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Abstract. We have synthesized LiMngSng, the first RMngSng compound involving an alkali metal as R, el-
ement. It crystallizes in the hexagonal (P6/mmm) HfFesGes-type structure. From magnetic measurements
and powder neutron diffraction experiments it is found that LiMneSne magnetically orders at Tc = 380 K
in a simple easy-plane ferromagnetic structure (mmn = 2.58 pp at 2 K). The '?Sn Méssbauer spectrum
recorded at 5 K indicates that the tin nuclei experience huge hyperfine fields (as large as 35 T). Electronic
structure calculations are used to gain information about the microscopic origin of both the hyperfine field
and electric field gradient at the Sn nuclei. The former arises due to spin-dependent hybridization between
the bs states of Sn and the 3d states of Mn. The latter comes from the 5p charge density close to the
nucleus, whose anisotropy is mainly produced through directional interactions with the 3d states of the
first Mn neighbors. Comparison between experimental quadrupole splittings and theoretical electric field
gradients allows us to propose a value of Q = —11.2 & 0.7 fm? for the quadrupole moment of the first
excited state (I = 3/2) of the '?Sn nucleus.

PACS. 76.80.4+y Mossbauer effect; other gamma-ray spectroscopy — 71.20.Lp Intermetallic compounds —
75.25.4z Spin arrangements in magnetically ordered materials

1 Introduction

The ternary RMngSng intermetallics, most of them crys-
tallizing in the pseudo-layered HfFeg Geg-type of structure
(Fig. 1), are known to be formed when R is either an
alkaline-earth (R = Mg, Ca), a rare-earth (R =Y, Sc, Pr,
Nd, Sm, Gd-Lu) or a transition element from Col. 4 (R =
Zr, Hf) [1-5]. It has been first observed that the chemical
nature of the R element strongly influences the magnetic
behavior of the Mn sublattice. To summarize, when the
sole Mn sublattice is ordered (i.e. when R is non-magnetic)
both the magnetic order and the ordering temperature
evolve with the R valency: tetravalent R (=Zr, Hf) com-
pounds are antiferromagnets (T = 570 K)[4], trivalent R
(=Y, Sc, Lu) compounds are helimagnets (T ~ 350 K)
[2] while RMngSng with divalent R (=Mg, Ca, Yb) are
ferromagnets (To ~ 290 K) [3,5]. In all cases, the mag-
netic arrangements are build upon easy-plane ferromag-
netic (001) Mn layers with an almost constant saturated
Mn magnetic moment of ~2.2 up. More recently, it has
been found that replacing tetravalent Sn atoms by triva-
lent (smaller) Ga or (larger) In atoms in the pseudo-
ternaries RMngSng_, X!, (R = a trivalent or a tetrava-
lent element; X’ = Ga, In) also leads to to the stabiliza-
tion of a ferromagnetic order and to an overall decrease
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of the ordering temperature for sufficiently high X’ con-
tents [6-11]. Giant magnetoresistance phenomena linked
to a low-field metamagnetic transition are often observed
for intermediate X’ compositions [6,9]. It is conspicuous
that the magnetic properties of these phases evolve with
the valence electron concentration (VEC), although there
is no one-to-one correspondence between VEC and mag-
netic behavior due to other factors such the Mn-Mn dis-
tance or the R—-Mn bond [11]. This motivated us for per-
forming other chemical substitutions, especially to study
low VEC compounds. The HfFegGeg-type RMngSng com-
pounds also present an interest for **Sn Méssbauer spec-
troscopy since their relatively simple unit cell comprises
three crystallographically inequivalent Sn sites which are
further known to experience giant hyperfine fields (up to
33 T) at their nuclei [12].

Here, we present the synthesis conditions of LiMngSng,
the first RMngSng compound involving an alkali metal as
R element, and study its magnetic properties by means
of magnetic measurements and powder neutron diffrac-
tion experiments. The quadrupole interactions and hy-
perfine fields measured by ''?Sn Mossbauer spectroscopy
are analyzed based on scalar-relativistic full-potential
L/APW-+lo calculations. In a previous paper [12], we will
often refer to, we have studied RMngSng, with R = Mg, Zr
and Hf, by ''Sn Mossbauer spectroscopy and have used
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non-relativistic muffin-tin KKR calculations to analysis
the chemical bonding and the Sn hyperfine fields.

