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The Py sCe, sS,CuNb; _,Ta,0; (0<x=<1) compounds display an in-plane weak ferromagnetic component
similar to that observed in the NGuQ,-type T’ structure. Zero-field-cooled and field-cooled magnetization
spectra indicate that the magnetic peak, previously ascribed by neutron diffraction in the
Pr; Ce sSKLCWLNDO; o system as originating from an interlayer Cu spin reorientation, shifts towards lower
temperature as the content of Ta increases. In addition, the effective Pr ion moment obtained by Curie-Weiss
fits to the magnetization data taken at fields sufficiently high to saturate the weak ferromagnetic component
indicate that the long-range antiferromagnetic ordering of the Pr ions in these compet®&8gg) is not
affected by the substitution of Ta in for Nb. The nature of the complex magnetic behavior of these compounds
originates from a thermal competition between magnetocrystalline anisotropy and magnetic exchange
interactions.

I. INTRODUCTION moments, acting on the rare-earth ions.
The weak ferromagnetism in these materials has been
The interplay between Cu magnetism and high_showngto have a strong dependence on their magnetothermal
temperature superconductivity in several layered rare-eartRiStory- Furthermore, the magnitudes of the weak ferromag-
cuprate systems continues to be a topic of importdntiee ~ N€lic components have been shown to strongly depend on
motivation for this effort stems from observations of antifer- sample preparation techniques, indicating that the weak fer-

romagnetic(AF) ordering of the Cu atoms in nonsupercon- romagnetic properties are very sensitive to the presence of
9 9 P lattice defects—either structural distortions, oxygen disorder,

ducting compounds possessing RBa,Cu0;_; strycturez, or variations in the oxygen stoichiometry. In addition, studies
the '—320‘;1'?4 T phase structuréand the NgCuO, T’ phase  haye shown that doping of Ce or Th into compounds with the
structure>> The Cu moments in these materials tend to ex-T" phase has the effect of depressing the weak ferromag-
hibit strong two-dimensionaRD) magnetic correlations that netism behavior of the CUZOplanesl,O The findings from
exist up to very high temperatures. Any long-range 3D magthese studies suggest that the suppression of the weak ferro-
netic correlations that can exist at low temperatures typicallynagnetic component is manifested by a lowering of the tem-
disappear above room temperature. Several of the rare-eaf@grature at which the Cu moments order.

cuprates and nickelates possessingTtieadT’ crystal struc- Similar weak ferromagnetic behavior have been recently
tures have been shown to possess an additional weak ferrf2POrted in P1sCe sSLCLM Oy (M=Nb or Ta electrically

magnetic component within the AF domain of the Cu or Nj'NSulating compounds. As shown in Fig. 1, the layered
. . crystallographic structure of these compounds is a composite
magnetic sublattice.

. . of the PpCuQ, T’ and PrBaCu;0,_ 5 crystal structures with

_ The weak ferromagnetic component in these compoundspsiitution of NbQ or TaO, planes for the CuO chains, a

is believed to arise as a result of an antisymmetric exchanggorite structured(Pr, {Ce, 20, middle layer replacing the
coupling of the Dzyaloshinsky-Moriy@DM) type between single ion rare-earth layer, and strontium atoms substituted in
neighboring Cu or Ni moments induced by a local distortionfor the barium atoms. The length of the unit cell is doubled
that breaks the tetragonal symmetry of the Guanes>™®  along thec direction due to a glide plane introduced by the
Due to this DM interaction, the Cu or Ni moments are (Pr; :Ce, 5O, layer. The weak ferromagnetic component in
slightly canted in the AF state, giving rise to the weak ferro-these compounds is evidenced by the presence of irrevers-
magnetic component from each Cu6r NiO, plane which ibility, a remnant magnetization, and magnetic hysteresis that
polarizes the rare-earth magnetic sublattice. In the sense ofdevelops below 130 K. Neutron diffraction measurements
mean-field approximation this polarization can be thought ohave indicated that a noncollinear component in the AF or-
as an internal magnetic fieldy,, generated by the canted dering of the Cu moments, suggestive of a DM interaction,
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were placed in alumina crucibles and sintered at 1120 °C for
80 h in a slightly pressurize@pproximately 30 kPaoxygen

@o atmosphere and then allowed to furnace cool to room tem-

&m perature. Samples were then reground a second time, pressed

g:“ again into pellets, and the firing process repeated. Powder
T

x-ray-diffraction data(Siemens D-500 x-ray diffractomejer
were taken on each of the samples that were used in this
investigation in order to validate that these samples had the
y expected solid solution stoichiometry and not comprised of a
double phase material. More detailed results of the x-ray-
diffraction analysis performed on these types of compounds
have been described elsewhéte.

