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We present results of a comparative study of the normal-state and superconducting properties in the
RBa,Cu;0, system with substitutions by Pr for tie and Ba sites. The temperature dependences of the
resistivity and thermopower were measured for the Sy, Cu;0, (x=0.0—0.35) samples and analyzed in
comparison with data for the,Y ,Pr,Ba,Cu;O, system. It was observed that the-FBa substitution affects all
the properties of th&Ba,Cu;0O, system, both the normal state and superconducting, much stronger compared
to the Pr~Y one. This manifests itself in an increasing oxygen content, an orthorhombic-to-tetragonal transi-
tion atx=0.3—0.35, a stronger rise of the thermopower value, and a fastérop. The results obtained are
analyzed within a phenomenological narrow-band model in order to reveal both common peculiarities and
specific features of the Pr influence on the band spectrum parameters in the normal state when substituting for
different lattice positions. We have observed that the Pr doping leads to a significant modification of the band
spectrum, resulting in a strong band broadening and states localization. At the same time, changes of the total
effective width of the conduction barwly and theT; value in two systems with the different kind of Pr doping
are shown to correspond to each other so thaftifév/y) dependence follows the universal correlation for the
YBa,Cu;0, system with different deviations from stoichiometry. Based on our analysis and in agreement with
earlier suggestions, we conclude that the superconductivity suppression in both Pr-doped systems could be
mainly attributed to the hybridization betweeri 4tates of the Pr ion and the conduction-band states. In
addition, Pr in SmBa_,Pr,Cu;0, on the Ba site acts like other trivalent rare-earth impurities inducing the
extra hole filling effect that leads to a strongey suppression compared to, Y,Pr,Ba,Cu;0, .

[. INTRODUCTION T. suppression is mainly caused by the hybridization
effect®?or, at least, by a coexistence of the pair-breaking

Among different elements substituting for the native cat-and hybridization effects. A recent short review presenting
ions in the YBaCwO,-type highT, superconductors the arguments in favor of the hybridization model can be

(HTSC’ Pr has attracted much attentidior a general re- found in Ref. 22. .
view, see Ref. L It was widely reported that despite the fact We have previously .performed an analysis of the normal-
. . . state transport properties for the Y, Pr,Ba,Cu;0, system

that PrBaCquy is orthorhombic and isostructural to within a narrow-band modé? This model was yshown to
RBa,Cus0, (Ris Y or a rare-earth element except Ce andy)ioy one to estimate the main band spectrum parameters, to
Tb), the former compound does not exhibit {race their transformation with increasing doping level in the
superconductivity.* With increasing Pr doping in YBa,Cu,0, system, and to compare the modification of the
Y1 xPrBaCuO, the critical temperature decreases andconduction band  with  varying  superconducting
goes to zero ax,=0.552° properties’*~2” Applying this model to the Pr-doped samples

Numerous studies have been performed to investigaté&e have come to the conclusion that the main reason for the
both the normal-state and superconducting properties of thglperconductivity suppression is rather to be a strong modi-
Y, ,PrBaCu,0, system and to elucidate the mechanismfication of the conduction band caused by praseody fum.
responsible for the suppression of superconductivity. Severgl It was recently reported by several groups about success-

: : ul preparation of single-phas®Ba, _,Pr,Cu;0, samples
possible models have been earlier proposed, sudh) éise o o"py ustitutes for the Ba SHE2 In this case Pr ob-
hole filling effect arising from the valence of the Pr ion

) . : viously being a nonisovalent impurity is expected to de-
which could be much greater than+3°7 (ii) the pair- creasé/ the r%obile hole concentrgtior)ll. Therep are two main
breaking model suggesting that superconductivity is degyestions to be answere@ whether or not the Pr ion on the
stroyed due to the interaction of the Pr magnetic momentga site affects the normal-state and superconducting proper-
and the spin of the mobile hol&s? (iii) the effect of the ties of theRBa, _ ,Pr,Cu0, system like other trivalent rare-
hybridization between # states of the Pr ion and the earth ions(for example, La and (ii) whether or not the
conduction-band states which leads to the localization of théybridization effect is realized when Pr substitutes for Ba.
charge carriers or to significant changes in the bandror this reason a comparative study of Re ,Pr,Ba,Cu;0,
structure:™~*°In most of recent papers it is argued that theand RBa,_,Pr,Cu;0, system is of considerable interest due
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TABLE |I. Lattice parameters and oxygen content in

