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Fullerene C60 was embedded in the cast films of an artificial lipid, tridodecylmethylammonium bromide (1) on 
electrodes. The electrochemistry of the obtained modified electrodes was examined in water containing a variety of 
electrolyte cations including K+, tetraethylammonium and tetra-n-butylammonium and of electrolyte anions including 
F, CI·, Br·, SO/' and N03·• No cation dependence was observed during cyclic voltammometry of the modified 
electrodes. On the contrary, electrolyte anions except SO/ were found to influence the CVs of the electrodes; that is, 
the cathodic peak potentials of the electrodes shifted in parallel with the hydration energy of the anions. Based on these 
results, one possible electron transfer mechanism for the first and second reduction processes of the embedded C60 in 
the lipid films has been proposed. 
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1. INTRODUCTION 
Fullerenes are novel and unique carbon nanocluster 

materials. Since the first discovery 11
, studies on the 

chemistry, physics and biochemistry of fullerenes 
and related compounds have been at the forefront 
of research. 21 The chemistry of fulleride anions is 
of particular interest in the field of fullerene 
science. 31 The electrochemistry of fullerene films 
is important from the aspects of both 
fundamentals and applications. The electrochemistry 
of cast films and Langmuir-Blodgett films of C60 and C70 

on electrode surfaces are reported to be unstable and 
complex both in organic solvents41 and in watef1• On the 
contrary, we have revealed that the electrochemistry of 
C60 embeddded in cast films of cationic lipids on 
electrodes are very stable.6

•
81 Here we shed light on the 

electron transfer mechanism of C~ipids on electrodes. 
Kadish and coworkers91 described the effects of 
electrolyte cations on the elecrtrochemistry of c60 in 
organic solution. Szucs and coworkers 101 reported a 
strong cation dependence on the aqueous 
electrochemistry of cast films of c60 and of c70 on 
electrodes. We have described the aqueous 
electrochemistry of a fullerene lipid on electrodes. We 
now propose a possible electron transfer mechanism for 
the C~ipid-modified electrodes based on the 
electrolyte cation and anion dependence of the 
electrodes. In this study, tridodecylmethylammonium 
bromide (1, Chart 1) that forms a molecular-bilayer 
structure was used as a cationic artificial lipid. 
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2. EXPERIMENTAL 
C60 ( +99.95%) was purchased from the Materials and 

Electrochemical Research Co. and used as received. 
Supporting electrolytes used in this study included KF, 
KCl, KBr, K2S04, KN0 3, tetraethylammonium bromide 
(TEABr), and tetra-n-butylammonium bromide 
(TBABr). Tridodecylmethylammonium bromide (1) was 
available from our previous studl1• Milli Q water 
(Millipore Co., >18.2 M ohm) was used. 

The preparation of the C60/1-modified electrodes 
is as follows. A bare basal-plane pyrolytic 
graphite (BPG, Union Carbide Co.) electrode 
(geometric area, 0.196cm2

) was polished with a 
1500-grit SiC emery paper, followed by a rinse 
with water and then air-drying. A ten-microliter 
portion of C60(0.8mM)/1 (l5.4mM) in toluene was 
placed on a polished BPG electrode surface and 
then dried in vacuo at 5hP for lh. 

Cyclic voltammogram (CV) measurements were 
conducted with a potentiostat (Seiko EG&G, 
Model 263A) in 0.1 M aqueous solution containing an 
electrolyte at 25 ·c under an argon (99.9999%) 
atmosphere. APt plate (Nilaco, 99.98%) and a saturated 
calomel electrode (SCE) was used as the counter and 
reference electrodes, respectively. 

3. RESULTS AND DISCUSSION 
3.1 Effect of electrolyte cations on CVs 

The cathodic peak potentials for C60 cast on electrodes 
in aqueous solution have been reported to shift in the 
positive direction with a decrease in the hydration 
energy of the ions.101 Differential pulse voltammograms 
of the cast films of fullerene lipid 2 (Chart 2) on 
electrodes showed a strong electrolyte cation 
dependence.111 In sharp contrast, the CVs for C~1-
modified electrodes in water showed no electrolyte 
cation dependence. As demonstrated in Figure 1 and 
Table 1, the cathodic peak potentials (Epc) for the first 
and second reduction of C60 in the films are almost 
identical in three solutions containing KBr TEABr or 
TBABr. This result indicates that the C60 anions 
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Figure 1. Typical cyclic voltammograms for C~Xfl­

modified BPG electrodes in aqueous solution containing 
O.lM KBr. TEABr orTBABr. Scan rate. 0.1 Y/s. 

