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SUCCESSIVE STRUCTURAL PHASE TRANSITIONSOF THE SEMICONDUCTIVE CeRhAs�M. Nakajima, K. Iwasa, M. KohgiDepartment of Physi
s, Tokyo Metropolitan UniversityMinami-osawa 1-1, Ha
hioji, Tokyo 192-0397, JapanT. Sasakawa and T. TakabatakeDepartment of Quantum Matter, ADSM, Hiroshima UniversityHigashi-Hiroshima 739-8530, Japan(Re
eived July 10, 2002)X-ray di�ra
tion experiment has been performed on the semi
ondu
-tive valen
e �u
tuation 
ompound CeRhAs. Strong superlatti
e re�e
tions
hara
terized by the wave ve
tor of q = (0; 1=2; 1=2) was observed be-low T1 = 370 K with intensity anomalies at T2 = 235 K and T3 = 165 K.Below T2, additional superlatti
e re�e
tions were seen and some of themdisappear below T3. The observed su

essive superlatti
e formation mayre�e
t the ele
troni
 gap formation due to the 
ompli
ated Fermi-surfa
estru
ture.PACS numbers: 75.30.Mb, 71.27.+a, 61.10.NzThe ternary intermetalli
 
ompound CeRhAs was reported to 
rystallizein the �-TiNiSi type orthorhombi
 stru
ture whi
h is the same stru
ture asthat of a Kondo semimetal CeNiSn [1, 2℄. Magneti
 sus
eptibility of this
ompound exhibits a broad maximum around 500 K. This fa
t shows thatthe material is 
ategorized as the valen
e �u
tuation (VF) system at hightemperatures. On the other hand, an abrupt de
rease of sus
eptibility isobserved at T1 = 370 K with de
reasing temperature, indi
ating that a gapopens at the Fermi level of 4f ele
tron state at the temperature [3, 4℄.Following this phenomenon, the resistivity, sus
eptibility, thermo-ele
tri
power, thermal 
ondu
tivity and latti
e parameters of CeRhAs exhibit step-like anomalies at the temperatures T2 = 235 K and T3 = 165 K. At the� Presented at the International Conferen
e on Strongly Correlated Ele
tron Systems,(SCES02), Cra
ow, Poland, July 10�13, 2002.(1109)



1110 M. Nakajima et al.temperatures below T3, the 
ompound behaves as a semi
ondu
tor with arather small energy gap of the order of 200 K [3℄. These fa
ts indi
ate thatCeRhAs is 
lassi�ed into a new-type of VF material with a semi
ondu
tiveground state after multi-step phase transitions at low temperatures.In order to investigate the phase transitions in CeRhAs, X-ray di�ra
tionexperiments have been performed on this material at various temperatures.A di�ra
tometer with a Mo rotating-anode X-ray sour
e was used forthe experiment. A single 
rystal sample of CeRhAs (1:0 � 1:6 � 1:1 mm3),whi
h was grown by the Bridgman te
hnique [3℄, was used in the experiment.Sample temperature was 
ontrolled between 50 and 400 K by using a 
losed-
y
le refrigerator.Various superlatti
e re�e
tions in addition to the fundamental Braggre�e
tions of the �-TiNiSi type stru
ture were observed at temperaturesbelow T1 (370 K). Fig. 1 shows the s
attering pro�les along [0; �; �℄ dire
tionthrough (1, 6, 0) re
ipro
al latti
e point at 100 K and 200 K. Fig. 2(a) and (b)show the pro�les along [0; �; �℄ and [�; 0; 0℄ dire
tions, respe
tively, through(0, 6, 0) re
ipro
al latti
e point at 100 K, 200 K, and 250 K(a) or 300 K(b).Fig. 3 summarizes the temperature dependen
es of the peak intensities ofthe satellite peaks seen in Figs. 1 and 2.
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Fig. 1. S
attering pro�les along [0; �; �℄ dire
tion through (1, 6, 0).Below T1, strong superlatti
e re�e
tions were observed at (h; k; l)�(0; 1=2; 1=2), where h; k and l are integer, as shown in Fig. 1 and Fig. 3.The peak intensities of the re�e
tions show anomalies at T2 and T3. Notethat the peak at (1, 6, 0) seen in Fig. 1 is also forbidden in the �-TiNiSi typestru
ture. These superlatti
e re�e
tions 
an be 
hara
terized by a redu
ed
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(a) (b)Fig. 2. S
attering pro�les along (a) [0; �; �℄ and (b) [�; 0; 0℄ through (0, 6, 0).
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Fig. 3. Temperature dependen
es of peak-intensities of superlatti
e re�e
tions.wave ve
tor q1 = (0; 1=2; 1=2). It is remarkable that the intensities of thesuperlatti
e re�e
tions of q1 is 
omparable to or even stronger than those offundamental Bragg peaks at low temperatures: for example, the peak inten-sity of the superlatti
e peak (1, 5, -1) + (0, 1/2, 1/2) is about 7000/10 se
 at100 K as shown in Fig. 1, whereas those of the fundamental peaks (0, 6, 0)and (0, 7, 1) are about 8000 and 4000/10 se
, respe
tively, at the same tem-perature. These fa
ts indi
ate that the atomi
 displa
ement relevant to the



