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Structures and magnetic properties of the LalNFe, and LaNi_,Mn, compounds have been investigated
using neutron diffraction and first-principles tight-binding-linear-muffin-tin-orbital methods. Both neutron dif-
fraction refinement data and total energy calculations show that the Fe and Mn atoms preferentially occupy the
3g sites in the hexagonal Cagtype structure. The calculated magnetic moments of Fe and Ni atoms are of
2.4-2.5%5 and 0.2-0.bg in LaNi5_.Fe , respectively. The magnetic structure exhibits more localized mo-
ments at Fe atoms in LalNi,Fe, whenx=<1.0. Electronic structure calculations indicate tkatonduction
electron spin polarization from the Ni or La atoms strongly interacts wittiMRg¢ d-spin moments in
LaNis_,Fe(Mn), (x#0) compounds, which gives rise to a very large valence transferred hyperfine field on the
Ni or La sites. Thiss-d hybridization may lead to an interaction among magnetic clusters in these kinds of
materials and may cause a spin freezing effect at low temperature when(i¥a)Fmntent is very low in
LaNis_,Fe(Mn),. Mn atoms show magnetic moments of @gper atom due to a large exchange splitting in
LaNis_,Mn, (x#0). LaNi;Mn is found to be ferrimagnetic, whereas antiferromagnetic exchange coupling
between the Mn atoms is preferred for LaMn,. Both ferrimagnetic and ferromagnetic exchange interactions
between Mn atoms are found in the LaMin; compounds. The calculated results are in good agreement with
the experimental neutron data.
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. INTRODUCTION some amount of Ni is substituted by Fe or Mn*
In order to study the structural and magnetic properties of

The investigation of theR-T (R=rare earth, T LaNis_, T, (T=Fe,Mn and investigate the effect of the lo-
= transition metal interaction in 4-3d intermetallic com- ~ cal environment on the magnetic properties, neutron diffrac-
pounds has been the subject of many theoretical and expeiion measurements of LahiFg, (0<x<1.4) and
mental studie$™® The R-T compounds are known to show LaNis_,Mn, (0<x=<2.0) have been carried out to determine
interesting magnetic properties associated with both local-
ized moments of rare earth atoms and itinerant electrons of
the 3d atoms? There is considerable interest in the electronic
structure of LaNj in regard to both its high capacity for
hydrogen absorptiGrand in its feature of having exchange-
enhanced susceptibilify.LaNi; possesses the hexagonal
CaCy structuréspace groupP6/mmm) with one formula
unit (f.u.) per unit cell. This crystal structure is extremely
simple (see Fig. 1, with Ni atoms occupying two different
crystallographic sites,@and Z, and La occupying thed
sites. The LaRgand LaMn; intermetallics do not exist, how-
ever, series of solid solutions exist for La(Ni,Eeand
La(Ni,Mn)s, "~*8which provide for the study of the magnetic
properties of 8 electrons in these compounds. Both of these
series show some special magnetic features which depend
upon the concentration of Mn and Fe, such as spin glass FIG. 1. The CaCy type structure of LaNi_,T, (T=Fe,Mn).
behavior, which has been observed at low temperature wheThe large atoms are La, and the smaller atoms are Ni, Fe, or Mn.
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LaNis_,Fe, and LaNg_,Mn, compounds. It is found that
Mn and Fe substitution results in an increase of the lattice
parameters. The relative unit cell volume expansion ratios
are about 2.5% per Fe atom and 5.5% per Mn atom. The
larger expansion rate of Mn compounds is due to the larger
atomic radius of MnRy,=1.31 A) relative to FeReo
=1.27 A). The magnetic moments of the atoms were refined
by fixing all the crystallographic parameters. The magnetic
been applied to calculate electronic structure of Lalie, moment of the La_ atom Is fixed to zero for all compOL_mds.
and LaNi ,Mn,. Based on the results of the spin- The refined atpmlc coolrdmat_es and average magneth mo-
pents on all sites are listed in Table I. From Table |, it is

polarization calculations, the site preference and magneti
moments, as well as the hyperfine fields at nuclei have bee?‘l10Wn that the Fe and Mn atoms preferably occupy the 3

obtained and compared with experimental results sites consistent with the finding of the most previous

