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Spectroscopic, magnetic, thermal, and transport measurements under pressure are presented which were
performed on YbCgL ,Al, intermetallics. The substitution of Cu by Al in Ybgulrives the system from an
almost divalent behavior of the Yb ion in YbEto a trivalent state in YbGJAI,. A compensation between the
normal thermal expansion and a valence-driven contraction was found for,&hGintiferromagnetic order
sets in forx>1.5, where an increasing Al content causes both a growing transition temperature and rising
saturation moments reaclgir2 K and about 2.4g, respectively, forx=2. At the critical concentration
(x~1.5) the possibility of a non-Fermi-liquid state is analyzed together with its tuning by pressure.
[S0163-18207)03725-9

[. INTRODUCTION under hydrostatic pressures up to about 15 kbar.
At the onset of magnetic order for a critical concentration

A substitution of Cu by Al or Ga in YbCyoffers the  Xo=1.5 the possibility of a non-Fermi-liquid behavior is ana-
possibility to study the evolution of the ground-state configu-lyzed, together with its tuning by applying pressure on one
ration of the Yb ion in this hexagonal compourispace Nonmagnetic sample.
group P6/mmmn) from the almost nonmagneticf# state
(YbCus) t{)2 a _magnetic_ 43 state in Yb(:g;jAI_2 or Il EXPERIMENTAL DETAILS
YbCu;Ga."“ This conclusion was drawn from various in-
vestigations of bulk properties performed on different The preparation of polycrystalline YbguAl, samples
samples of YbCy .M, with M=Al, Ga. In particular, it with 0<x=<2 was already described in Ref. 1. To character-
was shown that YbGAl, exhibits even long-range antifer- ize the sample quality, both x-ray-diffraction and electron
romagnetic order below=2 K.! The magnetic structure of microprobe measurements were doneserl, 1.5, and 2.
this compound was already examined by means of elasti&/hile for x=1 indications of an impurity phasgonsisting
neutron scattering experiments, yielding a saturation momemnainly of CiAl) were observed, further increase of Ale.,
of about 2.Jug/Yb for T—0.2 On the contrary, the Ga-based x=1.5 and 2 stabilizes the expected Cagstructure and the
alloys remain paramagnetic down to 1.5 K. Concomitanimpurity phase completely vanishes.
with this observation is the fact that the valeneeof the X-ray-absorption spectroscog)XAS) was carried out at
compound richest in Ga does not attain the full integer vathe French synchrotron radiation facility.URE) in Orsay
lence limit (YbCwyGay, va0~2.9) 2 Negative logarithmic  using the x-ray beam of the DCI storage rifgorking at
contributions to the electrical resistivity in the Al-based 1.85 GeV and~320 mA) on the EXAFS D22 station. A
sample$ as well as in the Ga-based materials underdouble Si(311) crystal was used as a monochromator. Re-
pressuré, enhanced values of the electronic contribution tojection of third-order harmonics was achieved with the help
the specific heat, or large thermopower values indicate thaif two parallel mirrors adjusted to cut off energies higher
the Kondo effect is a predominant interaction mechanisnthan 10 keV. Experiments were carried out in the energy
within both series of alloys. range 8080—9060 eV in order to study thg edge of Yb.

