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The influence of pressure on the magnetically ordered £gBé, o5 has been investigated by a combined
measurement of electrical resistivip(T) and ac calorimetryC(T), for temperatures in the range 0.3 K
<T<10 K and pressurgzup to 22 GPa. Simultaneously, Cel&®, has been examined y(T) down to 40
mK. In CePd (Ge, ggand CePgGe, the magnetic order is suppressed at a critical preggurel 1.0 GPa and
p.=13.8 GPa, respectively. In the case of CgfBe, o5 the temperature coefficiet of p(T) not only
indicates the loss of magnetic order but also the ac sigig|C/T recorded at low temperature. The residual
resistivity is extremely pressure sensitive and passes through a maximum and then a minimum in the vicinity
of p.. The (T,p) phase diagram and th¥&(p) dependence of both compounds can be qualitatively understood
in terms of a pressure-tuned competition between magnetic order and the Kondo effect according to the
Doniach picture. The temperature-volumi V) phase diagram of CepP@e, combined with that of CeR&i,
shows that in stoichiometric compounds mainly the change of interatomic distances influences the exchange
interaction. It will be argued that in contrast to this the much lopevalue of CeP¢ly/Ge, ggis caused by an
enhanced hybridization betweeri 4nd conduction electrons.
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[. INTRODUCTION GPa!* The sample was embedded in a soft minésteatite
and an ac current was supplied to a heater close to the
The application of external pressure on metals with strongample. The experimental findings have been confirmed by
correlations is an established technique to tune their ground" independent study using a diamond-anvil cell with He as

state properties. The electronic interactions in heavyPressure-transmitting medium and laser heatitigMoti-
vated by these results we assembled the ac calorimetry in a

Fermion(HF) compounds can be influenced in such a WayB id ¢ hiah I ble of hing 25
that high pressure favors the Kondo interaction in Cebridgman type of high-pressure cell capable of reaching

compounds™® and the Ruderman-Kittel-Kasuya-Yoshida Gpgoafnadr t((e)rr:}peéaet(u:res of;r?g: ggsr gf 3?,\/??;'(9 Ge is an
(RKKY) interaction in Yb system¥:!! Thus, pressure sup- : ony 256 -0,

presses(favors long-range magnetic order and enhancesil;soelectronic substitute for Si, have been studied extensively
) : nder pressure. The former compound exhibits a phase dia-
(weakensthe screening of the localized #lectrons. If both b P b

. . ¢ simi e vicinity of & critica) 92T Similar to that of CeGi®i, but shifted by 9.4 GPY
Interactions are of similar strengt in the VICInIty of a critica Close to the critical pressure, the Iong-range magnetic order

pressurep, often a deviation from the Fermi-liquitFL) ~ is suppressed and superconductivity appears like that in
behavior is observed and some Ce compounds even attaincgcySi, at low pressuré® The temperature-volumer(V)
superconducting ground state. phase diagram of CeBGezeis identical to that of the solid-

Electrical rESiStiViw measurements as a function of tem'so|ution CeRg(Sil_xG%()z_ In contrast to Ceqﬁez no su-
peraturep(T), are the standard method to explore the low-perconductivity is observed around the magnetic/
temperature phase diagram of HF systems up to pressur@®nmagnetic borderline as in Cef8i, at ambient pressure.
p~20 GPa. Itis desirable to measure thermodynamic quarifhese observations support the notion that the Ge substitu-
tities, notably the specific he&(T) in these extreme condi- tion mainly has the effect of reducing the hybridization be-
tions. The accessible pressure range for specific-heat expetiween the 4 and conduction electrons due to the expansion
ments was limited to 2—3 GPa since adiabatic techniquesf the unit cell volume. This argument does not seem to be
demand large sample masses and thus, a large cell volumamited to compounds crystallizing in the Th{Si, type of
For an anvil type of high pressure cell a much smallerstructure. Another example is the magnetically ordered
sample volume is required, which makes an adiabatic mea&ceCuyAu that can be pressure tuned into a nonmagnetic
surement a hopeless venture. Among the nonadialéatic ground state, analogous to the HF prototype Ge&ttambi-
dynamid methods, ac calorimetty*®is a suitable technique ent pressuré® The pressure study revealed a deviation from
to be used at high pressures. Very high sensitivity can b&L behavior and a low-temperature anomaly{T) close to
achieved, whereas the absolute accuracy is less than for adigz, which could be interpreted as faint traces of a supercon-
batic techniques. ducting staté.

