PHYSICAL REVIEW B VOLUME 53, NUMBER 9 1 MARCH 1996-I
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The crystal structure parameters, temperature dependences of resRf{d@ncend concentration depen-
dences of superconducting transition temperalige) for the Ni- and Fe-substituteBBay(Cu; - M ,)30;_,
systems based on Y and several rare ed/sY,Nd,Eu,Gd,Ho,TmM =Ni,Fe) have been investigated. It was
found that the 9T ./9x| parameter for both kinds of substitution depends mainly on the vallr® dfionic
radius of the host matrix. AR changes from Tm to Nd the value @fT /x| increases by approximately three
and four times for Ni and Fe substitutions correspondingly. No correlations dizthédx| value with R®*
localized magnetic moment were observed. The prime roR%f ionic radius variation on the properties of
RBay(Cu, M, )30;_, systems as well as the same effect observed earligRfogPr,Ba,Cuy0;_y, systems
are discussed. The essentially different shapes of superconducting transitions for the Ni- and Fe-substituted
systems are pointed out.

[. INTRODUCTION that the influence of Ni substitutions dR(T) and T, of
RBay(Cuyy _4M,)30;_, essentially depends on tRE ™ ionic
Significant attention was devoted to the investigation ofradius of the host matrix but not on its localized magnetic
the influence of different kinds of substitution on the proper-moment.
ties of the YBaCu;O;_,-type compoundgY-123), see the It should be noted that the distinct correlation of fhe
review in Ref. 1. It was established thadl $neta|s(Ni, Fe, SenSitiVity toR substitution by Pr 0I1R3+ ionic radius of the
Co, Zn can partially replace Cu in both Cy(lane and host matrix was found in the recent investig_ations of
CuO chain positions in Y-123 structure. As expected theR1-xPiBa&CWO;_, systems based on Y and a wide range

0-13
preferable positions for Ni and Zn are Cu@lanes but Fe ©Of rare earthdNd, Sm, Eu, Gd, Dy, Ho, Er, Tyt The
and Co occupy mainly the CuO chain sifes. |dT /x| value for Pr-substituted compounds increases by

. A P
The investigations of YBACU,_,M,):0,_, systems nearly three times as tHe** ionic radius rises wheR goes

have revealed that the Cu substitution ly Betals leads to from Tm_ to Nd.' .

resistance increase and lowering of superconducting critica All this m°§"’"".ted. us to make a systematic study of the
o ) |!1fluence ofR** ionic radius on the properties of Ni- and

temperaturd ., see, e.g., Refs. 1-4. It is interesting that the

. . oo Fe-substitutedRBa,(Cuy, _,M,)30,_, systems based on Y
highest rate off ; depression amongd3metals substitutions . -1 <overal rareaze(art%é;\?)sNZj yEuy Gd. Ho. Tm with

was observed forM=Zzn that does not have magnetic |5rger variation ofR3* ionic radius than in Refs. 9 and 14.

moment’ o o The preliminary results foR=Y, Gd, Eu have been pub-
In several works™® the 3d substitutions for rare earth |ished in Refs. 9 and 14.

basedR-123 systems were investigated. It was pointed out
that for GdBa(Cu, _,M,)30;_, systemsM =Ni,Fe) the in-
fluence of these substitutions is stronger than for
YBay(Cu;_,M,)30;_,.°7® This result was connected in  The polycrystalline samples of nominal composition
Refs. 7 and 8 with the interaction between Gd &mdnmag-  RBay(Cy _,M,);0;_, (R=Y,Nd,Eu,Gd,Ho,Tm;M =Ni,Fe;
netic momentsGd®" has the maximum localized spin mag- x=0.000, 0.025, 0.050, 0.075, 0.100, 0.15¢re prepared
netic moment among rare earths bitYhas no ong How- by solid state reaction method from thoroughly mixed pow-
ever the possible influence of the ionic radius differenceders of high purityR,03, BaCGQ;, CuO, NiO, FgO; taken in
between ¥" and Gd* was not taken into account in Refs. 7 stoichiometric ratios. Initially mixtures were synthesized on
and 8. air at~920 °C for 2 days with careful intermediate grinding.
This possibility was verified in our previous wdrkle-  Then the samples were annealed on air at about 940 °C with
voted to the investigation dRBa,(Cu, _,M,);0;_, systems intermediate grinding. The temperatures of synthesis were
based on Y, Gd and E[Gd*" and E§+ have close ionic variable, being slightly higher for the compounds base&®on
radii values but E contrary to Gd" has a nonmagnetic with larger ionic radius. Final annealing was performed at
ground stateJ=0)]. The measurements on the Gd- and Eu-450 °C for 1-2 days in oxygen flow following with slow
based systems have revealed that the influence of Ni substiooling. Further annealing did not change Thevalue. Since
tution on the temperature dependence of resistancd aivd  the annealing procedure is exactly the same for all series of
these compounds is very similar, at the same time it is sigthe samples, the oxygen content of the compounds with
nificantly stronger than for Y-based system. This fact showsqual Ni(or Fe concentrations is assumed to be close for the