2 Experimental results and interpretation
2.1 Synthesis and crystal structure

The title compound was prepared in polycrystalline form
starting from high purity (at least 99.9%) commercially
available elements. As a general precaution, all sample
manipulations were undertaken in a purified argon-filled
glove box ensuring an oxygen level of less than 2 ppm O,
and about 3 ppm HoO. A pellet (=3 g) of a stoichiometric
mixture of the elements was compacted and introduced
into an Mo crucible which was arc-welded. To prevent its
oxidation, the Mo crucible was subsequently enclosed in
a silica tube under purified argon (300 mm Hg) and then
placed in a tube furnace. After a preliminary homoge-
nization treatment of 5 days at 500 °C, the sample was
tightly ground, compacted and enclosed again before a
2 weeks annealing at the same temperature. No reaction
of the sample with the container material was observed.
The compound is stable in air for several weeks. A room
temperature X-ray diffraction pattern was obtained using
a Philips X'Pert Pro diffractometer (A = 1.54056 A). The
pattern shows that LiMngSng crystallizes in the hexagonal
(P6/mmm) HfFegGeg-type structure (Fig. 1), although
the presence of the light Li atoms cannot be checked.
Tiny diffraction peaks originating from the antiferromag-
netic MnSny impurity (Tn =~ 325 K) [13] were also ob-
served. A profile-matching led to the following cell pa-
rameters: a = 5.497(1) A and ¢ = 9.026(1) A. As can be
seen in Figure 2, where the cell volume of HfFegGeg-type
RMngSng with non-magnetic R is plotted as a function of
the metallic radius [14] of the R atom, LiMngSng presents,
as MgMngSng, an abnormally large cell volume. In the
latter case, we ascribed [12] this anomaly to the weaker
interaction of the 3d states of Mn with the Mg sp valence
states compare to that occurring with the d valence states
of a transition element R. Similar arguments are still valid
when dealing with R = Li.

2.2 Magnetic measurements and neutron diffraction
experiments

The magnetic properties were investigated using a DSM8
MANICS magneto-susceptometer in the 5-500 K temper-
ature range and in applied fields up to 1.5 T. Powder
neutron diffraction experiments were carried out at the
Institut Laue Langevin, Grenoble (France) using the D1b
two-axis diffractometer (A = 2.52 A, step of 0.2°). Several
diffraction patterns were recorded in the 2-400 K tem-
perature range using either a standard helium cryostat
(T < 300 K) or a furnace (T' > 300 K). The analysis of
the data was performed by Rietveld profile refinements
using the software Fullprof [15]. The nuclear contribution
arising from the MnSny impurity (=3 wt%) was taken into
account during the refinements.

The European Physical Journal B

D osna O

(0} o)
4?
Sn2¢

Fig. 1. Crystal and magnetic structure of LiMngSneg. In the
HfFegGegs-type RMngSng compounds, R atoms occupy the
1b site (0, 0, %), the Mn atoms occupy the 6: site (%, 0, 2nvn ~
0.251) and the Sn atoms occupy the 2¢, 2d and 2e sites in (%,
%, 0), (%, %, %) and (0, 0, zgn2e ~ 0.180), respectively.
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Fig. 2. Variation of the cell volume of RMngSng (R = Li, Mg,
Sc, Y, Lu, Zr, Hf) as a function of the metallic radius of R.
The dashed line is a guide for the eye.

The thermomagnetic curve (g Happr = 0.5 T) recorded
upon heating after zero-field cooling is shown in Figure 3.
LiMngSng is characterized by a simple ferromagnetic be-
havior with a Curie temperature of T = 380 K. This
ferromagnetic ordering temperature is significantly higher
than that of RMngSng with divalent R (T ~ 290 K) but
close to those met for certain RMngSng_, X! representa-
tives with trivalent or tetravalent R [6,8,11]. The maxi-
mum magnetization value recorded at 5 K under an ap-
plied field of 1.5 T (inset of Fig. 3) is M4, = 12.9 pp/fou.

The neutron patterns recorded at 400, 300 and 2 K
are depicted in Figure 4. Upon cooling below the Curie
temperature no additional peak is observed, as expected
for a simple ferromagnetic behavior. The strong increase
of the intensity of the (002) peak indicates that the Mn
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Table 1. Refined parameters of LiMngSng from neutron data at 400, 300 and 2 K.

