Journal of Electrochemistry

Volume 3 | Issue 4

1997-11-28

Effect of Addition Groups on the Redox Properties of Fullerenes

Louzhen Fan
Yongfang Li
Dagui Li Yuliang Zheng

Daoben Zhu

Recommended Citation

Louzhen Fan, Yongfang Li, Dagui Li Yuliang Zheng, Daoben Zhu. Effect of Addition Groups on the Redox
Properties of Fullerenes[J]. Journal of Electrochemistry, 1997, 3(4): Article 6.

DOI: 10.61558/2993-074X.2658

Available at: https://jelectrochem.xmu.edu.cn/journal/vol3/iss4/6

This Article is brought to you for free and open access by Journal of Electrochemistry. It has been accepted for
inclusion in Journal of Electrochemistry by an authorized editor of Journal of Electrochemistry.


https://jelectrochem.xmu.edu.cn/journal
https://jelectrochem.xmu.edu.cn/journal/vol3
https://jelectrochem.xmu.edu.cn/journal/vol3/iss4
https://jelectrochem.xmu.edu.cn/journal/vol3/iss4/6

3 4 Vol 3 Na 4
1997 11 EL ECTROCHEM ISTRY Nov. 1997

Effect of Addition Groups on the Redox Properties of Fullerenes

Fan L ouzhen L i Yongfang Zheng D agui

L i Yuliang Zhu D aoben’
(Insti o Chen., TheChineseA cadany o Sinences, B eijing 100080)

Abstract Electrochenical properties of fullerene derivatives, including five Ceo
derivatives and four C7 derivatives, w ere studied systematically and comparatively by cyclic
voltammetry and differential pulsew ave voltammetry. The addition of the electron-donating
groupson the fullerenes caused negative shift of the redox potentialsof the fullerenes The
extent of the negative shift dependson the number and propertiesof the addition groups, and
on the nature of the fullerenes Q 08 Q 20V negative shift wasobserved for Ceo and Co
monoadducts, @ 30 Q 32V for bisadduct and @ 53 Q 58V for triadduct of Cea M ean-
w hile, the oxidation w aves of most of these derivatives gppeared on their cyclic voltanmo-
grans Particularly, an irreversible oxidation of the C» bisadduct took place at + Q 45V
(vs SCE), while that of Ceo bisadductwasat + Q 90V (vs SCE), indicating that the elec-
tronegativity of Cz was greatly reduced by the bisaddition of the electron-donating group s

Key w o rds Fullerenes, Electrochamical properties, Cyclic voltanmetry

1 Introduction

Since it was proposed that Ceo can be derivatized w ith organic groupsw hile ranaining
its unique electronic properties“], the num ber of synthetic fullerene derivatives increases at a
relatively fast pace'* **. Thework of W udl et al isparticularly notavorthy, since they have
explored rich synthetic chemistry of Ceo and conducted electrocheam ical measurement of all of
their product’® . TheseCe derivatives exhibited reversible reduction propertiesw ith small
negative potential shifts(< 100mV ) relative to Ces For Ceo and Cr, the same redox proper-
tiesw ere observed™. However, the elctrochemical properties of the C derivatives have
not been studied yet

The structure of Cz is different from that of Cea A ccording to the calculation of Ro-
dunder et al'®, theDs» symmetry of Cwo is lower than the I symmetry of Ceo, 0 it would
be deduced that the polarity of Cw is larger than that of Ceo, and the effect of the same
groups on Cn should be of some different from that on Ces In addition, to design new
fullerene derivatives for applications to material science and biochemistry, one should know
how the additon groups on the fullerene affect its redox properties which can provide a
straightforw ard indication of the electron-acception or electron-donating ability of the fuller-
ence derivatives It is, therefore, necessary to analyze the electrochamical propertiesof these
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derivatives systanatically and comparatively. Recently, the pyrrolidinemono-, bis and tri-
adducts of Ce and those of Cz were synthesized in our laboratory™ . Herew e describe
the relationship betw een the structures and redox properties of the derivatives of fullerenes
on the basis of the resultsof cyclic voltanmetry and differential pulse voltamm etry.

2 Exper mental

The preparation and characterization of the derivatives1 9of Ceo and Cn (compounds
1 9in Fig 1) studied in this paper were reported elsav here™ . A Il their structure and
purity have been characterized Fig 1 described the structure of the derivatives

Cyclic voltammetry (CV ), differential pulse voltanmetry (DPV ) were carried out w ith
an EG & G Princeton A pplied Research (PAR) M odel 174A polarographic analyzer and a
PAR M odel 175 progranmer. A three electrode configuration was used throughout Al
measuranents were performed at ambient temperature under argon atmosphere in a
dichloromethane wlution containing @ 1 mol- L™ ' (TEA)BFs The concentration of
fullerenes and their derivatives isabout 10 * mol- L™ % A glasscarbon discw ith the diame-
ter of 3mm was used as theworking electrode, aplatinum plate as the counter electrode,
and a saturated calomel electrode (SCE) as the reference electrode T he electrode potentials
on the text are relative to SCE unlessothemw ise stated

38T H

Fig 1 The structure illustration of compound 1 9 (the derivativesof Ce and Cro)

3 Resultsand D iscussion
T he reduction and oxidation potentialsof Ceo, C7o and their derivatives, compounds 1
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9 (see Fig 1), weremeasured by cyclic voltanmetry, which are listed in Tab 1 A Il com-
pounds except 9 showd two or three reversible electroreductions in the potential range of O

- 1 7V (Fig 2) and all except 2 show ed one irreversible electrooxidation in the potential
rangeof 0 + 1 5V under our condition (Tah 1).