Il. EXPERIMENTAL DETAILS
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TABLE |. Crystal structure parameters for Goau, ,Ni,)30;_, and GdBa(Cu, _,Fe)30;_ sys-

tems.
GdBay(Cuy —,Niy)307-y GdBay(Cuy - ,F8)307-y

X a,A b,A c,A a,A b,A c,A

0.000 3.832 3.894 11.700 3.832 3.894 11.700

0.025 3.849 3.900 11.698 3.847 3.895 11.640

0.050 3.844 3.900 11.692 3.845 3.885 11.670

0.075 3.842 3.897 11.686 3.862 3.886 11.610

0.100 3.868 3.912 11.737 3.889 3.889 11.676

0.150 3.889 3.911 11.734 3.892 3.892 11.676
systems based on differeRt [Earlier our iodometric titrac- B. Resistance

tion measurements of the oxygen cgntent of the undoped N ormalized temperature dependences of resistR(dd/
R-123 compounds, prepareq as Qescrlbed above, have show%o K) for Ni- and Fe-substitute®Bay(Cuy - M,)s07_,

that they values are nearly identic§y=0.05+0.05 for the systems based on Nd, Y, Ho, Tm are shown in Figthe
systems based QR:Nd,Eu,Gd,Y,Ho,TrriLﬂ results of Gd- and Eu-based systems were represented by us

Samples quality and the lattice structure parameters Wergy pef g |n all the investigated systems Ni and Fe impuri-
controlled by x-ray diffraction method using Geigerflex dif- yjeq |ead to the increase of resistance. In the case of Ni sub-
fractometer with ClK,, radiation. All investigated samples it tion theR(T) dependence for TmBECU, _,Ni,);O-
| ) X _«Ni)307_
were found to be practically single phase up to maximumgystem remains “metal-like” even at=0.15. With the in-

investigatedM concentratiorx=0.15. crease oR®" ionic radius the influence of Ni substitution on
The electrical resistance for 4..2—300 K temperature ranggy Ty dependence gradually becomes stronger. So the “semi-
was measured for by four-terminal dc or ac methods with,,qyctinglike” behavior near the superconducting transition
0.2-10 mA current flow. Temperature was measured using clearly seen at=0.05 for NdBa(Cu, _,Ni,);0,_, System
Cu-CuFe) thermocouple. For several samples the resistancg;i, the largest value oR®" ionic radius. y
measurements were also carried out in high magnetic fields Tha same tendency also occurs in the case of Fe substitu-
_(up to 150 kog The measurements were perfor_me(_j partiallyion For TmBa(Cy,_,Fe)s0;_, system the small region
in the International Laboratory of High Magnetic Fields and i, “semiconductinglike” R(T) dependence followed by

Low Temperatures, Wroclaw, Poland. superconducting transition appears only xat0.15. The
same Fe concentration in Nd-based systems fully suppresses
superconductivity, theR(T) dependence being strongly

IIl. EXPERIMENTAL RESULTS “semiconductinglike” at 4.2<T<300 K. It should be noted
A. Crystal structure that for all investigated systems the influence of Fe substitu-

The example of crystal structure parameters for Gd basetion onR(T) dependence s stronger than the Ni doem-
Ni- and Fe-substituted samples is given in Table I. The sligh are the corresponding parts of left and right panels of Fig.

decrease of orthorhombic distortion was observed with thé”™”
rise of Ni concentration for alRBay(Cu; _«Ni,)30;_, Sys- . .
tems in a good agreement with p?é(\/ioasxstuxé)i:ig‘é‘s%.*ﬂl'hgse sistance forRBa2(.CuO.9M 0-1)307—3{ systems based on differ-
compounds remained orthorhombicxat0.15%° ent rare earths vv_lth t_he same Ni a_nd Fe conc_entractteﬁ.l

