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Abstract : Thin films of buckminsterfullerene(Cep) formed by
solution drop casting on Pt foil electrode surfaces were studied by
cyclic voltammetry(CV) in acetonitrile(MeCN) containing quaternary
ammonium or alkali-metal salts as supporting electrolyte. The
electrochemical behaviors of Ce films are found to be strongly
dependent on the nature of the supporting electrolytes, especially
with tetrabutyl ammonium perchlorate (TBAP, NBwClQs), and
tetrabutyl ammonium tetrafluoroborate (TBABF;, NBwBF.).
Reasonably stable films are formed into which electrons can be
injected. The interaction of Ce film with the quatemary
ammonium cation may produce the fulleride salts (TBA'XCg ) and
(TBA %2(Ce’ ). The bulk electroreduction with a controlled potential
to generate the soluble Cs° anions(dark red-brown color) is
followed by electrooxidative deposition to produce a neutral Ceo
film on the surface. The peak currents(l, and I.) of these thin
film were dramatically decreased with repetitive potential scanning.
These results could be explained by the adsorption-desorption
phenomena and ion pairing interaction of reduced species(Cg , and
Ce’) onto the electrode surface. The peak current changes and
peak potential shifts of the thin Cg film in cyclic voltammograms
formed from solution were observed by varying scan rates.

Keywords : Buckminsterfullerene(Ceo), Fulleride salts, Electrochemical
reduction.
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1. Introduction

Fullerenes, pure carbon molecules with
closed-cage structure consisting of five and six
membered rings, have been intensely studied both
experimentailly and theoretically since their
discovery in 1985[1]1. The study of fullerene
chemistry has grown rapidly since the method for
preparing fullerenes in gram quantities was
reported[2]. Studies of fullerene’s reactivities have
revealed very special properties, such as the
photoelectrochemical behavior of Ceo and Cro [3], the
conductivity and superconductivity of alkali~
metal-doped Ceo{ where the alkali metals are K, Rb,
Cs, etc.)[4], and the reductive electrochemistry of
Ceo and Crlbl. Ce films, casted on an electrode
surface by evaporation of Cg solutions, were doped
with alkali metals or quaternary ammonium cations
upon electroreduction in acetonitrile[6]. While the
electroreductions of fullerenes have been studied in
various solvents and electrolyte systems, the
stoichiometry of electrogenerated Ces”” films has not
been fully elucidated nor have the solubility and
stability of these fulleride films have bheen
characterized. At low temperature, Echegoyen et
al all. determined the Cg and Cro accept six electrons
to generate Ce’ and Cn® anions[7]. Also, kinetics
and thermodynamics for the electroreduction of
buckminsterfullerene were studied{8] and using
EQCM and CV, the ion pairing of electrogenerated
Cep anions(Ceo , Cer® ) with quaternary ammoniom
cations was observed(9].

In the present paper, we report a study on
the electrochemical properties of the thin films
of fullerene Co formed by solution drop casting
on the Pt foil electrode in MeCN. And the bulk
electroreduction under a controlled potential
sufficiently negative to generate the soluble Ceo™
anion f{dark red-brown color in MeCN) is
followed by electrooxidative deposition to form a
neutral Cs film on the surface of Pt foil
electrode.
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2. Experimental

2.1 Reagents and Instruments

Buckminsterfullerene(Ce) was purchased from
TCI and used as received. The Cg sample appears
~95 % pure from -chromatography studies.
Tetrabutyl ammonium perchiorate(TBACIO, : Alfa
Co.), tetrabutyl ammonium tetrafluoroborate
(TBABF, : Aldrich), lithium perchlorate(LiClO; :
Aldrich), and sodium perchlorate(NaCLO; : Sigma)
were used as supporting electrolyte. Toluene
(Fisher), acetonitrile(MeCN : Merck), and benzene
(Aldrich) were used as solvents to prepare the Ceo
sample solutions. Acetonitrile (CHsCN) was purified
by distilling over anhydrous AlCls (15 g/L), over
LizCOs (10 g/L), and redistilled over CaH: (2 g/1.)
prior to use. Purified solvents were reserved in 5A
molecular sieves (8~12 mesh). Tetrabutyl
ammonium perchlorate was twice recrystallized from
absolute ethanol and dried in vacuum at 40 C prior
to use.

