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Interaction between two structural blocks and superconductivity
in La,_,M,CuQ, (M=Ba,Sr)
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The combinative energy between two structural blocks in_L&,CuQ, (M =Ba,Sr), with differentM
concentration, has been calculated with holes in different positions in thg gla@es on the basis of a block
model. The relationship between the combinative energy and superconductivity has been investigated. The
results indicate that there is an interesting correlation among the combinative energy, thleie, and the
positions of the doped holes, which are originated from the substitution ©f BaSFP ' for La®>*. Although
there are some similarites in correlation between , L&aCuQ, (0.03<x<0.25) and
La, ,SrCuQ, (0.075<x=<0.3), there are also some notable differences which may be originated from dif-
ferent properties of the substituted elements: barium and strontium. The results not only suggest that the
interaction between perovskite-type and rocksalt-type blocks plays an essential role iR, lsgperconduc-
tivity, but also give us some clues of the influence of the position of the holes within the gla@e.
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I. INTRODUCTION mained to be seen if this model would work in systems with
cation substitution. For this reason and the striking features
Among a variety of highF. superconductors known to- possessed by the La,M,CuQ, (M=Ba,Sr) systems, we
day, La_,Ba,CuQ, is the first highT, superconductorThe  have calculated their combinative energy. Further, these ma-
structure and superconductivity of this system and its relateéerials possess comparatively simple structures and are dis-
system La_,Sr,Cu0, have been extensively studigcf Itis  tinct from tht? Ot.her systems we .had preV|ou§Iy investigated.
well known that both systems have optimum @efs. 2 and ' ne results indicate that there is a correlation between the

5) or Sr(Refs. 3 and #concentration, at which the maxi- interaction of the two blocks and the superconducting tran-
mum T, are achieved. For La Ba,(Cu'O4 56 the suppres- sition temperature. Nevertheless, these two systems have dis-
C . X 1

sion of T, when x=0.125 has something to do with the tinct differences as far as the position of the holes is con-

- - cerned. The important reasons controlling tfAg of
structural transitioriphase transmorj from a tetragonal, spacel_az_xlleCuo4 (Mp=Ba,Sr) as a function d¥ arg disgcussed
group l4/mmm to an orthorhombic structure, space group; 5o of these results
Bmab. As to La_,Sr,CuQ,, some authors proposed many '
possibilities such as the effects of increasing oxygen
vacancie$, structural phase transitidfl, chemical phase
separatioflf, etc., to explain the suppression of superconduc- According to the classical theory, the cohesive energy of
tivity. But others have found these contentions contrary tathe crystal can be written as a sum of the Madelung energy
their experiment results. For example, Kamiyamigall®  E,,, repulsive energy of ion&,, and the electron affinity
studied samples containing various Sr concentrations preenergyE,, namely,
pared under different synthetic conditions by neutron powder
diffraction and showed that oxygen defect formation is not En=En+E +E, (1)
the main reason that causgsto drop abovex=0.15. They 59
argued that the suppression Bf is attributed to the devia-

Il. CALCULATING METHOD

tion of the holes concentration from an optimum value. Also, Ew=1/2cSee /1, 2
Naganoet al'? suggested the structural phase transition

theory. Similarly, work on chemically homogeneous samples E,=ae P, (3)
has cast doubt on chemical inhomogeneous th€d®p far,

there are still controversies concerning the properties of E,=33e;;. (4)

La,_,M,CuQ, as a function oM content.

In our previous work>'*we calculated the combinative ~ Here e; and e; are the electric charges of the different
energy of the Bi, Hg, Tl, and Y systems on the basis of aons,r is the distance between two different ions, andis
block model. At first, we had successfully established a closéhe ionization energy if thé atoms in the cell andy, «
relationship among the combinative energy, Thevalue, and  coefficients. We discard the electron affinity energy since
the number of the CuOplanes in the Bi, HJRef. 13, and  once the atom becomes an ion, the ion has a closed shell then
Tl (Ref. 14 systems. Later, we found an intimate correlationand the electron affinity energy will have little effect on other
among the combinative energy, tiigvalue, and the amount electrons or vacancies. For that some authors have demon-
of the oxygen deficiencies in the Y system. Yet it had re-strated the ion model can be used to deal with the high-
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TABLE I. Lattice parameters at 115 K for La,Ba,CuQ, and
T.. Space groups of the materials change from orthorhofiiab
isomorphic to the standar€mca to tetragonall4/mmm at x

