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X-ray powder data for YbCu,Ge,, YbAg,Si; and YbAg,Ge; confirmed the atom order of the ThCr,Si, type
(ordered BaAly type) as reported earlier. YbCu,Ge; is an intermediate valence system with the Yb ions
valence close to +2 at low temperatures, whereas the other two compounds are weakly temperature-
dependent paramagnets. All these ternaries show metallic character of their electrical conductivity. The
structure of Yb(Cuy_xZny),Si; (x=0.65, 0.77) was found to correspond to the BaAl, type, assuming a
random distribution of Cu and Zn atoms over the positions 4d (0, 1/2, 1/4). The Si atoms were found
in the sites 4e (0, 0, z). These two pseudoternary compounds are diamagnetic. A novel phase with
the composition Yb(Ago1sSios2)2 crystallizes in the ThSi,-type on the verge to a symmetry reduction
towards orthorhombic GdSi,-type. This phase is a Pauli paramagnet and exhibits metallic behavior of the

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Rare earth metal disilicides and digermanides have gained some
interest as electric contact materials in Si/Ge-waver based elec-
tronic devices [1]. Sharply structured photoluminescence bands
fromrare earth intra-4f-shell transitions have furthermore spurred
interest in optical fibre telecommunication [2]. However, there
is still a serious lack of reliable phase equilibria data for the
corresponding Si(Ge)-rare earth systems with contact materials,
as well as of the crystal structure and the physical proper-
ties of the intermediate phases [3]. Our general interest in the
physical (magneto-electrical) properties of ternary ytterbium-
containing compounds [4-9] and in particular of corresponding
silicides/germanides prompted us to study the concentration sec-
tions YbSi, - T and YbGe, - T, where T is one of the metals Cu, Zn,
Ag.
From the ternary compounds YbT;Si, and YbT,Ge, with T=Cu,
Ag only YbCu,Si, has intensively been investigated in the past.
The compound was reported to be a moderately enhanced heavy
fermion system with an electronic specific heat coefficient y of
135mJ/(molK2) [10], an ytterbium ion valence at 4.2K of about
2.8 [11,12] and a characteristic Kondo temperature Tgx =200K [13].
The magnetic susceptibility of YbCu,Si, follows above 75K a
Curie-Weiss law with a large negative paramagnetic Curie temper-
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ature ®=-90K and an effective magnetic moment per=4.19up
that is considerably reduced in respect to the free Yb3* ion value
[10]. At ambient pressure no long-range magnetic ordering occurs
in this compound down to 0.4K [10]. Most interestingly, applica-
tion of pressure results in a valence change of Yb ions from the
intermediate value to a 3+ state [14] and the system approaches a
magnetic instability at the critical pressure of about 8 GPa [15,16].

Recent studies of Yb(Cug 125Sip.875)2—x revealed two structural
modifications with different physical behavior [17]: whereas the
ThSi,-type modification is a new intermediate valent material,
the AlB,-type compound shows an enhanced coefficient of the
electronic specific heat and physical properties reminiscent of non-
Fermi liquid compounds.

These important findings motivated us to undertake investiga-
tions of the physical properties of related compounds: YbCu,Ge,,
YbAg,Si, and YbAg,Ge,, which, to the best of our knowledge,
have not hitherto been reported in the literature. In the course
of our attempts to prepare the YbT,Si, phases we discovered a
novel compound Yb(Agg.18Sip.g2)2 as well as a pseudoternary sys-
tem Yb(Cuq_xZny),Si;. Moreover, using the Lebeau method [18] we
succeeded to grow single crystals of such alloys with x=0.65 and
0.77. This paper summarizes the results of magnetic and electrical
measurements performed on all these materials in a wide range of
temperature.

2. Experimental details

Polycrystalline samples of YbCu,Ge;, YbAg,Si; and YbAg,Ge,, each with a total
weight of about 1-2 g, were prepared by repeated arc-melting appropriate amounts
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Table 1

Structural data (Rietveld refinements, [4/mmm, ThCr,Si,(CeAl,Ga;)-type structure) for Yb(Cu, Ag, Zn),(Si, Ge), compounds. Data collection: Huber Image Plate; Radiation:

