
C
A

A
a

b

a

A
R
R
A
A

K
Y
M
E
I

1

i
t
f
i
i
c
a
t
p
c
s
t
A

A
T
f
1
2
T
C

0
d

Journal of Alloys and Compounds 504 (2010) 1–6

Contents lists available at ScienceDirect

Journal of Alloys and Compounds

journa l homepage: www.e lsev ier .com/ locate / ja l l com

rystal structure and physical properties of Yb-based intermetallics Yb(Cu,
g)2(Si, Ge)2, Yb(Cu1−xZnx)2Si2 (x = 0.65, 0.77) and Yb(Ag0.18Si0.82)2

. Grytsiva,∗, D. Kaczorowskib, V.-H. Tranb, A. Leithe-Jaspera, P. Rogla

Institute of Physical Chemistry, University of Vienna, Währingerstrasse 42, A-1090 Wien, Austria
Institute for Low Temperature and Structure Research, Polish Academy of Sciences, P.O. Box 1410, 50-950 Wrocław, Poland

r t i c l e i n f o

rticle history:
eceived 7 March 2010
eceived in revised form 6 May 2010
ccepted 7 May 2010

a b s t r a c t

X-ray powder data for YbCu2Ge2, YbAg2Si2 and YbAg2Ge2 confirmed the atom order of the ThCr2Si2 type
(ordered BaAl4 type) as reported earlier. YbCu2Ge2 is an intermediate valence system with the Yb ions
valence close to +2 at low temperatures, whereas the other two compounds are weakly temperature-
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dependent paramagnets. All these ternaries show metallic character of their electrical conductivity. The
structure of Yb(Cu1−xZnx)2Si2 (x = 0.65, 0.77) was found to correspond to the BaAl4 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(Ag0.18Si0.82)2 crystallizes in the ThSi2-type on the verge to a symmetry reduction
towards orthorhombic GdSi2-type. This phase is a Pauli paramagnet and exhibits metallic behavior of the
ntermediate valent systems resistivity.

. Introduction

Rare earth metal disilicides and digermanides have gained some
nterest as electric contact materials in Si/Ge-waver based elec-
ronic devices [1]. Sharply structured photoluminescence bands
rom rare earth intra-4f-shell transitions have furthermore spurred
nterest in optical fibre telecommunication [2]. However, there
s still a serious lack of reliable phase equilibria data for the
orresponding Si(Ge)-rare earth systems with contact materials,
s well as of the crystal structure and the physical proper-
ies of the intermediate phases [3]. Our general interest in the
hysical (magneto-electrical) properties of ternary ytterbium-
ontaining compounds [4–9] and in particular of corresponding
ilicides/germanides prompted us to study the concentration sec-
ions YbSi2 – T and YbGe2 – T, where T is one of the metals Cu, Zn,
g.

From the ternary compounds YbT2Si2 and YbT2Ge2 with T = Cu,
g only YbCu2Si2 has intensively been investigated in the past.
he compound was reported to be a moderately enhanced heavy
ermion system with an electronic specific heat coefficient � of

35 mJ/(mol K2) [10], an ytterbium ion valence at 4.2 K of about
.8 [11,12] and a characteristic Kondo temperature TK = 200 K [13].
he magnetic susceptibility of YbCu2Si2 follows above 75 K a
urie–Weiss law with a large negative paramagnetic Curie temper-
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ature � = −90 K and an effective magnetic moment �eff = 4.19�B
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 0.4 K [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(Cu0.125Si0.875)2−x revealed two structural
modifications with different physical behavior [17]: whereas the
ThSi2-type modification is a new intermediate valent material,
the AlB2-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: YbCu2Ge2,
YbAg2Si2 and YbAg2Ge2, which, to the best of our knowledge,
have not hitherto been reported in the literature. In the course
of our attempts to prepare the YbT2Si2 phases we discovered a
novel compound Yb(Ag0.18Si0.82)2 as well as a pseudoternary sys-
tem Yb(Cu1−xZnx)2Si2. 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 YbCu2Ge2, YbAg2Si2 and YbAg2Ge2, each with a total
weight of about 1–2 g, were prepared by repeated arc-melting appropriate amounts

dx.doi.org/10.1016/j.jallcom.2010.05.051
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Table 1
Structural data (Rietveld refinements, I4/mmm, ThCr2Si2(CeAl2Ga2)-type structure) for Yb(Cu, Ag, Zn)2(Si, Ge)2 compounds. Data collection: Huber Image Plate; Radiation:
CuK�1; 2� range: 8 ≤ 2� ≤ 100a.

