
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 29 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Phosphorus, Sulfur, and Silicon and the Related Elements
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713618290

RECENT PROGRESS IN BEDT-TTF BASED SYNTHETIC METALS
Hau H. Wanga; Thomas J. Allena; John A. Schluetera; Susan L. Hallenbecka; Daniel L. Stupkaa; Marilyn
Y. Chena; Andrea M. Despotesa; Huey-Chuen I. Kaoa; K. Douglas Carlsona; Urs Geisera; Jack M.
Williamsa

a Chemistry and Materials Science Divisions, Argonne National Laboratory, Argonne, IL, U.S.A.

To cite this Article Wang, Hau H. , Allen, Thomas J. , Schlueter, John A. , Hallenbeck, Susan L. , Stupka, Daniel L. , Chen,
Marilyn Y. , Despotes, Andrea M. , Kao, Huey-Chuen I. , Carlson, K. Douglas , Geiser, Urs and Williams, Jack M.(1988)
'RECENT PROGRESS IN BEDT-TTF BASED SYNTHETIC METALS', Phosphorus, Sulfur, and Silicon and the Related
Elements, 38: 3, 329 — 340
To link to this Article: DOI: 10.1080/03086648808079728
URL: http://dx.doi.org/10.1080/03086648808079728

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713618290
http://dx.doi.org/10.1080/03086648808079728
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Phosphorus and Sulfur. 1988, Vol. 38, pp. 329-340 
Reprints available directly from the publisher 
Photocopying permitted by license only 

0 1988 Gordon and Breach, Science Publishers, Inc. 
Printed in the United Kingdom 
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SUSAN L. HALLENBECK+, DANIEL L. STUPKA+, MARILYN Y. 
CHEN+, ANDREA M a  DESPOTES+, HUEY-CHUEN I. KAO, K. DOUGLAS 
CARLSON, URS GEISER, JACK Ma WILLIAMS 
Chemistry and Materials Science Divisions, Argonne 
National Laboratory, Argonne, IL, 60439, U.S.A. 

Abstract BEDT-TTF based organic metals with tetrahedral 
and linear anions are reviewed. New (ETl2MX4 complexes, 
their electrical and ESR properties are reported (M = Ga, 
In, T1, and X is halides). A novel solid state phase 
transformation from semiconducting a to superconducting 
8-(ET)21Br2 is presented. 

INTRODUCTION 

Synthetic metals have been studied since the early 
seventies. These materials consist of donors and acceptors, 
e.g., TTF-TCNQ,l *2 or radical cations and charge balancing 
anions, e.g. (TMTSF)2X3v4 where the acronyms stand for tetra- 
thiofulvalene, tetracyanoquinonedimethane and tetramethyl- 
tetraselenafulvalene, respectively. Radical anions with 
simple cations have also been reported. The electrical 
properties of synthetic metals vary from semiconducting for 
the major portion of them, metallic for a good number of 
compounds, to even superconducting for a handful of new 
materials. Compared to pure metals where the highest 
superconducting transition temperature (Tc) is 9 K in Nb, the 
organics has reached 8 K in 8*-(BEDT-TTF)213. 6-9 BEDT-TTF is 
bis(ethylenedithi0)-tetrathiofulvalene, CI0S8Hg, or abbre- 
viated as "ET". We are interested in the syntheses, solid 
state structures, transport properties as well as high and low 
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330 H. H. WANG AND J. M. WILLIAMS 

temperature phase transitions. The ET based synthetic metals 
have been extensively reviewed previously. In this 

article we briefly summarize the results and report the 

current findings in the field. 

ET SALTS WITH TETRAHEDRAL ANIONS 

Most of the ET containing materials have been prepared by 
electrocrystallization techniques while chemical oxidation can 
be performed with iodine as an oxidant along with anions 
formed in situ such as I3 , 15-, IB2-.13 Electrocrystalli- 
zation has many advantages because a large variety of anions 

can be used and crystal growth rate is better controlled. 

