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Electrical resistivity, magnetic susceptibility, X-ray diffraction and differential thermal 
analysis have been performed over a wide temperature range on binary compounds RCu. 
Melting points or decomposition temperatures for RCu (R = La, Ce, Pr, Nd, Sin, Eu, Gd, Tb 
and Dy) phases and a number of FeB--CsCI structural transitions are reported, and heats 
and entropies of transformation are evaluated. Large hysteresis effects are observed for the 
structural transformations at different temperatures. 

In LaCu and CeCu no structural transformation was detected, while TbCu and DyCu 
failed to reveal any high-temperature thermal effect of transformation. In EuCu a non- 
reproducible thermal effect was evidenced after thermal cycling. 

It has been reported that the majority of equiatomic compounds formed by rare 
earths (R) crystallize with the CsCI, CrB or FeB structures [1]. In the RCu series, the 
compounds formed by the lighter rare earths show the orthorhombic FeB structure 
(oP8 in Pearson's notation) stable at room temperature, while the heavier rare earths 
form RCu cubic phases of CsCI type (cP2). SmCu is the first cubic compound at 

298 K. 
The equilibrium phase diagrams have been determined for the majority of R-Cu 

in this laboratory [2, 3]. Study of the Nd-Cu diagram [4] has evidenced a structural 
transition for the equiatomic compound (Fig, t) .  Both magnetic and structura~ transi- 
tions have already been detected for other 1:1 compounds formed by heavy rare 

earths and Y with copper [5-9] .  
The CsCI-type compounds RCu [10] and RAg [11] are antiferromagnetic, while 

RZn [12, 13], RCd [14, 15] (except PrCd and YbCd) and TbHg [14] are ferro- 
magnetic. The experimental results have been explained in terms of RKKY exchange 
interaction, due to the polarization of conduction electrons. The compounds of the 
light R were also understood on the same basis, introducing new types of magnetic 

ordering, such as the screw structure. 
In this paper we report calorimetric and structural results obtained during a study 

of the phase transitions of RCu compounds. In order to obtain further evidence of 
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Fig. 1 The Nd-Cu phase diagram, where the hysteresis in the structural transformation of NdCu is 
evidenced 

the presence of thermal hysteresis in some RCu phases, resistivity results for NdCu 
are also reported. 

Experimenta I 

R metals (Rare Earths Products Inc.; 3N), except Eu (Michigan Chem. Co.; 2N), 
and copper (Koch-Light; 5N) were used as starting materials. The samples (each 
consisting of 1 g of a stoichiometric mixture of the elements) were sealed in molybde- 
num crucibles under pure argon and were melted a number of times in an induction 
furnace while being carefully shaken to ensure homogeneity. 

Differential thermal analysis (DTA) was performed during both heating and cooling, 
as described previously [16]. The samples were thermally cycled to check the re- 
producibility of the data. In some cases, additional thermal treatments were applied. 

The alloys were homogeneous on micrographic analysis and were grey metallic 
coloured. They oxidized easily in air and were brittle. 

Resistivity tests were performed by the conventional four-wire technique, in which 
the wires were spot-welded on the samples. 

The crystal structures of the phases were checked by the X-ray powder method. 
High-temperature measurements of reticular parameters were carried out using a 
Rigaku-Denki high-temperature powder chamber. 

The values of ~ were determined following a procedure well established in this 
laboratory [17]. The mean value of three measurements is reported in Table 1; the 
accuracy is expected to be + 10%. 
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Table 1 Crystallographic, thermal and thermodynamic properties of RCu phases 

667 

Struct., Tm., K+5K Ttr., K+5K Ptr., GPa AHtr., AStr ., Ref. 
Comp. 298 K heat. cool. 298 K kJ/mol J/mol K 

