
ABSTRACT

The surprising and at the same tim e puzzling superconducting 

p roperties  o f  the ceram ic superconductors , in particu lar, th e ir the 

high trans ition  tem peratures -  T c> a ttracted  global a ttention  to  these 

ex o tic  m aterials. In addition to their unique superconducting 

prop erties , the understanding o f  the normal sta te  prop erties a lso o f fe r s  

g rea t challenge to  the scien tists. Since 1986 numerous studies have been 

undertaken to c la r ify  the superconducting as w ell as normal state 

tran sport properties w ith  the expectation that they w ill shed ligh t on 

the mechanism o f superconductivity in HTSCs. Th e ir strange normal state 

prop erties  are most viv id ly  displayed in the transport p roperties  like 

e le c tr ica l res is tiv ity , Hall e ffe c t , therm oelectr ic  power. But these 

probes become in e ffe c t iv e  in superconducting state and hence therm al 

conductiv ity becomes an e ffe c t iv e  probe to study the superconducting 

sta te  behaviour. In order to  investigate both the normal and 

superconducting state properties, in the present programm e a study o f  

tem perature dependence o f therm al conductivity and therm oelectric power 

o f  severa l (B i,Pb ) superconducting cuprates have been undertaken.

Tem perature dependence o f  therm al conductivity o f 

vanadium/nickel substituted po lycrystalline 2223 (B i,Pb ) superconducting 

cuprates has been investigated on a series o f  samples. Samples are 

prepared by usual ceram ic route and are characterised  by X -ra y  

d if fra c t io n  indices, scanning electron m icroscopy (SEM). Substitutions 

by vanadium/nickel e f fe c t iv e ly  suppress T co. The magnitude o f  therm al 

conductivity  is also seen to  be influenced s ign ifican tly  by above 

substitutions in the en tire tem perature range o f  measurement. H ow ever, 

this e f fe c t  is more drastic in case o f  Ni substitution. The observed
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profile o f temperature variation o f  thermal conductivity o f these 

samples can be explained w ell in terms o f Tew ordt and Wolkhausen 

formula. Analysis o f the data also confirm s the dominant ro le  o f 

phonon-def ect scattering near K ^ ,  while phonon-electron in teraction  

becomes important near Tco and above. Similar behaviour is also observed 

fo r  (Bi,Pb) superconducting cuprates with d iffe ren t Pb content, w here T c 

is seen to decrease with decreasing Pb content. The electron-phonon 

coupling strength A has been estimated from  our measured K -  T  data. 

Further, detailed analysis o f the slope o f la ttice thermal conductivity 

indicates strong coupling fo r  some o f the carriers in these systems.

Temperature dependence o f therm oelectric power o f  vanadium 

substituted (Bi.Pb) superconducting cuprates, (Bi,Pb) superconducting 

cuprates o f d ifferent Pb content, and (Bi,Pb) superconducting cuprates 

subjected to various degrees o f deoxygenation have been investigated. 

Thermoelectric power in all cases is found to be positive and increases 

approximately linearly with decrease o f temperature up to  about 120K, 

before fa lling to zero at Tco. The measured data have been analysed on 

the basis o f d ifferent relevant models and it has been established that 

a modified two band model (Gottwick et al. and Forro  et a l. ) w ith  a 

narrow peak in the density o f  states near the Fermi level g ives an 

excellent description ( within 1% ) o f our measured data. We fu r th e r  

suggested the p-orbitals o f oxygen and d-orb ita l o f copper may be 

responsible fo r the origin o f the above two band picture.

Mixed state therm oelectric power o f pure and vanadium 

substituted 2223 (Bi.Pb) superconducting cuprates have also been 

investigated in presence o f two d ifferen t magnetic fie lds. Pronounced 

broadening o f transition both in e lectrica l res is t iv ity  and 

thermoelectric power have been observe below (T c)onset. Experim ental 

results on mixed state Seebeck e ffe c t  have been discussed by a ttribu tin g 

the observed dissipation to normal quasi particle  excitations. H owever 

fo r  lower temperatures, typically below 0.8 T c> the fluctuations o f  the 

order parameter across the internal weak links appears to  be an
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im portant mechanism fo r  dissipation inducing substantial Seebeck 

voltage.
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