
oV/28/94       15:24 ©202  404   7951 AFOSR DIR  CONTRS 
@004 

•■**•«>" 

CXJ 

REPORT DOCUMENTATION. PAGE Form Approved 

OMB No. 0704-0188 

*        AtZCUrV   lirr    n      n '■■"■■■■«i     in     h  » » *u->UJ. 1.  AGENCY USE ONLY (Leave blank) | 2. REPORT DATE 

December  1995 
4. TITLE AND SUBTITLE 

Growth and Study of Superconducting C60 Compounds 

3. REPORT TYPE  AND DATES COVERED 

Final,   October  1992-September  1QQS 

6. AUTHOR(S) 

J.Z.  Liu,  R.N.   Shelton,  P.  Klavins,   S.H.   Irons, 
I-C. Chang,..T.T. „Anderson,  J.W.  Dykes et al. 

7'-Pf??PRMING.ORGAN|^TjQri|5NAME(S) AND ADDRESSES)" 

University of California, Davis Campus 
Office of Research, 410 Mrak Hall 
Davis, CA 95616-8677 

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 

Air Force Office of Scientific Research VK^ 
Department of Defense 
Boiling Air Force Base, D.C. 

FUNDING NUMBERS 

("I/O $i> 

F 49620-92-J-0514 

8. PERFORMING ORGANIZATION 
REPORT NUMBER ___—__ 

10. SPONSORING/MONITORING 
AGENCY REPORT NUMBER 

Fmcio-n^os/^ 

j 12a- DISTRIBUTION / AVAILABILITY STATEMENT '" 

unlimited 

12b. DISTRIBUTION CODE 

113- ABSTRACT (Maximum 200 words)  ~—' 

A home made semi-automatic feeding plasma arc reactor was used for the mass 
productxon of fullerness.  Large, hieh auaHi-v „inai. ,™ .„■,., "„tue mass 

to 3mm S^r-^Jn-^ 2^L^~.^^^1^^te-S niques.  Millimeter-sized superconducting single crystals of K0C_ were success- 
fully produced by a sophisticated vacuum doping method.  Magne^Cd superco" 

encC s
lnogfPtheecr ticire ^^     Inf°™ation on ^  *«" «* tempe^reTpend- ences of the critical current density Jc and the H^ have been reported. 

Le^T°andUinSanfine?t62t
With,X=1"6 ^ S^thesized «ing a liquid ammonia route at 

anl have a spin TlZl  S°8?here-  IC turns out that these compounds are amorphous dnQ nave a sPln glass behavior at a temperature T<15K. 

Finally, new superconductors with T of 134K were found in the 
Tl system of 

l-xHgxBa2Ca2Cu308+y-  This invention has great potential for future' applications. 

14. SUBJECT TERMS ~~~ ' ■  

Fullerenes,   Fullerides,   Organic  and High Tc  Superconductor 

"'   oE
C
C^Yo^LASSIFICATI0N    päT SECURITY CLASSIFICATION OF REPORT 

unclassified 

WSN 7540-01-280-5500 

OF THIS PAGE 

unclassified 

Own "tH"/1 

19.   SECURITY CLASSIFICATION 
OF ABSTRACT 

unclassified 

15. NUMBER OF PAGES 
9 

16. PRICE CODE 

20. LIMITATION OF ABSTRACT 

unlimited 

Tpifronpijj £ Standard Form 298 (Rev. 2-89) 
Prescribed bv  ANSI  Slo    Mq.iH 



Final Technical Report(Oct.,1992-Sept.,1995) 

(1) Research objectives: 

a) Growth of large high quality of single crystal of C60 and 

superconducting A3C60, where A represents alkali metal. 

b) Extensive physical measurements on the normal-state and 

superconducting properties of C60 and A3C60. 

c) Search for new, air stable magnetic and superconducting 

fullerides. 

d) Synthesis and study of the Hg-1223 high temperature 

superconductors. 

(2) Status of the research efforts: 

a) A modified plasma arc reactor for the mass production of 

fullerenes was designed and manufactured. The reactor 

employs mechanisms for continuous graphite-rod feeding and 

in-situ slag removal. Production of 10 gram of soot per hour 

is readily achieved utilizing this reactor. Fullerene yields 

up to 20% are attained routinely. 

b) A new vapor transport technique to grow single crystals of 

C60 was developed. With this technique, high quality C^ 

crystals with linear dimension of 1-3 mm was obtained. 



c) Thin films of C60 with thickness up to several microns were 

fabricated by direct vacuum evaporation. 

d) A simplified technique for synthesizing high quality 

millimeter-sized single crystals of K3C60 and Rb3C60 was 

developed. The preparation method consists a two-step 

process where pure C60 crystals are first grown and later 

doped with Potassium or Rubidium vapor. A specialized quartz 

tube was designed to allow superconducting phase purity to 

be monitored via low field shielding magnetization 

measurements. 

Magnetic properties of the K3C60 and Rb3C60 crystals have 

been measured by using a SQUID magnetometer. Data on the 

field and temperature dependences of the critical current 

density Jc and Hcl are obtained, which is quite different 

from the results obtained from polycrystalline samples. 

Comparisons between K3C60 and Rb3C60 indicate that defects 

may be more prevalent in the latter compound due to more 

sensitive synthesis requirements. Also, time relaxations of 

the magnetizations of the K3C60 and Rb3C60 have been conducted 

to study the dynamics of the flux motions. 

e) The magnetic and structural properties of C60 interstitially 

doped with the rare earth ytterbium have been studied. 

Samples of YbxC60 with nominal stoichiometries ranging from 

x=l-6 were synthesized in cooperation with the Department 

of Chemistry. A low temperature liquid ammonia route was 

used to intercalate the rare earth ions into the fullerene 



lattice. Synthesis was carried out under an inert atmosphere 

to reduce potential contamination. The product had an 

amorphous structure that decomposes into C60 and Yb203 if 

heated in air. Magnetic measurements showed that the Yb C<n X 60 

exhibits Curie-Weiss paramagnism for T>15K with ytterbium 

ions in a 3+ oxidation state. At low temperature (T<15K) , a 

spin glass state was found in these compounds, 

f) . A new system of superconductors of Tl1.xHgxBa2Ca2Cu308+a 

(TlHg-1223) with 0.1<x<1.0 and Tc>130K was developed. 

Polycrystalline samples consisting of a near pure 

superconducting phase of TC=134K were fabricated over a 

broad composition range. Powder x-ray diffraction showed a 

continuous solubility exists in this system. Millimeter 

size single crystals of TlHg-1223 with Tc of 134K were also 

produced by a liquid phase promoted solid state reaction 

technique. Based on this progress, researchers now can use 

near phase pure polycrystal specimens or single crystals to 

study the various properties of these record high T 

superconductors. 
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