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Results of thermoelectric power (TEP) measurements of the high-temperature superconductor
YBa,Cu;0,_; as a function of oxygen content are reported here. Removal of oxygen produces two
distinct changes in TEP versus temperature curves: (1) It raises the TEP curves, and (2) it raises the
temperature at which the slope of the curves changes from positive to negative. These changes re-
sult from (1) the decrease in the charge carrier density and (2) lattice distortions; both are due to in-
creasing oxygen vacancy. Results of measurements on strontium-substituted compounds show only
the second type of change in the TEP versus temperature curves.

INTRODUCTION

Several experimental techniques have been used to
study transport properties of new oxide superconductors.
Of all these techniques, the thermoelectric power (TEP)
measurements seem to give results that vary both in mag-
nitude and sign from one laboratory to another. Some of
the experiments yielded positive thermoelectric power in
a temperature range from 300 K down to the transition
temperature.! ~!? In other cases negative thermoelectric
power was observed in the same temperature range.'3 16
Another feature of the thermoelectric power measure-
ment was the prominent peak in the TEP versus tempera-
ture curves observed near the transition temperature.
The explanations of the results have also been incon-
sistent, especially regarding the positive peak. In this pa-
per we report the results of TEP measurements on two
sets of samples of 1:2:3 compounds; one set with varying
oxygen content and the other with varying amounts of
strontium substituted in place of barium.

EXPERIMENT

The samples of YBa,Cu;0,_5 were prepared by the
standard solid-state reaction procedure. A well mixed
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FIG. 1. Variation of transition temperature as a function of
strontium content; +, estimated from thermopower; ®, from
resistance; [J, from thermopower of a second set of samples.

and ground power of Y,0;, BaCO;, and CuO was cal-
cinated in air at 950°C for 10 h or more. The reacted
powder was cold pressed into pellets and kept in the fur-
nace at 950°C for 5 h in flowing oxygen. With the oxy-
gen flow maintained, the furnace was slowly cooled to
room temperature in approximately 8 h. Strontium-
substituted compounds, YBa,_,Sr,Cu;0,_5 with 0<x
<1, were also prepared by the same procedure. Samples
thus prepared are found to be single phase, with sharp
transition widths of 3 K or less. As strontium content in-
creases the resistivity is found to increase and the transi-
tion temperature is found to decrease. The resistance
versus temperature curves for these samples were parallel
to each other from room temperature to transition tem-
perature within our experimental limits. The variation of
transition temperature for compounds used in this study
is shown in Fig. 1.

The samples were then cut into rectangular-shaped
pieces of 10X4 mm? in dimension. For thermoelectric
power measurements the samples were kept between two
copper blocks. The absolute thermoelectric power is cal-
culated by correcting for the thermoelectric power of
copper. The automatic system we used for the measure-
ments consists of a Kiethly meter with a nine-input
scanner card controlled by an ITT Courier computer.
Only three of the inputs to the scanner card are used for
this measurement, two for the thermocouples connected
to the copper blocks, and the third for thermoelectric
emf. The system is a modification of one we used for
resistance measurements.!” The temperature of the sam-
ple is varied by slowly introducing the sample into a
liquid nitrogen cryostat.

RESULTS

The thermoelectric power of YBa,Cu;O0,_; for
different oxygen content is shown in Fig. 2. The ther-
moelectric power is negative for § values in the range of 0
to 0.1 (curves 1 through 5) and positive for 8 values above
0.1 (curves 6 through 10). The TEP curves for 8 ranging
from O to 0.1 are similar, having a positive slope in the
temperature range from 300 down to 130 K. In this re-
gion the curves are almost parallel to each other and each
curve can be obtained by shifting the neighboring curve
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FIG. 2. Variation of thermoelectric power as a function of
temperature for YBa,Cu;0,_5 compounds with different oxygen
content. Oxygen content, 7—3§, for curve 1 is 7; for curve 2,
6.98; for curve 3, 6.94; for curve 4, 6.93; for curve 5, 6.91; for
curve 6, 6.90; for curve 7, 6.86; for curve 8, 6.84; for curve 9,
6.83; and for curve 10, 6.81.

up or down. Another important feature of these curves is
an upward turn (negative slope) at low temperatures. In
the negative TEP cases, this upward turn continues until
the curve reaches the transition temperature. In the posi-
tive TEP cases the upward turn stops several degrees
above the transition temperature and then decreases
reaching 0° at the transition temperature. The high-
temperature side of the peak near the transition, seen by
almost all TEP studies, is due to this upward turn.