T (K) a (A) c (A) ZMn

ZSn2e

0CCLi mun (UB)  Rn, Rm, Ruwp, Re (%)

400 5.515(1)

(1) 9.060(3) 0.251(1)
300 5.498(
(

1
1) 9.027(3) 0.252(1)
1 (2

2 5.491(1) 9.012(2) 0.251(1)

0.179(1)
0.179(1)
0.180(1)

0.97(6) -
0.98(5)  1.76(6)
0.98(5)  2.58(3

3.73, ——, 8.24, 3.09
2.27, 2.86, 7.43, 3.32
2.32, 2.29, 5.76, 1.75
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Fig. 3. Thermal variation of the magnetization of LiMngSns.
The inset shows the field dependence of the magnetization at
300 and 5 K.

moments markedly deviate from the c-axis. The better re-
finements were obtained with the Mn moments lying in
the basal plane. The refined parameters as well as the
main agreement factors are given in Table 1. The mag-
netic structure therefore consists of ferromagnetic easy-
plane (001) Mn sheets ferromagnetically coupled along the
c-axis (Fig. 1). This arrangement is identical to that ob-
served for the other ferromagnetic RMngSng (R = Mg, Ca,
YD) [5] or RMngSng_ X, (R = Sc, Y, Lu, Zr; X' = Ga,
In) [10,11]. At 2 K, the refined Mn moment value reaches
myn = 2.58 (3) wup, a little higher than the ~2.2 up of
the other RMngSng. Finally, the the neutron scattering
power of Li nuclei being strong enough (b, = —1.90 fm),
our neutron refinements, which resulted in low R,, values
(2-3 %), also allow to claim that, within the error bars,
the Li atoms fully occupy the 1b R site.

2.3 1195y Méssbauer spectroscopy

The 19Sn resonance absorption measurements were car-
ried out using a constant-acceleration spectrometer. We
used a Bal®Sn03 source (10 mCi) kept at room tem-
perature which also served as the reference for the isomer
shifts. A polycrystalline absorber with natural abundance
of the 11°Sn isotope and thickness of ~15 mg/cm? was
used. The measurement was performed at 5 K in a lig-
uid helium cryostat. A palladium foil of 0.5 mm thickness
was used as a critical absorber for tin X-ray. The spectra
were fitted with a least-squares method program assuming
Lorentzian peaks [17].
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Fig. 4. Neutron diffraction patterns of LiMngSneg at 400, 300
and 2 K. The lower ticks correspond to MnSns and C points
peaks arising from the tail of the cryostat.

The 'Sn Méssbauer spectrum of LiMngSng at 5 K is
shown in Figure 5. It is characteristic of tin nuclei expe-
riencing very large hyperfine fields (Hps) while the cen-
tral peak arises from the 3-Sn impurity, undetected in the
diffraction patterns. Observation of the (-Sn resonance
lines is due to its Lamb-Mdssbauer f factor which be-
comes very large at low temperature [16]. The high Hjy
values imply to consider the quadrupole interaction as a
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Table 2. 1?Sn hyperfine interaction parameters of LiMngSng at 5 K. Estimated error bars are also indicated. The A values were
calculated using equation (1) from the fitted 2¢ values. For the E., = 23.875 keV + transition in 'Sn: 1 mm s~ corresponds
to 7.963(2) x 107% eV or 19.253(6) MHz.

Site I'(mms™) IS (mms™') 2 (mms™') A mms™') H(T)
+0.05 +0.08 +0.06 +0.06 +0.03
2e 1.24 2.25 +0.44 -0.88 23.6
2d 1.19 2.13 -0.84 +1.68 35.3
2c 1.15 2.23 -0.92 +1.84 30.6
5b T T T T T T T T T T Mn C;)Sn e
% o k: Jox ‘
SRNE s ler
373 | 5% % Ra Mn®
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B o ..: ,':,:3 .‘! Fig. 6. Atomic environment of the inequivalent Sn sites in
Q '-I' .3 o i 9 RMngSng. The Mn-Sn distances are indicated.
Sn(2d) &
) g o
Sn(2¢) 3;. 1o value. On the other hand, according to the old Townes-
& Dailey approximation for molecules [18], often used for
Sn(2e) 'l the interpretation of Mdssbauer spectra [12,19,20], V., is
o proportional to An, = [(Npg + npy)/2 — np,] where n,y,
npy and n,. represent the number of electrons in the p;
L (i =z, y, z) valence orbitals (see also Sect. 3.3). From the
-25 -15 -5 5 15 25 local environment of the three Sn sites (Fig. 6) we expect:
a VSnQe > VSnQd > VSch'
V (mm S ) zz zZz zZz