A major step towards measurinG(T) under extreme All these studies have in common that pressure has been
conditions has been achieved by implementing the ac techapplied to stoichiometric compounds. Small deviations from
nique in a Bridgman type of pressure cell suited for 10stoichiometry are believed to result in strong effects on the
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electronic correlations. Detailed investigations of the influ- TABLE I. Ambient pressure data of CepgGe s and
ence of Ni excess in GgyNi,,,Ge,_, have shown that a CePdGe,. The Neel temperaturely is the mean value of specific
low residual resistivityp, is a crucial requirement for the heat, dc magnetic susceptibility, and electrical resistivity measure-
occurrence of incipient superconductivity at ambientmMents. The specific heat can be described @y yT+ BT exp
pressur® and that the transition temperature can be shifted ~A/T) for T<2 K. ueq is the effective magnetic momer, the
upwards by carefully adjusting the Ni excédEor the sto- Cu_rle-Welss temperature, the residual resistivity, and RRR the
ichiometric sample, however, pressure had to be applied t§1° (295 K)/po.

achieve superconductivity. The combination of these re-
sults have led to the hypothesis that an enhanced hybridiza-

CePg oGe gg CePdGe,

tion due to an electronically different environment of the Ce  a(A) 4.33997) 4.34115)
ions is a crucial ingredient to reduge. and to achieve a c(A) 10.034319) 10.04175)
superconducting ground state. V(A3 189.0a7) 189.235)
In this paper we report on results pfT) experiments on Tu(K) 5.16(8) 5.127)
CePdGe, as well as ac calorimetry ang(T) measurements Y[mJ/(mol k)] 101(5) 44(1)
on CePdGe o5 performed inone pressure experiment. BImJ/(mol K] 148(5) 2346)
CePdGe, enters an antiferromagnetically ordered phase at A(K) 0.8(1) 1.6(1)
Ty~5.1 K228ts Sj counterpart, the HF system CeBg (1) at 300 K 21 25
exhibits a similar magnetic structure witiy~10 K."?8 g‘zﬁK)MB 724'(5) 716'(3)

Several groups have confirmed the occurrence of a supercon-
ducting ground state if the magnetic order is suppressed by
external pressurep=2.8 GPa)>>?~32|f the change of
interatomic distances is the main source of altering the ex-

change coupling betweenf4and conduction electrons),  yealed for both compounds a phase transition into an antifer-
then CePgGe, should reveal a pronounced variation of romagnetically ordered phase at about 5.1Tiéble . The
Tn(p). The interest in high-pressure studies onjow-temperature specific heéd.3 K <T< 2 K) can be de-
CePd e g5 is to explore the role of stoichiometry ah  gcriped by the sum of an electronigT) and a magnonlike
and thus omp.. Measuring simultaneousi¢(T) andp(T) T3 part with a gapA in the excitation spectrum. The in-
has the advantage_that independent information ebout tr@reasedy value of the Pd-rich compound with respect to the
strength of electronic correlations from tsamespecimen  sioichiometric one points to the enhanced correlations.jThe
can be obtained. _ _ and A values of CePgSe, obtained here are larger than
In order to draw a credible cen_clusmn about the pressurg,ose reported in Ref. 26 due to the enlarged temperature
response of both compounds, it is essential to expose bofhnge accessible in the present study. However, the absolute
samples to thesamepressure conditions. The best way 10 5 es ofC, at Ty are almost the same. The entropy release
achieve this is to place both specimens adjacent to each OtthTN is S'R~0.8In2 and reaches In2 at aliduK for both
in the samepressure cell. compounds. The high-temperature magnetic susceptibility
can be described by a Curie-Weiss lay« u;/(T—0),
with an effective momenj . close to the free moment value
ll. EXPERIMENTAL DETAILS and ® the Curie-Weiss temperature. The residual scattering
A. Sample preparation and characterization is rather low in both compounds; the nonstoichiometric
sample has the lower, value.

po (rQcm) 1.41) 1.7(1)
RRR 323) 29(3)

