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We have investigated PgCe, sM Sr,Cw,0, (z=9 or 10 materials(M =Ta, In, and Nb-Ga) by complemen-
tary experimental techniques. All materials studied are not superconducting. Magnetic susceptibility studies for
M=Ta reveal one magnetic anomaly at 23 K and irreversibility phenomena at higher temperatures. The
presence of 0.5%Fe dramatically affects the positions of the anomalies, andsidauer spectroscopy studies
(MS) reveal that the C2) sites are magnetically ordered bel@y(Cu)=130 K. This lowTy(Cu) obtained is
discussed. No specific heat anomaly was observed at 23 K, suggesting that the Pr sublattice does not order
magnetically, and the anomalies in the susceptibility originate from the Cu moments. No anomalies in the
susceptibility curves are found féd =In and Nb+Ga compounds. However, MS indicate that for the mixed
compound, the Cu sites are magnetically ordered at low temperatures. The magnetic behbieT @fis
compared to similar systems with two anomaliesNb=Nb at 11 and 52 K, and three anomalies fbr=Ga
at 12, 52, and 94 K. X-ray absorption spectrosc@@fS) indicates that in all materials studied, the Pr has a
mixed valence close to 3. The Pr valence does not change with tempe[&it€3-182806)06746-X]

INTRODUCTION at 54 K. This peak shifts to higher temperatures with increas-
ing nominal Fe content, and the largest shifi7 K) was
Much attention has been focused on a phase resemblimgpbserved for 5 at. % of FeENo superconductivity has been
the superconductindSC) YBa,Cu;O; (YBCO) materials found in the orthorhombi®, :Ce, sGaSr,Cu,Oq4 family. In
having the compositiolR; Ce, sM SL,CW,0, (R=rare earth, Pr, Ce GaSLCu,0y (PrCeGSCQ three anomalies were
M=Nb, Ga, or Ta, and z=9-10.1" The observed in the susceptibility curves at 12, 54, and 94 K. The
R; C& sM Sr,Cw,0O, (RCeMSCO structure evolves from the position and the relative intensity of each anomaly is ex-
YBCO structure by inserting fluorite typR, Ce, O, layers  tremely sensitive to oxygen concentratforwhile the
(instead of theR layer in YBCO), thus shifting alternate anomalies in both PrCeNSCO and PrCeGSCO compounds
perovskite blocks bya+b/2). It is assumed that thiel ions  are clearly identified by magnetic measurements, no specific
reside in the C(L) site and only one distinct Cu sifeorre-  heat (C,) anomaly was observed at any temperature. The
sponding to C(R)] exists with fivefold pyramidal coordina- interpretation of the peaks at 11 or 12 K, which always ac-
tion. The CuQ layers are separated on one side byM@  company the anomalies at high temperatures, is not conclu-
GaQ,), which replaces the Cu-O chains, and on the othesive. In our previous papers we assumed that theynate
side by fluorite-structureR; {Ce, <O, layers. Two different associated with magnetic ordering of the Pr sublaftitat
crystal symmetries have been reported for the homologou®w temperature, the Cu-Cu and/or Pr-Cu interactions begin
RCeMSCO compounds. FoM =Nb or Ta the compounds to dominate, leading to reorientation of the Cu moments, and
crystallize in a tetragonal structure with the space grouphe anomaly in the susceptibility is observed. This reorienta-
|4/mmm*® whereas forM =Ga, an orthorhombic unit cell tion leads to a negligibly small latent heat, which cannot be
was proposed with the possible space gréupmm® observed in the&C, curve. On the other hand, the peak at 12
The R, Ce) sNbSKLCuW,0,5 compound{R=Nd, Sm, Eu, K for PrCeNSCO has been assigned to an ordering of the Pr
and Gd are SC withT,~28 K, independent oR. On the  sublatticé® based on an analogy with Prgzu,0, (PrBCO;)
other hand, RBr:Ce, ;NbSr,Cu,0,7 (PrCeNSCQ is not SC, (Ref. 8§ and PrBaNbCu,0Og4 (Ref. 9 materials which are
and magnetic studies at low fields reveal two magneti@antiferromagnetically ordered aty=17 and 12 K, respec-
anomalies in the susceptibility curves, at 11 and 537 K. tively.
Both peaks always appear together and are sensitive to oxy- Recently, Bennahmiast al. have studied in detail the
gen concentration. They are presumed to arise from an internagnetic  properties of the PCesTaSLCWO0;,
layer spin reorientation of the Cu moments. The presence dPrCeTaSCQ® which exhibits irreversible phenomenalat
Fe as a dopant in the Cy@ayers drastically affects the peak (which is field dependejtand only one peak, at=19 K. It
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is assumed that beloW,, the weak ferromagneticlike behav- ~ TABLE I. Crystallographic, magnetic, and chemical valence
ior is due to some local distortion which allows an aniso-(CV) data for PrCeMSCO.
tropic Dzyaloshinsky-MoriyaDM) exchange to occur be-