SmBg_,Pr,Cu;0, samples. = 25|
=

X y a A b, A c, A g 20}
=

0.0 6.94 3.847 3.902 11.735 = L5y

0.1 6.99 3.853 3.900 11.700 e 1.0

0.15 7.02 3.850 3.898 11.690 ~

0.2 7.04 3.862 3.888 11.665 & 5]

0.3 7.07 3.878 3.883 11.630 0.0 = 00 150 Z00 250 300

0.35 7.10 3.875 3.875 11.625

T(K)

to a possibility to investigate the Pr effect when it acts asfor'grié; ngr]cpbebgtusraend;gzndences of the normalized resistivity
_ P, y .

either an isovalent or a nonisovalent impurity. At present, the
guestion on different and common features of the>Rrand
Pr—Ba substitutions undoubtedly calls for further investiga-
tions because of a lack of experimental results on the Py
substitution for the Ba site.

The purpose of the present work is to perform a compara:

oxygen content change were observed in the
NdBa,_ ,Pr,Cus0, systent®??*'The revealed difference in
he Pr effect on structural properties of tRBa,Cu;0, sys-
tem can be considered as an additional evidence that in the

tive analysis of the normal-state resistivity and thermopowe mBal—XPrX.C%OV system preseodymmm indeed subst|tute§
as well as of the superconducting properties of thefor Ba. In this connection it is necessary to note that substi-

Y, PrBaCu0, and SmBa_,PrCu0, systems. The re- tutions for Ba by trivalent rare-earth elements, for instance,
xIx xFIx 6,35-39
sults obtained for the last system will be interpreted in the by either La or EJ, lead to the same lattice transfor-

framework of a narrow-band model. Using this approach, WEmatmn and oxygen content change. Thus Pr on the Ba site

will analyze the band spectrum transformation and the Vanaseems to influence the sample structure like other trivalent

tion of the critical temperature in the case of-HBa doping

in comparison with those obtained earlier for the
Y1-4PrBa,Cu;0, systent® Based on these results we will
discuss the role of Pr ions on different sites in the
RBa,Cu;0, lattice as well as both common peculiarities and
specific features of the superconductivity suppression by
when substituting for th&® and Ba sites.

The resistivity and thermopower were measured in the
temperature range df=T.—300 K. The resistivity measure-
ments were performed by the standard four-probe low-
frequency ad20 Hz method. The thermopower was mea-

ured relative to copper electrodes and then calculated by
correcting for the thermopower of copper. The temperature
difference between the two ends of the sample was kept

around 1-2 K throughout the measuring procedure.
Il. SAMPLES AND EXPERIMENTAL DETAILS

We have investigated the normal-state transport properties lIl. EXPERIMENTAL RESULTS
of SmBg_,Pr,Cu;0, (x=0.0—0.35) ceramic samples. The
samples were prepared by the standard solid-state processingThe temperature dependences of the normalized resistiv-
technique from the high-purity respective carbonates and oxty for SmBg,_,Pr,Cu;0, are shown in Fig. 1. Peculiarities
ides mixed in required proportions. The mixtures wereof the p(T) dependence including its transformation with
heated aff =950 °C for 24 h, reground, pressed into pelletsdeviations from stoichiometry are typical for the HTSC ma-
and then sintered two or three timesTat 950—970°C for terials. For the undoped sample th€T) curve is metallic-
24 h with intermediate regrinding. Finally, the products werelike, while for heavily doped samples the resistivity at low
annealed in flowing oxygen af=450°C for 24 h and temperature demonstrates a semiconductorlike behavior.
slowly furnace cooled down to room temperature. Note, that the Pr influence on tiéT) transformation in the