CuKap; 26 range: 8 <26 <1002,

Parameter/compound YbAg,Si, Yb(Zng 65 Cug 35 )2 Sia YbCu,Ge;
a (nm), Guinier film 0.41900(5) 0.4071(2) 0.40521(9)
¢ (nm), Guinier film 1.0622(3) 1.028(1) 1.0273(7)
Reflections measured 47 42 41
Number of variables 21 23 21
Re=X|F, — Fe|/ZF, 0.038 0.064 0.050
R =X\, —I.|[ZI, 0.05 0.078 0.050
Rup =[ZwWilYoi — Yail2 [ Zwilyoil2]'2 0.075 0.093 0.097
Rp=ZYoi — Yail [ Z1Voil 0.055 0.066 0.071
Re=[(N—=P+C0)[(Zw;y2,i)] 2 0.036 0.018 0.021
%% =(Rup[Re ) 435 27.9 19.2
Atom parameters
Yb, 2a (0, 0, 0), Bis,? 1.93(3) 1.48(4) 1.40(2)
M1 4d (0, 1/2, 1/4), Biso 2.21(3) 2.30(6) Cu, 1.70(2)
M2 4e (0,0, ), z Si, 0.3910(3) 0.65Zn +0.35Cu¢, 0.3903(4) Ge, 0.38108(7)
Biso 2.09(8) 3.3(1) 1.71(2)

@ Crystal structure data are standardized using the program Structure Tidy [22].
b Beq (Biso) are given in 10-2(nm?).
¢ Fixed.

of the elemental constituents (Yb: 99.9 mass%, Auer Remy; Cu, Ag: 99.9 mass%, Alfa
Aesar; Si, Ge: 99.99 mass%, Alfa Ventron). The syntheses were carried out on a water-
cooled copper hearth under Ti-gettered high purity argon. All weight losses were
attributed to evaporation of Yb and compensated accordingly. Parts of the melted
buttons were vacuum-sealed in quartz capillaries and annealed at 600-900°C for
up to 140 h prior to quenching in cold water. These annealed specimens were used
for X-ray powder diffraction investigations.

Polycrystalline specimens of Yb(Cu;_,Zny),Si, were prepared by powder met-
allurgy technique. Arc-melted master alloys YbCu,_,Si; were powdered under
cyclohexane and mixed with freshly milled Zn powder (5N, Alcan Electronics). The
compacted powder blends were sealed in evacuated silica ampoules, heat treated
at 350-400°C for 2 days, and finally sintered at 700 °C for 3 days.

Single crystals of Yb(Cu;_xZny),Si, were obtained via the Lebeau method [18],
essentially based on the temperature-dependent solubility of the constituting ele-
ments in the Zn flux. The substrates were placed in an Al,0; crucible, which was
then vacuum-sealed within a thick-walled quartz tube. The tube was heated up to
1050-1100°C with a rate of 75°C/h with an intermediate hold at 450°C for 1h, i.e.
slightly above the melting point of the flux. After a soaking period at the maximum
temperature for up to 12 h, cooling to 600°C proceeded at a speed of 10 °C/h, after
which the sample was kept at 600 °C for 12 h prior to final quenching. After remov-
ing the Zn flux by 3 N HCI water solution well-developed single crystals could easily
be isolated.

Crystal structure identification and rough determination of the unit cell dimen-
sions were performed using a 57.3mm radius Gandolfi-camera. Weissenberg
photographs accomplished crystal quality control and inspection of crystal sym-
metry. The precise lattice parameters and standard deviations were obtained by a
least squares refinement of the room temperature X-ray powder diffraction data,
collected on a Guinier-Huber camera with CuKa; radiation. In these measure-
ments either bulk materials or powdered single crystals (optically selected under
a microscope) were used, and 99.9999 mass% pure Ge (age =0.5657906 nm) or Si
(asi=0.5431065 nm) served as internal standards. Quantitative refinements of the
atom positions were done using the FULLPROF program [19], based on the X-
ray intensity data obtained with a Guinier-Huber Image Plate recording system
(CuKay).

Magnetic measurements were performed in the temperature range 1.72-600 K
and in magnetic fields up to 5T using a Quantum Design MPMS-5 SQUID magne-
tometer. In these studies polycrystalline samples of YbCu,Ge;, YbAg,Si,, YbAg,Ge;
and Yb(Ago.1sSios2)2 were used. In the case of Yb(Cu;_xZny),Si, collections of sin-
gle crystals freely placed in a sample holder were used as specimens. The electrical
resistivity of YbCu,Ge,, YbAg,Si,, YbAg,Ge; and Yb(Ago.15Sios2)2 was measured in
the temperature range 4.2-300 K employing a conventional dc four-point technique.
In these measurements the electrical leads were attached to bar-shaped polycrys-
talline specimens by silver-epoxy paste.

