bxC

PHYSICAL
CHEMISTRY 2006

Proceedings

of the 8th International Conference
on Fundamental and Applied Aspects of
Physical Chemistry

September 26-29,
Belgrade, Serbia



ISBN

Title:

Editors
Published by:

Publisher:
For publisher:

Printed by:

Text and Layout:

86-82139-26-X
Physical Chemistry 2006. (Proceedings)
Prof. dr A. Anti¢-Jovanovic¢

The Society of Physical Chemists of Serbia, Student-
ski trg 12-16, P.O.Box 137, 11001 Belgrade, Serbia

Society of Physical Chemists of Serbia

Prof. dr S. Ani¢, president of the Society of Physical
Chemists of Serbia

"Jovan" Printing and Published Comp;
250 Copies; Number of Pages: x + 442; Format B5;
Printing finished in September 2006.

Aleksandar Nikoli¢

250 — copy printing

il



PHYSICAL CHEMISTRY 2006. 1-4-p

CVM STUDY OF CHARGE TRANSFER IN YBa,;Cu30¢+x
MATERIAL

M. Mili¢, V. M. Mati¢ and N.D. Lazarov

Laboratory for Theoretical Physics, Institute of Nuclear Sciences VINCA,
P.O.Box 522, Belgrade, Serbia

Abstract

The number of positive holes transferred from the CuO, basal planes to the supercon-
ducting CuQ, planes of YBa,Cu;0¢.« material was calculated as a function of oxygen
content x, by the use of numerical cluster variation method (CVM). The calculations
were performed for the set of three different temperatures and for the different values
of the parameter & which represents the ratio of the number m of divalent oxygen ions
in the chain fragment and the total number / of oxygen ions in the chain fragment. The
obtained hole count versus x dependence showed no plateau behavior for low tempera-
tures (t=0.25 and t=0.35) while for t=0.45 indication of plateau behavior is present.

Introduction

The high T, superconductor YBa,Cu;O¢. is well known for its characteristic two pla-
teaus in T, (critical temperature of superconducting transition) versus x dependence
[1]. While the origin of lower 60K plateau is still unclear, the existence of the plateau
at 93K is associated with an optimal doping of the superconducting CuQO, planes [2].
Though, it is believed that the plateau at 60K is related to the degree of oxygen order-
ing in CuOy planes [3], which act as a reservoir of holes from where they are trans-
ferred to the CuO, planes. The dependence of number of holes transferred from CuOy
planes on x is expected to exhibit behavior similar to that of T.(x). Doping of CuO,
planes with holes through the increase of the oxygen content is related to the valence
change of Cu(1) ions (Cu ions in the basal planes). In the parent YBa,Cu;O¢ com-
pound all the Cu ions in the basal planes are monovalent being surrounded by only
two apical oxygen atoms. With increase of oxygen content the chain fragments (se-
quences of Cu and oxygen ions aligned along b crystallographic axes) are formed, and
can be characterized by its length / and by its charge. The general form of the chain

fragment of length / can be written as Cu;;0,”O,_,, .Since the neutral chain fragment

includes only one divalent oxygen ion it follows that the chain having m divalent oxy-
gen ions must have transferred m-/ holes [4]. The optimal value of the parameter
&=m/l, governing for the charge transfer is estimated to be &,y =0.7 for long chains
(I>>1). It is not expected that this value differs much for the short chains. Thus the

optimal chain configurations have been established to be Cu32+02_0_ for /=2,

Cu;*0; 0" forI=3,and CuZ*O* O~ for I=4. For the longer chains this rule can be

generalized as: m=nint(l(m/l),,,) (nint is the nearest integer). Applying this rule to es-
timate the number of holes transferred from the chains of different lengths the total
amount of holes transferred from the CuOy planes can be calculated.
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Results and Discussion

The number of holes #n, transferred from the basal planes to the CuO, planes is
given by the following formula [5]:

m, = llint(&0) -1l () (M
n=1
where p(l) is the probability of finding a chain of length / in the system, and it is de-
termined by the expression [6]:
(o =1) "

p(l)= -

where /,, is the average chain length.

In order to calculate the hole count n, we have employed
the numerical cluster variation method and the well known
ASYNNNI model which describes the thermodynamics of
oxygen ordering in terms of two dimensional Ising model
with asymmetric interactions of next nearest neighbors
(Fig. 1). For the values of model interactions we used those
obtained, from the first principles calculations, by Sterne
and Wille [7]. The hole count was calculated for different
values of & ranging from 0.7 to 1.0. The calculated values
of'hole count are shown at figure 2. as a function of oxygen
content x and for three different temperatures 0t=kz7/V;. It
can be seen that for t=0.25 and for t=0.35 no indications of
possible plateau existence in the range of stability of
Ortholl phase is present, but only a kink occurs for the
value of x for which the onset of the plateau could be
expected. For t=0.45 the n;(x) function exhibits a close to
plateau behavior for some values of parameter & .

; )

O~ Oxygen atom
@ — Cu atom

Fig. 1. Basal plane lattice
with ASYNNNI model
interactions

Conclusion

The number of holes transferred from the CuO, planes was calculated as a function of
oxygen content x for different temperatures and for different values of parameter & .
The choice of parameter & has no much influence on the shape of the n;, versus x curve
accept that its higher values bring in holes to the CuO; planes for lower values of x.
At low temperatures no plateau is present in the hole count which is due the fact that
at low temperatures long oxygen chains dominate at x=0.5 and that additional oxygen
atoms tend to form chains thus producing holes, which is not the case at higher tem-
peratures when additional oxygen can exist as isolated, creating no holes and produc-
ing a plateau in n;, versus x dependence.
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hole count
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Fig. 2. Hole count as a function of oxygen content x for three different temperatures. For
each temperature n,(x) is shown for ten different values of parameter & from 0./(lowest
curve) to 1.0 (highest curve), with step of 0.1.
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