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Ab initio calculations of the electronic structure and magnetic properties are carried
out for the ferromagnetic GdM, compounds (M = Mg, Al, Fe, Co, Ni, Rh, Ir, Pt), and also
for the La(In,_,Sn,); system. Pressure effects on the band structure and magnetic proper-
ties of GdM, have been evaluated and supplemented experimentally by magnetic suscepti-
bility x measurements under pressure in the paramagnetic phase. The peculiarities of
x(x) in La(In,_,Sn ), alloys are found to originate from the band degeneracy points near the
Fermi level. Experimental y(x) data are analyzed in the framework of modern band and
orbital magnetism theories.

IIpoBeneHBI pacueThl M3 MEPBBIX NIPUHIWIOB BJEKTPOHHOM CTPYKTYPHI M MAaTHUTHBIX
cBO#CTB (eppOMATHMTHBIX coepuuenmit GdMV, (M= Mg, Al, Fe, Co, Ni, Rh, Ir, Pt) u
cucremsr La(ln,_ Sn,);. OddeKxTsl gaBIeHns HAa 30HHYIO CTPYKTYPY M MAarHHTHBIE CBOHCTBa
GdMV,, nsydeHBI TeOPeTHYECKH, & TaKXe HKCIEPHMEHTAILHO Ha OCHOBE M3MepeHUH MarHuT-
HOH BOCHPHUMMUYMBOCTHU Y% IIOZ [aBjeHWeM B IapaMaraHutHoil ¢dase. ITokasaHo, 4TO 0COGEH-
HOCTB X(X) B cmaasax La(ln,_,Sn,); obycioBiena HamuymeM TOUKH BBIPOMKJEHHMSA 30H B OK-
pecTHOCTU ypoBHA Pepmu. AHaims3 SKCIePUMEHTAJLHON 3aBUCHMOCTHU ) (X) IPOBELeH B paM-
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KaX COBPEMEHHBIX TeopI/Iﬁ Op6I/ITaJII)H01"O 1 30HHOT'O MarLeTrusmMma.

Rare-earths (R) based intermetallics RM
(M — is a simple or transition metal, or
their combination) are of considerable tech-
nological and scientific interest due to ex-
traordinary magnetic properties and indus-
trial applications. These properties are gov-
erned by different types of interactions,
involving the highly correlated and strongly
localized 4f-states of rare earth, the d-states
of transition metal atoms, which are com-
paratively weakly correlated and more delo-
calized, and also the wvalence states of R
atoms, which are expected to be the media-
tors of indirect exchange coupling [1, 2].
Among RM, compounds, the cubic inter-
metallics RM, and RMjg, having relatively
simple C15 and AuCuj; structures, respec-
tively, exhibit a wvariety of unusual mag-
netic properties and provide a possibility to
test various indirect exchange interaction
models.
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In the present contribution we studied
two peculiar groups of these rare-earth in-
termetallics. Firstly, there are ferromag-
netic GAM 4 compounds (M = Mg, Al, Fe, Co,
Ni, Rh, Ir, Pt) with the cubic Laves phase
structure. Since the 4f sub-shell of Gd is
completely filled (empty) for the majority
(minority) spin channels, the magnetic an-
isotropy and magnetostriction in these com-
pounds depend mainly on the itinerant con-
duction states. The second group is pre-
sented by La(In,_,Sn,); pseudobinary alloys
with the CuszAu structure. This reference
paramagnetic system demonstrates the
strong oscillations of the magnetic suscepti-
bility with concentration x [3, 4], and such
anomalous behavior of ¥ can have relevance
to magnetic ordering in related RM3 systems.

In order to shed light on the origin of
the anomalous behavior of magnetic charac-
teristics in these systems, the ab initio cal-
culations of the band structures and mag-
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netic properties are carried out for the
paramagnetic and ferromagnetic phases of
GdM 4 compounds, as well as for the series
of solid solutions La(In;_,Sn,);. The calcula-
tions are carried out by using the linear
muffin-tin orbital method (LMTO) in the
atomic spheres approximation (ASA), where
the spin densities and potentials are as-
sumed to be spherically symmetric around
each atom [5]. The results obtained with the
LMTO-ASA method were supplemented by
relativistic full-potential LMTO (FP-LMTO)
calculations [6, 7], where the Kohn-Sham
equations can be solved without any shape
approximations imposed on the charge den-
sity or potential. The exchange and correla-
tion potentials were calculated using the
local spin density approximation (LSDA)
[8]. In both LMTO-ASA and FP-LMTO cal-
culations, the 4f-states of Gd were treated
as spin polarized open core states with
Hund’s rule restriction for the 4f spin,
analogously to Refs.[7, 9]. The LMTO-ASA
and FP-LMTO band structure calculations
were performed self-consistently for a num-
ber of lattice parameters close to experi-
mental ones.

