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Abstract. The crystal structures of RB22CusOx (R = Y and rafe e h s :  x = 6 and 7) ceramic 
materials were investisated at 10 K by neutron diffnction and consistently analysed concerning 
systematic trends. Other than for nowsuperconducting PrBazCu3O.i the lattice parameters and 
most interionic distances exhibit the well bow" lanthanide contraction behaviour, i.e., a linear 
relationship with the ionic radii of trivalent m e e d  ions. The only exceptions are associated 
with the 3pex oxygen O(1) ions: the chain copper Cu(l)-O(l) distances are constant within error 
limits, and the plane copper Cu(2&0(1) disances ate increasing across the rare-earth series. The 
much Svonger increase of the distance Cu(2)-0(1) in the RBa~Cus06 series compmd to the 
RBazCus0.i series can be explained by the increase of T, from 90 K for YbBa2Cu307 to 96 K 
for NbBazCu-iO?. The smaller distance Cu(l)-O(l) for the RBazCusOn series compared to the 
RBazCusOl series may be related to the suggested double-well potential of the apiwl oxygen 
ion. For some interionic distances of PrBa~Cus0.1 approximately parallel to the h direction 
(i.e., the chain direction) we determine by extrapolation a valence of,+3.4 for the Pr ions. 
This indicates for PrBazCu30.i a h i a ly  anisotropic 4f-CuOz valence band hybridization. An 
import3nt SfNCtUrd property with respect to the superconductivity is the puckering of the CuOz 
planes: the superconductivity is lost when the puckering angle exceeds a critical value of about 
167.3'. 

1. Introduction 

The crystal structure, i.e., the arrangement of atoms in a material, largely determines its 
physical properties. Precise structure determination is then .one of the basic requirements 
for any new substance. This is particularly true for the high-ir, perovskite-type compounds 
whose superconducting properties are strongly related to the structural details. In particular, 
one has to elucidate the oxygen coordination of the metal ions, e.g. the important features 
of the puckered copper-oxygen planes, various copper oxide bond lengths, etc. Neutron 
powder diffraction has repeatedly proven to be especially useful €or such problems because 
of the great sensitivity for light atoms such as oxygen, compared to x-ray diffraction. 

Apart from the anomalous non-superconducting PrBa~Cu307 substitution of rare earths, 
R, for Y in YBazCu307 is known to change superconductivity only slightly [I]: the 
superconducting transition temperature T, gradually decreases from 96 K for R = Nd to 
90 K for R = Yb. Our interest in the structural properties of these compounds has been 
motivated by neutron spectroscopic investigations of the crystal-field interaction at the R 
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site which constitutes an ideal probe of the local symmetry and the charge distribution of the 
superconducting CuOz planes [Z]. In order to be able to differentiate between the structure 
and charge aspects of the crystal-field interaction a consistent set of structural parameters 
was needed. 

It is the purpose of the present work to provide for the first time such a consistent 
set of structural parameters at temperature T = IO K for the entire series of compounds 
RBa?CusO, (R = Y, La, Pr, Nd, Sm, Eu, Gd, Dy, Ho, Er,,,Tm, Yb; x M 6 and 7). This 
was only possible due to the use of special isotopes (154Sm, I5"u and I6'Gd) for the 
highly-neutron-absorbing rare-earth ions. Although there already exists in the literature 
a large number of neutron diffraction results for several compounds RBazCusO, from 
thorough studies at many laboratories, a systematic analysis and intercomparison of all 
the existing structural data across the whole rare-earth series is made difficult by the lack 
of internal consistency, i.e., the existing stmctural information often exhibits considerable 
scattering due to differences in temperature, in the instrumental configuration of the neutron 
diffractometers, in sample preparation and characterization as well as in the methods of 
data treatment, which all give rise to systematic uncertainties. Recently Currie et a1 [3] 
studied the crystal structures of ceramic RBazCujO7 (R = Er, Ho, Dy) by high-resolution 
neutron diffraction at room temperature; however, the range of the lanthanide ionic sizes in 
this study is rather limited and general trends are more difficult to derive than our analyses 
which cover the whole rare-earth range. From the previous neutron diffraction investigations 
we should mention the basic work by Cava ef al [4] on YBa2Cu30, (6 < x < 7) in which 
the variation of particular copper-oxygen bond lengths with oxygen stoichiometry shows a 
similar dependence on oxygen concentration as the two-plateau superconducting transition 
temperature. In another work by Neumeier et al [5]  on YI-,sPr,BazCusO, (0 < y < 1) 
interesting structural results have been obtained with respect to the valence state of Pr and the 
detrimental effect of Pr on Tc. The present low-temperature neutron diffraction investigation 
is an essential extension of our first structural study of RBa2Cu307 compounds published 
in [6] .  By a comparison of interatomic distances for both RBazCu306 and RBazCu30-r 
across the whole rare-earth series, R, we shall prove anomalous structural properties of 
PrBa2Cu307, such as valency deviating from 3+, and establish special puckering rules 
for supcrconducting CuOz planes. Moreover we can show clearly effects of lanthanide 
contraction and, on the othcr hand, invariance of the chain-copper-apex-oxygen distances. 