On the other hand, the influence of Fe, occupying prima@re represented in Fig.[Pay attention to the_d|fferent scale
rily the Cu-chain sites, on the crystal structure of investi-alond theR(T) axis|. As can be seen the influence bf
gated Compounds was more pronounced_ The value of orthé_ubstltutlon on resistance of the considered SyStemS essen-
rhombic distortion decreased significantly more rapidly withtially depends on th&*" ion type of the host matrix. Taking
increase of Fe concentration. Approximatelyxat0.1 the  also into account the fact that for Gd- and Eu-based systems
tetragonalization was observed for all systems. It should b#ith close values of ionic radii the characterRfT) depen-
noted that for Fe substitution the paramdtefchains direc- dences are similar to each other and are substantially differ-
tion) was almost unchangeable. Only increase of paranaeter ent from the Y-based systefsee Fig. 2 in Ref. § one can
led to decrease of orthorhombic distortion. Such behaviosee the correlation between the size of R ion and the
can be explained by taking into consideration the possiblénfluence of M substitution on the resistance of
occupation by oxygen the position (8 (between CuO RBay(Cu_M,);0;_, systems. At the same time no corre-
chaing which was pointed out in Refs. 16 and 17 for Fe lation is observed in the influence of Ni and Fe substitutions
substitution of Cu-chain sites. The systems with otRer on the resistance oRBa(Cu;_,M,);0;_, systems with
(Y,Nd,Eu,Ho,Tm) were observed to have the similar behav-R®* localized magnetic moment value.
ior of crystal structure parameters. For more detail, the crys- The correlation with theR®* ionic radius is also clearly
tal structure parameters of the investigated systems is deeen for the 8 metal concentration dependences of critical
scribed in our previous work. temperature discussed below.

For clarity the normalized temperature dependences of re-
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FIG. 1. Normalized resistance as a function of temperatur&Ba,(Cu;, _,M,)30;_, systemsR=Nd,Y,Ho,Tm; M =Ni,Fe).

C. Critical temperature To have the possibility to quantitatively characterize the

Superconducting critical temperature dependenceson €ffect of R** ionic radius influence ofT; of Ni- and Fe-
concentration T.(x) are shown on Fig. 3 for Substituted systems the values|6T /x| were determined
RBay(Cu; M ,)40;_, (R=Tm,Ho,Nd systems both for Ni from the expgrlmental data repr_esented in Fig. 3xf§|0_.15
and Fe substitutions. The value Bf was determined at the andx<0.075 in the case d¥1 =Ni and Fe, correspondingly.
middle of resistive transitionR(T,)=0.5R,(T.), whereR,  These results added by ones =Y, Gd, and Eu are rep-
is extrapolated normal state resistance. The width of superesented on the upper and middle panels of Fig. 4 as the
conducting transitiongfrom 0.1R,, to 0.9R,) is also shown. dependences d¥T./dx| on the value ofR** ionic radius.

The T.(x) dependences are close to linear for Ni and FeAs can be seen the value [@fT /x| increases substantially
substitutions ak<0.1 andx=<0.075, correspondinglgsome  with rising R®* ionic radius of the host matrixapproxi-
deviation from linearity occurs for HoBeCu, _,Fg);0;_, mately three and four times fovl =Ni and Fe.
system. In the case of Fe substitution the value Tof de- As mentioned above, earlier the stropl/dx| depen-
creases far more rapidly than fot =Ni. It is clearly seen dence on the value d®*" ionic radius was also found for
from Fig. 3 that the influence of both Ni and Fe substitutionsR; _ Pr,Ba,Cu,0;_, systems > For comparison our re-
are significantly stronger for the Nd-based than for Ho- andsults forR; _,Pr,Ba,Cu;0;_, from Ref. 13 are shown on the
Tm-based systems. For Fe-substituted compounds based down panel of Fig. 4. The |dT./dx| value for
Nd and Ho withx=0.15 no sign of superconductivity was R;_,Pr,BaCu;0;_, also raises with the size &°" ionand
found at T=42 K. At the same time increases from 90 K foR=Tm to 230 K for Nd, i.e., almost
TmBay(Cly g-615307 -y System are superconducting with three times.
T.~55 K. The values of critical concentration at which su-  The obvious correlation dfyT /x| parameter wittR®*
perconductivity disappears equal approximately 0.11 andbnic radius value for both @ and Pr substitutions in 123
0.13 for Nd- and Ho-based Fe-substituted systems. systems should be taken into account. At the same time close
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numerical values of th¢dT./dx| variation for - and Pr-
substituted compound may be the result of the occasional
coincidence. It should be emphasized that no correlation was
found in the properties dRBay(Cu, _Ni,);0;_, as well as

Ry Pr,Ba,Cus0;_, system&® *3with the value ofR%* lo-
calized magnetic moment. This fact is probably connected
with well-known magnetic “isolation” ofR** ion in 123-
type structure, see, e.g., Ref. 1 This rare earth magnetic mo-
ment “isolation” leads to practical independence of thg
value of fully oxidized undoped superconductirRy123
compounds on the value " magnetic momert.

