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Substitutions of Cu by Ga in YbCu5 stabilize the hexagonal CaCu5 structure and cause a crossover
from a divalent behavior of the Yb ion in YbCu5 to an almost 3+ state of Yb in YbCu3Ga2. This
gain of magnetism is accompanied by a noticeable enhancement of the electronic contribution to the
speci6c heat. External pressure transforms those compounds, exhibiting intermediate valence, to a
state which is best described in terms of the Kondo lattice model.

I. INTRODUCTION

The series YbCu has been investigated in detail, lead-
ing to, at least, five intermetallic compounds. Three
of them (YbCu, YbCu2, and YbCus) are character-
ized by an intermediate valence behavior, while the oth-
ers (Yb2Cu7 and Yb2Cus) show Curie-Weiss behavior,
where the Curie constant indicates a 3+ state of the Yb
lons.

Particularly, YbCu5 is of interest as a starting ma-
terial for a series of compounds with various interest-
ing low-temperature features. These range from inter-
mediate valence to the Kondo regime exhibiting both
long-range magnetic order with reduced moments and
paramagnetism down to the lowest temperatures. The
unusual large Kondo temperature T~ of the cubic com-
pound YbCu4Ag (T~ —150 K) (Refs. 2—6) hinders mag-
netic order whereby crystal 6eld splitting appears to be
of minor importance. On the contrary, crystal field split-
ting and long-range magnetic order dominate the ground
state properties of YbCu4Au due to a small value of
T~. Previously, it has been shown that a substitution
of Cu by Al leaves the hexagonal CaCu5 crystal structure
unchanged. The limiting composition of this solid
solution was found to be YbCu2 9A12 q. This substitu-
tion is responsible for a crossover from an almost divalent
behavior of the Yb ion in YbCu5 to a trivalent state of
Yb in YbCu3Al2. Additionally, long-range magnetic or-
der appears. Both the ordering temperature T~ and the
magnitude of the Yb moments in the crystal field ground
state increase with growing Al content. While T~ rises
from about 1 K in YbCu3 25Alg y5 to 2 K for YbCu3A12,

the magnitude of the Yb moment grows from about 1@~
in YbCu3 25Alg 75 to 2pgy in YbCu3A12. ' ' Simul-
taneously, the paramagnetic Curie temperature changes
&om about —340 K deduced for YbCu4Al to —17 K as
obtained for YbCu3Al2.

The aim of the present paper is a study of the crystal-
lographic section YbCu5 Ga which is found to crystal-
lize also in the hexagonal CaCu5 structure. The stability
range for compounds with the hexagonal unit cell extends
at least up to x = 2. Associated with the Cu/Ga substi-
tution is a dramatic change of the physical properties in-
dicated by susceptibility measurements, L gpss-absorption
edge measurements, the investigation of the specific heat,
and by transport properties which have been studied as a
function of temperature and applied pressure up to about
70 kbar.

II. EXPERIMENTAL DETAILS

Polycrystalline YbCu5 Ga samples, with 0 & x & 2
were prepared by high-frequency melting under argon
atmosphere and subsequently annealed for 14 days at
700 C. The phase purity and the lattice parameters have
been determined using a standard x-ray diKractometer
with the Ko; radiation of a Cr tube. All samples are
found to crystallize in the hexagonal CaCu5 structure.
In order to obtain phase purity also for YbCu5, this com-
pound has been prepared with Cu excess. The deduced
lattice parameters a and c (collected in Table I) show
that the volume V of the unit cell increases with rising
Ga content. In parallel, the lattice parameter a grows,
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TABLE I. Crystal structure, lattice parameters a and c, volume of the crystallographic unit cell
V, Pauli contribution yo, Curie constant C, effective magnetic moment p,g, paramagnetic Curie
temperature 8„, valency v, specific heat contribution c„/T(T ~ 0), and electronic contribution to
the specific heat p observed from a high-temperature extrapolation.