The aim of this paper is to present different experimentaFinely powdered samples were spread onto an adhesive Kap-
results allowing us to better understand the onset of magnetion tape and four such tapes were stacked together to prepare
order and to confirm the trivalent ground-state stabilizatiora sample layer of sufficient thickness to ensure a good signal.
of the Yb ions upon the Cu/Al substitution. This evolution Moreover, this was also helpful to eliminate sample-free re-
will be analyzed by a number of different investigations like gions in the path of the radiation. The XAS spectra were
thelL, absorption edge, elastic neutron scattering, ac and daeasured at two fixed temperatures 10 K and 300 K.
susceptibility, and specific heat measurements, and by a Elastic neutron scattering experiments were done at the
study of the pressure response of the electrical resistivitysaphir reactor of the PSI, Villigen, Switzerland, using the
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double-axis multicounter neutron powder diffractometer 5 |
DMC (Ref. 4 and the double-axis diffractometer P2AX. A 20 0 #%  YbCus Al
“He cryostat was used to obtain temperatures down to 1.5 K, "'f.; SxX
while a standard Oxford®He/*He dilution refrigerator
served to reach temperatures down to 10 mK. The powdered
samples(about 20 ¢ were enclosed under a He gas atmo-
sphere into cylindrical V tubes of 10 mm diameter and 50
mm height. For the dilution refrigerator experiments the
samples were filled into a similar Cu container. The high-
resolution mode was used employing a neutron wavelength
A=1.6984 A. The absorption-corrected neutron profile inten-
sities were analyzed by means of a modified version of the
Wiles-Young program. For investigation of magnetic order-
ing, neutron diffraction measurements were performed on |
the DMC in the high-intensity mode\(=1.7034 A. 0-3920 8930 2940 2950 2960
Bulk magnetization measurements in fields aB{T were
carried out fromT=1.5 K up to room temperature using a energy [eV]
standard extraction method. The low-field susceptibility val-
ues(shown in Fig. 4 were deduced from Arrott plots already
presented in Ref. 1. A standafée cryostat allowed ac sus-

aip;;gﬂn:tyorzezilérzgglﬂti(\;v ||t<h an excitation frequency of 128cluded from susceptibility measurements by landelli and

Palenzond,the present ;, measurements on Ybgindicate

a valence ofr~2.3 at room temperature which does not
?Qange as the temperature is lowered. As the Al content in-
creases, the valenaeof Yb ions starts to rise. A-8 state is
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FIG. 1. X-ray absorption as a function of energy of
YbCus_,Al, at T=10 and 300 K.

Specific heat measurements on samples of Bbauwere
performed at temperatures from 1.5 K up to 60 K by mean
of a quasiadiabatic step heating technique. Measuremen

down to 300 mK were carried out in 3He semiadiabatic hed for>1.5 wh h | b
calorimeter using the heat-pulse method and a three-wires proached fok=> 1.5 where the valence appears to be tem-

thermometry. Additionally, the heat capacity of a small pieceperature independent. One has to note that_ th_e valence de-
(=50 mg of the alloy YbCu ,sAl; 75 (sample No. 2 was pendence on temperature fo=0.75 and 1.0 indicates that

. . . - +
studied down to 300 mK using the time constant method. e energy difference Ke,) between the YB* and the

2+ H . H ) H
The electrical resistivity of bar-shaped samples was meal P~ €lectronic configurationéC's) is of the order of the

sured using a four-probe dc method in the temperature ran&fgermal excitation energy=300 K), whereas fox=0 and
or x=1.5 the difference of the EC’s is much larger and

from 1.5 K to room temperature. A liquid pressure cell with - X

a 4:1 methanol-ethanol mixture as pressure transmittefOnsequently no valence change is observed in the tempera-

served to generate hydrostatic pressure up to about 15 kbdHré range investigated. Eor concentrations 0.75 and

The absolute value of the pressure was determined from the= 1, it follows that the.YB configuration is the one with

superconducting transition temperature of 1&ad. lower energy because increases with temperature, though
even in case ok=0, the noninteger value of denote a

Ill. RESULTS AND DISCUSSION

A. L,, absorption edge measurements 8oy YbCus_,Aly /,§’/{}#*§ |
Since the magnetic state of Yb systems is intimately con- & v(300K) /§ -
nected with the valence state of the Yb iohg, absorption 281 © v(10K) e G LaCug.,Aly, T=12K
edge measurements were done at two different temperatures /,/§ v YbCus.yAly, T=300K
in order to evaluate the thermal stability of the Yb valence in o 261 ] o YbCus, Al T=12K |
YbCus_,Al. Figure 1 shows results of such measurements 2 ™ /' - R
performed aff=10 K and 300 K, respectively. These mea- 2 % =0
surements unambiguously indicate a concentration- Z 24t ,// g 8
dependent shift of spectral weight from the nearly divalent ¥ E % T
state of Yb in YbCy to the trivalent state of Yb as 8 o =TT
YbCu,Al, is approached. Additionally, there is also a weak 22| 5 1
temperature dependence of the valence state in some of these 10 15 20
alloys, which is considered to be characteristic of intermedi- ‘ T
. ; ; . 2.0

ate valence materials. To establish the relative weight of both 0.0 0.4 0.8 1.2 1.6 20