IV. DISCUSSION

The obtained results show that the influence of the differ-
ent types of substitution@i,Fe,Py, occupying different po-
sitions(CuG, plane, CuO chain anR site, corresponding)y
on the superconductivity, depends strongly on&ié ionic
radius of the host matrix and does not display any correlation
with the value of theR®*" localized magnetic moment.

These facts give an evidence for high sensitivity of the
properties of investigated systems ttee details of crystal
structure Comparison of the results ford3metals substitu-
tion in Y-123 and YBaCu,Og (Y-124) systems gives an ad-
ditional argument for the important role of the crystal struc-
ture details on the properties of these structurally very
closely
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related compounds. As has been shown in Ref. 18 the rate @fhole number of holes in the Cy®lanes does not change
T, depression for Y-124 are significantly larger than the corwith Pr concentration while normal-state Hall effect mea-
responding rates for the Y-123 system for Fe, Ni, Zn, and Gaurementssee, e.g., Ref. 2%hows decreasing in the num-
substitutions. Moreover, while the effect of Zn substitution isber of mobile holesdue to the localization effects with in-
strongest in Y-123 it is weaker in Y-124 than that of the creasing Pr concentration. Moreover the variation of the Hall
effect of Fe and Ni substitutions. coefficient was found to be two times greater for

The first thing one should take into account in understand&d,; _ ,Pr,Ba,Cu;0; _, than for the Y-based systeffl.
ing the R®* size effect in substitute®-123 systems is an As mentioned above for the investigated systems the
essentiallynonuniform deformatiosuffered byR-123 lattice  R(T) dependence gradually transforms from “metal” to
when the ionic radius dR®* increases?® One part of the unit  “semiconductinglike” behavior with increasing concentra-
cell is expanded while the other can be compressed. Nameljon of 3d impurities. The analysis of the(T) dependences
the separation of the Cy®lanes, between whicR®" ions  obtained for all investigated type substituticiMi,Fe) in the
are placed, increases. On the contrary, the Qni@ne-apical framework of different model$activation conductivity, in-
oxygen and the Cugplane-CuO chain distances decrease tdluence of Kondo effect, and variable range hopping model
some extent. The strong properties sensitivity of ger&23  (VRH)] has shown that although it is difficult to unambigu-
compounds to these parameters, e.g., on the ,Cul@ne- ously distinguish between all these models the experimental
apical oxygen distance, was noted in a number of paperdata as a whole are best described three-dimensional VRH
(see, e.g., Ref. 201t is quite probable that the increase of model, see Fig. 3 of Ref. 9. It gives an additional evidence
the R-123 system properties sensitivity for the substitutionsfor the significant role of the localization effects in the inves-
of different types of(Ni,Fe,P) can be connected with the tigated systems. Earlier the same conclusion was made for
nonuniform deformation of th&-123 unit cell wherR goes  several Pr-substituted systefis®
from Tm to Nd. Note also that the nonuniform deformation It seems very surprisingly that the substitution of different
of the R-123 crystal lattice with the changing of the ionic atoms in different positions leads to the very close results
radius ofR®* may lead to opposite effects of hydrostatic and(compare three panels of Figl. Xhe possible explanation of
chemical pressure applying to these systémns. this fact is to assume that the different substitutions influence

The next fact that should be considered is #ffect of superconductivity in investigated systems through the com-
disordering In the case of Pr substitution, as has been showmon mechanism. The strengthening of localization effects
in Ref. 22 using data oK-edge x-ray absorption fine struc- due to increasing extent of disorderMf- and Pr-substituted
ture, the oxygen atoms around Pr become disordered and/systems based on largRf " ions is one of the possible can-
distorted. In Ref. 23 the study of,Y,PrBa,Cu0;_, sys-  didates for this mechanism.
tem revealed the strong analogy between this system and ion It should be noted that several models were proposed to
beam damaged YB&u;0;_,. More exactly, the effect of describe the properties of Pr-substituted systems
increasing concentration of Pr is similar to increasing of ionR; _,Pr,Ba,Cu,0;_ itself, including first-principle calcula-
damage dose for the resistivity behavior. The very importantions of electronic structure, see for review Refs. 31 and 32.
role of the oxygen site disorder oF is underlined in Ref. It is not excluded, of course, that properties of Pr- amd 3
24 for severalR,Ba,Cu;04., systems. Oxygen reduced metals-substituted systems are driven by different mecha-
compound with good ordering can have higligivalue than  nisms. In that case the striking similarity of the obtained
one with higher oxygen concentration that reveals a strongesults for these two systems, see Fig. 4, should be consid-
disordering?* ered only as an accidental coincidence.