Parameter/compound YbAg2Si2 Yb(Zn0.65Cu0.35)2Si2 YbCu2Ge2

a (nm), Guinier film 0.41900(5) 0.4071(2) 0.40521(9)
c (nm), Guinier film 1.0622(3) 1.028(1) 1.0273(7)
Reflections measured 47 42 41
Number of variables 21 23 21
RF = �|Fo − Fc|/�Fo 0.038 0.064 0.050
RI = �|Io − Ic|/�Io 0.05 0.078 0.050
RwP = [�wi|yoi − yci|2/�wi|yoi|2]1/2 0.075 0.093 0.097
RP = �|yoi − yci|/�|yoi| 0.055 0.066 0.071
Re = [(N − P + C)/(�wiy2

oi)]1/2 0.036 0.018 0.021
�2 = (RwP/Re)2 4.35 27.9 19.2
Atom parameters

Yb, 2a (0, 0, 0), Biso
b 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), z Si, 0.3910(3) 0.65Zn + 0.35Cuc, 0.3903(4) Ge, 0.38108(7)
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a Crystal structure data are standardized using the program Structure Tidy [22].
b Beq (Biso) are given in 10−2(nm2).
c Fixed.

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

Polycrystalline specimens of Yb(Cu1−xZnx)2Si2 were prepared by powder met-
llurgy technique. Arc-melted master alloys YbCu2−xSi2 were powdered under
yclohexane and mixed with freshly milled Zn powder (5 N, Alcan Electronics). The
ompacted powder blends were sealed in evacuated silica ampoules, heat treated
t 350–400 ◦C for 2 days, and finally sintered at 700 ◦C for 3 days.

Single crystals of Yb(Cu1−xZnx)2Si2 were obtained via the Lebeau method [18],
ssentially based on the temperature-dependent solubility of the constituting ele-
ents in the Zn flux. The substrates were placed in an Al2O3 crucible, which was

hen vacuum-sealed within a thick-walled quartz tube. The tube was heated up to
050–1100 ◦C with a rate of 75 ◦C/h with an intermediate hold at 450 ◦C for 1 h, i.e.
lightly above the melting point of the flux. After a soaking period at the maximum
emperature for up to 12 h, cooling to 600 ◦C proceeded at a speed of 10 ◦C/h, after
hich the sample was kept at 600 ◦C for 12 h prior to final quenching. After remov-

ng the Zn flux by 3 N HCl water solution well-developed single crystals could easily
e isolated.

Crystal structure identification and rough determination of the unit cell dimen-
ions were performed using a 57.3 mm radius Gandolfi-camera. Weissenberg
hotographs accomplished crystal quality control and inspection of crystal sym-
etry. The precise lattice parameters and standard deviations were obtained by a

east squares refinement of the room temperature X-ray powder diffraction data,
ollected on a Guinier-Huber camera with CuK�1 radiation. In these measure-
ents either bulk materials or powdered single crystals (optically selected under
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
tom positions were done using the FULLPROF program [19], based on the X-
ay intensity data obtained with a Guinier-Huber Image Plate recording system
CuK�1).

Magnetic measurements were performed in the temperature range 1.72–600 K
nd in magnetic fields up to 5 T using a Quantum Design MPMS-5 SQUID magne-
ometer. In these studies polycrystalline samples of YbCu2Ge2, YbAg2Si2, YbAg2Ge2

nd Yb(Ag0.18Si0.82)2 were used. In the case of Yb(Cu1−xZnx)2Si2 collections of sin-
le crystals freely placed in a sample holder were used as specimens. The electrical
esistivity of YbCu2Ge2, YbAg2Si2, YbAg2Ge2 and Yb(Ag0.18Si0.82)2 was measured in
he temperature range 4.2–300 K employing a conventional dc four-point technique.
n these measurements the electrical leads were attached to bar-shaped polycrys-
alline specimens by silver-epoxy paste.

. Results and discussion

.1. Crystal structures
For YbAg2Si2, YbCu2Ge2 and YbAg2Ge2 systematic extinctions
haracteristic for body centring and the appropriate unit cell
imensions suggested isotypism with the tetragonal BaAl4 type
f structure. Assuming an atomic arrangement corresponding to
3.3(1) 1.71(2)

the ThCr2Si2 type (ordered variant of BaAl4) satisfactory descrip-
tion of the Guinier X-ray diffraction patterns was obtained for all
the materials, in agreement with previous reports on YbAg2Si2 [20]
and YbCu2Ge2 [21]. YbAg2Ge2, however, is a new compound of the
ThCr2Si2 type. Results of the Rietveld refinements are summarized
in Table 1.

