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1. Abstract

Several series of fully oxygenated single
phasc (La.«..CasPrz)Ba; 5810 sCu3 0,
compounds with tetragonal triple-perovskite
structure were prepared by a solid state
reaction method. In the Pr series, T. of
(Lay.Pr;)Ba, 5Srp sCu30, 1s quickly dropped
from 54 K for z = 0 to msulator for z greater
than 0.30. However, in the Ca series, T, of
(La;.«Cay)Ba, 5510 sCu30y is increased from
34 Kforx=0to 73K forx=0.20. 0.20is
the solubility limit of the Ca ion in this series.
Keeping the content of Pr as a constant, when
z = 010, 020 and 030, T. of
(Lajx..CaPr.)Ba; sSro sCuzO, is also
increased by increasing the amount of Ca ion
in each respective series. Assuming 20 %
of Pr ion is in the tetravalent state, ps, (the
hole concentration in the CuO; layer) for all
the compounds is calculated and it is
correlated to T.. Apparently, introducing
Ca ion into La site (the center position of the
unit-cell), T, is increased and the hole
concentration in the CuQ; layer is also
mcreased On the other hand, mtroducmg
Pr*"ion into La site, hole concentration in the
CuO, layer is decreased. A linear
relationship is found in between pg,and AOF
(AOF = OFCa/La - OFPr(IV)/La), where O
Feaa is the occupancy factor of the Ca ion in
the La site and OFpvyna is the occupancy
factor of the Pr(IV) ion in the La site. The
hole dopmg and filling effects caused by the
Ca and Pr*" ions, respectively is further
demonstrated. With a constant pg, T¢ is
decreased with increasing the amount of Pr



content, indicating a further deterioration of
the superconductivity by Prion in the La site.

2. INTRODUCTION

Soon after the discovery of the 90 K
YBa;Cus07.s superconductor (1), a series of
90 K RBa,Cu;Oy (R = rare-carth, except Ce,
Pr and Tb) superconductors is found (2,3).
All of the 90 K RBa;Cu;0, superconductors
have orthorhombic triple-perovskite structure
(4,5), indicating that both Tand the structure
of RBa,Cu;Oy are insensitive 10 the
substitution of the R ion.

On the other hand, i’ Ba is partially
substituted by St jon  in  the
R(Bay.Sr,)Cu307.5 series, T, decreases with
increasing the amount of Sr ion and the
decreasing rate of the T, is dependent on the
ionic radius of the R ion (6.7).  For example,
T. of YBa,.Sr,Cu;0, decreases [rom 92 to
83 K when x increases from 0 to 1.00 (6).
T, of LaBay.(SryCu;Oy changes from 90 to 50
K when x increases from 0 to 0.80. The
same phenomenon is also found in the
(RixPr)Ba;Cu;07 5 system (8-10).

It is well known that substitution part of
a divalent for a trivalent cation, it has the
hole doping effect on the CuQ; plane and T
is increased in the Laz.<ACuQy system with
A =Ca, SrorBa(11-13).

In a series study in the
(Laj sxCac)Baj 5.Ca,)Cui0y system, Ca is
found in the R site (the center position of a
triple-perovskite unit-cell) if the amount of
Ca is less than 0.4. It has a hole doping
effect on the CuQO; layer. T, increases with
increasing the amount of Ca ion in the
samples (14-16). It is also found that
introducing La ion into Ba site, hole
concentration of the CuO; layer decreases
with increasing the amount of La ion (17).

In the fully oxygenated YBa,Cu3O,
compound, partly substitution-of the Y by Ca
ion, T, drops quickly to 30 K with the
amount of Ca equals t0.0.20 (18). It is not
possible to find the hole doping effect for Ca
in Y site. However, in an oxygen deficient
sample, T, of YBa;CuzOy is lower than that

of Yg3Cag2Ba;Cu3Oy (19). The hole doping
effect of Ca is thus appeared.

In this report, a series of fully
oxygenated samples with the compositions as
(La,x.CaxPr;)Ba; 581y sCuz Oy were prepared
in order to find the hole doping effect caused
by the Ca ion and the hole filling effect
caused by the existence of the Pr** ion. The
correlation of the T to the hole concentration
in the CuQ; plane and to the occupancy
factors of the various valent cations in the R

site is also investigated.

