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Abstract

The isostructural Heusler phases LiRh,Si and LiRh,Ge have been synthesized from the elements and an excess of lithium at
1000 °C. Both materials adopt the CuMn,Al crystal structure, space group Fm—3m (No. 225) with the room temperature lattice
parameter a = 5.747(1) A [Vol = 189.866(1) A*] and a = 5.847(1) A [Vol = 199.88(6) A’] for LiRh,Si and LiRh,Ge, respectively. X-ray
analyses suggest mixed site occupancy of the form Li;_Rh,Si;+, (x<0.4), but not for LiRh,Ge. Both materials are diamagnetic,
Ymol(LIRN,Si) = —6 x 107 em’(mole) ™! and ymo(LiRhyGe) = —10 x 107 em*(mole) ™! and metallic with room temperature resistivities
of approximately 19 and 32 nQcm, respectively. These properties are consistent with the calculated electronic structure.

© 2007 Elsevier Inc. All rights reserved.
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1. Introduction

CuMn,Al, the prototypical Heusler phase, was reported
in 1903 [1] and aroused interest as, in contrast to its
elemental constituents, it was found to exhibit ferromag-
netism. Subsequent research has shown that a wide variety
of elements can combine in the Heusler phase crystal
structure, giving rise to a wide variety of interesting or
exotic physical properties. For example, Fe,VAI [2] and the
orthorhombically distorted UPd,Sn [3] are heavy fermion
materials and the compounds RPd,Pb can exhibit super-
conductivity (R=Y [4,5]), antiferromagnetism (R=Gd
[5S]) or, in the case of YbPd,Sn and within a narrow
temperature range, both superconductivity and antiferro-
magnetism [6,7].

In contrast to the complex physics exhibited by these
materials, the crystal structure of Heusler phases is rather
simple, consisting of a face-centered unit cell (Fm—3m)
with occupation of the special positions, 4a, 4b and 8c.
Removal, in an ordered fashion, of half of the 8¢ atoms
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gives rise to the half-Heusler structure type exemplified by
the promising thermoelectric material HoPdSn [8] and by
NiMnSb, a material predicted [9] and experimentally
observed [10] to exhibit half-metallic ferromagnetism.
In addition to NiMnSb, it has been suggested that full-
Heusler materials such as MnCo,Si and RuMn,Si may also
exhibit half-metallic ferromagnetism, albeit with much
smaller minority-spin gaps than NiMnSb [11,12].

The majority of Heusler-type phases contain a main
group element, a transition element and either a rare earth
or another transition element. These materials are typically
synthesized from arc melting or a self-flux technique,
depending upon the nature of the main group element. For
example, if tin, lead or other such low-melting element is a
component of the system, a self-flux technique may be
used; on the other hand, if the main group element has a
high melting point, such as silicon or germanium, arc
welding is more often used. In recent times, the power of
the flux technique has become apparent both for growth of
crystals suitable for new structure discovery and/or careful
property measurement [13,14]. Lithium shares many
properties with the traditional fluxing metals (e.g. tin) that
suggest potential as a flux for new materials but, more
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interestingly, is also qualitatively different from these same
metals in physical characteristics such as electronegativity
and density. Indeed, lithium has been used very successfully
for the growth of new nitrides [15] and materials such as
LiAg,In [16], LiNi,Si [17], and Li,CuGe [18] provide
evidence of the potential of lithium to act as a self-flux for
Heusler phases and similar materials.

We are interested in exploring the potential of lithium as
a flux for a variety of new materials. Recently, we reported
on Li;Rh3B, grown from a lithium flux [19], and in this
paper we report on the synthesis and characterization of
LiRh,Si and LiRh,Ge, two diamagnetic metals that
represent the first reported compounds in the lithium—
rhodium-silicon and lithium-rhodium—-germanium phase
fields.