Similarly, the crystal structure of the Yb(Cu1−xZnx)2Si2 pseu-
doternaries was found to correspond fully with the atomic
arrangement of the BaAl4 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(Cu1−xZnx)2Si2 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(Cu0.35Zn0.65)2Si2 and Yb(Cu0.23Zn0.77)2Si2 (note
full circles in Fig. 1).

Whereas the as-cast alloy “YbAg2Si2” is multiphase – reveal-
ing YbAg2Si2, a ThSi2-type phase and a (Ag + Si) eutectic – the same
alloy turns single-phase YbAg2Si2 after anneal at 850 ◦C. As the alloy
stays multiphase after anneal at 900 ◦C, the YbAg2Si2 phase forms
below a temperature between 850 and 900 ◦C. It is interesting to
note, that the YbAg2Si2 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 ThSi2-type phase, observed in the as-cast and multiphase alloy
“YbAg2Si2”, was found in single-phase condition at the compo-
sition Yb(Ag0.18Si0.82)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 GdSi2-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(Cu1−xZnx)2Si2 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
10−4 emu/mol, indicating that the ytterbium ions are here in a diva-
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Table 2
Structural data for Yb(Si0.82Ag0.18)2. Data collection: Huber Image Plate; Radiation: CuK�1; 2� range: 8 ≤ 2� ≤ 100a.

Parameter/nom. composition Yb(Si0.813Ag0.187)2 Yb(Si0.813Ag0.187)2

Composition from refinement Yb(Si0.830Ag0.170)2 Yb(Si0.824Ag0.176)2

Space group I41/amd Imma
Prototype ThSi2 GdSi2
a (nm), Image plate 0.408709(5) 0.408307(4)
b (nm), Image plate 1.43069(2) 0.409115(5)
c (nm), Image plate 1.43069(2) 1.43072(1)
Reflections measured 46 93
Number of variables 19 24
RF = �|Fo − Fc|/�Fo 0.032 0.035
RI = �|Io − Ic|/�Io 0.045 0.042
RwP = [�wi|yoi − yci|2/�wi|yoi|2]1/2 0.086 0.069
RP = �|yoi − yci|/�|yoi| 0.058 0.049
Re = [(N − P + C)/(�wiy2

oi)]1/2 0.017 0.017
�2 = (RwP/Re)2 24.5 15.8
Atom parameters

Yb 4a (0, 3/4, 1/8) 4e (0, 1/4, 0.6245(1))
Beq (Biso) 102(nm2) 0.46(2) 0.46(1)
Si + Ag 8e (0, 1/4, 0.29128(7)) 4e (0, 1/4, 0.2088(4))
occ., B (B ) 102(nm2) 0.83Si + 0.17Ag, 0.53(3) 0.90Si + 0.10Ag, 0.47(2)

4e (0, 1/4, 0.0414(3))
0.75Si + 0.25Ag, 0.50(1)

re Tidy [22].

l
i
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p
s
I

F
i
s

eq iso

Si + Ag –
occ., Beq (Biso) 102(nm2) –

aCrystal structure data are standardized using the program Structu

ent state. With decreasing temperature �(T) exhibits first a slight

ncrease and then a rapid upturn is observed at the lowest temper-
tures. This effect in the samples studied is probably caused by the
resence of small amount of paramagnetic impurities, most likely
ome ytterbium oxide on the surface of single crystals measured.
n order to account for the impurity content the experimental data

ig. 1. Compositional dependence of the lattice parameters and the unit cell volume
n the Yb(Cu1−xZnx)2Si2 system. The full symbols denote the values derived for the
ingle crystals grown from Zn flux.
Fig. 2. Temperature dependencies of the molar magnetic susceptibility of
Yb(Cu0.35Zn0.65)2Si2 (open circles) and Yb(Cu0.23Zn0.77)2Si2 (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

�(T) = �0 + �imp(T) (1)

where �0 stands for the intrinsic susceptibility of Yb(Cu1−xZnx)2Si2
being the sum of core-electron diamagnetic and conduction-
electron paramagnetic contributions, whilst the impurity contri-
bution �imp(T) is given by a Curie–Weiss law

�imp(T) = Cimp

T − �imp
. (2)

Fitting the above equations to the experimental
data yields the parameters: �0 = −1.07 × 10−4 emu/mol,
Cimp = 0.004 emu K/mol and �imp = −0.7 K for Yb(Cu0.35Zn0.65)2Si2
and �0 = −0.84 × 10−4 emu/mol, Cimp = 0.005 emu K/mol and
�imp = −0.7 K for Yb(Cu0.23Zn0.77)2Si2. Assuming that the impu-
rity contribution comes exclusively from uncompensated
Yb3+ ions one may estimate the impurity concentration:

n = Cimp/CYb3+ (CYb3+ = �2

eff/8; �eff = 4.54�B) to be of about
0.2 at% per mole for both alloys.

