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Abstract 

  The first part of this research is attempted 

to investigate the effect of ion defects, ion 

substitution and dopant contents on the 

crystal structure, superconductivity, 

magnetic properties and microstructure of 
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high Tc Tl(Ba1-xSrx)2Ca2Cu3Oz (Tl-1223) 

phases.  A variety of attempts including 

doping of Sr and Pb ions have been made in 

order to study the formation of pure Tl-1223 

phases.  Furthermore, in order to understand 

the role that chemical composition plays we 

have determined the composition of 

constituent ions by ICP-MS analysis and 

study the crystal structure and 

superconductivity of M-doped 

(Tl,M)(Ba1-xSrx)2Ca2Cu3Oz (M = Pb, Bi) 

samples.  Major results of this research are: 

   (a) The structural stability for Tl(Ba1-x  
Srx)2Ca2Cu3Oz phases has been determined to 

be in the range of 0.5 < x < 0.8 and the 

optimal Tc was found in the poorly 

reproducible Tl(Ba0.8Sr1.2)Ca2Cu3Oz phase, 

whereas lower Tc was found in the highly 

reproducible Tl(Ba0.5Sr1.5)Ca2Cu3Oz phase.  

   (b) The deficiency of Tl3+ and oxygen 

composition of M-doped Tl(Ba,Sr)Ca2Cu3Oz 

phases was found to be dependent on the 

dopant contents.  The Tl deficiency was 

found to decrease with increasing M content 

for phases with M = In, Pb, and Bi, whereas 

that was found to increase for the sample 

with M = K.  In spite of large Tl deficiency 

(i.e., in some cases it can be as large as 60%) 

in the crystal lattice Tl-1223 still exhibits 

high structural stability. 

   (c) The degree of oxygen deficiency in the 

Tl(Ba0.5Sr1.5)Ca2Cu3Oz phases was found to 

be fairly large (i.e., as large as 80% in some 

cases).  Unless metal ion-doping is carried 

out in the Tl-1223 phase, processing 

conditions such as prolonged or high-pressure 

annealing attempted to increase oxygen 

content of the Tl-1223 samples were found 

to be ineffective and the maximal value of z 

could only reach 8.75 without M doping.  

   (d) The oxygen deficiency of (Tl1-xMx) 

(Ba0.5Sr1.5)Ca2Cu3Oz phase can be effectively 

reduced when Tl3+ is substituted by cations 

of Pb or Bi.  We have also estimated the 

increment of oxygen composition (i.e., hole 

doping) to be 2.86 and 8.41 per M atom 

upon doping for phases with M = Pb (0 < x 

< 0.2) and Bi (0 < x < 0.05), respectively.    

(e) The substitution limit of M for Tl in 

(Tl1-xMx)(Ba0.5Sr1.5)Ca2Cu3Oz has been 

determined to be 0.6, 0.25, 0.25 and 0.25 for 

phases with M = Pb, Bi, K and In, 

respectively.  Tc of M-doped Tl-1223 

phase was found to increase with increasing 

M content for phases with M = Pb and Bi 

while that of K- or In-doped Tl-1223 phases 

was found to be unchanged with increasing 

dopant content. 

   (f) Pb-, Bi-, In- and K-doping in the 

phases will result in the formation of 

impurities which may be related to the 

pinning of M-doped Tl-1223 phases  

Furthermore, we propose that intragrain 

impurities were likely to form in samples 

doped with Bi, Pb and In while intergrain 

impurities were found to exist in K-doped 

Tl-1223 phase, as indicated by X-ray 

diffraction, SEM and AFM measurements. 

   The second part of this research is 

attempted to investigate the effect of Pb, La, 

and K cation substitution on the structural 

and superconducting properties (i.e., Tc, 

electrical resistivity and magnetic 

susceptibility) of (Tl1-yPby)(Ba1-xLax)2CaCu2 
O7-δ (0�x�1.0, 0�y�0.4; abbr. as Pb- and 

La-doped Tl-1212) and (Tl1-xKx)(Ba0.5 
Sr1.5)Ca2Cu3Oz (K-doped Tl-1223) high-Tc 

cuprate superconductors that were 

synthesized at 900 �  and 920 � , 

respectively, under ambient oxygen 

atmosphere. Pure Tl-1212 phases with Pb 

content of 0 and 0.2 can be prepared, whereas 

BaPbO3 and Tl-1212 were found to coexist 

when the substitution content of Pb is 0.4, as 

indicated by x-ray diffraction data. 

Furthermore, cell parameters a and c of 
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Pb-doped Tl-1212 phases were found to 

increase and decrease with increasing La3+ 

content, respectively. 

   On the other hand, Tc of Pb-doped 

Tl-1212 phases was found to first increase 

and then decrease when substituted by La3+ 

for phases with Pb content of 0, 0.2, 0.4, 

respectively. The optimal Tc was determined 

to be 87K, 88K, and 83K for phases with 

La3+ content of 0.3, 0.2, and 0.1, respectively. 

In the substitution range of higher La3+ 

content Tc of Tl-1212 was then found to 

decrease with increasing La3+ content and 

La-doped Tl-1212 eventually exhibit 

semiconducting and insulating behaviors. In 

addition, the oxygen composition of Tl-1212 

did not exhibit systematics which was 

attributed to the uncontrollable deficiency of 

Tl, as indicated by oxygen content analysis. 

   The crystal structure and Tc of K-doped 

Tl(Ba0.5Sr1.5)Ca2Cu3Oz phases were found to 

be unchanged upon K+ doping, while 

superconductor volume fraction of Tl-1223 

phases was found to decrease upon increasing 

K+ content. These observations may be 

rationalized by the proposal that added K+ 

cation was considered not entering the crystal 

lattice and substituting for Tl3+ ion. 
 

Keywords:  

�  Metal-doped Tl-Ba-Ca-Cu-O cuprate 

superconductors, oxalate coprecipitation, 

chemical substitution, Meissner effect, hole 

concentration, iodometric effect, flux pinning 

effect�
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