The CePd,,Ge,_, compounds have been prepared by
melting Ce (N), Pd (3N), and Ge () according to the
composition in an arcX=0) or an induction furnacex(
=0.02) under Ar (&) atmosphere. The samples have been Samples with cross sections of:289 um? (x=0) and
melted several times to achieve good homogeneity. Mas82x48 um? (x=0.02) have been cut from the polycrystal-
loss during melting and annealing (CeRgbe; ggat 1420 K line ingots and placed into the pressure chamtigernal
and CePgGe, at 1470 K for 2 dayswas negligible. A part diameter of 1 mm®® A small piece of Pb served as pressure
of the polycrystalline ingots has been analyzed by x-raygaugé® and was connected in series to the samples for four-
powder diffraction. The diffraction pattern contained only point measurements. The samples have been arranged in the
peaks according to the Th{Si, structure (4/mmmn). The pressure chamber in such a way that the crystallographic
magnetic structure of CepP@e, consists of ferromagnetic axis was parallel to the pressurizing force. For the ac-
planes stacked antiferromagnetically along fth#&0] direc- calorimetry measurements, the sample itself was used as
tion with moments ft=0.85ug at 1.8 K parallel to the heater and was thermally excited by an oscillating heating
stacking directiorf>**3*No information about the magnetic power P=P[1+ cost)] due to an applied ac voltage of
structure of CePghGe, og is available, but it is very likely frequencyw/2. At steady state it increases the sample tem-
that the small Pd excess does not change the antiferromaperature byAT above the bath temperatufig. This tem-
netic structure. perature increase contains a time-independent offggt

The measurements of the specific heat, dc magnetic sus=Py/A, with A being the thermal conduction of the heat
ceptibility, and electrical resistivity at ambient pressure re-link between sample and pressure d¢#l a first approxima-

B. High-pressure setup
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FIG. 1. The magnetic pafi,.{T) of the electrical resistivity of FIG. 2. Temperature dependence of the magnetic part of the
CePd ,,Gey o5 VS temperaturd in a semilogarithmic plot. The an- electrl_ca_l re_S|st|V|twma}g(T) of CePdGe, in a semilogarithmic plot.
tiferromagnetic transition produces a cusprat The scattering of | € Similarity of the high-pressure curves to those of G, o
carriers at the ground state and excited crystal-field levels product¢’: Fig- 1 is evident. The small drop ipp,g T) at 70 mK above 14
two maxima afT and T gy Inset shows that an additional phase F2(inse might indicate an additional phase transition.
transition at high pressure might be responsible for the decrease of

pmad T) at about 110 mK. neity due to a heater attached to the sample. Third, internal
temperature gradients can be reduced as much as possible.
tion: the pressure-transmitting medium, i.e., steatlteideal With such an arrangement it is, in principle, possible to

conditions the oscillatory part e T is T,=Po/(wCp).*? calibrate theAuFe/Au thermocouple up_to very high pres-
These temperature oscillations have been measured with 3§1€% and over a wide temperature rafiylere, we have

AuFe/Au thermocouple attached to the sample. The thermoqnly determinedS(T) at 4.2 K and 1.0 K to get a rough

_ : estimate of the influence of pressure®(T).3’ The obtained
voltage V. arises from the temperature difference betwee

Values of the absolute thermopowerAifFe at 4.2 Kand 1.0
the sampléat To+AT) and the edge of the sample chamberK at 12 GPa are about 20% smaller than the values at ambi-

(atTo).*° ) ) _ent pressure. These rather small changes show that the inter-
The dynamic response of the sample involves two timeyretation of the results reported in this work is not affected
constantsr; =C,/A and 7,. The former expresses the ther- gualitatively if the ambient pressure values3§fr) are used.
mal coupling between the sample and the temperature bath, The sample chamber has been carefully reexamined after
whereas the latter represents a characteristic time for thgressure release to rule out changes in the positions of the
sample to reach thermal equilibrium. When the measuringoltage leads connected to the samples. The overall shape of
frequency fulfills the conditionur,>1>w7,, the ac tech-  the pressure cell as well as its initial diameter were almost
nique yields the specific heat of the sample. In the course Qfinchanged and the distance between the voltage leads in-
the experiment, this condition was checked at several tenbreased by less than 5%. Tak|ng this uncertainty in the geo-

peratures and pressures. The frequencies used were in thgstrical factor as well as the change in volume at high pres-
range 750 H&w<3000 Hz. The conditiom7,<1 is ful-  syre into account, the absolute value pfT) can be
filled for metals because they ensure high thermal conductivgetermined within 20%.

ity within the sample.