There are some limitations to both techniques, i.e., the 
stoichiometries and phases are difficult to control. When 
small tetrahedral anions are used (FS03-, HSO4-, BF4-), only 
(ET)3X2 complexes are reported. l4 *I5 When large anions are 

applied (InBr4 , 11114-1, 2 : l  complexes, (ETI2X, are formed 

exclusively. In order to understand this observation we 

estimated the anion volume by the following equation, 

- 

- 

Vol = (Ri + 2 Ro)3 
where Ri and Ro are the ionic radii of the inner and outer 

atom." While this is only an estimation, the relative anion 
volume should be accurate. In Figure 1, the estimated anion 
volumes are plotted against a series of isostructural (ET).,x* 
unit cell volumes. A reasonably linear correlation is 
observed. 
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FIGURE 1 Estimated 
anion volumes against 
(ET)3X2 un t cell 
volumes ( A  3 ). 
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In Figure 2 the estimated anion volumes are plotted with known 

stoichiometries which are established by single crystal 
structural studies. It is evident that small anions favor 3:2 
packing while large anions form 2:l structure. 

Vol (Est.) 
multiple 

s$ichiomelry, 

7 

3:2 sloichiometry - 2:l sloichiometry 

FIGURE 2 Estimated anion volumes vs. known stoichiometries 
- In the area where C 1 0 4  , Br04-, Re04-, and IO4- are located, 

it is labelled as multiple stoichiometry.18-21 Up to five 

different stoichiometries have been reported. These medium 
size anions all form isostructural 3:2 phases and tend to trap 

solvent molecules in the crystal lattices to give 
( ET)2X(Sol)0. or (ET)X(  SO^)^.^ stoichiometries. (ET)2X 
phases are reported for BrO4- and ReO4- anions. The physical 

properties of these materials include superconductivity under 
pressure and metallic behavior. 19,20 For large anions MX4- 
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(M = Ga, In, T1; X = C1, Br, I) only two structures are known, 
i.e., (ET)21nBr416 and (ET)21n14.22 For the single stoichio- 
metry region (3:2 or 2:1), crystal packing requirements 
dominate the resulting stoichiometries. However, in the 

multiple stoichiometry region, kinetic effects are also 
involved since the product distribution often varies from cell 
to cell. 

The room temperature ESR peak-to-peak linewidth (G), 
conductivity (S/cm), and activation energy (eV) of recently 
prepared (ET)2MX4 compounds are listed in Table I. 

TABLE I Room temperature ESR linewidth, conductivity, 

and activation energy of (ETl2MX4. 

GaC14 9-10, 14a 0.05 
InC14 8-10 1.1 
TlC14 8-10 0.27 
InBr4 16 

Ga14 14-16, 39-51a 9.2~10-~ 

~ 1 1 ~ ~  17-2 1 5.8~10-~ 

8-10, 42-47a 0.05-0.5 
T1Br4 8-1 1 0.5 

1nx4 b 14-19 1. iX10-3 

0.19 
0.09 

0.07 

0.15 

0.07 
0.07 
0.12 
0.09 

aDif ferent phase and the conductivity was not measured. 

bAnions are susceptibie to decomposition. a and 
8-(ET)2I3 phases have been observed for In14 cell and 
(ET)2(T114)(13) has been reported. 13 

For M = Ga, In, T1 and X = C1, Br, all five compounds are thin 
long needles. They show the same ESR linewidth (8-10 G) and 
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10 - 
0 

d 
; 8 -  - 

6 -  

4 
0 

are expected to have similar structures and physical 
properties. Compounds which give 14-19 G linewidth belong to 
a different structure type and one of them, (ET)21n14, has 
been characterized. Conductivity measurements on a few o f  

these compounds indicate that they are all semiconductors with 
Ea = 0.07-0.19 eV. Variable temperature ESR experiments have 
been carried out on InCl4 and T1Br4 salts (Figure 3) .  

Monotonic linewidth decrease from 300 to 100 K are observed in 
both cases. Although the region below 100 K is yet to be 
investigated, preliminary results are similar to that of 

8'-(ET)2X, X = IC12, AuC12, which undergo antiferromagnetic 
coupling at 22 and 32 K, respectively. 23,24 

.. .. 
a a  .. n o  

a n =  

a 

100 200 300 400 

FIGURE 3 Single 
crystal ESR linewidth 
against temperature 
for (ETl2T1Br4 (solid) 
and (ET) 21nC14 
(hollow) 

ET SALTS WITH LINEAR ANIONS 

There are two types of linear anions, i.e., polyhalides and 

MX2 where M is a transition metal at +1 oxidation state and X 
is either a halide or pseudohalide. Care must be taken to 

exclude moisture and oxygen for AuX2- anions in order to grow 
high quality crystals. All ET salts containing linear anions 

exhibit 2:l stoichiometry. However, among ET2X complexes 
there are many different types of crystal packing motifs which 

result in totally different physical properties. We designate 
$ phase as a unit cell which is -800 A 3  and contains one 

- 

P S.-E 
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formula u n i t  (z = 1) and a phase as 1600 A 3  and z = 2. 
Various anions fol lowing decreas ing  anion length  are l i s t e d  i n  

Table 11 along wi th  known (ET)zX phases,  u n i t  c e l l  volume and 

phys ica l  p r o p e r t i e s  f o r  t h e  8 phase. 