Fig. 3 summarizes the magnetic properties of the compounds
YbCu2Ge2, YbAg2Si2 and YbAg2Ge2. 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)
YbCu2Ge2, (b) YbAg2Si2 and YbAg2Ge2, measured in a field of 0.5 T. In panel (a) the
thick solid line is a fit of the experimental data to Eqs. (2)–(5) with the parameters
given in the text. The thin solid, dashed and dotted curves represent the functions
�IV(T), �imp(T) and �0, respectively. The solid lines in panel (b) are fits of the exper-
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mental data to Eq. (1) with the parameters given in the text. Insets: magnetic field
ariations of the magnetization taken at 1.72 K with increasing (full circles) and
ecreasing (open circles) magnetic field.

emperature, rather weak temperature dependence �(T) (except
or temperatures below ca. 100 K), and a paramagnetic-like field
ariation of the low-temperature magnetization that also shows
mall magnitude even in the strongest fields applied. Additionally,
n the case of YbCu2Ge2 one observes a non-monotonic behavior
n �(T) which shows a rise of the susceptibility at elevated temper-
tures, characteristic of intermediate valence systems. Assuming
hat the compound contains Yb ions with noninteger valence its
usceptibility may be described in the framework of the intercon-
guration fluctuation model (ICF) [23] by the formula

IV(T) = N�2
eff[1 − �(T)]

3kB(T + Tsf)
(3)

here �(T) is a temperature-dependent mean occupation of the
round state

(T) = 1
1 + 8 exp[−Eex/kB(T + Tsf)]

(4)

he effective magnetic moment �eff = 4.54�B, Tsf stands for the

pin fluctuation temperature that characterises the system and
ex is the energy separation of the nonmagnetic 4f14 ground
tate configuration from the magnetic 4f13 excited state. Alike in
he above-discussed nonmagnetic alloys the susceptibility upturn
t low temperatures presumably arises because of paramagnetic
Fig. 4. Temperature dependence of the molar magnetic susceptibility of
Yb(Ag0.18Si0.82)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

�(T) = �IV(T) + �imp(T) + �0 (5)

with the terms �0 and �imp(T) as defined above. The least
squares fit of the experimental data of YbCu2Ge2 to the Eqs.
(2)–(5) (see Fig. 3(a)) gives the parameters: Tsf = 489 K, Eex = 2908 K,
Cimp = 0.024 emu K/mol, �imp = −5.4 K and �0 ≈ 2.8 × 10−4 emu/mol.
The impurity concentration n estimated from the value of Cimp
is about 0.9 at% Yb3+ ions per mole. The energy Eex is quite large
thus indicating that the magnetic 4f13 configuration is quite dis-
tant in energy from the nonmagnetic 4f14 ground state. The ICF
model yields at 2 K the effective valence of the ytterbium atom in
YbCu2Ge2 of only 2.02. With increasing temperature the excited
state becomes thermally populated and the valence increases,
reaching at 600 K a value of 2.37.

In the case of YbAg2Si2 and YbAg2Ge2 no hint at unstable
valence of Yb ions is observed (cf. Fig. 3(b)). Hence, the experi-
mental �(T) curves were analyzed in terms of Eqs. (1) and (2). The
so-derived parameters are as follows: �0 = 2.36 × 10−4 emu/mol,
Cimp = 0.048 emu K/mol and �imp = −5.9 K for the silicide
and �0 = 1.87 × 10−4 emu/mol, Cimp = 0.041 emu K/mol and
�imp = −7.4 K for the germanide. From the values of Cimp one
finds the concentration of impurities to be about 1.8 and 1.6 at%
Yb3+ ions per mole in YbAg2Si2 and YbAg2Ge2, 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(Ag0.18Si0.82)2. In this case the fit-
ting of Eqs. (1) and (2) to the experimental data yields the
parameters: �0 = 4.75 × 10−4 emu/mol, Cimp = 0.023 emu K/mol and
�imp = −5.9 K. From these results the amount of Yb3+ ions 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
YbCu2Ge2, YbAg2Si2 and YbAg2Ge2 are shown in Fig. 5. All three
compounds exhibit metallic character of the electrical conduc-