electronic configurations, the spectra were decomposed into
a pair of Lorentzians and modified inverse tangent
functions® Based on least squares fits of these functions to F|G. 2. Concentration and temperature dependent valenady
the data, the valence of the Yb ions in the different alloys ybcu,_,Al,. The dash-dotted line is a guide for the eyes. The inset
was evaluated. Figure 2 represents results of these analys@®mws the concentration-dependent unit cell volume of
for all concentrations investigated for 10 K and 300 K, re-YbCu_,Al, (at T=12 K and 300 K and of the isomorphous non-
spectively. In contrast to an almost-2state which was con- magnetic series LaGu,Al, .
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and intensity distribution of both compounds corroborates

80000 R R TR IR similar crystal and magnetic structures.

50000 . Since the structural unit cell contains only one Yb atom,
m YbCugAl, each type of antiferromagnetic structure is responsible for an
€ 40000 | 1(10mK)-1(6.4K), 1.7034A 1 enlarged magnetic unit cell. A Rietveld analysis of the posi-
8 30000 | —— observed | tion and the intensities of the magnetic Bragg peaks points to
,u?, — — caleulated an antiferromagnetic structure with a propagation vector of
§ 20000 difference k=(1/2,1/20). Along the ¢ axis, all the Yb moments are
E 10000 | i aligned ferromagnetically. Both the propagation vector and
g ,,.J the moment alignment do not change with Al concentration.
§ OF | ! \h N 1 } The best fit is achieved for moments parallel to thexis

.“ A JU\‘J\ W sl fienns | 000 with  wv,=2.10(5)ug in the case of YbCiAl, and
_;‘\,_,“_JMMHWAAM JLHLNW% ] 0 Hvp= 1.18(2);LB_in the case of YbCybAl; 75.
I | The crystal field(CF) with hexagonal symmetry causes

Al ‘ . ‘ ‘ . .
—! 5000 i
10 20 30 40 50 60 70 80 the elghtfold _degenerate ground sté&S) of the Yb moment
to be lifted into four doubletd’;=|=1/2), I'q=|=3/2),

(@) 26 [degrees] Tga=a|£5/2)+B|=7/2), and T'gy=B|T7/2)+a|=5/2),
10000 with the respective moments along thalirection obtained
I from wo=gjus(Ti[JI,T;). Assumingl'; or I'g as a possible
8000 |- YbCug psAl; 76 . CF GS! the calt_:ulated moments are (wg7and 1.7k,
& | 257 1. respectively, which are smaller than the ones observed for
@ (10mK)-1(2.2K), 1.7034A
€ 6000 |- ] YbCuzAl,. Consequently, thé'; or theI'y doublet can be
8 —— observed excluded from being the GS in YbGAI,; by analogy this
> 4000 [ — - caloulated 4 should hold also for YbCy,Al; 75. Such a conclusion also
% —— difference applies to isothermal magnetization restiiad is confirmed
£ 2000 1 from recent low-temperature ebauer spectroscopy data of
5 0 N/\WJ | {\ _ 1 ‘ YbCuwAl,.2 Depending on the value ef and 3, the moment
E [ ’l I Wy associated with th&g, and thel'g, doublet ranges between
< .} | ) \ / J}P\ Ji )\L IjJ\ 2000 2.85ug and 4ug . Thus the observed values of the saturation

A q N moments are in any case substantially reduced to a maximum
S o 0 value of 2.Jug/Yb for x=2. In accordance to the previously
‘ ' ‘ ‘ -2000 studied transport properties and the entropy evolution of the
10 20 30 40 . X )
ordered phase of YbGu,Al, (shown in the inset of Fig.)5

(b) 26 [degrees] . . . . .

Kondo interaction seems to be responsible for this reduction.
The results observed from the neutron scattering study indi-
cate that the Cu/Al substitution favors the development of
magnetic order, with a consequent increase of the spontane-
ous magnetic moment.