Table 11 Summary of (ET12x salts with linear anions.1°*12 

(I~T)~X phase with Unit cell Electrical 
Anion Length(A) ESR linewidth(G) volume (A3)a propertyb 

13- 
AuI2- 
12Br- 
IBr2 
BrIC1- 
IAuBr- 

- 

Ic12- 

AuBr2- 
AuC12- 

10.14 

9.42 
9.72 

9.30 
9.01 
8.98 
8.72 
8.70 
8.14 

a(90), 8(20-25) 

B(18-20) 
a, 8 (20-25) 

a(50), B(20-25) 
a(50), B'(l0) 

8" 

B ' (6-10) 
a'(-40), 8 '  '(-40) 

8 ' ( 6- 10) 

855.9 

845.2 
842.3 

828.7 
821.3 
826.3 
814.3 
811.8 
800.7 

T, = 1.4K 
Tc = 4.98K 
Metallic to 0.4K 
T, = 2.8K 
Semiconductor 

TN = 22 K 
Metallic to 1.4K 

TN = 32K 

a8-phase at 298 K bf3-phase 

A l l  a-(ETI2X compounds are semiconductors. They grow 

simultaneously wi th  t h e  B phase and t h e  mul t ip l e  phase 

phenomenon is due t o  a k i n e t i c  e f f e c t  (v ide  i n f r a ) .  When I3 - 
and 1 2 B r -  are used as anions,  wi th  proper choice of so lven t s  

(e.g. d r i ed  THF) and under slow growth condi t ions ,  t h e  B phase 

is grown exc lus ive ly .  Most of the  l i n e a r  anions adopt t he  8- 
l i k e  s t r u c t u r e  along wi th  o the r  phases except f o r  Ag(CN)2- and 

Au(CN)~- where only a '  s t r u c t u r e s  a r e  reported.  25 There a r e  
t h r e e  types of B s t r u c t u r e s ,  i.e., 8 ,  B 

(Figure 4) and the  angle  between the  "s tacking  ax i s "  and the  

s h o r t  in-plane axis of ET f o r  these  t h r e e  8 phases a r e  90, 

90-60, and 60, respec t ive ly .  

123-24 and B ?  126-28 
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" " I  I 
I 

FIGURE 4 Stacking pattern of 8 and 8 '  phases. 

The 8 '  structure clearly shows dimerization along the stack. 

The electrical property is 1D semiconducting and low 

temperature ESR as well as magnetic susceptibility measurement 
indicate antiferromagnetic coupling. The packing motif of the 
8" structure is similar to that of (ET)2(C104)(TCE)0.5 and 

band calculations suggest semimetallic behavior which is 
consistent with the fact that 8"-(ET)2AuBr2 is metallic to 
1.4 K but does not superconduct even under pressures up to 5.6 
kbar. There are several techniques for phase identifi- 

cation. Besides single crystal x-ray diffraction, the ESR 
linewidth technique is very sensitive and efficient. Usually 
different phases give different room temperature ESR 
linewidths but due to the large anisotropy in linewidths, an 
overlap is possible, e.g. AuBr2- anion (Table 11). Another 
limitation is that a few phases which are prepared by iodine 
oxidation, do not give apparent ESR signals. 13 A less 

conventional technique for non-destructive phase identifi- 
29 cation is reflective infrared with microscope attachment. 