YbCu5 Ga
Structure

a [4]
c [A]

3V [A.']
yp [emu/mol]
C [emuK/mol]

PeB' [PB]
e„[K]

T,„=E,„/ks [K]
&x [K]

vat 300K
vat 10K

cp /T(T —+ 0) [mJ/mol K ]
[mJ/molK ]

x=2
CaCu5

5.1134(9)
4.119(2)

279.85
0.000067

2.608
4.56
-123

2.91
2.83
180
63

x = 1.5
CaCu5

5.077(l)
4.129(1)

276.50

no CW
no CW

-430
-525
115

x=1
CaCu5

5.0672(8)
4.1216(7)

274.96

no CW
no CW

-1050
170
2.59
2.50
40
3

x=0
CaCug

4.994(9)
4.126(2)

267.35

no CW
no CW

No Curie-Weiss behavior.
Obtained from a linear extrapolation.

while c shows a faint tendency to decrease. A comparison
of the observed intensity distribution of the x-ray pattern
and that calculated with a computer program indicates
that Ga preferentially occupies the 3(g) sites of the unit
cell with P6/mmm symmetry. As the Ga concentration
x exceeds the value x = 2 the crystal structure becomes
multiphase. This crystallographic situation resembles the
crystallographic situation found previously for the series
YbCu5 Al .

The temperature-dependent magnetic susceptibility
was investigated up to room temperature by means of a
superconducting quantum interference device (SQUID)
magnetometer. High-temperature measurements (300 K

T & 900 K) were performed by a Faraday balance
(SUS-10). X-ray-absorption spectroscopy (XAS) was
performed at the French synchrotron radiation facility
(LURE) in Orsay using the x-ray beam of the DCI
storage ring (working at 1.85 GeV and 320 mA) on
the extended x-ray-absorption fine-structure (EXAFS)
D22 station. A double Si (311) crystal was used as a
monochromator. Rejection of third-order harmonics was
achieved with the help of two parallel mirrors adjusted
to cut ofF energies higher than 10 keV. Experiments were
carried out in the energy range 8080—9060 eV, which con-
tains the Liii edge of Yb (and the K edge of Cu). Finely
powdered samples were spread on an adhesive Kapton
tape and four of such tapes were stacked together for
preparing a sample layer of thickness sufBcient enough
to ensure a good signal. Moreover, this was also helpful
in eliminating, to a good extent, any sample-free regions
in the path of the radiation. X-ray-absorption spectra
were measured at two fixed temperatures, 300 and 10 K.
Specific heat measurements on samples of about 2 g were
performed at temperatures from 1.5 K up to 60 K using
a modified Nernst-step-heating technique. The electrical
resistivity of bare-shaped. samples was measured using a
four-probe dc method in the temperature range from 1.5

K to room temperature. Two di8'erent method. s to gen-
erate high pressure were applied. Up to 20 kbar a liquid
pressure cell with a 4:1methanol-ethanol mixture as pres-
sure transmitter was used. Beyond 20 kbar, the Bridg-
man technique with A1203 anvils and pyrophyllit gas-
kets was applied. Steatit served as pressure-transmitting
medium. The absolute value of the pressure was deter-
mined from the superconducting transition of lead.

III. RESULTS AND DISCUSSION

A. Valence state of YbCuq Ga

A characterization of the physical behavior and its
change due to the Ga substitution is probably best
seen from the study of the temperature-dependent mag-
netic susceptibility y(T). Figure 1 shows y vs T of
various YbCu5 Ga compounds. The magnetic sus-
ceptibility y(T) of YbCus and YbCusGa2 is shown
as an inset in this figure. While the susceptibility
of the latter compound exhibits Curie-Weiss behavior,
the former compound is characterized by an almost
temperature-independent Pauli susceptibility with yo—
6 x 10 4 emu/mol at room temperature. Pauli paramag-
netism of YbCu5 has already been reported by Iandelli
and Palenzona.