Electrochemical measurements were carried out
using a Model 273 Potentiostat/(3alvanostat, M270
software and the M303A electrode system. The
working cell was purged by nitrogen gas(N:) to
remove the residual oxygen (O2). In cyclic
voltammetry, the working electrode was a Pt foil
electrodelarea: .14 cm?, thickness : 0.05 mm), and
the auxiliary electrode was a Pt wire. All potentials
were recorded against a Ag/AgCl reference
electrode. Controlled potential electrolysis was
performed with EG&G PAR 173 potentiostat
coupled-with an EG&G PAR 179 digital coulometer.

2.2 Preparation of the Thin Films

The thin films on the Pt foil electrode were
prepared by solution drop castingl[10} of 2~5uL
of a Cs solution in benzene, toluene, and
acetonitrile (1 mM). The color of solution was
dark red-purple indicating Ces  anions in
benzene and toluene[1l] and dark red-brown
colored colloidal solution indicating neutral Ceo
and almost did not dissolve in acetonitrile.
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2.3. Preparation of the Ce® solutions

Typically, a few mg of solid Cg present as a
fine suspension in 20~25 mlL of acetonitrile
(MeCN), 01 M TBA(CIOy, was bulk
electroreduced while stirring at a mercury pool
electrode polarized at -1.6 V vs. Ag/AgCl. After
the transfer of 3.0 electrons per Cs molecule, all
of the solid eventually dissolved as the
electrolysis current decayed to zero. The
resulting Ce® solution was dark red-brown
color.

3. Results and Discussion

3.1 Cyclic Voltammetry of Cg films upon
the gquaternary ammonium salt and different
electrolytes

Fig. 1 shows that the cyclic voltammetric
behaviors of Ce films formed by solution drop
csating in acetonitrile solution containing 0.1 M
TBACIOs.  As seen in the figure, the peak
currents were decreased upon the scan number.
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Fig. 1. Cyclic voltammogram of the Cg coated Pt
electrode in 0.IM TBACIOs, MeCN solution. Scan
rate = 50 mV/sec. The area of the Pt electrode is
0.15cm”. The Ceo coated electrode was prepared by
casting S5ul. of the Ceo solution in toluene. The
numbers in peak is representing the scan number. +
! The start point of the scanning.

Table 1 shows both the change of the peak
potential and the peak area upon the scan

Vol. 8, No. 4. 1995

number. Plotting the change of the peak
current and the peak area vs. the scan number
was shown in Fig. 2. We obtained the two
pair of peaks from the cyclic voltammogram of
Fig. 1. We could predict the electron transfers
with two-steps the fullerene
anions(Ces’, Ce’) during reduction-oxidation
process of the adsorbed Cey on the electrode
surfaces from the decrease of the current and
peak area of the Fig. I, 2 and Table 1, 2.
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Fig. 2 Plot of the peak area and peak current uvs.
cycle numbers from Fig. 1.

The cyclic voltammograms have shown that
the peak currents and areas are reduced with
increase of the scan number. It could be
suggested that the salt (TBA"XCeg )} or
(TBA"){Cw”™) was produced by the interaction
between the fullerene anions and supporting
electrolyte cations. Decreasing in the peak
current of Ce'”* (at ~1.09 V) was larger than
that of Cx”" (-0.94 V) in Fig. 1.



678

Table 1. The peak potenitals values from Fig I.

Cycles — By —Ege — K —Eipa
(Peak No) | Cw™) | (Co' ™) | Ca'™ | Ca™™" D)
1 0.9073 1.0760 0.3470 0.8931
2 0.9260 1.0760 0.3400 0.8760
3 0.9280 1.0780 0.3400 0.8740
4 0.9320 1.0780 0.3400 0.8660
5 0.9317 1.0780 0.3441 0.8604
6 0.9358 1.0800 0.3401 0.8545

Table 2. The peak current values from Fig. 1.

Cycles Ipe Tpe Ipa loa
(Peak No) | (C”7) | (Ca'™) | (Ca'™) | Co’™ ")
1 0.1736 0.18390 | 02536 | 0.1707
2 0.1974 01503 | 02282 | 02262
3 0.2004 0.1019 | 02419 | 02202
4 0.2042 00770 | 02684 | 0.1858
5 0.2063 00584 | 02903 | 00519
6 0.1968 | 00890 | 03172 | 0.1382
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Fig. 3. Cyclic voltammograms of the Ces coated Pt
electrode in 0.1M TBABFes, MeCN solution. Scan rate
= 50 mV/sec. The Ce coated electrode was prepared
by casting 5l of the Ce solution in toluene. The
arca of the Pt electrode is 014em’ 1 @ Potential
window @ 00V ~ —13V. 2 ! Potential window :
00V ~—-16V.