3. Results and discussion
3.1. Crystal structures

For YbAg,Si,, YbCu,Ge, and YbAg,Ge, systematic extinctions
characteristic for body centring and the appropriate unit cell
dimensions suggested isotypism with the tetragonal BaAls type
of structure. Assuming an atomic arrangement corresponding to

the ThCr,Si, type (ordered variant of BaAly) satisfactory descrip-
tion of the Guinier X-ray diffraction patterns was obtained for all
the materials, in agreement with previous reports on YbAg,Si, [20]
and YbCu,Ge, [21]. YbAg,Ge;, however, is a new compound of the
ThCr,Si; type. Results of the Rietveld refinements are summarized
in Table 1.

Similarly, the crystal structure of the Yb(Cu;_yZny),Si, pseu-
doternaries was found to correspond fully with the atomic
arrangement of the BaAly type in which Yb atoms occupy the 2a
positions at the corners and at the centre of the unit cell, Si atoms
are at the sites 4e (0, 0, z), while Cu and Zn atoms are randomly dis-
tributed over the positions 4d (0, 1/2, 1/4). Fig. 1 presents the lattice
parameters of the sintered Yb(Cu;_xZny),Si; alloys as a function of
Zn content x. Despite both lattice parameters change with x in a
nonlinear fashion, the volume of the unit cell closely obeys Vegard’s
law. The compositional dependence of the unit cell volume was
used to establish compositions of the single crystals grown from
Zn flux to be Yb(CUO.352H0.65)25i2 and Yb(Cu0A232n0‘77)25i2 (note
full circles in Fig. 1).

Whereas the as-cast alloy “YbAg,Si,” is multiphase - reveal-
ing YbAg,Si,, a ThSi,-type phase and a (Ag + Si) eutectic - the same
alloy turns single-phase YbAg,Si, after anneal at 850 °C. As the alloy
stays multiphase after anneal at 900 °C, the YbAg,Si, phase forms
below a temperature between 850 and 900°C. It is interesting to
note, that the YbAg,Si, phase was identified by Rossi et al. [20] from
a three-phase sample for which the applied annealing procedure
(500°C, 1 week) was obviously insufficient to reach equilibrium.
The ThSi,-type phase, observed in the as-cast and multiphase alloy
“YbAg,Siy”, was found in single-phase condition at the compo-
sition Yb(Agp 18Sip.g2)2. The Rietveld refinement with R-values as
low as 4% shows a random distribution of Ag+Si atoms. Careful
analyses of the peak profile structure and the peak widths reveal
a slight orthorhombic distortion as encountered in the closely
related GdSi,-type. Refinement in orthorhombic symmetry, how-
ever, does not lead to any significant lowering of the residual value.
The results of the refinements are summarized in Table 2, where
for comparison the refinements in both crystal symmetries are
listed.

3.2. Magnetic properties

The magnetic behavior of the Yb(Cu;_,Zny),Siy alloys with
x=0.65, 0.77 is shown in Fig. 2. Both materials are diamag-
netic at room temperature with the susceptibility of the order of
10~% emu/mol, indicating that the ytterbium ions are here in a diva-
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Structural data for Yb(Sigps2Ago.1s)2. Data collection: Huber Image Plate; Radiation: CuKa; 26 range: 8 <26 < 100°.

Parameter/nom. composition

Yb(Sio.s13Ag0.187)2

YDb(Sio.s13Ag0.187)2

Composition from refinement
Space group
Prototype
a (nm), Image plate
b (nm), Image plate
¢ (nm), Image plate
Reflections measured
Number of variables
RF=2‘F0 7FC‘/ZFU
Ri=2|l, - Ic|/210
Rup =[ZwWilYoi — Yail2 [ Zwilyoi2]'2
Rp= E‘J/oi *yci”Z‘yoi‘
Re=[(N—P+0)[(Zwiy?)]'?
x*=(Rwp[Re)?
Atom parameters
Yb
Beq (Biso) 102(nm2)
Si+Ag
occ., Beq (Biso) 102(nm?)
Si+Ag

YDb(Sio.830A0.170)2
141 [amd
ThSi;
0.408709(5)
1.43069(2)
1.43069(2)
46

19

0.032

0.045

0.086

0.058

0.017

24.5

4a(0, 3/4,1/8)