The inverse of the recorded lock-in voltayg. is propor-

tional toC/T, since the temperature dependence of the abso- . RESULTS

lute thermoelectrical powelS(T)«T, is a fairly good as-

sumption atT<1 K. Above this temperature th&(T) A. Transport measurements

dependence is certainly different and/}{ has to be inter- The entrance into the magnetically ordered state is clearly

preted with caution. Nevertheless, the present setup has sevisible by a cusp iy, T) of CePg ;Ge, ggand CePgGe,

eral advantages. First, it is possible to check whether a prafigs. 1 and 2 The magnetic contributiop,,,{ T) to p(T)
nounced anomaly in V. is related to the sample or not with has been obtained by subtracting a phononic contribution,
an independeni(T) measurement on treamesample. Sec- approximated ag,,(T)=0.1 u cm/KXT, from the raw
ond, it excludes an additional source of pressure inhomogedata. Qualitatively, both compounds show the same pressure
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FIG. 3. Pressure dependence Tg§ for CePd.,Ge,_, (x=0
and 0.02. The extrapolatioily—0 assumes critical pressurps
=11.0 GPa x=0.02) and 13.8 GPax&0). Two data sets of
Tn(p) for x=0 obtained for different samples match perfectly. The
Ty values forx=0.02 obtained by the ac calorimetry are repre-
sented by open circles. Inset shows that a pronounced variation #fma

the residual resistivityy with pressure is observed in both com- i . N .
pounds. The extrapolatioTy— 0 (dotted lines in Fig. Bis based

on the assumption that the maximum in tA¢p) depen-

dependence: Pressure shifis upwards, the signature of the dence can be taken as critical pressure. Ahealues have
phase transition broadens, and within a small pressure rangeeen obtained from fits 0pad T)=po+AT" to the data
the traces of the phase transition vaniph.{T) exhibits  below 2 K, with A and n as fitting parameters. The lower
two maxima, reflecting the Kondo scattering from the groundoound to the fit is given by the accessible temperature and is
state and excited crystal-field levels as often observed foabout 40 mK. The value for the upper limit is a compromise
other compoundgéndicated byT, and T, respectively, in  between an as narrow as possible temperature interval and
Fig. 2).%'® Furthermore, a small and reproducible decrease ifihe reliability of the deduced parameters. The pressure de-
pPmad T) has been detected at very low temperatinsets of ~ pendence of the temperature coefficigntis qualitatively
Figs. 1 and 2 It occurs in a narrow pressure range in thesimilar for both compounds and shows a pronounced
apparently nonmagnetic phase below 110 mK foranomaly that is assumed to be the hallmark of the magnetic/
CePd Ge, g5 Whereas it was found in CeR@e, at some- nonmagnetic phase transitigeee Fig. 4. Both z\(p) varia-
what lower temperatur€é/0 mK). In each case an increased tions can be mapped on top of each other if a pressure shift
measuring current density suppressed the anomaly. of Apmagay=2.8 GPa is taken into account. In the magneti-
These measurements reveal the pressure dependencecafly ordered phase the exponemt-2, whereasn=2 is
Ty, as depicted in Fig. 3. As a criterion fdiy, the inter-  found in the Fermi-liquid regime far aboy®, (inset of Fig.
section of two tangents drawn t{T) has been used. In the 4). Exponents smaller than 2 are observed in a certain pres-
case of CePg5e, both data sets obtained for different sure range aroung.. A minimum n~1.6 is attained just
samples from the same batch in different pressure cellabovep, for both compounds. Within a small pressure range
match perfectlyopen and filled squares in Figl.3he initial  aroundpc, pmad T) cannot be described by a quadratic tem-
pressure shift9Ty/dp=0.51(1) K/GPa is slightly higher perature dependence even if the temperature interval is
than that reported in Ref. 38. The same value is obtained fof0 mK<T<0.6 K. Similar observations have been re-
CePd (e o5 if the values ofTy at ambient pressure and 6 ported for CePsBSi, (Refs. 29 and 3Rand other systems,
GPa are used. At higher pressures, however, fgitp)  such as CeRiGe, (Refs. § and CeCyAu.®
variations are clearly different. In CePgGe, o5, Ty does Approaching the verge of magnetism seems also to affect
not reach the same absolute value as in the stoichiometritie residual resistivity. It is very sensitive to small pres-
compound and the magnetic order vanishes alreadg.at sure changes and exhibits anomalies aroppdwhich are
=11.0 GPa, compared tp,=13.8 GPa for CePsbe,. qualitatively the same for both compoun@ee inset of Fig.
Thus, the Pd excess has led to a reductiopdby 2.8 GPa.  3). Just belowp.., py attains a local maximum and passes

