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We have studied the effects of a magnetic field on the superconduct-
ing transition in MoS2 intercalated with potassium and sodium.

In most applications of superconducting materials, the properties
of the materials in magnetic fields are involved. The most desirable
superconductors have high transition temperatures and are not easily
driven into the normal state by the application of a magnetic field. Most
materials in commercial use today have cubic crystal structures. In
the search for high temperature, high critical field superconductors
a new series of compounds have been discovered which have layered
structures, and have been shown to have the steepest critical field
versus critical temperature boundary of any material yet found.

Research on layered superconducting materials began in 1965 when
Hannay and his coworkers intercalated graphite with alkali metals. 1
More recently, transition metal-dichalcogenide compounds have been
intercalated with organic molecules, such as pyridine, to produce im-
portant new superconducting properties.2 Zero field results on alkali
metal intercalates of MoS2 were reported earlier and our present sam-



ples were prepared and analyzed as described at that time.3’ 4 In zero

magnetic field, the transition to superconductivity begins near 6.5 K

for potassium compounds, and near 4 K for sodium compounds. We
have used applied magnetic fields between zero and 3.5 tesla (1T = 10 kG)
and have extended the temperature range down to 1, 10 K, to study the
superconducting critical boundaries.

Samples were sealed in a glass tube with helium exchange gas at a
pressure of 740 mm of mercury trapped inside. To detect the super-
conducting transition, the self-inductance technique of Schawlow and
Devlin,5 with a few modifications, was used as indicated in figure 1.

A 500 turn self-inductance coil was wound on the glass enclosing the
sample, using number 44 copper wire. In order to detect superconduc-
tivity in the layer planes, the samples were always oriented with the
layer planes perpendicular to the axis of the coil. The frequency of the
oscillator circuit was plotted continuously as a function of thermometer
resistance for a series of fixed magnetic fields. Frequency changes
were caused by a change in penetration depth of the superconductor as
it passed into the diamagnetic superconductive state. Temperatures
were accurately controlled and measured using calibrated carbon resis-
tors. Exchange gas and samples were contained in a temperature con-
trolled double dewar system, as illustrated in figure 2, insuring thermal
equilibrium.

Transitions in sodium MoS2 are shown in figure 3 where frequency
is plotted against temperature for fields of 0, 0.25, 0.5, 1.0, 1.5, 2.0,
and 2.5 tesla applied parallel to the layer planes. The vertical scale on
the right hand side of figure 1 is expanded five times over that on the left
side, for the high field data, in order to more clearly show the paramag-
netic minimum just before the full diamagnetic transition. It has been
suggested that this minimum is evidence for a Type I superconductor.4’ 6
Since this minimum is observed in fields above 2.5 tesla, and since known
Type I superconductors have very small critical fields, the presence of a
paramagnetic minimum as a criterion for distinguishing between Type I

and Type II superconductivity is questionable.



In figure 4, the temperature at the lowest frequency (in the para-
magnetic dip) for each curve of figure 3 is plotted versus field. Similarly,
straight line extensions from the steepest part of the curve of figure 3 to
the temperature axis are plotted against the corresponding magnetic fields.
The depression of critical temperature by applied field is more severe by
about a factor of 10 in sodium MoS2 (~1.5 T/K) than found7 in pyridine
intercalated TaS, (15 T/K).

Potassium intercalated MoS2 has been found to have considerably
better properties in a magnetic field than the sodium compounds. In zero
magnetic field the transition to superconductivity begins near 6.4 K as il-
lustrated by the frequency versus temperature plot shown in figure 5. The
two curves in figure 6 correspond to the temperatures at minimum fre-
quency from figure 5 and to an extension of the steepest slope in figure 5
to a horizontal axis at the normal state frequency. As marked in figure 6,
the slope of the critical field versus critical temperature is 4. 2 tesla/K
which is only a factor of NS% smaller than the highest yet found. It should
be pointed out that the potassium intercalated MoS 9 has a considerably
higher transition temperature (6.4 K) than the pyridine intercalated TaS2
(3.5 K).

The unusual curvature shown in figures 4 and 6 for fields below
1 tesla is not presently understood. Extensions of the present investiga-
tions to 10 tesla and similar studies of rubidium and cesium compounds
is underway. The zero field critical temperatures of rubidium and cesium
compounds are each above 6 K so their properties in high magnetic fields
should prove interesting.
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Figure 1. - Basic circuitry for superconducting transition

studies.
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Figure 2. - Cryostat and double vacuum/exchange gas system.
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Figure 3. - Oscillator frequency versus temperature for
magnetic fields of 0, 0.25, 0.50, 1.0, 1.5, 2.0, and
2.5 tesla (1T = 10 kg), in sodium intercalated MoS.
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Figure 4. - Critical magnetic field versus critical temperature
from data of figure 3, for sodium intercalated MoS.
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Figure 6. - Critical magnetic field versus critical
temperature, from data of figure 5, for potassium
intercalated MoSy.~ — = o T T
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Figure 5. - Oscillator frequency versus temperature for
magnetic fields of 0, 0.66, 1.0, 2.0, 3.0, and 3.5 tesla,
in potassium intercalated MoS,. -