910,13 - i
After presenting the neutron diffraction patterns and reStudies’****For the LaNi_,Fe, compounds, the total mag

finement data of the crystallographic structures and magnetfa€tization increases with the Fe content. Since Ni is nonmag-

moments in Sec. Il, some computational details are describe'&‘:]t,ichi_n LaNk, a _srr:"nahll magnetic mP”_‘egt or& tl)\“ atoms,
in Sec. Ill. The calculated electronic structures, magneti¢VNich increases with the Fe content, is induced by magnetic

properties, and the hyperfine fields are presented in Sec. 7€ 8oms. The increase of Ni magnetic moment with Fe con-
tent is attributed to the enhanced Fe-Ni exchange interaction,

together with further discussion and comparison with experi- . y . ! ;
mental results. and is confirmed by the increase of the Curie temperature in
LaNis_,Fe,.1" For the LaNi_,Mn, compounds, the average
magnetic moments of the Mn atoms are 3.25, 3.0, and
2.45ug for x=1.0, 1.5, and 2.0, respectively. The LaMn
compound has the highest magnetization of 3.94.u.,
LaNis_,Fe, and LaNi_,Mn, samples were prepared While the net magnetization of LapliMn; 5 is 1.8Gug/f.u.
from elements with a purity of 99.99% or better by induction The net magnetization of Laln, tends to zero. The de-
melting in a cold boat copper crucible followed by annealingcrease of magnetization is due to ferrimagnetic or antiferro-
at 950 °C for one week. Both x-ray diffraction and neutronmagnetic exchange coupling between Mn atoms in the
diffraction were used to determine the structures of theséamples withx larger than 1.0. The magnetic moments of Ni
compounds. Neutron diffraction data were collected at lowatoms in LaNi_,Mnx compounds are very small and de-
temperature and room temperature at the University of Miscrease to nearly zero whew2.0.
souri research reap%tor and analyzed by a Rietveld structure
refinement program. Figure 2 shows the typical neutron
diffraction patterns of LaNFe at 20 K and LaNMn, at 30 Il COMPUTATIONAL DETAILS
K. All samples crystallize in the CaGtype structure. Fig- The self-consistent TB-LMTO atomic-sphere-
ure 3 is a plot of the lattice parameters a and c of theapproximationl/ASA) method has been employed to perform

20 (deg.)
FIG. 2. The typical neutron diffraction patterns of LaReé at 20

K and LaNigMn, at 30 K. The bottom curves are the difference
between experimental data and refinement data.

the crystallographic structuré$,and first-principles tight-
binding linear-muffin-tin-orbital (TB-LMTO) method has

Il. CRYSTALLOGRAPHIC STRUCTURES
AND MAGNETIC MOMENTS
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TABLE |. Refinement parameters of LaN\iFe, (x=1.0 and
1.4 at 20 K and LaNj_,Mn, (x=1.0 and 2.9 at 30 K.n is the
occupation factorx, y, zare the fractional position coordinatesjs
the magnetic momentug). Rgagg is the BraggR factor, Re,, is

way that space filling is achieved without exceeding two
atomic spheres overlap of 16%. Both down folding
technique® and the tetrahedron metH§dhave been used in

the calculation. The calculation is performed for 512 k points

statistically expected residual error of entire measured scatting pajn the irreducible parts of the Brillouin zone. The atomic
terns,Rmag is also BraggR factor but applied to magnetic intensi- positions of LaNi_,Fe, and LaNi_,Mn, are scaled accord-

ties.

Reragg=4-01% R,yp=6.79%, Ro,;=3.57%

ing to our experimental results shown in Fig. 2. Convergence
is assumed when the root-mean-square error of the self-
consistent total energiq, is smaller than 10° Ry.

