
our epoch and something of our nature. 
We do not know if the message will 
ever be found or decoded; but its inclu- 
sion on the Pioneer 10 spacecraft seems 
to us a hopeful symbol of a vigorous 
civilization on Earth. 

CARL SAGAN 
LINDA SALZMAN SAGAN 

Laboratory for Planetary Studies, 
Cornell University, 
Ithaca, New York 14850 

FRANK DRAKE 
National Astronomy and Ionosphere 
Center, Cornell University 

our epoch and something of our nature. 
We do not know if the message will 
ever be found or decoded; but its inclu- 
sion on the Pioneer 10 spacecraft seems 
to us a hopeful symbol of a vigorous 
civilization on Earth. 

CARL SAGAN 
LINDA SALZMAN SAGAN 

Laboratory for Planetary Studies, 
Cornell University, 
Ithaca, New York 14850 

FRANK DRAKE 
National Astronomy and Ionosphere 
Center, Cornell University 

Note 

1. We thank the Pioneer Project Office at Ames 
Research Center, especially Charles Hall, the 
Program Manager, and Theodore Webber; and 
officials at NASA Headquarters, particularly 
John Naugle, Ishtiaq Rasool, and Henry J. 
Smith, for supporting a small project involv- 
ing rather longer time scales than govern- 
ment agencies usually plan for. The initial 
suggestion to include some message aboard 
Pioneer 10 was made by Eric Burgess and 
Richard Hoagland. A redrawing of the initial 
message for engraving was made by Owen 
Finstad; the message was engraved by Carl 
Ray. We are grateful to A. G. W. Cameron 
for reviewing this message and for suggesting 
the serifs on the solar system distance indica- 
tors; and to J. Berger and J. R. Houck for 
assistance in computer programming. 
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Superconductivity of Double Chalcogenides: LiXTil.lS2 

Abstract. Lithium titanium sulfides, LixTij.S2 (0.1 < x 0.3), become super- 
conducting over the temperature range from 10? to 13?K. They have the hexa- 
gonal Ti3sS structure and should not be considered intercalation compounds. 
This is the first class of noncubic compounds with high transition temperatures. 
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We here report the discovery of 
new superconducting compounds Li$- 
TiL.1S2 (0.1 <x C 0.3) whose prop- 
erties are quite remarkable. After 
annealing at 600?C these compounds 
exhibit superconducting transition tem- 
peratures very much higher than those 
that have been reported in sulfides. Al- 
though none of the binary compounds 
of the constituents, Li-S, Li-Ti, or Ti-S, 
becomes superconducting above 1 ?K, 
the new ternary compounds do so over 
the temperature range from 10? to 
13?K with "onset" temperatures as high 
as 15?K. The new compounds are 
also noteworthy in that such high 
transition temperatures are achieved 
for the first time in a hexagonal rather 
than cubic structure. It is also im- 
portant to point out that the com- 
pounds with the composition Li_Ti1.S2 
are very unstable between 77?K and 
about 600?K. 

When held for even a few hours 
at room temperature, the transi- 
tion temperature drops a few degrees 
and the compounds no longer show a 
bulk effect. Subsequent annealing, how- 
ever, completely restores the supercon- 
ductivity as a bulk effect at the high 
transition temperatures mentioned 
above. These compounds can be pre- 
pared by melting together the appro- 
priate amounts of Li metal and tita- 
nium sulfide, Ti1 lS2, having the CdI2 
structure. The double sulfides Li,Ti1.1S2 
(0.1 < x - 0.3) have the hexagonal 
Ti3S4 structure. A comparison of the 
interplanar spacings and the observed 
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intensities is given in Table 1 for x = 
0.3. 

Many different phases exist in the 
Ti-S phase diagram, each one having a 
large homogeneity range (1). Titanium 
monosulfide, TiS, can crystallize with 
the NiAs structure, whereas the disul- 

Table 1. Crystal data for Lio.jTij.xS, (hexa- 
gonal structure, a = 3.439 ? 0.003 A, c = 
11.511 + 0.009 A); d, interplanar spacing; 
strong, s; medium, m; weak, w; very weak, 
vw; very very weak, vvw. 
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fide, TiS2, crystallizes with the CdI2 
structure. Even though it is possible to 
bring about a continuous change from 
a NiAs structure to a CdI2 structure, 
titanium sulfides with the composition 
Ti+ 4S2 (0.1 <xc= 0.5) have a dif- 
ferent hexagonal structure (2). They 
belong to space group P63mc with a 

3.42 A, c - 11.42 A, and two mole- 
cules per unit cell. The atoms are in 
the following positions: 2Ti(1) in spe- 
cial positions 2b (1/3, 2/3, z; 2/3 1/3, 1/ + 