Owing to the substitution of Cu by Ga, the magnetic
state of the Yb ion changes continuously from almost
Yb + in YbCu5 to Yb + in YbCu3Ga2. This crossover is
clearly traced by a pronounced change of y(T) resulting
in a Curie-Weiss behavior for YbCu3Ga2 above about 50
K. An almost linear behavior of y (T) is evident for the
compound x = 1.5 for temperatures higher than 250 K.
On the contrary, YbCu4Ga exhibits a broad maximum
in y i(T) between 4 K and room temperature. The
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interaction with conduction electrons. If the energy of
the 4f state lies below that of the 4f i4 level, a modified
Curie-Weiss law results. Otherwise, y(T) can vary from
a Curie-Weiss law to a weakly temperature-dependent
behavior, depending on the particular values of E,„and
Ts f

Least squares fits according to the Eqs. (2) and (3)
to the corrected data of both Yb compounds are shown
as solid lines in Fig. 2, giving reasonable agreement.
The obtained parameters are collected in Table I. The
large negative values evaluated for E clearly indicate
that the magnetic 4f state is situated well above the
nonmagnetic 4f ground state. A Curie-Weiss behav-
ior is therefore expected only at elevated temperatures.
The parameters observed for both compounds resem-
ble those of well-known Yb compounds like YbA13 or
YbC2. The valence vicF (v = 2+ nf) which follows
from the ICF model at room temperature [Eq. (3)] at-
tains about 2.7 and 2.4 for YbCu3 5Gag 5 and YbCu4Ga,
respectively. It should be mentioned that similar to Ce
compounds, Yb systems are constrained by the same
numbers: 0 ( nf ( 1. However, instead of electron
states, the f contribution is dominated from hole states.

Figure 3 shows Lyly-absorption edge measurements of
YbCu4Ga and YbCuaGa2 at room temperature and at 10
K, respectively. Both spectra show two features around
8937 and 8943 eV corresponding to Yb being divalent and
trivalent, respectively. The structure at 8937 eV is rein-
forced in the case of YbCu4Ga as compared to YbCu3Ga2
which is due to a higher concentration of the divalent
state. We also notice that this structure still increases as
the temperature is lowered from room temperature down
to 10 K in both compounds, which establishes that the
valence is temperature dependent, a characteristic of in-
termediate valence materials. After subtraction of the

background in a standard manner, the edge was decom-
posed into a pair of Lorentzians (Ll and I2) and modified
inverse tangent functions (AT1 and AT2) to provide the
relative weight of the two electronic configurations and to
evaluate the valence v~„, of the Yb ions (Fig. 4). Thus
we observed values of 2.62 and 2.92 for YbCu4Ga and
YbCu3Ga2, respectively. If y is the concentration of the
Yb203 impurity phase, the valence of the pure material v
will be related to the valence vl „, deduced from the L,gyes

edge measurements by v = (v~„, —6y)/(1 —2y), as each
Yb ion of Yb203 will contribute to the 3+ peak. Using
the values of the impurity concentration as observed from
the susceptibility data and assuming a similar amount
for YbCu3Ga2, reveals slightly reduced values, which are
given in Table I.

As already inferred from the susceptibility measure-
ments, the valence of the present Yb compounds in-
creases with increasing Ga content and approaches an al-
most 3+ state for YbCu3Ga2 at room temperature. How-
ever, when compared with the isomorphous compound
YbCu3A12, which exhibits at room temperature and at 10
K a valence v = 3.00, there is a distinct difference with
appreciable consequences to physical properties. First
of all, long-range magnetic order sets in below 2 K for
YbCu3A12, while no order has been observed down to
1.5 K at ambient pressure in the case of YbCu3Ga2. Ad-
ditional differences arise from the fact that the paramag-
netic Curie temperature O„of YbCusGa2 (0„-—120 K)
is much larger than for YbCusA12 [0„=—17 K (Ref. 12)].
The latter clearly indicates that the Kondo interaction
strength kgyT~ oc k~~8„~ is larger in case of the Ga-
substituted compounds; accordingly we suppose that the
Yb moments are more screened due to a stronger s fhy--
bridization. Thus the appearance of long-range magnetic
order is much more unlikely and the slight deviation from
the trivalent state follows consequently.
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B. Properties of YbCus Ga at ambient pressure
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YbCus Ga compounds. The inset shows c~/T vs T .