While a phases give a featureless continuum from 4000 to 

600 cm-', B phases show a sharp vibrational band near 
1280 cm-'. All three 8-(ETI2X salts show superconductivity 
except that disordered 12Br- anion has a detrimental effect. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
3
3
 
2
9
 
J
a
n
u
a
r
y
 
2
0
1
1



336 H. H. WANG A N D  J. M. WILLIAMS 

The superconductivity in 8-(ET) 2X complexes has been confirmed 
in many physical measurements, namely four probe conductivity, 
rf penetration depth, specific heat ,30 tunnelling gap 
measurement ,31 etc. 8-(ETl2I3 has interesting structural 
features. At room temperature it has disordered ethylene ends 
due to two possible configurations; below 200 K it modulates 
to alleviate unfavorable ethylene hydrogen and anion 
 interaction^;^' under anisotropic pressure, however, it 

further transforms to a more efficient packing motif, 8 * ,  

which is a high Tc state (8 K) yet avoids unfavorably close 
H***I contacts.’ The correlation between Tc and unit cell 
volume has been rationalized in terms of electron-phonon 

33 coupling and lattice softness. 

Recently, a report suggested that u-(ET)~I~ is 

transformed to B-(ET)2I3 through heating.34 In order to 
identify whether this transformation is general among other 

anions, we carried out a high temperature ESR study on 
U-(ET)~IB~~. We are interested in the IBrz- anion because 

while B-(ETl2I3 can be grown exclusively (vide supra), 8- and 
u-(ET)~IB~~ always grow simultaneously and no procedure is 

known for separating these phases other than characterizing 
every crystal, which is extremely tedious. We took a single 
crystal of a-(ET)zIBrz and slowly heated it in an ESR 
cavity. Linewidth broadened slightly from 50 G at 300 K to 
70 G at 400 K (Figure 5). 

70 

60 - 
50 - 
40 - 
30 - 
20 - 

f l  

3 

FIGURE 5 Solid state 
transformation of a- 
to B-(ET)21Brz 
followed by the ESR 
linewidth technique. 

250 300 350 400 450 
Temp. (K) 
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A sudden drop to 23 G in linewidth is observed at 410 K. The 

crystal remains 8 phase after the transformation whether it is 
slow-cooled or quenched from 410 K to room temperature. The 

most interesting part of this experiment is that the phase 
transition temperature is far below its melting point and the 

crystal remains crystalline. 8 phase unit cell is confirmed 
by Weissenberg x-ray diffraction and this is an authentic 

solid state to solid state phase transformation. 

CONCLUSION 

In this article we limited our discussion to ET salts with 
tetrahedral and linear anions. We demonstrated that anion 
size plays an important role in determining the stoichiometry 
of ET based materials. Among the tetrahedral anions, metallic 
behavior is observed only when medium size anions are 

present. Linear anions of different length can modify the ET 
network and the corresponding electrical properties. The 
semiconducting a phase is converted to the superconducting 8 

phase via solid state transformation. In order to modify the 
commonly observed 1D system in organics which leads to low 
temperature instability, many current efforts have been 
devoted to increasing the dimensionality in the donor network 
and decreasing the on-site Coulomb repulsion by using Se, Te, 
or mixed S/Se, SITe donors. 35-38 Superconductivity has been 

39 reported in a half-ET half-TMTSF unsymmetric donor system. 

Although the highest Tc known to date has jumped to 93 K in 
cuprate based superconductors, 40 there are remarkable 

similarities in terms of the 2D nature in both inorganic and 
ET systems. The organic metals still offer a challenge in 
terms of rational design and basic understanding of the 
structure and property correlations. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
3
3
 
2
9
 
J
a
n
u
a
r
y
 
2
0
1
1



338 H. H. WANG AND J. M. WILLIAMS 

ACKNOWLEDGMENT Work at Argonne National Laboratory is 

sponsored by the U.S. Department of Energy (DOE), Office of 
Basic Energy Science, Division of Materials Sciences, under 

Contract W-31-109-ENG-38. +T.J.A., J.A.S., S.L.H., D.L.S., 
M.Y.C, and A.M.D. are student research participants sponsored 
by the Argonne Division of Educational Programs from Holy 
Cross College (Worcester, MA),  Valparaiso University 

(Valparaiso, IN), Wellesley College (Wellesley, MA), Illinois 
Benedictine College (Lisle, IL), University of Illinois 

(Urbana-Champaign, IL), and St. Ignatius High School (Chicago, 
IL), respectively. 