FIG. 3. Magnetic difference neutron diffraction pattdrr(10
mK)-Il (6.4 K) and| (10 mK)-I (2.2 K) of antiferromagnetic
YbCuzAl, (a) and YbCuy »5Al4 75 (b), respectively.

weak mixture between both configurations. Since the Cu/Al
substitution does not cause a change of the crystal structure,
but an increase of the volume of the unit cedke inset of The temperature dependence of the inverse magnetic sus-
Fig. 2), one would expect to favor the ¥B configuration ceptibility y % of YbCus_,Al, is displayed in Fig. 4 for
with the larger ionic volume asg increases. However, as x=1, 1.5, and 2. The inset showgT) of x=1.5, 1.75, and
discussed later, the increase of the number of electrons in tH® at low temperatures. This susceptibility data reflect the
conduction band of the system appears to be the dominawihset of magnetic order at 1.05 Kd2 K for x=1.75 and
effect. x=2, respectively. No order down to 0.4 K is observed for
x=1.5. As already indicated in a previous papef(T) data
B. Magnetic properties of x=1.5 andx=2 can be described above50 K by a

Curie-Weiss law, i.e.x(T)=xo+C./(T+6,), with x, a
temperature-independent Pauli susceptibility contribution,

The difference diagrams of the neutron scattering intensiC, the Curie constant, and, the paramagnetic Curie tem-
ties measured at=10 mK andT=2.2 K and 6.4 K for perature. The results of least squares fits are indicated in
YbCuwAl, and YbCy »Al, -5 are shown in Figs. @ and  Table I. Although the deviation of ~*(T) from the Curie-
3(b), respectively. Both compounds exhibit additional BraggWeiss behavior below 50 K for the=2 sample may be
peaks below the magnetic phase transition temperature, indascribed to CF splitting, in the case »f1.5, the Kondo
cating antiferromagnetic order. Since the magnetic intensitgffect or magnetic fluctuations should play a more important
for the latter alloy is much weaker compared to that ofrole as will be discussed later.
YbCusAl,, the peaks of magnetic origin above about For x=1, a crude approximation according to
26~40° vanish in the background and are therefore skipped(T)=C./(T+6,) and T>100 K gives values of
in Fig. 3(b). However, a comparison of the observed peakucs~4.7ug and 6,~—350 K. However, due to the slightly

2. Magnetic susceptibility

1. Elastic neutron scattering experiments



714 E. BAUER et al. 56

250 ‘ ‘ the fluctuation frequency among them. For practical pur-
o YbCugAl, # {:)oseTs, the energy scale Bf; resembles the Kondo tempera-
9 YbCug Al ure Ty .

200 | 35715 Least squares fits to the susceptibility data according to
& YbCuyAl

this model are shown as solid lines in Fig. 4. Since magnetic
impurities x=1) or CF effects x=2) may become signifi-
150 & ] cant below~50 K, the fits were performed above that tem-

gﬁ perature. The obtained parameters are collected in Table I.
100 [£

2

N

N

o
[N

The large negative value &, evaluated for YbCyAl in
fact indicates that the magnetid 4 state is situated well
above the nonmagneticf%' ground state. A typical Curie-
| Weiss behavior is therefore expected only at considerably
10 higher temperatures. On the other hand, the same analysis
performed on YbCyiAl; 5 and YbCuyAI, yields an inverse
situation; i.e., positive values &, reflect that the magnetic
180 200 250 300 413 configuration is the GS, resulting in a Curie-Weiss-like
TK] behavior. The valence of YbGu,Al, can subsequently be
evaluated by(T)=2+n(T); see Table I. The coincidence
FIG. 4. Temperature-dependent magnetic susceptibifitpf  between they values obtained fronk;-XAS experiments
YbCus_,Al, compounds plotted ag * vs T. The solid lines are  and those evaluated by applying the ICF phenomenological
least squares fits according to the ICF model. The inset shows thg,qdel tox(T) is remarkable despite the fact that CF effects
low-temperature magnetic susceptibility for1.5, 1.75, and 2. were not taken into account. A further analysis of the
x~X(T) data of YbCy <Al s at low temperature&f. Fig. 7)
positive curvature ofy(T) at high temperatures, that as- indicates that certain magnetic interactions are present at that
sumption does not describe properly the experimental dataoncentration because the best fit obtained up to 50 K fol-
Therefore, a model accounting for the noninteger valence dbws a power law with an exponent close to 2/3 instead of 1
the Yb ion has to be used. A phenomenological descriptioriexpected from the usual Curie-Weiss Jaw
of such a situation is provided by the interconfiguration fluc- Taking T as a measure of the mixture of both Yb elec-
tuation model(ICF).° This model evaluateg(T) as the re- tronic configurations, the values extracted from the respec-
sult of the two EC contributiongYb®" and Yb?" in this tive fittings (see Table)lindicate that the significant mixture
cas@, taking into account their respective thermal occupatiorobserved for YbCyAl becomes negligible fok=1.5.
weight. There, the usual Curie-Weiss law is simply modified
by considering the Curie constant as temperature dependent, C. Thermal properties
C(T)=C.n¢«(T), with