0.46(2)

8e (0, 1/4, 0.29128(7))
0.83Si+0.17Ag, 0.53(3)

Yb(Sio.824A80.176 )2
Imma
GdSi,
0.408307(4
0.409115(5
1.43072(1)
93

24

0.035

0.042

0.069

0.049

0.017

15.8

)
)

4e (0, 1/4, 0.6245(1))
0.46(1)

4e (0, 1/4, 0.2088(4))
0.90Si +0.10Ag, 0.47(2)
4e (0, 1/4, 0.0414(3))

occ., Beq (Biso) 10%(nm?) -

0.75Si +0.25Ag, 0.50(1)

aCrystal structure data are standardized using the program Structure Tidy [22].

lent state. With decreasing temperature x(T) exhibits first a slight
increase and then a rapid upturn is observed at the lowest temper-
atures. This effect in the samples studied is probably caused by the
presence of small amount of paramagnetic impurities, most likely
some ytterbium oxide on the surface of single crystals measured.
In order to account for the impurity content the experimental data

0.415

Yb(Zn,Cuj.,),Si

a, nm

0.175

0.170
Ll

g
0.165 .+
TN

0.160

0.155

0.2 0.4 0.6 0.8

0.150 0.150

YbCu,Si, YbZn,Si,

X

Fig.1. Compositional dependence of the lattice parameters and the unit cell volume
in the Yb(Cuy_xZny),Si, system. The full symbols denote the values derived for the
single crystals grown from Zn flux.
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Fig. 2. Temperature dependencies of the molar magnetic susceptibility of
Yb(Cug35Zng65)2Siz (open circles) and Yb(Cug23Zno 77 )2Siz (full circles), measured
in a field of 0.5 T. The thick solid lines are fits of the experimental data to Eq. (1) with
the parameters given in the text.

were thus analyzed in terms of the formula

X(T) = Xo + Ximp(T) (1)

where yg stands for the intrinsic susceptibility of Yb(Cu;_,Zny),Si;
being the sum of core-electron diamagnetic and conduction-
electron paramagnetic contributions, whilst the impurity contri-
bution ximp(T) is given by a Curie-Weiss law

Cimp
Ximp(T) = ——F—. (2)
imp T- gimp
Fitting the above equations to the experimental
data yields the parameters: xo=-1.07 x 104 emu/mo],

Cimp =0.004 emu K/mol and 6;,,=—-0.7K for Yb(Cug35Znges)2Siz
and xo9=-0.84 x 10~4 emu/mol, Cimp =0.005 emuK/mol and
Oimp=—0.7K for Yb(Cug23Zng77);Siz. Assuming that the impu-
rity contribution comes exclusively from uncompensated
Yb3* ions one may estimate the impurity concentration:
1 = Cimp/Cyp3+(Cyp3+ = 12/8; Mefr = 4.54/18) to be of about
0.2 at% per mole for both alloys.

Fig. 3 summarizes the magnetic properties of the compounds
YbCu,Ge,, YbAg,Si, and YbAg,Ge,. Common to all three ternaries
is the small positive value of the molar susceptibility taken at room
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Fig. 3. Temperature dependence of the molar magnetic susceptibility of (a)
YbCu,Ge,, (b) YbAg,Si, and YbAg,Ge;, measured in a field of 0.5 T. In panel (a) the
thick solid line is a fit of the experimental data to Egs. (2)-(5) with the parameters
given in the text. The thin solid, dashed and dotted curves represent the functions
xv(T), Ximp(T) and xo, respectively. The solid lines in panel (b) are fits of the exper-
imental data to Eq. (1) with the parameters given in the text. Insets: magnetic field
variations of the magnetization taken at 1.72K with increasing (full circles) and
decreasing (open circles) magnetic field.

temperature, rather weak temperature dependence x(T) (except
for temperatures below ca. 100K), and a paramagnetic-like field
variation of the low-temperature magnetization that also shows
small magnitude even in the strongest fields applied. Additionally,
in the case of YbCu,Ge, one observes a non-monotonic behavior
in x(T) which shows a rise of the susceptibility at elevated temper-
atures, characteristic of intermediate valence systems. Assuming
that the compound contains Yb ions with noninteger valence its
susceptibility may be described in the framework of the intercon-
figuration fluctuation model (ICF) [23] by the formula

