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Abstract. Single-phase 2122 samples of thallium and bismuth superconductors were made
by the precursor matrix method. The thermopower of these samples was measured in the
temperature range 250 K-T,.. Tlte thermopower was positive and decreased linearly with
increasing temperature above T,_(onset). The exponential enhancement of thermopower seen
in the undoped and doped YBCO was not observed in these samples. The linear variation
of thermopower can be explained on the. basis of either a two-band model or a narrow band
model.
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1. Introduction
The thermopower of TI-Ca-Ba-CuO and Bi-Ca-Sr-CuO has been reported in
literature (Alcacer et al 1988; Jones et al 1988; Mandal et al 1988; Mitra et al
1988; Bhatnagar et al 1989; Pekala et al 1989), Most of these results are on multiphase
samples and the thermopower has been measured in the temperature range 80-300 K.
Thermopower is found to be small and positive, around 2 ttV/K at room temperature,
and increases linearly with decrease in temperature up to T~(onset). Mitra et al (1988)
fitted their data with good agreement to a narrow band Hubbard model proposed
by Fisher et al (1988). We have measured thermopower on single-phase samples of
TI2CaBazCu20~, and Bi2CaSr2Cu2Q. prepared by the precursor matrix method.
The results are described below.

2. Experimentaldetails
The details of the synthesis of these compounds have been described earlier
(Gopalakrishnan et at 1988; Sastry et at 1988). The single-phase nature of these
compounds has been confirmed by neutron diffraction analysis (Sequeira et al 1988).
We have studied two Tt compounds and one Bi compound. The resistivity of these
samples was measured by a four-probe method. Tl(a) compound which received
additional annealing in flowing oxygen for 24 h at 950 °C had a room temperature
resistivity, Po of 1 t.37 mfLcm and To(zero) of 104'33 K. Tl(b) had a Po of 1-609 and a
To(zero) of 102.74 K. The Bi compound had a P0 of 1.005 mf~-cm and T~(zero) at
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79.79 K. The thermopower of all these compounds was measured from 250 K down to
T~(zero) in an experimental set up described elsewhere (Vasudeva Rao et al 1984).

3.

Results and discussions

In all these materials, the thermopower was positive at 250 K with a value of a few
/N/K. The thermopower increased linearly as the temperature was decreased.
Extrapolating this linear variation backwards, the value So of the intercept on the
thermopower axis at T = 0 K was obtained. We have plotted the reduced thermopower,
St~So, of the different materials in figure 1. The linear decreases in thermopower with
increasing temperature above the peak can be described by the relation,
S = So(1 - ~ T ) ,

(1)

where the values of SOand ct are shown in table !. We have studied well-oxygenated
samples of YBa2Cu3OT_ r and yttrium-substituted with rare earths (Srinivasan et al
1987) and copper-substituted with zinc (Vijayashree et al 1989). In these samples, the
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Figure I. Reduced thermopower as a function of temperature for TI2CaBa2Cu20 r (a and
b) and Bi2CaBa2CuzO,..

Table I. Parameters S o and ct in the fit of
thermopower to equation (1) in the range
130-250 K.
~(10 -3 )
Sample
TI2CaBa:Cu20~lal
TIzCaBa2Cu2Oy(b}
Bi2CaSr2Cu2Oy

SoI~V/K
7.94
15.76
10.33

2.96
2.15
3.04

Thermoelectric power of T I - C a - B a - C u - O and B a - C a - S r - C u - O
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temperature variation of thermopower was well represented by the formula,
S = aT[1 + b e x p ( - T/To) ].

(2)

The samples showed an exponential enhancement of thermopower as Tc was
approached. The behaviour of the TI and Bi compounds is very different from the
behaviour of the 123 compounds.
The resistivity of the TI and Bi compounds shows a linear variation with
temperature. The Hall coefficient of multiphase T1Ca3BaCu30 x was measured as a
function of temperature by Mandal et al (1989). The reciprocal of the Hall constant
varies linearly with temperature, In this respect, these compounds show the same
behaviour as the 123 compounds.
To account for the temperature dependence of resistivity and Hall effect in 123
compounds, Eagles (1989) proposed a two-band model. Here, electrons and holes are
both responsible for the transport properties. The inverse mobility of electrons and
holes are taken to have a linear temperature dependence. The temperature-independent
term and the temperature coefficients of the mobilities are different for the electrons
and holes. The carrier concentrations nh and ne are taken to be temperature-independent.
Then, Eagles (1989) has shown that the resistivity can be written as
P = P - I T-1 + P0 + P l T.

