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ORIGIN OF THE METAL�INSULATOR TRANSITIONIN PrRu4P12�Hisatomo HarimaInstitute of Sienti� and Industrial Researh, Osaka University567-0047 Ibaraki, JapanKatsuhiko TakegaharaDepartment of Materials Siene and Tehnology, Hirosaki University036-8561 Hirosaki, JapanKazuo UedaInstitute for Solid State Physis, University of Tokyo, 277-8581 Kashiwa, Japanand Stephanie H. CurnoeDepartment of Physis and Physial OeanographyMemorial University of Newfoundland, A1B 3X7 St. John's NF, Canada(Reeived July 10, 2002)PrRu4P12 shows a metal-insulator (M-I) transition with a struturalphase transition and without magneti anomaly. To investigate the originof the M-I transition, we have alulated the band strutures by usingthe FLAPW-LDA+U method with many types of lattie distortions. Theresult shows an insulator when P ions are slightly distorted with � 1 mode,suggesting the M-I transition is aused by the perfet 3 dimensional nestingof the Fermi surfae.PACS numbers: 71.30.+h, 71.20.�b, 71.20.Eh, 71.15.�m1. IntrodutionThe �lled skutterudites RT4X12 (R=light Rare earth, Yb, Th and U; T=Fe, Ru and Os; X= P, As and Sb) have reently attrated muh attentionas improved thermoeletri materials [1℄ and for the variety of the eletrialand magneti properties. Among them, PrRu4P12 shows a metal�insulator� Presented at the International Conferene on Strongly Correlated Eletron Systems,(SCES02), Craow, Poland, July 10�13, 2002.(1189)



1190 H. Harima et al.(MI) transition at TMI = 60 K [2℄, PrFe4P12 undergoes a non-magnetiordering showing heavy fermion behaviour under magneti �elds [3,4℄. Veryreently, a new lass of heavy fermion superondutivity has been reportedin PrOs4Sb12 [5,6℄. Suh the interesting physial properties are expeted tore�et the Fermi surfae property and the 4f2 states under the rystalline�eld. In fat, the Fermi surfaes of RT4P12 (T=Fe, Ru) shows nestingproperty with q = (1; 0; 0) [7, 8℄.The phase transitions of PrFe4P12 and PrRu4P12 have been disussed asanti-quadrupolar ordering [9, 10℄. However, no distint magneti anomalyhas been observed at the M-I transition in PrRu4P12 [11�14℄. Then, it hasbeen suggested that the harge density wave (CDW) is a possible origin ofthe M-I transition [14℄. When the origin of the transition is non-magnetione, the �1-type lattie distortion should be onsidered [15℄.2. Band struture alulationsTo investigate the origin of the M-I transition of PrRu4P12, band stru-ture alulations are performed by using the FLAPW-LDA+U method [16℄with many types of �1-type lattie distortions.PrRu4P12 rystallises in a unique body-entered ubi (BCC) strutureof a spae group Im	3 (T 5h , # 204). The atomi parameters are obtained asa=8.0424 Å for the lattie onstant and u = 0:3576, v = 0:1444 for 24g-site oupied by P [17℄. The strutural phase transition with q = (1; 0; 0)is observed suggesting that the unit ell beomes doubled to be a simpleubi struture Pm	3 (T 1h , # 200) [18℄. However, the details of the distortionhave remained undetermined experimentally. Now only P distortions areonsidered. In Pm	3, 12j-site (0, u+ÆAu , v+ÆAv ) and 12k-site (1/2, 1=2+u+ÆBu , 1=2 + v + ÆBv ) are oupied by 24 P ions. When ÆAu = ÆBu and ÆAv = ÆBv ,the lattie beomes bak to Im	3. The alulations are performed with avariety of two parameters; Æu = ÆAu = �ÆBu and Æv = ÆAv = �ÆBvThe details of the method follow the previous LDA+U alulation [8℄.Now the alulations for the system ontaining 34 atoms are performed byusing up to about 2,100 LAPW basis funtions. The loal symmetry forPr-site is unhanged and no magneti anomaly is observed at TMI, so theoupied 4f states are assumed as the singlet ground state (�1 = �7(j =5=2) � �7(j = 5=2) in Oh) for the starting potential, then determined self-onsistently. The oupied and unoupied 4f states are loated below andabove the Fermi level, respetively, therefore they do not a�et diretly theband struture near the Fermi level.The original Fermi surfae in Im	3 has a very good nesting property withthe volume of a half of the BCC Brillouin zone [8℄, however, for many asesa small number of arriers survives when the Fermi surfae is nested. There



Origin of the Metal�Insulator Transition in PrRu4P12 1191are two inequivalent Z axes, whih are due to no four fold symmetry axesin Pm	3, and a band overlap between bands on the two Z axes tends toremain in the ase of Æv = 0. In the ase of Æu = 0, the degeneray of thebands around the X points are hardly lifted. Therefore opening a band gapprefer that both of Æv and Æu are non zero. Moreover, Æv and Æu should haveanother sign, then will keep the Pr-P distane almost unhanged.One suessful result is obtained, as shown in Fig. 1, for Æu = 0:003aand Æv = �0:004a. Only 0.5% distortion wipes out a whole of the arrier,resulting in an insulator, indiating this is the 3 dimensional perfet nestingsystem. This type of the P distortion must be observed experimentally.
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Fig. 1. The alulated (a) band struture and (b) the density of states for PrRu4P12with the �1-type distortion, with the 1mRy band gap width.Here we onsider the 4f states do not partiipate the phase transition inPrRu4P12, assuming the singlet ground state. Therefore suh the nesting isexpeted in another ompound, e.g., LaRu4P12. However, the existene ofthe other Fermi surfaes [19℄ would suppress suh the nesting in LaRu4P12,while anti-quadrupolar ordering ooperates with the nesting in PrFe4P12,though also another Fermi surfae appears.3. ConlusionThe band struture alulations reveal that PrRu4P12 ould be an insu-lator with �1-type P-distortion in the doubled unit ell. It shows the originof the M-I transition is the 3 dimensional Fermi surfae perfet nesting.
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