3. EXPERIMENTAL

Solid state reaction method was
employed for making
(La;.x2CaPr,)Ba; s8rp sCuOy compounds

with 0 £ x <0.20,0 <z <1.00. LayO3and
PO,y was preheated at 1000°C for 10 h and
kept in  desiccator  prior to  use.
Stoichiometric amounts of LayOs, PrgOu ,
BaCO;, SrCO; and CuO were weighed,
ground thoroughly with a Retsch Spectro
Mill Type MS for 30 min. and then ground
further manually.  Absolute alcohol was
added to enhance the grinding effect.
Mixed powder was calcined at 950°C for 18
h in a box furnace with three intermittent
grindings. It was reground and pressed into
half inch diameter pellet. For the sample
without Ca ion, the resultant pellet was
sintered at 950°C for 16 h in a tube furnace
with static air and then cooled under a rate of
100°C/h to 400°C in the flowing nitrogen
atmosphere. It was annealed at 400°C in
the flowing oxygen atmosphere for 12 h and
followed by furnace cooling to room
temperature. For the sample containing Ca
ion, the pellet was sintered at 930°C in the
flowing nitrogen atmosphere for 12 h,
quenched to room temperature, then annealed
at 400°C furnace in the flowing oxygen
atmosphere for 12 h and followed by furnace
cooling to room temperature.

Purity of the sample was examined by a
Mac Science MXP3 X-ray powder
diffractometer equipped with a Cu K,
radiation, Ni-filter and graphite




monochromater. Peaks of the X-ray
diffraction (XRD) pattern were corrected
with K. elimination and calibrated with an
internal Si standard. Unit-cell parameters
were calculated using least  squares
refinement. T, was measured by a SQUID
magnetometer. Oxygen stoichiometry was
obtained by iodometric titration according to
the report by Appelman et al. (20). 20 % of
the Pr ion was assumed to be in the Pr*'
oxidation state according to our previous
experience (21). pe of the samples in the
CuQ; layers was calculated according to the
report by Tokura et al. (22).

4. RESULTS AND DISCUSSION

All the samples prepared in this report
are supposed to be fully oxygenated. Inthe
Pr series, alt the samples with 0 £z < 1.00
(Lal_zPr?_)Bal_SSr0,5CLI3Oy have tetragonal
triple- perovskite crystal structure.  In the
Ca series, the allowed solubility limit for Ca
ion in the (La,.«Ca,)Ba; sSry sCu;0, series is
found as 0 £x £0.20. - It has tetragonal
triple- perovskite structure too. Table |
shows the unit-cell parameters. ¢ and ¢ axes
and V for all of the samples prepared. Both
Pr and Ca ions are smaller than the La ion, ¢
and ¢ axes and V of the
(Lay_x,CacPr;)Ba; sSrp sCu3;0y compounds
are decreased monotonically with the
increase of the amount of substitution.

T, of the Pr series is quickly decreased
fromz=0at54 Ktoz=020at24 K. For
z = (.30, it becomes insulator. Results are
listed in Table 2.

Introducing Sr into LaBa;Cu;30y, T, of
LaBa, 581y sCu3Oyis 54 K listed in Table 2.
Partly substitution of La by Ca ion, T, was
increased from 54 to 73 K for 0 £x £0.20in
the (La;.«Ca,)Ba, 551y sCu30y series.
Introducing Ca ion into La site (the center
position of the unit-cell), it enhances the
superconductivity of the LaBa, sSrp sCu3Oy
system. :
" Fixing the amount of Pr to 0.10, T, of
(La;.xCaxPro 1)Ba; 5819 sCu30y series is also
increased with increasing x. The same

phenomena are also found in fixing the
amount of Pr to 0.20 and 0.30 in the fully
oxygenated {La_,Ca,Pr;)Ba; s8rg sCu30y
compounds. Figure | shows the T, versus
Ca content for Pr=0 - 0.30 samples. T,
drops due to existence of the Prion and T
increases by the addition of Ca ion.