X-ray-diffraction analysis was used to characterize thecase of substitution for the Ba site is stronger compared to
samples’ purity and to determine the lattice parameters. Ththat for the Y site so that the metallic-semiconductor transi-
oxygen content was determined by the iodometric titratiortion takes place at~0.15 for the SmB@XPrXCugo system
technique with an accuracy af0.01-0.02. All the samples and atx~0.4 for the Y; _,PrBa,Cu;0, one? The critical
were of single phase with the foreign impurity level less thantemperaturel ; was determined as the midpoint of the resis-
1-2%. The oxygen content and the lattice parameters as teve superconducting transition. THg variation with doping
function of doping are presented in Table |. Comparing theséevel for the SmBga_,Pr,Cu;0, system in comparison with
results with the data for ¥_,Pr,Ba,Cu;0,, one can see that that for the Y, _,Pr,Ba,Cu;O, one (taken from Ref. 2Bis
substitutions by Pr for the Y and Ba sites influence all theseshown in Fig. 2. In the case of the-Ri¥ substitutionT,
parameters in a different way. In the case of Pr on the Y sitelecreases slightly in the range »&0.0—-0.1, goes down
the oxygen content is almost constant with doping level andaster as the doping level increases further, and the supercon-
the orthorhombic symmetry retains for all the samples up taluctivity vanishes at the Pr content a=0.5—-0.6. The
x=0.68%3334Contrary to this, in the case of Pr on the Ba Pr—Ba substitution affects the superconducting properties
site the oxygen content increases gradually witand an  much stronger and, as a result, the S;mB&r,Cu0, sys-
orthorhombic-to-tetragonal transition was observed xat tem becomes nonsuperconducting at the Pr contert of
=0.30-0.35. Note that analogous lattice transformation ane-=0.3. To compare the influence of the Pr ion placed at dif-
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FIG. 3. Temperature dependences of the thermopower for
FIG. 2. Variation of the critical temperature with Pr content in SmBg_,Pr,Cu0, samples. Different symbols present the experi-
SmBa_,Pr,Cu0, and Y;_,PrBaCuO, (taken from Ref. 2B mental data, solid lines are the best-fitted curves calculated by the
The T¢(x) dependence for Sm,Pr,Ba,Cu;0, samples according model used.
to the data in Refs. 18, 40, and 43 is shown by dashed line.

S(T) dependence at high temperatures becomes stronger.

ferent sites of the lattice, it is necessary to take into accourfg€sides, all thes(T) curves show a well-pronounced maxi-

the data on the rare-earfR ion-size effect onT, in the ~ MUM at a temperature above the superconducting transition

R, ,PrBaCu0, system. It was well-established tHBt at which shifts towards higher temperatures with increasing
_4Pr, y . : . .

a given Pr content and a critical Pr content corresponding tdoPing level. On the other hand, the incorporation of

i ; dymium into the Y or Ba sites affects the ther-
the superconductivity disappearance Rj_,Pr,Ba,Cu;0,  Praseo ; .
decrease almost linearly with increasing radius of e mopower to a different extent. To demonstrate th_|s, the
ion 18:2040-431q explain this finding, authors of Refs. 18, 20, variation of the thermopower value @&t=300 K, S;q9, With

ion
and 41 suggest that the hybridization betwednstates of (he Pr content for the Sm,PrBaCu0, and

the Pr ion and the conduction-band states enhances & the" 1-xPxB&CUsO, systems is shown in Fig. 4. With increas-
ion radius increases that results in a stronger superconducti{f?d Pr_content the Sy, value increases  slightly in

