
Vol. 34 (2003) ACTA PHYSICA POLONICA B No 2
OPTICAL REFLECTIVITY OF THE CLATHRATECOMPOUND Ba6Ge25�J. Sihelshmidt, V. Voevodin, S. PashenW. Carrillo-Cabrera, Yu. Grin, F. SteglihMax-Plank-Institute for the Chemial Physis of Solids01187 Dresden, Germanyand S. KimuraUVSOR Faility, Institute for Moleular Siene, Okazaki 444-8585, Japan(Reeived July 10, 2002)We report optial investigations of the eletroni properties of the lath-rate ompound Ba6Ge25 in whih at room temperature Ba atoms �rattle�in Ge-network avities. When lowering the temperature aross TS ' 200Ka lok-in of the Ba-atoms to split-site positions in the ages is observed. Thelow energy Drude type of re�etivity is haraterized by a low harge ar-rier density whih smoothly varies with temperature. However, the Druderelaxation time of the harge arriers is found to be almost temperatureindependent, espeially when ooling below TS where, aording to ther-mopower data, the e�etive mass is enhaned. This behavior ould indiatea formation of polaroni quasi partiles below TS whih is also supportedby previous measurements of magneti suseptibility of Ba6Ge25.PACS numbers: 71.27.+a, 72.15.�v, 78.30.�j1. IntrodutionOn the searh for small-gap semiondutors/semimetals Kondo Insula-tors (KI) [1℄ the new lathrate ompound Ba6Ge25 was reently disovered [2℄and may be onsidered as a referene ompound for a potential KI when theBa atoms are substituted by suitable rare earth elements with an unstable4f shell [3℄. Ba6Ge25 is a system with a relatively low harge arrier densitywhih, near TS ' 200K, undergoes a metal to semiondutor-like transitionas well as a hange of Ba-displaements and beomes superonduting at� Presented at the International Conferene on Strongly Correlated Eletron Systems,(SCES02), Craow, Poland, July 10�13, 2002.(613)



614 J. Sihelshmidt et al.T ' 0:24K [4,5℄. The ubi struture onsists of large ages of germaniumwhih enapsulate the Ba atoms. Some of the Ba atoms are loked intosplit positions below TS. This behavior ruially e�ets the superondutingphase transition and the properties of the harge arriers whih propagatewithin the framework of ages. We performed near-normal inidene re�e-tivity measurements on well polished polyrystalline samples of Ba6Ge25.A Bruker rapid-san Fourier spetrometer was used for energies between5meV (40 m�1) and 3 eV (22000 m�1). Synhrotron radiation was used toover energies from 1.2 eV up to 30 eV. The sample was plaed in the ex-hange gas of a 4He bath ryostat allowing for temperatures 2 < T < 300K.2. Results and disussionFig. 1 shows the temperature dependene of the eletrial resistivity� whih near TS strongly hanges between metalli (above TS) and semi-ondutor-like (below TS) behavior. A distint thermal hysteresis of the re-sistivity evidenes a �rst order phase transition. From Hall-e�et measure-ments the harge-arrier onentration n(T ) has been determined within aone-band model. The inset of Fig. 1 shows n(T ) with a remarkably weaktemperature dependene at TS. Therefore the harge arrier mobility � issupposed to be responsible for the strong hange of the eletrial ondutiv-ity at TS. Indeed, at TS, the Hall mobility �H(T ) = RH=� hanges in thesame way as 1=�(T ) does [4℄.
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Fig. 1. Eletrial resistivity �(T ) of Ba6Ge25. Inset: Temperature dependene ofthe (negative) harge-arrier onentration �n(T ) as determined by Hall measure-ments (f.u. � formula unit Ba6Ge25).