The magnetization spectra were all taken on a commer-
cially available Quantum Design rf superconducting quan-
tum interference devic€SQUID) magnetometer. Zero-field-
cooled and field-cooled dc magnetization profiles over the
temperature range 6—100 K were obtained for each com-
pound for magnetic fields ranging from 10 to 5000 Oe. In
addition, hysteresis data were measured for each compound
in 5 K increments between 10 and 80 K and 50 K increments
between 100 and 200 K over a magnetic-field excursion of
+50 kOe. The data presented in this study were not cor-
rected for demagnetizing factors since all the samples used
were paramagnetic insulatofgy<<1) and therefore the cor-
rection was deemed to be negligible.

& PriCe

FIG. 1. Half of theR-Ce-Sr-Cu-Nb-OT* phase crystallographic
unit cell. Oxygens in the Nb, Sr, and Cu layers are designated as
0O(1) or O(5), O4), and G2) or O(3), respectively, while b)

denotes the oxygens between the fluorite layers. IIl. EXPERIMENTAL RESULTS

, i Several zero-field-cooled and field-cooled magnetic spec-
occurs below this temperature in the, BEe, sSECWLNDOL, 14 for these compounds were obtained for a broad range of

insulator. The exact nature of the local structural distortion . —_ o
- " . S applied magnetic-field strengths. The results of a compilation
promoting the activation of the DM interaction is not pres- bp g 9 P

ently known. Initial resul from zero-field-cooled and of one such data set for the samples used in this study, under

field-cooled magnetization profiles show that two magneticthe influence of an externally applied field of 500 Qe, are

ordering peaks(~13 K, ~56 K) are observed in the shown in Fig. 2. As can be read_ily seen fr(_)m this figure,
Pr, «Ce, $SLCWLNDO;, system but only a single pedk-20 the zero-field-cooled magnetic behawor _ of the
K) is observed in the RECe,SLCWTa0, system. The PsC&sSLCULNDOy, sample (upper left exhibits two
higher-temperature magnetic ordering peak, seen in the magjagnenc transitions while only one ordering peak seems
netization spectra for the PiCe, sSLCUNbO,, compound, 0 be apparent in the magnetic spectra for the
has been previously ascribed by neutron diffractionPf sCe sSpCUTa0 o sample(lower right. As one looks at
measurement$to arise from an interlayer spin reorientation €ach of the graphs depicted in Fig. 2 from the different
of the Cu moments. samples, the magnetic peak at the higher temperature, that
In this paper, we report on the magnetic characteristics ofi@s been previously associated to a Cu spin reorientation and
a series of BrCe, sSL,CWNb, _, Ta,0;, (x=0.00, 0.25, 0.5, is here identified by the upward pointing arrows, shifts
0.6, 0.75, 1.0pcompounds. A lowering of the temperature at downward from around 56 K in the PsCe, sS,CU,NbO;,
which the Cu spin reorientation occurs in these materials as @@mpound to about 19 K in the PCe sSr,Cu,Ta0;o com-
function of increasing Ta concentration is reported. The napound. Notably, two magnetic peaks are easily discernible in
ture of the complex magnetic behavior of these compoundall of these graphs except for the one corresponding to the

is ascribed to a thermal competition between magnetocrys?h sC& sSLCW,Ta0;, compound. In order to determine the
talline anisotropy and magnetic exchange interactions. temperature at which the Cu moments would reorient in the