ity suppression. Since the Sm ion radius is larger then the Y 1-xPrB&Cu0,, but rises extremely strongly in
one, theT, value even in the Sm,PrBaCu0, system SmBg_,Pr,Cu;0, compgred to other substitutions in the
should drop faster compared to thg YPr,Ba,Cu;0, one. RBa,Cuz0, system_reachmg the value of _about 120/K at _
Using the data mentioned above we have plotted in Fig. 2 th&=0-35. In fact, this result can be considered as the direct
T(x) dependence for the Sm,PrBa,CO, system to- evidence for the hole filling gffect in the SmBaPr,Cu0,
gether with our data. It can be seen that the observed drop §¥Stem realized due to a higher valence of Pr compared to
T, in SmBa_,Pr,Cu;0, is even faster than it should be in that of Ba. Thus the difference between &g, variation for

case of Pr-Sm substitution. This fact clearly indicates that ¢@ses of different kinds of Pr doping is caused by different
in the case of Pr-Ba substitution Pr has a twofold effect on relation between the valences of Pr and substituted elements.

T.. In addition to the hybridization of #Pr states with band ~ B€fore analyzing the results obtained, we would like to
states praseodymium acts as an nonisovalent impurity and, &€ntion one more experimental fact. Comparing 8&)

a result of two of these mechanisms[, in the dependence for the ,Y,PrBa,CuO, (see Ref. 2B and
Smy_,PrBa,Cu0, system falls much faster. Note that this SmBg _,PrCu0y (see Fig. 3 systems, one can observe
conclusion is in a good agreement with results of Colonesciat theSsoo values for the sample with=0.4 for the first

et al28 They have found that in the case of the insulatingc@S€ and=0.1 for the second one as well as for 0.6 and
Nd, Prp sBa,Cus0, sample(where superconductivity is sup-

pressed by the hybridizatipsubstitution by Ca for Nd fails 120k
to restore  superconductivity, whereas in the O  Prat Y-site
NdBa 7Py -Cu;0, compound(which is also an insulator, 100 | O PratBa-site
but, in addition, due to the hole-filling effocthe same sub-
stitution raises th& value from zero to 31 K. These results
have nicely shown that the suppression of superconductivity
when the Pr ion occupies the Ba site may not result solely
from the hybridization effect.

The temperature dependences of the thermopower are
shown in Fig. 3. They demonstrate the well-known charac-
teristic features of the thermopower behavior in the doped
RBa,Cu;0, system(Ref. 44 being qualitatively analogous,
in their main peculiarities, to those for thg Y,Pr,Ba,Cu;0,
systent? For slightly doped samples the thermopower is al-  FIG. 4. Thermopower af=300K as a function of Pr content in
most temperature independentTat 150—200K depending SmBag_,Pr,Cui0O, in comparison with the data for
on sample composition. With increasing doping level they,_,PrBaCu0, (Ref. 23.