1/ [mol/emu]
=}
n

o
=

% [emu/mol]
Yac [arb.units]

o
=}

The temperature-dependent specific he&l, of
YbCus_,Al, for x=1.5, 1.75, and 2 is shown in Fig. 5. The
8 Cp(T) for x=1.75 was studied on samples from two differ-
ne(T)= — : (1) ent batches. Whil€,(T) of sample No. 1 was measured on
8+ exl~ Baxlk(T+Ts)] the usual bulk materialC,(T) of No. 2 was obtained on a

powdered and subsequently pressed specimen which was
whereEg, is the energy difference between both EC’s withalso used for the neutron scattering experime@ig(T) of

respective degeneracies 8 and 1, dngis proportional to  both x=1.75 andx=2 show anomalies aT~1 K and

TABLE I. Néel temperaturd, saturation momenty, , effective magnetic moment¢, paramagnetic
Curie temperaturd,, , valence obtained from thg,, spectra at 300 K30k, energy difference between the
41 and the 4% state of the Yb iorE,,, fluctuation temperatur&,, and valency deduced from the ICF
model, v3y, -

YbCus_,Al, x=1 x=15 x=1.75 x=2
T [K] — — 1.05 2.0
Hyp [1e/YDb] — — 1.182) 2.105)
et [ gl Y0] no CWP 4.28 n.d® 4.3
65 [K] ~—35¢ -22 n.d® -17
V300K 2.85 2.97 2.99 2.99
Eex/kg [K] -390 530 n.d 660
Ty [K] 170 20 n.d 18
VoK 2.78 2.93 n.d. 2.95

o Curie-Weiss behavior.
®Not determined.
‘Obtained from a high-temperature extrapolation.
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FIG. 5. Temperature-dependent specific h&t of various 61 v p=122kbar
YbCus_,Al, alloys. The inset shows the concentration dependence 60 °
of the magnetic entropy depicted BTy and atT=4 K. 55
: o 50 |
T~2 K, respectively, indicating the onset of long-range e = men 2L — 40kb
magnetic order. The thus-deduced transition temperatures 45| e ST
agree well with the data observed from the susceptibility 40 P=
1 3 5 10 30 50 100 300

measurements of the previous section. Intkel.5 sample,
an anomaly in the vicinity of 2.3 K originates from a small
amount of magnetically ordered ¥®;. The height of the
specific heat jump afty, 5Cp, increases with increasing Al FIG. 6. Temperature- and pressure-dependent electrical resistiv-

content. The observed broadened phase transition indicati » ©f YPCUs_xAlx: (@ x=2, (b) x=1.5, and(c) x=1.

short-range-order effects above the transition temperaturgnat of the magnetic #- state. Thus, a reduction of volume
partially intrinsic and partially due to the polycrystalline py pressure is expected to favor the magnetic configuration.
character qf the samples. Nevertheless, the concentratiofigyre 6 shows the pressure- and temperature-dependent re-
dependent increase @‘Cp(x) seems to overcome these ef- sjstivity of YbCuy_,Al, for x=2, 1.5, and 1.

fects, indicating a decrease ok (x) as the primary mecha- It is important to note that the residual resistivity of this
nism for such a variation, in agreement with theoreticalseries at ambient pressure increases with increasing Cu/Al
prediction$® and transport properties such as resistivity andsubstitution. This seems to be correlated, at least partly, with
thermopowet. Within that pattert’ the experimental data the growing crystallographic disorder, since Al replaces Cu

yield Ty=4 K and 3 K for YbCu Al 75 and YbCuAI,,
respectively. The magnetic entropy g&,g of this system

at T=Ty and at 4 K(inset, Fig. 3 is concomitant with this
tendency. Although the expected entropyRifi2 for a dou-
blet GS is not reached, there is a clear tendency towards th
value as the Al content increases.

statistically at the 3f) sites of the CaGystructure.

