ORGANIC SUPERCONDUCTORS
H.P.R. Frederikse

Although the vast majority of organic compounds are insula-
tors, a small number of organic solids show considerable electrical
conductivity. Some of these materials appear to be superconduc-
tors. The superconducting organics fall primarily into two groups:
those containing fulvalenes (pentagonal rings containing sulfur
or selenium) and those based on fullerenes, involving the nearly
spherical cluster C_.

The transition temperatures 7, of the fulvalene derivatives are
shown in Table 1. The abbreviations of the various molecular
groups are listed in Table 2 and their chemical structures are de-
picted in Figure 1. Most of the T ’s are between 1 and 12 K. Several
of the compounds only show superconductivity under pressure.

The fullerenes are A,C, compounds, where A represents a sin-
gle or a combination of alkali atoms. The C_ cluster is shown in

Figure 2a, while Figure 2b illustrates how the alkali atoms fit into
the A,C, molecule to form the A15 crystallographic structure.
Their superconducting transition temperatures range from 8 to

31.3 K (see Table 3).
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TABLE 1. Critical Pressure and Maximum Critical Temperature of Organic Superconductors

Material P /kbar T/K
(TMTSF),PFE, 6.5 1.2
(TMTSE),ASE, 9 1.3
(TMTSE),SbF, 11 0.4
(TMTSF),TaF 12 1.4
(TMTSE),CIO, 0 1.4
(TMTSEF),ReO, 9.5 1.3
(TMTSF),FSO, 5 3
(ET),(ReO,), 45 2
B,-(ET),L, 0 14
B,~(ET),L, 0 8.1

(ET)3125 0 25

e-(ET),L (1), 0 2.5

a-(ET),LI -doped 0 3.3
a-(ET),1, 0 8
e—B-(ET),L; 0 6
8-(ET),L, 0 36
k-(ET),I 0 3.6
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* Converted form e-type to B-type by thermal treatment.
b For 7 kbar.

Material P /kbar T/K
B-(ET),IBr, 0 2.8
B-(ET),Aul, 0 4.8
(ET),Hg, ,Cl, 0 4.2
(ET),Hg, ,,Br, 12 1.8
(ET),CL(H,0), 16 2
k-(ET),Cu(NCS), 0 10.4.
k-(d-ET),Cu(NCS), 0 11.4
(DMET),Au(CN), 15 0.9
(DMET),Aul, 5 0.6
(DMET),AuBr, 0 1.9
(DMET),AuCl, 0 0.9
(DMET),], 0 0.6
(DMET) lBr2 0 0.7
(MDT-TTE),Aul, 0 35
TTE[Ni(dmit),], 2 16"
TTE[Pd(dmit),], 20 6.5
(CH,),N[Ni(dmit),], 7 5

From Ishigura, T. and Yamaji, K., Organic Superconductors, Springer-Verlag, Berlin, 1990. With permission.

TABLE 2. List of Symbols and Abbreviations

TTF tetrathiafulvalene

TMTSF tetramethyltetraselenafulvalene

BEDT-TTF or “ET” bis(ethylenedithio)tetrathiafulvalene

MDT-TTF methylenedithiotetrathiafulvalene

DMET [dimethyl(ethylenedithio)diselenadithiafulvalene]

dmit 4,5-dimercapto-1,3-dithiole-2-thione

T, transition temperature to superconducting state

P minimum pressure required for superconducting transition
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Ligand is 4,5-dimercapto-1.3-dithiole-2-thione

FIGURE 1. Structures of various donor molecules and acceptor species.

b

FIGURE 2. (a) C_, cluster placed in a fcc lattice. Each crystal axis crosses a double bond shared by two hexagons. (b) A hypothetical A,C_  with the A15

structure. The structure can be seen to be an ordered defect structure of A C_.
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Na,Rb .Cs .C,
Na,CsC  No. 1°
Na,CsC  No. 2

K,C

3760
K,RbC,,
Rb,KC,, No. 1°
Rb,KC,, No. 2°
Rb3C60

Rb,CsC,,

TABLE 3. Unit Cell and T for FCC-A, C
Lattice parameter(s) (A)

14.148(3)

14.132(2)

14.176(9)

14.253(3)
14.299(2)
14.336(1)
14.364(5)
14.436(2)
14.493(2)

@ Samples labeled No. 1 and No. 2 have the same nominal composition.
From Schluter, M et. al., The Fullerenes, Ed.: Krato, H.-W., Fisher, J.E., and Cox, D.E., Pergamon Press, Oxford, 1993. With

permission.
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