z) with z 3/4; xTi(2) in 2b with 
z 0; 2S(1) in 2b with z --3/; and 
2S(2) in the special positions 2a (0, 0, z; 
0, 0, 1/ + z) with z = 1/8. The S atoms 
in Til+,S2 are in alternate hexagonal 
and cubic close-packing, whereas in both 
TiS and TiS2 they are all hexagonal 
close packed. The Ti atoms occupy the 
octahedral sites in the close-packed 
array of the S atoms, in such a way 
that they form alternate completely 
filled and partly occupied sheets of 
metal atoms. The limiting composition 
is TiaS4, because the partly filled sheets 
can only be half filled. The S octahed- 
rons around the atoms forming the filled 
sheets share faces, perpendicular to the 
c axis, with the octahedrons of the par- 
tially filled sheets. There are two crystal- 
lographically independent S atoms in 
the structure. They have different en- 
vironments: S(1) is at the center of a 
trigonal prism of Ti atoms, whereas 
S(2) is at the center of the octahedron. 
The compounds LijTil.S2 with 0.1 < 
x - 0.3 crystallize with this structure. 
They do so because the ratio of metal 
to S is within the limit of existence for 
the sulfide Ti + S2 with 0.1 < x 0.5 
and also because the effective radii of 
Li .and Ti are nearly the same. It is not 
possible, on the basis of the x-ray data 
available at present, to determine which 
octahedral sites are occupied by the Li 
atoms. Neither before nor after anneal- 
ing at 6000?C did we find any evidence 
of superlattice reflections corresponding 
to a multiple a axis; therefore the metal 
atoms and the vacancies are not or- 
dered in the half-filled layers. This dis- 
order has also been reported for the 
titanium sulfides which have the same 
structure (2), whereas complete order 
has been shown to the exist for the 
isostructural Cr2S3 (3). Although we 
have not refined the structure of any 
of the LiJTil 1S2 compounds, we can 
estimate the metal-metal separation 
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bonding exists between the metal atoms 

sharing the octahedral faces. Further- 
more, these values indicate that the 

compounds with the composition Li,- 
Ti1.1S2 (0.1 < x 0.3) should be re- 
garded as predominantly covalent com- 
pounds. In the corundum structure of 
Ti.O3, which can be regarded as an 
ionic compound, the Ti-Ti separation 
across the shared octahedral face is 
2.58 A (4). 

A different phase exists for Li_Til.1- 
S2 compounds with 0.5 < x < 1.5. The 

x-ray powder patterns of these com- 
pounds do not resemble that of any 
titanium sulfide or that of LijTi,.S2 
(0.1 < x 0.3). For the compound 
with 0.5 <x < 1.0 the x-ray pattern 
can be indexed on a tetragonal cell with 
a =4.97 A and c = 5.93 A. We did 
not find any superconductivity above 
1.12?K for any of these compounds. 
However, we did discover an incom- 
plete superconducting transition at ap- 
proximately 2?K for the compounds 
with 1.0 <x < 1.5. In this case the 

x-ray pattern is similar to that of the 
compound for which 0.5 <x < 1.0, 
but it contains extra lines indicative 
of yet another slightly different com- 
pound. 

It is difficult at the present time to 
explain the high transition temperature 
for the compounds LixTi1 1S (0.1 <x 

0.3). We can only state that, on the 
basis of the crystal chemistry of these 

compounds, they should not be re- 

garded as intercalation compounds. 
Furthermore, in view of their super- 
conductivity, these compounds do not 
seem to behave like intercalation com- 

pounds. The superconducting transition 

temperatures for this type of 'com- 

pounds range around 2?K. Recently 
Somoano and Rembaum (5) reported 
superconductivity in alkali-metal inter- 
calation compounds of MoS2. They 
found a superconducting transition tem- 

perature of approximately 1.3?K for 
Na.MoS2 and approximately 4.5?K for 

KxMoS2. After Rouxel et al. (6) re- 

ported the existence of K,ZrS2, we 
found superconductivity, ranging from 
traces to a full bulk effect, in many 
other intercalation compounds, such as 

M,ZrS, and M HfS2 with M = Na, K, 
Rb, or Cs. In these compounds the 
transition temperatures range between 
1? and 3 K and are somewhat lower 
than in the corresponding MoS2 phases. 
In almost all cases the transitions are 
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partial and ill defined, and so no further 
effort was expended on these com- 

pounds. We have been unable to find 
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superconductivity above 1.12?K in the 

corresponding compounds with TiS2. 
The intercalation compounds were pre- 
pared by heating the constituents in a 
sealed silica tube to about 2500C and 
maintaining them at that temperature 
for several hours. It is thought that 
the compound Li,Til.lS2 with x> 1.0 
is of an intercalated nature, because of 
its low transition temperature. But, if 
it is indeed an intercalation compound, 
it should be one of a new type of tita- 
nium sulfide. 

In conclusion, we point out that these 
compounds constitute yet another ex- 
ample of high-temperature supercon- 
ductivity at the expense of crystallo- 
graphic stability (7). There is a large 
disparity in transition temperature be- 
tween intercalation superconductors and 
three-dimensional systems. It is likely 
that many new superconductors with 
high transition temperatures exist, but 
these are not found because they are 
masked by their more stable and non- 
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decay requires a time-dependent pro- 
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superconducting neighbors. This is the 
first time that such high transition tem- 

peratures have been observed in a 
hexagonal compound; all those that 
have been reported so far are cubic. 
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scale tectonic loading and much slower 
than the propagation of elastic waves 
(1). 

Theoretical and experimental inves- 
tigations indicate that a viscous ele- 
ment is absolutely necessary in order 
to explain this time dependence of af- 
tershock sequences. In model studies 
with friction and springs it has been 

impossible to produce aftershocks un- 
less viscous dashpots are introduced. 

Similarly, computer models also require 
viscous elements to produce the neces- 

sary time-delayed event (1, 2). In other 
words, after a major earthquake there 
must exist some mechanism that "tells" 
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Aftershocks Caused by Pore Fluid Flow? 

Abstract. Large shallow earthquakes can induce changes in the fluid pore pres- 
sure that are comparable to stress drops on faults. The subsequent redistribution 
of pore pressure as a result of fluid flow slowly decreases the strength of rock 
and may result in delayed fracture. The agreement between computed rates of 
decay and observed rates of aftershock activity suggests that this is an attractive 
mechanism for aftershocks. 
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