2. Experimental procedures and results 

Polycrystalline samples of RBazCu2O-i were prepared by a careful standard sintering 
procedure as described in our previous paper [q and by Rupp et a1 [7]. The compounds 
with R = La, Nd, Y, Ho, Er, Tm and Pr were prepared at our laboratory, whereas for R 
= Dy and Yb the sample preparation was performed at the Asea Brown Boveri Research 
Laboratory at Baden (Switzerland). Because of the high absorption cross section of thermal 
neutrons for R = Sm, Eu and Gd specimens were synthesized with the rare-earth isotopes 
IS4Sm, 153Eu and %d, respectively, at the Petersburg Nuclear Physics Institute in Gatchina 
(Russia). In all cases fully oxygenated samples were prepared with an oxygen content close 
to x = 7.0, see table 1. The critical temperatures, T,, were obtained from susceptibility 
measurements of the Meissner fraction. Examples are shown in figure 1. For the production 
of the oxygen-reduced compounds x 6 we used the following procedure: under high- 
vacuum conditions Torr) we heated our samples to 900°C at a rate of 10°C min-'. 
After annealing for two hours at 9OO"C, the released oxygen was pumped out, and then the 
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samples were cooled down to room temperature at a rate of 1°C min-I. Thus we obtained 
the oxygen content x XY 6.1, see table 2. 

The powder samples with a weight of about 20 g were filled into cylindrical vanadium 
containers of 12 mm diameter and 50 mm height under helium gas atmosphere and cooled 
to T = 10 K with use of a closed-cycle helium refrigerator. The neutron diffraction data 
were collected on the multidetector powder diffractometer DMC in high-resolution mode at 
the reactor SAPHIR in Wiirenlingen, Switzerland (liquid-nitrogen-cooled Si filter, vertically 
focusing Ge(311) monochromator, ‘collimation IO’/-/ > 12‘, wavelength 1.6985(5) A) [SI. 
The diffraction patterns (corrected for absorption according to the measured transmission) 
were refined employing the Rietveld method, using a modified program version by Wiles 
and Young [9] and neutron scattering lengths published by Sears [IO]. A Gaussian peak 
shape was assumed, which generally holds well for DMC data [8]. 

The neutron diffraction patterns could be completely.indexed on the basis of the well 
established model of an orthorhombic structure (figure 2(u)) for single-phase RBazCu3O7 
compounds corresponding to space group Pmmm and the tetragonal Pl4mmm structure 
(figure 2(b)) for the RhazCu30s compounds. Only in case of LaBa2Cu30,, YbBazCu30, 
(x = 6 and 7 )  and 1S3E~Ba2C~306 was there evidence of some minor impurity phases (about 
3% and 2%. respectively) which could not be identified. This is the main reason for the 
poor fits in these cases (see tables 1 and 2). A total of 165 and 103 reflections were refined 
for orthorhombic RBa2Cu307 and tetragonal RBa2Cu& respectively. Typical best fits 
for orthorhombic TmBa2Cu307 and for tetragonal TmBazCu306 are shown in figures 3(a) 
and 3(b), respectively. We only fitted the occupation numbers of the oxygen ions in the 
basal plane (O(4) and 0(5)) ,  whereas the others were fixed at their nominal values. Refined 
structural parameters and superconducting transition temperatures together with agreement 
factors are summarized in tables 1 and 2 for RBazCu307 and RBa2CU306, respectively. 
Lattice parameters, unit cell volumes and relevant interatomic distances are plotted versus 
ionic radius in figures 4 to 12. 

