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NON-FERMI-LIQUID FEATURES OF NOVEL Yb2Pd2In�E. Bauer, St. Berger, S. Gabani, G. Hils
her, H. Mi
hor, Ch. PaulInstitute of Solid State Physi
s, T.U. Wien, 1040 Wien, AustriaM. Giovannini, A. Sa

oneDipt. Chimi
a e Chimi
a Industriale, University of Genova, 16146 Genova, ItalyC. GodartC.N.R.S. - U.P.R. 209, I.S.C.S.A., 94320 Thiais, Fran
eP. BonvilleCEA, CE Sa
lay, DSM/DRECAM/SPEC, 91191 Gif-sur-Yvette, Fran
eY. Aoki and H. SatoDepartment of Physi
s, Tokyo Metropolitan UniversityMinami-Ohsawa 1-1, Ha
hioji-Shi, Tokyo 192-0397, Japan(Re
eived July 10, 2002)Yb in ternary Yb2Pd2In exhibits a valen
y � � 2:9 and 
onsequently,no 
lear eviden
e of long range magneti
 order down to 40 mK. Low tem-perature resistivity and spe
i�
 heat are 
hara
terised by signi�
ant devia-tions from a Fermi-liquid (FL) s
enario. While the appli
ation of magneti
�elds re
overs a FL state, pressure drives the system 
loser to a magneti
instability at T = 0.PACS numbers: 75.30.Mb, 74.25.Bt, 75.30.CrHeavy fermion 
ompounds 
lose to a magneti
 instability at Tmag = 0
an be driven a
ross a quantum 
riti
al point (QCP) by varying non-thermalparameters like 
hemi
al substitution, pressure or magneti
 �elds. Next tosu
h a quantum 
riti
al regime a number of extraordinary properties areobservable, see e.g. Refs. [1, 2℄.Several features make Yb 
ompounds attra
tive to study low tempera-ture anomalies; among them is the tuning of properties by alloying or pres-sure, whi
h responds in most 
ases in a mirror-like manner when 
omparedto Ce 
ompounds. While for Yb 
ompounds the parameters JN(EF) and� Presented at the International Conferen
e on Strongly Correlated Ele
tron Systems,(SCES02), Cra
ow, Poland, July 10�13, 2002.(367)



368 E. Bauer et al.TK de
rease upon in
reasing pressure, the opposite happens for Ce 
om-pounds. For that reason, pressure drives Yb systems towards the magneti
regime and possibly, the QCP is 
rossed from the non-magneti
 side [3, 4℄.In the present paper we aim to evaluate low temperature properties of 
rys-tallographi
ally ordered ternary Yb2Pd2In. For the synthesis and 
rystalstru
ture see Ref. [5℄.In order to examine the possibility of magneti
 ordering in Yb2Pd2In,Möÿbauer spe
tra on the isotope170Yb were re
orded down to 40 mK. Re-sults of the 40 mK run are shown in Fig. 1(a). Spe
tra taken at 4.2 K and40 mK are identi
al, and 
orrespond to a quadrupolar hyper�ne intera
tionalone, i.e. no hyper�ne magneti
 �eld is present. This shows that no mag-neti
 ordering of the Yb3+ moments is present at this temperature, withmoments larger than 0:05 �B . A least squares �t to the data (solid line,Fig. 1(a)), taking into a

ount a non-axial quadrupolar hyper�ne hamilto-nian, reveals for the quadrupolar 
oupling parameter �Q = 1:85 mm/s, andfor the asymmetry parameter � = 0:4, values typi
al for a paramagneti
Yb3+ ion at a site with non-axial symmetry.
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(a) (b)Fig. 1. (a) 170Yb Möÿbauer spe
trum of Yb2Pd2In taken at 40 mK. The solid lineis a least squares �t (see text). (b) LIII absorption spe
tra of Yb2Pd2In at T = 300and 10 K. The solid line is a least squares �t.The absen
e of magneti
 order in Yb2Pd2In 
an be also 
on
luded fromX-ray absorption edge data. Results of LIII measurements taken at T = 10and 300 K, together with a standard analysis, are displayed in Fig. 1(b).The valen
y of the Yb ion thus derived is � = 2:89, showing only insigni�-
ant temperature dependen
e. There is experimental eviden
e that alreadya slight drop of the valen
y from 3 
auses a vanishing of magneti
 order