LaNi,Fe n X y ‘ m The calculations have been performed for LaNTT, (T
La(1a) 1 0 0 0 0 =Fe, Mn) with x=0.5, 1.0, 1.5, 2.0, and 3.0. Fr=0.5 and
Ni(2c) 1 2/3 1/3 0 0.36 1.5, supercells with LaNigT and LgNi,; T3 have been used
Ni(3g) 0.67 0.5 0.5 05 0.36 (see Table I). For LlaNE_XFQ( Vyith x=2.0 and 3.0, due to .
Fe(3) 033 05 05 05 211 the fact that experimental lattice parameters are not avail-

able, we have linearly extrapolated the experimental data and
LaNiz gFey 4 Reragg™ 2.91% Ryp="7.33% Rex;=2.48% obtained lattice paramters af=5.081 A, c=4.049 A, and
La(1a) 1 0 0 0 o a=5.202 A,c=4.097 A. For LaNi_,Mn, with x=3.0, the
Ni(2¢) 1 213 13 0 0.48 extrapolated lattice paramters ae-5.312 A ,c=4.221A.

. In order to study the site preference, the total energy of
Ni(3g) 0.53 0.5 0.5 0.5 0.48 : .
Fe(3g) 0.47 05 05 05 209 the unit cell was calculgted_ for Fe and Mn atoms occupying

different crystallographic sites, namely¢c r 3g. The Mn
LaNi,Mn Rerags™ 4-34% R, p=4.64%, Rey;=3.85% atoms in the § sites have been assigned as B, 3g-2, and

3g-3, which are assumed as magnetically inequivelant due
L"?‘(la) 1 0 0 0 0 to the ferrimagnetic or antiferromagnetic structures of the
Ni(2c) a 213 13 0 0.21 Mn containing compounds. The total energies were also cal-
Ni(39) 0.67 0.5 0.5 0.5 0.14  culated when the magnetic moments of Mn atoms in the 3
Mn(39) 0.33 0.5 0.5 0.5 3.25 sites are antiferromagnetically or ferromagnetically coupled.
LaNisMn, Reragg=5.13% Ryyp=5.69%, Rey,=2.36% From self—cpnsi;tent charge d'ensity calculateq, the Fermi

contact hyperfine fieldsl ¢ of LaNi5_,Fe, and LaNg_,Mn,
La(1a) 1 0 0 0 0 were calculated according to the prescription given by Akai
Ni(2c) 1 2/3 1/3 0 0.04 et al. for scalar-relativistic calculatior€. For the scalar-
Ni(3g) 0.33 0.5 0.5 0.5 0.06 relativistic wave functions used in the hyperfine field calcu-
Mn(3g) 0.67 0.5 0.5 0.5 2.45 lation, the effective spin density at the nucleus was computed

following Ref. 28 by averaging over a small region near the

#The Mn moments given in Ref. 17 were smaller than given in thisnycleus with a diameter ofr=2€’/m& (r; is Thomson
table due to the failure to take into account the absence of a centegdius,Z is nuclei charge numbgr

symmetry in the magnetic unit cell.

a scalar relativistic band calculation in the framework of the
local spin density(LSD) functional theory’® This method
has been described in detail elsewh@r&. In our calcula-

IV. ELECTRONIC STRUCTURES AND HYPERFINE
INTERACTIONS

tions, the exchange and correlation term takes the form de- Figure 4 shows the total densities of stat€@09) for
duced by Von Barth and Hedffs, p, andd orbitals are used LaNis_,Fg, (x=0.0, 1.0, 2.0, and 3)0LaNis is paramag-
for Fe, Ni, and Mn atoms, ang p, d, andf orbitals are used netic, and the Fermi level lies near the minimum of the total
for La atoms. The atomic sphere radii are chosen using aPOS. After Fe substitution, the total DOS of all the com-

automatic procedure developed by Krietra

|24

in such a

pounds show exchange splitting, and the Fermi level lies

TABLE Il. The calculated magnetic momentag) of atoms in LaNé_,Mn, (x=0.5, 1.0, 1.5, 2.0, and

