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SUMMARY

The objective of this re search is to examine the effect of changing

chemical composition on the properties of superconducting chem ical compounds .

Compounds like ly to be superc ond ucting are synthesized; properties are In-

vestigated as functions of departure fro m stoichiometry and cation-for—cation

or anion—for -anion substitution . The special role of localized magnetic

moments on quenching superconductivit y is examined .

During the report period , the following compounds h ye been pxepared:

Nb S , HfTe , Nfl S , HIS , Nb-doped VSe , MoS ‘Se , SnS Se
1+x 2 x x 2-x 2 2 2-x x 2— x x

YB , Pb Mo S , and Tb Yb S . Preliminary f indings are as follows:
6 x 6 8—y x 3 6

(a) Nb i+ S2 
(Way ne Fisher) During the past year we have made a concentrated

effort to synthesize precisely stoich iometric NbS2 and establish the condi-

tions under which the various polytype s can be obtained . It appe ars that

the material most often described in the literature is Nb 1 05 S2 .  The

effect of quench temperature , reaction temperature , and sulfur pressure

has been examined . Changing quench tempe rature between 1000 0 and

750°C gIves only the 3R polytype Nb 1 08 S2 .  Raising the excess sulfur

pressure from 0 to 15 atm (quenc h from 75 0°C) red u ces x in Nb 1~~ S2 from

0.14 to 0.01 , all of the 3R polytype The best Nb 1÷ S2 we hav e been able

to make is Nb 1 01S2 . The 2H polytype appears to be high nonst oichiometric .

~b) HfTe (Dave Hodul) The tendency of stolchiometr y deviation on going from

S to Se to Te appears to be opposite for the IVB from the VB elements.

Whereas , TIS2 is very d ifficult to make stoichiometric , TiT e2 is easily

always on stoichiometry . To the contrary , HIS2 is easily made stoichio—

metric , but Hfre is nonstoichiometric (1.7 < x  < 1.9) . Precision density

and structure studie s have been made to identify the nature of the defect .

It appears that the major defect is tellurium vacancie s w ith hafnium pro-

gressively substituting on an antistructur e site . Conductivity and ESR

studies are in progress. Iodine-subst itu t ed hafnium disulfide has also

been made over the range 0 < x < 0 .6 in Nfl S . The structure is iTx 2-x
polytype throughout .
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(c) Nb0 05V 0 95 Se2 (Lynn Schneemeyer) Stolchiometric VSe2 is not super-

conduct ing but shows a charge-densit y -wav e transition at 1100K. Large

(70% ) substitution doping of Nb for V r aises the onset temperature to about

230°K , opposite in d irection to that reported for other doping elements.

As part of a concentration—dependen ce study we have synthesized

Nb 0 05V0 95Se2 and carefully measured its magnetic susceptibility

over the range 1.5 - 300°K. Two transitions have been observed: one

at 119°K (prob ab ly onset of incommensurate CDW) and the other at 82°K

(prob ably lock-in to commensurate CDW) . A totally unexpected finding

was the persistence of plateaus for -.‘10~ in the suscept ibility vs. T curve

at both transitions. The effects are reversible and reproducible , and

the reason for them is being investigated.

(d) MoS2 Se and SnS2 Se (Lynn Schneemeyer) A full range of closely-

spaced samples has been synthesized and investigated for X-ray structure .

The molybdenum series shows an anomalously metallic behavior in the

middle of the series , whereas the end members are clearly serniconducting .

Both serie s show highly unusual  behavior in the c/a parameter with a clear

maximum in the c/a vs. x curve at x = 1.2 for MoS2 Se and x = 0.7 for

SflS2_?x • The former series is the 2H pol ytype t hroughout; the latter , iT.

The reason for the breakdown of Vegard ’s law is not known. Intercalation

experiment s with NH 3 and CH 3NH 2 are in progress. The t in serie s has

been sent to Prof . Rolfe Nether at Rutgers for collaborative Mässbauer studies.

(e) YB 6 (Rud i Sobczak) In an attempt to underst and why the Tc of La Y 1 B 6
decreases with x , although the electron concentration is not changing , we

have init iated a systematic stud y of x vs. T and T vs .  composition for

the mixed trivalent hexaborides. The major proble m is in the quality of the

boron used for the preparation . The amorphous boron , which reacts in the

rI-induced synthesis most smoothly , contrthute s the most iron . For YB6 ,

we have found a linear depression in T wit h iron content , which extra-

polates back to 6.5 °K for no iron. Surprisingly, a small impurity of yttrium

also depre sses T .  The ob served extreme ly low T of LaB 6 (0. 122 °K instead
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of a predicted value in the range 24 to 67°K) is tentatively attributed

to partial electron localization involving a mixed valence state.

(I) Pb Mo6 S8 (Frank Delk) In an attempt to inve stigate the eff ect on Tc
of departure from stoichiometry , we have explored the conditions required

to make PbMo 6S8,, for which the T~ is reported at 15.2 °K. Variation of

thermal conditions and sulfur pressure has failed to give the stoichiometric

prod uct . Attempt s to grow single crystals have also been unsuccessful .

It appears that the reported materials are , in reality , mixtures , and the

precise identity of the superconducting compound of maximum T is not

known.

(g) Tb Yb 3S~ (Alex Chang) In collaboration with Professor Jean Flahaut at

the Universit y of Paris , we are examining the structure of the ternary

chalcogenide resulting fro m reaction of Tb 2 S3 with Yb2 S3 . Two kind s of

crystals , black and red , hav e been obtained . The black crystal has space

group Pnam; the red I 4 1/amd. The latter is a new ph a se for rare eart h

sulfides.
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