2 in the two

‘, [ ]
o e A Col(le)
~ n,lb-—— 0’:'_ .
) =1 Coy,(180)
S ~  Coy,9d)
Y S e vV

C°111(6C)
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FIG. 5. Unit cell of the rhombohedral R,Co,; structure.
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cases. Finally, we leave the stabilization energy of
Coy; atoms which form a substitutional dumb-bell
pair in terms of an undetermined parameter E,.

The total anisotropy energy per unit cell (of 3 for-
mula units) can then be written -

E,=18aE, +9($E,) +18(3E,) +6E,.  (11)

Assuming E. and E, to have the same value in
Y,Coy; as in YCos, only E; and « remain undeter-
mined. The measured E, of the compound further
fixes these parameters.

For Y,Co,; the measured®?® K, is about -0.55%107
ergs/cm’. This corresponds to an anisotropy energy
E, of about -20 cm~!/unit cell. Using this value in
Eq. (11) and taking E; =0 would give a value for «
of 0.25. Taking a=0.5 would, however, give a value
for E; of -18 cm™'/atom. The latter set of parame-
ters are likely to be closer to the correct ones. First,
a value of « of about 0.5 is obtained using the point-
charge model discussed previously which assumed
the stabilization energy to be proportional to electric
field gradient at the site. Secondly, an unusually
large contribution to the anisotropy from Fe atoms
on the dumb-bell site is-indicated by Mossbauer stu-
dies'* which show a large hyperfine field anisotropy
for these atoms. .

The sign of the hyperfine field anisotropy observed
in the Mossbauer studies'* of Fe atoms on the
dumb-bell sites corresponds to a more negative
hyperfine field when the magnetization is parallel to
the c axis of the compound. From our previous con-
siderations then this corresponds to a negative or
planar anisotropy contribution. In view of this large
negative Fe-anisotropy contribution at the dumb-bell
site, a large negative Co anisotropy might be expect-
ed as well.

Finally, a rather large negative value of E; can ex-
plain the variation of anisotropy with composition in
the mixed system R,(Co;_.Fe,)7 as has been point-
ed out by Gubbens et al.'’ and as will be discussed in
more detail in Sec. IV B.

For convenience we have summarized in Table II
numerical values of the stabilization energy for the
different sites based on a value of a of 0.5 and values
of E. and E, obtained previously for YCos.

B. Anisotropy in the mixed system Y,(Co;_,Fe,) 7

The anisotropy in the system Y,(Co;_.Fe,)7 has
been measured by Perkins and Nagel'® and by Per-
kins and Strassler!” and shows an interesting variation
with composition. The measured anisotropy as a

" function of x is shown in Fig. 6. In this section we
try to model the experimental variation by using the
anisotropy parameters obtained in Sec. III.

Generalizing Eq. (11), the Co anisotropy as a func-

tion of Fe concentration can be expressed

E,=18aE,(1~f)) +9(3E) (1-1)
+18(%Ex) (1—f3) +6E;,(1—fy , (12)

here fi1, f2, f3 and f,4 are the Fe occupancy factors
for the sites 181, 94, 18h, and 6c¢, respectively. Since
the total number of Fe ions per unit cell is just 51x,
the following relation is obtained:

18f1+9/, +18f5+6f4=51x . (13)

The occupancy factors f are not known very accu-
rately but neutron diffraction studies'® indicate that
Fe atoms show a preference for the 6¢ (dumb-bell)
sites at low substitutions and also.a relative prefer-
ence for the 94 and 184 sites over the 18 f sites.
Maéssbauer studies!’ also show a preference of Fe
atoms for the dumb-bell sites which is about 2.5
times the statistical one. This preference of Fe for
the dumb-bell site is further indicated by the NMR
studies of Inomata.!®

As has been discussed qualitatively,'> such a site
preference could explain the variation of anisotropy
with composition. We see from Table II that the Coy
atoms at 18 f sites are the only ones with a positive
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FIG. 6. Comparison of the anisotropy constant K; calculat-
ed for the Y,(Co;_,Fe,) 7 system with the smoothed exper-
imental anisotropy constants measured at T/T¢ =0.25 by
Perkins and Nagel (Ref. 16) and at T =0 by Perkins and
Stréssler (Ref. 17). T, is the Curie temperature.
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anisotropy contribution. Consequently, preferential
iron substitutions on the other sites should cause the
anisotropy initially to go from negative to positive as
is observed. Similar arguments have also been made
by Inomata.!®

In order to model the variation quantitatively, we
have assumed reasonable values for the preferential
substitution factors. We take f4 to be 2.5x up to
x =0.4 at which point the site is filled and f;=1 for
x >0.4. We assume a statistical substitution on
9d and 184 sites, that is f, =f3=x. The value of f,
is then determined by Eq. (8) and will have a value
less than x since the Fe atoms occupy the dumb-bell
sites at the expense of the 18 f sites.