Nu2e[1 = v(T)]

xv(T) = Tkp(T + Top)

(3)
where v(T) is a temperature-dependent mean occupation of the
ground state

1
" 148 exp[—Eex/kp(T + Tst)]

the effective magnetic moment pef=4.54up, Ts stands for the
spin fluctuation temperature that characterises the system and
Eex is the energy separation of the nonmagnetic 44 ground
state configuration from the magnetic 4f!3 excited state. Alike in
the above-discussed nonmagnetic alloys the susceptibility upturn
at low temperatures presumably arises because of paramagnetic

w(T) (4)

% (10” emu/mole)
[\

o
’,s‘t T=172K

0 50 100 150 200 250 300
Temperature (K)

Fig. 4. Temperature dependence of the molar magnetic susceptibility of
Yb(Ago.18Sios2 )2, measured in a field of 0.5 T. The solid line is a fit of the experimental
data to Eq. (1) with the parameters given in the text.

impurities and hence the measured susceptibility is expressed by
the sum

X(T) = xv(T) + Ximp(T) + X0 (5)

with the terms xo and ximp(T) as defined above. The least
squares fit of the experimental data of YbCu,Ge, to the Egs.
(2)-(5) (see Fig. 3(a)) gives the parameters: Tss =489 K, Eex = 2908 K,
Cimp =0.024 emu K/mol, 0, = —5.4Kand xo 2.8 x 10~4 emu/mol.
The impurity concentration n estimated from the value of Gy
is about 0.9 at% Yb3* ions per mole. The energy Eex is quite large
thus indicating that the magnetic 4f!'3 configuration is quite dis-
tant in energy from the nonmagnetic 4f'4 ground state. The ICF
model yields at 2 K the effective valence of the ytterbium atom in
YbCu,Ge;, of only 2.02. With increasing temperature the excited
state becomes thermally populated and the valence increases,
reaching at 600K a value of 2.37.

In the case of YbAg,Si, and YbAg,Ge, no hint at unstable
valence of Yb ions is observed (cf. Fig. 3(b)). Hence, the experi-
mental x(T) curves were analyzed in terms of Egs. (1) and (2). The
so-derived parameters are as follows: xo=2.36 x 10~% emu/mol,
Cimp=0.048emuK/mol and 6i,,=-59K for the silicide
and x0=1.87 x 10~* emu/mol, Cimp=0.041emuK/mol  and
Oimp=—7.4K for the germanide. From the values of G, one
finds the concentration of impurities to be about 1.8 and 1.6 at%
Yb3* ions per mole in YbAg,Si, and YbAg,Ge,, respectively, i.e.
considerably larger than in the other samples studied, yet still
below the detection limit of X-ray diffraction technique.

As displayed in Fig. 4, nonmagnetic behavior was revealed
also for the compound Yb(Agg13Siggz)2. In this case the fit-
ting of Egs. (1) and (2) to the experimental data yields the
parameters: xo=4.75 x 10~% emu/mol, Cimp =0.023 emu K/mol and
Oimp =—5.9K. From these results the amount of Yb3* jons con-
sidered as the impurity contribution in the nominally Pauli
paramagnetic sample measured is 0.9 at% per mole.

3.3. Electrical properties

The temperature variations of the electrical resistivity of
YbCu,Ge,, YbAg,Si> and YbAg,Ge, are shown in Fig. 5. All three
compounds exhibit metallic character of the electrical conduc-
tion with the resistivity of few tens €2 cm at room temperature.
The p(T) curves are featureless down to 4.2K, in line with non-
magnetic character of the materials studied. At low temperatures
(below ca. 60K) the resistivity varies as AT? (see the insets in
Fig. 5) with the coefficient A being equal to 10.2 x 104, 2.8 x 10~4
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Fig. 5. Temperature dependence of the electrical resistivity of (a) YbCu,Ge, (b)
YbAg,Si,, and (c) YbAg,Ge,. In each panel the solid line is a fit of the experimen-
tal data to Eq. (6) with the parameters given in the text. Insets: low-temperature
resistivity plotted as a function of squared temperature. The solid lines mark T2
variations.

and 6.7 x 10~4 w2 cm/K? for YbCu,Gey, YbAE,Si; and YbAg,Ge,,
respectively. According to the Kadowaki-Woods scaling [24] these
values correspond to the electronic coefficient of the specific heat y
of about 10, 8 and 5 mJ/(mol K2), respectively. Slightly enhanced y
for YbCu,Ge; is consistent with the intermediate valent character
of this germanide [25].

