
AFOSR-TR-97 

REPORT DOCUMENTATION PAGE 
Pub it rioort.no burd*n lor ihii soll»nion ol Inlornuilon >l Miiirn1td to «trugf hour p«r rtipanw. Intlui 
olthir n« °"d milnulnin« itit d»u««led.«nd{omd.ilns *nd rtvMwm?ir»<oli«uonoi i^«'**"™- *«' 
?nii.rtiB?of i«»Drni!nlofi intludirw waanllont lor rtducino Ihii fcurdrn. IO Washington Hudquirurj itr.k» ~ 033/ 

union IVOJOM(0/o«-Diuaf,»»«>"i"sj'v..,. 

Ml 

1.  AGENCY USE ONLY a**«'« 6'*nkJ 2. REPORT DATE 3. REPORT TYPE  AND DATES COVERED 
FINAL  REPORT 01 Nov  94  -   31  Jan  97 

4. TITLE AND SUBTITLE 
New Materials  at  the  Metal-Insulator Boundary 

7. PERFORMING ORGANIZATION NAME(S) AND ADDftESS(ES) 

Department  of  Chemistry 
Oregon  State University 
153 Gilbert  Hall 
Corvalis,   Oregon    97331-4003 

6. AUTHOR^ 

Professor Arthur W. Sleight 

5. FUNDING NUMBERS 

61102F 
2305/GS 

PERFORMING ORGANIZATION 
REPORT NUMBER 

9, SPONSORING /MONITORING AGENCY NAME{s} AND ADDRESS(ES) 

AFOSR/NE 
110 Duncan Avenue Suite B115 
Boiling AFB DC  20332-8050 

10. SPONSORING/MONITORING 
AGENCY REPORT NUMBER 

F49620-95-1-0049 

11. SUPPLEMENTARY NOTES 

121. DISTRIBUTION/AVAILABILITY STATEMENT 

APPROVED FOR PUBLIC RELEASE: DISTRIBUTION UNLIMITED 

12b. DISTRIBUTION CODE 

13. ABSTRACT (Mtximum 200 words) 

Many materials were prepared which we believe are close to a metal-insulator 
boundary.  Some of these materials were new compounds.  Others were based on 
known compounds, but the composition was systematically varied to move close to 
the metal-insulator boundary.   Superconductivity frequently occurs near such 
boundaries.  Most of the materials prepared were oxides.  However, some new 
oxysolfides and oxyselenides were also prepared..  None of the samples produced 
snowed evidence of superconductivity down to 5K. 

19971002 012 
14. SUBiECT TERMS 

^nQ ®^5i mssmxm^j 

17.   SECURITY CLASSIFICATION 
OF REPORT 

UNCLASSIFIED 

NSN 7540-01-28O-55Q0 

18.   SECURITY CLASSIFICATION 
OF THIS PAGE 

UNCLASSIFIED 

19.   SECURITY CLASSIFICATION 
OF ABSTRACT 
UNCLASSIFIED 

15. NUMBER OF PAGES 

16. PRICE CODE 

20. LIMITATION OF ABS TRACT 

Standard Form 298 (Rev. 2-89) 
f-rncnbfd by ANll »id. Z3H-IB 



FINAL-TECHNICAL REPORT 
NOVEMBER 1, 1994 - JANUARY 31, 1997 

Contract F49620-95-1-0049 

Air Force Office of Scientific Research 

New Materials at the Metal-Insulator Boundary 

Arthur W. Sleight 
Department of Chemistry 
Oregon State University 

Corvallis, Oregon 97331-4003 



Many materials were prepared which we believe are close to a metal-insulator 
boundary.  Some of these materials were new compounds.  Others were based on 
known compounds, but the composition was systematically varied to move close to 
the metal-insulator boundary.   Superconductivity frequently occurs near such 
boundaries.  Most of the materials prepared were oxides.  However, some new 
oxysulfides and oxyselenides were also prepared. 

Many thin films with the infinite layer structure were prepared.  These were 
based on SrCu02, which is an insulator. By substitution of some La for Sr, one 
should move through a metal-insulator boundary to a metallic state.  Our results 
indicate that this does in fact occur, but unequivocal evidence for 
superconductivity was not found in any case.  Some of the unusual and 
unexplained anomalies in electrical resistivity vs. temperature reported by others 
were also observed in our work.  Our X-ray diffraction studies of these thin films 
indicate a very high level of defects. 

Superconductors showing the highest Tc can be considered as A/M27Cu/0 phases 
where M2+ is Ca, Sr, or Ba and A is Hg, Tl, Pb, and/or Bi. The Tc increases with 
changing A going from right to left in the periodic table: Bi -> Hg.  This suggests 
that going further in that direction might produce even higher Tc.  We thus 
attempted to prepare layered A/M27Cu/0 phases where A is Pt.  It is known that 
Pt2+ can occur in two-fold linear coordination to oxygen.  This is the same 
coordination that Hg2+ has in the Hg/M27Cu/0 superconductors.   Thus, it is 
reasonable to expect structural analogues with Pt2+.  However, the desired layered 
phases were not obtained, and superconductivity was not observed in any of our 
Pt/M2+/Cu/0 samples. 

Because superconductivity has recently been found in a ruthenium oxide based 
system, we decided to study the Tl2Ru207_x system where a metal-insulator 
transition as a function of temperature is known to occur.  By changing synthesis 
conditions and compostion, the properties of the samples were varied from 
semiconducting to metallic.  However, no samples show evidence of 
superconductivity down to 5 K. 

Tl2Nb207_x is isostructural with Tl2Ru207.  A change from metallic to insulating 
properties might be expected as x increases.  Samples could only be prepared over 
the range of x from 0.0 to 0.6. All samples were insulating and did not show 
evidence of superconductivity. 

Several new compounds were prepared containing Bi5+ because compounds such 
as KBi5+03 are starting points for producing superconductors, if substitutions can 
provide a change to a metallic state. Some of the new Bi5+ compounds prepared 
were LiBi5+03 (not isostructural with KBi5+03) and ABi2

5+06 phases where A was 
Mg or Zn.  No substitution into these insulating phases produced metallic or 
superconductiving materials. 