tween neighboring Cu momsr’ents, which breaks the tetragondf! a (A) c ()  Peak positior(K) CV=0.05
symmetry of the Cu@planes: By forming the intermediate T 38812) 28.871) 23 312
compounds from 100% Nb to 100% Ta, these authors als a 3.8951> ) zé 7—';) 11 54 '322
show that the apparent single peak at 19 K in PrCeTaSCO i b? 3.886 28.74 11 54 3'12
a result of the overlap of the two peaks, which are weIIGa 5'471 28‘ 43 12 54 94 3'13
separated in PrCeNSCO. o5 543 ' '

The main purpose of this study, employing several experi-
mental techniques, is to compare the systems mentioned 3.876 29.21
above, to the new tetragonal,R€e, ;M Sr,Cu,O, materials, Nb+Ga  3.887 28.63
in which a complete substitution & is made by Ta, In, and
Nb+Ga. Our magnetic studies on PrCeTaSCO also exhibiEtlFor P e NDSECLO,
irreversible phenomena at 48 K and only one peak, at 23 K,
thus confirming the results obtained in Ref. 5. No anomaly irand the magnetization was measured. The MS were carried
the specific heat studies is observed at 23 K, and a ligh out using a conventional constant acceleration spectrometer
value of 242 mJ/mol Pr Kwas obtained. Therefore, the peak and a 50 mCP’Co:Rh source. The'Fe isomer shiftglS) are
at 23 K is attributed to reorientation of the Cu moments.reported with respect to metallic Fe at 300 K. The specific
Mossbauer spectroscopy studi¢slS) on an Fe doped heat of compact piecegbout 100 mycut from the pellets
PrCeTaSCO sample indicate that the magnetic ordering olvere carried out by using the ac calorimetry technigae
the Cu sublattice is affy~130 K. For a mixture of H=0 T) in the temperature range 0.8—100'K.
M=0.8 Nb+0.2 Ga, no anomaly is observed in the suscep- XAS measurements were performed at the French syn-
tibility curves. However, Mesbauer spectroscopy 6% e  chrotron radiation facilitfLURE) in Orsay, using the x-ray
doped sample indicates that the Cu sublattice is magneticallyeam of the DCI storage ringvorking at 1.85 GeV and 220
ordered at low temperatures. X-ray absorption spectroscopya) on the EXAFS D21 station. A double Si 311 crystal
(XAS) of Pri shows, that in all materials studied, the Pr\ya5 ysed as a monochromator, and the rejection of third

has a mixed valencgclose to 3. This is in contrast 0 orger harmonics was achieved with two adjusted parallel
electron-energy-loss  spectrosCOfEELS) measurements mirrors to cut off energies higher thar9 keV. Experiments

published recently, which indicate a pure trivalent state of P(Nere carried out in the energy ranges of 5680—5840 and

in several PrCeNbSCO based sampes. 5920-6080 eV which contain thie,, edge of Ce and Pr,
respectively, at 10 and 300 K. The background was sub-

EXPERIMENTAL DETAILS tracted in a standard manl"ﬂér.
Ceramic samples with a nominal composition
Pr; sCe sMSKLCL0, (z=9,1Q) were prepared by solid state EXPERIMENTAL RESULTS
reaction techniques. Required amounts of(Ry, CeG,
SrCGQ;, CuO, andM O, were mixed pressed into pellets, and A. Lattice parameters and oxygen content

calcinated at 1000—1050 °C for about 1 day in the presence yrp studies show that the PrCeMSCO compoufes

of flowing oxygen at atmospheric pressure. The product%e t forM =Ga) have a tetragonal structure, with the space
were cooled, reground, and sintered at 1130 °C for 72 h un P 3 g ’ b