2. Experimental

LiRh,Si and LiRh,Ge were synthesized from a stoichio-
metric mix of rhodium and either silicon or germanium and
an excess of lithium. Typical reactions were between
200mg Li (pieces from rod, surface mechanically cleaned,
99.9% Alfa Aesar), 297 mg Rh (powder, 99.95%, Aesar)
and 41 mg Si (powder, 99.9%, Atomergic Chemetals Co.)
or 105mg Ge (lumps, 99.9999+ %, Ventron Alfa pro-
ducts), providing an elemental ratio of 20 Li: 2 Rh: 1 Si/Ge.
These reagents were handled inside an argon filled glove
box and loaded into a niobium tube that was welded shut
under flowing argon (99.999%, further purified by flowing
over Ti metal at 800°C using a Centorr Associates arc
furnace) and subsequently sealed under vacuum in an
evacuated fused silica sheath. The reaction tube was
placed upright into a muffle furnace, heated to 1000 °C at
1-2°C/min, held at temperature for approximately 60 h,
then cooled to room temperature at 0.5°C/min. The
niobium tube was opened inside the glove box and placed
in a long stainless steel tube. The excess lithium was
removed in approximately 11h via sublimation under
dynamic vacuum (~5mTorr) with a temperature gradient
from 575 °C to room temperature.

Low temperature single-crystal X-ray diffraction of
LiRh,Si (173K) was performed with a Bruker Apex II
Diffractometer. Data were collected and reduced with the
SMART and SAINT-Plus software packages [20], respec-
tively. An empirical absorption correction was applied with
the program SADABS [21]. Room temperature single-
crystal X-ray diffraction of LiRh,Si and LiRh,Ge were
performed with a STOE IPDS IIT single-crystal X-ray
diffractometer. Data were collected, reduced and corrected
for absorption with the X-area suite of programs [22]. In
both systems, data analysis were carried out with the
SHELX [23] suite of programs and WinGX [24]. Room
temperature powder X-ray diffraction analysis was carried
out on a PANalytical X’Pert Pro MPD in Bragg-Brentano
geometry with Co K, radiation and an X’celerator
detector. Samples were ground in an agate mortar inside
an argon-filled glove box, loaded onto a greased sample

slide and covered with Mylar film (0.00012” thick) before
being transported to the diffractometer.

Electron microprobe analysis was carried out on a
Hitachi S-2700 SEM equipped with a light-element window
Noran EDS detector. Samples of LiRh,Si and LiRh,Ge
were selected under an optical microscope and loaded onto
carbon tape for analysis.

A Quantum Design MPMS SQUID Magnetometer was
used to measure the DC magnetization of a sintered pellet
of LiRh,Si (146 mg, 0.606 mmol) and LiRh,Ge (160 mg,
0.561 mmol). The diameter of the pellets was well matched
to the inside diameter of the straw used to suspend the
sample inside the pick-up coils; therefore, the pellets could
be loaded directly into the straw without the need for a gel
cap or other sample holder. The samples were loaded into
the straw inside argon filled glove box and transported to
the SQUID in an argon atmosphere before being loaded
into the sample space.

A DC four-probe resistivity measurement was performed
on a single crystal of LiRh,Ge [(0.1 x 0.1 x 0.3) mm’] and a
sintered cylindrical pellet of LiRh,Si (diameter 0.45cm,
height 0.25cm). Four gold wires were attached to the
samples with silver epoxy, which was cured (~160°C,
10 min) in a nitrogen purged glove bag. Once the silver
epoxy had cured, the crystal and contacts were encapsu-
lated inside non-conducting, fast setting epoxy. Data were
recorded at 2s intervals on cooling.

The electronic structure of LiRh,Ge was calculated using
its primitive cell (¢ =4.134A, 0 =60°, Z=1) at the
extended Hiickel level with the program YAeHMOP using
Slater-type orbitals and default values of orbital energies
and exponents [25]. Average properties were calculated
using a set of 408 k points within the irreducible wedge of
the first Brillouin zone.

3. Results and discussion

Crystals of LiRh,Si and LiRh,Ge are silver and grow
with high symmetry habit, often as truncated cubes or
octahedra. Samples of both phases were analyzed by single-
crystal X-ray diffraction, and the initial structural model
(Heusler phase, space group Fm—3m, no. 225) obtained via
direct methods. This is the highest symmetry space group
consistent with the experimental diffractograms and, as
expected, no higher symmetry was found by ADDSYM
[24]. The final refinement details for both LiRh,Si and
LiRh,Ge are shown in Table 1. The atomic coordinates
were standardized with STRUCTURE TIDY [26] and are
listed, along with the isotropic displacement parameters,
in Table 2. Important interatomic separations are shown in
Table 3.