Fig. 5. 1198 Méssbauer spectrum of LiMngSng at 5 K to-
gether with its least-squares envelope.

perturbation of the magnetic hyperfine interaction. The
general expression of the apparent quadrupole splitting
(2¢) is then given to first order by:

3cos? @ — 1 4 nsin? 6 cos 2¢

2e=A 5 (1)

where 6 and ¢ are the polar and azimuthal angles of the
hyperfine field direction with respect to the EFG frame
of reference, respectively, while the asymmetry parameter
n (0 <n<1) and A = eQV,,/2 have the usual defi-
nitions. In LiMngSng, the three Sn sites have axial sym-
metry, hence n = 0 and V,, is directed along the c-axis.
Further, since the Mn moments (and consequently the Sn
hyperfine fields) lie in the (001) plane, § = 90° and equa-
tion 1 simplifies to 2e = —A/2. That allows to know the
sign of A = eQV.,./2 from the fitted 2¢ values.

The spectrum has been fitted using three sextets of
equal intensity, as expected from the crystal structure,
while $-Sn and MnSns (responsible for the shoulders of
the central peak) were also taken into account. The re-
sulting hyperfine interaction parameters are presented in
Table 2. Using either the Hy or A values, the sites iden-
tification is straightforward. As explained in reference [12]
and also in Section 3.2, the shorter the Mn—Sn distance
(drrn—sn2d < dyin—sn2e < darn—sn2e) the larger the Hy ¢

While the isomer shifts (IS), ranging between 2.13-
2.25 mm s~ ! are typical for metallic compounds, the
Sn nuclei in LiMngSng experience very large hyperfine
fields, similarly to previously studied RMngSng [12]. To
our knowledge, the Hys of 35.3 T we measured at the
2d site of LiMngSng is even the largest ever observed at
Sn nuclei in Sn-based compounds. As a result of their di-
rect neighboring environments, the A value for the 2e site
significantly differs to those of the 2¢ and 2d sites. In all
cases, the quadrupole splitting are large. In Figure 7, these
values are gathered with those we published for divalent
(R = Mg) and tetravalent (R = Zr, Hf) R compounds [12].
We notice an overall tendency for |V,.| to diminish upon
increasing the R valency.

3 Band structure calculations
3.1 Computational details

The electronic structure of LiMngSng has been computed
using the scalar-relativistic full-potential L/APW-lo
method [21,22] as implemented in the Wien2k code [23].
We used the experimental low temperature atomic po-
sitions and cell parameters as well as non-overlapping
muffin-tin spheres with radii equal to 2.60 au, 2.58 au
and 2.59 au for Li, Mn and Sn atoms, respectively. The
calculations have been performed using the LDA in the
form given by Perdew and Wang [24]. The valence part
as well as the additional local orbitals (LOs) used to de-
scribe the semicore states [25] (Li 1s, Mn 3s and 3p, Sn
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Table 3. Theoretical and experimental values for the magnetization per formulary unit (M), the Mn magnetic moment (mm)
and the hyperfine field at the Sn nuclei (Hpy) in LiMngSng. All the computed Sn hyperfine field values are negative with respect

to the Mn moments.

M (pp/fu)  mun (us)  Hpp? (T)  Hip?* (T)  Hpp* (T)
Theoretical 14.4 2.49 17.2 34.9 32.4
Experimental 12.9 2.58 23.6 35.3 30.6
2.50 {
| LiMnSn, i MgMnSn; ZrMnSn ; HfMnSn, 15 LiMn6Sn6 i
2.00 - A 1 !
4 10 | |
1.50 - A | - :
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Fig. 7. A = eQV.. /2 values at the three Sn sites of RMngSng
with different R valency (circles: 2e site; squares: 2d site ; tri-
angles: 2c site).

4d and 4p) were treated within a potential expanded into
spherical harmonics up to [ = 4. The maximum [ for the
valence wave functions inside the spheres was limited to
lmaz = 10. The wave functions in the interstitial region
were expanded in plane waves with Ry Kyax = 7. The
charge density was expanded up to Gyax = 14. A mesh
of 312 special k points was taken in the irreducible wedge
of the Brillouin zone.

