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ELASTIC ANOMALIES OF �-(ET)2Cu[N(CN)2℄BrASSOCIATED WITH THEINSULATOR-TO-METAL CROSSOVER�T. Simizu, N. Yoshimoto, Y. Nakanishi and M. YoshizawaDepartment of Materials Siene and Engineering, Iwate UniversityMorioka 020-8551, Japan(Reeived July 10, 2002)Longitudinal sound veloity has been measured for organi superon-dutors �-(ET)2Cu[N(CN)2℄Br as a funtion of temperature. We measuredthe veloity of the sound propagating along both parallel and perpendiu-lar to the two-dimensional ondution plane. The sound veloity of bothdiretions shows a remarkable anisotropi behavior below TM , in additionto the anomaly at TM = 37K assoiated with Insulator-to-Metal rossover.PACS numbers: 74.25.Ld, 74.70.Kn1. IntrodutionOrgani superondutors �-(ET)2Cu(NCS)2 and �-(ET)2Cu[N(CN)2℄Brshow high-T superondutivity among organi materials at ambient pres-sure, where ET indiates BEDT-TTF: bis (ethylene di thio) tetra thia ful-valene. Temperature dependene of both ompounds (hereafter abbreviatedas NCS-salt and Br-salt, respetively) looks semionduting at high temper-atures, and metalli at low temperatures. They show an insulator-to-metalrossover behavior with a resistane maximum below 100 K [1, 2℄.Elasti properties of NCS-salt has been measured to investigate the su-peronduting properties, so far [3, 4℄. These measurements had been lim-ited to the low temperature due to experimental di�ulties. Reently, wehave suessfully extended our measurements to wide temperature up to140 K, by using hand-made piezo-eletri transduers, and we found a re-markable elasti softening and a minimum around 46 K, whih orrespondsto the Insulator-to-Metal rossover [5℄. Similar behavior was reported byFrikah et al. for NCS- and Br-salts [6℄. They showed that the temperature� Presented at the International Conferene on Strongly Correlated Eletron Systems,(SCES02), Craow, Poland, July 10�13, 2002.(795)



796 T. Simizu et al.of the veloity minimum shifted to higher temperatures by applying higherhydrostati pressure. It is the same as the pressure dependene of the resis-tane maximum. This indiates that the high-temperature elasti anomalyorrelates to the resistane maximum in these salts.The ultrasoni experiments have been made only for the inter-plane di-retion in these previous reports. We will report the elasti properties andanisotropi haraters in Br-salt.2. ExperimentLongitudinal sound veloity of Br-salt has been measured by an ultra-soni measurement system with a phase omparison method. The propa-gation diretions of the sound are both parallel and perpendiular to thetwo-dimensional ondution plane. The parallel and perpendiular dire-tions to the ondution plane are abbreviated as In-plane and Inter-plane,respetively. The ultrasoni veloity has been measured by using devisedpiezo-eletri transduers, whih are made by thinning proess of LiNbO3wafer by lapping [5℄. The thikness of the transduer is 50 �m, and itsresonane frequeny is 96 MHz.Single rystalline Br-salts were grown by eletro-hemial oxidationmethod in 1,1,2-Trihroloethan. The preise ondition for the single rys-tal growth is desribed elsewhere. In-plane axis of the single rystal wasdetermined by the grazing-angle inident X-ray di�ration (GIXD) method(Rigaku Co. ATX-G).
Fig. 1. (a) Crystal orientation of the sample measured in this work and (b) rystalstruture of �-(ET)2Cu[N(CN)2℄Br.Br-salt has orthorhombi symmetry. The size of the rystal is A� b�C= 2.17 �1.75 � 2.17 mm3 for Br-salt, respetively, where b is Inter-planeaxis. The axes a and  are rystallographi ones. The longitudinal soundveloity for Inter-plane diretion orresponds to 33. The propagation of thesound for the In-plane diretion is perpendiular to (201) in rystallographio-ordinates, whih orresponds to C diretion in Fig. 1.