The refinement of LiRh,Ge converged smoothly to a
stoichiometric compound whose composition is in good
agreement with the ratio Rh/Ge = 1.8 +0.2 measured from
SEM-EDS analysis; however, the optimum refinement of
LiRh,Si required the lithium site (4a) to be of mixed
lithium silicon occupancy (83% Li, 17% Si) giving a
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Table 1

Crystal data and structure refinement for LiRh,Si and LiRh,Ge
Empirical formula Lig g3Rh,Si; 17 LiRh,Ge

Formula weight/ 244.39 285.35

g(mol)_1

Temperature/K 173(2) Room temperature
Wavelength/A 0.71073 0.71073

Crystal system, Cubic, Fm—3m Cubic, Fm—3m

space group
aA; volume/A3
Zs pcalc/mgm_3

5.740(1); 189.159(17)
4, 8.582

5.847(1): 199.88(7)
4,9.482

w/mm~! 17.644 30.742

Crystal size/mm?® (0.15 % 0.025 x 0.02) (0.12x 0.1 x 0.08)

0 range/° 6.16-40.04 6.04-37.43

Limiting indices —10<h<T, —9<h<10, —8<k<S8,

—10<k<6, —10</<5

-10</<10

Reflections 760/52 [Rint(0.0217)] 897/46 [Rint(0.0522)]

collected /unique

Completeness to 100% 100%

01118)(

Absorption Empirical Integration

correction

Max. and min. 0.7192 and 0.1772 0.0702 and 0.0232

trans.

Data/restraints/ 52/1/7 46/0/5

parameters

Goof on F? 1.180 1.369

Final R indices R1 =0.0121, R1 =0.0197,

[I>20(1)] wR2 = 0.0269 wR2 = 0.0481

R indices (all data)  R1 = 0.0145, R1 =0.0197,
wR2 = 0.0274 wR2 = 0.0481

Largest diff. peak, +1.448, —0.830 +2.088, —1.060

hole/e A3

Table 2

Atomic coordinates and isotropic displacement parameters (Az x 10°%) for
LiRh,Si (at 173K) and, in italics, LiRh,Ge (at room temperature)

Atom Wyckoff X y z Uiso Occ.
Li 4a 0 0 0 7 () 0.83(2)
Si 4a 0 0 0 7(2) 0.17(2)
Si 4b 0.5 0.5 0.5 6 (1) 1

Rh 8¢ 0.25 0.25 0.25 4 (1) 1

Li 4a 0 0 0 15 (10) 1

Ge 4b 0.5 0.5 0.5 9 (1) 1

Rh 8¢ 0.25 0.25 0.25 9 (1) 1

The displacement parameters of the lithium and silicon atoms occupying
the 4a site were fixed to be identical and the total occupancy of the 4a site
was constrained to be 1. Anisotropic displacement parameters were not
used for rhodium, silicon or germanium as their site symmetries preclude
anisotropic motion.

stoichiometry Liyg3Rh»Si; 7 (Rh/Si = 1.71). Refinements
with the lithium occupancy of the 4a site fixed at 100% and
with a reasonable but fixed isotropic displacement para-
meter yielded comparable R indices as in Table 1 but a very
uneven Fourier difference map (+7, —1 eAf"’), indicating
an incorrect model. As we discuss below, the small X-ray
cross section of lithium makes it difficult to completely

Table 3
Interatomic separations in LiRh,Si (left-hand sige, 173K) and LiRh,Ge
(right-hand side, room temperature) less than 3 A

Atoms No. Dist/A Atoms No. Dist/A

Li-Rh 8 2.486(1) Li-Rh 8 2.532(1)
Si-Rh 8 2.486(1) Ge-Rh 8 2.532(1)
Rh-Rh 6 2.870(1) Rh-Rh 6 2.923(1)
Li-Si 6 2.870(1) Li-Ge 6 2.923(1)

QLi

Fig. 1. The crystal structure of LiRh,Si and LiRh, Ge. The origin has
been shifted by (&, 1, 1) to better illustrate the CsCl-type superstructure.

O Rh @3 Si/Ge

assign stoichiometry on the basis of X-ray data alone;
however, it is certain that LiRh,Si and LiRh,Ge are two
new Heusler-type materials. Further details of the crystal
structure investigations are available from the Fachinfor-
mationszentrum Karlsruhe, D-76344 Eggenstein-Leopold-
shafen (Germany) on quoting the depository numbers
CSD-417738 (LiRh,Si) and 417739 (LiRh,Ge), the name of
the authors and citation of this paper.