S0 (LV/K)
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x=0.2, respectively, are equal. Moreover, even$€) de- 053F
pendences for those couples of samples are very close to
each other excluding a temperature region in the vicinity of
the superconducting transition. But in both cases The |
value for Y, ,PrBaCuO, sample is less then for
SmBg_,Pr,Cu;0, (31.5 K forx=0.4 and 57 K forx=0.1
for the first couple of samples art4 K for x=0.6 and 27 K
for x=0.2 for the second oneThis fact will be discussed 0.51 /
below. Pr at Y-site
Summarizing the experimental results, we have observed O Prat Ba-site
that the Pr-Ba substitution affects all the properties of the 0.50 L——t P—— F—— 1
RBa,Cus;0, system, both the normal-state and superconduct- 00 01 02 03 04 05 06
ing, much stronger compared to thePY one. Below we
will analyze the normal-state transport properties on the ba- FIG. 5. Band fillingF vs Pr content in SmBa PrCus0y in
sis of our phenomenological band spectrum model and concomparison with the data for Y ,Pr,Ba,Cus0, (Ref. 23.
pare the results obtained here on SmB#&rCu0, with
those for Ylfo’praQCug,Oy.23 ficients (for details, see Ref. 34vhich contain three model
parameters. These are the band filliRgwhich is equal to
the ratio of the number of electrons to the total number of
To obtain the information on the conduction-band trans-States in the band, the total effective bandwidth, and the
formation in SmBa_,Pr,Cu,0,, we have used a narrow- effective width of an energy interval of the electrons respon-
band model described in detail in Ref. 24. Note, that variousible for the conduction proces, .
models have been proposed in order to describe the ther- Using this approach, we were able to achieve a good
mopower behavior in HTSC materials. Different authorsagreement between the experimental and calculs(&l de-
have considered both singté=*and two-band pictures;®>  pendences both for the YBau,0, system with various sub-
analyzed the thermopower taking into account the presencsitutions for the native catiofi§?"*® and Bi-based
of the van Hove singularity near the Fermi lev&the pho- HTSC's® This has permitted us to determine the band spec-
non drag effect*>° and a bosonic contribution to tH&T) trum parameters for the investigated sample compositions, to
dependence¥:*’ The question on validity of these models is analyze their variation depending on the type and content of
still under discussion. It was demonstrated by differentdifferent impurities, and to draw conclusions on reasons for
groups that several models, including the model we use, caifie conduction-band transformation under doping.
reasonably fit the experiment&(T) curves for both Y- and Below we use the narrow-band model to analyze the ther-
Bi-based HTSC'$®-%*However, some of those models con- mopower in the SmBa ,Pr,Cu0, system. Note that the
tain parameters having no clear physical interpretation. Beexperimental data for samples with Pr content ¢f0.30 and
sides, when applying those models to doped HTSC's, th&=0.35 have been used only for qualitative analysis. Our
parameters show, in some cases, no systematic variation ealculations showed that for those compositions the conduc-
the values of them for some sample compositions look to b&on band becomes too widéhe W, value is more then 600
rather unphysicai®®®-®In our opinion, the advantages of meV). In such a case our model becomes far too rough and
our approach aré) the use of only three parameters, each ofmay give a wrong result. Fox<0.3 we have obtained a
them having a clear physical meaning characterizing théeasonable agreement between the experimental results and
properties of the charge carrier system, @indthe possibil- calculated curves. To illustrate this, the best-fitt8¢Tr)
ity to describe simultaneously the resistivity, thermopowercurves are shown in Fig. 3. As one can see, the fits look to be
and Hall coefficient behavior in the normal state of HTSC’sreasonable excluding the region of low temperatures for
for samples of different compositions. This allows us to re-heavily doped samples. This discrepancy is due to the same
veal the conduction-band transformation under doping byeason as it was noted above because the lower temperature
different impurities and, comparing it with the, variation, is the worse the condition of the band narrowness is obeyed.
to analyze the dopant effect on parameters of the chargk is necessary to note that in the framework of our model
carrier system in the normal state and superconducting progiifferent fitting parameters affect different peculiarities of
erties of doped HTSC's. the S(T) dependences that make it possible to determine the
Our model is founded on the assumption that a sharp peakalues of all the three parameters quite unambiguously.
in the density-of-state¢$DOS) function exists in the band The concentration dependence of the band filling for the
spectrum of HTSC materials. It can be either a single narrovemBg _,Pr,Cu;0,, system in comparison with that for the
band or a sharp DOS peak on a wide band background ap¢; _,Pr,Ba,Cu;0, one is shown in Fig. 5. It can be seen that
pearing, for example, due to the van Hove singularity. Inthe F value increases in both cases, but to a different extent.
both cases, if the Fermi level is located in the region of thisin our previous stud¥ we have clearly shown that praseody-
peak, it is its narrowness that mainly determines specific feamium, when substituting for Y, affects the band filling very
tures of the electron transport phenomena in the normal statesignificantly compared to a nonisovalent impurity. Taking
This makes it possible to calculate the transport propertiegito account the insignificant rise of thevalue, unchanged
using the simplest rectangular approximation for the DOSoxygen numbey, and a slight variation of the lattice param-
and the differential conductivity functiorfé In doing so, one eters with doping level we have concluded that the valence
can obtain the analytical expressions for the transport coe®f Pr is very close to 3.2 This conclusion is in a good