The results in Fig. 2 have been reproduced with other
samples prepared by the same method. In addition, the
sample used for the data in Fig. 2 was reoxidized and
TEP measurements were repeated. The results were
reproduced several times by repeating the oxidation
reduction cycle. The amount of oxygen removed is ar-
rived at by gravimetric measurements and the values of
oxygen content (7-8) indicated in Fig. 2 could be off by
+0.01. As mentioned earlier, the positive TEP curves
have been obtained by several groups'™!? and curves
similar to those numbered 4, 5, and 6 have been obtained
by some other groups.!3>”!® In single-crystal studies Yu
et al. obtained data similar to those in curve 3 for mea-
surements in the a-b plane.'’

Figure 3 shows the results of thermoelectric power
measurements of YBa,_ Sr.Cu;0,_5 samples with
x=0.2, 0.4, 0.6, 0.8, and 1.0. The room-temperature
thermoelectric power is the same for all of the samples.
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FIG. 3. Variation of thermoelectric power of strontium-
substituted samples as a function of temperature. The curves
are for x=0.2 (bottom), 0.4, 0.6, 0.8, and 1.0 (top).

The thermoelectric power for temperatures below room
temperature increases with x and all the curves show
peaks above transition.

DISCUSSION

As indicated earlier, curves for §=0-0.14 have a
linear section where TEP is proportional to 7. This fact
along with the very small values of TEP demonstrate the
metallic nature of the superconductor. The linear section
is longest for 6=0. The deviation from linearity takes
place at successively higher temperatures as oxygen va-
cancy increases. This result is consistent with the obser-
vation of W. N. Kang et al., who measured the TEP of
samples with greater 8 values than 0.3.1

The removal of oxygen produces two types of changes
in the TEP versus temperature curves. Removal raises
the temperature at which the slope of the curves change
from positive to negative and shifts the TEP curves up.
The first of these changes is similar to what we observe in
strontium-substituted compounds (Fig. 3). As the stron-
tium content increases, the slope of the TEP curves
changes from positive to negative at successively higher
temperatures. However, the room-temperature value of
TEP did not change with strontium content. Results in
Fig. 2 show that the room-temperature thermoelectric
power of 1:2:3 samples increases by approximately 1
©V/K for a change in 8 of 0.03. The fact that the room-
temperature thermoelectric power of the strontium-
substituted samples do not change suggests that stronti-
um substitution does not increase oxygen vacancy as sug-
gested in earlier papers.'®1°

It is known that both strontium substitution and oxy-
gen deficiency produce lattice distortion.!® The variation
from linearity of the TEP curves, therefore, may be a re-
sult of lattice distortion caused by strontium substitution
or oxygen vacancy in these samples. Increasing oxygen
vacancy above §=0.16 decreases the transition tempera-
ture. Strontium substitution also produces similar de-
crease in T,. The transition temperatures for these sam-
ples were determined by resistance measurements. Even
though small changes in the transition temperature are
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seen, as determined from the thermoelectric curves for
§=0 to 0.14, the resistance measurements did not show
such changes, agreeing with the earlier work.?’

The fact that the sign of the thermoelectric power
changes from negative to positive supports the view that
the oxide superconductors are multicarrier systems. As §
changes, the relative number of negative to positive
charge carriers changes. The changes in the carrier den-
sity and associated changes in the Fermi level may con-
tribute to the continuous shift of the thermoelectric
power with 8. We are presently attempting an analysis
based on band-structure changes associated with changes
in oxygen content.

The TEP curves of strontium-substituted and oxygen
deficient (8> 0.1) 1:2:3 compounds show peaks near the
transition temperature. The presence of this peak is not
yet fully understood even though several explanations
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such as phonon drag magnon drag have been suggest-
ed. 41011

CONCLUSION

In conclusion, we have reproduced the results of ther-
moelectric power measurements by almost all researchers
in this field. The variations in magnitude of TEP and in
the shape of the TEP curves are the result of small varia-
tions in the oxygen content. It is extremely difficult to
control the oxygen content during preparation of samples
by the solid-state reaction. The matter is further compli-
cated by the fact that small variations in oxygen content
do not produce changes in the transition temperature.
This could explain why TEP measurements lacked agree-
ment from laboratory to laboratory. It also appears that
strontium substitution does not increase oxygen vacancy
in 1:2:3 compounds.
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