The temperature dependence of the specific heat c„ for
various compounds of the series YbCu5 Ga at temper-
atures up to 20 K is shown in Fig. 5. The contribution
due to Yb203, showing an anomaly at about 2.2 K, has
been subtracted; the concentration amounts to about 3%,
which is of the same order as that derived from y(T). As
the substitution of Cu/Ga hardly changes the phonon
contribution of c„(T) in the medium-temperature range
(20 K ( T & 80 K), only low-temperature data are pre-
sented in Fig. 5, where a signiGcant increase of the heat
capacity with increasing Ga content is observed. The
phonon contribution to the heat capacity of all com-
pounds between 10 K and 80 K can be reasonably de-
scribed with a combination of one Debye function and
two Einstein functions, where the characteristic temper-
atures OD = 127 + 3 K, 0@, ——140 + 3 K (6), and
0@, = 265+5 K (9) correspond to the 3 acoustic and 15
optical modes (the numbers of optical branches for the
latter two Einstein temperatures are given in brackets).

Plotting the data as cz/T vs T (inset, Fig. 5) reveals
a continuous enhancement of the electronic contribution
to the specific heat according to the rising Ga content. A
polynomial extrapolation of c„/T towards zero tempera-
tures yields finally 180 mJ/molK for YbCu3Ga2 (com-
pare Table I). Such a value of c„/T resembles typical
magnitudes of this quantity found for Yb-based Kondo
lattices. For example, the compounds YbCu4Ag (Ref. 2)
and YbCuAl (Ref. 22) exhibit c„/T values of 245 and 220
mJ/molK, respectively. Extrapolating the data from
the temperature range 10 K ( T & 20 K towards zero
yields also a strong Ga-dependent increase of p from
about 2 mJ/molK2 for YbCus up to 63 mJ/molK for
YbCusGa2. The enhancement of c„/T with increasing
Ga content is concomitant with the change of the valency
of the Yb ion towards the 3+ state.

Usually, the temperature-dependent speciGc heat of

compounds in the proximity of the 3+ state may be
described in terms of the Bethe-ansatz solution of the
Coqblin-Schrieffer model. Assuming that for the com-
pound YbCu3Ga2 crystal Geld splitting is of minor im-
portance, at least at ambient pressure, the characteristic
temperature of the system To (To ——T~/W~, where W~ is
the Wilson number ) can be evaluated from the specific
heat data in the zero temperature limit by

with B the gas constant and % the degeneracy of the
Yb moments (X = 2j + 1). With p = 180 mJ/molK
and j = 7/2, To is found to be about 170 K. The large
To value, which is of the same order of magnitude as
the paramagnetic Curie temperature ~0„~ = 120 K, im-
plies that the Kondo interaction strength k~T~ is much
larger than RKKY interaction in this compound. The
latter energy scale is usually obtained by a scaling of the
transition temperatures of the respective rare earth com-
pounds according to the de Gennes factor, yielding typi-
cal ordering temperatures of Yb compounds without the
Kondo effect of about 1—10 K [GdCusGa2. T~ = 12 K
(Ref. 25)j. Since T~ )) TRKKv, no long-range magnetic
order can be expected for YbCusGa2. If Eq. (4) is also
applied to the compounds x = 1.5 and x = 1, an even
larger characteristic temperature To of the order of sev-
eral hundreds of kelvin can be deduced.