Starting from the magnetic side, the most striking feature
observed for YbCgAl, under pressure is the almost “paral-
lel” decrease of the absolute resistivity in the low tempera-
aure rangd Fig. 6(@)]. Above that range, local maxima in the
vicinity of 70 K are shifted slightly to higher temperatures.

Remarkably large values of the electronic contribution toWell below and above these maxima, the temperature-

the specific heat are found for some concentrations of thi
series. A value of more than 1 J/moPKs approached by
YbCuz Al 5 if C,/T is extrapolated towards zero. This
value contrasts with the observed one for YhEIu(0.05
J/mol K?) representing the intermediate valerité) behav-
ior of this alloy system. On the other han,/T of
YbCus ,5Al; 75 attains about 2 J/mol K (depending on the
extrapolation criterio)y despite this alloy exhibiting a mag-
netically ordered GS.

D. Pressure response of the electrical resistivity

glependent resistivity can be accounted for in terms of the
residual resistivity, electron-phonon interaction, and by the
negative logarithmic Kondo term, as proposed in Ref. 1, i.e.,
p(T)=potppr(T) +pk(T). The results of least squares fits
at high and at low temperatures for two values of pressure
are shown as solid lines in Fig(8. The reasonable agree-
ment between the theoretical prediction and experimental
data confirms the Kondo interaction to be present in this
compound. According to a model of Cornut and Coqbfin,
the particular behavior of the magnetic contribution to the
electrical resistivity,p,,, arises from the competition be-
tween CF splitting and Kondo effect. The negative logarith-

Previous studies showed already that pressure applied toic behavior at low and high temperatures reflects the
Yb-based compounds is responsible for the stabilization oKondo effect in the CF ground state and the excited levels of

the 43 state of the Yb iort! This follows from the fact that
the atomic radius of the nonmagnetit'4state is larger than

the Yb ion, respectively, whereas the maximum gf is
roughly a measure of the overall CF splittingdr). The
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slight shift of the local maximum ip(T) to higher tempera-
tures as the pressure increases can be understood in terms of
the simple point-charge model. As already indicated, the
negative logarithmic slope of the resistivity in the crystal
field ground state appears to be unchanged as the pressure
varies. According to Ref. 12, the slope @f(T) depends on
JI3N(Eg)?, wherel is thes-f coupling constant antl(Er)
is the electronic density of states at the Fermi energy. Since ‘ ‘
Tk of Yb systems decreases with applied presSwuaed fur- ] 0.5 1 2 3
thermore sinceTcxexd —1/(|JIN(Eg)], a decrease of the ‘ ‘
slope would be expected too. However, the observed behav-
ior is in contradiction to this model. It is therefore supposed
that, at least, additional parameters of that model have to be
taken into consideration in order to get an appropriate de-
scription of the pressure dependent changes in ¥BGCu

From a more phenomenological point of view, the pecu-
liarities of  the pressure response Ap(p,T)
[Ap(p,T)=p(p,T)—p(p=1barT)] of YbCuAl, can be
understood from a different pressure impact at low and at 10°
high temperatures. Whild p(p,T) in the low-temperature
region is almost temperature independent, a clear tempera-
ture dependence is observed above 20 K, i.e., in a tempera-
ture region where the occupancy of the excited crystal field 102} =7 p = 15 kbar
levels becomes important. Two effects can contribute to such YbCu,Al
aAp(p,T) dependenceli) an increase of crystal field split- 0% @) ,
ting due to the pressure-driven decrease of the interatomic 1 2 3
lattice spacing and therefore an approaching of the ionic
charges andi) a narrowing of the CF levels because hybrid- o B
ization in Yb systems is expected to decrease with pressure, G- 7. Logarithmic temperature dependenceCaT: x
Such a mechanism obviously would cause a reduction of °C%Al1sandpm(T.p) of YbCWAI.
scattering, more pronounced at low temperatures, and in turn
a smaller resistivity would result. In contrast to well-studiedior of the ground and excited CF levels. Then, if the elastic
Ce-based Kondo systems, e.g., CeRlthe overall pressure €nergy provided by the applied pressure is compared with
response of YbCJAl, appears to be mirrorlike in the pres- the thermal energy, one would expect that the latter will
sure and temperature range covered. exceed the former at a certain temperature, which in this case