Table 1. Cathodic peak potentials for cast films of C~Xfl 
on BPG electrodes. 

Electrolytes KBr TEAB TBAB 

Epc1 /mY -224 -240 -234 

-824 -808 -811 

generated in the films do not bind to the electrolyte 
cations, instead, the cationic lipid 1 forms a complex 
with C60 radical monoanions and dianions. 

3.2 Effect of electrolyte anions on CYs 
Figure 2 shows the CYs for the C~Xfl-modified 

electrodes in water containing 0.1 M of a given 
electrolyte, in which the used electrolytes are KF, 
KC!, KBr, KN03 and K2S04 • In sharp contrast 
with the cation dependence, the CYs showed a 
strong electrolyte anions dependence. Table 2 
summarizes the Epc, anordic peak potentials (Epa), and 
formal potentials (J?l') obtained from the CYs. In Figure 
3, the obtained first and second cathodic potentials are 
plotted as a function of the hydration energies of the 
anions. For N03·, Br", CJ· and F·, both the first and 
second reduction potentials shift in parallel with the 
hydration energy of these anions as well as in parallel 
with the Hofmeister series of anions that exhibit an 
indication of the affinity of hydrophobic tetra­
alkylammonium cations in an organic phase and anions 
in an aqueous phase. This result suggests binding of 
electrolyte anions with the cationic lipid 1 in the films 
that results in a shift of the cathodic peak potentials. As 
can be seen in Figure 3, SO/ exhibits large deviation 
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Figure 2. Typical cyclic voltammograms for C~Xfl­

modified BPG electrodes in aqueous solution containing 
O.lM KF, KC!, KBr, KN03, or K2S04 . Scan rate, 0.1 
Y/s. 

Table 2. Cathodic peak potentials (Epc), anodic peak potentials( Epa) and formal potentials (E0
) for cast 

films of C60/l on BPG electrodes in aqueous solution containing a given electrolytes. 

Electrolytes KF KCl K2S04 KBr KN03 

Epc1 /mY -143 -158 -166 -225 -376 

Epa 1 /mY -34 -72 -66 -140 -216 

E/' /mY -89 -115 -116 -183 -296 

Epc2 /mY -743 -798 -801 -821 -832 

Epa2 /mY -668 -738 -736 -742 -716 

E/' /mY -706 -768 -769 -782 -774 
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Figure 3. Relationship between the hydration energy 
of anions (.6..G) and the cathodic peak potentials 
(A: first reduction process, B: second reduction 
process) of the C60/1-modified electrodes. 

from the plot. This is probably due to the 1 :2 complex 
formation between SO/ and lipid 1 in the films. 

3.3 A proposed electron transfer mechanism 
We have described elsewhere the theoretical treatment 

(thermodynamics) for the binding of electrolyte cations 
(tetraalkylammonium) to the radical anion and the 
dianion of the fullerene moieties in a 2 film cast on a 
BPG electrode in aqueous solution, where the binding of 
the anions of the C60 moiety with electrolyte cations 
determines the cathodic peak potentials of the c60 
moiety. 11

l Szucs and coworkers10
l described the aqueous 

electrochemistry of films of C60 solely on electrodes to 
have a strong anion dependence. 
The following is the proposed electron transfer 
mechanism for Cooflipid 1-coated electrodes. For the first 
reduction process (eq 1) of c60 embedded in films of 1, 
the cathodic peak potentials in the CVs shift to a positive 
direction compared with those of C60 in organic 
solutions3•l, indicating the complex formation of a c60 
radical monoanion and cation. For the Coof1-modified 
electrodes, no electrolyte cation dependence on the CVs 

suggests that the counter cation of the C60 anion is not an 
electrolyte cation but the ammonium cation of lipid 1 
(eq 2). Therefore, the contribution of eq 3, where M 
denotes the electrolyte cation, for the cathodic potentials 
is almost negligible. Unfortunately, the determination of 
the binding constant between the C60 radical monoanion 
and 1 was not possible since 1 is not an electrolyte but a 
film component. Important feature is the anion 
dependence on the cathodic potentials. As was described 
in section 3.2, the cathodic peak potentials for the Coof1 
electrodes shifted negatively in the presence of 
electrolyte anions with smaller hydration energies. This 
shift is due to the formation of a complex between an 
electrolyte anion and ammonium moiety on 1, as 
expressed by eq 4, where X denotes the electrolyte anion. 
That is, the negative shift is explained by the 
competitive binding of the C60 radical monoanion and 
electrolyte anion toward the lipid cation. The proposed 
electron transfer mechanism is quite different from those 
of 2-coated electrodes11

J and of C60-coated electrodes10
l. 

