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Effect of fluorine and cerium substitutions on the properties
of the Tl2Ba2CaCu1.98Fe0.02O8 superconductor
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Abstract

Fluorine and cerium substituted Tl-2212 high-Tc superconductors were produced. X-ray diffraction, Mossbauer effect method, tem-
perature measuring of the resistances and a.c. susceptibilities for all Tl2Ba2Ca1�yCeyCu1.98Fe0.02O8�x/2Fx(0 6 x 6 0.2 and 0 6 y 6 0.1)
were applied. It was found that the cerium admixture does not affect significantly the Tl-2212 superconductor properties. Fluorine admix-
ture alone appreciably affects the value of superconducting transition temperature. The biggest increase in Tc is 10 K and is realised for
x = 0.10–0.20. Substituting admixtures are not clearly exhibited in Mossbauer parameters, i.e. do not influence Fe–O bonding tangibly.
� 2006 Elsevier B.V. All rights reserved.
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1. Introduction

A relatively large number of superconducting phases can
exist in the Tl–Ba–Ca–Cu–O system [1]. They can be
divided into 2 groups depending on the Tl–O layer struc-
ture (one- or two-layer). For the first time, high tempera-
ture superconducting thallium oxides with the structure
derived from Bi4Ti3O12 and chemical formula Tl2(BaSr)2-
Can�1CunO2n+4, have been produced in [2]. In [3], two-layer
phase 2212 in the Tl2Ba2CaCu2O8 system with a supercon-
ducting transition temperature of 98 K degrees has been
obtained. It is common knowledge that the change of
current carrier density in Cu–O planes results in changing
the electrical physical properties including the superconduc-
ting transition temperature [4]. It was supposed that the
substitutions of oxygen by fluorine and calcium by cerium
in the Tl-2212 superconductor could change hole density
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in Cu–O planes. It was a purpose of this work to synthesize
Tl2Ba2Ca1�yCeyCu1.98Fe0.02O8�x/2Fx (2212), initially with
x = 0 and y = 0, and to increase the substituting admixture
amounts up to the limit of the homogeneity range, thus
studying the influence of substitutions on the properties of
the superconductor.

2. Samples

Calcium in Tl2Ba2CaCu1.98Fe0.02O8 was partly substi-
tuted by cerium and oxygen by fluorine. The essentialities
of synthesising process have been described by the authors
elsewhere [5]. The concentrations of the substituting
admixtures in Tl2Ba2Ca1�yCeyCu1.98Fe0.02O8�x/2Fx ini-
tially were taken in the concentration range of 0 6 x 6

0.3 and 0 6 y 6 0.3.
X-ray analysis shows the single 2212 phase formation in

the samples (1) for the fluorine concentration of x 6 0.1;
(2) for the cerium concentration of y 6 0.1. (3) As either
x or y exceed 0.1 (each of x or y increases above 0.1), addi-
tional phases (CuO, BaCO3 etc.) appear in the samples.
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Fig. 1. Tl2Ba2CaCu1.98Fe0.02O8 spectrum (T = 293 K).

Fig. 2. Microstructure of Tl-2212 superconductor.
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However, the presence of a Ce content in the superconduc-
tor allows increase the fluorine concentration while remain-
ing within the 2212-phase range. When both cerium and
fluorine were substituted, their simultaneous solubilities
were 0 6 y 6 0.1, 0 6 x 6 0.2. When sintering, 2% at. Cu
atoms were substituted by Fe enriched with 57Fe isotope
to allow for the Mossbauer investigating of the samples.
Addition of 2% of Fe into superconducting samples usually
does not influence the phase formation appreciably but
leads to small decrease (a few degrees) in the Tc value [6–9].

3. Results and discussion

The temperatures of superconductor transitions of the
samples obtained were measured in two different ways,
i.e. using the resistive method on constant current (i) and
a.c. susceptibility measurements in the temperature region
77–300 K (±0.2 K) (ii). The resistance of the samples was
measured by the standard four-probe technique and a.c.
susceptibility was measured using the standard inductance
technique. The accuracy of Tc determination was ±1 K.
The results are summarised in Table 1.

It was found, that the two of the samples Tl2Ba2Ca-
(Cu1.98Fe0.02)F0.1O7.95 and Tl2Ba2Ca(Cu1.98Fe0.02)F0.2O7.9

have the temperatures of superconducting transition higher
than that of the known unsubstituted Tl-2212.

The Tl2Ba2Ca1�yCeyCu1.98Fe0.02O8�x/2Fx system, 0 6
x 6 0.2 and 0 6 y 6 0.1 with 2212 type of crystal structure
was studied by Mossbauer effect method. The usual transi-
tion geometry and constant acceleration regime were
applied.