der slightly pressurized oxyge(ab(_)ut 1.1 atm and the grobulgllfl/_lr%r:; oTrTr:ii lgg;(i:g oazr?dn;(i?;%zﬁrnni?n:;ebliﬁg n
samples were then cooled to ambient temperature. The 0. . .
at. %5Fe doped samplesubstituted for Ciwere prepared etveld analys_ls of the fuI_I XRD pattern,. are in exce_llent
under the same conditions. Powder x-ray diffracti®iiRD) agrgemeqt with data published fof =Nb, in Rlef. 3. This
measurements indicate that for all samples studied, the m§1m|lar.|ty S dug to the fact that Nb and Té, hgve the
terials are nearly single phage 96% and have the tetrago- Same ionic radiug0.64 A). The Cu atoms reside in thee4
nal structure shown in Fig. 1 of Ref. 1. Additional atomic position(0.02) 'and.forz.=0.142 the sh'orte'st Cu-Cu
peaks were observeV—8 %9 in the XRD pattern of the distance along the direction is ~6.08 A, which is much
PrCelnSCO, and our attempts to get completely rid of thenionger than the 3.52 A G@)-Cu(2) distances which exist in
were unsuccessful. We could not replace in PrCeTaSCO théBCO. For Pg sCe, sInS,CW,0q, the ¢ lattice parameter is
Ba for Sr, and the main phase obtained was PFB@&,,'*  larger(the ionic radius of IA" is 0.81 A and the least-square
with CeG, and CuO as extra phases. fit of the XRD pattern on the basis of a tetragonal structure
The dc magnetic measurements on solid ceramic pieces ifTable )) left a few peaks due tPr-In),O; and CeQ phases,
the range of 2—-300 K were performed in a commercialand few minor reflections, unaccounted for. Single phase
(Quantum Design superconducting quantum interference Pr,Ce, sNbSLCu,0, materials with 1.5-x>0.8 (deficiency
device magnetometé8QUID). The magnetization was mea- of Pr) have been prepared and their lattice parameters are
sured by two different procedures(a) The sample was zero similar to that ofx=1.5 (Table |). Determination of the ab-
field cooled(ZFC) to 5 K, a field was applied, and the mag- solute oxygen content in these materials is difficult, because
netization was measured as a function of temperatime. CeGO, is not completely reducible to stoichiometric oxides on
The sample was field cooledFC) from above 300 to 5 K, heating to high temperaturés.
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FIG. 1. (a) Temperature dependence of the ZFC and FC suscep-
tibility for PrCeTaSCO andb) for Fe doped PrCeTaSCO samples.

The inset shows the isothermal magnetization curves at 5 and 50 K '_:lG' 2. Temperature depende_nce of the ZFC Zuscepgbfility for
up to 50 kOe. Note that the ZFC and FC branches merge at@g K Varnous PrC#SCO compounds$M =Ga, Nb+Ga, and In and for
and 70 K(b). Pr,CeNbSCO(x=1.0 and 1.5 measured at 50 Oe.

nique, on PrCeTaSCO doped with 0.5%e, described in
detail in the next section, which indicates clearly tfAgf

Our main interest here is to compare the magnetic behaCW=130 K. .
ior of PrceMSCO(M =Nb+Ga and In materials with those ~ AS we shall argue, the Pr sublattice does not order mag-
of the isomorphou$! =Nb and Ta based systems. We shallnetically. Therefore, all the magnetic anomalies in Figs. 1
first refer to our magnetic studies M=Ta, and then com- and 2 are related to the Cy@lanes. The irreversibility at 48
pare the data to that reported in Ref. 5. In the subsequerft (below Ty), probably arises from an antiferromagnetic
figures, unless otherwise specified, the susceptibility is ifAFM) alignment of the Cu@planes. In the FC process, a

units of emu/mol Oe, and has been defined as the ratio of th¥€ak ferromagnetic component arises as a result of an anti-
magnetizatiorM to the applied fieltH (y=M/H). symmetric exchange coupling of the DM tyﬁebetyveen_
neighboring Cu moments induced by a local distortion,