0.52

[m]

IV. DISCUSSION
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impact of the Pr impurity’> These results give support to the

600,' conclusion that the reason for the band spectrum modifica-

> so0f tion with Pr doping is the hybridization betweef dtates of

£ i the Pr ion and the conduction-band states accompanied by a
=, 400 strong localization of the statég!8-2022:67

& 300'_ Further, as one can see in Fig. 6, the bandwidth and the
&: I W B Prat Ysite degree of the states localization rise with increasing doping

200 2 0  PratBasite in the SmBa_,Pr,Cu;0, system much faster compared to
! the Y, _,PrBa,Cu;0, one. This is a result of a simultaneous
100 P effect of two mechanisms. First, as noted above Pr on the Ba
ol n M S—— L L site acts as a trivalent rare-earth impurity. If so, this should
00 01 02 03 04 05 06 cause, in agreement with our previous results, both the band
* broadening and states localization. The incorporation of the
FIG. 6. Effective bandwidthW, and conductivity bandwidth ~Pr ions into the Ba sites induces a disordering of the oxygen
W, vs Pr content in SmBa ,Pr,Cu;0, in comparison with the data  subsystem that can be confirmed by an increasing oxygen
for Y;_,Pr,Ba,Cus0, (Ref. 23. content and a transition to the tetragonal symmedsge
Table ). However, comparing our results on the’l.a-Ba?*
agreement with the results of other autttBféwho proposed  substitutio® with the case of the P+Ba one we can con-
that in the Y, _Pr,Ba,Cu0, system, though Pr is predomi- clude that Pr has more essential effect upon the degree of the
nantly trivalent, an admlxture of Pr of about 10% exists.  States localization and the effective bandwidth than the triva-
Figure 5 shows that thé value in the case of the lent La ion has. For example, in the YBgLa,CusO, sys-
SmBa_,Pr,Cu0, system increases with doping level much tem in the range ok=0.0—0.2 a broadening of the band is
stronger than in the Y «PrBa,Cu0, one, and, at the same less than 50 meV and thé/, /Wy, ratio changes by a factor
time, the F(x) dependence is ‘Close to that for the of 1.5, while theWy, variation in the SmBa. ,Pr,CuzO, sys-
YBa,_,La,Cus0, systent? Thus both the structural changes tem in the same impurity range is about 400 meV and the
(increasing oxygen content, an orthorhombic-to-tetragona¥V,,/Wp ratio changes by about 2.5 times. Consequently, one
transition and the band filing variations in the can conclude that on the background of the oxygen sub-
SmBa_,Pr,Cu0, and YBa_,La,Cu0, systems are System disordering induced by the Ba-site Pr effect, the hy-
analogous to each other. These facts make it possible to cohridization of Pr 4 states with conduction-band states in the
clude that Pr on the Ba site has a valence sféhd acts like SmBg_,Pr,Cu;0, system also takes place, like in the
other nonisovalent rare-earth impurities. Y1 xPr,Ba,Cus0, one. Moreover, as it was shown in Ref.
The concentration dependences of the total effectivél8 this hybridization is stronger in the SmBaPr,Cu;0,
bandwidthWy and the “conductivity” effective bandwidth system compared to the YBa,Pr,Cu;O, one because of the
W, for Pr-doped samples are shown in Fig. 6. Before anadifference between the Sm and Y ionic radii. Thus, due to
lyzing them, let us note that according to our previous resulttghe combination of two of those types of the Pr influence, the
the variation of theW, /W, ratio with changing sample localization of the mobile holes in the case of the
composition characterizes the variation of the degree of th&mBg _,Pr,Cu;O, system should be much stronger than in
charge carriers localization in the baffdt can be seen that the Y;_ XPrXBazCugo one. Our results give a strong support
an increase in Pr content leads to an essential broadening tf this point of view. As one can see in Fig. 6, & /Wy
the conduction band in both ;Y,PrBaCwO, and ratio decreases with doping much faster in
SmBg_,Pr,Cu;0, accompanied by a gradual and strong riseSmBg _,Pr,Cus0, implying a more essential increase in the

