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The utility and limitation of the wet chemical methods for the determination of hole concentration and

oxygen stoichiometry in thallium cuprate high 7, compounds have been evaluated.

Press, Inc.

Introduction

The hole concentration and oxygen stoi-
chiometry in high T, oxides such as 123 ox-
ides and Bi-based oxides have been deter-
mined usually by iodometric methods (/-3),
based on Cu*? content and assuming metal
stoichiometries. However, problems arose
when these direct iodometric methods were
applied to thallium-based compounds,
mainly due to the reduction of T1*? simulta-
neously with Cu*?, Manthiram and co-work-
ers (4, 5) determined separately (a) Tl stoi-
chiometry and (b) the total oxidizing power
(due to TI** and Cu®®) of the samples by
directiodometry. Assumingall Tl to be pres-
ent as T1*3, they calculated the oxygen con-
tent of the sample. Gopalakrishnan et al.
(6) reported a CCl, extraction—iodometric
method, in which the bromine liberated due
to the reduction of Cu*? to Cu*?is extracted
and estimated iodomeirically. In this, the
reduction of T1** does not take place. Subse-
quently, Manthiram ez al. (7) have criticized
the method of Gopalakrishnan er al. The
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present authors have also been working si-
multaneously on similar lines, and this com-
munication gives a critical appraisal of both
of these methods, their limitations, and
probable use.

Experimental

Our extraction method is similar to that
of Gopalakrishnan et al., except that the
oxide samples were weighed directly into
separating funnels and dissolved in ice-cold
1:1 HBr, so as to avoid any loss of bromine
due to transfer, washing, etc. The combined
organic extracts after addition of excess KI
solution were titrated with standard thiosul-
fate, without addition of starch (8). For di-
rect iodometric titrations, the modified Ap-
pelman et al.’s method (2, 3) in the presence
of citrate was used.

Results and Discussion

The standard method (9) used by Manth-
iram et al. will no doubt give unambiguously
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TABLE I

OxYGEN CONTENT IN TICa,Ba,Cu;0,

% TI assumed as

TI*? Tt X

100 0 8.528
80 20 8.525
50 50 8.524
0 100 8.528

the total Tl content of the specimens irre-
spective of its valency state. The use of di-
rect iodometry will give the total oxidizing
power of the specimen, due to both T1** and
Cu®’. They calculated the oxygen content
(oxygen stoichiometry) assuming all Tl to be
present as T1"3. We would like to point out
that, for a given titre value and Tl content,
the calculations will lead to the same oxygen
content, even if Tl is distributed between
TI*? and TI* states in any proportion. This
is exemplified in Table I for one of our speci-
mens. Thus it is possible to unambiguously
calculate the oxygen content by this ap-
proach, if the purpose is only to obtain the
molecular stoichiometries. However, prob-
lem arises when one tries to calculate the
hole concentration from these data, particu-
larly when Tl is distributed in both valence
states. Manthiram et al. calculated the hole
concentration in single-layer Tl compounds,
where they had reason to believe Tl to be
present only as T17*. Though theoretically
this is unexceptional, it has the practical
limitation of any other indirect method,
since the titre due to Cu™? is only a small
fraction of the total titre due to Cu*? and
TI73; e.g., in the case of the data of Manth-
iram ef al. (Table I, Ref. (7)), for TIBalLa
CuO; and TIBa, 4La,; ;CuQys, the titre value
due to the holes will be only 0.6 and 10.7%,
respectively, of the total titre value. Similar
is the case with samples analyzed in our
laboratory, one example being the titre
value of Cu*? being about 0.6% of the total
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titre in a sample of TICa,Ba,Cu,0Oy ;. As the
hole concentration decreases lower and
lower, determining the hole concentration,
which is a minor constituent, indirectly by
difference is not preferrable, if a direct
method is available.

The extraction of bromine, liberated due
to reduction of Cu™? to Cu*? during dissolu-
tion in HBr and estimating it icdometrically,
can give the hole concentration directly, as
TI*3 does not get reduced under those condi-
tions. Experimentally it was found that the
formation and presence of Br; ion impedes
the extraction, and therefore the extraction
increases with the decrease in HBr concen-
tration. Our work established that three ex-
tractions are needed to get practically quan-
titative recovery when the acidity is about
0.5 M HBr at the extraction stage. Gopalak-
rishnan et al. have not specifically pointed
out the importance of acidity and the num-
ber of extractions.

They have assumed implicitly that T1does
not interfere in the extraction method. Table
I1 gives our experimental data on a 123 com-
pound along with the effect of addition of Tl
to the same. Extraction procedure is shown
to give quantitative recovery of bromine on
this sample (to within 5%), but there is a
negative linear interference due to Tl. This
can be attributed to the oxidation of TI*
present by the bromine liberated in situ
(TL,0; used in this study titrated to only 93%
Ti*? by conventional iodometry). This was
further confirmed using thallous carbonate
(TLCO; = 98.5%). When TI" was treated
with HBr, solid TIBr separated. Addition
of standard KBrO, to this resulted in the
dissolution of TIBr. Table III shows the con-
sumption of bromine in this reaction, con-
firming the oxidation of TI" to TI"? by the
nascent bromine hiberated in situ. Thus, our
experiments agree with the criticism of
Manthiram et al. (7) about the extraction
method. In thallium cuprates, when TI is
present in T1** and TI" states, the nascent
bromine liberated by the reduction of Cu™?
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TABLE II
EXTRACTION ANALYSIS OF YBa,Cu,0,

