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Stable radical cations of arenes can be ge- 
nerated by anodic oxidation and can be sepa- 
rated at the anode in the presence of sui ah- 

in the form of shiny black crystals. 
Crystal structures and phase transitions in 
fluoranthenyl radical cation sa1ts.a new fa- 
mily of organic conductors,are reported.The 
metal to semiconductor transition which is 
observed seems to be related to a distortion 
of the stacks of aromatic molecules perpen- 
dicular to the stacking direction. 

le anions as radical cation salts [aryl ] f X 
2 

INTRODUCTION 

One of the common structural principles of elec- 
trically conducting molecular crystals is the 
crystallization of donor and acceptor molecules 
in separate stacks with equal distances between 
molecules within one stack but with only a par- 
tial charge transfer between the stacks. 
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104/[ 18441 

In the synthesis of the more common "organic 
metals" like TTF/TCNQ the charges are generated by 
redox reactions between the partners. In order to 
obtain partial charge transfer the oxidation po- 
tentials of donor and acceptor have to be care- 
fully matchedX)s2) .This restricts the number of 
possible complexes with high electric conductivity. 
Electrochemical oxidation seems to be a useful me- 
thod to produce the charges in a more controlled 
fashion. 

V. ENKELMANN, G. WEGNER and C. KRdHNKE 

THE ELECTROCHEMICAL SYNTHESIS 

Stable highly conducting radical cation salts of 
simple aromatic hydrocarbons can be obtained by 
anodic oxidation followed by the crystallization 
of the complex with suitable anions 31-61. The 
reaction mechanism is shown in the following 
scheme : 

-e' + e  Are--: Ar 
Ar" + Are- (ArZ)+* (2) 

Ar: naphthalene,fluoranthene,perylene,pyrene, 

X': BF$ , C104 , PFZ, AsFg , SbFi etc. 
Investigations of the electrocrystallization show 
that the oxidation of the aromat (I) is followed 
by a complex formation between the radical cation 
and a neutral molecule (2) which then crystalli- 
zes at the anode as sh ny black needles of the 

triphenylene etc. 

composition Ar2X ( 3 )  7 f  . 
CRYSTAL STRUCTURES 

The crystal structures of this new class of con- 
ducting materials can be described as a columnar 
packing of the aromatic rings leaving channels in 
which the anions are located. Anions of different 
sizes can be incorporated in the structure with 
only slight chances of the lattice parameters and 
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NEW ORGANIC METALS [ 1845]/105 

consequently the structures are isomorphous.Perti- 
nent lattice parameters for a series of fluoran- 
thenyl radical cation salts are shown in Table I. 

Table I Crystallographic Data of Fluoranthe- 
nyl Radical Cation Salts FA2X 

X- PFS SbFi ASF; 
(298 K) (298 K) (298 K) (I20 K) 

b /8  12.57 (I) 12.73(1) 12.63 (I) 12.49 (I) 

4 s  14.77 (I) 15.09(1) I4.89(1) 14.75 (I) 

PI O I04.0(5) 104.0(5) 104.0(5) 104.0(5) 

D,/Mgm 1.53 I. 72 I. 6 4  I. 69 

Tc /K I92 (2) I99 (3 )  203 (2) 

-3 

A2 /m b2 /m A2 /m P 2 p  space 
group 

One of the interesting features of these crystals 

are 200 p!f,7) K . Projections of the crystal structures 
of FA2PF6 and FA2AsF6 above and below the transi- 
tion are shown in Fig.1 and Fig.2. In the high 
temperature phase the orientation of the fluoran- 
thene rings which are alternately rotated by I80 
degrees i s  fixed by the site symmetry (2/m). At 
the phase transition which is well correlated with 

viour a Chag9F8f the space group changes f r o m  A2/m to 
P2 /c and a rotation of the cation stack of about 
8 Aegrees is observed. 

It should be noted that the stacking distance 
of the aromati6 rings is not uniform.The diffe- 
rence of 0.05 A which is observed in the high tem- 
perature phase is virtually retained during the 
phase transition (Fig.3). 

se transitions which are observed near 

rom metallic to semiconducting beha- 
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106/[1m] V. ENKELMA”, 0. WEGNER and C. KRdHNKE 

Figure I Project ion o f  the  c r y s t a l  s tructure  on 
the k-5 plane of FA2PF6 a t  298 K 

Figure 2 Project ion o f  t h e  c r y s t a l  s tructure  on 
the 1-5 plane of F A 2 A s F 6  a t  I 2 0  K 
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NEW ORGANIC METALS [1847]/107 

Figure 3 Projection of two crystal structures 
perpendicular to the stacks.Top: FA2PF6 (298 K), 
bottom: FA2AsF6 (I20 K) 
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108/[18481 V. ENKELMANN, G. WEGNER and C. KRdHNKE 

The temperature dependence of the lattice pa- 
rameters is shown in Fig.4. In a temperature 
range of about 4 0  degrees below the phase tran- 
sition temperature Tc small anomalies of - b and - c 
are observed. 

12.4 

6.6011 

I- 
300 

T / K  
100 150 200 250 

Figure 4 Dependence of the lattice parameters 
of FA2AsF on the temperature 

6 

Among the most interesting features of these 
crystals is the unusual packing of the rings 
which are oriented perpendicular to the stacking 
axis 5 and are arranged remarkable close to each 
other. As it can be seen in Fig.3 a distortion 
along the stacking direction cannot account for 
the change of the electrical properties.However, 
the high conductivity and the rapid spin exchange 
along the stack seems to be very sensitive to 
the geometry of the molecular overlapping. This 
is shown for 2 temperatures in Fig.5. 

A8 mentioned before in the high temperature 
phase the rings are located on mirror planes SO 
that the molecular overlap is strictly symmetri- 
cal. This restriction vanishes at the transition 
and in addition to the rotations of the stack8 
a small distortion perpendicular to the stacking 
direction is observed which is responsible for 
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NEW ORGANIC METALS [ 1849]/109 

Figure 5 Projections of the crystal structures 
on the plane of the fluoranthene molecules; left: 
FA2PF6 at 298 K, right: FA2AsF6 at I20 K 

the change of electrical and magnetic properties8! 

We believe that the interactions between the 
molecules in a stack is a good model €or an inter- 
chain charge transport process in conducting poly- 
mers like poly(acety1ene) and poly(p-phenylene) 
or poly(p-phenylene sulfid). 
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