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HEAVY ELECTRON BEHAVIOUR OF CeNi9Si4�H. Mi
hor, E. Bauer, M. El-Hagary, G. Hils
herInstitut für Festkörperphysik, T.U. Wien, A-1040 Wien, Austriaand P. RoglInstitut für Physikalis
he Chemie, Universität Wien, A-1090 Wien, Austria(Re
eived July 10, 2002)We have studied the phase formation, thermodynami
 and transportproperties of CeNi9Si4: The Rietveld re�nement of the X-ray pattern 
on-�rms a fully ordered tetragonal 
rystal stru
ture (spa
e group I4/m
m)that is derived from the 
ubi
 NaZn13 stru
ture type. Resistivity, mag-neti
 sus
eptibility and spe
i�
 heat measurements reveal Kondo-latti
ebehaviour with an enhan
ed Pauli sus
eptibility �0 = 0:005 emu/mol anda large Sommerfeld value 
 = 155 (5)mJ/molK2. The magneti
 
ontribu-tions to the spe
i�
 heat and the magneti
 sus
eptibility are well des
ribedby the Coqblin�S
hrie�er model with a fully degenerate J = 5=2 groundstate and a 
hara
teristi
 temperature T0 ' 180K.PACS numbers: 75.30.Mb, 74.25.Bt, 75.30.Cr1. Introdu
tionWe report on the physi
al properties of a novel fully ordered 
ompoundCeNi9Si4. This ternary phase is very 
lose to the partially disordered phaseCe2Ni17Si9 whi
h was reported to be a tetragonal 
ompound with its ownstru
ture type (spa
e group I4/m
m) that is derived from the 
ubi
 NaZn13-type [1℄. The latter results were 
on�rmed by time-of-�ight neutron di�ra
-tion by Moze et al. [2℄ who reported a strong site preferen
e of Si to oneparti
ular latti
e site (fully o

upied by Si) and partial o

upation of an-other parti
ular latti
e site whi
h is primarily o

upied by Ni.Poly
rystalline samples were prepared by indu
tion melting of the el-ements (Ce and La 99.95%, Ni and Si with 5N) under prote
tive argon� Presented at the International Conferen
e on Strongly Correlated Ele
tron Systems,(SCES02), Cra
ow, Poland, July 10�13, 2002.(955)
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hor et al.atmosphere and subsequent annealing at 990ÆC for one week. Rietveld re-�nements were performed on X-ray Guinier image plate data obtained froma �at powder spe
imen in transmission mode employing the FullProf98 pro-gram. D
 sus
eptibility and spe
i�
 heat were measured with a SQUIDmagnetometer and with an adiabati
 step heating 
alorimeter, respe
tively.2. Results and dis
ussionThe Rietveld re�nement of the X-ray powder di�ra
tion data of singlephase CeNi9Si4 
onverged satisfa
torily for a fully ordered arrangement ofCe, Ni and Si atoms in the sites of the spa
e group I4/m
m with a = 7:842 Åand 
 = 11:446 Å. The existen
e of an ordered 1-9-4 phase is further sup-ported by the mu
h lower residual resistivity �0 � 9�

m of stoi
hiometri
CeNi9Si4 and LaNi9Si4 
ompared to �0 > 100�

m of o�-stoi
hiometri
samples (e.g. CeNi8:8Si4:2) prepared by the same pro
edure.

Fig. 1. The spe
i�
 heat Cp(T ) of CeNi9Si4 and LaNi9Si4; the inset shows theele
tri
al resistivities �(T ).The spe
i�
 heat Cp(T ) of CeNi9Si4 and its non-magneti
 referen
eLaNi9Si4 shown in Fig. 1 as C=T vs. T reveals a signi�
ant enhan
ementof the T-linear 
ontribution 
 = 155 (5)mJ/molK2 of CeNi9Si4 
omparedto 
 = 33 (2)mJ/molK2 of LaNi9Si4; re�e
ting the so-
alled heavy ele
-tron behaviour due to the Kondo intera
tion between the Ce 4f -states andthe 
ondu
tion ele
trons. The s
reening of the Ce-moments revealed bythe sus
eptibility data (see below) together with the temperature depen-den
e of the resistivity, �(T ); of CeNi9Si4 
ompared LaNi9Si4 (see the insetof Fig. 1) 
learly 
on�rms the Kondo latti
e behaviour of CeNi9Si4. Be-low about 20K CeNi9Si4 exhibits a T 2 behaviour, �(T ) = �0 + AT 2 with
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m/K2; whi
h is 
hara
teristi
 for the regime of 
oherent Kondos
attering. The Kadowaki�Woods ratio A=
2 � 10�6�

m(molK/mJ)2 is
omparable to that of some Yb Kondo-latti
e 
ompounds e.g. YbCu4Ag andd-metals [3℄, but smaller than the typi
al 10�5�

m(molK/mJ)2 of otherCe and U 
ompounds.For a dire
t 
omparison of the thermodynami
 behaviour of CeNi9Si4with the thermodynami
 equations of the Coqblin�S
hrie�er (CS) model [4℄solved by Rajan [5℄ we show in Fig. 2 the magneti
 
ontribution �Cp(T ) tospe
i�
 heat of CeNi9Si4 (open 
ir
les; obtained by subtra
ting the spe
i�
heat of the non-magneti
 referen
e LaNi9Si4) and the solid line 
orrespondsto the result of the CS model for a 6-fold degenerate ground state (J = 5=2)with a 
hara
teristi
 temperature T0 = 178K. The latter is the only freeparameter of the model whi
h a

ounts for the energy s
ale of the Kondointera
tion and has been determined by a simple �t to the experimentaldata.

Fig. 2. The magneti
 spe
i�
 heat 
ontribution �Cp(T ) of CeNi9Si4; the solid line
orresponds to the Coqblin�S
hrie�er model for a 6-fold degenerate ground statewith the 
hara
teristi
 temperature T0 = 178K.The d
 magneti
 sus
eptibility �(T ) of CeNi9Si4 and LaNi9Si4 shown inFig. 3 reveals simple Pauli paramagneti
 behaviour with �0 '0:6 � 10�3 emu/mol for LaNi9Si4 and a typi
al heavy ele
tron type weaklytemperature dependent magneti
 sus
eptibility with �0 ' 5�10�3 emu/molfor CeNi9Si4: The solid line in Fig. 3 again shows the result of the CS modelfor a 6-fold degenerate ground state with the T0 = 178K. The Wilson ratioR = �=
 ' 1:2 agrees with the value expe
ted for Ce3+. The rather goodagreement between the experimental data, the spe
i�
 heat and the mag-neti
 sus
eptibility of CeNi9Si4, with the simple form of the CS model whi
h
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Fig. 3. The d
 magneti
 sus
eptibility of �(T ) of CeNi9Si4 and LaNi9Si4 mea-sured at 1T; the solid line 
orresponds to the Coqblin�S
hrie�er model for a 6-folddegenerate ground state with T0 = 178K.does not a

ount for any 
rystalline ele
tri
 �eld (CEF) e�e
ts indi
ates thatthe overall CEF splitting of the Ce3+ ground multiplet is smaller than the
hara
teristi
 energy s
ale T0.The work was supported by the Austrian S
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