Plotting T, versus p (average hole
concetration in each copper oxygen plane,
assuming all the Pr ion is in the trivalent
state), no correlation is found between these
two parameters.

In our previous study, we found that Pr
ion in the fully oxygenated samples contains
about 20 % of Pr*"ion (21).  If we assumed
that 20% of the Pr ion is in the Pr*" state, the
corrected average hole concentration (p*) is
also plotted with T, shown in Figure 2. No
correlation is also observed. We know that
there are two copper sites, Cu(1) and Cu(2)
in a triple-perovskite unit-cell (4), only the
hole concentration in the CuQ; layers (pq,) is
responsible for the superconductivity in 123
compounds (4). We should separate the
hole concentration in the Cu(2)O; layers (psh)
{rom those in the Cu(1)O layer (p). In
order to find psh, Tokura method (22) is
employed for the calculation. Plotting T,
versus psy in Figure 4, four curves
corresponding to different amount of Pr ion
are found. T, is correlated to pgh.

However, with the same amount of pg,
samples containing higher concentration of
Pr ion has a lower T, indicating that
superconductivity is further influenced by the
existence of the Pr ion, such as, pair breaking
or the hybridization of the Pr 4f electrons
with the O 2p atom in the CuO; layer (8-10).

In the introduction, we mentioned about
the hole doping effect caused by the
substitution of the divalent to the trivalent
cation and hole filling effect caused by the
substitution of the tetravalent to the trivalent
cation. The net effect of the hole doping on
the CuQ, plane may be correlated to the
difference of the occupancy factors (AOF =
OFcara — OFpiavina), where OFcuta is the
occupancy factor of the Ca ion in the La site
and OFpyvyia is the occupancy factor of the
Pr(IV) ion in the La site.  Plotting AOF



Versus pg,, a straight line is observed with
AOF = 3.57 psiy — 0.69, the fitness number is
0.98 for all the samples. It is shown that py,
caleulated by Tokura method is directly
correlated to AOF.  The idea of calculating
psh given by Tokura et al. is based on the
difference of the occupancy factors. The
same result is also observed in the

(Lay s«Ca)Ba; 5.,Ca,)CusOy system (17).

In conclusion, we proved that (1) Cais a
hole dopant if it is introduced into the center
position of the triple-perovskite unit-cell and
Pr'* is a hole filler in the same position. (2)
The more the Pr ion in the La site, the more
the superconductivity is deteriorated if the psy
is kept as a constant. T, is further destroyed
by Pr ion. ’
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f( 1 Lal-x-zca.\'PrzBal.Ssr(l,SCUZioy ?I"\ 5']’”3 /é\#b} BEIE *8‘ %-ﬁi

a (A) ¢ (A) Vv (A7)
La;-zPrzBa; _581‘0_5(:\.1303- .
z=0 3.9047(8) 11.758(6) 179.27(7)
0.10 3.9042(8) 11.716(6) 178.58(9)
0.20 3.9038(5) 11.714(3) 178.53(5)
0.30 3.9038(5) 11.695(4) 178.23(9)
0.40 3.8990(6) 11.700(2) 177.86(5)
0.50 3.8979(T) 11.673(3) 177.36(7)
(.60 3.8888(4) 11.666(2) 176.42(4)
0.70 3.8869(7) 11.670(2) 176.32(6)
0.80 3.8857(4) 11.650(2) 175.90(4)
0.90 3.8841(7) 11.649(3) 175.75(6)
1.00 3.8825(4) 11.650(2) 175.62(4)
Lal.xCaxBal_5Sr@_5Cu30y
x=0 3.9047(8) 11.758(6) 179.27(7)
0.05 3.8987(7) 11.763(2) 178.80(6)
0.10 3.8979(8) 11.742(3) 178.40(7)
0.15 3.8969(9) 11.729(3) 178.12(7)
0.20 3.8966(9) 11.686(4) 177.44(8)
Lag,g.xCaxPro [Bal,;-SrU_SCu;O}-
x=0 3.9042(8) 11.716(6) 178.58(9)
0.05 3.8971(3) 11.789(5) 179.90(9)
0.10 3.9054(5) 11.723(3) 178.80(6)
0.15 3.9045(8) 11.718(2) 178.64(4)
0.20 3.9036(3) 11.708(1) 178.42(3)
Lagp z«CayPro2Ba; sSr) 5Cu3Oy
x=0 3.9038(5) 11.714(3) 178.53(5)
(.05 3.8971(3) 11.698(1) 177.67(3)
0.10 3.8962(4) 11.688(2) 177.44(4)
0.15 3.8905(8) 11.677(3) 176.75(7)
0.20 3.8885(4) 11.665(2) 176.39(4)
Lag 7.xCaPro 3Ba; 5519 sCuzOy
x=0 3.9038(5) 11.695(4) 178.23(9)
0.05 3.8941(5) 11.690(2) 177.28(5)
0.10 3.8927(7) 11.679(2) 176.98(6)
0.15 3.8907(3) 11.675(1) 176.75(3)
0.20 3.8838(6) 11.660(2) 175.88(5)