The results of the Mossbauer study at room temperature
are close to those for Bi-2212 [10–12]. The Tl2Ba2CaCu1.98-
Fe0.02O8 spectrum at room temperature was approximated
by two quadruple doublets (see Fig. 1) with the same value
of the isomer shift (0.275 mm/s relative to a-Fe) and the
quadruple splitting values: QS1 = 1.245 mm/s and QS2 =
0.882 mm/s. These results are not surprising once the
microstructure of superconductors under investigation
(Fig. 2) and crystallographic peculiarities of 2212 supercon-
ducting phase (Fig. 3) are taken into account. In fact,
the Fe/Cu atoms inside the superconducting phase grains
Table 1
Superconducting transition temperatures of Tl2Ba2Ca1�yCey(Cu1.98Fe0.02)O8�x

N Composition (estimated chemical formula) Phase composition (X-ray

1 Tl2Ba2Ca(Cu1.98Fe0.02)O8 Tl-2212
2 Tl2Ba2Ca(Cu1.98Fe0.02)F0.1O7.95 Tl-2212
3 Tl2Ba2Ca(Cu1.98Fe0.02)F0.2O7.9 Tl-2212, negligible CuO, B
4 Tl2Ba2Ca(Cu1.98Fe0.02)F0.3O7.85 Tl-2212, CuO, BaCO3, Ba
5 Tl2Ba2(Ca0.9Ce0.1)(Cu1.98Fe0.02)O8 Tl-2212
6 Tl2Ba2(Ca0.9Ce0.1)(Cu1.98Fe0.02)F0.2O7.9 Tl-2212
7 Tl2Ba2(Ca0.9Ce0.1)Cu2O8 Tl-2212, BaCO3

8 Tl2Ba2(Ca0.8Ce0.2)Cu2O8 Tl-2212, BaCO3

9 Tl2Ba2(Ca0.7Ce0.3)Cu2O8 Tl-2212, BaCO3, BaCuO2

10 Tl2Ba2(Ca0.6Ce0.4)Cu2O8 Tl-2212, BaCO3, BaCuO2
have only one possible type of the nearest neighbouring.
Each Fe/Cu atom is placed at the centre of a strongly
distorted oxygen pyramid. The distance between Cu and
O(1) atom in Cu-containing plane is 1.92 Å, the Cu–O(2)
distance is equal to 2.70 Å. The electric field gradient
appears at Fe atom sites. It leads to the quadrupole
splitting of the Mossbauer spectrum and the doublet 1
is responsible for those Fe atoms occupying the Cu
/2Fx

analysis data) TC, K

Resistive measurements Magnetic measurements

106 107
110 111

aCO3 109 111
CuO2, BaF2 101 106

99 103
103 106
100 102
103 103
Not superconducting
Not superconducting



Fig. 3. Crystal structure of Tl-2212.

Fig. 4. Mossbauer spectra at 4 K of substituted Tl-2212: (a) x = 0.1; (b)
x = 0.2; (c) x = 0.2, y = 0.1.
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positions in a regular structure. But some portion of the
Fe atoms is involved in the composition of unfixed para-
magnetic not superconducting phases at the boundaries
of superconducting grains. These atoms are responsible
for the doublet 2 appearance. As it was shown in [11],
these atoms may simultaneously contribute into the dou-
blet 1.

The Mossbauer spectra for the substituted samples at
liquid helium temperature are shown in Fig. 4. In all the
spectra the weak doublet line asymmetry is seen, similar
to that obtained for Bi-2212 system, [12]. It was shown in
[13], that the QS value and integral resonance absorption
of the gamma resonant spectrum for Bi-2212 HTSC anom-
alously changed below 30 K because of the lattice soften-
ing. In our case, the Mossbauer effect probability for
Tl-2212 at 4 K decreases significantly in comparison with
the room temperature data. It is also evident from the
low-temperature data obtained that the unfixed paramag-
netic not superconducting phases at the boundaries of
superconducting grains have been transformed into mag-
netic state when temperature drops down to 4 K and thus
contribute to the Mossbauer spectrum magnetically. That
is why the low temperature spectra were fitted in one-dou-
blet model, see Table 2. There is a significant change in the
IS value relatively to that at the room temperature. This
change may be understood if to take into account the Coo-
per pairs (or so-called boson-condensate) formation in the
HTSC lattice during the temperature decreasing below Tc

[14]. Boson-condensate formation changes the electron
density in the crystal lattice sites. And as it is well known,
the IS value is directly connected with the electron density
at Cu(Fe) sites.
Mossbauer data obtained did not show the appreciable
differences in spectral parameters for the Tl-2212 substi-
tuted samples with x = 0.1, 0.2; x = 0.1 and y = 0.1. But
a more detailed study is in progress.



Table 2
Mossbauer parameters for Tl2Ba2Ca1�yCeyCu1.98Fe0.02O8�x/2Fx at 4 K

N Estimated chemical formula ISa, mm/s QS, mm/s C, mm/s

1 Tl2Ba2Ca(Cu1.98Fe0.02)F0.1O7.95 0.382(35) 0.826(63) 0.227(46)
2 Tl2Ba2Ca(Cu1.98Fe0.02)F0.2O7.9 0.388(15) 0.762(25) 0.277(20)
3 Tl2Ba2(Ca0.9Ce0.1)(Cu1.98Fe0.02)F0.2O7.9 0.367(22) 0.890(37) 0.293(29)

a IS values are given relatively a-Fe.
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4. Conclusions

Cerium admixture does not significantly affect the
electric properties of substituted Tl-2212 superconductor
while the fluorine admixture does. The biggest increase
in transition temperature value is 10 K and is realised
in Tl2Ba2CaCu1.98Fe0.02O8�x/2Fx at fluorine substitut-
ing admixture concentration x = 0.1–0.2. Substituting
admixtures are not clearly exhibited in Mossbauer para-
meters, i.e. do not influence Fe–O bonding tangibly.
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