™ =0.17 (for more detailed parameters see Ref. 2
T-TOT'T X a(A) b (A) cA T K

Rock salt ¢ ®
T type block 0.03 5.3407QL3)  5.4054@13) 13.15543) 18

0.08 5.3414(9) 5.3839Q9) 13.20602) 25
4 0.125  53391@)  5.358829) 13.24142) 4.2

0.17 3.77998%) 13.2885%2) 26
\ 0.24 3.778667) 13.3235%3) 1.8
Perovskite 8

c type block

deul et al® showed that the number of oxygen vacancies is
very small. Especially in our calculating range (0.6%6
<0.25), they can almost be neglected. That is why we have
not considered the oxygen deficiencies in our calculation. In
this way, we can make an unambiguous understanding of the
correlation among the combinative energy, the dopant con-
centration, and superconductivity in these two systems.

FIG. 1. The division of the two blocks in La,Ba,CuQ, and IIl. RELATIONSHIP AMONG THE COMBINATIVE
La,_Sr,Cu0y. ENERGY, THE M CONTENT, AND THE T, VALUE
IN Laz_XM XCUO4 (M =Ba,SI’)

temperature superconductdfs®We use the ionic model to | Fig. 2, it is easy to see that there is an obvious rela-

simplify the problem. To make the calculation more precise;jonship between the combinative energy of the two blocks
and the model more reasonable, the covalence is also agnq the T. value versus the Ba concentration in

proximately considered. La,_,Ba,CuO, when holes are at position (the definition

To calculate the Madelung energy, we use the standarg ie positions of the holes is shown in Fig. 2 similar
Evjen method,” in which the distribution of the charges in a correlation also exists in La,Sr,Cu0, as displayed in Fig.
cell is balanced and the summation is highly convergent. Iy \yhenT. reaches the maximum, the combinative energy
calculation of the repulsive energy, we use a Bohr approxipenyeen the two blocks also reaches the maximum. It indi-
mation. The accuracy and reliability of the calculation c4tes that the slacking of the interaction between the two

method have been well tested in Refs. 13 and 14. blocks does contribute to the change of fhein these sys-
The structure of La ,M,CuQ, (M=Ba,Sr) can be de-

scribed in terms of alternating layers of perovskite-type 1agiE 11 Lattice parameters at 295 K for La,SrCu0,

(LaCu(;) and rocksalt-typélLaO) units along thes axis. In oxygen-annealed samples afig. The space group change similar

our block model, we have divided the cell into two parts Taple | happens at=0.1125(for detailed atomic positions see
accordingly: the so-called rocksalt-type block andgef. 3.

perovskite-type block as shown in Fig. 1. To study the inter

action between the two blocks, we have defined the combix aA) b (A) c A) T (K)
native energy between the two blocks: combinative energy
between the two blocksthe total cohesive energy of the 0-0750 5.3508)  5.36641)  13.203Q1) 18
cell-the cohesive energy of the perovskite-type blethe 00875 5.3492)  5.35881)  13.20761) 25
cohesive energy if the rocksalt-type block. 0.1000 5.348@) 535431  13.21261) 28
We calculated the combinative energy  of 0.1125 5.3470) 13.220%1) 27.8
La,_,Ba,CuQ, (0.03<x<0.25) and La_,Sr,CuQ, (0.075 0.1250 5.34661) 13.22661) 26.5
<x<0.3) on the basis of the block model mentioned above0.1375 5.3444) 13.22811) 335
The data about structural parametésse Tables | and )l 0.1500 5.342Q0) 14.23171) 375
with different Ba or Sr concentrations and tiig value are  0.1625 5.340(1) 13.23641) 37.2
taken from Refs. 2 and 3, respectively. WherfBar SP*  0.1750 5.338(11) 13.24201) 37
substitutes L&', there will be holes in this system to keep 0.1875 5.337(1) 13.24581) 36
the whole cell electrically neutral. 0.2000 5.335Q) 13.24691) 34
In La,_,Ba,CuQy, there is an obvious orthorhombic-to- 0.2125 5.333Q) 13.24191) 28
tetragonal QO-T) structural transition, which occurs a  0.2250 5.3316L) 13.25381) 23
=0.125. We take it into account in our calculation. It may beg.2375 5.3304) 14.25721) 20

argued that the substitution of%rfor La®* might induce 2500 5.32901) 14.25391) 125

oxygen deficiencies in the La,Sr,CuQ, system, but Rada-
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FIG. 2. The combinative energiircles and the value ofT,
(triangles vs x in La, _,Ba,CuQ, with holes at position 10.5,0.5
in the CuQ planes.