of the Iocal|zat|on degreg@he decrease of the/, /W, ratio). localization degree In this connection, we would like to note
In the latter system the band broadening is extremely stronthat the stronger localization of the states in the
compared to other substitutions in Y&;0,*#***®and, as  SmBg_,Pr,Cu0,  system compared to  the

a result, even for the sample with=0.2 WD reaches the Y1 xPrBaCus0, one revealed by our analysis of tB€T)
value of about 500 meV. To interpret these data, it is necesdependences correlates well with the strong(@r) transfor-
sary to mention that in the framework of our model the rea-mation[for example, as noted above, a transition to a semi-
son for such a modification of the band spectrum is assumecbonductorlike p(T) behavior at low temperatures in
to be the Anderson localization of the st&fesaused by a SmBg_,Pr,Cu0, takes place at lower Pr contént

lattice disordering induced by substitutions for the native cat- By such a way, an increase in the Pr content in the
ions. As it was shown in Refs. 24, 26, and 38 in cases o6mBg_,Pr,Cu;0, system results in a very strong band
different nonisovalent substitutions or an increasing oxygerspectrum modification, namely, the conduction-band broad-
deficit, the main reason for the band broadening and the loening and the localization of the states at the edges of the
calization of the states is a redistribution of oxygen atomgband. In this connection let us discuss the transformation of
induced by an impurity and resulting in an oxygen subsystenthe S(T) dependences in the SmBaPr,Cu0, and
disordering. Such a disordering does not occur, however, iY; ,PrBa,Cu;0, systems. As shown in Ref. 23 and noted
the case of the ¥ ,Pr,Ba,Cu30, system because the-RiY above, the charge-carrier concentration in the
substitution has practically no effect on the oxygen content'; _,Pr,Ba,Cus0, system(or, in other words, the band fill-
and the oxygen subsystem as a wHdl&his fact allowed us ing in our mode) depends slightly on the Pr content. In this
earlier to conclude that the modification of the conductioncase rising the slope of th§(T) curves in the range of
band in the Y_,Pr,Ba,Cu;0, system is caused by the direct ~150—300 K accompanied by increasiBgy, is caused, in
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the framework of our model, by a gradual increase of the 100

state’s localization degreéthe decrease of th&V,/Wp &£

ratio).?* At the same time, a donorlike character of the 583@%

PrT—Ba" substitution results in the essential rise of the 80 P

Ss00 Value with doping level in the SmBa,Pr,Cus0, sys- Smo

tem, on whose background the influence of a strong states 6 °

localization on theS(T) curves shape becomes less pro- 60y %@D
nounced. Taking into account these different reasons for the - %

S(T) transformation in the investigated systems, one can ex- 59 4oL © YBaCuO =N
plain the noted above fact that for the samples of the & ¢ Y-Ba(La)-Cu-O o
SmBg_,Pr,Cus0, and Y; ,Pr,Ba,Cu;0, systems with the A Y-Ba-Cu(Co)-O " -
sameS;yo value T, is higher in the first case. Indeed, it is a0l © Y(Ca)Ba-Cu(Co)-O o
obvious that the hybridization effect resulting in the strong ®m  Y(Pr)-Ba-Cu-O

band broadening should affect tfg value stronger com- ¢ Sm-Ba(Pr)-Cu-O "
pared to the hole filling effect. On the other hand, the hole 0 . . . ) :
filling effect leads to a stronge®sq, rise. As a result, the 0 100 200 300 400 500
sameS;,y value is reached by the PrBa substitution at a W, (meV)

lower Pr content than by the PrY one (see Fig. 4. It is

. - . : FIG. 7. Correlation between the critical temperature and the
\C/:Ji(iﬁ rotS?:—:-l;(cpg]ritrzg r{{:t rggﬁﬁ SShOUId be higher in agreementeﬁective bandwidth in th&kBa,Cu;0, system with different dop-