For each specific compound, studied in
the present work, the calculated density of
electronic states (DOS) in the vicinity of the
Fermi level Ep appeared to be similar
within the LMTO-ASA and FP-LMTO calcu-
lations. As an example, the DOS for the
paramagnetic state of GdFe,, GdCo, and
GdNi,, calculated within LMTO-ASA, are
presented in Fig. 1. These DOS curves look
rather similar, except that Ey positions cor-
respond to different occupations of conduc-
tion band. On the other hand, the GdFe,
and GdCo, compounds posses high but op-
posite in sign magnetostriction coefficients.
Therefore, the magnetic ordering in these
compounds is expected to be strongly influ-
enced by the transition metal sub-lattice.

The evaluated magnetic and band struc-
ture characteristics for all GdM, com-
pounds are listed in Table. The bulk moduli
were evaluated from first principles for all
investigated GdM,5 compounds. In Table one
can see, that the calculated magnetic mo-
ments are in a reasonable agreement with
the experimental ones, with allowance made
for experimental discrepancies [1, 2, 9, 10].
Regarding the calculated local exchange in-
tegrals, the values of J;; and J 4, at the Gd
site, as well as their volume derivatives, do
not vary substantially over the whole GdM,
series. Remarkably, that the calculated val-
ues of dlnJ.;/dInV (see Table) appeared to
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Fig. 1. Paramagnetic densities of states in
the vicinity of E for: (a) GdFe,, (b) GdCo,
and (c) GdNi, compounds.

be close to the volume derivative of the
averaged exchange interaction parameter,
dln J/dInV = -1.7, evaluated for the isos-
tructural CeCo, compound [11]. According
to the calculations, the exchange integrals
remain almost unchanged under the param-
agnetic-ferromagnetic phase transition.
This confirms that exchange integrals are
predominantly intra-atomic characteristics,
which are not affected by magnetic order-
ing.

To elucidate a nature of interactions re-
sponsible for magnetic ordering, the mag-
netic susceptibility of GdM, compounds
(M = Al, Ni, Rh, Ir, Pt) was measured by the
Faraday method under helium gas pressure
(up to 2 kbar) in the temperature range 78
(or T¢) — 330 K, using the pendulum mag-
netometer placed into the pressure cell [12].
The y(T) obeys the Curie-Weiss law, and the
corresponding paramagnetic Curie tempera-
tures, ©, together with the estimated
dln®/dInV derivatives, are listed in Table.
A substantial volume effect on the Curie
temperature has been observed in GdAl, and
GdCo, compounds, whereas it is appeared to
be small in other investigated GdM,. The
sign of volume derivatives of © is presum-
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Fig. 2. Band structure of Laln; compound.
Two dashed lines mark Ej corresponding to
(a) La(lng gSng 4)3 and (b) La(lng 3Sng ;)5 alloys.

ably governed by peculiarities of sp-d-hy-
bridization.

The second system investigated is La(ln,_
+«SN,)3, which demonstrates anomalous yx(x)
behavior [3, 4]. It is known, that some band
degeneracy points close to the Fermi level
are related to anomalously high diamagnetic
contributions to the magnetic susceptibility
[13]. This effect was revealed in beryllium
[14], alluminium [15], and also in some al-
loys of bismuth [16]. It was also shown
[17], that such points of degeneracy at the
XR symmetry lines of the cubic Brillouin
zone govern the temperature dependent dia-
magnetic susceptibility of CaPb; and YbPb,
compounds, which crystallize in the AuCuj
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Fig. 3. Experimental (O [3], o [4]) and calcu-
lated (solid line) magnetic susceptibilities of
La(In,_,Sn,); alloys.

structure. This effect is expected to take
place in more complicated systems, such as
isostructural and isovalent pseudo-binary
alloys.

The calculated band structure of Lalng is
given in Fig. 2. In the framework of the
rigid band approximation we estimated two
Fermi levels (marked with the dashed lines
in Fig. 2), corresponding to La(ln,_,Sn,); al-
loys, which are expected to exhibit the x(x)
minima (see Fig. 3). As one can see, three
suitable band degeneracy points, which can

Table. Calculated bulk modules B; paramagnetic N(Ey) and ferromagnetic NT\(Ez) DOS and their
volume derivatives; fd and J,; exchange integrals and their volume derivatives; calculated M,
and experimental M, saturation magnetic moments; experimental values of paramagnetic Curie

temperatures © and their volume derivatives.