3.1. Stoichiometry of LiRh,Si

The Heusler phase crystal structure adopted by LiRh,Si
and LiRh,Ge shown in Fig. 1 derives from a specific
patterning of an underlying bcc lattice and can be
considered a superstructure of the CsCl structure type.
There are a number of other structure types (such as the
NaTl structure type) that can be formed by a different
patterning of the bcc lattice [27] but, due to the excellent
X-ray contrast afforded by lithium, rhodium and silicon/
germanium, it is clear from our data that the parent
structure is the Heusler-type phase shown in Fig. 1.
However, due to the small X-ray cross section of lithium,
we cannot definitively assign the degree or existence of the
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Fig. 2. The powder X-ray diffractograms from reaction with varying Rh/
Si ratios. The 111 and 331 reflections are small but observed and indexed.
We assign the peak at ~24° 20 to LiOH, presumably introduced during
the distillation step. The broad hump centered at ~30° 20 is due to the
Mylar cover.

non-stoichiometry of the form Li;_,Rh,Si; . , implied by
the LiRh,Si single-crystal X-ray data [28].

To explore the potential variability of x in Li;_,Rh,
Siy 4, further reactions between excess lithium and varying
ratios of Rh:Si were performed. As shown in Fig. 2,
powder X-ray diffractograms of reactions with 1.7<Rh/
Si<2.0 were essentially identical, all containing peaks that
could be indexed to a face centered cubic cell (@ = 5.755 A)
and 2-3 impurity peaks whose intensities were < 1% of the
main LiRh,Si peak. It is normally expected that varying
composition induces a varying lattice parameter (Vegard’s
law), but full-profile intensity extractions with the program
FULLPROF [29] via the Le Bail method showed that the
lattice parameters changed by <0.5% over the range of the
attempted experiments, which may imply a single value of
x in Li;_Rh>Si;+,. However, it is difficult to draw
conclusions about from Vegard’s law considerations alone
as there is conflicting evidence in the literature concerning
similar materials with structures based upon coloring of a
bee lattice; for example, Li,PdSn and LiPd,Sn have
identical lattice parameters [30]. On the other hand,
materials of the form Li(Ag;_,In,); do obey Vegard’s
law [16].

When the silicon concentration was increased further, to
Rh/Si = 1.5, the impurity concentration increases drama-
tically: peaks corresponding to LiRh,Si are still evident in
the powder X-ray diffractogram, but the intensity of the
peaks that cannot be indexed to the LiRh,Si unit cell
increases to ~20% of the main LiRh,Si peak [31]. Semi-
quantitative SEM—-EDS analysis of crystals with the same
habit as those used in the single-crystal measurement

revealed Rh/Si = 1.9+0.3. The large scatter in the ratio
could reflect an intrinsic variation in stoichiometry between
crystals or reflect varying geometry of the crystal facets
with respect to the electron beam.

While we recognize the limitations of our X-ray-based
analytical tools, the experiments detailed above do suggest
that the material Li;_,Rh,Si; 1  is non-stoichiometric, and
that there is a limit to the non-stoichiometry, i.e. x<0.4;
however, we cannot be confident about the absolute value
of x or if it can take a range of values. For clarity, the
formula LiRh,Si will be used throughout the remainder of
the paper, as the existence of the phase is not in doubt.

3.2. Structure description

As noted above, LiRh,Si and LiRh,Ge are isostructural
and crystallize in the MnCu,Al structure type (full-Heusler
phase) shown in Fig. 1. The structure is built from a certain
atomic coloring of a bcc lattice that results in an array of
primitive rhodium cubes centered either by lithium or
silicon/germanium. The observed room-temperature rho-
dium-rhodium separations of 2.874(1)A (LiRh,Si, Le Bail
extraction) and 2.923(1)1& (LiRh»Ge, single crystal) are
longer than the elemental rhodium-rhodium separation of
2.69 A, suggesting that the rhodium-rhodium interaction is
less significant in LiRh,Si and LiRh,Ge than in rhodium
metal. The room-temperature lithium-rhodium and sili-
con/germanium—rhodium separations are necessarily iden-
tical and take values of 2.489(1) and 2.532(1)1& in LiRh,Si
and LiRh,Ge, respectively. These values are consistent
with separations observed in RhSi [32] (drn_si = 2.37A),
Rh;3Si, [33] (dru_si = 2.44A), and RhGe [34] (dGe—rnh =
2.49 A). The Li-Rh separations in LiRh [35], drp_1; =
2.66 A, are longer than those observed in the title phases,
suggesting that lithium is rather more ionic in LiRh,Si and
LiRh,Ge than in the binary LiRh phase, a conclusion
consistent with the electronic structure calculations shown
below.