. . ing. Data for the systems without Pr are taken from Refs. 24, 26 and
Finally, let us discuss the common reason for the superx

conductivity suppression in tfeBa,Cu;0, system with dif- e8.
ferent deviations from stoichiometry. The data presented in
Figs. 2 and 6 show that a stronger band broadening in theontentx. to 0.7 which seems to rule out the pair-breaking
SmBg_,Pr,Cu,0, system is accompanied by a fasfey ~ mechanism as the main course of fiiesuppression and to
drop. We would like to note, that analyzing the band specsupport therefore our point of view, as well as the conclusion
trum transformation in the YB&u;0, system with increas- drawn in Ref. 22.

ing oxygen defic?* as well as under different nonisovalent

substitution§*?® including the codoped systéhwe have

concluded that there is the universal correlation between the V. CONCLUSIONS

effective bandwidth and the critical temperature value. The

existence of such a correlation can be easily understoo(;};i{nalysis of the band spectrum transformation in the

ualitatively. It is clear that doping cannot legéak least in
?nost caseét/o an increase of thef)to?al number of states in theSmI?:ag_XPeru.gOy and Y, _PrBa,Cuy0, syst_ems based on
band. If so, a broadening of the band has to be accompaniéqe interpretation of the thermopower data in the framevyork
by decreasing value of the DOS function at the Fermi level? the r?arrow-band model allow us to draw the following
The latter can be considered as the major reason fofl the conplusmns. o ,
decrease. Thus the modification of the band spectrum in the (i) The substitution by Pr for the Ba site affects the prop-
normal state influences the superconducting properties of tH@/ties of theRBa,CusO, system much stronger compared to
RBa,Cu;0, system. For this reason it was interesting tothe€ PF~R one resulting in the increasing oxygen content,
check the presence of tig(Wp) correlation in the case of appearance of an orthorhombic-to-tetragonal transition, a
Pr-doped samples. Results of this checking are shown in Figtronger rise of the thermopower, and a fastedrop.
7 together with the data for other doped Y;BasO, systems (i) The Pr—Y substitution affects very slightly the total
taken from our previous publications. As one can see th@umber of electrons in the conduction band due to the fact
T.(Wp) dependence for the Y,PrBaCuO, and thatthe valence of the Prion in the, Y,PrBaCuO, sys-
SmBg_,Pr,Cu;0, systems also follows the universal tem is close to 3. To the contrary, in the
correlation®® Note, that this finding points again to a slighter SmBg _,Pr,Cu;0, system the nonisovalent-PiBa substitu-
effect of the hole filling on the superconducting properties oftion results in the hole filling effect, and the Pr ion on the Ba
the RBa,Cu;0, system compared to the band broadeningsite influences the charge-carrier concentration like other
On the other hand, this fact can be considered as an evideneare-earth impurities placed at the Ba site.
for the conclusion that praseodymium affects the supercon- (iii) In both kinds of Pr doping praseodymium has a re-
ducting properties of thRBa,Cu;O, system due to its influ- markable effect on the conduction-band transformation in-
ence on the band spectrum modification, i.e., like otheducing the strong band broadening accompanied by the
nonisovalent impurities. A specific role of the Pr impurity strong states localization. Such an influence can be attributed
manifests itself in the fact that due to an effect of the stateso the effect of the hybridization betweeri 4tates of Pr ion
hybridization praseodymium affects the structure of the conand the conduction-band states. In the case of theB2r
duction band drastically, inducing the strong band broadensubstitution a random ordering of the excess oxygen caused
ing accompanied by the strong states localization. Let ugy a higher valence of Pr compared to Ba leads to an addi-
note that in the case of Y ,Pr,Ba,Cu;0, substitution for  tional band broadening and localization of the states.
Ba, by BaSr and heat treating the samples in argon prior to (iv) Despite a different extent of the Pr influence on the
oxygenation was demonstrated to increase the critical Pband spectrum and the critical temperature in the

In summary, the results obtained and the comparative
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