FIG. 4. The combinative energy and the valueTgf(triangles
vsXxin La,_,Ba,CuQ, with holes at different positions: 0.5,0.9,
2(0.5,0, 3(0,0), 4(0.25,0, and 5(0.25,0.2% in the CuQ planes as

o ) ] ~ shown above.
tems. The combinative energy begins decreasing with in-

creasing of the Ba concentration when 6:08<0.125 and  when holes are at other positions. The curves related to other
0.17<x<0.24 and of the Sr concentration above0.15 as  positions are similar to each other to some extent. This indi-
T, decreases. The results indicate that the increasing of thgates that the position of the holes also affects the combina-
interaction between the two blocks may have something teive energy between the two blocks, thus influencing the su-
do with the suppression of superconductivity in these sysperconductivity of these systems. In the case of
tems. These results are consistent with that of our earliera, ,Sr,CuQ,, the combinative energy between the two
work.*** Such a correlation might result from the impor- plocks and theT,, value has the closest relationship when
tance of the cooperation between the two blocks to the stholes are at position 1 as displayed in Fig. 5. From the curves
perconducting properties of the materials. A further study isn Figs. 4 and 5, it is evident that position 1 is favorable for

still necessary. the superconductivity in both systems. To show this more
directly, the curves of the combinative energy versus the

IV. EEFECTS OF THE POSITION OF HOLES ON holgs_ position are plotted |n.F|gs. 6 .and 7.1t suggests that
SUPERCONDUCTIVITY IN La ,_,M,Cu0, (M=Ba,S) position 1 is the most sensitive position among the five po-

sitions within the Cu@ plane. Although there is little chance
In order to find out whether the position of the holes of finding real holes there according to the calculation result
would influence the superconductivity of these systems, wef Mattheiss:® the results of our calculation suggest that the
have calculated the combinative energy between perovskieffective charge center might be there.
type and rocksalt-type blocks when holes are at different Also, as it was found that an additional feature influencing
positions (1,2,3,4,5) as shown in Fig. 4. Surprisingly, whenT, is the Cu-O-Cu bond angle within a Cu@lane® Be-
holes are at position 1, the curves of combinative energyause of the angle of Cu-O-Cu bond, position 1 may be a
versus the dopant concentration are quite different from thateasonable place for charges to exist. From Fig. 4, we have
also noticed that there are several special positions in the
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FIG. 3. The combinative energfgircles and the value ofT,
(triangles vs x in La,_,Sr,CuQ, with holes at position 1 (0.5,0.5) FIG. 5. The combinative energy and the valueTgf(triangles
in the CuQ planes. vs x in La,_,Sr,CuQ, with holes at different positions.
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FIG. 6. The combinative energy vs the position of the holes in ~ FIG. 7. The combinative energy vs the position of the holes in
La,_,Ba,CuQ, with different Ba content. La,_xSr,CuQ, with different Sr content.

curves of the combinative energy versus the Ba content. ThedPerconducting and in the overdoped region where the su-
first one is ax=1/8 where there is a depression of the com-Perconductivity is disappearing. According to the theory of

binative energy as well a&, when the holes are at position € Stripe phase, as a hole moves from one position to an-
gher, it causes a fluctuation of the stripe and energy. Hence,

1. But the combinative energy has an opposite tendenc ! . . .
when the holes are at other positions. This might be closel{€ difference of the energy of these positions might hint at

related to the 1/8 anomaly, which seems common to Othe§omething impo”‘?“?‘ to the nature of the connection be_tween
high-T, superconductors containing the Cufane, such as the supercz:sonductlvny and charged stripe. In an experiment,
the La-214(Refs. 15 and 16 Bi-2212 (Refs. 17 and 20 and Hun_t et al: foun_d that there exist slowly flgctugtlng, quasi-
Y-123 (Refs. 21-23 systems. In the overdoped regime of static charge stripes arounq 1K 8<1/8. This mlgh.t be re-
this system, all positions seem to be equivalent for the cas@t_ed to the _smaII energy difference among the different po-
that the combinative energy varies little when holes are apitions Wwithin the Cu@ planes as the results of our
different positions. This is similar to that in the overdopedc@lculation ~ show. As the difference between the
Y-123 systen?* As to La, Sr,CuQ;, we can see from Fig. L82-xB&CuO, system and the La,SKLCuO, system, it

5 that all positions tend to be equivalent in the narrow rangdnight result from the different properties of barium and
from x=0.125 tox=0.1375 and also at=0.2125 for the Strontium and needs further study.

case that the combinative energy between two blocks varies

little when the holes are at different positions. But at other ACKNOWLEDGMENT
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