A number of Heusler phases of the form LiTM,Si
(TM = Ni [17] and Cu [18]) and LiTM,Ge (TM = Co [36],
Ni [17], Cu [18] and Pd [30]) have been reported. In
addition to adopting the Heusler alloy structure, a number
of elemental combinations also form more lithium rich
phases; for example, both LiPd,Ge and Li,PdGe have been
reported with very similar lattice parameters, differing only
in the patterning of the underlying CsCl superstructure
[30]. Despite synthesizing both LiRh,Ge and LiRh,Si from
a lithium rich melt, we did not see evidence in the intensity
of the peaks from powder or single-crystal data for the
formation of such a lithium rich phase in our limited
exploration of the Li—Rh-Si and Li-Rh—Ge phase fields.

3.3. Electrical resistivity
The measured temperature dependence of the electrical

resistivity of LiRh,Si and LiRh,Ge are shown in Fig. 3.
The data for LiRh,Ge were obtained from a single crystal
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Fig. 3. The measured electrical resistivity of a single crystal of LiRh,Ge
and a sintered pellet of LiRh,Si. The noise in the data is due to the small
voltage measured. The extra noise at T<5K is due to temperature-
induced contact fluctuations.

and we estimate an error of up to a factor of two in the
absolute value of the resistivity, as the geometrical factor is
not well described. The crystals of LiRh,Si were too small
for four leads to be successfully mounted and the data
shown are from a sintered pellet, and data were recorded
only to 125K as, below this temperature, the current path
through the pellet abruptly changed. Extrinsic scattering
events are always of concern when analyzing polycrystal-
line materials and the data presented for LiRh,Si in Fig. 3
represent an upper limit to the intrinsic resistivity of
LiRh,Si. Nevertheless, the slope of dp/dT is positive for
LiRh,Si and LiRh,Ge, indicating metallic conductivity for
both materials.

A linear dependence between the resistivity and tem-
perature is typically observed for 7> @p [37], the Debye
temperature. It can be seen that dp/dT is linear to
approximately 60 K for LiRh,Ge and <120 K for LiRh,Si
which, if taken at face value, implies an unusually low @p
(~60K) for both materials. However, it is not obvious
from either the composition or the crystal structure why
one should expect such a low value and what could cause
the required low frequency oscillation. Indeed, consider-
ably larger values of ®p have been estimated from heat
capacity measurements for a number of Heusler phases:
®p of the superconducting materials YPd,Sn, YPd,Pb and
YPd,In are, respectively, 165, 198 and 260 K [4]. Effects
such as antiparamagnons [38] and non-Fermi liquid
behavior [39] have been invoked to rationalize T-linear
resistivities in high-7,. superconductors and heavy fermion
materials, respectively; however, the lack of an obvious
magnetic degree of freedom in the present case makes such

explanations unlikely. We note that the rather large
residual resistivity and small value of p(300K)/p(5K)
could indicate that the observed temperature dependence
of the resistivity simply reflects a high degree of disorder
scattering. Further work is required to fully understand the
data presented in Fig. 3.

3.4. Magnetic susceptibility

The measured magnetization of LiRh,Si and LiRh,Ge at
200, 250 and 300K are shown in Fig. 4. At high applied
fields, H>5000 or 20,000 Oe for LiRh,Si and LiRh,Ge,
respectively, the response is linear and diamagnetic;
however, as is evident from the initial positive slope of
dM/dH, both samples contain a small amount of a
paramagnetic impurity. The effect of the paramagnetic
impurity is more pronounced as the temperature is
lowered, resulting in a larger region of applied field for
which dM/dH is positive, and a shallower diamagnetic
slope at high field. Although not shown, the measured
temperature dependence of the magnetization shows a
Curie—Weiss-type dependence.