3.0.
X 0.5 1.0 1.5 2.0 3.0
Theor. Theor. Expt. Theor. Expt. Theor. Expt. Theor.
La(la) —-0.06 -0.14 0 -0.03 0 0 0 -0.09
Ni(2c) 0.11 0.23 0.21 0.11 0.09 0 0.04 0.13
Ni(3g) 0.12 0.27 0.14 0.24 0.11 0 0.06
Mn(3g-1) 2.98 3.14 3.25 3.03 3.0 3.11 2.45 3.14
Mn(3g-2) -333 -30 -3.31
Mn(3g-3) 3.03 3.0 -311 —245 3.14
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LaNisFe, FIG. 5. The calculated magnetic moments of different atoms in

LaNis_,Fe,  and total magnetic moments in a unit cell. The hollow
symbol represents the experimental values which were measured in
a magnetic field b6 T by using SQUID.

available experimental data in this figure. The calculated re-
sults are in good agreement with the experimental results. Fe
atoms possess magnetic moments as large ass2iGe to a
very large exchange splitting and strong ferromagnetic char-
acteristics. Since Lalliis paramagnetic, then due to the di-
lution effect, the Fed bands tend to be narrower and more
localized when the Fe concentration is low. This can explain
why the magnetic moments of the Fe atoms are higher than
those of a-Fe. Ni atoms have magnetic moments in the
range of 0.2—-0.ag. The magnetic moments of the Ni atoms
increase with Fe content, which is in agreement with the
neutron refinement data. The La atoms have a negative mo-
I e ment which is induced by the Fe atoms.
() Energy (Ry) Eneray (Ry) The calculated hyperfine fields of the different atoms are
shown in Fig. 6. As a comparison, some available experi-
FIG. 4. Total densities of states of LaNiFg (x=0.0, 1.0, 2.0, mental hyperfine fields are shown also in Fig. 6. Again, the
and 3.0. calculated results agree well with experimental dataur-
ther, the hyperfine field can provide us with more details of
lectron interactions in the compounds. We decompbse
Fi%to two partsHgZ®, which is the contribution of the core
e

ectrons and comes from the polarization of the core due to
val

DOS ( States/Ry.atom )

above the top of spin up DOS. As expected, the DOS ar
dominated by the Fe and Ni bands near the Fermi level.
The DOS shape of the Ni atoms becomes broader after
substitution as compared with that in LaNiand shows a . .
dependence on the Fe contents due to the interaction betwel}f Polarizedd electrons andHec, which comes fvr;)m the
the Fe and Ni atoms. The Fermi level lies nearly above thdolarization of the valence electrons. THgc anﬁjHFc con-

top of both the spin up and spin down DOS of the Ni atoms lributions ofHgc are also shown in Fig. 6. Thegc values of
and a very small exchange splitting was observed. The spifie atoms are higher than the normal values of teritals
down DOS of the Fe consists of one peakXer0.5 and 1.0 (—5 T), and have positive signs.

compounds, but a continuous region is formed as the Fe The magnetic momentu,,) dependence of thélgc,
content increases. This is a consequence of the interactiofteac, andH2 at Fe sites is shown in Fig. 7. Obviously, a
between Fe-Fe, Fe-Ni, and Fe-La broadening the dre-3linear relationship between th¢f2°and local magnetic mo-
bands. The calculated magnetic moments of the different aments is observed, and the proportionality coefficient is esti-
oms and the total magnetic moments for LaNFe, are  mated to be about 15T/ g, whereas the valence contribu-
shown in Fig. 5. As a comparison, we have included somdion and total hyperfine field are not proportional to the
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P Ho € val if one uses a proportionality factor, especially when com-
K ~—e Fc, V@ i
10 —.\\ pounds have a large valence hyperfine field.
L H@ consists of two terms, one is the local valence hyper-
ok fine field Hp® which comes from the-d exchange interac-
tion within the atoms and is proportional to the local mag-
10 netic momentsu of the s electrongnormally it is positive;
“10F val

another is the transferred hyperfine fi¢l¢ ' which comes
from the s-d hybridization between the orbitals of the at-
oms and the spin-polarizatiorbitals of the neighboring at-
oms. Normally, this term is negative. Tht2 may reveal
s-d hybridization among the metal atoms. As evidenced in
Fig. 6, very large positive values M‘,éac' for Fe atoms were
sof obtained, suggesting a strorsggd hybridization occurring
_"_’A——A—?—“ within the Fe atoms that decreases with increasing Fe con-
tent. This effect causes Fel3lectrons to be more localized