Pr, Ce sSKLCW,Ta0, o sample a Curie-Weiss analysis of the
data forT>Ty+10 K was performed. Similar analysis were
performed on the other samples and were found to be in
Polycrystalline samples of P«€Ce,sSr,CuNb, _,Ta,0;,  excellent agreement with the values that were directly deter-
(x=0.00, 0.25, 0.5, 0.6, 0.75, 1.pQsed in this study were mined from the graphs shown in Fig. 2. In addition, Fig. 2
synthesized through conventional solid-state reaction mettreveals that all of the samples displayed irreversible behavior
ods. Stoichiometric amounts of high purit99.99% or bet- characteristic of the weak ferromagnetism in these com-
ter) CeQ,, Nd,O3, Sm0O;3, Pr;0,4, SICQ;, CuO, NBOs, and  pounds. The irreversibility temperature, i.e., the temperature
Ta,O5 dried powders were appropriately weighed, mixed to-at which the zero-field-cooled and field-cooled magnetiza-
gether, and pressed into 3/8 inch pellets. The finished pelletson data begin to deviate from one another, identified by the

Il. EXPERIMENTAL DETAILS
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slope bisection method that was used to obtain the peak val-
ues from the magnetization spectra. The line through these
data points is merely a guide for the reader and not a result of
any curve fit or theoretical model. The data in Fig. 3 illus-
trates that the nature of the magnetic interactions driving the
Cu spin reordering inherent to these materials is clearly not a
| R — linear function of the amount of Ta contained in these com-
Pry 5Ce 5SraCupNby 75Tag 25019 | Pry 5Ceq,5512CuyNby 25Tag,75019 pounds.

The effects on the intensity of the magnetic transition
peaks due to varying the applied magnetic field for both the
Cu spin transition and Pr ion ordering transition in these
compounds is shown in Fig. 4 over the temperature range
0-80 K. Experimental results obtained from both of the end
o <Con woaCugNby sTag 9010 ey sCon gotgCg TRy members anq two of the intermedigte co.mpoun(_js are shovvp.
8f : . The magnetic spectra were obtained in applied magnetic
fields ranging from 50 O¢circles, 500 Oe(squares 1 kOe
(diamonds, and 5 kO€cross. In all cases, the net effect that
is observed upon increasing the strength of the applied mag-
netic field is a subsequent reduction in the intensity of the Cu
spin transition and enhancement of the lower-temperature Pr
magnetic transition. The peak at 15 K has been assigned to

Temperature (K) an ordering of the Pr sublattice based on an analogy with the
PrBaCu;0; and PrBaCu,NbO; materials, which have AF

FIG. 2. Zero-field-cooled and field-cooled magnetization spectraransitions at 17 K and 12 K, respectively.
taken at 500 Oe for the compounds; BZ&, sSr,.CwNb; _,Ta,0;q The behavior of the magnetic peaks as a function of ap-
(x=0.0,0.25,0.5,0.6,0.75,1.0The downward pointing arrow indi- plied field can be simply understood as arising from the con-
cates the position of the irreversibility temperature and the upwargolution of a weak ferromagnetic ordering process riding on
pointing arrow identifies the temperature of the Cu moment reorig strong paramagnetic background due to the presence of the
entation peak. Pr ions. Upon saturation of the weak ferromagnetic compo-

nent, under the influence of strong enough applied magnetic
downward pointing arrows in Fig. 2, can also be seen to shiffields, the paramagnetic contribution will then dominate. For
towards lower temperatures as one goes across the serieseofample, the observed behavior of the magnetic transition
these solid solutions starting from the fully doped Nb endpeak from the magnetic spectra obtained on the
member to the fully doped Ta end member. Pr, Cey sSKLCW, Ta0,, sample, namely an apparent 7 K

The temperature at which the interlayer Cu moment reoridownward shift in the peak position under the application of
entation occurs in these materials under the application of a 5000 Oe magnetic field, can be readily explained as a result
500 Oe field, as a function of Nb content, is plotted in Fig. 3.of a superposition of the Cu spin transition which is decreas-
The error bars corresponding to each of the data pointgg in intensity with field and the magnetic ordering peak
shown in this figure are estimated to hé K based upon the due to the Pr ions which increases in intensity. As the two

Pry 5Ceg 557,CupNbg 4Tag ¢O1q
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S TABLE I. Quasi—de Almeida—Thouless fit parameters for the
25% Ta Pr; :Ce sSKLCWNb, Tay 040 (0<x<1) compounds used in this

T T T
100% Ta

study.