%2 Lay o CalrBa sSrosCusOy 2 7St B BB EE - R4 - ERAR
Bl H EE
T, y p p* Psh AOF
La|-2PI'7B211,5ST0_SCU30_\-'
z=0 54 6.902(4) (.268(3) 0.268 0.201 0
0.10 44 6.904(2) 0.269(i} (.263 0.192 -0.02
0.20 24 6.906(4) 0.271(2) 0.257 0.183 -0.04
0.30 na 0.909(4) 0.273(2) 0.253 0.175 -0.06
(.40 na 6.910(3) (0.273(2) 0.247 0.165 - (.08
0.50 na 6.916(2) 0.277(2) 0.244 0.158 -0.10
0.60 na 6.941(4) 0.294(2) 0.254 0.161 -0.12
.70 na 6.945(4) 0.297(3) 0.250 0.153 -0.14
0.80 na 6.974(1) 0.316(1) 0.263 0.157 -0.16
0.90 na 6.980(4) 0.320(2) 0.260 0.150 0.18
1.00 na 6.982(5) 0.321(3) 0.255 0.141 -{.20
La; xCayBay 5815 :CusOy
x=0 54 6.902(4) 0.268(3) 0.268 0.201 0
0.05 66 6.878(3) 0.269(2) 0.269 0.214 0.05
0.10 68 6.847(3) 0.264(2) 0.264 0.224 0.10
0.15 71 6.819(3) 0.263(2) {.263 0.235 0.15
0.20 73 6.794(3) 0.262(2) (.262 0.247 0.20
LagoxCaPry 1 Bay 55y sCus 0y
x=0 44  6.904(2) 0.269(1) (0.263 0.192 -0.02
0.05 50 6.865(2) 0.260(2) 0.253 0.198 0.03
0.10 56 6.8560(2) 0.271(1) (0.264 0.218 (.08
0.15 62 6.845(4) 0.280(3) 0.273 0.238 0.13
0.20 63 6.809(3) 0.273(2) 0.266 0.245 0.18
Lap gxCaxPrg 2Ba; sSrg sCu30y
x=0 24 6.906(4) 0.271(2) 0.257 0.183 -0.04
0.05 33 6.880(3) 0.274(2) 0.261 0.198 0.01
0.10 40 - 6.862(5) 0.275(3) 0.261 0.211 0.06
0.15 45  6.840(2)  0.277(D) 0.263 0.225 0.11
0.20 47 6.809(3) (.273(2) 0.259 0.235 Q.16
Lag 7.«CayPry 3Ba) 5sSrp sCuyOy
x=0 na 6.909(4) 0.273(2) 0.253 0.175 -0.06
0.05 14 - 6.896(3) (.281(2) 0.261 0.193 -0.01
0.10 26 6.872(2) 0.281(2) 0.261 0.206 0.04
0.15 27 6.851(4) (.284(3) 0.264 (0.221 0.09
0.20 34 6.829(3) 0.286(2) 0.266 0.235 0.14

Assume 20% Pr'*
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