FIG. 4. Temperature coefficiedt obtained from a fitpmad T)
=po+AT", to the data of CeRd ,Ge,_, (x=0 and 0.02 below 2

K vs pressure. A peaks at 11.0 GPa and 13.8 GPaxer0.02 and
x=0, respectively. Inset shows the exponentised to describe
4 T) at different pressures.
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TABLE II. Pressure values where the residual resistigigyand 80 . T T : T : T
the fitting parameter opy, T) as well as IV, for T—0 show
anomalies. Atpga' the calculated unit cell volume of Ceft&e, is Cesz. ozGe1.ga

N
o
T

equal to that of CeRi, at its critical pressuref;=3.9 GP&? | ‘g
Each anomaly occurring in CeRgGe, ggis also seen in CeR&e,, g 0
but shifted byAp as indicated in the last column. 60 -= Fr 1 7
oF
PressurdGPa CePd o Ge o3 CePdGe, A p(GPa >
= 0 I )
pmax{po} 97 123 26 g 0 10 20 10.0
Pe= Praxiy 11.0 13.8 2.8 g 40r p(GPa)
Prmin{py) 11.6 145 2.9 =
Pmax((1V,91 o} 11.7 Em
Prmingny 12.1 14.6 2.5 AN
p& 14.2 14.4 0.2

through a local minimum abovp.;. Upon further pressure
increasepy continuously increases, and at 22 GPa it reaches
several times its ambient pressure value. This variation re- 0
flects intrinsic effects since a change of the geometrical fac-

tor in such a peculiar manner can be ruled out. T(K)

The comparison of the res_isti_vity data presented above FIG. 5. Temperature dependence of the inverse lock-in voltage
reveals that pressure has qualitatively the same effect on bo{pl ot cepg ,.Ge, 5. The entrance into the antiferromagnetically
compounds. The main difference is that for CeR®e 93 ordered state is clearly visible. Inset shows that the values of

less pressurAp=2.7(2) GPa is required to gchieve the 1)/,<C/T taken at low temperature show a pronounced peak in
same effect, as in CeR@e,. Table Il summarizes several the vicinity of p..

guantities that show pronounced anomalies in their pressure

behavior. From this we infer that not only interatomic dis- strongly increases, reaches a maximum just atmvevhich

tances are important faf since the difference in unit cell was inferred from thé\(p) anomaly, and levels off at high

volume at ambient pressure cannot explain such a large shifiressure. As was pointed out abovey YT)«C/T at low

in pe. temperature can be regarded as a direct measure of the elec-
tronic correlations. The pronounced pressure dependence of

B. ac calorimetry on CePd oGe; o5 1N 4 shows that the electronic correlations are considerably
nhanced as pressure approagheand that the signal origi-
ates mainly from the sample.

o
N
IS
[e)]
o

10

Figure 5 shows the inverse of the registered lock-in sign?ﬁ
Ve below 10 K at various pressures. The pronounce
anomaly in IW/,(T) for pressures between 6.0 GPa and 10
GPa is caused by the entrance into the antiferromagnetically
ordered phase. Taking the temperature of the maximum as In the following, we will first compare tha@ (V) depen-
Ty Vyields lower Ty values, like those shown in Fig. 3y dence of CePd5e, with that of CePdSi,. Thereafter, an
taken from the midpoint of the ¥,.anomaly at 6 GPa is the elaborate discussion of the pressure effects on the
same as that deduced fronfT). At higher pressure, how- CePd,,Ge,_, compounds X=0 and 0.02 will reveal a
ever, this definition yieldd' values greater than those ob- possible explanation of the observed similarities as well as
tained fromp(T). The height of the anomaly decreases and itthe differences.
becomes a very broad feature as the system approgghes  The (T,p) phase diagram of each CeRdGe,_, com-
A similar broadening upon approachipg has been reported pound =0 and 0.02 presented in Fig. 3 can be qualita-
for CeRyGe, (Ref. 7) and CePgSi, (Ref. 29 examined in tively understood within the Doniach pictuie.Pressure
pressure cells with solid He as pressure-transmitting metunes the characteristic energy scalesTgx exp
dium, despite their lowep,.. values. [—1An(Eg)] andTrexy <[ IN(EE) 1%, involved in the Kondo
From a general point of view, this might be due to inho- effect and the RKKY interaction, respectively. Helés the
mogeneous pressure conditions that are always present rexchange coupling betweerf 4nd conduction electrons and
gardless the pressure medium and the absolute valpg.of n(Eg) is the density of states at the Fermi enekyy. The
Close top. the Ty(p) variation is very strong and a small RKKY interaction dominates the Kondo effect for small
pressure gradient can easily generafgy~1 K. However, Jn(Eg) values as in CeBe, at low pressures whergy is
other intrinsic effects cannot be excluded to be responsiblgery small. The slight difference in composition has little
for a broadening in the vicinity op. . effect onTy at ambient pressure and on its pressure depen-
A very interesting observation is the pressure dependenagence below 6 GPa. In both sampléa(Eg) is enhanced by
of the value of 1¥,. taken at the lowest temperature reachedpressure and forces the system into a nonmagnetic state for
in each pressure ruimset of Fig. 5. Upon approaching. it pP>pe-