In the entire temperature range for the p(T) curves may be
well approximated by the Bloch-Griineisen-Mott (BGM) formula
[26] that comprises residual, phonon, and interband scattering
contributions

290 T T T T T
Yb(Ag, Si) 4,),

280
g 270
Q
G
2
a 260
250 L 01 23 45 6]
2 32
0 1 1 1 1 I (10 IK) /r
0 50 100 150 200 250 300

Temperature (K)

Fig. 6. Temperature dependence of the electrical resistivity of Yb(Ago.1sSio.s2)2. The
solid line is a fit of the experimental data to Eq. (6) with the parameters given in the
text. Inset: low-temperature resistivity plotted as a function of squared temperature.
The solid line marks a T2 variation.

SO0/ .
T x>dx 3
p=mrato() [ iyt e KT ©
0
with the parameters: po=13n2cm, ®p=218K,
R=0.108 w2 cm/K and K=1.6 x10~7 uQ cm/K3 for

YbCu,Gey, pp=6.2n2cm, ®p=292K, R=0.037 n2cm/K and
K=55x10"8uQcm/K3® for YbAg,Si;, and pp=31.4u2cm,
Op=182K, R=0.056 .Qcm/K and K=3.9x 108 uQcm/K3 for
YbAg,Ge,. The Debye temperature derived for YbCu,Ge, is very
close to the value reported for YbCu,Si; (®p=221K [10]). For all
three compounds studied Mott’s term is very small and does not
affect considerably a nearly linear behavior of p(T) above about
100K.

Fig. 6 presents the temperature dependence of the electri-
cal resistivity of Yb(Agp18Sipg2)2. In comparison to the case of
the Yb(Cu, Ag),(Si, Ge), compounds, the resistivity is an order
of magnitude larger in the entire temperature range. This fea-
ture clearly reflects an atomic disorder in the unit cell, where
two crystallographic positions have mixed occupancies of Ag and
Si atoms (see Table 2). The overall behavior of the p(T) curve is
however very similar to the afore-discussed data. The A coeffi-
cient in the T2 variation of the resistivity (observed in the interval
15-50K) amounts to 11.0 x 10~% w§2 cm/K? that provides an esti-
mate for the Sommerfeld coefficient of 10 mJ/(molK?). The BGM
formula can be well fitted to the experimental data yielding the
parameters: pg=256 Q2 cm, @p=222K, R=0.104 n2cm/K and
K=1.1x10"7 uQ cm/K3, i.e. close (except for pg) to those found
for the other intermetallics studied. Below about 15K, the p(T)
curve shows a little upturn (cf. the inset to Fig. 6) that likely arises
due to the presence of some Yb?* ions, revealed in the magnetic
data, which behave as single Kondo impurities in the nominally
nonmagnetic Yb(Agg.1gSig.g2 )2 compound.

4. Summary

The magnetic measurements revealed that YbAg,Si,, YbAg,Ge;
and Yb(Agg.18Sip g2 )2 are weak Pauli paramagnets, whereas the
two studied Yb(Cuq_,Zny),Si> pseudoternary alloys (x=0.65, 0.77)
exhibit weak diamagnetism. In all these systems the ytterbium ions
are in divalent states. In turn, for YbCu,Ge, an intermediate valent
character of the magnetic susceptibility was found thus indicating
that the valence state of the Yb ions in this compound is unstable.
Similar behavior has previously been observed for the correspond-
ing silicide YbCu,Si; [10-12]. However, in contrast to the latter
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phase that exhibits the Yb valence of 2.9 at room temperature and
decreases to 2.8 at T=4.2K [11], i.e. it is close to 3+ in the wide
temperature range, the Yb valence in the germanide is only 2.02
at T=1.7K and rises to 2.37 at high temperature of 600K, i.e. it is
close to divalent state. This distinct difference in the valence states
is clearly reflected in the thermal behavior of the magnetic suscep-
tibility that in the case of YbCu,Si, follows the Curie-Weiss law
with a large effective magnetic moment of 4.19 wg [10], and keeps
a non-Curie-Weiss character up to very high temperatures in the
case of YbCu,Ge,. In line with a nearly nonmagnetic character of
YbCu,Ge,, the electronic correlations in this material are rather
weak, as indicated by only minor enhancement of the electronic
specific heat, estimated from the electrical resistivity data.
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