N
o
L]

Hyperfine field ( T )

La
sob Hro ~core and have higher magnetic moments, especially when Ni is
Q HL2 substituted by a small amount of irom<£1.0). For the Ni
-100f §\FC \ and La atoms, the valence hyperfine fields are negative and
150 ‘ \'\. dominateH Fc, Meaning that the_ Ni and La electror_ls are
Hee Sval \ strongly polarized by neighboring F& moments via the
-200 : : s : Ruderman-Kittel-Kasuya-YosidéRKKY-) like mechanism.

This interaction may lead to an oscillating spin density of the
Fe content x s electrons and could be the reason some magnetic clusters
are coupled by an RKKY-like interaction resulting in the
spin freezing observed in LaliFe,.'*! Here, because
LaNis is paramagnetic, the RKKY-like interaction will be
very important only when a small mount of Ni is substituted

. . . by Fe. For higher Fe concentrations, this system undergoes a
magnetic moments. This is the reason why the magnetic M4 nsition to ferromagnetic orderirg.

ments obtained from NVessbauer measurements in Ref. 13 In order to check the site preference of Mn in

are much lower than the magne’_[ic measurements _datﬁaNi;,_anx compounds, we have performed the total en-
though the transfer factor (14.5 /Ig) is aimost the same in - g4y "cajculation when the Mn atoms occupy different sites.

our result (15 Thg). Hence, it can be seen thielkc at the g caicylated total energy for Mn occupying Rites is 9
Fe sites is affected by two factorg,,. and the polarization mRy higher than that for Mn occupyinggasites, which
of the valence electrons. Therefore estimations of the magy,a2ns it is more stable for Mn to occupy thg 8ites. The

netic moments from the hyperfine field are not totally correct. . lated total energies of Fe-substituted compounds also

indicate that the Fe atoms prefer thg 8ites. The total en-
ergy is 8 mRy higher for one Fe atom occupying tlgestes

-_..—-——0—————“"‘— than that in Z sites. Antiferromagnetic or ferrimagnetic ex-

FIG. 6. The calculated hyperfine fields of different atoms in
LaNis_Fe,. The hollow circles represent the experimental hyper-
fine fields which are taken from Ref. 13.

30} change between Mn in theg3sites is presented when 2 or 3
. Mn atoms are located in these sites. This agrees with the
: a . ] neutron refinement, where a ferrimagnetantiferromag-
— 20F netic model gives the best fit for=2.0, while a ferromag-
% netic model gives the best fit for=1.0.
"; The DOS of LaN§_ ,Mn, (x=1.0, 2.0 and 3.0are shown
£ 10f = Hee in Fig. 8. The most interesting thing is the magnetic interac-
5 ® Hgc,core tion feature between Mn atoms in these compounds. The
S A H__vyal DOS shape of Mn is dependent on the number of the Mn
T Or FC atoms in a unit cell. Al Mn atoms have a large exchange
A splitting indicating strong ferromagnetic character. The
10f & Fermi level is located above the top of the spin up DOS, and
A A is just below the main peak of the spin down DOS, which
2 4D 245 > 50 > 55 results in a magnetic moments ofx3 per Mn. The Fermi

level is almost above the top of both the spin up and spin
Magnetic moment ( pg ) down DOS of all the Ni atoms, so that a very small magnetic
moment is produced. Whea= 2, the antiferromagnetic cou-
FIG. 7. The dependence ¢122° and H/ at Fe sites on Fe pling between two Mn atoms on theyites causes a zero
magnetic momentsy(gy) in LaNis_,Fe, . magnetic moment on both the Ni and La atoms. Wixen
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LaNizMn