This means that a part of Ce®” in the salt
was not oxidized to Ce' during the oxidation
process after forming the salts (TBA'XCs) and
(TBA#Ce” ) produced by interaction between
Cer amons and tetrabutyl ammonium cations.
Fig. 3 shows that the cyclic voltammogram of
the Cg film using TBABF; as supporting
electrolyte. The peak shapes changed and the
peak potential shifted with the expansion of the
potential window in Fig. 3. When the potential
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window is fixed from 000 V to -1.30 V, the
first and second peak in cathodic direction
appeared at -093 and -1.20 volts with their
corresponding anodic peaks. This shows that
electrochemical reaction of Cg was reversible
process on the electrode surfacee. When the
switching potential expended to ~1.60 volts, the
cathodic peaks shifted to anodic direction that
the anodic peak at -0.90 wvolts was shifted to
more positive(~0.60 volts) and broadened. And
the peak for the production of the Ce’ anion at
near ~1.50 V was appeared. As results, we
proposed that the peak shift and broadening
occurred by the effect of the generated Ce
anion.
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Fig. 4. Cyclic voltammogram of the Ce coated Pt
electrode in 01M LiClOs and NaClOsq, MeCN
solution. Scan rate = 50 mV/sec. The areas of the
Pt electrode in using LiClOsq and NaClOs were
0.105cm” and 0.14cm® respectively. The Ceo coated
electrode was prepared by casting 5xL of the Ce
solution in toluene,

Fig. 4 shows the cyclic voltammogram of Ce
film using LiClOs and NaClOs4 as a supporting
electrolyte. These results differed from case of
quaternary ammonium salts, the separated two
cathodic peaks were merged to one peak and
anodic peaks were diminished.

3.2 Cyclic voltammetry with the different
casting solvents
Fig. 5 shows the cyclic voltammogram of Cw
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film on electrode surface formed by drop casting
with toluene solution. Al the peak potentials
were shifted to anodic direction and peak
currents were decreased then Fig. 3.
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Fig. 5. Cyclic voltammogram of the Ce coated Pt elect
rode in 0.IM TBACIOQ4, MeCN solution. Scan rate =
100 mV/sec. The area of the Pt electrode is 0.16cm”
The Cg coated electrode was prepared by casting 5
#L of the Ce solution in toluene. 1 : Potential wind
ow : QOV ~ —13V. 2 Potential window: 0.0V ~ —
1.6V.

Fig. 6. Cyclic voltammograms of the Ce coated Pt
electrode according to scan numbers in 01IM
TBACIO4 MeCN solution. Scan rate = 10 mV/sec.
The Ce: coated electrode was prepared by casting 5
1L of the Ca solution in MeCN.

Fig. 6 is the cyclic voltamrmogram of Ce film
formed by drop casting with acetonitrile
solutioni. Before dropping the Cs sample solution
the sample was sonicated for Smin. because the
Ceo was insoluble and colloidal suspension in
this solvent. Fig 6 showed that the peaks was
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sharp and the intensity was relatively small
The sharpness of peaks was shown that the
film was monolayed thin surface and molecular
packed structure. The peak currents were
depended upon the Cg quantity adsorbed on
electrode surface and the interaction of fullerene
anions. The decreasing of peak currents with
scan number means that the adsorbed Cg was
decreas of last from electrode surface by
interacting with TBA anion.

3.3 Scan rate effects

Fig. 7 shows the cyclic voltammogram from
the Ce film in 0.1M TBACIO; acetonitrile with
the scan rate from 5 to 100 mV/sec. The peak
potential and peak current values from Fig. 7
were shown in Zable 3, it was shown that the
current contained both of diffusion and chemical
reaction current from the I/v'? values were
increased with increase of scan rate.

10 0.0 Y T

050

E vs. AgCI(V)
Fig. 7. Cyclic voltammogram of the Ce coated Pt
electrode in 0.1M TBACIOs, MeCN solution. The area
of the Pt electrode is 0ld4cm’ The Ce coated
electrode was prepared by casting Spl. of the Ce
solution in toluene. 1 : 5mV/sec, 2 : 10mV/sec,, 3
20mV/sec., 4 : 50mV/sec., 5 : 100mV/sec.

