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MAGNETIC BEHAVIOUR OF Yb5Si4 AND Yb3Si4�S.K. DharCMP&MS, T.I.F.R., Homi Bhabha Road, Mumbai, 400 005 IndiaP. Manfrinetti, A. PalenzonaINFM and Dipartimento di Chimi
a, Università di GenovaVia Dode
aneso 31, 16146 Genova, Italyand P. BonvilleCEA, Centre d'Etudes de Sa
lay, Servi
e de Physique de l'Etat Condensé91191 Gif-sur-Yvette, Fran
e(Re
eived July 10, 2002)Yb5Si4 and Yb3Si4 are two new 
ompounds with three and two in-equivalent latti
e sites for Yb ions, respe
tively. Using sus
eptibility, heat
apa
ity and 170Yb Mössbauer spe
tros
opy, we �nd that only about 1/3rdof Yb ions order magneti
ally below 1.65K in Yb5Si4, with a substantialsaturated moment of 1.9�B/Yb at 80mK. The remaining Yb ions are para-magneti
 down to 80mK, but with a valen
y 
lose to 3, presumably dueto appre
iable hybridisation. In Yb3Si4 the hybridisation is stronger andhalf of Yb ions orders magneti
ally below 3K, with a very small saturatedmoment of just 0.28�B/Yb at 80mK.PACS numbers: 75.20.Hr, 75.30.Cr, 75.30.Mb, 76.80.+yIn a very re
ent investigation of the phase diagram of the Yb-Si sys-tem [1℄, two new 
ompounds Yb5Si4 and Yb3Si4 were identi�ed. Both 
om-pounds 
rystallise with orthorhombi
 unit 
ells having Sm5Ge4-type andHo3Si4-type stru
ture [2℄, respe
tively. While three di�erent types of nearneighbour environments are present for Yb ions in Yb5Si4, there are twodi�erent 
rystallographi
 sites for Yb ions in Yb3Si4. From previous work in� Presented at the International Conferen
e on Strongly Correlated Ele
tron Systems,(SCES02), Cra
ow, Poland, July 10�13, 2002.(1461)



1462 S.K. Dhar et al.the literature, it is known that Yb ions at two sites in hexagonal Yb5Si3 ex-ist with di�erent hybridization strengths and remain paramagneti
 at leastdown to 0.03K [3℄. It is therefore of interest to probe the magneti
 be-haviour of Yb ions in other sili
ides, and the results in Yb5Si4 and Yb3Si4are presented here.The alloys Yb5Si4 and Yb3Si4 were prepared in 
losed Ta 
ontainersand annealed at 1000 and 950ÆC for 7 and 14 days, respe
tively. X-raydi�ra
tion and metallographi
 examination showed the presen
e of a fewper
ent of extra phase Yb5Si3 in Yb5Si4 and YbSi (CrB-type) in Yb3Si4.The latti
e parameters mat
h well with the values reported in Ref. [1℄.Fig. 1 left shows the thermal variation of the inverse sus
eptibility be-tween 1.7 and 300K. The �eld dependen
e of the magnetization up to 10Tis shown in the inset. The sus
eptibility shows Curie-Weiss behaviour above150K with �e� = 3.63 and 4.23�B/Yb and �p = �49.6 and �97.8K inYb5Si4 and Yb3Si4, respe
tively. The e�e
tive moment is less than the freeion value of Yb3+ (4.54�B) and there is no apparent signature of magneti
ordering in the data down to 1.7K. The redu
ed e�e
tive moment and largenegative �p indi
ate a signi�
ant hybridization (whi
h is site dependent,see below) of the Yb 4f orbitals with the 
ondu
tion ele
tron states. Themagnetisation at 1.8K rea
hes 0.80�B/Yb at 10T in Yb5Si4, and showsa 
lear 
urvature. In Yb3Si4, the magnetisation rea
hes 0.63�B at 10Tand is almost linear with the �eld. The heat 
apa
ity C of Yb5Si4 in
reases
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Fig. 1. Left: inverse magneti
 sus
eptibility in Yb5Si4 and Yb3Si4; inset: magneti-sation 
urves at 1.8K. Right: Heat 
apa
ity in Yb5Si4 and Yb3Si4.rapidly below 2.5K (Fig. 1 right), and shows a well de�ned peak with Cmax=3J/(K molYb) at TN ' 1.65K indi
ative of magneti
 ordering. The mea-surements 
ould not be performed to low enough temperatures below TN sothat a reliable value of the entropy 
hange 
ould be derived. On the other