tion with the resistivity of few tens �	 cm at room temperature.
The 
(T) curves are featureless down to 4.2 K, in line with non-
magnetic character of the materials studied. At low temperatures
(below ca. 60 K) the resistivity varies as AT2 (see the insets in
Fig. 5) with the coefficient A being equal to 10.2 × 10−4, 2.8 × 10−4
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Fig. 5. Temperature dependence of the electrical resistivity of (a) YbCu2Ge2, (b)
YbAg Si , and (c) YbAg Ge . In each panel the solid line is a fit of the experimen-
t
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al data to Eq. (6) with the parameters given in the text. Insets: low-temperature
esistivity plotted as a function of squared temperature. The solid lines mark T2

ariations.

nd 6.7 × 10−4 �	 cm/K2 for YbCu2Ge2, YbAg2Si2 and YbAg2Ge2,
espectively. According to the Kadowaki–Woods scaling [24] these
alues correspond to the electronic coefficient of the specific heat �
f about 10, 8 and 5 mJ/(mol K2), respectively. Slightly enhanced �
or YbCu2Ge2 is consistent with the intermediate valent character

f this germanide [25].

In the entire temperature range for the 
(T) curves may be
ell approximated by the Bloch–Grüneisen–Mott (BGM) formula

26] that comprises residual, phonon, and interband scattering
ontributions
Fig. 6. Temperature dependence of the electrical resistivity of Yb(Ag0.18Si0.82)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.


 = 
0 + 4R�D

(
T

�D

)5
�D/T∫

0

x5dx

(ex − 1)(1 − e−x)
+ KT3 (6)

with the parameters: 
0 = 1.3 �	 cm, �D = 218 K,
R = 0.108 �	 cm/K and K = 1.6 × 10−7 �	 cm/K3 for
YbCu2Ge2, 
0 = 6.2 �	 cm, �D = 292 K, R = 0.037 �	 cm/K and
K = 5.5 × 10−8 �	 cm/K3 for YbAg2Si2, and 
0 = 31.4 �	 cm,
�D = 182 K, R = 0.056 �	 cm/K and K = 3.9 × 10−8 �	 cm/K3 for
YbAg2Ge2. The Debye temperature derived for YbCu2Ge2 is very
close to the value reported for YbCu2Si2 (�D = 221 K [10]). For all
three compounds studied Mott’s term is very small and does not
affect considerably a nearly linear behavior of 
(T) above about
100 K.

Fig. 6 presents the temperature dependence of the electri-
cal resistivity of Yb(Ag0.18Si0.82)2. In comparison to the case of
the Yb(Cu, Ag)2(Si, Ge)2 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 
(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
15–50 K) amounts to 11.0 × 10−4 �	 cm/K2 that provides an esti-
mate for the Sommerfeld coefficient of 10 mJ/(mol K2). The BGM
formula can be well fitted to the experimental data yielding the
parameters: 
0 = 256 �	 cm, �D = 222 K, R = 0.104 �	 cm/K and
K = 1.1 × 10−7 �	 cm/K3, i.e. close (except for 
0) to those found
for the other intermetallics studied. Below about 15 K, the 
(T)
curve shows a little upturn (cf. the inset to Fig. 6) that likely arises
due to the presence of some Yb3+ ions, revealed in the magnetic
data, which behave as single Kondo impurities in the nominally
nonmagnetic Yb(Ag0.18Si0.82)2 compound.

4. Summary

The magnetic measurements revealed that YbAg2Si2, YbAg2Ge2
and Yb(Ag0.18Si0.82)2 are weak Pauli paramagnets, whereas the
two studied Yb(Cu1−xZnx)2Si2 pseudoternary alloys (x = 0.65, 0.77)
exhibit weak diamagnetism. In all these systems the ytterbium ions

are in divalent states. In turn, for YbCu2Ge2 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 YbCu2Si2 [10–12]. However, in contrast to the latter
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t T = 1.7 K and rises to 2.37 at high temperature of 600 K, i.e. it is
lose to divalent state. This distinct difference in the valence states
s clearly reflected in the thermal behavior of the magnetic suscep-
ibility that in the case of YbCu2Si2 follows the Curie–Weiss law
ith a large effective magnetic moment of 4.19 �B [10], and keeps
non-Curie–Weiss character up to very high temperatures in the

ase of YbCu2Ge2. In line with a nearly nonmagnetic character of
bCu2Ge2, the electronic correlations in this material are rather
eak, as indicated by only minor enhancement of the electronic

pecific heat, estimated from the electrical resistivity data.
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