3. Discussion of results 

The measured superconducting transition temperatures T,  of^ RBa2Cu307 compounds 
(figure 1) confirm [I]. The lattice parameters U ,  b (figure 4) and c (figure 5) and the 
unit cell volume (figure 6) clearly show the expected lanthanide contraction behaviour, i.e., 
they exhibit a perfectly linear relationship when plotted versus the ionic radii for trivalent 
rare-earth ions [ll], with two exceptions: firstly, for the PrBa2Cu307 compound we infer 
a valence intermediate between +3 and +4 from the lattice parameter c and secondly the 
lattice parameters for LaBa~CuiO7 (T = 50, see figure l(Q)) do not follow the expected 
linear relationship. The details of this anomaly are discussed in a preliminary study of 
the RBazCueO7 compounds [6]. By reduction of the oxygen content in LaBa@&O, from 
x = 7 to x = 6 the occupation of 12% Baz* ions at the La3+ site remains unchanged, but 
in contrast to LaBa2Cu307 we do not observe any structural anomalies for LaBazCqOs in 
the rare-earth series. 

The slope of the lattice parameter U for the RBazCu30, series is the same as for 
the RBazCu,Os series, indicating that there is no disorder in the basal plane along the a 
direction, implying negligible O(5) occupation. The slope of the lattice parameter b is 
slightly smaller than the slope of the lattice parameter a in the case of the RBaZCu307 
compounds, according to the orthorhombicity shown in table 1. This could be due to the 
effect of minor oxygen vacancies in the Cu-0 chdns for the light rare earths which is 



1966 M Guillaume ef al 



A neutron diffructiun study of RBu2 Cu3 0, 7967 



0.0231 

0.0230 

0.022s 

O.OL26 

0.0724 

0.0222 Tc = SO K 

0.0220 

.................................. 
LaBz:Cu,O,.,, 

...... 
20 CO 60 80 100 120 

"nh ItmpMmm L1 

.............. 

0.0220 

0.0111 

0.0110 

t ... ...... Te i 90 K .............. ,A 0.0105 

\YI 
20 40 60 SO 100 120 

0.0200 

"ri"a,icmpumre rK1 

............ 
= - 2 0.0'20 

- 
0.0211 ...... - - .................. - 
0.0210 

0.0201 Tc = 96 K 

0.0200 
20 10 60 80 100 120 

m s i t i m  ,r;npinun [K] 

Figure 1. Temperature dependence of the magnetic 
susceptibility of ( U )  LaBazCu3O~.o6. indicating Tc = 
50 K (b )  NdBazCusOs,ya, indicating T, = 96; (c )  
YbBazCu&m, indicating 7, = 90 K. 

demonstrated by a small reduction of the oxygen content from 7.02 for the Yb compound 
to 6.98 for the Nd compound. The slope of the lattice parameter c is much steeper in the 
RBaZCu107 series compared to the RBazCu3q series. Such a change must be related with 
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TmBa,Cu,O, I 

Figure 3. Obsemed, calculated and difference 
~ neutron diffraction pauems of (a) TmBnzCu30,,,,2 

at T = 10 K (b) TmBazCulO6,rj at T = l o  K. 

changes of the interionic distances along the c axis which will be discussed later in this 
paper. The slopes of the linear relationship of the unit cell volume are equal for both series. 
Even the LaBa2Cu30; compound with reduced Tc caused by site mixing of La3+ ions and 
Baz+ ions corresponds nicely to the linear dependence of the rare-earth contraction. The 
anomalous cell volume of PrBa2Cu307 is most probably related to the intermediateIvalence 
behaviour of the Pr ions. 

We now proceed to discuss in detail some relevant interionic distances which generally 
are found to scale perfectly with the ionic radii for trivalent rare-earth ions as will be shown 
below. In alI the subsequent figures this linear relationship is indicated by a straight line 
fitted to the data The LaBa2CusO-i and PrBazCusO7 compounds are excluded from this fit 
for reasons mentioned above. 

Figure 7 shows the CuOz plane separations for the RBazCu30, and BaZCusOa 
compounds, i.e., the distances Cu(2)Xu(Z), which are particularly sensitive to the lanthanide 
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Figure 4. LntIice parmeters a, h of RBazCugO7 and RBa2Cu30s versus radius of trivalent R 
ions. 