[ Compound Hq (kOe T, (0) n

5
- Pr, :Cey sSLCWNDO, o 23.67 7339 201
2 Pr; £Cey sSLCWNDg 75T 26010 23.81 7115  2.00
g Pr, <Céy sSLCWNby =T 010 22.25 65.27  2.03
GE) 0 T RERESERERS| T T T T T T T T T T PI’1_5CQ)_55r2CU2Nb0_4T80.6010 21.90 64.09 1.99
o Pr, Cey 5SLCW,Ta0 o 19.78 49.71  2.00
o
< |
<s

graphic structures. This peak is identified in the figure with
an upward pointing arrow.

i The dependence of the irreversibility temperature on the
N T et applied magnetic field for all of the samples that were used
° 4 e0 0 2 46080 in this study is illustrated in Fig. 5. The data demonstrate that
TEMPERATURE (K) as the applied field increases, the irreversibility temperature
o ) ) moves towards lower temperatures. This is easily understood

_FIG. 4. Magnetization spectra showing the changes in the ampy, o cognizing this as a typical characteristic of weak ferro-
plitudes of the magnetic transitions associated with the Cu Sp"?nagnetic behavior. For sufficiently strong magnetic fields,

g:”zg)gsggzgnggjgg? IfDOr; Ségessié:u?ﬁbsfi_%\tgig: the weak ferromagnetic component becomes totally saturated
and PE'sCGb 5SrSCuéTaq0 samples obtained in applied magnetic and t_here is no longer any path distinction bgtw_een reversible
fields ranging from 50 Ogcircles, 500 Oe(squarey 1 kOe (dia- and irreversible behavior; the two curves will lie exactly on
mondsg, and 5 kOe(crosses The behavior is explained in the text FOp of e.a?.h other. The error bars in the. determlnatlon of the
as the sum of a saturated ferromagnetic component and a domina'ﬁfevers'b'IIty temperature in each case s estimated tFt e
paramagnetic background due to the Pr ions. The Pr ion peak & The curves through the data points are curve fits to a
identified by an arrow in the figure. quasi—de Almeida—Thouless relationship of the frm

peaks are in close proximity to one another, the apparent Tir(Ha) =Tin(0)[1—(Ha/Hp) 1", )
shift in peak position would be greater than in the case where

the two magnetic transitions were well separated in temperawhereH, is the applied magnetic field{ is the saturation
ture as in the case for the fully Nb doped compound. Figurenagnetic field, and;,(0) is the irreversibility temperature in

4 also shows that the ordering peak attributable to the ordethe absence of a field. The results of the fitting process are
ing of the Prions in these compounds does not change as opeovided in Table I. The regression coefficients were all on
goes across the series. This suggests that the presence oftfia order of 0.99.

or Nb in these compounds does not significantly effect the From the results of the fitting process, the strength of the
long-range ordering process of the Pr ions in these crystallcapplied magnetic field that is required to saturate the weak

80 T
70 ]
o~ FIG. 5. The irreversibility temperature, mea-
3 60 - sured for the samples used in this study, plotted
z as a function of the applied magnetic field. The
g vertical error bars in this figure are determined to
@® 50 71 be =1 K based upon the slope bisection method
& used in obtaining the data.
I 40
[
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FIG. 6. Isothermal magnetization curves taken at 10, 20, and 35 K for C&r:Sr;Cu,Nby »:Tay 76019 Sample obtained in field
excursions of40 kOe. The paramagnetic background at the higher fields due to the Pr ions can easily be seen to exhibit a linear behavior
with increasing field.