Due to the fact that the valency v of the Yb ion,
even in the case of YbCusGa2, deviates from 3, Eq. (4)
may not fully account for the low-temperature behavior
of c„(T). However, Bickers et al. 2s have calculated the
temperature-dependent specific heat for Fixed values of
the degeneracy % while the mean occupation of the f
shell ny has been used as parameter. The results of Bick-
ers et al'. show that for a rather extended temperature
range the theoretical c„(T)behavior does not depend sen-
sitively on nf if the value of nf is kept in a limited range.
However, for T (& To and nf ( 1, the calculated behav-
ior of c„(T) deviates from the case nf = l. Both larger
and smaller c„(T) values may occur, depending on the
particular choice of nf.

On the other hand, if crystal Geld splitting acts on the
j = 7/2 state of the Yb ion, due to the hexagonal sym-
metry, a doublet as the ground state is expected. This
case is probably of importance for YbCu3Ga2, at least
at somewhat elevated values of pressure. For a doublet
as the ground state, the Kondo temperature T~ follows
from c„/T(T ~ 0) = 0.68R/TJc, yielding T~ —31K
for YbCu3Ga2. Even this value is rather large, and a
nonmagnetic ground state is therefore likely.

The temperature-dependent resistivity p of various
YbCu5 Ga compounds is shown in Fig. 6. Starting
with YbCu5, a gradual change of the resistivity behav-
ior is observed. (i) The residual resistivity po increases
from about 4 to 85 @Oem with growing Ga content. As
the residual resistivity arises mainly from scattering pro-
cesses of conduction electrons on static imperfections, we
attribute this increase to a partial disorder within the
crystallographic unit cell. As mentioned above, the sub-
stitution of Cu by Ga takes place preferentially at the
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ature T~. However, when other interaction mechanisms
like the RKKY interaction or crystal field splitting be-
come comparable to the Kondo interaction, the proposed
universal behavior can no longer be observed. Instead,
either pronounced minima followed by maxima, or vice
versa, usually occur. The absence of long-range mag-
netic order in YbCu5 Ga follows also from the absence
of a positive S(T) contribution at low temperatures. As
has been shown already by Fischer, the sign of the ther-
mopower for Kondo compounds at low temperatures is
determined from a mutual balance of RKKY and Kondo
interactions. In the case of Yb systems, the former in-
teraction yields a positive S(T) contribution, while the
latter mechanism is responsible for negative S(T) values.
The resulting sign of S(T) follows then from whichever
process dominates the other. In the scope of this model,
the observed S(T) behavior of YbCus Ga confirms the
absence of long-range magnetic order, together with the
other experiments performed in this study.

C. Pressure response of YbCus Ga
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0.6
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I' IG. 8. Temperature- and pressure-dependent electrical re-

sistivity p of YbCu4Ga plotted in a normalized representation.

Previously, it has been demonstrated that the appli-
cation of hydrostatic pressure reduces the Kondo tem-
perature of ytterbium systems and accordingly favors in-
creasing magnetic interactions. ' ' ' Such a pressure-
induced change of the magnetic state will be demon-
strated below in detail for two compounds of the series,
namely, YbCu4Ga and YbCu3Gag.

Figure 8 shows p(T) of YbCu4Ga at various values of
applied pressure in a normalized representation. At am-
bient pressure, p(T) increases continuously with temper-
ature, implying that, magnetic scattering processes are
of minor importance. As pressure grows, magnetic scat-
tering processes become more dominant, giving rise to
remarkable structure in the p(T) curves. Approximately
beyond 60 kbar, a maximum in p(T) develops, where the

temperature of this maximum, T, shifts to lower val-
ues. Finally, at p = 77 kbar, the maximum centers at
T —17 K. Above T the behavior of the resistiv-
ity is dominated by a negative logarithmic contribution.
This distinct temperature dependence is usually taken as
an archetypal sign of Kondo interactions. A confirmation
for the occurrence of this type of interaction follows from
a Gt to the data, considering the most dominant scatter-
ing processes in this compound and their contributions to
p(T). Based on Matthiessen's rule, the resistivity can be
accounted for by a sum of the temperature-independent
residual resistivity po, the phonon interaction term pph,
and the logarithmic Kondo contribution p z, i.e. ,

p(T) = po + p~h(T) + p~~s(T) = o, + pB~(T) —cln(T).