It should be emphasized that for the systems based on One more effect we would like to point out in this paper is
R3* jon with larger ionic radius the extent of disordering the difference in superconducting transition shapes for Ni-
may be more pronounced. In Ref. 5 the progressive structurand Fe-substituted systems. As can be seen from Fig. 1, Ni
disordering in Fe-substituted LaRau,0,_, was found. This  substitution has a “conventional” broadening effect on the
effect is partially reflected in(a) the partial occupancy of superconductivity transition: the parts of resistive transitions
O(6) sites;(b) the occurrence of @) vacanciesjc) cation  with positive and negative curvature are comparable in size.
disorder between the La and Ba ior(s) shifts in thez On the other hand, Fe substitution results in substantially
coordinates of Ba and apical oxygen towards the values exwider superconducting transition and in the negative curva-
pected for a completely disordered perovskite structure. It isure for the most part of superconducting transition. This
interesting that no similar disorder in Fe-substitutedeffect was observed for all systems investigated by us. Such
YBa,Cu;0;_, was observed. results were also reported recently in Ref. 33 for

Such strong dependence of disordering in perovskite-lik€ErBay,(Cuy g9V g 009307y (M=Ni, Zn, Fe, Co, and Ga
cuprates oRR®" ionic radius may be connected with above- The larger width of superconducting transitions for the CuO-
mentioned unit cell nonuniform deformation of consideredchain substitution§Fe, Co, and Gawere connected in Ref.
systems. In that case the same impurities concentration c&88 with the weakening of the coupling between Gulanes
lead to higher extent of disordering in more initially de- in ¢ direction. As expected in Ref. 33 this transforms the
formed host lattice based d&°* with larger ionic radius. systems to be more two dimensional, thereby enhancing the

As is well known the disordering can lead lialization  contribution of fluctuations. Another mechanism for the dif-
effects These effects have been also observed in perovskitderence in the in-plane and out-of-plane substitutions influ-
like cuprates in several papers. Soft-x-ray absorption neaence can be proposed based on the electrical current redistri-
edge structur@ and electron-energy-loss spectroscopybution due to theVl substitution. As was established by the
studie$® of Y, _,Pr,Ba,Cu;0;_, system have shown that the measurements on twin-free Y-123 single crystathe elec-
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trical current flows through CuQplanes as well as CuO
chains but superconducting fluctuations manifest mainly in EuBaz(Cug.925Nig.075)307-y
CuG, plane. At Ni substitution the current should primarily H=150: 120: 80: 40: 20-
flow through CuO chaingthe planes are disordered in that 10: '5; 0 kOe ' ’
case and hence have large resistanse the superconduct-
ing fluctuation is hardly seen. On the other hand, at Fe sub-
stitution the current should mainly flow through Cu@anes
where the superconducting fluctuations broaden the super-
conducting transition.

The difference in the shape of resistive superconducting | ]
transitions at Ni and Fe substitutions are much more EuBas(Cug.gz2sF€0.075)307—y
clearly seen for the results of the measurements in high mag-
netic fields, see Fig. 5, where the examples of Eu-based sys-
tems are shown. The complete results of the measurements
for Ni- and Fe-substitute®Ba,(Cu, - M ,)30;_, systems in
magnetic fields will be published elsewhére.

o

e

V. CONCLUSION

Distinct and strong dependence|6T /x| parameter for 0 =0 4
RBay(Cu;, _M,)30;_, systems on the value d®3" ionic
radius of the host matrix was found. Taking into account that
the sensitivity of the properties &-123 system foR sub- ) -~ ] ) o
stitution by Pr is also defined by the size b+ ion: the FIG. 5. Superconducting transitions in vanc_)us magnetic fields
value of R* ionic radius can be considered as a parameter ©" EUB&(Clo.g28V 0079307y compoundsM =Ni.Fe).

determining the properties both 3d- and Pr-substituted R-123

compoundsThe strengthening of the localization effects duepaper for publication we have known that the correlation
to the higher extent of disordering ®- and Pr-substituted with the R®*" ion size was found for the properties of
systems based on largRP* ions is the possible explanation RBa,Cu;_,Ga 0O, _, systemgGa substitutes the CuO-chain
for the observed correlations. During the preparation of thisiteg.®
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