/aCu FeB 798 p 2 
CeCu FeB 778 p 2 
PrCu FeB 853 p 723 720 2.1 2.9 t.w., 2 
NdCu FeB 943 p 783 703 1.7 2.1 t.w., 4 
SmCu CsCI 1013 p 633 315 0.5 1.7 2.5 t .w., 2 
EuCu FeB 805 p n.r. t.w., 3 
GdCu CsCI 1103 m 553 240 1.9 3.3 2,6 
TbCu CsCI 1173 m 116 t.w., 2,7 
DyCu CsCI 1228 m 63 2,7 
HoCu CsCI 1280 m t.w., 2 
ErCu CsCI 1328 m 13 2,8 

p = peritectic decomposition, m = congruent melting, n.r. = not reproducible 

Results 

The results obtained in the present work are summarized in Table 1, together w i th  

l iteratu re data. 
For SmCu, two structures (CsCI and FeB type) are reported in the l iterature [2]; 

the FeB structure is probably stabilized at room temperature by impurities. It must be 
noted that the higher-temperature modif icat ion,  which is more symmetric (CsCI), 
is denser. This phenomenon, although opposite to the normal behaviour of the 
metall ic phases (where the high-temperature phase is less compact), has been found 
in other series of  intermetall ic compounds of  the rare earths, such as RAu [18]. 

The volume contract ion in the transit ion to the high-temperature phase can account 
for  the sudden decrease in the resistivity of NdCu (Fig. 2) observed in correspondence 
w i th  the transit ion temperature, in accord w i th  the behaviour for  most metals where 
a decrease in resistivity fol lows the volume contract ion obtained under pressure. 
The constant slope of p vs, T indicates that the conduct ion electrons do not play an 

important role in the transformation. 
The z~Str" values are found to be practically independent of the di f ferent R and 

very near to the value obtained in the al lotropic transit ions of rare earths [19]. 
However, in this case the entropy difference is justif ied on the basis of the volume 
variation by the formula dS/dV = 3"Cv/V, where 3' lies between 1 and 3 (but generally 
3'-----2) and Cv-~ 3E [20]. For the compounds RCu, this contr ibut ion is negative: 
AS = 1.0 J mo1-1 K - 1  . If we use thermal expansion available for  GdCu [6, 21] and 
assume that they are of the same order of  magnitude for the other compounds, we 
obtain V H.T. ~ 98 VL.T.. As the mean value of AS is about 2.7 J /mol  �9 K for all 
the examined compounds, AS = 3.7 J /Km is due to the magnetic ordering, and 

changes in the bonds and in the coordinat ion of  the atoms. 
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Fig, 2 Thermal dependence of resistivity of NdCu 

The two structural types FeB and CsCI are sketched in Fig. 3. The FeB type is 
characterized by "trigonal prisms" of R and zig-zag chains of Cu in contact, while in 
the cubic cell Cu atoms are insulated from each other and are bonded only to R atoms. 

Since the high-temperature phase is more contracted than the low-temperature one, 
it ought to be possible to obtain the transition at a lower temperature, by applying 
the appropriate pressure to the compounds. From the Clausius-Clapeyron relation 
we obtain, with the above approximation, ~uD/AT = Z~S/AV = - 5 MPa/K. At present 
we have effectively obtained such a transition in SmCu under 0.5 GPa of pressure. 

The characteristic temperatures for different compounds are reported in Fig. 4 vs. 

the atomic number of the trivalent rare earth. 

i 

" .  FeB 

~ i ~  CsCI 

Fig. 3 Lattice deformation in the structural transformation FeB-CsCI 
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Concludon 

We have confirmed the presence of thermal hysteresis in the transformations of 
equiatomic RCu compounds. The thermal effects on heating were evaluated and the 
obtained ~Str ' values were found similar to those reported in the literature for the 
allotropic transitions of rare earth metals [22]. 

The observatior~ by Rao [23] that thermal hysteresis in transformations is found 
when there is a large difference in the molar volumes of the phases, is confirmed in the 
present case. 

In the RCu transitions the ~S values were found to be due to the changes in the 
phase volume, the bonds and the magnetic ordering. 