which breaks the tetragonal symmetry of the Cu-O planes.
This canting abruptly aligns a component of the moments
The ZFC and FC magnetic susceptibilities, measured awith the direction of the field, and the FC branch is obtained.
50 Oe for PrCeTaSCO are shown in Fig@al In both At low temperatures, the Cu-Cu and/or Pr-Cu interactions
branches, only one distinct peak is observed &23 K, in  begin to dominate, leading to reorientation of the Cu mo-
full agreement with Ref. 5T;, at 48 K is defined as the ments, and the peak at 23 K is observed. This is consistent
merging temperature of the ZFC and FC branches, where thgith the absence of an anomaly in the specific-heat measure-
difference between the branches becomes less thanents presented in the next section. The exact nature of the
Ax=1x10"* emu/mol Oe. No other anomalies were ob-local structural distortions causing the DM interactions is
served at higher temperatures. Neither annealing in high oxypresently not known.
gen pressuré50 atm, nor reductive treatment by annealing  The weak ferromagnetic component is clearly shown in
in nitrogen, affected the magnetic behavior of this com-the isothermal magnetization curves measured up to 50 kOe
pound. The magnetic ordering temperatufg (Cu) of  at several temperatures. As an example, Fignged shows
PrCeTaSCQ0s notat T, . The susceptibility curves in Fig. 1 the nonlinear curve obtained beloly, (at 5 K) and a hys-
do not lend themselves to an easy determinatiompfCu),  teresis loop opens below20 kOe, as the external field is
because of the high susceptibility of’Prions, which masks decreased, as compared to the linear dependence dfl the
this transition. For this purpose we adapted the MS techaboveT,, (at 50 K). The effect of the applied field of, in

B. Magnetic measurements

1. Magnetic behavior of RCeTaSCO samples
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PrCeTaSCO, was studied by Bennahmeaal., who applied
the Almeda-Thouless relationship. Note, that 20 kOe, de-
duced directly from ouM (H) curve at 5 K, agrees perfectly 1.000
with the saturation magnetic fielH;) obtained as a free
parametefsee Table | in Ref. 6 Fe as a dopar0.5 at. %
smears the peak at 23 K, and affects drasticajlywhich is
shifted to 70 K; see Fig.(b). We shall address these points
in the subsequent discussion.

Above T;,, the susceptibility of PrCeTaSCO adheres
closely to the Curie-Weis¢CW) law: y=x,+C/(T—6), L
where y, is the temperature independent part of the suscep-
tibility, C is the molar Curie constant, artlis the Curie- 1.000
Weiss temperature. The paramagnetic values extracted
strongly depend on the temperature range of the fitting. The 0.998
fit in the range 58(T<140 K yields y,=4.7X10°,

C=0.941) emu K/mol[PrOe, and§=21.64) K. Since (a) 0.995
the saturation magnetic moment of CuBt50 K is ex- =
tremely small(0.001-0.002u5/Cu),> and (b) in most HTSC L [MI “\,Ibng‘i
materials, the Cu ions bear a small paramagnetic moment of -12-10 -8 =6 -4 -2 0 2 4 6 8 10 12
about 0.5-0.6ug/Cu (Ref. 14 (which mean<C~0.06—0.08 ’
emu K/mol Og, the contribution of Cu ions t& was ne-
glected. The derived effective magnetic moment of Pr,
Pe=2.74ug , and thed value obtained, compare well with
Ref. 5.

0.998

0.996"

1.0000

0.9975

Relative Counts

0.9950

2. Paramagneticlike behavior of PrCeMSCO 0.0925

Magnetic measurements performed on PrCelnSCO and 1.000
M =0.8 Nb+0.2 Ga, show that all anomalies {(T) are ab-
sent, and the susceptibility exhibits paramagneticlike behav- 0.998
ior down to 5 K(Fig. 2. The CW fit to the data in the range
of 5<T<100 K, vyields 6=24 and 25 K, the same
)(0=2><10‘3 andC=0.871) and 1.111) emu K/molPr)Oe,
which corresponds tdP4=2.64 and 2.98ug for Pr for 1.000
M =In and Nbt+Ga, respectively. These values fit perfectly
the values reported for PrCeNbSCRef. 4 and are entirely 0.998
consistent with the estimatd®l, values of Pr in compounds
with related structure.For the sake of comparison, Fig. 2
shows also they(T) curves for the paren =Nb and Ga
compounds. For the mixdd =Nb+Ga, the magnetic hyper-
fine splitting in the MS at 4.1 K, shown in Fig. 3 and dis- 10 -8 -6 -4 -2 0 2 4 & & 10
cussed later, indicates clearly that the Cu sublaiSamag- Velocity (mmy/s)
netically ordered at low temperatures, although such an
ordering is not observable in thgT) curve. Unfortunately,
we cannot deriveTy (<90 K) for this compound at the ) ) .
present time. Using the same arguments, we may assume tH\#ﬁG"’_‘ in the paramagnetic and AFM states. The solid curves are
also in PrCelnSCO, the Cu sublattice is AFM ordered at |0V\} eorgtlcal least square fits in terms of subspectra corresponding to