3.2 Mn magnetic moment and Sn hyperfine fields

The spin-polarized total DOS is shown in Figure 8. It is
continuous over the whole energy range and is dominated
by contributions from Mn atoms, except below E =~ —6 eV
where the 5s states of Sn prevail (see Fig. 9). The magne-
tization of the unit cell (M) is predominantly due to the
Mn magnetic moments while other atoms carry small neg-
ative hybridization induced magnetic moments. The cal-
culated value for the magnetization M, the Mn magnetic
moments myy, as well as the Fermi contact hyperfine fields
(Hny) at the the Sn nuclei are given in Table 3 and com-
pared to experimental data. A good agreement between
theoretical and experimental values is noticed, similarly
to that we previously observed for other RMngSng (R =
Mg, Zr, Hf) based on non-relativistic muffin-tin KKR com-
putations [12]. Spin-polarization of the 5s states of Sn is
responsible for the very large hyperfine fields at the Sn nu-
clei, the core polarization being negligible, as expected for

Fig. 8. Spin-polarized total (solid line) and Mn DOS (dotted
line) for LiMngSne. The Fermi level is marked by the dashed
vertical line and is taken as the zero of the energy scale.
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Energy (eV)

Fig. 9. Sn 55-DOS (left scale) in LiMngSne together with the
corresponding integrated 5s-DOS (right scale; solid and dashed
lines correspond to spin-up and spin-down electrons, respec-
tively). The Fermi level is marked by the dashed vertical line
and is taken as the zero of the energy scale.
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Table 4. Calculated Any,(Er) (Eq. (2)) and V.. for the three Sn sites of LiMngSne. The theoretical quadrupole splittings
(Acaic), obtained using the experimental quadrupole moment value of @ = —10.9 fm? of reference [32], are compared to the

experimental ones (Acgpt).

Site  Anp(Er) Vi: (102 Vm™2)  Agge (mms™!)  Agype (mms™h)
2e +0.073 +14.42 -0.99 —-0.88
2d -0.117 —21.92 +1.50 +1.68
2c -0.125 —24.36 +1.67 +1.84
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Fig. 10. 5p., 5py (upper panel, solid line) and 5p. (upper panel, dotted line) partial DOS at the Sn sites as well as the 5p
anisotropy Any(E) (lower panel). The Fermi level is marked by the vertical dashed line and is taken as the zero of the energy

scale.

a nominally non-magnetic element [26]. The spin-resolved
5s-DOS of Sn and the corresponding integrated DOS are
presented in Figure 9. It can be observed that most of the
s-polarization arises from the weakly intense part located
above F ~ —6 eV which very likely originates from tailing
of the Mn 3d states within the Sn spheres. In this energy
range, the low energy part corresponds to the bonding
states which show a preferential occupation for the mi-
nority spins while the reverse is true for the antibond-
ing states at higher energy [12], as firstly explained by
Kanamori in the case of sp impurities in a ferromagnetic
matrix [27,28]. For the three Sn sites of LiMngSng, the
Fermi level falls in the energy region of negative polar-
ization (i.e. where the minority spins dominate) leading
then to negative hyperfine fields. The separation between
bonding/antibonding states and consequently the 5s spin-
polarization increase when the Mn—Sn distance decreases,
hence: H;Zc"‘gd > H,‘ff“'gc > H;?fnge. The very good agree-
ment we observe between experimental and calculated
Fermi contact hyperfine fields suggests that the orbital
and dipolar contributions to the total hyperfine field are
weak (i.e. a few Teslas), especially for the 2d and 2c sites.

3.3 Electric field gradient at the Sn nuclei

The use of a potential without shape approximation al-
lows the electric field gradient (EFG) to be calculated as
described in references [29-31]. Here, because of the axial
symmetry (n = 0) at the Sn sites, only the V,, component
is relevant. In Table 4, the computed values for V.. (in
10%! V/m?) are converted into ''Sn Méssbauer splittings
Acgle (in mm s™1), using the experimental value [32] of
the nuclear quadrupole constant Q = —10.9+0.8 fm?, and
compared with our experimental data A¢zp:. It can be seen
that the agreement is really good. Conversely, we can use
the computed V., values together with our experimental
A values to estimate ). Taking into account the estimated
error in Aegype, our fit leads to @ = —11.2 0.7 fm?. Earlier
theoretical works performed on a series of non-magnetic
tin compounds have led to ) values of close magnitude
(|Q] = 10.5+ 0.2 fm? and |Q| = 12.8 + 0.7 fm? for the FP-
LAPW [33] and FP-LMTO [34] methods, respectively),
but whose sign is undetermined since the used experimen-
tal data refer to quadrupole doublets from which the sign
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of A cannot be derived, except under special experimental
conditions.