(6)

pBG(T) reBects a phonon contribution according Eq. (5).
The results of a least squares fit at higher temperatures
based on Eq. (6) are shown as solid lines in Fig. 8, con-
firming the importance of the Kondo efFect. The nega-
tive logarithmic contribution due to scattering processes
on independently acting scattering centers is expected
to occur only at elevated temperatures. At low tem-
peratures, the properties owing to the sublattice of Yb
ions become prominent. In case of the periodic arrange-
ment of almost magnetic Yb ions, the conduction elec-
trons can move as Bloch waves. The associated resis-
tivity contribution reduces and finally approaches zero
at zero temperatures. In this case, p(T) is characterized
by a behavior proportional to T at low temperatures,
yielding a maximum at TI' = T~ since only at ele-
vated temperatures does the typical Kondo contribution
to the resistivity occur. The distinct resistivity behavior
of Kondo lattices has also been shown from calculations
based on solutions of the periodic version of the Ander-
son model. In the scope of these calculations it can
be concluded that T~ of YbCu4Ga decreases along with
increasing pressure, approaching a value of roughly 20 K
at p = 77 kbar. However, a substantial reduction of p(T)
and a clear T behavior at the lowest temperatures as
in classical Kondo lattice systems like CeA13, CeCu6, or
YbCu4Ag could not be resolved, the reason of which is
supposed to arise from partial disorder of the Ga ions on
the 3(g) sites of the hexagonal unit cell. This causes a
nonuniform chemical and therefore electronical surround-
ing at the Yb sites. Such a situation can give rise to
faults in in the Bloch-like motion of the conduction elec-
trons; consequently the resistivity stays relatively large.
Taking the maximum in p vs T as a measure of T~,
we can estimate a Gruneisen parameter 0, , expressing
the volume dependence of various characteristic temper-
atures (T;). From the pressure-dependent variation of
T~ the electronic Griineisen parameter 0 is obtained
as 0, = —B(lnT~)/0(ln V) = (Ro/T~)(BT~/Bp). Since
the bulk modulus Bo of YbCu4Ga is not yet known, we
ilse Bo of the compound YbCu4Ag (Ref. 6) as a first ap-
proximation. This choice seems to be justified by the fact
that the pressure- and temperature-dependent variation
of the electrical resistivity nearly resembles the behavior
of YbCu4Ga. Using BT~/Op~„)s2 yg, = —3.3 K/kbar,
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FIG. 9. Temperature- and pressure-dependent electrical re-
sistivity p of YbCu3Gaz plotted in a normalized representa-
tion. The inset showers the pressure-dependent variation of the
room temperature resistivity.

one arrives finally at O, ~„—s2 i,b, ——50.
Usually heavy fermion compounds based on cerium or

uranium and characterized by low values of T~ exhibit
large positive values of 0, (of the order of 100), implying
that volume plays an essential role for electronic prop-
erties of the system. On the contrary, Yb systems that
have studied show negative values of 0, resulting from
the fact that OTJc/Bp & 0.