Fig. 8 is the cyclic voltammogram with the
scan rate 100, 50, and 20 mV/sec., at same
condition with Fig 7, only except potential
window; 0.0~-16 volts. All peak currents in
Fig. 7, 8 are increased with the scan rate and
the cathodic peak was shifted to negative
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potential and the anodic peak was shifted to
positive potential. Therefore, We can suggest
that the electro- chemical reaction is proceeded
as CE process from the data of Table 3.

Table 3. The peak potential and peak currents upon
the scan rates in Fig 7.
Scan
Peak ~FEpe ~Epn dpe = I 1
Rate (Volts) (Volte) (uA/em®) upvern?) 1 TofV

(mVfver.) No.
5 1 08560 0.3630 24700 20.003 11779 11.0462
10 2 08708 03601 34810 63762 1.8317 11.0079
20 3 0.8887 03690 58600 11040 1.8840 13.1084
50 4 09287 03386 11800 20310 1.7212 186878
100 5 09623 038127 18080 27470 15184 18.0800

H
3
g :
-
{140 . . " A i
010 020 050 -~080 -1.10 -140 -1.70

E vs. AgCY(V)

Fig. 8. Cyclic voltammogram of the Ce coated Pt ele
ctrode in 0.1M TBACIOs, MeCN solution. The area o
f the Pt electrode is 0.14cm’ The Ce coated electrod
e was prepared by casting 5uL of the Cg solution i
n toluene, 4 . the st scan with 100 mV/sec., 3 : the
2nd scan with 100 mV/sec., 2 : the 3rd scan with 50
mV/sec., 1 : the 5th scan with 20 mV/sec.

3.4 The cyclic voltammogram of the Ce®
solutions from the controlled potential
electrolysis

Fig. 9 shows the cyclic voltammogram of
Ceo® (dark red-brown color) solution obtained by
the controlled potential electrolysis at —-1.50 volts
in acetonitrile containing 0.1 M TBACIOs The
peak currents were very weak, and the delay
time (20 sec.) were applied to the switching
potential.
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Fig. 9. Cyclic voltammogram from Ce®  solution in
0.1M TBACIQ4, MeCN. Scan rate = 50 mV/sec.

As seen, the cyclic voltammogram was shown
that all of the cathodic peaks were almost
reduced and the corresponding anodic peaks
were almost disappeared due to formation of
fulleride anion—quarternary ammonium cation
complex.

3.5 The evidence on the interaction of the
fullerride anions and the amine
Fig. 10 shows that the cylic voltammograms

Fig. 10. Cyclic voltammogram of the Ce coated Pt
electrode and the effect of TPA addtion in 01M
TBABFs, MeCN solution, Scan rate = 50 mV/sec.
The area of the Pt electrode is 0.14cm’. The Ce
coated electrode was prepared by casting 5¢L of the
Ce solution on toluene. A : Cyclic voltammogram
with only the Ce coated electrode, B @ After addition
of 100uL of 0IM TPANNN' N'-tetramethyl-
p-phenylenediamine) in MeCN.

of before and after adding 100 #L 0.1M TPA in
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acetonitrile. In this figure, "A” was shown the
cyclic voltammogram of Cg film in 01 M
TBACIOs of acetonitrile. "B” was shown the
cyclic voltammogram of Cg film after adding 0.1
M TPA at the same condition. All the peaks
(1, 2 and 1’, 2’ in A) were decreased, broadened
or merged and new reversible peaks (1 and 1’
in B) were appeared by addition TPA. These
have shown that the amine compound was
casily interacted with fulleride anion and this
applicable to surface
compound or

interaction may be
modification with
electrochemical reaction.

amine

Cep + P (TBA”)

I~
ICog (TBAP <on fogy, (TBAY)P
m‘]l K
[Cop (TBAN P s (Goe?, (TBAY),P
TaA"II K
oo TBA*) P o (G, TBAT) P
Scheme 1. The proposed EC mechanism.
p : The number of the electrolyte cation.
Ko ¢ The association constant.

Conclusion

In this report, we have studied the
electrochemical behaviors of the Cg thin film
casted on the electrode surfaces by the cyclic
voltammetry in  acetonitrile  solution. The
behaviors of the Ce film casted on electrode
surface; i) the peak currents were decreased with
the scan number, /i) From this result, it was
predicted that the fulleride complex, (TBA X Cew),
and (TBA"Ce’) were generated by the
interaction hetween the fullerene anions and the
supporting electrolyte cations, iii) In final, the CE
mechanism of the electrode process was proposed
as the following scheme 1.
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