Parameter GdMg, | GdAl, GdFe, GdCo, | GdNi, | GdRh, Gdlr, GdPt,
B (Mbar) 0.46 0.87 0.9 1.11 1.19 1.66 1.86 2.00
N(Ep) Ry 104.4 64.6 207.4 49.6 48.0 33.5 39.2 46.1
dInN(Ey)/dInV 0.8 -4.7 0.8 1.6 5.8 3.8 -0.9 2.1
NTU(Ep) Ry | 132.8 33.8 79.0 96.6 49.5 32.7 30.5 47.8
dinNTLEp)/dInV| 3.6 0.7 0.4 1.81 0.84 0.29 2.23 -0.18
J;4 (mRy) 6.44 6.09 6.01 6.09 6.35 6.39 6.06 6.33
dind ;,;/dInV -0.5 -0.6 -1.3 -1.3 -1.3 -1.5 -1.65 -1.6
J 44 (mRy) 39.06 38.81 39.45 39.32 39.98 | 40.31 39.69 40.66
dind ;,/dlnV -0.1 -0.08 -0.26 -0.27 -0.3 -0.26 -0.31 -0.25
M, (up) 8.1 7.5 3.5 5.1 7.1 7.0 7.1 7.2
M, (up) 7.23 [1]| 7.25[9] |2.8-3.8 [1]| 4.96 [10]| 7.1 [10]| 6.9 [1] | 6.8 [1] |6.3-7.0 [1]
0 (K) 100 [1] 167 803 [18] | 410 [19] 75 75 90 38
dln®/dInV - -3.4+0.2 | —0.04 [18] | 6.8 [19] | 1.7+0.3 |-0.8+0.3| —0.7+0.7 | 1.3%0.5
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be related to corresponding diamagnetic
peaks, are found in the vicinity of these Eg.
We were able to evaluate the only diamag-
netic contribution to y in the framework of
the available theory [13], namely, originat-
ing from the degeneracy points at XR line,
which are close to Ep in La(lng 3Sng 7)3 (see
Fig. 2). In Fig. 3 the experimental suscepti-
bilities are presented for the La(In,_,Sn,);
system together with the calculated ¥,
which include diamagnetic and paramag-
netic contributions, evaluated analogously
to [13, 17] and [20], respectively. It is seen,
that the calculated and experimental y(x)
curves are in a reasonable agreement, con-
firming validity of the theories [13, 17, 20].
Therefore, the oscillatory behavior of mag-
netic susceptibility in La(In,_,Sn,); alloys
can be explained by competition between the
spin paramagnetic and anomalous diamag-
netic contributions to .
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Ta MArHIiTHi BJIACTHBOCTI
pigkicHo-3emeabHuXx cmoayk RM2 ta RM3.

A.€.Bapanoécokuil, I'.€. I'peunes, A.C. Ilanginos,
I.B. Ceeukapvoé

3po06JieHi TeopeTWYHI PO3PAXYHKU €JEKTPOHHOI CTPYKTYPH Ta MAarHiTHUX BJIACTUBOCTE
depomarmiTHux cmonyk GdM, (M = Mg, Al, Fe, Co, Ni, Rh, Ir, Pt) Ta cucremn La(In,_Sn,),.
BnnuB THCKY Ha 30HHY CTPYKTYpy Ta MarHitHi BmactmBocti GdM, cmomyk G6yio BHBUYEHO
TEOPETUYHO Ta €KCIIePMMEHTaJIbHO, T'PYHTYIOUNCh Ha BUMipax MAarHiTHOI CIPUATIWBOCTL X Iix
THCKOM y mapaMmarsiTHilt ¢asi. 3Haiifeno, mo ocobausicTs X(x) y cmiasax La(ln,_,Sn,); BusHa-
YaEThCA BUPOMKEHUMHU eJeKTPOHHMMU cTaHaMu 0ind piBHa Pepwmi. AHaisa eKclIepuMeH-
TaJbHOI 3aJesKHOCTI ¥ (x) OYB HpOBeAeHMIl 3a MOIOMOIOI0 CYYaCHUX TeOopili 30HHOTO Ta opoi-

TaJIbHOT'O MarHeTusmy.
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