IV. DISCUSSION
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12 - T - T - T - . parameter results in a varying chemical bonding strength be-
) tween the Ce ions and their ligands. A change in the Ce
- CePd,Ge, A CePd,Si, 1 valence, however, is thought to influence only thaxis lat-
10 - . tice parameter, and vice versa. Thus, it seems that the addi-
| tional uniaxial stress is necessary to change the hybridization
o in an effective way. In CeB&i,, it shifts p. from 2.8 GPa to
8r T, Al . 3.9 GPa and leads to an increase in the superconducting tran-
] sition temperature of about 40¢Ref. 32 compared to val-
T, ues obtained from samples in a configuration where the crys-
tallographic ¢ axis was perpendicular to the external
force 342930
A The combined phase diagram clearly demonstrates the
4 . analogy between Ceb@e, at high pressure and CefRl, at
] moderate pressures. It can provide an idea about the sudden
? decrease 0pmad T) in CePd ofGe g5 and CePgGe, at 110
2 . mK and 70 mK, respectivelyinsets of Figs. 1 and)2The
I T. | reduced volume where these anomalies occur is similar to
m the volume where superconductivity is found in Ce®id
290 : 1é5 : 1EI§O 1;5 : “1;0 (Fig. 6). An interpretation as incipient superconductivity is
s therefore one possible explanation, especially if the reported
V(A) properties of CeNi,,Ge,_, (Refs. 20, 21, and 44and
FIG. 6. Transition temperatures of Cef, and CePgSi, as a CePdSi, (Refs. 29,_45 are recalled. In the former system,
function of a calculated unit cell volum¥, Ty, andT, representthe =0 Was only achieved aftes, had been reduced below
Néel temperature and the superconducting transition temperaturd,—2 £} cm. For those samples with higheg values only
respectively. The data of Cep8i, (open symbolsare taken from  traces of superconductivity appeared. Also for the latter com-
Ref. 32. The temperature derivative pf,,{T) was used ag,  Pound, high-purity samplespf<<1 w{)cm) seem to be re-
criterion. quired for a complete superconducting transitton.
The difference in the, values and thé\(p) dependence
If the unit cell volume is the crucial parameter that deter-qf CePd ,Ge, o3 and CePglGe, can also be understood
minesTy, then it should be possible to plot tAg(p) data  qualitatively within the Doniach picture. Magnetic order is a
of CePdGe, and its Si counterpart CeBS8ii, in a common  cooperative phenomenon involving the alignment of spins
(T,V) phase diagram. As pressure has tuned the unit celiver distances that are large compared to the lattice param-
volume of CePgGe, to that of CePgSi,, both Ty values eter. It is very unlikely that a small change in the Ce-ligand
should be comparable, as tfig(V) variation of the solid-  configuration will influence the RKKY interaction and
solution CePg{(Si;_,Ge,), suggest’® The transformation of ~J’ seems to be justified, withandJ’ being the exchange
pressure into volume was done with a bulk moduB$  coupling for x=0 and x=0.02, respectively. The almost
=120 GPaandB’=4 for its pressure dependender both  identical Ty values at ambient pressure corroborates this as-
compounds. This is a reasonable assumption for ternary C&mption. For the Kondo effect, however, only the local en-
compounds, crystallizing in the Th&Si, type of structure,  vironment of the Ce ions is essential and therefore, a small
as was pointed out in Ref. 6. We used as a unit cell volumghange in its configuration sphere should influefige It
of CePgSi, at ambient pressur/,=176.83 &, which is  seems very likely that the additional Pd in CeRsBe, s
the mean value of the literature dat&.>**"*’Figure 6 ex-  occupies Ge sites and/or interstitial sites and might influence
hibits a pronounced (V) variation, starting aly=5.1 K,  the local environment of the Ce ions, resulting Jh>J.
passing through a maximum of about 10 K, and eventuallyithin a certain limit this hypothesis is supported by the
approaching zero. The extrapolatioly—0 vyields V  differenty values at ambient pressufEable ). Furthermore,
=171.51 A&, which corresponds to a pressure of 14.4 GPathe x-ray data of CeRg,Ge, o5 reveal that thes-axis lattice
very close top.=13.8 GPa deduced from the maximum in parameter is slightly lower, whereas th@xis lattice param-
A(p). CePdSi, reaches this volume gi.=3.9 GPa. This eter is unchanged within the standard deviation. Thus, the Pd
p. value agrees perfectly with that found in a thorough in-excess could have caused a stronger hybridization between
vestigation of the strain enhancement of superconducti¥ity. the 4f and conduction electrons already at ambient pressure,
The almost perfect match of the two data sets emphasizess was argued above. Results of a thorough investigation of
the importance of the sample orientation with respect to théhe influence of the Ni excess in Cgi,,,Ge,_, encour-
direction of the applied force. Figure 6 shows only data fromage this argumentatidiiAs a function of the Ni content, the
samples with their crystallographicaxis parallel to the ap- c-axis lattice parameter ang, showed a minimum ag
plied force exerted to the anvils. The additional uniaxial=0.02 and a complete superconducting transition occurred
strain component along theaxis strongly affects the anisot- close to this value at ambient pressure, whereas pressure had
ropy of the tetragonal ThGS8i, structure. It is known from to be applied to achieve a superconducting ground state in
x-ray absorption studié$that a change of the-axis lattice  the stoichiometric compourfd. With these assumptions