As the high-temperature phase is denser than the low-temperature one, we are 
continuing investigations on RCu phases by means of structural measurements under 
pressure, while studying the thermal, structural and magnetic properties of TbCu and 
DyCu, to ascertain if the low-temperature transformation is exclusively of magnetic 
origin. 

The authors are grateful to Prof. A. landelli for his interest and for helpful discussion. 
This work was supported by the Italian Consiglio Nazionale dalle Ricerche. 
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Zusammenfassung -- Messungen der elektrischen Leitf~ihigkeit und der magnetischen Susceptibili- 
t~it sowie r~ntgendiffraktometrische und differentialthermoanalytische Untersuchungen von bi- 
n~iren Verbindungen des Typs RCu wurden in einem weiten Temperaturbereich ausgefShrt. 
Schmelzpunkte bzw. Zersetzungstemperaturen von RCu-Phasen (R -- La, Ce, Pr, Nd, Sin, Eu, Gd, 
Tb und Dy) und eine anzahl von Phasen~berg~ngen im System FeB-CsCI sind zusammen mit den 
bestimmten Entropiewerten der Phaseniiberg~nge angegeben. Die Temperaturabh~ingigkeit der 
PhaseniJberg~nge weist eine ausgepr~igte Hysterese auf. In den Systemen LaCu und CeCu konnten 
keine PhaseniJberg~nge festgestellt werden, w~ihrend sich bei TbCu und DyCu kein auf einen 
Pl-~sen~bergang hinweisender thermischer Effekt im Hochtemperaturbereich zeigt. Bei EuCu wurde 
ein nicht-reproduzierbarer thermischer Effekt nach einem thermischen Kreisprozel~ nachgewiesen. 

P S 3 ~ M e  - -  H3MepeHHR 3neKTpHqecKorO yAenbHOrO conpOTHBneHHR, MaCHHTHO~I BocnpOHHMqH- 
BOCTH, /]~Id~0paKU.HR peHTreHOBCKHX nyqeH H AHEI3(~epeHU, HaJlbHbl~ TepMHqeCKHH aHaRH3 5bl~lH 
HCnORbaOBaHbl AnR H3yHeHI4R B LUHpOKOkI o6nacTH TeMnepaTyp /J, BOHHblX coe~,HHeHHH RCu. 
~JIR cOeAHHeHH~ RCu (R -- La, Ce, Pr, Nd,Sm, Eu, Gd, Tb H Dy) npHBeAeHbl TO4KH RRaBfteHHR 
HRH TeMnepaTypbl pa3no~KeHHR, OT~,eJlbHble (~a3bl 14 pR~ cTpyKTypHblX nepexo~oB THna 
FeB-CsCI, a TaK>Ke onpe~eneHbl TengOTbl 3HTpORHkl 3THX npeBpauJ, eHH~l. ~nn cTpyKTypHblX nepe- 

J. Therma/ AnaL 29, 1984 



COSTA et al.: STUDY OF STRUCTURAL TRANSFORMATIONS 671 

xoAoB npH pa3nHqHblX TeMnepaTypax Ha6nmAan~cb 6OnbLUHe rHcTepe3HCHbm 3~,dpeKTbl. ~]JIR 
coeAHHeHH~ LaCu H CeCu He 6s.no O6Hapy>KeHo CTpyKTypHOFO npeBpau~eHHR, TOFD, a KaK /~tlR 
coeAHHeHHR TbCu H DvCu He npeAcTaBH,qOCb BO3MOPKHb|M O6Hapy>KHTb KaKOI~-nH60 BblCOKO- 
TeMnepaTypHbIR TepMHqeCKHR 3~r npeBpauJ, eHHR. ~J1R coeAHHeHHR EuCu nocne U.HKJIHqec- 
KOFO TepMHqeCKOFO HarpeBa 6bin O6Hapy~KeH HeBOCnpoH3ao/~HMbl~ TepMHqeCKHR 3d/:)~eKT. 
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