0.95 1.00 1.05 1.10 1.15 1.200.95 1.00 1.05 1.10 1.15 1.20 
ionicmdiw [AI ionic radius [AI 

Figure 5. Lnuice parameter c of RBazCu,@ and RBqCunOe versus radius of trivalent R ions. 
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Figure 6. Unit cell volume RBa~Cu30, and RBazCu3Oa versus radius of trivalent R ions. 
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7972 M Guillaume et a1 

2.00 

ionisradius [A] 

1.91 
0.95 1.00 1.05 1.10 1.15 1.200.95 1.00 ,1 .05 1.10 1.15 1.20 

ionic ia~lius rh] 

Figure 10. Distances Cu(ZW(3) and Cu(2)-0(2) of RBa2Cu307 md RBazCqOr, versus radius 
of trivalent R ions. 
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Figure 11. Distances R-O(Z.3) of RBaZCu307 and RBazCu306 versus radius of Vivalcnt R 
ions. 

contraction, since the rareearth ions are sandwiched between the CuOz planes. In fact, 
the Cu(ZWu(’2) distances are found to contract twice as much as the lattice parameter 
c across the rare-earth series. For PrBaZCusO-, we find an intermediate valence of +3.4 
by interpolation. The Cu(Z)-Cu(Z) distances for both PrBa2CusO7 and PrBa2Cu306 are 
equal within error limits, whereas for all the other rare-earth compounds this distance is 
smaller by about 0.1 A for x = 6 compared to x = 7. The plane copper Cu(2) spins are 
antiferromagnetically ordered below 370 K [I21 for the non-superconducting PrBa2CusO-i 
compound. This copper ordering persists for all oxygen contents in case of PrBazCupO,, 
whereas for the other rare-earth compounds long-range ordering of copper spins does not 
coexist with superconductivity. Even in the RBaZCu30, [4,7] system the Cu(Z)<u(Z) 
distance remains constant in the non-superconducting range, where also the copper spins 
in the planes order antiferromagnetically. The constant Cu(Z)<u(Z) distance in the latter 
compounds indicates only small changes in the hybridization between the Pr ions and the 
ligand oxygen ions in the CuOz planes. This could also explain why the Ndel temperatures of 
the antiferromagnetic Pr ordering in the PrBa2Cu30, compounds are only slightly changed 
when going from x = 7 (TN = 17 K) [I31 to x = 6 (T, = 12 K) [ 141. 
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The distance between the chain copper Cu(1) and the apex oxygen O(1) (figure 8) is 
constant for the whole rare-earth series for both x = 6 and x = 7 within error limits. The 
C u ( l ) a ( l )  distance has often been taken as a measure of the chain site copper valence; 
however, even for the anomalous Pr compound it remains constant. The distance Cu( 1)-0(1) 
in the RBazCU306 compounds is about 0.06 A smaller than in the RBazCu307 compounds. 
In the RBazCu;O6 compounds, the valence at the copper chain site Cu(1) is reduced from 
2* to It. Assuming a double-minimum potential for the apex oxygen ions [15] we would 
therefore expect that in RBazCu30-i the O(1) ions preferentially occupy the upper part of 
the potential, whereas in RBazCu;06 the O(1) ions occupy the lower part of the potential. 
In this picture the change of the distance Cu(l)-O(l) of about 0.06 A between x = 7 and 
x = 6 may he  a characteristic value for the separation of the minima in the double-minimum 
potential. Salkola er al [16] observed a value of 0.09 A for the splitting of the double-well 
potential, which is in good agreement with our result. 

As shown in figure 9, the distance between the plane copper Cu(Z) and h e  apical 
oxygen O(1) increases linearly in both RBazCu;O, series (x = 6 and x = 7) from the light 
to the heavy rare-earth compounds. Comparing the Cu(2)-0(1) distances of RBa?Cu;O6 
and RBazCu;07 compounds we observe a larger contraction for the heavier rare earths in 
the RBa2Cu;07 series, which also have slightly lower T, values. T, for NdBazCu307 is 
96 K (fipre I@)) whereas YbBazCu307 has T, = 90 K (figure l(c)). The observed higher 
T, of the NdBaZCu;07 compound may he related to the optimal doping regime, whereas 
the heavy rare earths are clearly in the overdoped regime and have a lower T, [17]. As 
already discussed above, the slope for the distance Cu(Z)-Cu(2) is equal for both oxygen 
concentrations x = 6 and x = 7 and also the Cu(l)-O(l) distance is constant in each series. 
Thus the different slope of the c axes in RBa2Cu30, and RBaZCu306 is clearly related 
with the different slopes for the Cu(2)-O(1) distances. The shortening of the Cu(2)-O(1) 
bond across the rare-earth series, which is just the opposite compared to the lanthanide 
contraction, is much weaker in the oxygen x = 7 series as in the x = 6 series. This leads 
to a much steeper lanthanide contraction for the c axes in the oxygen x = 7 series than for 
the x = 6 series. This fact is once more an indication that the light rare earths are in the 
doped regime and have slightly higher Tc values than the heavier ones. 

