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electron kinetic energy. .A.nd also, to recover the
kinetic energy, further acceleration around the
torus would be effective as proposed by Rostoker. '
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with Professor K. Mats', .ra, Professor H. Ikezi,
and Professor H. Ikegami. Thanks are also due
to Mr. K. Ukegawa and Mr. T. Kato for helping
with the experiment. Thc,y are grateful to Pro-
fessor K. Takayama for I(is continuous encour-
agement.
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The inorganic crystaQine polymer polysulfur nitride has been found to become super-
conducting wit]i a transition temperature of (0.26 +0.03) K.

We have discovered th;tt the crystalline poly-
mer polysulfur nitride (' IN)» becomes supercon-
ducting with a transition temperature of (0.26
+ 0.03)'K. This is the fiz st polymeric system
known to exhibit superconductivity. The present
experimental information about (SN)x indicates
that it is a quasi-one-dimensional (1D) material.
As such it should prove '.o be a model system for
studying quasi-1D superconductivity in the same
way that the layered dichalcogenides and their in-
tercalation compounds have been model systems
for quasi-two-dimensional superconductivity. '
In a.ddition, we note tha. t (SN)z involves elements

from a region of the periodic table which previ-
ously has shown no superconductivity at zero
pressure. This suggests that superconductivity
is even more widespread than presently believed.
Although we have no reason to doubt that the su-
perconductivity observed in (SN)x obeys the con-
ventional BCS theory, the polymeric structure of
(SN)x, with suitable modification, may allow one
to test the excitonic theory of superconductivity
proposed by Little. ' Furthermore, a more de-
tailed study of (SN)„should help clarify the pres-
ent theoretical uncertainty about the conditions
under which quasi-1D systems become Peierls
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FIG. 1. Temperature-dependent resistance of one
(SN)& crystal along the fiber axis normalized to R(l K)
with the earths magnetic field and with 335 G applied
perpendicular to the fiber axis. The conductivity at
1'K is - 5000 0 i; below the transition (at 0.07'K) 0.

is ) 5x 106 Q ~ cm ~ (this value being our instrumental
limit) .

insulators or superconductors. '
Conductivity (o) measurements were made along

the fiber axis on three samples, all of which
showed superconductivity below 0.3'K. The room
temperature 0 was typically 1000 0 ' cm ', a
small resistivity minimum was observed between
20 and 30'K, and vRr/o;K was - 0.2. Between 1'R
and the onset of superconductivity, 0 is constant,
presumably being dominated by impurity or de-
fect scattering. The transitions for the three
samples occurred at about 0.28, 0.25, and 0.26'K,
respectively. The transition for one of the sam-
ples is shown in Fig. 1, at both earth magnetic
field and at 335 G.' The decrease in the transi-
tion temperature (T,) zenith increasing magnetic
field is the most conclusive evidence that super
conductivity has been observed. Detailed studies
of the magnetic-field (lf) dependence of T, will
be presented elsewhere. Our preliminary mea-
surements indicate that the depression of T, is
significantly less when H is parallel to the fiber
axis than when II is perpendicular to it. The
transition is rather broad (b,T, -0.08'K, suggest-
ing that disorder, defects, or impurities are
limiting 4T, and possibly even T, . Fluctuation
effects may also contribute to AT, but better
quality samples are needed before this can be
convincingly tested. '

One sample showed a small but measurable re-
sistivity well below T, . In addition, the critical
currents observed in all samples were orders of
magnitude lower than would be predicted by Sils-

bee's rule. Both of these results indicate that
the superconductivity is very filamentary with the
possibility of weak links in some samples. The
large magnetic field needed to suppress T, and
the estimated short electron mean free path (see
below) also suggest file.mentary or type-II super-
conductivity. Heat-capacity and magnetization
studies are in progress to determine if the ob-
served superconductivity is a bulk property.

Polysulfur nitride has been known for many
years but has only recently necome available in
a highly crystalline form. Studies of the conduc-
tivity, ' specific heat, ' optical ref lectivity, ' and
magnetic susceptibility" have recently been re-
ported. The degree of anisotropy is not accurate-
ly known at present. Single crystals exhibit
marked anisotropy in the reflection of polarized
light, in conductivity, and in their critical-field
behavior. However, the recent crystal-structure
determination by Boudeulle" indicates that some
interchain interaction could occur because the
S-S distance between chains in the (102) plane is
3.10 A (smaller than the van der Waals spacing
of - 3.5 A). We note that along the polymer axis
(b crystalline axis) the sulfur and nitrogen atoms
form alternating covalent bonds of lengths 1.58
and 1.72 A. Molecular-orbital and band-struc-
ture calculations" now in progress should help
clarify the degree of anisotropy and its effect on
the unusual properties of (SN)».

The preparation and characterization of our
(SN)x crystals was described previously. ' Chem-
ical analysis of our samples shows that the total
impurity level is less than 0.5 at. 'fp. Our x-ray
data indicate that our samples are a single phase.
Apparently, (SN)x crystals can be grown in two
forms with different visual appearance, charac-
terized by Labes and co-workers' as "more-f i-
brous" and "less-fibrous. " The crystals studied
in this work appeared to be of the more-fibrous
type; each crystal studied consisted of an orient-
ed bundle of fibers. We estimate the individual
fibers to be less than 1 pm in diameter. The sam-
ples were measured by an ac (20 Hz) four-probe
method using silver paste contacts. Typical sam-
ple size was 1.5 mm&&0. 1 mm&&0. 05 mm. Consid-
erable care was taken to avoid the problems as-
sociated with four-probe measurements on aniso-
tropic systems. The absence of phase changes as
a function of T in our ac signal and consistent
readings in various nested and unnested probe
configurations convince us that the conductivity
we measure is not caused by spurious anisotropy
effects. Temperatures between 4 and 0.07'K were
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obtained with a dilution refrigerator. The tem-
perature was measured with two Speer 220-0 re-
sistors cemented close to the sample holder.
The samples were mounted on alumina integrat-
ed-circuit chips with four short gold wires (0.002-
in. diam). The measured conductivity was repro-
ducible after many thermal cycles.

From the 1D tight-binding relation l = vmK/2¹'a
we estimate the mean free path (l) to be less than
15 A at 2'K. This would suggest we are in the
dirty limit of superconductivity. From the Mc-
Millan" formula for T, and the Debye tempera-
ture of 170 K obtained from specific-heat data, '
we estimate the electron-phonon coupling con-
stant (A.) to be X =0.31. This agrees surprisingly
well with a much cruder estimate made previous-
ly' from the free-electron contribution to the spe-
cific heat and magnetic susceptibility.

In summary, we have established conclusively
that superconductivity occurs in the polymeric
system (SN)x. This opens up the exciting possi-
bility of studying superconductivity in a quasi-
1D system. Obviously, many important facts
must first be determined. The degree of one-di-
mensionality in (SN)x remains an open question.
The quality of the crystals must be improved
since it is possible that T, for a pure, highly or-
dered crystal of (SN)x could be considerably high-
er than 0.26'K. On the other hand, experiments
to determine if the observed superconductivity is
a bulk property must be done.
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