ferromagnetic component in these compounds increases as Mg T.Ha>Ho) =Mo(T) +Haxg(T), 2)
one sweeps across the series going from the fully doped Ta

phase to the fully doped Nb phase. This is consistent with th?\/hereHa is the applied external fieldyy(T)(= SM/5H) is

results previously shown in Fig. 4. This suggests that thefhe differential susceptibility , is the threshold value of the

g’;ﬁng::gnta?r'lst?]téggymg?gﬁglSV\i’ggetgr?]i%’V?akmcf)?gorrg?‘%ﬂiﬁmagnetic field for saturating the weak ferromagnetic compo-
P gy P ent, andM ((T) is a field independent magnetization due to

in those compounds having a smaller Ta concentration. A: ) : ;
the nature of the magnetocrystalline anisotropy in these typeﬁqe saturated Cu ferromagnetism and the action of the inter-

of materials is typically thought to originate from subtle fel field H; on the Prions,
structural distortion$®>=1’ i.e., possibly mediated through
oxygen bond disorder, Raman experiments could be helpful Mo(T)=Mc(T)+H;(T) xo(T). (€)
as a means for identifying local oxygen modes that would
arise from defects induced by improper oxygen stoichiom+or these compounds, neutron diffraction stutfiesve sug-
etry or displacement, as was previously performed on thgested that the Cu moments order antiferromagnetically
R,_,CeCu0, (R=Nd, Sm, Eu, and Gdcompounds,/ or  somewhere between 200 and 300 K. In addition, this study
potentially identify new superstructures as was demonstrateiddicates that the weak ferromagnetism saturates in these
in the case of YCuQ, and TmCuQ, compounds? Reitveld  compounds for applied magnetic-field strengths above 24
refinements from x-ray-diffraction measurements taken orkOe. As a result, these values defined the parameter range
the two end members of this series of compounds suggesiver which the curve fits were performed.
that while both exhibit rather large anomalous thermal fac- The differential susceptibility4(T) data from 30 to 200
tors in the position of the oxygen, the relative anisotropy isK, obtained from the previous analysis, was in turn modeled
smaller in the fully doped Ta compound than in the fully as the sum of a temperature independent tggraccounting
doped Nb compountf. for the contribution of the conduction electrons and the core
In an attempt to separate out the contribution of the wealelectrons, and a Curie-Weiss ter@/(T— 6), contribution
ferromagnetic component to the magnetic susceptibility ofrom the Prions. The results of the curve fits for each sample
these compounds, several hysteresis curves with magnetigsed in this investigation are provided in Table Il below. The
field excursions of=50 kOe were generated for each com- Curie constan€C for these compounds is essentially constant
pound at several different temperatures. An example of onacross the series and yields an effective moment qig2f8r
such set of data taken on the, BCe, $SLCWNb, »5Tay 760, the Prions. This is an indication that the long-range interac-
sample at 10, 20, 35, and 60 K is shown in Fig. 6. Lineartion of the Pr ions in these compounds is not affected by the
curve fits were done on the dc magnetization versus fielédubstitution of Ta for Nb. The value for the effective moment
data over a range of fields high enough to saturate the wedh these compounds is entirely consistent with estimates pre-
ferromagnetic component for all the samples used in thiziously obtained of the effective moments of Pr ions in com-
study. The linear relationship that was used was of the form pounds with related structuré$?°
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TABLE Il. Results of Curie-Weiss fits of the differential suscep- long-range ordering temperature of the Pr ions out to room
tibility xq4(T) for the series of RrCeysSpCWNb,_4TaO0  temperature, where the field independent magnetization,
(x=0,0.25,0.5,0.6,0.75 ompounds. The regression coefficient in M,(T), could be reasonably fit to a temperature independent
each case was0.99. version of Eq(3). However, it was possible to independently
analyze several of the high fied vs H profiles, taken at

&Ot')“ fc?r:jtgil ( 4772?3 o 477;[1‘: ‘Ti]/c.c) (z) different temperatures, to back out estimatesMiy, andH;
as a function of temperature. The results of this analysis in
0.00 7.0x10°° 0.142[2.82] —-16.9 the case of the two end members is provided in Fig. 7. Simi-
0.25 6.74107° 0.141[2.82] -16.9 lar curves obtained for the other samples under investigation
0.40 6.2%107° 0.143[2.83] -17.5 were found to fall between these two bounding curves. This
0.50 6.4%10 ° 0.145[2.84] -18.7 figure demonstrates that above 20 K the internal field for the
0.75 6.9X107° 0.147[2.86] -19.3 Nb doped phase is much stronger at any given temperature
1.00 6.1%107° 0.148[2.87] -19.6 than in the case of the Ta doped phase. This finding is in