REFERENCES 

1. 
2. 
3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

J. B. Torrance Acc. Chem. Res., 12, 79 (1979). 
F. Wudl Acc. Chem. Res., 17, 227 (1984). 
K. Bechgaard, K. Carneiro, F. B. Rasmussen, M. Olsen, 
G. Rindorf, C. S. Jacobsen, H. J. Pedersen, and 
J. C. Scott J. Am. Chem. SOC., 103, 2440 (1981). 
Mol. Cryst. Liq. Cryst., 2, 357-715 (1982) and references 
A. Aumuller, P. Erk, G. Klebe, S. Huig, J. Y. von Schutz, 
therein. .. .. 
and H.-P. Werner Angew. Chem. Int. Ed:-Engl., 25, 740 
(1986). 
V. N. Laukhin, E. E. Kostyuchenko, Yu. V. Sushko, 
I. F. Shchegolev, and E. B. Yagubskii J.E.T.P. Lett., 3, 
81 (1985). 
K. Murata, M. Tokumoto, H. Anzai, H. Bando, G. Saito, 
K. Kajimura, and T. Ishiguro J. Phys. SOC. Jpn., 54, 2084 
( 1985). 
J. E. Schirber, L. J. Azevedo, J. F. Kwak, 
E. L. Venturini, P. C. W. Leung, M. A. Beno, H. H. Wang, 
and J. M. Williams Phys. Rev. B33, Condens. Matter, 1987 
(1986). 
A. J. Schultz, H. H. Wang, J. M. Williams, and A. Filhol 
J. Am. Chem. SOC., 108, 7853 (1986). 
3. M. Williams, M. A. Beno, H. H. Wang, P. C. W. Leung, 
T. J. Emge, U. Geiser, and K. D. Carlson Acc. Chem. Res., 

-9 18 261 (1985). 
J. M. Williams, H. H. Wang, T. J. Emge, U. Geiser, 
M. A. Beno, P. C. W. Leung, K. D. Carlson, R. J. Thorn, 
A. J. Schultz, and M.-H. Whangbo in Progress in Inorganic 
Chemistry, edited by S. J. Lippard, John Wiley and Sons, 
Inc. (1987 in press). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
3
3
 
2
9
 
J
a
n
u
a
r
y
 
2
0
1
1



BEDT-TTF BASED SYNTHETIC METALS 339 

12. H. H. Wang, M. A. Beno, M.-H. Whangbo, T. J. Emge, 
U. Geiser, K. D. Carlson,  E. L. Ventur in i ,  and 
J. M. Williams Israel J. Chem. (1987 i n  press) .  

K. S. Webb, M. A. F i r e s tone ,  K. D. Carlson, L. Nuzez, 
M.-H. Whangbo, and J. M. Williams Inorg. Chem., 26, 1912 
(1987). 

14. S. S. P. Parkin,  E. M. Engler, V. Y. Lee, and 
R. R. Schumaker Mol. Cryst. Liq. Cryst., 119, 375 (1985). 

15. L. C. Po r t e r ,  H. H. Wang, M. M. Miller, and J. M. W i l l i a m s  
Acta Cryst. C,  ( i n  press ) .  

16. M. A. Beno, D. D. Cox, J. M. W i l l i a m s ,  and J. F. Kwak Acta 
Cryst. C ,  40, 1334 (1984). 

17. J. E. Huheey i n  Inorganic  Chemistry, Harper and Row, 
Publ i shers ,  P.70, (1978). 

18. H. Kobayashi, A. Kobayashi, Y. Sasaki ,  G. S a i t o ,  T. Enoki, 
and H. Inokuchi J. Am. Chem. Soc. , 105, 297 (1983). 

19. J. M. W i l l i a m s ,  M. A. Beno, H. H. Wang, P. E. Reed, 
L. J. Azevedo, and J. E. Schirber  Inorg. Chem., 23, 1790 
(1984). 

20. S. S. P. Parkin, E. M. Engler, R. R. Schumaker, R. Lagier ,  
V. Y. Lee, J. C. Sco t t ,  and R. L. Greene Phys. Rev. L e t t . ,  
50 270 (1983). 

21. T’Kobayashi ,  A. Kobayashi, Y. Sasaki ,  G. Sa i to ,  and 
H. Inokuchi Chem. L e t t . ,  183 (1984). 

22. U. Geiser, H. H. Wang, L. E. Gerdom, and J. M. W i l l i a m s ,  
unpublished r e s u l t s .  

23. T. J. Emge, H. H. Wang, P. C. W. Leung, P. R. Rust ,  
J. D. Cook, P. L. Jackson, K. D. Carlson, J. M. W i l l i a m s ,  
M.-H. Whangbo. E. L. Ventur ini ,  J. E. Schi rber ,  

13. M. A. Beno, U. Geiser, K. L. Kostka, H. H. Wang, 

- .  
L. J. Azevedo, and J. R. Fer ra ro  J. Am. Chem. S O C . ,  108, 
695 (1986). 

