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LETTER TO THE EDITOR

The bond ionicity in RBa2Cu3O7 (R = Pr, Sm, Eu, Gd, Dy,
Y, Ho, Er, Tm)
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Laboratory of Rare Earth Inorganic Materials, Changchun Institute of Applied Chemistry,
Chinese Academy of Sciences, Changchun 130022, People’s Republic of China

Received 19 November 1997

Abstract. RBa2Cu3O7 (R = Pr, Sm, Eu, Gd, Dy, Y, Ho, Er, Tm) has been studied using
complex chemical bond theory. The results indicated that with the decreasing of R radius,
the ionicities for all considered types of bond decrease. This is in good agreement with the
experimental fact thatTc decreases with the decreasing ofR radius. PrBa2Cu3O7 with no Ba-site
Pr in this calculation is also predicted to be a superconductor. This supports the conclusion
obtained by Blacksteadet al. The ionicity for each bond obeys the following order: Ba–O>
R–O> Cu(2)–O(1)> Cu(2)–O(2,3)> Cu(1)–O(4)∼ Cu(1)–O(1).

It is known that rare earth R substitution for Y in YBa2Cu3O7 (YBCO) has little effect on
superconductivity, namely,Tc only slightly decreases with the decreasing radius of R [1],
and also relatively little change is observed in the cell constant [2]. However, the puzzle that
the superconductivity is also suppressed in Pr-based compound (PrBa2Cu3O7) [2, 3], which
has the same orthorhombic structure as YBCO, has attracted much interest [4] from the
viewpoint of understanding the basic mechanisms of high-Tc superconductivity in copper
oxides. From the analysis of the experimental results, the suppression of superconductivity
in PBCO has received different explanations, for example, the variety of valences of Pr ions
[5, 6], the magnetic pair-breaking mechanism [7], charge compensation (hole-filling) [8, 9],
the Abrikosov–Gorkov pair-breaking model [10] and so on. On the other hand, Blackstead
et al [11] have reported the observation of inhomogeneous superconductivity with a critical
temperatureTc ≈ 92 K in PBCO and given an explanation that this is because of the
substitution of Pr for Y, and not for Ba (no Ba-site Pr) in their PBCO crystal. It is well
known that the concept of ionicity has often played an important role for explaining and
classifying many basic properties of molecules and solids from the viewpoint of electronic
structure [12–15], and, up to now, only a little attention has been paid to this aspect [16].
In that work [16], the bond ionicities of a series of compounds were investigated, but, for
each compound, only three types of bond were considered, and even the three types of
bond were artificially restricted in a box. The objective of this investigation is to study
RBa2Cu3O7 (R = Pr, Sm, Eu, Gd, Dy, Y, Ho Er, Tm) by considering all types of chemical
bond (11 in total) using the complex chemical bond theory [17], which is the development
of Phillips, Van Vechten and Levine (PVL) [12–15] and has been successfully applied to
many fields [17–21].

It is known that PV [13, 14] theory can only deal with binary crystals, especially ANB8−N

type. Although theory which can deal with more complex crystals, such as ABn and AmBn
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types of crystal, successfully had been developed by Levine [15], for ABC2, ABC3 and
ABC4 types of crystal, however, an explicit expression was not given to decompose the
complex multibond crystals into binary crystals. Therefore, it is worthwhile to extend these
fruitful ideas. After considering these ideas in chemical bond representation, we succeeded
in generalizing PVL theory for multibond systems [17–19]. Using this generalized theory,
any complex crystal can be decomposed into a sum of binary crystals. These obtained
binary crystals are related to each other and every binary crystal includes only one type of
chemical bond, but the properties of these binary crystals are different from those of the
real corresponding binary crystal (if any), although its chemical bond parameters can be
calculated in the similar way.

Suppose A denotes cations and B anions, any multibond complex crystal can be written
as A1

a1
A2
a2
. . .Ai

ai
. . .B1

b1
B2
b2
. . .Bjbj , where Ai and Bj represent the different elements of the

different sites of a given element of cations and anions respectively, andai andbj represent
the numbers of the corresponding elements. Thus, together with crystal structure data, the
crystal can be decomposed into binary crystals by the following formula:

A1
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A2
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. . .Ai

ai
. . .B1

b1
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∑
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mi
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)
ai/NCAi nj = N

(
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)
bj/NCBj (2)

whereNCAi andNCBj represent the nearest total coordination numbers of Ai and Bi ions
in the crystal.N(Bj − Ai ) represents the nearest coordination fraction contributed by Ai

ions, andN(Ai − Bj ) has similar meaning. After decomposing the complex crystal into
different kinds of binary crystal, which are isotropic systems and introducing the concept
of effective valence electron, PVL theory can be directly applied to the calculation of the
chemical bond parameters in complex crystals.

Table 1. The ionicity (%) of each bond in RBa2Cu3O7 (R = Y, Pr, Sm, Eu, Gd, Dy, Ho, Er,
Tm).