A qualitatively difI'erent pressure response has been ob-
tained for YbCu3Ga2. In Fig. 9 the electrical resistiv-
ity of YbCusGa2 is plotted as a function of temperature
for various values of pressure. Starting at ambient pres-
sure, p(T) increases with a negative slope up to room
temperature. If pressure is applied to this compound, a
minimum roughly at 25 K starts to develop, becoming
more pronounced as the pressure further increases. Be-
low this minimum, an almost negative logarithmic behav-
ior of the resistivity clearly indicates Kondo interaction.
Due to the fact that the Kondo interaction strength in
Yb compounds weakens as the pressure rises, the rela-
tion between k~T~ and the crystal field splitting LcEF
may become reverse in YbCuqGa2. At ambient pres-
sure it is expected. that k~T~ & ApEF, causing crystal
field splitting not to dominate the ground state prop-
erties. However, at the largest values of applied pres-
sure, T~ is supposed to be drastically diminished, yield-
ing k~T~ ( ATE@. The resistivity behavior of the latter
case can be described in terms of the model of Cornut
and Coqblin. This model yields a logarithmic resistiv-
ity behavior in the crystal field ground state and usually
a —ln(T) term for temperatures above the uppermost
crystal field level. Moreover, these logarithmic ranges
are separated by a smooth maximum in the vicinity of
the overall crystal field splitting. This distinct p(T) de-

pendence is easy to observe for p = 57 and 64 kbar.
Again, a test of this model can be achieved at low and
at high temperatures considering the difI'erent contribu-
tions of Eq. (6). A least squares fit to the results of
the p = 64 kbar p(T) measurement is shown as a solid
line in Fig. 9, revealing good agreement with the experi-
ment below and above the maximumlike feature around
75 K. The Debye temperature OD evaluated &om this
Gt is about 130 K, i.e. , much lower than that deduced
for YbCu5. The inset in this figure shows the pressure-
depend. ent variation of the room temperature resistivity.
Contrary to the case of Ce compounds, the resistivity de-
creases as the pressure rises. According to the expression
of Cornut and Coqblin, the magnitude of the absolute
resistivity depends on the parameter JN(Ey) [J is the
s-f coupling constant; N(E~) is the electronic density of
states at the Fermi energy); a decrease of the resistivity
is synonymous with a decrease of JN(Ep). This change
of JN(E~) is confirmed also by a decrease of T~ as a
general trend in Yb systems when pressure is applied.

IV. SUMMARY

A comprehensive investigation of the series
YbCu5 Ga (0 & x & 2) indicates that due to the
Cu/Ga substitution the valence of the Yb ion is driven
from a divalent state in YbCu5 to a nearly trivalent state
in YbCusGa2. Since the Cu/Ga substitution causes an
enlargement of the hexagonal unit cell, chemical pressure
cannot be made responsible for the observed change of
the valence and therefore of the magnetic state. Rather,
it has to be anticipated that this crossover is of electronic
origin.

In spite of the fact that susceptibility measurements
performed on YbCu~Ga2 revealed an efI'ective moment,
almost equal to that of an Yb + ion, the trivalent state
has not been fully developed. . This clearly follows from
Lyyr-absorption edge measurements at high and at low
temperatures and is supported by the rather large value
of c„/T of about 180 mJ/molK . The small deviation
from the trivalent state, in our opinion, is also obvious
from the resistivity measurements. At ambient pressure,
p(T) does not exhibit those typical features, like nega-
tive logarithmic contributions, which are usually present
in classical Kondo systems. Moreover, the crystal Geld
splitting seems to be of minor importance, since p(T)
of all the compounds investigated does not show a spin
disorder contribution associated with the thermal popu-
lation of the difI'erent crystal field levels above the ground
state. "4'

Resistivity measurements at elevated pressure, partic-
ularly in the case of YbCu3Ga2, show clearly the inHu-
ence of the crystal field splitting, since two negative log-
arithmic resistivity contributions are present, which are
separated from a local maximum, staying nearly constant
as the pressure increases.

The series YbCu5 Ga can therefore be used to study
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step by step the increase of the valency v of the Yb ion
due to the Cu/Ga substitution. Associated with rising
values of v are increasing magnetic interactions. How-
ever, a magnetic instability was not observed, thought to
be prevented by strong Kondo interactions.
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