Optial Re�etivity of the Clathrate Compound Ba6Ge25 615The harge arrier mobility �H is determined by the e�etive mass m?and the relaxation time � via �H / �=m?. When lowering the temperatureone may expet � to derease signi�antly when rossing the phase transi-tion temperature TS � 200K. This is beause no inter ell orrelations ofthe Ba atomi displaements were found and therefore the resulting disordershould lead to strong random sattering [5℄. On the other hand m? ouldalso be inreased below TS due to hanges in band struture. To disentanglethe e�ets of m? and � on the mobility, investigations of the optial re�e-tivity an help as the time sales of relaxation time (� 10�14 s) and optialfrequenies oinide.
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Fig. 2. Optial re�etivity R of Ba6Ge25 at several temperatures: from bottomto top, T = 80; 140; 170; 200; 240; 295K. Inset: First derivative of the re�etiv-ity dR=d!. The dashed lines are Drude model �ts with the following parameters:a plasma frequeny !P (values indiated in the �gure) and a temperature indepen-dent relaxation time � = (1:7� 0:1)� 10�14 s.An eletroni response whih is typial for systems with low harge ar-rier densities dominates the re�etivity spetra shown in Fig. 2. The low-energy Drude-like part of the re�etivity is haraterized by temperaturedependent plasma frequenies with values smaller than !P � 0:5 eV whihorresponds to about 5 eletrons per Ba6Ge25 unit (assuming a free eletronmass). For ! < 0:6 eV the temperature dependent re�etivity spetra lookvery similar in shape and only their edges at around 0.5 eV vary smoothlywith temperature. This is in aordane with the smooth and almost linearbehavior of n(T ) (inset of Fig. 1) if these edges are interpreted as plasmaedges in a Drude response, !2P / n=m?. Moreover, no di�erenes of the



616 J. Sihelshmidt et al.re�etivity spetra between ool down and warm up at T � TS are observedwhih agrees well with the weak hysteresis of n(T ) around TS. The in�ueneofm? on !P will be analyzed in future within a Drude�Lorentz model takinginto aount band-struture alulations.The slope of the plasma edges is haraterized by the Drude relaxationtime. As an be seen in the inset of Fig. 2 the slopes ould be desribed bya temperature independent Drude relaxation time � = (1:7� 0:1)� 10�14 s.Espeially when rossing the phase transition temperature TS the relaxationtime seems to be not muh a�eted. This is in ontrast to assumptionsto understand the anomalously low bare density of states in the distortedlow-temperature phase of Ba6Ge25 [5℄.To understand this observation one ould think of a di�erent kind of quasipartiles below TS. From suseptibility measurements [5℄ there is evidenefor the formation of spinless bipolarons: below TS the magneti suseptibilityis redued by the free eletron Pauli ontribution. Large bipolarons giverise to band-like transport [6℄ as observed in measurements of the eletrialresistivity and Hall-e�et [4℄. Moreover, thermopower data support thispiture as they may be interpreted as evidene for an inrease of the e�etiveharge arrier mass below TS [4℄.A redution of a purely eletroni type of ondution is also indiated inour optial data by a spetral weight transfer from low energies to a peak ataround 1 eV (see Fig. 2) onomitant with the enhanement of the e�etivearrier mass.In onlusion from measurements of the optial re�etivity we found analmost temperature independent harge arrier relaxation time when ross-ing the temperature TS � 200K, where Ba atoms lok-in to presumablyrandomly distributed split positions in Ge-network avities. Together withresults of magneti suseptibility and thermopower measurements our op-tial data at energies below 2 eV seems to provide evidene for exitationsof large bipolarons. Further optial investigations and data analysis in thisdiretion are urrently in progress.REFERENCES[1℄ G. Aeppli, Z. Fisk, Comments Condens. Matter Phys. 16, 155 (1992).[2℄ W. Carrillo-Cabrera et al., Z. Kristallogr. 215, 207 (2000).[3℄ S. Pashen et al., Phys. Rev. B64, 214404 (2001).[4℄ S. Pashen et al., Phys. Rev. B65, 134435 (2002).[5℄ F.M. Groshe et al., Phys. Rev. Lett. 87, 247003 (2001).[6℄ D. Emin, Phys. Rev. Lett. 62, 1544 (1989).


