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HlROSHl MIKAWA 
Department of Applied Chemistry, Faculty of Engineering, Osaka University, 
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(Received June 28. 1983) 

Electrocrystallization of conductive organic salts can be regarded as a charging process 
of a secondary battery. By use of a lithium metal as an anode, the following two organic 
batteries were made after electrocrystallization, i .  e., LilLiCIO, in THFJ@eryIene)-ClO,, 
and Li(LiCIO1 in THFl(tetrathianaphthalene) 4 ClO,. All-solid state organic battery, 
Lilpoly(ethy1ene oxide) + LiCI0,Ktetrathianaphthalene) CIO,, was always made. Their 
charge and discharge characteristics were discussed. 

1. INTRODUCTION 

The studies on the highly conductive organic materials have pro- 
gressed greatly in the last few The electrocrystallization 
technique has received much attention,' because the complexes of 
tetramethyltetraselenafulvalene (TMTSF) obtained by this method 
were discovered to be the first organic superconductors? From another 
viewpoint of the electrocrystallization, electricity is stored as an insolu- 
ble conductive complex. Thus, the electrocrystallization is regarded as 
a charging process of batteries. Upon connecting two electrodes after 
electrocrystallization, a reverse electrochemical reaction gives rise to 
an external current. Thus, the electrocrystallization cell can be re- 
garded as a secondary battery. The highly conductive property re- 
quired for the electrode material is satisfied in this case. 

We have applied the complex of perylene or 1,4,5,8-tetra- 
thianaphthalene (TI"), obtained by an electrochemical method, to a 
new type of organic battery. We have made the following two batteries 
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TMTSF Per ylene TTN 

after electrocrystallization, i.e., Li PiClO, in THFKperylene)-ClO,, 
and LiILiClO, in THFK'TTN) * ClO,. As an extention of these studies, 
we have also made an all-solid state battery, Lilpoly(ethy1ene oxide) + 
LiC10,KTTN) - ClO,. The characteristic points of these batteries are 
discussed below. 

2. EXPERIMENTAL 

2.1. Meterlats 

Perylene was purified by vacuum sublimation. 'ITN was synthesized 
by the reported procedures? It was purified by vacuum sublimation. 
Poly(ethy1ene oxide) (MW = 5 X lo6) was supplied by Yahata Chem- 
icals Co. Ltd. Tetrahydrofuran (THF) was purified by refluxing it over 
calcium hydride, followed by distillation. 

2.2. Fabrlcatlon of Baterlea 

All manipulations were performed under argon atmosphere. Platinum 
plate electrode and platinum wire electrode were mounted inside a 
glass vessel through a rubber cock. Lithium metal was pressed to the 
platinum wire electrode and fastened to it by a gold wire. THF 
solution (40 ml) containing lithium perchlorate (0.5 mol dm-3) and 
donor molecule (50 mg) was poured into the electrochemical cell. 
Charge and discharge of the cell were performed under a galvauostatic 
condition by use of a Potentiostat/Galvanostat HA-501 (Hokuto 
Denko Ltd). 

2.3. Allaolld State Battery 

Poly(ethy1ene oxide) (0.4 g) and LiC10, (0.215 g) were dissolved in 
acetonitrile (3 ml). After standing for one day, the viscous solution 
was cast onto a teflon plate, and was allowed to stand for 12 hrs. It 
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ELECTROCRYSTALLIZATION AS A RECHARGEABLE 369 

was then dried by heating at 60°C in the air for 12 hrs and finally in 
dynamic vacuum for one day at 6OOC. It was then stripped off as a 
film. The TT" complex was pressed to the pellet (4 mm diameter and 
0.17 mm thickness). The solid electrolyte film was sandwiched be- 
tween the pellet of TTN-complex and Li foil in an argon atmosphere. 
The whole was finally pressed tightly inside two teflon plates by using 
bolts and nuts. The discharge curve of the battery was measured under 
an argon atmosphere, 