The same electron transfer mechanism for the 
second reduction process (Scheme 2) would be 
proposed since both the cation and anion 
dependences on the CVs (see Figures 1 and 3) for 
the second reduction were almost similar to those 
of the first reduction. 

Scheme l 
c60 ~ c60·- (l) 
c ·- + ]+ ~ 1+ • c60·- (2) 60 ....---
c60·- + M+ ~ M+. c60·- (3) ....---
x- 1+ ~ 1+ • x- (4) + ....---

Scheme 2 
c ·-60 ~ c 2-60 (5) 
c ·- + 2e ~ (1 +>z • c60 2- (6) 60 ....---c ·- + 2M+ ~ (M+)2 • c60 2- (7) 60 ....---
x- + 1+ ~ 1+ • x- (8) ....---

4. CONCLUSION 
In conclusion, we have revealed the electron transfer 

reactions of C60 embedded in lipid cast films on 
electrodes. The proposed mechanism would be 
applicable for the electron transfer reactions of higher 
fullerenes incorporated in lipid films on electrodes. 
Detailed analyses of the modified electrodes using the 
electrochemical quartz crystal microbalance are 
currently underway in our laboratory. 

5. ACKNOWLEDGMENTS 
Financial supports from a Grant-in-Aid for 

Scientific Research from the Ministry of 
Education, Science, Sports and Culture Japan, and 
the Asahi Glass Foundation are gratefully 
acknowledged. 

6. REFERENCES 
[I] H. W. Kroto, J. R. Heath, S. C. O'Brien, R. F. Curl, 
and R. E. Smalley, Nature, 318, 162 (1985). 
[2] Fullernens: Chemistry, Physics and 
Technology, K. M. Kadish, R. S. Ruoff, Eds, 
Wiley-Interscience: New York, 2000. 
[3] (a) J. Chlistunoff, D. Cliffel, and A. J. Bard, In 

935 



936 Electrochemistry of C60/Cationic Lipid Films on Electrodes in Aqueous Solution 

Handbook of Organic Conductive Molecules and 
Polymers; Vol.l, Na1wa, H. S. Ed., John Wiley & 
Sons, Chichester, 1997; pp. 333-412. (b) C. L. 
Reed, and R. D. Bolskar, Chem. Rev., 100, 1075 
(2000). 
[4] C. Jehou1et, A. J. Bard, and F. Wud1, J. Am Chem. 
Soc. 113, 5456-5457(1991). 
[5] J. J. Davis H. A. 0. Hill, A. Kurz, A. D. Leighton, 
and A. Y. Safronov, J. Electroanal. Chem., 429, 7-
11(1997). 
[6] N. Nakashima, T. Tokunaga, Y.Nonaka, T. 
Nakanishi, H. Murakami, and T. Sagara, Angew. Chem., 
lnt. Ed. Engl. 37, 2671 (1998). 
[7] N. Nakashima, T. Kuriyama, T. Tokunaga, H. 
Murakami, and T. Sagara, Chem. Lett. 1998, 633. 
[8] T. Nakanishi, H. Murakami, T. Sagara, and N. 
Nakashima, Chem Lett. 2000, 340-341. 
[9] D. Dubois, G. Moninot, W. Kutner, M. T. 
Jones, and K. M. Kadish, J. Phys. Chem., 96, 7137 
(1992). 
[lO] A. Szucs, A. Loix, J. B. Nagy, and L. 
Lamberts, J. Electroanal. Chem., 402, 137 ( 1996). 
[11] T. Nakanishi, H. Murakami, T. Sagara, and N. 
Nakashima, J. Phys. Chem. B, 103, 304 (1999). 

(Received January 5, 2000; Accepted February 28, 2001) 