T(K)
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same phase diagram but shifted by 2.8 GPa to lower pres-
sures.
The analysis of the low-temperature behaviopgfT)

has revealed almost the same anomalies,inA, andn for
CePd (Ge, o5 and CePgGe,. Of particular interest is the
strong pressure dependencepgf (inset of Fig. 3. It is an
additional example of a pressure-dependent residual resistiv-
ity scattering in HF compounds already pointed out in Ref.
17. The anomalies ipg(p) cannot be caused by lattice de-
fects and impurities alone like in conventional metals. The
independent-electron approximati(ﬁtpoocll(k,zzl), with kg
being the Fermi wave number aridthe mean free path
suggests that pressure should affpgtonly weakly since

10_ ] both kg and | react upon pressure only through a small
Ty ] change of electron density and interatomic distances. In met-
; als with strongly interacting electrons and magnetic order,
the contributions top, are not well understood. So far, a
noticeablepy(p) dependence has been found in several HF
systems either in the magnetic phd$eeCuyAu (Ref. 19
and YbCySi, (Ref. 10], close top, (CeAk)*’ or in the
paramagnetic phasgCeCyGe, and CeCySi, (Ref. 17].
FIG. 7. Pressure dependence of some characteristic tempergp|lowing the suggestion by Miyake and Maebaﬁmuan-
tures, Tray, Ty, and Ty of CePdGe, in a semilogarithmic plot.  tm critical fluctuations should give rise to an enhanced im-
The pressure dependence T shows a minimum close tpc. ity potential. It leads to an increase @f through non-
The open symbols represent calculated datpfsee text magnetic impurity scattering near a ferromagnetic or
antiferromagnetic quantum critical point if many-body cor-
rections of scattering are taken into account. This possibility
Tk(J") at a critical value J(<J.. Therefore, p; of and the wealth ofpo(p) anomalies reported so far might
CePd (Gey gg, determined byJ;, is lower thanp. of indicate that only a part o, is due to static disorder and
CePdGe,, given byJ.. As a consequence of this consider- that the large variation gfy(p) is an intrinsic property of a
ation, a shiftedA(p) dependence follows, sindgxT, 2, as  weakly disordered Kondo latticé.
is experimentally found and depicted in Fig. 4. The deviation from FL behavior aroungl is an estab-
The Kondo temperature in Cef8e, at low pressures is lished fact and can be understood in the framework of spin
small in comparison to the crystal-field splitind;  fluctuation theory®>® For spin fluctuations with three-

=110 K andA,=220 K Therefore,pmadT) shows only  gimensional3D) characterp(T)=po+AT", with n=1.5, is

one maximum af 5 at low pressure. Around., however,  gypected. The minimum values afdepicted in Fig. 4 are
two maxima affc andT yay Occur, reflecting the Kondo scat- ¢jose 1o this value. It is considerably different from a linear
tering from the ground state and excited state, respectively,nerature dependence that is expected for a distribution of