Elasti Anomalies of �-(ET)2Cu[N(CN)2℄Br Assoiated with. . . 797Figure 2 shows temperature dependene of the sound veloity hangefor Br- and NCS-salts below 140 K. Both salts show remarkable anomaliesat low temperatures. The result of NCS-salt was shown in the same �gurefor omparison. The anomaly aused by the superondutivity is found at8.9 K and 11.8 K for NCS- and Br-salts, respetively. For the Br-salt, theveloity hange for the sound propagating along In-plane diretion is almostthe same as that for Inter-plane diretion.

Fig. 2. Temperature dependene of longitudinal sound veloity in �-(ET)2Cu(NCS)2 and �-(ET)2Cu[N(CN)2℄Br.An anomaly has been observed around TM = 46 K and 37 K for NCS-and Br-salts, respetively. For NCS-salt, the amount of the anomaly at46 K is 7:5 � 10�3. On the other hand, the anomaly in Br-salt is 11 �10�3 and 8:0 � 10�3 for the sound veloity along in-plane and inter-planediretions, respetively. Temperature dependene of the sound veloity looksvery similar for both salts, exept the harateristi temperatures TM . Theamount of anomaly above TM of the In-plane diretion is slightly larger thanthe Inter-plane one. But, the di�erene between them beomes remarkablein the temperature range below TM . The sound veloity of the Inter-planediretion inreases more steeply below TM . In general, the elasti onstantin the insulating region is larger than in the metalli region. The inrease ofthe elasti onstant was observed at the metal-insulator transition in someorgani salts. If this argument is appliable for the anisotropi behavior inBr-salt, this may be related to the anisotropi harge state.The observed sound veloity minimum in our measurements is smallerthan the report by Frikah et al. [6℄ We onsider, it is asribed to the di�er-ene of the experimental on�guration. They utilized the sound wave delayto measure thin speimens. We did not use that. We think that the experi-mental on�guration without delay is simple and better, if the short soundpulse would be available.



798 T. Simizu et al.3. DisussionMerino and MKenzie have suggested that strong eletron-phonon inter-ation leads a phonon softening near the oherene temperature T � that isthe border of fermi liquid to badmetal for the triangular Hubbard-HolsteinHamiltonian with half �lling [7℄. Aording to their alulation, the phononanomaly appears at T � = 0:1 t when U = 5:5 t, where U and t are theCoulomb repulsion and the hopping integral. This ondition gives the massenhanement of 3.8, whih may orrespond to the ase of �-type ET-salts.If t is hosen to be 1000 K, T � = 100 K. This is onsistent with the obser-vation. It would be needed to larify the mehanism of the sound veloityminimum in their piture.Reently, Sasaki et al. have disussed the harge aspet of these salts [8℄.They foused their attention on the fat that anisotropi behaviors developbelow TM = 37�38 K and 46�50 K for Br- and NCS-salts, respetively.These temperatures orrespond to the sound veloity minimum. Therefore,It would be thought that the anisotropi behavior in the sound veloity isrelated to the hange of harge state of this salt. We will make further inves-tigations on the origin of the sound veloity minimum both experimentallyand theoretially.The authors thank K. Kanoda, M. Lang and T. Sasaki for valuable dis-ussions, and M. Nakamura for his help in low temperature experiments. Theexperiments were arried out in the Cryogeni Division of Center for Instru-mental Analysis Iwate University. This work was supported by a Grant-in-Aid for Sienti� Researh from Ministry of Eduation, Culture, Sports,Siene and Tehnology. REFERENCES[1℄ H. Urayama et al., Chem. Lett. 55 (1988).[2℄ A. M. Kini et al., Inorg. Chem. 29, 2555 (1990).[3℄ M. Yoshizawa et al., Solid State Commun. 89, 701 (1994).[4℄ M. Yoshizawa et al. J. Low Temp. Phys. 105, 1745 (1996).[5℄ T. Simizu et al., Physia B, 281 & 282, 896 (2000).[6℄ K. Frikah et al, Phys. Rev. B61, R6491 (2000).[7℄ J. Merino et al., ond-mat/0007173 (unpublished).[8℄ T. Sasaki et al., Phys. Rev. B65, 060505 (2002).