1112 M. Nakajima et al.phase transition at T1 is extremely large, and that the basi
 period of the
rystal be
omes twi
e the �-TiNiSi type unit 
ell along the b- and 
- dire
-tions.Between T2 and T3, additional superlatti
e re�e
tions 
hara
terized bythe wave ve
tors q2 = (0; 1=3; 1=3) and q3 = (1=3; 0; 0) are seen. Moreover,although not shown here, re�e
tions of q4 = (0; 1=6; 1=6) and q5 =(1=3; 1=3; 1=3) were also observed in the same temperature range. BelowT3, the re�e
tions of q2, q4, q5 disappear, while those of q1 and q3 aresuddenly enhan
ed.Sin
e above results indi
ate that the basi
 
rystal stru
ture of CeRhAsbelow T1 is di�erent from the �-TiNiSi type one, we also 
arried out a powderdi�ra
tion experiment on this material at room temperature. Samples wereprepared by powdering the same bat
h single 
rystals as that used in thesingle 
rystal di�ra
tion experiments. As a result of the experiment, no 
learsuperlatti
e re�e
tion of q1 was observed. It suggests that the stru
ture ofCeRhAs at room temperature is 
hanged to the stru
ture 
lose to the �-TiNiSi type one by powdering pro
ess.The present work indi
ates that CeRhAs undergoes su

essive stru
turalphase transitions at the temperatures T1, T2, and T3. The X-ray di�ra
tionresults together with the result of sus
eptibility measurement strongly sug-gest that the phase transition at T1 is a kind of Peierls transition whi
h givesrise to the stru
tural transformation with a huge atomi
 displa
ement. In-vestigation of the Fermi-surfa
e stru
ture and 
omparison with the presentX-ray di�ra
tion data is ne
essary. Detailed analysis of the superlatti
estru
ture in ea
h phase is in progress to understand the interesting proper-ties of this material. REFERENCES[1℄ S. Yoshii, M. Kasaya, H. Takahashi, N. Mori, Physi
a B 223&224, 421 (1996).[2℄ P. Salamakha, O. Sologub, T. Suemitsu, T. Takabatake, J. Alloy. Compd. 313,L5 (2000).[3℄ T. Sasakawa, T. Suemitsu, T. Takabatake, Y. Bando, K. Umeo, M.H. Jung,M. Sera, T. Suzuki, T. Fujita, M. Nakajima, K. Iwasa, M. Kohgi, Ch. Paul,St. Berger, E. Bauer, Phys. Rev. B66, 041103 (2002)[4℄ T. Takabatake, T. Suemitsu, T. Sasakawa, J. Kitagawa, K. Umeo, M. Nakajima,K. Iwasa, M. Kohgi, in this pro
eeding.