(3)

In such a situation, the effective thermopower can be written as
S = ffhSh q'- aeSe,

(4)

where ah and ae are the contributions to the electrical conductivity by holes and
electrons respectively and Sh and S~ are the thermopower due to holes and electrons.
Vijayashree et al (1990) have shown that taking Sn and S~ to vary linearly with
temperature but with opposite signs, the thermopower will depend on temperature as
S=S-1T

-1 + S o + S i T .

(5)

The coefficient S1 can be negative while So can be positive depending on the relative
magnitudes of the various coefficients. The temperature where the thermopower
crosses the temperature axis depends on the ratio of the carrier concentrations of the
electrons and holes and can vary from specimen to specimen.
There is a second explanation proposed by Bar-ad et al (1988). In this model, the
conduction band is assumed to be narrow. A portion of the band-states is separated
from the main part to form an upper sub-band of localized states. These localized
states do not contribute to transport but participate in the statistics. At T= 0 K, the
chemical potential lies above the middle of the conduction band. As the temperature
rises, electrons are transferred from the conduction sub-band to the localized
upper-band, thereby increasing the number of holes in the conduction band. This
can account for the variation of the Hall coefficient with temperature and for p-type
transport properties. On this basis, Bar-ad et al (1988) have calculated the temperature
variation of thermopower, resistivity and Hall effect, assuming some values for the
width of the localized band and its position relative to the middle of the conduction
band. While one can reproduce the linear fall in thermopower with increasing
temperature on the basis of this model, the carrier density required appears to be at
least one order of magnitude higher than the observed value.
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Conclusions

2122 single-phase samples of Tl and Bi were prepared by the precursor matrix method.
The thermopower measurements carried out in the temperature range 250 K down
to the superconducting transition, showed a behaviour different from those of the
123 compounds. The linear decrease in thermopower of these samples as the
temperature is increased above the onset of superconducting transition, can be
explained satisfactorily using the two-band model proposed by Eagles (1989). The
narrow band model by Bar-ad et al (1988) can also reproduce the thermopower results.

Acknowledgements
The authors are thankful to the Programme Management Board (Superconductivity),
Department of Science and Technology, Government of India, for financial support.
VV is thankful to CSIR, New Delhi for the award of a senior research fellowship.

References
Alcacer L, Almeida M, Braun U, Goncalves A P, Green S M, Lopes E B, Luo H L and Politis C 1988
Mod. Phys. Lett. B2 923
Bhatnagar A K, Pan R, Naugle D G, Sheng Z Z, Shams B A and Hermann A M 1989 Solid State Commun.
(submitted)
Bar-ad S, Fisher B, Ashkenazi J and Genossar J 1988 Physica C156 741
Eagles D M 1989 Solid State Commun. 69 229
Fisher B, Genossar J, Lelong I O, Kessel A and Ashkenazi J 1988 J. Supercond. 1 53
Gopalakrishnan I K, Sastry P V P S S, Gangadharan K, Yakhmi J V, Phatak G M and Iyer R M 1988
Appl. Phys. Lett. 53 414
Jones T E. McGinnis W C, Boss R D, Jacobs E W, Schindler J W and Rees C D 1988 in Chemistry of
hioh temperature superconductors II. ACS Syrup. Series No. 377 (eds) T F George and D L Nelson, p. 155
Mandal P, Poddar A, Das A N, Chakraborty A, Ghosh B, Choudhury P and Lahiri S K t988 Phys. Rev.
B38 9205
Mandal P, Poddar A, Das A N, Ghosh B and Choudhury P 1989 Phys. Rev. 1340 730
Mitra N, Trefny J, Yarar B, Pine G, Sheng Z Z and Hermann A M 1988 Phys. Rev. !i38 7064
Pekala M, Pekala K and Pajaczkowska A 1989 Phys. Status Solidi B152 KI
Sastry P V P S S, Gopalakrishnan I K, Sequeira A, Rajagopal H, Gangadharan K, Phatak G M and
Iyer R M 1988 Physica C156 230
Sequeira A, Rajagopal H, Gopalakrishnan I K, Sastry P V P S S, Phatak G M, Yakhmi J V and Iyer R M
1988 Physica CI56 599
Srinivasan R, Sankaranarayanan V, Raju N P, Natarajan S, Varadaraju U V and Subba Rao G V 1987
Pramana - J. Phys. 29 L225
Vasudeva Rao V, Rangarajan G and Srinivasan R 1984 J. Phys. F14 973
Vijayashree R, Subramaniam C K, Sankaranarayanan V, Subba Rao G V and Srinivasan R 1989 Phys.
Reo. IMO 6850