agreement with the experimental observation that the Cu mo-
ments reorient at a higher temperature in the Nb doped end
It is worthwhile pointing out that it was not possible to member than the Ta doped end member indicating that the

back out estimates for the Cu magnetisvhy,,,, and internal  exchange interactions between the Cu magnetic sublattice
field, H;, using methods that have been previously used tavith the Pr magnetic sublattice is stronger in the Nb case
estimate these physical parameters as in the case of singlean the Ta case. Below 20 K the value of the internal field in
crystals of GdCuQ, (Ref. 4 and ThCuO, (Ref. 15 and both curves increases possibly reflecting the long-range or-
ceramic samples &®,CuQ, (Ref. 9 becausél) no common dering of the Pr ions in these materials. In addition, Fig. 7
intersection point was found upon extrapolating the highshows that the value for the saturated Cu moments in the full
field M vs H linear curve fits[Eq. (2)], indicating that the Ta version of these material systems is much less than that of
internal fields for these compounds are temperature depethe full Nb version. Notably, the value for the temperature at
dent and(2) no temperature range was found, above thewhich the onset of the magnetic anisotropy occurs in the
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Pr, «C&, sS,CW,NbO,, sample derived from the curve fitting Th,CuQ, compound® and certainly provides an explanation
process of Eq(2) [i.e., whenMy(T) becomes nonzefds  of the inherent irreversible magnetic behavior observed to
130 K, in excellent agreement with the value obtained di-happen in all the samples of the series of compounds used in
rectly from the neutron diffraction measuremefftsn the  this study. Furthermore, the results of magnetic relaxation
case of the Rr:Ce, sS,Cu,Ta0;; sample, the onset tempera- measurements performed on the fully doped Ta and Nb end
ture is predicted to happen at a somewhat lower temperaturghemberd' indicate a logarithmic temporal dependence that
around 110 K. It would prove extremely useful to obtainjs 5 common feature of magnetic materials like spin glasses
additional neutron dlffra_ctlon measurements on the fullyy, crystal systems with random magnetocrystalline anisot-
doped Ta phase to provide a better understanding of thesg,, “additional results of dc magnetization measurements

results. obtained on deoxygenated ;R€Ce, sSLCU,NbO;, samples

showed that the two ordering peaks at 13 and 56 K were no
longer present in the data, the weak ferromagnetic compo-
nent was correspondingly weaker, and Curie-Weiss fits to the

In the case of cuprate and nickelate compoéhpessess- data still indicated that the Pr ions underwent a long-range
ing the T phase crystallographic structure, deviations from aAF ordering** Similarly, zero-field-cooled dc magneti-
strictly spin-1/2 Heisenberg description of the behavior ofzation spectra taken on Pr doped samples of
the copper and nickel moments have been explained as arigy, 5 ,Pr,Ce, sSLCWNDO;, showed that the two peaks
ing from an antisymmetric exchange interaction resulting inwere also absent from the data until the concentration of Pr
an “out-of-plane” canting of these moments in the AF state,ions into these compounds was greater than 0.6. Interest-
giving rise to a weak ferromagnetic component. The cantindgngly, the temperature at which both magnetic transitions oc-
is usually made possible because of a slight structural distocurred was observed to shift out to higher temperatures as the
tion, leading to magnetocrystalline anisotropy, arising from aamount of Pr ions was increased. A detailed description of
small rotation of the elongated oxygen octahedra that sutthese experimental findings is currently in preparation. All of
round the copper or nickel atoms in these structures. these results suggest that a potential factor behind the Cu