. e - inequivalent Fe sites.
temperatures. Because of extra unidentified phases in the
sample, the results extracted from our MS are not conclusivencreases. Since the crystal structures of PrCeTaSCO and
YBCO are closely related, we assign the doublets obtained

C. Mossbauer spectroscopy studieéMS) of PrCeMSCO ?he;eM?iggils% 132_ t:ne [Eee jg;e?jsisr:ggrn;]gg(ljn(l\; Ej?\gs;?]%

MS has been proven to be a powerful tool in the determi-Ga), we have showh® that Fe ions occupy predominantly
nation of the magnetic nature of the Fe site location. Wher{70—80 % the M site, and the rest occupy the Cu sites.
the ions of this sitdCu) become magnetically ordered, they Present studies show that the Fe distribution in Rf6€O
produce an exchange field on the Fe ions residing in this sitdM =Ta and Nb-Ga) behaves in a similar way. MS spectra
The Fe nuclei experience a magnetic hyperfine field leadingf 0.5 at. % °'Fe doped PradSCO measured at various
to a sextet in the observed MS spectra. As the temperature ismperatures are shown in Fig. 3.
raised, the magnetic splitting decreases, and disappears at
Ty - Itis well accepted that in YBCO, the Fe atoms are found
to occupy predominantly the €l site, with an increased The main information obtained from visual and computer
fraction occupying the Q@) sites as the total amount of Fe analysis for the spectra measured kb=Ta at 150 and 300

0.996

0.996

FIG. 3. Massbauer spectra of Pridé&CO for M=Ta and

1. MS of the paramagnetic state
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3). The well defined sextdt32(3)%] which corresponds to
the minor doublet, shows that in the Qusites, the Fe ions
are equivalent in terms of their oxygen environment. The
fitting parameters are £S0.351) and linewidth=0.461)
mm/s, H.=3903) kOe, and an effective quadrupole split-
oder?” 00 ting value of Ags=1/26°Qqey=—0.3610) mm/s. Using the
0 10 20 30 40 relation A.=A/2(3 co$®—1), we obtained for the Cu sites
the hyperfine field orientatio®=90°, which means that the
Fe magnetic moments lie perpendicular to the tetragonal
symmetryc axis. The rest of the spectral ardi6(2)%)] con-
_ FIG. 4. Specific-heat curves B=0 T for PrCeTaSCO. Inthe  tains a doublet with hyperfine parameters: =I$36 and
inset is theC/T vs T* behavior showing they high value. A=1.02. Similar values for this doublet were obtained at
_ higher temperatures. As the temperature is raised, the mag-
K, and forM =Nb+Ga at 90 K, is the presence of two quad- netic splitting decrease and disappear completely above
rupole doublets corresponding to inequivalent Fe sitest —130 K. Consistent with the sextet observed at 90 K, the
which are identified by their hyperfine parameters: the iSOmagneticHeﬁ values obtained at 105, 113, and 120 K are
mer shift(IS) and quadrupole splitting\ =1/2¢°Qq) values.  35x3), 312(5), and 1785) kOe. At 140 K,no magnetic split-
For M =Ta, the dominant doublet which accounts for 65% ofting is observed, and the spectrum obtained is similar to that
the spectral area, with 90.391) andA=1.182) mm/s, can 4t 150 K. Therefore, we may say with high confidence that
be assigned as Fein a high spin statdS=5/2). Similar for PrCeTaSCOT (Cu)=130(5) K.
values are obtained in other oxygen-rich YBCO materials Figure 3 also exhibits the MS fdvl =Nb+Ga at 4.1 K.
and are always considered as the fingerprint of Fe in th@yne opserves a complicated spectrum and the major problem
Cu(1) site Therefore, this doublet is attributed to Fe ions in confronting any quantitative analysis is the Fe distribution
their originalM [Cu(1)] site. The minor doublet35%) with  gyer at least three inequivalent sites, of which one is non-
IS=0.36 andA=0.73 mm/s corresponds to Fe in the fivefold magnetic, and contributes to the doublet in the center of the
pyramidal configuration of the @) sites. For both sites the gpectrum, and two of them are magnetically split with differ-
linewidth is 0.3%2) mm/s. ForM=Nb+Ga at 90 K, the ent magnetic fields and quadrupole interactions. The inter-
hyperfine parameters for the maj@5%) and minor(35%)  pretation of this spectrum was made to be consistent with the
doublets are 1S0.36 and 0.17 mm/sA=0.53 and 1.07 sjte assignment obtained at 90 K. The doublet which ac-
mm/s, respectively, with a common linewidth of 035 counts for 64% of spectral area with #9.492) and
mm/s. A=0.582) mm/s can be associated with Fe in thk site.
The total intensity of the magnetic subspedi3&%) agrees
2. MS in the AFM state perfectly with the intensity of the minor doublet obtained at
At low tempera’[ures' all Spectra d|sp|ay magnetic hypergo K. Regard!ess of the model used to fit the Spe(?trum, we
fine splitting, which is a clear evidence for long-range mag-nave clear evidence for long-range magnetic ordering of the
netic ordering. The interpretation of the spectra was conCU sites at 4.1 K. Our fit yieldsl =4925) and 330¢4) kOe.
strained to be consistent with the site assignment obtained &owever, this is of little importance in our present discus-
high temperatures. sion. As the temperature is raised both magnetic splittings
For M=Ta, the spectrum obtained at 4.1(Kot shown  decrease, and disappearTat90 K. Unfortunately, we can-
exhibits the superposition of two magnetic subspectra witH10t deriveTy(<90 K) for this compound at the present time.
different magnetic ordering temperatures. The average mag-
netic hyperfine field obtained isl =486 kOe. The most
informative and revealing data are obtained at elevated tem- The peak in the susceptibility curve at 23 K for
peratures. We start with the spectrum measured at @K  PrCeTaSCO(Fig. 1) has been previously assigned as the