A comparison of the in-plane distances Cu(2)-0(2) and Cu(Z)-0(3) for the RBa2Cu;07 
compounds is shown in figure 10. While the bond length Cu(2)-0(2) is compatible with 
trivalent Pr ions, we derive an intermediate Pr valence of +3.4 from the distance Cu(2)- 
0(3), which is approximately oriented along the b chain direction. For the distances Cu(2)- 
0(2,3) in the RBazCu306 compounds (figure 10) we also observe the well known rare-earth 
contraction. The Cu(2)-0(Z, 3) distance for the RBazCu;Oe compounds is just the average 
of the Cu(Z)-O(Z) and Cu(2)-0(3) distances derived €or RBa*Cu;O?, which is clearly related 
to the change from the orthorhombic to the tetragonal structure. 

Considering the distances between the rare earth and the plane oxygen ions we find 
slightly larger values for R-O(2) than for R-0(3) (figure 11) in the RBazCu307 series 
whereas in the RBaZCu306 series the distances R d ( Z , 3 )  are equal (figure 11) because 
of the tetragonal symmetry. The slope of the lanthanide contraction of R-O(2) in the 
RBazCu307 series is equal to R-O(2, 3) in the RBa*Cu;06 series whereas it is slightly 
more shallow for the R-0(3) distances in the RBazCu307. This indicates that the distance 
R-O(3) is becoming somewhat smaller when going from the heavy to the Iight rare earths. 
This could cause small hybridization effects between the rare-earth and the ligand oxygen 
atoms in the planes especially with the O(3). If we compare the linewidths of the crystalline- 
electric-field (CEF) splitting for R = Er [HI,  Nd [19] and Pr [ZO], we observe a broadening 
of these lines when going from Er to Nd; for Pr this effect is very strong. A calculation of 



Figure 12. Model of hard sphere ions: sum of ionic 
radii of 02- and R3+ [I  11 versus radius of trivalenl 
R ions. in comparison to the distances R-O(Z.3) 

ionic rrdivr 1.i1 derived in [he present work (see figure 11). 

Goodman et el [21] also shows the tendency for hybridization for the light rare earths and 
motivated our explanation. Most interestingly, the distances R-0(3) in RBazCu307 and R- 
0 ( 2 , 3 )  in RBazCu~06 are clearly compatible with P?+, whereas from the distance R-0(2) 
we again derive a Pr valence of +3.4. Obviously, the hybridization between the PI ion and 
the plane oxygen ions is exclusively associated with the O(2) ions, i.e., it acts mainly along 
the 6 chain direction and assumed oxygen holes are localized in CuO chains, and partially 
on h ions (in contrast to mobile oxygen holes in the CuOz planes in case of YBazCu307). 
Takenaka et al I221 observed by polarized optical reflectivity of untwinned PrBazCuaO, 
crystals a large anisotropy of the optical conductivity in the a, 6 plane predominantly in the 
6 direction. In PrBazCuaO, the two distances Pr-O(2) and Pr-0(3) are equal within the 2u 
range, and they change much less when going from x = 7 to x = 6 compared to the other 
RBazCu30, compounds which suggests that the change in hybridization of the Pr ions mnst 
be rather small. Booth et a1 [U] determined from x-ray absorption fine structure a Pr-0 
bond length of about 2.45 A, which is in good agreement with our result, but they could 
not distinguish between the a and b directions. In this context, a simple hard-sphere model 
turns out to be very illustrative. In figure 12 we plot the sum of the ionic radii of 0'- and 
R3+ versus the rare-earth radii and compare our calculation with the R-O(2) and R-0(3) 
distances derived in the present work. The sum of the two ionic ions is very close to the 
Pr-0(3) distance which may indicate an electronic change in the PrBa~Cu307 compound. 
There may be a hybridization with the O(3) oxygen atom. This hybridization between the 
2pz and the 4f electrons may strongly affect the Pr-0(2) bond by a redistribution of the 
charge. This electronic change is clearly supported by the shortening of the Cu(2)-0(3) 
bond which indicates that the correlation between the copper Cu(2) and the oxygen 0(2,3) 
changes a great deal, which could cause the loss of superconductivity. 