Passing over to the IV limiti.e., YbCyAl) the pressure appears to be smaller than tie:r value. In other words,
response appears to be Comp|ete|y different; see m (5] there are magnetic correlations related to the GS energy scale
this casep(T) increases in the whole temperature range unthat can be driven bp=13 kbar, whereas such a perturba-
der pressure. Moreovep(T) of YbCuwAl at normal pres- tion will only produce a slight shift in the excited CF energy
sure exhibits aT? behavior at low temperatures as is ex- levels. We note that the change of the pressure response from
pected for a Fermi-liquid system, but the exponent decreaséy! increase ofp(T) to a decrease, observed roughly at
with increasing pressure to become close to unitpatts5 ~ T=10 K, appears to be similar to the energy shift of the
kbar. It can be expected that, as the valence of the Yb iofxcited CF levels.
increases with pressure, magnetic interactions gain weight,
because the magnetid ¥ state is progressively approached.
Consequently, magnetic scattering of the conduction elec-
trons on the Yb moments becomes much more important, Two driving forces compete in the evolution of the mag-
and hence the resistivity values become larger. netic properties of YbGyL,Al,. One is the increase of the

The temperature-dependent resistivity and the pressure reumber of electrons in the band originating from the substi-
sponse of YbCyisAl, 5 [Fig. 7(b)] appears to be roughly be- tution of a single-electron elemef€u) by a three-electron
tween both former cases. At ambient pressure, the totaine (Al). This growing electron number is assumed to be
temperature-dependent variation @fT) (between 1.5 and responsible for the observed valence change throughout this
300 K) does not exceed 2.5{) cm, less than one-tenth of series. The other one is the enlargement of the volume of the
the total variation ok=1 andx=2 samples. Local maxima unit cell produced by the difference between the atomic sizes
in the vicinity of 100 K indicate the crystal field splitting. of Cu and Al. Because the volume of the nonmagnetic
The striking feature of the(T,p) dependence at this Al Yb2" configuration is larger than that of the magnetic
concentration is the increase of the low-temperature resistiwb>" one, both effects should be opposite. Within such a
ity (like for x=1) while above about 50 K it decreasdi&e panorama, some striking features like the significa(t)
for x=2). Such an apparently ambiguous behavior can be&lependence fax=0.75 and 1 may occur to be in contrast to
understood taking at first into account thig (or T¢) be-  a constant value of(T) observed foix=0 andx=1.5.
comes smaller thaA ¢, allowing for an independent behav-  The particular behavior ob(T) of YbCus_,Al, influ-
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ences also the usual thermal expansion of the unit(icelet,  according toC,/T=aln(T/T) yields a logarithmic diver-
Fig. 2). While for the stable valence regimg%1.5) a vol- gence A<0) and the characteristic temperatufg~6 K
ume change\V/V between room temperature and 12 K of [solid line in Fig. 7a)]. At this concentration of the series,
more than 1% is observed,V/V of x=1 amounts just to signs for NFL behavior were also found from the
about 0.5%. There, the increase bfwith increasing tem- temperature-dependent magnetic susceptibility by a power
perature is partly compensated by the decrease in volumaw according to I¥=a(T+T,)?*~b (up to =50 K),
associated with the change in valence on heating. Additionaiherea, Ty, andb are constantfFig. 7(b)]. To our knowl-
evidence for such a volume contraction due the valencedge, at present there is not a model proposiig &° de-
change can be found @t=12 K from theV(x) slope which  pendence foy(T); however, the divergent character of both
changes as the Yb ion tends to the 8tate(cf. inset, Fig. 2. x(T) and C,/T(T) at low temperatures clearly places
In contrast,V(x) of the reference series LaCUAl, at  YbCu, (Al, 5 into the group of those systems which cannot
T=12 K shows a much steeper and almost constant slopepe described as usual Fermi liquids.