LaNisMn, LaNi,Mny

total
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Mn-3g-3
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1
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(a) Energy ( Ry ) Energy ( Ry ) (b) Energy (Ry)

FIG. 8. Total densities of states of LaNiMn, (x=1.0, 2.0, and 30

=3, a ferrimagnetic structure is formed as shown in thestructure, whereag=1.0 is ferromagnetic. The calculated
DOS. The calculated magnetic moments of these compoundsgyperfine fields of Mn are listed in Table Ill. Similar to
are listed in Table Ill. For comparison, we have includedLaNis_,Fe,, a large valence contribution to the hyperfine
some experimental data. Again, the theoretical results agrefeld was found for Mn atoms due to the strosg localized
with the neutron refinement data. Here we should point ouhybridization within Mn atoms. La and Ni atoms also show
that for the Mn-substituted samples, the magnetic structurelarge valence transferred hyperfine fields, as mentioned
of the compounds depend on the number of Mn atoms irabove, which indicates that the Ni-Mn and La-Mn interac-
these compounds. For LaNi,Mn,, x=2 results in an anti- tions have a RKKY-like mechanism. This could be the rea-
ferromagnetic structure, and=3 leads to a ferrimagnetic son for spin freezing in La(Ni, M) compounds?

TABLE Ill. The calculated hyperfine fieldd) of atoms in LaN§_,Mn, (x=0.5, 1.0, 1.5, 2.0, and 3.0

X 0.5 1.0 15 2.0 3.0
Hee  HIE Hee  HRE Hee  HEE Hee  HRE Hee  HE

La(1a) —52.0 —59.6 —113.0 —129.7 —-432 -—47.7 0 0 -—-765 —658
Ni(2c) -06 —-04 -117 -75 —=52 —-45 0 0 -11.7 -94
Ni(39) -33 —-21 -—-136 -99 —-43 -34 0 0

Mn(3g-1) —20.0 184 -—-231 179 —23.8 155 —-13.8 26.7 —-17.4 23.3
Mn(3g-2) 20.2 —-22.9 13.8 —26.7 49 -37.6
Mn(3g-3) —23.8 15.5 —-17.4 23.3
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V. CONCLUSIONS LaNis_,Fe(Mn), compounds with low Féin) content at
low temperatures. Both Fe and Mn atoms prefer to locate at
fine interactions of the LaNi (e, and LaNi_,Mn, com- the 3g sites._ The Mn-s_ubstitute_d samples exhibit bc_Jth anti-
pounds was performed using the LSD approximation and th rromagnetic and ferrlmagnetlc structures dependlr)g upon
TB-LMTO-ASA method. The calculated results were com- € number of Mn atoms in one unit cell. A magnetic mo-
pared with neutron diffraction data and found to be in good™ent of 3ug per Mn is calculated for the Labi, Mn, com-
agreement. Fe atoms exhibit more localized magnetic mgP0Unds-
ments in LaNi_,Fe, when the Fe content is lower than

1.0. The calculated magnetic moments of Fe approach values

as large as 2/g due to the dilution effect. The strorsyd The financial support of the National Science Foundation
hybridization between the Ni and La atoms and the neighbofor Grants No. DMR-9614596 and the Defense Advanced
Fe(Mn) in the FéMn)-substituted samples results in a large Research Projects Agency for Grant No. DAAG 55-98-1-
transferred valence contribution to the total hyperfine field.0267 is acknowledged. One of the authddsB.Y) thanks
This s-d hybridization confirms that some magnetic clustersDr. O. Jepsen of the Max-Planck-Institut, Stuttgart, Germany
are coupled by an RKKY-like interaction in the for his help and providing the TB-LMTO code.