In the case of cuprate compounds embodying thespin reorientation component of the complex magnetic be-
Nd,CuO, T’ crystallographic structure the microscopic ori- havior of these compounds may arise from competition be-
gin of an inherent “in-plane” weak ferromagnetic compo- tween magnetocrystalline anisotropy and magnetic exchange
nent observed in these compounds is not known. However, ihteractions. This competition could originate because of the
has been suggested that the nature of large anomalous anistifferent temperature dependence of the internal field, driven
tropic thermal factors for the oxygen that lie within the by the magnetocrystalline anisotropy, and the temperature
square planar CuQayers observed in several x-ray analysisdependence of the various rare-earth—rare-earth, rare-earth—
may result from oxygen displacement within the GuO transition metal, and transition metal—transition metal ex-
planes along the tetragonal direction perpendicular to thehange processes. The importance of the interrelationship be-
Cu-0 bond®>~1"For the heavier rare earths that fofthsolid  tween the magnetocrystalline anisotropy and the magnetic
solutions, such in-plane displacements of the oxygen iongexchange interactions can again be demonstrated by remem-
have been estimated to be0.018 nm. On the other hand, bering that substitution of nonmagnetic Ce and Th ions in
recent neutron diffractidi experiments have suggested thatplace of the magnetic rare-earth ionsReCuQ, compounds
an alternative explanation may be that an ordered distortiowas shown to significantly depress the temperature at which
occurs in these compounds, resulting from the quenching dhe weak ferromagnetic behavior occurs in these matéflals.
CuQ, square rotations, that would generate a kind of super- A potential picture of the magnetic behavior in these com-
structure or symmetry lowering of the unit cell. Such typespounds used in this study can be describedladrom the
of superstructures have been confirmed in Raman studigesults of the neutron diffraction measurements the Cu mo-
done on %CuQ, and TmCuQ,,'® but have not been ob- ments order AF below 250 K while the Pr ions follow a
served in GgCuQ,.Y’ Curie-Weiss behavior(2) below some characteristic tem-

In either case, the resulting local structural distortionperature, 130 K in the case of the fully doped Nb material, a
breaks the local tetragonal symmetry of the unit cell andsubtle structural distortion occurs inducing a weak ferromag-
allows for a local canting of the copper moments via a DMnetic component via an oxygen mediated antisymmetric ex-
interaction of the typ®;;[S;/\S;] whereD; is a measure of change interaction between the AF aligned Cu moments, in-
the coupling strength of the antisymmetric exchange interacducing the formation of domains within these compounds; in
tion and§;,S; describe the spins of nearest neighbors thatach domain the Pr ions experiences an internal field that
are involved in the process. It has been further suggested thpblarizes them in some fashio(8) when the internal field
the type of disorder associated with these oxygen displacdsecomes strong enough, a restructuring of the domains
ments in these materials might result in a random variatiorwithin these materials occurs, that is detected in the dc mag-
of DM coupling strengths from site to site, introducing frus- netization and neutron diffraction data as a reorientation of
tration into the magnetic system if energy minimization wasthe Cu spins, an) below some characteristic temperature
not achieved simultaneously for all copper pairs. The presthe long-range exchange interactions between the Pr ions be-
ence of this random magnetocrystalline anisotropy wouldyin to dominate the effects of the internal fields and the Pr
most likely favor the formation of microdomains in these ions order, where presumably the Pr-Cu and Cu-Cu exchange
compounds. Thus a large number of metastable states couilskeractions redistribute the various domains in such a way as
be present that would promote glassy magnetic behavioto minimize the overall energy. Notably, both ferromagnetic
Such magnetic characteristics have been reported for thend antiferromagnetic short range ordering processes can co-
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exist in a random magnetocrystalline anisotropic networkof activation energies. The promise of using this method to
where the nature of the specific magnetic transition dependsetermineM (T) and in turnH;(T) using Eq.(3) is cur-
on the overall average domain structure of the matétial.  rently under investigation for these materials.

Additional work to get a first order estimate of the ener-  For the most part, the evidence of random static distor-
gies required for activation of Bloch wall movements of thetions (large thermal parametériave been found only in the
domains within these compounds, i.e., by potentially doing ar’ compounds that also present weak ferromagnetism, but
careful examination of the coercive fields from hysteresis,gt in the compounds that can be appropriately doped to
data, still needs to be performed. Such analysis would help igomote superconductivity. Consequently, it may be inferred
the process of separating the contributions from magnetoy, o the reason why superconductivity has not been observed
crystalline anisotropy and magnetic exchange interactions t such systems that exhibit weak ferromagnetic behavior is
hat the maximum electron doping achievable is not enough

series of PriCeySLCWND, TaOy (0=x<1) com- to suppress the magnetic order within these syst&rfs.

pounds. In addition, it may also be possible to derive the
temperature profile of the weak ferromagnetic component of
the Cu moments from time-logarithmic relaxation measure- ACKNOWLEDGMENTS
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