As found in other theoretical works [33,35], our com-
putations indicate that the EFG at the Sn nuclei almost
entirely arises from the asymmetry of the 5p charge, while
d as well as semicore 4p contributions only play a minor
role (all together no more than 3% of the total EFG). The
5p electrons in the near vicinity of the nucleus are obvi-
ously preponderant and we observe that more than 95%
of the total EFG value is reached for electrons located at
a distance not exceeding 0.12 A from the nucleus. By in-
tegration of the 5p,, 5p, and 5p, partial DOS (Fig. 10),
we calculated:

Eo

Ay En) = [ 5 50a(E) + 50,(E)) - 5p-(E)IE (2)

whose sign at Er determines that of V,. as shown by pre-
vious DFT calculations [29-31]. Note that this is simply
the solid state counterpart of the Townes-Dailey approxi-
mation.

Accordingly, An,(Er) is positive for the 2e site
whereas it is negative for the 2d and 2c sites (Tab. 4 and
Fig. 10). The energy distribution of the 5p; states can
be understood as follows. The 5p states of Sn strongly
hybridize with the 3d states of Mn [12]. The low energy
(E < EF) outcoming bonding states concentrate more
charge on Sn atoms, since the 5p states of Sn lie deeper in
energy than the 3d states of Mn, while the corresponding
antibonding states, located above Er, are mainly found on
Mn atoms. For the two prismatic 2d and 2c sites (Figs. 1
and 6), the 5p, states predominantly interact with the
3d states of their Mn axial neighbors and dominate be-
low Er over the 5p;, 5p, states. The presence of three
Li atoms in the direct planar environment of the 2d site
adds small 5p,, 5p, contributions which yield a slightly
less anisotropic 5p shell compare to that of the 2c¢ site.
Conversely, for the 2e site these are the 5p., 5p, states
which hybridize mainly with the 3d states of their nearly
co-planar six Mn neighbors and dominate below Er over
the 5p, states. From the plots of An,(E), the decrease of
V.. upon increasing the valence of R in the RMngSng se-
ries we noticed above (Sect. 2.3) can also be qualitatively
explained. In a simple rigid band approach, it is seen that,
whatever the Sn site, adding supplementary valence elec-
trons would lead to a decrease of An,(Er), hence to a less
anisotropic 5p charge density.

4 Summary and concluding remarks

We have synthesized LiMngSng, the first member of the
RMngSng series involving an alkali metal as R element.
This compound behaves similarly to RMngSng with di-
valent R (R = Mg, Ca, Yb) or to RMngSns_,X,, (R =
Sc, Y, Lu, Zr; X’ = Ga or In) with sufficiently high X’
content: it orders ferromagnetically (T¢ = 380 K) and
adopts a simple easy-plane ferromagnetic structure in the
whole ordered temperature range. That confirms the de-
termining influence of the valence electron concentration
upon the magnetic properties of the Mn sublattice within
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this family of compounds. The huge hyperfine fields and
the quadrupole interactions measured by '?Sn Mossbauer
spectroscopy experiments have been analyzed based on
FP-L/APW+lo electronic structure calculations. The Sn
hyperfine fields mainly arise from the Fermi contact inter-
action with the 5s states of Sn which are spin-polarized
through hybridization with the magnetic 3d states of
neighborings Mn atoms. The EFG existing at the Sn nuclei
is almost entirely due to the anisotropy of the 5p electrons
close to the nucleus. When compared to the experimen-
tal quadrupole interactions, the calculated EFG allow to
derive a value of Q = —11.2 + 0.7 fm? for the 119Sn first
excited state quadrupole moment. Band structure calcu-
lations are a reliable tool for analyzing hyperfine interac-
tions by allowing a microscopic understanding of experi-
mental facts often difficult to fully interpret. It would now
be interesting to extend the study to RMngSng_, X! (X' =
Ga or In) solid solutions involving monovalent (R = Li)
or divalent (R = Mg, Ca, Yb) R element, for a better
understanding of the role of the various possible kinds of
exchange interaction operative in these systems. In such
complex ternary and pseudo-ternary intermetallics, di-
rect exchange, RKKY-type indirect exchange and even
superexchange (through non-magnetic Sn/X’ or R con-
necting atoms) Mn—Mn interactions are likely involved.
Synthesis are in progress.
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