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ABSTRACT 

T. Claeson's measurements of superconducting transition temperatures 

T of lead-thallium alloys have been repeated in the composition range c 

47-53 at.% Tl. In contrast to T. Claeson's findings no dip in the T c 

versus composition-plot has been found. Tne exceptional behavior of T. 

Claeson's specimens with 49-50 at.% Tl seems to be due to sample inhomo-

geneity. 
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Ie INTRODUCTION 

The superconducting transition temperatures T . c of lead-thalli~~ 
'. 

alloys have been measured over the whole composition range by T. Claeson·. l 

His results are the follow'ing :adding up to about 80 at.% Tl decreases T 
c 

monotonically from about 7.2°K to about 1.3°K, only specimens containing 

49-50 at.% Tl show'ed an exceptional behavior. Their critical temperatures 

were O~l to 0.2°K lower than one would have expected by interpolating T 's 
c 

of specimens "With higher or low'er thallium concentrations (see Fig. 1). 

Moreover, these specimens did show' two different T 's. T'ne author's ex
c 

planation for this was as follows: Using data on the electron structure of 

pure lead, measured by J. R. Anderson and A. V. Goll and appiying the rigid 

band model, he finds that lead-thallium alloys with compositions of roughly 

50 at.% Tl should have a very high density' of electron states at the Fermi 

surface, because at the electron concentration of these alloys electrons 

just start entering the third band. T. Claeson suggested that the dip in 

the curve To versus composition is a result of this high density of electron 

states. Unfortunately he was not able to rule out the possibility of some 

phase change, such as ordering~ 

.Therefore we did the same experiments for the system lead-indium, for 

which one expects a similar behavior. Becaus.e of the great difference 

in the atomic number it would be possible to detect ordering by x-ray 

diffraction. The 'results, which will be published elsE)where,3 were that 

there is no deviation of the plot T versus composition from a smooth curve. 
c 

For this reason it was decided to repeat the measurements for the system 

lead-thallium. 
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2. SPECIMEN PREPARATION 

The materials were provided by the ~erican Smelting and Refining 

Company. According to the manufacturer the impurity content 'Nas less than 

10 ppm. To avoid oxidation, the specimens were always handled in a dry-box 

under helium. The weighed amounts of the constituents were sealed under a 

reduced helium atmosphere in quartz bulbs, agitated at 440°C for 24 h in a 

rocking furnace, quenched in ice-water, cut to pieces (10-500 m,"l13) and sealed 

in cylindrical quartz-tubes, i.d. 6 mm, again under a reduced helium atmosphere. 

They were annealed in the same way as T. Claeson did it: At least 21 d 

at 295°C, followed by a quench in ice-water. 

T has been measured in the apparatus described in reference (3), the 
c 

absolute errors of T are estimated to be less than 15 mdeg, whe'reas relative 
c 

errors will be smaller than 5 mdeg. In the described condition the specimens 

showed a large, reproducible hysteresis in the transition, T 's taken in c 

cooling down or warming up differed up to 40 mdeg. Therefore the quartz-

tubes were opened in a dry-box and sealed as before under helium. This 

reduced the average T hysteresis to 2 mdeg. The reason for this is probably 
c 

that the helium left in the original quartz-tubes provided only a poor heat 

conta~t between specimen and thermometer. It has been proved that ·it \~as 

not the 40 min long exposure to room temperature uuring the change of the 

quartz tubes which reduced the hysteresis. It was not possible to melt 

and anneal.the specimens.in the same quartz~tube, as it had been done for 

the lead-indium specimens, because most of the quartz~tubes broke during 

the first quench. 
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3. RESULTS 
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The superconducting transition was detected by the change of the 

mutual inductance of two coaxial coils. If6L is the whole change in inductaIfce, 

caused by the transition,' then T NS denotes the temperature at which the 
x 

change in inductance w'as 1~0 6L for the normal'to superconducting transi-

tion, and correspondingly Tx
SN

, the temperatureS~or t~ssuperco~uucting 
) T50 , + T50 } 

to normal transition. Tc was defined as t 2',. A measure for 

the transition width is 6 10 and 6
25

" which are defined as: 

and 

In Table I, Tc' 6 10 , and 6
25 

are listed for the various specimen.'.> tested. 

No second transition has been found w'ithin 0.8°K above or 1. OOK below' the 

quoted Tc~s. Some specimens show'ed values for 6
10 

as high as 200 mdeg. T'nere

fore all specimens for which 6 10 exceeded 35 mdeg were melted and annealed 

once more. This changed Tc less than 10 mdeg but it decreased 6 10 markedly. 

In Fig. lour T ',s are plotted together with those of T. Claeson. Within 
c 

'. 

the absolute accuracy of O.l°K of his temperature-measurements, our T 's 
c 

and his COincide, except for specimens with thanllium contents between 

49 and 50 atoojo, for which T. Claeson had found a deviation from a s::1oot11 

curve. From our measurements it is clear that this special beh3vior does 

not exist. T. Claeson' s findings are probably due to inhomogeneity of his 

specimens, because they were slowly cooled from the melt, which results in 

regions of various thaJlium contents in a sample. As the solidus anci 

h 
liquidus line in the lead-thallium ph3se diagram make only a rather 
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small angle with the concentration axis, cooling a specimen slovrly through 

the two-phase region may bring about a great scatter in the composition, 

even though solidus- and liquidus-line are rather close togethero 

This view' is supported from our experience that only fast quenching 

and, if necessary, remelting the specimens, resulted in a srr~ll transition 

w·idth. 

Therefore the conclusions drawn by T. Claeson from his measurements 

are no longer valid. Either the quoted high density of electron states, 

which T. Claeson suggested, does not exist or its influence on the super

conducting transition temperature is counterbalanced by some other effect. 

Acknow'ledgement .. This work was supported by the United states Atomic 

Energy Commission. 



COH1P;)S i tiOl} 
at.<, Tl I 

47.42 
48.80 
49.14 
49.16 

49.33 
49.60 
2~9.81 

50.05 
50.30 
50.40 
50.54 
50.61 
50.71 
50091 
51.17 
51. 71 
52.55 

55.60 

Transition Temp. 
(OK) 

5.637 
5.572 
5.557 
5.554 
5.547 
5.534 
5.521 
5.512 
5.497 
5.491 
5.483 
5.481 

5.477 
5.464 
5. 2~52 . 

5. 1122 

5. 372~ 
5.312 

Table I 

Transition Width 
SliT SliT ~s NS 

6.10 = T50-T10+ 10-T50 

27 
4 
4 
2 
6 
4 
4 

7 
13 
15 

-' 
27 
12 

7 
18 
6 

. 4 

11 
34 

in 10-3 oK 
6. = TSliT_'I,SliT+'l,NS _~'Js * 

25 50 25 10 50 

2 
1 
1 
0 

3 
2 
2 
1. 

1 

3 
2 
4 
2 

3 
3 
1 
0 

3 

* At th", te;-r:perc'ctm'cs TSH, 'l,NS X)~ of the chanee inductance had occurred during the supel'condL1cting 
x x 

to nOTY;1'3.1 2nd the normal to superconducting transitions, respectivelJr • 

I 
\Jl 
I 

(=5 
::t.! 
t-I 
I 

1:::', 
0' 
~ 
o 
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FIGURE CAPTIONS 

Critical temperature as a function of the Tl-concentration 

~ this investigation 

I T. Claeson' s transitions 

links the two transitions of a specimen 

-.-.-.- Interpolation of T. Claeson's T -values for Tl-contents 
c 

lower than 49 or higher than 51 at.%. 
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