3. RESULTS AND DISCUSSION 

3.1. LI-Perylene Salt Batey 

Before electrocrystallization began, an open circuit voltage (V,) of 3.1 
V had been observed between lithium and platinum electrodes. Figure 
1 shows the charge and discharge characteristics of the Li-perylene salt 
battery. The platinum and lithium electrodes were connected with the 
positive and negative terminals of the power source. When electro- 
crystallization started under a galvanostatic condition (80 PA), an 
almost constant charging voltage (4.1 V) was observed. Black micro- 
crystalline complexes were gradually deposited on the surface of the 
platinum plate as reported by H. J. Keller et aL6 Stable V, of 4.0 V 
was observed after electrocrystallization for 12 hrs. This value is 
consistent with the difference of the redox potentials between per- 
ylene/perylene+ and Li/Li+.' The discharge curve of the battery 
under galvanostatic conditions (80 PA) showed relatively flat voltage 
(3.7 V), followed by an abrupt voltage drop (Figure 1). The electro- 
chemical reactions of the battery are as follows. 

Char e 

Discharge 
Li++ e- (A Li 

During discharge, some crystals of perylene salts were found to 
drop off from the platinum plate. This phenomenon is caused by the 
fact that the reduction of the perylene salt occurs mainly at the roots 
of the crystals, thus solubilizing the contact parts of the organic salts 
to the platinum electrode. In other words, all of the cathode active 
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FIGURE 1 Charge and discharge curves of Li-pcryleae salt battery under galvano- 
static conditions (80 FA). 

materials could not be used during discharge. Thus, the Coulombic 
efficiency, so far, is only 40%. If the conductivity of organic salt were 
much larger, the reduction of the salt would occur at the surface of the 
complex, which might give higher Coulombic efficiency. The gradual 
decrease of a discharge voltage after 3 hrs is attributed to an increase 
of the overvoltage caused by the decrease of the contact area of the 
perylene salts to the platinum plate. 

3.2. LI-TTN Battey 

The present system also gave charge and discharge curves similar to 
Figure 1 under galvanostatic condition. Just after electrocrystallization 
for 12 hrs, V, of 3.5 V was observed. This value is also consistent with 
the difference of the redox potentials between lTN/ l”+  and 
Li/Li+.’ However, the V, was unstable and decreased to 3.3 V during 
1 hr. The Coulombic efficiency was very low (0.2%). The instability of 
V, and low Coulombic efficiency are due to the facts that the 
complexes deposited on the platinum plate dissolved gradually in 
THF,8 and that the l T N  complexes dropped off from the platinum 
plate during discharge for the same reason as that described in the 
Li-perylene salt battery. 
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FIGURE 2 Discharge curve of an all-solid state battery under galvanostatic condi- 
tions (0.2 PA) at 60 O C. 

3.3. All-aolld State Battery 

As an extention of the above studies, an all-solid state organic battery 
was fabricated by using a poly(ethy1ene oxide) film containing LiClO, 
as solid electrolyte? 'ITN - ClO, obtained by electrocrystallization 
and Li metal were used as cathode and anode active materials, 
respectively. A stable V, (3.3 V) was observed at 60°C.'o Figure 2 
shows the discharge curve of the battery at 60°C under galvanostatic 
conditions (0.2 PA). A relatively flat voltage (3.2 V) could be obtained. 
The electrochemical reaction can be described as follows. 

TTN - ClO, + Li++ e-+  TTN + LiC10, 

Li Li++ e- 

Thus, the organic complexes obtained by electrocrystallization could 
also be used as the electroactive materials of all-solid state battery. 

4. SUMMARY 

Electrocrystallization of conductive organic salts can be regarded as a 
charging process of a secondary battery. After electrocrystallization, 
reverse electrochemical reaction gave rise to an external current by 
connecting both electrodes. Two batteries were fabricated by using Li 
metal as an anode active material, and perylene complex or "N 
complex as a cathode active material. The most serious problem of 
these batteries is that the electrochemical reaction of discharge occurs 
mainly at the roots of the crystals, giving rise to detachment of the 
complex from platinum. Thus, Coulombic efficiency was low. We 
could also fabricate an all-solid state organic battery. Although the 
above-mentioned disadvantage must be conquered for the practical 
application, the present systems are new and attractive organic bat- 
teries of technological importance. 
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