Temperature (K)

D. Specific heat measurements
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ordering temperature of the Pr sublatticin order to reveal tion curve obtained from PrOdata. Although Pr occupies

the nature of this peak, the specific heb® & was measured several distinct sites in the intermediate oxides, their average

up to T=100 K. Figure 4 shows, in the vicinity of 23 K, only CV is taken as equal twice their oxygen stoichiome@y

a small change in the curvature, bng clear features indica- of Pr is 2). In Pr oxides-PrQ, namely, PrQ2.00,

tive of a magnetic origin can be observed, despite the fadPr,0,5(1.83, P1gO;4(1.78, PrO;5(1.71), and P3O5(1.50),

that a sizable magnetic entropy is normally expected for suckhe (P** for PrO, and PP for Pr,0,), the L -edge peak

magnetic transitions. It should be noted that in other similaintensity varies regularly wittx. The inset of Fig. 5 was

Pr based systems such as PrBC®r, Y, ,BaCu0,,6  obtained by plotting CV of Pr in PrQversus the ratio R. R is

and PrBaNbCu,0g,° in which direct magnetic studies and/or the integrated area below the peak corresponds #5 Pr

neutron diffraction measurements show that the Pr sublatticeS(P*")] divided by the area of the peak corresponds to

is magnetically ordered, a well defined peak is observed ifP** [S(P**)]. A polynomial fitting (solid line) is then used

the C(T) curves afTy. to estimate CV of Pr in other related compounds, providing
The C,/T versusT? plot [Fig. 4 (inseb] is linear in the  the neighboring ions of Pr are essentially oxygen. Therefore,

range 26<T?<200; however, a downward curvature is ob- the peak ratio in Fig. 5 yields immediately the CV for all

served belowT?=20 K. A fit in the range ZT<10 K with PrCeMSCO as reported in Table I. XAS measurements for

the sum of a linear term for the electronic contribution and aM =Nb and Ga performed at 10 K yield the same CV, indi-

Debye approximation for the lattice contribution, cating that the Pr valence does not change with the tempera-

Cp=7yT+BT3+6T°% yields y=2423) mJI/molPnK?  ture. For the sake of comparison we also performed XAS

£=0.351) mJ/mol K}, corresponding t@,=4255) K, and  measurements on closely related similar compound, such as

5=3.3x107 mdmolK. A value of y=2572) PrBaNbCu,Og, in which the Pr sublattice orders magneti-

mJ/molPr K? was calculated by the usual procedure of ex-cally at 12 K(Ref. 9 and the CV obtained is 3.08), indi-

trapolating the linear variation o€,/ T versusT? from high  cating the Pr is completely trivalent.