The evolution ofv(x) as observed from the, spectra is Complementary information is found from the pressure
confirmed by the crossover from an almost-temperatureeffect on the[p(T)—po]*T" dependence of YbGHI,
independent Pauli susceptibility in YbCto a Curie-Weiss  which is shown in Fig. &) in a double-logarithmic repre-
behavior in the case of YbGAI,, which is accompanied by sentation. There, the evolution of=f(p) is clearly evi-

a substantial reduction of the absolute value of the paramagtenced as a decrease of the expomefit=2, 1.47, and 1.02
netic Curie temperaturb9p| from about—350 K for alloys  for p=1 bar, 8 kbar, and 15 kbar, respectivelyVhile
near to YbCyAl to a value of about-20 K for alloys near n=2 represents a typical Fermi liquid at ambient pressure,
to YbCwAIl,. In the scope of the Kondo pictur¢6p| iS values withn<2 for increasing pressures may be interpreted
proportional toTy ; * thus, asTy decreases the screening of as a breakdown of the Fermi-liquid ground state. Exponents
the Yb moments becomes weaker and long-range magnetigmilar to that found for YoCyAl (n~1.5 at 8 kbar were
order gets possible. A similar description appliesTte. already calculated theoretically for non-Fermi-liquid sys-

Concerning pressure effects, contrary to Ce compoundsems, e.g., in the scope of a generalized scaling theory of
the resistivity of stable valent YbGAl, decreases as the heavy fermiong® by an interplay of disorder and correla-
pressure risefcf. Fig. 6@]. However, within the unstable tions yielding to a distribution of Kondo temperatutésr by
valent region the effect is reversed because pressure favoiiging a sum rule to account for spin fluctuations around their
the smaller YB* magnetic EC’s, which enhances the mag- antiferromagnetic instabilit§
netic electronic scatteringef. Fig. 6c)].

When Yb(Cu,Aly and Yb(Cu,Ga) ground states are V. SUMMARY
compared, a sort of shift in the magnetic properties is evi- . N .
denced. While the former exhibits long-range magnetic or- The present investigations on the SEeries YOG
der, the latter series seems to stay paramaghatiis quali- show the Qns_et of .Iong-r_ange magnetic order due to the
tative difference appears to be correlated with the valence dpWAI substitution, with a simultaneous growth G and the

the respective alloys: Only systems in both series witiery magnitude of the saturation moments for concentrations
close to 3 are able to form a long-range-ordered groundx> 1.5 as the YB* electronic configuration stabilizes. The

state. This condition is proved just for the Al-based alloysvalence evolution of the Yb ion due to the Cu/Al substitution

beyondx> 1.5, while the Ga-based series at ambient pres'S also reflected in the effect of pressure on the electrical

sure and at room temperature does not exceed a valence r&sistivity, which makes possible to distinguish the differ-
about 2.9. In this context it should be noted that for theS"¢® between the ground and excited CF levels in the par-

isomorphous  cerium  series, i.e., Ce(Cugl)and ticular case of YbCylsAl 5. At the intermediate valence re-

Ce(Cu,Gay, the more “magnetic” state is observed for the gion, a compensation of the usual thermal expansion and the
Ga-based é\lloyg’ However, it is ambiguous whether this Yb valence driven contraction is observed. The series se-

: P lected is also an example for a crossover of the regimes from
difference of the hybridization strength between Al and Ga, .
on the one hand, as well as Ce and Yb, on the other hand, [#gh (Yb(.:Lg.) to low Kondo temperatures (.ng'ab): In
only a consequence of the electron-hole symmetry. Unde e proximity to t_he onset of mgg_negc orde(r_r.e.,
pressurel,, XAS measurements up to 175 kbar indicatexzxozl's) some hints for non-Fermi-liquid b‘?ha"'or are
that the Yb valence in YbG@a increases from 2.5 1 observed. There, the low-temperature specific heat of
ban to 2.96 (=175 kbay.2® Since at ambient pressureof YbCu; Al 5 follows a C,/T~In(T/Ty) dependence and the

YbCu,Al is much larger than YbCyGa, a smaller value of decrease of the temperature exponent of yid) of

pressure should be sufficient to obtain for this alloy the mag-chu4AI recalls the “tning” of this behavior in

netic 3+ state. CeClyAuy. =
Various investigations were recently devoted to Kondo

systems at the verge of the onset of magnetic oftihich
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