Non-Fermi-Liquid Features of Novel Yb2Pd2In 369in Yb systems (see e.g., Yb(Cu;Al)5 [4℄). Thus, Möÿbauer and LIII data
onsistently prove a non-magneti
 ground state in Yb2Pd2In. Moreover, thee�e
tive magneti
 moment �e� = 3:88 �B=Yb, dedu
ed from a Curie-Weisslike sus
eptibility for T > 50 K, is well below that of Yb3+, whi
h also makesmagneti
 order rather unlikely.The overall shape of �(T ) (Fig. 2(a),(b)) is in line with a typi
al Kondolatti
e: At high temperatures, the logarithmi
 
ontribution to �(T ) indi-
ates in
oherent Kondo s
attering. The maximum at Tmax� � TK roughlymeasures the Kondo temperature [6℄ and the de
rease of �(T ) below Tmax�indi
ates 
oherent s
attering. The pressure response of �(T ), Fig. 2(a), is
hara
terised by three distin
t features: (i) Tmax� lowers signi�
antly fromabout 60 K (p = 1 bar) to below 30 K (p = 16 kbar) at an initial rate of�Tmax� =�T��2:4 K/kbar. (ii) The low temperature slope of �(T ) in
reases.(iii) The analysis of these data yields a huge Grüneisen parameter �e = �42,re�e
ting a strong volume dependen
e of various physi
al quantities.
E. Bauer et al., code NFL010PO, Figure 2
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tri
al resistivity �(T ) of Yb2Pd2In for various values of pressure. Theinset shows the the pressure dependent variation of the exponent n. (b) Ele
tri
alresistivity �(T ) of Yb2Pd2In for various values of applied �elds. The inset showslow temperature details and the solid lines are least squares �ts.The low temperature behaviour of �(T ) is a

ounted for in terms of� = �0 +AT n where �0 is the residual resistivity; an exponent n = 2 wouldre�e
t a Fermi liquid behaviour of the system. Least squares �ts to the lowtemperature data, however, indi
ate a substantially lower value of n � 1:4 atambient pressure and as p in
reases, a de
rease of n is derived with n � 1 forp = 16 kbar being indi
ative for non-Fermi-liquid behaviour. The evolutionof n(p) most likely indi
ates a shift towards the QCP of the system, andbeyond the present pressure range long range magneti
 order is expe
ted.



370 E. Bauer et al.The �eld dependen
e of �(T ), Fig. 2(b), is 
hara
terised by (i) an in
reaseof Tmax� with growing �elds and (ii) an in
rease of n approa
hing n � 2 for12 T. The latter re�e
ts the quen
hing of 
riti
al magneti
 �u
tuations andhen
e a Fermi-liquid behaviour is supposed to be re
overed.The temperature dependent spe
i�
 heat of Yb2Pd2In is shown in Fig.3 together with that of isomorphous non-magneti
 La2Pd2In. Magneti
 en-tropy is dedu
ed from the di�eren
e of both samples and the 
ontinuousin
rease eviden
es that entropy release is spread over a broad temperaturerange due to Kondo intera
tion. Yb2Pd2In exhibits at T � 2:2 K a smallanomaly in Cp=T due to tra
es of magneti
ally ordered Yb2O3. Below 2 K,Cp=T in
reases logarithmi
ally, but levels o� around 0.5 K. With in
reas-ing magneti
 �elds (not shown here), this feature is even shifted to highertemperatures. In view of the Möÿbauer results, su
h a stru
ture 
annot beattributed to magneti
 ordering, but may re�e
t a parti
ular energy depen-den
e of a non-Fermi-liquid ground state. Moreover, the shape of Cp(T )around 500 mK does not resemble a typi
al spin glass.In summary, Yb2Pd2In does not show long range magneti
 order above40 mK. Pressure and �eld dependent resistivity, as well as spe
i�
 heatmeasurements rule out a simple Fermi-liquid ground state.
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Fig. 3. Temperature dependent spe
i�
 heat Cp plotted as Cp=T vs T of Yb2Pd2Inand La2Pd2In. The solid line is a �t to the Debye model; magneti
 entropy refersto the right axis. The inset shows low temperature features in Yb2Pd2In.Work supported by the Austrian FWF P12899 and ESF, proje
t FERLIN.REFERENCES[1℄ H. von Löhneysen, J. Magn. Magn. Mat. 200, 532 (1999).[2℄ P. Coleman, et al., J. Phys.: Condens. Matter 13, R723 (2001).[3℄ O. Trovarelli, et al., Phys. Rev. Lett. 85, 626 (2000).[4℄ E. Bauer, et al., Phys. Rev. B60, 1238 (1999).[5℄ M. Giovannini, et al., Intermetalli
s 9, 481 (2001).[6℄ D. Cox, et al., Z. Phys. B71, 321 (1988).