24. T. J. Emge, H. H. Wang, M. K. Bowman, C. M. Pipan, 
K. D. Carlson, M. A. Beno, L. N. Hal l ,  B. A. Anderson, 
J. M. W i l l i a m s ,  and M.-H. Whangbo J. Am. Chem. Soc., 109, 
2016 (1987). 

H. H. Wang, J. M. Williams, and M.-H. Whangbo Sol id  S t a t e  
Commun. , 57, 735 (1986). 

J. Tanaka Chem. L e t t . ,  1875 (1986). 

1037 (1986). 

R. H. Friend,  A. M. S t r i n g e r ,  and J. A. K. Howard Sol id  
S t a t e  Commun. , 3, 459 (1987). 

29. J. R. Fer ra ro ,  H. H. Wang, J. Ryan, J. A. Thompson, 
T. D. Brennan, and J. M. Williams Appl. Spect.,  ( i n  
press ) .  

25. M. A. Beno, M. A. F i r e s tone ,  P. C. W. Leung, L. M. Sowa, 

26. A. Ugawa, K. Yakushi, H. Kuroda, A. Kawamoto, and 

27. T. Mort, F. Sakai ,  G. Sa i to ,  and H. Inokucki Chem. L e t t . ,  

28. M. Kurmoo, D. R. Talman, P.  Day, I. D. Parker ,  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
3
3
 
2
9
 
J
a
n
u
a
r
y
 
2
0
1
1



340 H. H. WANG AND J. M. WILLIAMS 

30. G. R. Stewart, J. O'Rourke, G. W. Crabtree, K. D. Carlson, 
H. H. Wang, J. M. Williams, F. Gross, and K. Andres Phys. 
Rev. B, 33 2046 (1986). - -7 

K. D. Carlson, and J. M. Williams Phys. Rev. Lett., 57, 
629 (1986). 

J. M. Williams, V. Petricek, and P. Coppens J. Am. Chem. 
SOC 107 6184 (1985). 

2 7  -7 
33. M.-H. Whangbo, J. M. Williams, A. J. Schultz, T. J. Emge, 

and M. A. Beno, J. Am. Chem. SOC. , 109, 90 (1987) 
34. G. 0. Baram, L. I. Buravov, L. S. Degtyarev, M. E. Kozlov, 

V. N. Laukhin, E. E. Laukhina, V. G. Onishchenko, 
K. I, Pokhodnya, M. K. Sheinkman, R. P. Shibaeva, and 

31. M. E. Hawley, K. E. Gray, B. D. Terris, H. H. Wang, 

32. P. C. W. Leung, T. J. Emge, M. A. Beno, H. H, Wang, 

E. B. Yagubskii, J.E.T.P. Lett., 44, 376 (1986). 
35. V. Y. Lee, E. M. Engler. R. R. Schumaker. and - -  

S. S. P. Parkin, J. Chem. SO~. Chem. Comun. , 235 (1983). 

D. 0. Cowan J. Am. Chem. SOC. , 109, 4115 (1987). 

International Workshop on Novel Mechanisms of 
Superconductivity, Plenum Press (in press). 

K. Lerstrup, F. Wiygul, T. Kistenmacher, T. Poehler, and 
L.-Y. Chiang Mol. Cryst. Liq. Cryst., 125, 191 (1985). 

39. K. Kikuchi, M. Kikuchi, T. Namiki, K. Saito, I. Ikemoto, 
K. Murata, T. Ishiguro, and K. Kobayashi Chem. Lett., 931 
(1987). 

R. L. Meng, L. Gao, 2. J. Huang, Y. Q. Wang, and C. W. Chu 
Phys. Rev. Lett., 2, 908 (1987). 

36. R. D. McCullough, G. B. Kok, K. A. Lerstrup and 

37. P. J, Nigrey, B. Morosin, and J. F. Kwak Proceedings: 

38. D. 0. Cowan, M. Mays, M. Lee, R. McCullough, A. Bailey, 

40. M. K. Wu, J. R. Ashburn, C. J. Torng, P. H. Hor, 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
3
3
 
2
9
 
J
a
n
u
a
r
y
 
2
0
1
1