An estimate of the molar magnetic susceptibility
(fmol = M/H) of LiRh,Si and LiRh,Ge was found
by taking the slope of the M vs. H data of Fig. 3
at H>20,000e at 300K. The values so calculated
are ymo(LiRh,Si) = —6 x 107> cm*(mole LiRh,Si)~' and
Imol(LiRh>,Ge) = —10 x 10 cm’(mole  LiRh,Ge)™'. As
noted above, the magnetic susceptibility of the paramag-
netic impurity follows a 1/T dependence; therefore, the
data taken at 300K provide the closest estimate of the
intrinsic susceptibility of both LiRh,Si and LiRh,Ge but

4

o

Magnetization / emu(mole)™
)

-6

Applied Field / kOe

Fig. 4. The measured magnetization of LiRh,Si and LiRh,Ge. Cir-
cles = 300 K, squares = 250 K and triangles = 200 K. Only % of the data
points are shown for clarity.
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are only a lower limit on the absolute magnitude. Never-
theless, the small fraction of paramagnetic impurity present
in the samples indicates that the error in the estimate is
small; i.e., for both materials \xm01\>10_scm3(mole)_],
which is an order of magnitude larger than the related
Heusler phases LiCu,Si and LiCu,Ge, which have reported
susceptibilities [18] of —3 x 10~ ®cm’*(mole LiCu,Si)™"
and —4 x 10~%cm’(mole LiCu,Ge)'.

3.5. Electronic structure calculations

The calculated density of states (DOS) of stoichiometric
LiRh,Ge is shown in Fig. 5. The projected DOS of the
rhodium and germanium are shown in Figs. 5a and b,
respectively. The localized band centered at —18 eV derives
mainly from the germanium 4s orbitals but contains a
significant admixture of rhodium 4d and 5p character. The
rhodium 4d orbitals are rather localized and filled, giving
rise to the split peak centered at approximately —12.5¢eV.
Strong dispersion in the bands derived from the germa-
nium 4p orbitals gives rise to the plateau in the DOS
centered at approximately —7eV but the character of the
bands at the Fermi energy is a mixture of germanium 4p
and rhodium 5p and 4d.

Although not shown, the calculated DOS of stoichio-
metric LiRh,Si is very similar to that shown in Fig. 5, the
only difference arising from the greater radial extend of the
silicon 3s orbital as compared to the more contracted
germanium 4s orbital: the bandwidth of the lowest energy
band is approximately doubled. Nevertheless, in both the
calculated DOS shown in Fig. 5 and that of LiRh,Si,
the Fermi energy crosses through a finite DOS and is
therefore consistent with metallic resistivity. The measured
diamagnetism (Fig. 4) of LiRh,Ge and LiRh,Si suggests
that core electrons contribute more to the overall magnetic
susceptibility than the paramagnetic conduction electrons.
As shown in Fig. 5, the bands deriving from the rhodium
4d orbitals are filled and rather localized, suggesting
anionic d'° rhodium, which is consistent with the measured
diamagnetism. As can be inferred from Fig. 5, there is no
lithium character at or in the immediate vicinity of the
Fermi energy, suggesting that the lithium is very ionic and,
formally, it is possible to assign charges as Li " (Rh™),Ge ",

Rhodium f

Germanium

Energy / eV

-15 A
‘—’Smx==—

DOS DOS
a b

-20

Fig. 5. The calculated DOS of stoichiometric LiRh,Ge. Panels a and b
contain the partial DOS of rhodium and germanium, respectively.

in reasonable agreement with the calculated average net
charges of Li"'(Rh™°%),Ge"*®. We note that a similar
effect was observed for Li,Rh;B,, another diamagnetic
metal containing formally closed shell rhodium and highly
ionic lithium ions [19].

Based upon the above reasoning, it is possible to view the
bonding in LiRh,Ge and LiRh,Si as an anionic, covalently
bonded fluorite structure of rhodium and silicon/germa-
nium with lithium cations providing charge-balance. This is
in sharp contrast to the material MnRh,Ge, in which the
lithium atoms have been replaced by manganese, an
element with considerable character in the vicinity of the
Fermi level: MnRh,Ge is a ferromagnet (7, = 450 K [40])
with localized spins residing upon the manganese atoms

[11].
4. Conclusion

Building upon our recent report of Li,Rh;B,, we have
continued to demonstrate the viability of lithium as a flux
for a variety of new materials. In this paper, we discuss
our synthesis and characterization of the LiRh,Si and
LiRh,Ge, the first materials to be reported in their
respective phase fields. We find both to exhibit metallic
resistivity and diamagnetism that are consistent with the
formalism, Li "(Rh™),Si " and Li " (Rh™),Ge .
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