temperatures tal =0. This y compares well withy=257

mJ/mol(Pr) K2 obtained for PrCeNbSC® but is signifi-

cantly higher thany=111 mJ/mokPr K? obtained for DISCUSSION

PrCeGaSCO The spin-wave contribution 8, for an AFM The magnetic behavior of Pr@tCO studied here can be
material Cy=T") is assumed to be small, at least at oW compared to those of other isostructural systems such as
temperatures, and cannot be extracted from our data. ThngeNSCO(Ref. 4 and PrCeGSCé.Comparison of the
absence of a clear anomaly @,(T) at low temperatures g sceptibility results is possible despite the fact that the mea-
supports our interpretation of the magnetic origin for theg,rements were performed on samples containing elements
peak in the susceptibility as discussed above. of different valence, i.e., NB, T&®", and Ga', In®" and
therefore their oxygen content is different. We observed only
E Col d Pr-L edae ab , 4 one peak in PrCeTaSCO in full agreement with Ref. 5, in
- Cedy and Pr-Ly, near-edge absorption study contrast to PrsCe, M SrL,CW,0O,(M=Nb or Ga in which
The local electronic structure of the Pr and Ce ions intwo or three anomalies have been observed in {GE)
PrCevISCO was studied by XAS at the Bf; and Ce-L,, curves(Fig. 2 and Table)l For all samples studied, irrevers-
edges, and the results obtained at room temperature aifgility phenomena are observed, wiih, always above the
shown in Table | and Fig. 5. Our XAS measurements of thepeak positions. No such transitions were observed in the
Cel,, on PrCMSCO (M=Nb, Ta, and Gashow that the x(T) curves of PrCeInSCO and for a mixéd=Nb+Ga
Ce ions in all samples have the same absorption edge. sample.
consists of two major peaks which corresponds to th& 4 A previous assumption was that Pr orders magnetically in
(Ce") and to 4*L~! (CE™) initial state configurations. PrCeTaSCO near 23 Kanalogous to Pr ordering in PrBGO
Thus the ground state of Ce is a mixture of the two initialat 17 K and PrNbB#u,0g at 12 K. However, the absence
states. Generally speaking, the spectra and interpretation of an anomaly in the&C,, curves(Fig. 4) casts some doubt on
the intermediate valence of Ce in PMI8CO are identical to this interpretation, because a sizable magnetic entropy
those observed in CeCand more details are readily avail- S=RIn3=9.2 J/mol K is normally expected for the ordering
able in Ref. 18. On the other hand, Fig. 5 shows that for th@f Pr* ions. In fact, PrCeTaSCO resembles to
Pri,, absorption edge, the spectra vary from one compoun®r, 75Y .88 Cu;0; in which 25% of the Pr site is occupied
to another. They exhibit two peaks, at 5966.4 and 5978.6 ey Y and the Pr ions are AFM around 12 K. This magnetic
which are attributed to Bt and Pf*, respectively. For the transition is apparently observable in t8g(T) curves!® It
sake of comparison, Fig. 5 exhibits XAS performed on sev4s reasonable to assume that the absence of an anomaly in the
eral samples of PrQ(x=1.50—1.781" The peak at 5978.6 C,, curves is a result of the presence of two layers of Pr ions
eV is absent in the PrQ (Pr,03) spectrum but appears in in PrCeTaSCdinstead of one in PrBC{ which might lead
PrQ,, wherex=1.71 and 1.78, and in the PriRISCO mate- to a different specific-heat behavior, due to a nonsimple
rials. Thus in all PrCRISCO compounds studied, the Pr ions magnetic ordering caused by some frustration. A more pref-
are in a mixed valence state close t6.3This is in contrast erable second interpretation is that in all PKCRCO com-
to EELS measurements published recently, which indicate aounds, Pr is not magnetically ordered down to 2 K, and all
pure trivalent state for Pr in several PrCeNSCO basednomalies in they(T) curves are due to the Cy@lanes.
samples? The absence of this peak in the oxygen reduced PrCeNSCO
The chemical valencéCV) values listed in Table | have (Ref. 4 as well as in the mixedl =Nb+Ga (Fig. 2) mate-
been obtained by straightforward method based on a calibraials supports this assumption. Due to the high contribution
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of PP to the susceptibility,Ty, (Cu) cannot be extracted M/H values forM=Ga are an order of magnitude higher
directly from the x(T) curves, but it is easily determined than forM=Nb and Ta(Figs. 1 and 2 For the Fe doped
from the MS studies. Our MS indicate that for PrCeTaSCOPrCeTaSCO sample, both the peaks position @pdare
Tn(Cu~130 K, in full agreement with 100 K predicted by shifted to higher temperatures. On the other hand for
Bennahmiat al® We tend to believe that the sarig(Cu)  PrCeNbSCO, a deficiency in the Pr concentratigr-1.25
also exists in PrCeNSCO and PrCeGSCO, and thus otf x=1.0) effects only the magnitude of the ZFC branch but
present interpretation differs slightly from the previous éne. Not the peak positiongFig. 2). Note, that forx=1.0 CV
Regarding the magnetic properties of the@wsublattice, —3-12 i lower than CV ok=1.5 (Table ). Further, Fig. 2
it is worth discussing the origin of anomalies in tyeT)  Shows that mixing of Nb with G&T\(Cu)<90 K] and/or a
curves and comparing the number of peaks observed in var\‘LJII substitution of Ta by In, hgve the effect of depres;mg the
ous PrCMSCO materials. For all Fe doped Pi@SCO weak ferromagnetism behavior of the Cuglanes. This in-