Magneti
 Behaviour of Yb5Si4 and Yb3Si4 1463hand the heat 
apa
ity data in Yb3Si4 show a small peak, with Cmax '1.4 J/(K molYb), near 3K. In 
ase this feature arises from the magneti
ordering of Yb ions, the moments must be appre
iably redu
ed due to hy-bridization.The 170Yb Mössbauer spe
tra between 80mK and 4.2K are shown inFig. 2. In Yb5Si4 (Fig. 2 left), the spe
trum at 80mK 
an be resolved intotwo 
omponents: (i) 30-35% of a magneti
 hyper�ne spe
trum with a Yb3+spontaneous moment of 1.9�B whi
h de
reases to 1.1�B at 1.5K, and (ii) aquadrupolar non-magneti
 spe
trum (65-70%) whi
h remains un
hanged upto 4.2K and 
an 
orrespond to Yb2+ or intermediate valent Yb. As a �rst

Fig. 2. Left: 170Yb Mössbauer spe
tra in Yb5Si4 at 80mK, 1.5 and 4.2K. Thesubspe
trum with the largest splitting 
orresponds to Yb3+ with magneti
 ordering.Right: 170Yb Mössbauer spe
tra in Yb3Si4 at 80mK and 4.2K. The two subspe
trahave equal intensities, and that with the largest splitting shows a line-broadeningat 80mK whi
h 
ould indi
ate magneti
 ordering of Yb3+ ions.
he
k for this latter valen
e state, we performed simulations of the powdermagnetisation at 1.8K, assuming that 1/3 of the Yb ions have a saturatedmoment of 1.9�B and that 2/3 are non-magneti
. Comparing with themeasured magnetisation 
urve, we �nd that this latter assumption 
annothold, i.e. that all the Yb ions must have a paramagneti
 response to themagneti
 �eld. Therefore, our data suggest that, in Yb5Si4, 1/3 of the Ybions are trivalent and undergo magneti
 ordering while the remaining 2/3have a valen
y 
lose to 3, but experien
e a strong 4f -
ondu
tion ele
tronhybridisation whi
h hinders magneti
 ordering to set in. The assignment



1464 S.K. Dhar et al.of the Yb3+ fra
tion to a given site in the orthorhombi
 unit 
ell is notstraightforward, as the ratio 1:2 does not 
orrespond to any 
ombinations ofthe known multipli
ities of the 3 possible sites (1:4 or 2:3). It 
ould happenthat the di�erent Yb sites have slightly di�erent Mössbauer f-fa
tors, whi
h
ould restore the a
tual ratio of the site populations to a 
rystallographi
ally
orre
t value (1:4 or 2:3).In Yb3Si4 (Fig. 2 right), the spe
tra 
an again be resolved into two
omponents with nearly equal intensity, whi
h are likely to 
orrespond tothe two 
rystal sites. One subspe
trum is not resolved and does not seem to
hange down to 80mK. The other one shows a split quadrupolar pattern at4.2K and undergoes some line broadening at 1.5K and 80mK. This latterfeature 
an be attributed to magneti
 ordering with very small moments, ofabout 0.1�B/Yb at 1.5K and 0.28�B/Yb at 80mK. Then the small peak at3K in the spe
i�
 heat data would 
orrespond to the magneti
 transition.In another Yb sili
ide, YbSi, where the Yb3+ magneti
 moment is also mu
hredu
ed (0.23�B/Yb at saturation [4℄), the peak of the spe
i�
 heat at themagneti
 transition (TN =1.6K) has a small amplitude of 1.8 J/(K molYb)[5℄. In 
on
lusion we have shown that the Yb ions at inequivalent latti
esites in Yb5Si4 and Yb3Si4 show site dependent magneti
 behaviour due tovarying degree of hybridization. In both 
ompounds, only a fra
tion of theYb ions are magneti
ally ordered (at 1.65K in Yb5Si4 and presumably at3K in Yb3Si4), while the rest remain paramagneti
 down to 80mK. X-rayabsorption experiments at the Yb LIII edge are planned in order to determinethe Yb valen
ies in these materials.REFERENCES[1℄ A. Palenzona, P. Manfrinetti, S. Brutti, G. Baldu
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ard, G. Jéhanno, J. Sierro,J. Phys.:Condens. Matter 1, 8567 (1989).[5℄ C. Engkagul, R. Selim, T. Mihalisin, P. S
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