(Figs. 1 and £ The Iow—temperatur(_e maximum emerges at &, qq temperatures. Therefore, Kondo disorder seems to
pressure of about 11 GPa and shifts to higher temperatur%sé negligible

with increasing pressure, as shown in Fig. 7. This might
reflect an enhanced screening of the magnetic moments b
the conduction electrons and thus point to an increasing rol
of the Kondo effect. As a consequence, the anomaly at lo X
temperature has to be related 1§ . Both anomalies in eat,C/T=y.~Its pressure dependence is not strong enough
Pmad T) Seem to merge in the vicinity gf., indicating the to follow the A(p) dependence according to the empirical
entrance into the intermediate valence regime. In this regioKadowaki-Woods relatio”®> Especially at pressures above
the crystalline electrical field levels cease to exist as welll5 GPa, the low-temperature value oW}/ decreases less
defined excitations. In the case of two excited CryStal ﬁelqhan expected frorﬁ\(p) _36A possib|e reason for th|s devia_
levels, Hanazawat al*® have introduced a second Kondo ton might be the unknown thermal properties of the
tehmperatureTE at high temperature. It is related ® by  pressure-transmitting mediuntand perhaps also of the
Tk=3/TkA1A,. Using the assumption that; and A, de-  samplg at high pressure. They have changed significantly,
crease under pressure with the same rate as in £&8Pd which was only accounted for by adjusting the measuring
(Ref. 33, the T}, values can be calculated as a function offrequency. A step towards a quantitative measureé pfat
pressure(open symbols in Fig. )7 A good agreement is these conditions would be to achieve a control of the sup-
achieved with the measured valuesTgf,,. Similar consid-  plied heating power and the thermal contact between sample
erations can be made for CeRdse, o5, resulting in the and pressure-transmitting medium. Nevertheless, the strong

p (GPa)

Treky(J) will be of comparable strength td«(J) and

The ac-calorimetry data revealed a pronounced variation
f the ac signal recorded below 1 K. It was argued above that
N4 can be taken as the linear coefficient of the specific
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pressure dependence o}/ at low temperature is reminis- correlations despite the small sample massneng). From
cent toA(p) and is a motivation for further studies. the combined T,V) phase diagram of CepR@e, and
CePdSi, it was concluded that interatomic distances play a
crucial role for the hybridization between thé 4nd conduc-
V. CONCLUSION tion electrons, i.e., for the exchange couplifigin the sto-
) ) _ichiometric compound. In order to explain the large differ-
_ _We reported on the re;ults of a combme_d eI_ectrlcaI resisence in thep, values, it was argued that the Ce coordination
tivity p(T) and ac calorimetryC(T), investigation of the  gphere in CePgy,Ge, o5 has changed due to the Pd excess
antiferromagnetically ordered CefgGe, o5 (Tn=5.16 K)  wjth respect to CePaBe,. This affects the Kondo tempera-
and p(T) measurements of Cef@e, (Ty=5.12 K) for  tyreT,, and thereforel will be comparable to the RKKY
pressures up to 22 GPa. Both measuring techniques haygieraction at a lower critical value af for CePg o,Ge og.
been ass_embled ione Bridgman type of h|gh-press_ur(_a cell. With this assumption, the shiftefi(p) variations have also
The particular sample arrangement guarantees similar PreRaen explained. The deviation p{T) from a Fermi-liquid
sure conditions essential for_a comparison of the Pressures_ - vior in the.vicinity ofp, can be ascribed to 3D spin
g‘k;jt:?neg di‘f:c?gsth;gemicsgr?:oIrtlam\(/e\/tr?i/c?]pgi)mdac;ﬁ;rivti %E;?Tr:_ fluctuations. The strong variation of the residual resistivity
Pie, P o with pressure aroung, might indicate that only a part of

onstrate the feasibility of the ac technique at these extrem@® D .
conditions. Both methods reveal a suppression of magnetit? IS due to static disorder. As a consequence, the assumption

- B of a power law forp(T) will be a subject of further careful
order at a critical =pressurep,=11.0 GPa and p, investigations, especially at very low temperatures
=13.8 GPa for CePd)Ge, g5 and CeP¢Ge,, respectively. ' '

The inverse of the ac signal,\1Je<C/T, recorded at the
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