A final comment concerns the puckering of the CuOz planes. The angles Cu(2)-0(2)- 
Cu(2) (figure 13) are constant in the RBazCu307 series with a value of 164.5" 3zO0.4", with 
the exception of the PrBazCug0.i and the LaBazCu307 compounds whereas the Cu(2)- 
0(3)-Cu(2) angles (figure 13) are decreasing for the smaller to the larger rare-earth ions in 
the RBa2Cu307 series. This fact can be explained by the change of the orthorhombicity, 
which is related to a weaker increase of the 6 axis across the rare-earth series compared 
to the a axis. If we assume the same slope for the a and 6 axes and take those values 
to calculate the Cu(2)-0(3)-Cu(2) angles, we get for all rare earths the same angle of 
about 165.5" j; 0.4". The PrBazCu307 compound clearly does not follow this linear 
behaviour, the Cu(2)-0(3)-Cu(2) angle (figure 13) is much larger, having a value of 
168" & 0.4'. The angles Cu(2)-0(2,3)Xu(2) (figure 13) of the RBazCu~06 series are 
constant with a value of 168" 0.4" across the rare-earth series with the exception of 
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the LaBazCu306 compound. The anomalous angles observed for LaBa2Cu30, for x = 6 
and x = 7 are presumably related to the site mixing of La3+ and Baz+. The observed 
angle Cu(2)-0(3)-Cu(2) for the PrBazCu~0~ compound (which is equal to the angles of 
non-superconducting RBaZCU&6 compounds) clearly gives evidence for the loss of the 
superconductivity. That loss of superconductivity is obviously related to a stretching of the 
puckering angle which is also observed in the ErBazCu30,, NdBazCu3O,, HoBazCu30, 
and TmBazCu30, (6 < x < 7) systems; there, the deoxygenation process raises its value, 
and the transition to the semiconducting phase occurs above a critical angle of 167.2" 
[7]. Recently, Biichner et al [24] also observed a critical angle for the buckling for the 
disappearance of the superconductivity in rare-earth-doped Lal-,SrxCuO.+ 

4. Conclusions 

We provide for the first time a consistent set of structural data for carefully prepared 
RBazCu30, (x  '= 6 and 7) compounds at T = 10 K and .analysed the results with respect 
to systematic trends. The lattice parameters and a large number of interionic distances 
are found to scale linearly with the ionic radii of trivalent rare-earth ions according to 
the well known lanthanide contraction whose effect is therefore predominantly a purely 
geometrical one due to the expansion of the lattice with increasing size of the R ion when 
going from Yb to La. We also observe a change of the puckering of the CuO2 planes 
between x = 7 and x = 6 which is clearly related to the loss of superconductivity when 
the puckering angle exceeds a critical value of about 167.3". By interpolation we find that 
the Pr ions in PrBazCu307 associated with the interionic distances along the b direction 
have an intermediate valence of f3.4, which is comparable to the value of f3.3 derived by 
Neumeier et al [5] from Y1-,Pr,BazCu~07 huctural data. This higher valence observed 
for the PrBazCu307 compound may be explained in terms of electronic changes in the 
CuOz planes which yields an anisotropic Pr(4f)-CuOz valence band hybridization occumng 
predominantly along the b chain direction. Recently published reflection electron energy- 
loss (EELS) and near-edge extended x-ray absorption fine-structure spectroscopy (NEXAFS) 
measurements [25] on single crystals Y1-,PryBazCu~07 ( y  = 0, 0.5, 1)  also indicate very 
strong hybridization of 0(2p)-Pr(40 orbitals. The small changes in the interionic distances 
Pr-0(2,3) and Cu(Z)-Cu(Z) when going from PrBazCusO7 to PrBaZCu306, indicate only 
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minor changes in Pr-oxygen hybridization. The strong hybridization of the Pr-O(2) bond 
along the b-axis may be the reason For the unusually high NCel temperatures associated with 
the Pr sublattice of about 17 K I131 for PrBazCus@ and 12 K [14] for PrBazCu30s, which 
exceed the values of TN observed for the other RBazCu30, compounds by roughly an order 
of magnitude. The hybridization leads to partial delocalization of the 4f electrons which 
manifests itself in drastically enhanced linewidths of crystal-field transitions as observed in 
neutron spectroscopic investigations of PrBa2Cu30, ( x  = 6 and 7) [20,26,27]. 
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