Pr Sm Eu Gd Dy Ho Y Er Tm

Ba–O(1) 94.62 94.60 94.60 94.56 94.57 94.57 94.56 94.54 94.48
Ba–O(2) 94.67 94.65 94.65 94.62 94.63 94.63 94.63 94.61 94.54
Ba–O(3) 94.67 94.65 94.65 94.62 94.63 94.63 94.62 94.61 94.54
Ba–O(4) 94.66 94.64 94.64 94.60 94.62 94.62 94.61 94.59 94.54
R–O(2) 93.78 93.75 93.75 93.70 93.71 93.71 93.70 93.68 93.46
R–O(3) 93.78 93.75 93.75 93.70 93.71 93.71 93.70 93.67 93.46
Cu(1)–O(1) 79.43 79.55 79.59 79.22 79.45 79.49 79.44 79.42 79.13
Cu(1)–O(4) 79.84 79.77 79.76 79.65 79.67 79.68 79.66 79.58 79.39
Cu(2)–O(1) 86.53 86.48 86.48 86.35 86.40 86.41 86.39 86.36 86.16
Cu(2)–O(2) 81.24 81.17 81.15 81.02 81.02 81.04 81.01 81.04 80.77
Cu(2)–O(3) 81.24 81.17 81.16 81.08 81.08 81.09 81.08 81.00 80.82

The crystal structure data of RBa2Cu3O7 (R = Pr, Sm, Eu, Gd, Dy, Y, Ho Er, Tm) are
taken from [2]. The positions of all the atoms in RBa2Cu3O7 crystal structure are similar to
that of YBa2Cu3O7. Based on complex crystal chemical bond theory, the multibond complex
crystals RBa2Cu3O7 (R = Pr, Sm, Eu, Gd, Dy, Y, Ho, Er, Tm) can be decomposed into
binary crystals which contain only one type of bond each. The compositions of different
binary crystals are
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RBa2Cu3O7 = RBa2Cu(1)Cu(2)2O(1)2O(2)2O(3)2O(4)1 = Ba4/5O(1)4/3+ Ba2/5O(2)2/3
+Ba2/5O(3)2/3+ Ba2/5O(4)2/3+ R1/2O(2)2/3+ R1/2O(3)2/3
+Cu(1)1/2O(4)1/3+ Cu(1)1/2O(1)1/3+ Cu(2)2/5O(1)1/3
+Cu(2)4/5O(2)2/3+ Cu(2)4/5O(3)2/3.

The calculated results of ionicities in RBa2Cu3O7 (R = Pr, Sm, Eu, Gd, Dy, Ho, Y, Er,
Tm) for each type of bond are listed in table 1 and all of the 11 types of chemical bond can
be divided into two groups. The first are Ba–O and R–O types of bond, which have higher
ionic characters; the second are Cu–O types of bond, which have more covalent character in
each bond. It is seen that the ionicities of Cu(2)–O(2) and Cu(2)–O(3) in YBCO are 81.01
and 81.08% respectively, in good agreement with those of Tanaka [16], which give 81.80%
(average value of the ionicities of Cu(2)–O(2) and Cu(2)–O(3)). In addition, for in-plane
oxygen and neighbouring (out-of-plane) cations, that is, Ba–O(2), Ba–O(3), Y–O(2) and
Y–O(3) in our labels, the bond ionicity was slightly overestimated in Tanaka’s work, in
which it is 98.2%, whereas in our case it is about 94.2% in YBCO (arithmetic average
values of the four bonds). However, for the bond ionicities of metal–apical oxygen, that
is, Cu(2)–O(1) in our labels, an unrealistic result was obtained in Tanaka’s study, 99.8%,
while in our calculation it is 86.4%. This suggests that our results show reasonable values in
ionicities for the bonds of Ba–O(2), Ba–O(3), Y–O(2), Y–O(3) and Cu(2)–O(1). The reason
that leads to the unrealistic results in Tanaka’s work may be that only three types of bond
were considered and these were artificially restricted in a box. Since it is experimentally
known thatTc decreases with decreasing radius of R [1], it is very interesting to see that the
ionicity of each bond also follows this order: this may indicate that large ionicity is preferred
in superconductivity. The ionicities of these chemical bonds also show an interesting picture
that the fragments with stronger covalence (CuO2 plane and Cu–O chain) are embedded
in higher-ionicity fragments (BaO, RO). From our results it is also instructive to note that
since the ionicities of PBCO are similar to those of the other RBCO, PBCO should be
a superconductor in our case. This is not surprising because Pr in our calculations only
substitutes the Y position (no Ba-site Pr): this is in good agreement with the conclusions
delivered by Blacksteadet al [11]. The ordering of ionicity for each bond have the sequence,
Ba–O> R–O> Cu(2)–O(1)> Cu(2)–O(2,3)> Cu(1)–O(4)∼ Cu(1)–O(1).
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