mmol of % recovery
Serial Cu*? per g in extraction
no. Compound wt. (mg) Method of sample method
1. YBa,Cu;0, 40 Direct 1.33
iodometry 1.30
134 1.32
1.31
2. -do- -do- Extraction 1.26 } 1.26
1.25 ’ 100
3. -do- 30 to 35 -do- 1.20
+ + 1.22 117
T1,0,4 12 to 14 1.07 ’
1.18 92.9
4. -do- 30 to 35 -do- 1.13
+ 1.13
23 89.7
5. -do- 30 to 35 -do- 1.04
+ 1.06 } 1.05
35 to 40 83.3

will oxidize in situ the TI*. The titre ob-
tained will thus represent the net bromine
left after the reduction of Cu™? and the in
situ oxidation of T1*. It is also possible that
if the concentration of TI* = 2 Cu™3, net
titre can even be zero. This is the major
limitation of the extraction cum iodometric
method.

However, when there is a reason to be-
lieve that Tl is present as TI*? (as taken by
Manthiram et al. in single TI layer com-
pounds), extraction method can be used,
without the above limitation, in spite of mul-

TABLE III
OXIDATION OF T1* To TI™> BY BROMINE

T1* in the

I Bromine Bromine

TLCO, specimen required for actually

taken TI* — TI*? consumed
(mg) (mg) (umol) (mol) (umol)
5.0 4.36 21.3 42.6 44.7
10.3 8.98 43.9 87.8 74.2
18.3 16.00 78.1 156.2 142.4

tiple extractions to achieve quantitative re-
covery. As a direct method of estimating
hole concentrations, this is superior to that
of Manthiram’s indirect approach of calcu-
lating a small quantity of Cu*? by difference
from a significantly large experimental titre
due to TI*3,

Table 1V gives the results on some thal-
lium cuprates by the extraction procedure.
In single Tl layer cases, the hole concentra-
tions, expressed here as Cu*? and Cu™?, are
valid. In the double T1 layer cases, the val-
ues are at best the lower limit of hole con-
centration and can be used only as an indica-
tor of batch-to-batch variations.

In conclusion, Manthiram et al.’s ap-
proach of separate Tl estimation and direct
iodometry of total oxidizing power can give
the oxygen content in all cases unambigu-
ously. When Tl is present in both T1*3 and
TI™ states, neither this method nor the ex-
traction method will give hole concentra-
tion. Both methods can give hole concentra-
tion only if Tl is present wholly as TI*3,
and in such cases, the extraction method
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TABLE IV

ANALYSIS OF THALLIUM CUPRATES BY THE EXTRACTION METHOD

Stoichiometry of Cu

mmol of Cu™? as
per g of sample
S. no. Compound® Cu*? Cut?
1. TICa,Ba,Cu;0, 0.33 0.34 0.30 270
0.35
2. -do- 0.23 0.20 2.80
(Different batch) 1
3. -do- 0.35
0.36 | 0.36 0.32 2.68
4, Tl,CaBa,Cu,0, 0.20
0.22} 0.21 0.21 1.79
S. -do- 0.29
0.27 } 0.28 0.27 1.73
(Heated under argon)
6. -do- 0.18
0.16} 0.17 0.17 1.83
(1-yr-old deteriorated)
7 -do- 0.13 } 0.13 0.12 1.88

(Different batch)

¢ Sample weight = 50-100 mg.

is superior experimentally, as this gives a
direct estimate of the hole concentration.

GEISER, A. UMEzaAwaA, G. W. CRABTREE, AND
K. D. CARLSON, Inorg. Chem. 26, 3237 (1987).

. T. S. KRISHNAMOORTHY, N. MAHADEVAN, S. S.

This study emphasises the need to over-

come these limitations.
4.

Acknowledgments 5.

The authors thank Dr. R. M. Iyer for his keen inter- g,
est, encouragement, and useful discussions, and Dr.
G. M. Phathak and Shri K. Gangadharan for the prepa-
ration of oxide specimens. 7.

References

[. D. C. Harris AND T. A. HEWSTON, J. Solid State 9.
Chem. 69, 182 (1987).
2. E. H. AppeLMaN, L. R. Morss. A. M. Kini, U.

DEsal, AND C. C. Dias, Pramana J. Phys. 32, 143
(1989).

M. PARANTHAMAN, A. MANTHIRAM, AND J. B.
GOODENOUGH, J. Solid State Chem. 87, 479 (1990).
A. MANTHIRAM, M. PARANTHAMAN, AND J. B.
GOODENOUGH, Physica C 171, 135 (1990).

J. GOPALAKRISHNAN, R. VJAYARAGHAVAN, R.
NAGARAJAN, AND C SHIVKUMARA, J. Solid State
Chem. 93, 272 (1991).

A. MANTHIRAM, M. PARANTHAMAN, AND J. B.
GOODENOUGH, J. Solid State Chem., 96,464 (1992).
A. L. VoGEL, "*A Textbook of Quantitative Inor-
ganic Analysis—Theory and Practice,”” p. 331,
Longmans, London (1960).

1. M. KoLTHOFF AND R. BELCHER, ‘*‘Volumetric
Analysis I1I,”" p. 370, Interscience, New York
(1957).