Using these site occupancy factors and the aniso-
tropy energies listed in the last column of Table II we
have calculated the Co contribution to the anisotropy
as a function of x for the Y,(Co;_.Fe,) 7 system. We
assume the net Fe anisotropy to vary linearly from
zero up to the value of -2.4x107 erg/cm’ found for
the Y,Fe;;-end member. The net calculated anisotro-
py is shown in Fig. 6 and compares favorably with
the experimental anisotropy variation suggesting the
correctness of the anisotropy parameters obtained in
Sec. III. While the assumption of a linear variation
of the Fe anisotropy is rather artificial it seems to be
a necessary one. In a more detailed model it would
be necessary to assign anisotropy parameters to both
Fe and Co atoms at the different sites.

V. ANISOTROPY IN RCo; and R;Co; COMPOUNDS

Finally, we can consider the anisotropy in the
R Cos and R,Co5 structures. The structures can be
derived from the R Cos structure by replacing certain
of the Co atoms by R atoms.?’ The R Coj; structure
is shown in Fig. 7. A model of the R,Co; structure
can be found in Ref. 21. Values of the stabilization
energies can be estimated by comparing the environ-

TABLE III. Values of E for atoms at different Co sites
of YCo; and Y,Co; given in terms of the stabilization ener-
gies £, and E,.

Compound Co Ions and E
Sites
YCo, Co;(3b) BE,
(rhombohedral) Cop(6¢) E,
(Rgm) Com(18h) ‘yEg
Y,Co; Coy(3b) BE,
(rhombohedral) Coy(6¢) E,
(R3m) Coyy(6¢) E,
Copy(9e) E,
Coy(18h) yE,

ment of various sites with that of the basic sites in
the RCos compounds. The different types of Co

sites in these structures are indicated in Table III.
The 3b site in these structures is surrounded by six

R atoms, with three lying above the plane of the Co
and three below. We assign this site a stabilization
energy BE.. A point-charge model which takes into
account the neighboring R atoms and which assumes
the stabilization energy to be proportional to the elec-
tric field gradient would give a value for 8 of about
1.7. The 6c¢ sites in these structures have the same
environment as the 2c site of R Cos and we assign

PP T

oy . S

CoI(3b)

CoH(6c)

Cornp

k=) R

(18h)

II
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FIG. 7. Rhombohedral RCoj crystal structure.
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them an energy E.. The 184 sites in the two struc-
tures have five R neighbors. With the exception of
the fifth neighbor the environment is similar to that
of the 3g site of RCos. Consequently, we can assign
this site an energy yE, where y might be expected to
be of the order of unity. Finally, the 9e site has the
same environment as the 3g site of RCos and we as-
sign it an energy E,. These assignments are summar-
ized in Table III.

The anisotropy of the RCos and R,Co; compounds
have not been measured in as much detail as for the
R,Co;7 and RCos compounds. LuCojs like YCoj ex-
hibits a high magnetocrystalline anisotropy?! with the
magnetization lying along the c axis at 20°K. The
anisotropy field is about 100 kG corresponding to a
K, of about +1.4x107 erg/cm?. Since Lu has a filled
4 f shell, all of the anisotropy originates from the Co
atoms. This value of K corresponds to an E, of
about +38 cm™!/unit cell where one unit cell
corresponds to nine formula units. Taking 8=1.7
would require a value for y of about 1.8 in order for
the calculated value of E,4 to agree with the experi-
mental one. The large value of y may arise from the
fact that the 184-site Co atom has two R neighbors
which lie relatively close compared to the 3g site of
the R Cos structure.

Using these same values of 8 and vy, would give a
Co-anisotropy energy per unit cell of about +120
cm™! for the R,Co; structure. This corresponds to an
anisotropy energy of about +3.0x107 ergs/cm?.
Strnat and coworkers?? have recently measured the
anisotropy constants of some R,Co; compounds. For
La,Co; the anisotropy energy K, +2K is about -
+3.5%107 erg/cm? while for Pr,Co; the value is
about +3.7x107 ergs/cm?. At least for these two

compounds the calculated Co anisotropy appears to
be in good agreement with the measured anisotropy.

VI. SUMMARY

Most of the Co sites in the rare-earth cobalt com-
pounds discussed here can be considered as
modifications of the 2¢ and 3g sites of the RCos
structure. Consequently, NMR determination of the
anisotropy parameters for these sites allows one to
estimate the parameters for the related sites in the
other structures. Sites related to the 2c¢ site of the
R Cos structure make positive contributions to the
anisotropy while sites related to the 3g site make
negative contributions.  In order to explain the aniso-
tropy of the R,Co;; alloys a large additional negative
contribution from the dumb-bell site appears to be

_needed.

The change in anisotropy with substitution of Fe
for Co in these alloys appears to be due mainly to the
preferential substitution of Fe on certain sites. For
the R Co; compounds, the positive and negative con-
tributions to the anisotropy are more closely paired
off than for the R Cos alloys. Consequently, the vari-
ation of anisotropy with Fe concentration should be
larger for these alloys. If the Fe substitution is simi-
lar to that in the RCos compounds, a marked in-
crease in the uniaxial anisotropy should be observed
with increasing Fe substitution.

Cobalt NMR studies in the R,Coy7, RCo; and
R ,Co; compounds should allow a more precise deter-
mination of the Co anisotropy parameters and such
studies are planned. Further Mossbauer studies
might also be helpful for understanding the anisotro-
py contribution arising from individual Fe sites.
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