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There are two sources for a hole concentration in thallium cuprates, one arising from the chemistry
and the other from the overlap of Tl (6s5) with the conduction band of CuQ, sheets. Our method based
on the oxidation of bromide ions directly determines the holes arising from the chemistry of the

material, © 1992 Academic Press. Inc.

There are two different sources for holes
in thallium cuprates. One is the chemistry
of the material, which includes chemical
composition, defects, etc., and the other is
the overlap of Tl (6s) with the conduction
band of CuO, sheets at the Fermi level (/,
2). We designate the former uncompensated
holes (type I) and the latter compensated
holes (type II), because in type I, an equiva-
lent number of electrons would be present
in the T1(6s) band. This distinction between
the two types of holes is made here to better
explain our stand on the origin of holes in
thallium cuprates and their determination
by the bromine method. In a given thallium
cuprate, the holes present may be of type I
or type II, or both. Band structure calcula-
tions (3) have shown that in general the
holes are type I in single-thallium-layer cu-
prates, while they are of type II in double-
thallium-layer cuprates. The presence of
both types of holes in some thallium cu-
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prates cannot be ruled out and band struc-
ture calculations do not take the defects into
account. Moreover, it appears that type Il
holes may exist in certain single-thallium-
layer cuprates also (2).

Wet-chemical procedures for the charac-
terization/determination of holes in thal-
lium cuprates have been reported by
Goodenough and co-workers (4, 5) and by
us (6). The procedure reported in (4, 5) de-
termines the total oxidation present in the
material, above the formal valences of T1*,
Cu*, and O*". From the data, Goodenough
and co-workers compute what would be a
formal oxidation state for copper assuming
that all the thallium is in the 3% state. A
copper oxidation state less than 2 is taken
to indicate the existence of Tl (65)-CuO,
band overlap (type 1l holes). In cases where
all Tl is in the T3 state, as in TIBaLaCuOgs
and TiBa, ,La; (CuOs (see Ref. (7), Table ),
the value in excess of 2* is taken as the
hole concentration in the CuO, sheets. The
problem is that we have no way of finding
out independently by experiment whether
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there is a Tl (65)-CuO, band overlap in a
material or not. Only by assuming that all
the thallium is present as 3 could they ob-
tain a hole concentration in single-thallium-
layer cuprates (7).

On the other hand, the procedure re-
ported by us (6) determines directly a hole
concentration without making an assump-
tion about thallium valency. This hole con-
centration is the actual hole concentration
in cases where there is no Tl (6s)--CuQ, band
overlap as in the TIBa,Ca,_,Y,Cu,0, sys-
tem, where we have shown (6) that the hole
concentration correlates with 7 in a manner
analogous to other superconducting cu-
prates. In cases where the holes are both of
type I and type II, our method determines
only the type I holes. This appears to be
the case with nominal Tl,Ba,CaCu,0, and
T1,Ba,Ca,Cu;0,, superconductors. The pro-
cedure of Goodenough er al. (4, 5) misses
the type I holes in these systems. In cases
where the holes are exclusively of type 11,
our method dramatically shows no hole con-
centration (because there are no type I
holes), even though the samples are super-
conducting. TLBa,CuOq closely approxi-
mates to this behavior where the holes ap-
pear to be exclusively type II.

It may be relevant here to comment about
the nature of defects that would be involved
in accommodating thallium deficiency in
double-thallium-layer cuprates. The defects
are most likely not simple point defects.
Electron microscopy work (8, 9) has shown
that one of the common extended defects
in these materials involves intergrowth of
single-thallium-layer defects with double-
thallium-layer regions. Thus, a defective
material such as Tl, ;,Ba,CaCu,0; 5, would
approximately consist of 79% of Tl,Ba,Ca
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Cu,0q4 and 21% of T1Ba,CaCu,0,, forming
random intergrowths (assuming, of course,
no other defects are present). The conse-
quences of such an intergrowth defect to-
ward creation of holes are indeed intriguing.
One possibility is that the holes are type I in
single-thallium-layer regions and type II in
double-thallium-layer regions.

In conclusion, the origin of holes in thal-
lium cuprates is indeed compiex and there
is no satisfactory method, wet-chemical or
physical, as yet which resolves the different
possibilities. We believe that the wet-chemi-
cal method reported by us (6) definitely pro-
vides additional insight into this complex
problem.
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