samples, as well as for other HTSC materials, our MS stygdicates that the canting of the Cu moments via the antisym-
ies indicate that Fe ions in C@ planes serve only as a metric DM interactions are very sensitive to the local struc-

dopant probe and reveal the magnetic behavior of the CE}JraI distortion such as lattice defects, oxygen disorder, or

sublattice'® Ty (Cu)~130 K for PrCeTaSCQas well as for variation in the oxygen stoichiometry.
M=Nb and héfl is lower thanTy~420 K obtained in The peaks in the ZFG(T) curves exhibited in Figs. 1

- ; d 2 are probably associated with the reorientation of the
YBa,Cu;0s (YBCOg). In YBCO; the Cu ions in the Cup 2" 2 : .
planes are in a pyramidal configuration, and order magnetigu moments. FOM =Ga the first peak which appears at 94

: : : : K shifts downward to 54 K foiM =Nb (Fig. 2) (for both
cally in a simple AFM structure with nearest neighbor®u B -
spins antiparallel in all three dimensions. The AFM orderingx_l'5 and ]} and to 23 K forM =Ta. Note that PrCeGaSCO

of Cu moments can be modeled well by large AFM Supe|has an orthorhombic unit cell with lower local symmetry

- than the tetragonal structure found for all the rest of the
exchange coupling)/kz~1000—1500 K between the Cii .
spins(s=1/2) in the CuQ planes?® This strong intraplanar PrCeMSCO compounds studied. Presumably, the lower local

exchange yields large, two dimensiorfaD) AFM correla- symmetry encourages the antisymmetric DM type interac-

; ; ; ; : tions. Table | shows that the lattice paramete(Cu-Cu dis-
tions, with dynamic short-range AFM ordering at high tem- . ; !
peratures. The three-dimensioriab) coupling is driven by tance increases in the order @&\b<<Ta<In. The first peak

a relatively weak interplane exchange interactign-10° J position varies also in the same manne, therefore we may
between the Cuglayers, andT(Cu) can be evaluated ac- 2SSUme that the absence of anomalies inMitiel curves for
cording to the expressiorkTy=JSInJ/J, 2% In the M =In_ may be due to its larger lattice parameter. We tend
PrCMSCO, the CuQ layers are separated on one side byto believe that at low temperatures, the Cu-Cu and/or Pr-Cu

MO, tetrahedraor MOg octahedra and on the other side by m:]grﬁctmnsbbegm éo dommater, lead[[r;]g to the rtgtc)).rl!tentatlons
fluorite structuredr; sCe, O, layers. The short Cu-Cu dis- which are observed as ahomalies in the Susceplibliity Curves.

tance along the direction, about 6.08 A, is much longer The magnetic interactions driving this reorientation and the

than the 3.36 A found in YBCQ This leads to a weaker number of peaks observed are clearly independent of the
. v . i
and as a result to a lowdi,(Cu). It appears that it is possible valence ofM or of oxygen concentration. These reorienta-

: : - _tions, which are independent @f,(Cu), lead to a negligibly
:\(I)V:\;Le?:]'er,\éﬁ;)p?gngjertmg different separator layers be small latent heat which cannot be observed in@hecurves.

Below Ty, some local structural distortioritheir nature The absence of anomalies in theT) curve for the mixed

is not yet known break the local tetragonal symmetry of the M =Nb_+Ga and the fact that a _tln_y amount ‘.)f Fe smears this
unit cell and aIIor\:Sv for a local canting of the Cu moments via peak[Fig. 1(b)] both support this interpretation.

a DM interactiorr. Above T, the magnetization is revers-

ible. At T;, the Cu moments are slightly canted in the AFM ACKNOWLEDGMENTS
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