A systematic study of the magnetic moments and hyper

ACKNOWLEDGMENTS

1K. H. J. Buschow,Ferromagnetic Materialsedited by E. P. Mauger, and G. Jehanno, J. Appl. Phy$, 4121 (1988; J.
Wohlfarth (North Holland, Amsterdam, 1988/ol. 1, p. 297. Magn. Magn. Mater65, 63 (1987.
2H. S. Li and J. M. D. CoeyHandbook of Magnetic Materials 15M. Escorne, A. Mauger, J. Lamloumi, and A. Percheron-Guegan,
edited by K. H. BuschowNorth-Holland, Amsterdam, 1991p. Solid State Commur89, 761 (1994.
1, and references therein. 18M. Gerlach, N. Mommer, M. Hirscher, and H. Kronttar, J.
3J.P. Liu, F.R. de Boer, P.F. de Chatel, R. Coehoorn, and K.J. Alloys Compd.267, 47 (1998.
Buschow, J. Magn. Magn. Matet32, 159(1994). 17C.Y. Tai, C. Tan, G.K. Marasinghe, O.A. Pringle, W.J. James, M.
4J. J. M. Franse and R. J. Radwanskindbook of Magnetic Ma- Chen, W.B. Yelon, J. Gebhardt, and N. Ali, IEEE Trans. Magn.
terials, edited by K. H. BuschowElsevier, Amsterdam, 1993 35, 3346(1999.
p. 307. 18C.Y. Tai, G.K. Marasinghe, O.A. Pringle, W.J. James, M. Chen,
SHydrogen in Metalsedited by G. Alefeld and J. \lo (Springer, W.B. Yelon, I. Dubenko, N. Ali, and Ph. I'heritier, J. Appl.
Berlin, 1978, Vols. 1,2. Phys.87, 6731(2000.
6D. Shaltiel, J.H. Wernick, H.J. Williams, and M. Peter, Phys. 195, Rodriguez-CarvajaRROGRAM: FULLPROF version 3.0.0, 1995.
Rev. 135 A1356 (1964). 200, K. Anderson, O. Jepsen, and M. Snob,Limearized Band
"A.M. Van Diepen, K.H.J. Bushcow, and J.S. Van Wieringen, J.  Structure Methods in Electronic Band Structure and Its Appli-
Appl. Phys.43, 645(1972. cations, Lecture Notes in Physi¢Springer, Berlin, 1987
8E. Wallace,Rare Earth Intermetallic§Academic, New York, 2'0.K. Anderson and O. Jepsen, Phys. Rev. L&8}.2571(1984.
1973, pp. 181-188. 220 K. Anderson, Z. Pawlowska, and O. Jepsen, Phys. Re34,B
9A. Percheron-Guegan, C. Lartigue, J.C. Archard, P. Germi, and 5253(1986.
T. Tasset, J. Less-Common M&9, 1 (1980; 75, 23 (1980. 23y. von Barth and L. Hedin, J. Phys. & 1629(1972.

10C. Lartige, A. Percheron-Guegan, J. C. Archard, and F. Tassett, iffG. Krier, O. K. Anderson, and O. Jepsampublishedl
Rare Earth in Modern Science and Technologgtited by G. J.  2W.R.L. Lambrecht and O.K. Anderson, Phys. Rev3& 2439

McCarthy, J. J. Rhyne, and H. B. SilbéPlenum, New York, (1986.
1980, Vol. 2, p 585. 260, Jepsen and O.K. Anderson, Solid State Comn@n1763
g 7. Campbell, R.K. Day, J.B. Dunlop, and A.M. Stewart, J.  (1971); Phys. Rev. B9, 5965(1984; P. Blochl, O. Jepsen, and
Magn. Magn. Mater31-34 167 (1983. O.K. Andersonjbid. 49, 16 223(1994.
12F T. Parker and H. Oesterreicher, J. Magn. Magn. M&@r195  27H. Akai, M. Akai, S. Bligel, B. Drittler, E. Ebert, K. Terakura, R.
(1983. Zeller, and P.H. Dederichs, Prog. Theor. Phys. Sup@l, 11
133, Lamloumi, A. Percheron-Guegan, J.A. Achard, G. Jehanno, (1990.
and D. Givord, J. PhygFrance 45, 1643(1984). 28g, Blugel, H. Akai, R. Zeller, and P.H. Dederichs, Phys. Rev. B

M. Escorne, J. Lamloumi, A. Percheron-Guegan, J.A. Achard, A. 35, 3271(1987.

014407-7