Tab 1 Halfwave potentials of Ceo, C7o and their derivatives redox ocouples in dichloromethane
containing @ 1molA (TEA)BFa4(scan rate 50mV /s)

Ce, Cwo and E12/A/ (vs SCE) Oxidation potential
their derivatives Reduction Steps V (vs SCE)
(see Fig 1) 1st 2nd 3rd 1st
Ceo - Q52 - Q92 - 132
1 - Q65 - 102 - 149 + 1 30
2 - Q60 - 100 - 148
3 - Q64 - 103 - 152 135
4 - Q84 2122 +0Q 90
5 - 110 - 145 +Q 87
Cn - Q50 - Q90 - 127
6 - Q64 - 103 - 144 + 1 40
7 - Q70 - 107 - 144 +120
8 - Q70 - 108 - 143 + 1 23
9 + Q45
M onoadductsof Cea  Compounds 1, 2, 3 in Fig 1 are [1eA

Ce0 monoadducts A Q 13V negative shift of the first re-
duction w ave of compound 1 relative to Ceo W as observed
(see Fig 2 and Tab 2). The value of the negative shift of
the first reduction w ave of the Ceo monoadducts dependson
the nature of their addition groups W hen amethyl in com- 2

pound 1 is substituted with a hydroxyl, compound 2 is

formed T he negative shift of compound 2 isQ 08V, indi-

cating that it ismore electronegative than compound 1 but C,,

still less electronegative than Cea This is reaonable be-

cause hydroxyl group is inductively electronw ithdraw ing If )

the wo methyl's in compound 1w ere substituted w ith one 0.0 0. 4 0. 8 -1.2 —-1.6

iopropyl, then obtained compound 3w hose negative shift is E/V (vs. SCE)
Q 12V, alittlemore electronegative than compound 1 The _ .

. ] ] ~ Fig 2 Cyclic voltanmogram s of
difference of the negative shift of compounds 1 and 3 is Ce and compounds 2, 4
gnall (£10mV ), although the electron-donating ability of (Fig 1) at 50mV /s in di-

) ) cloromethane containing
two methyl groups is greater than one iopropyl group. Q 1mol- L™ *(TEA)BF4

Probably, theweak effect distinction betw een two methyl
group and one iopropyl group on the negative shift is due to the separation of the alkyl
groups from parent Ceo by apyrrolidine In fact, themain effect on Ceo isdetem ined by the
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pyrrolidine w hich attaches Ceo directly. One can easily recognize that the reduction poten-
tials depend on the electronegativitiesof the attached atom s**.

Bis and triadductsof Cea Q 32V and Q 58V negative shifts relative to parent Ceo
w ere observed for the first reduction of bis and triadduct of Ceo (compounds 4 and 5 in Fig
1) regpectively (Tab 2, and Fig 2). Owing to the big negative shift, only two reduction
peaks in the cyclic voltanmogram sof compounds 4, 5w ere detected in the potential range of
0 - 1 7V. We oould attribute this significant shift to the following reasons 1)
Cyclichexyl in compounds 4 and 5 is a strong electron-donating group, w hich shifts the re-
duction potential to more negative 2) M ore than one addition groups can affect the elec-
tronegativity of Ceo remarkably, and thismay be themain reason Comparing the value of
the negative shift of the first reduction potential of the mono-, bis- and triadducts of Ceo
mentioned above, it can be suggested that introducing more addition groups is amore effec-
tive way to change the electronegativity of Ceo than prolonging the length of addition
groups In fact, onemore addition group in compound 5 shifts the first reduction potential
negatively by Q 26V more than that of compound 4, which istwo timesof theQ 13V nega-
tive shift of themonoadducts

Tah 2 Negative shiftsof first reduction potential of compounds1 8

T he derivatives of Ceo T he derivatives of Cno
Compounds mono- bis  tri- mono-
1 8(seeFig 1)
1 2 3 4 5 6 7 8
AEWV) Q 13 Q 08 Q12 Q 32 Q 58 Q 14 Q 20 Q20

* For compounds1 5, AE relative to Ceo and compounds 6 8 relative to Czo

M onoadductsof C.a  To compare the effect of addition group on Cz w ith that on Ceo,
w e obtained theDPV curvesof the derivatives of Cn(Fig 3). Compounds 1 and 6w ith the
sam e addition group generate aimost the sane negative shift relative to Ceo and Cno regec-
tively (the shift of the three reductionw avesof compound 1isQ 13, Q 10, and Q 17V rela
tive to Ceo and that of compound 6 isQ 14, Q 13, and Q 17V relative to Cw), indicating
that the effect of the same group on themonoadductsof Ceo and Cz is identical For com-
pound 7, adding a cyclichexyl group to thepyrrolidine of compound 6 shifts the reduction po-
tentialsmore (see Tabh 2) than that of compound 6, w hich agreesw ith the result of the Ceo
derivatives (compounds 4 and 5) mentioned previously. It can al be seen from Tab 2 that
the negative shift of the first reduction of compound 8 isQ 20V, which is the samew ith that
of compound 7. The only difference of compounds 8 and 7 is that the iopropyl in the addi-
tion group of compound 7 is substituted by two mathyl groups in compound 8, w hich is anal-
ogous to the Ceo derivativesof compounds1and 3 The resultsagain indicate that the reduc-
tion potential shift of the fullerene derivatives is affected mainly by the electronegativity of
the attached atom son the fullerenes*®.
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Bisadduct of C It is mpressive that
bisadduct of Cn (compound 9 in Fig 1) ismuch
less electronegative than that of Ce (compound
4). For compound 9 no negativew avesw ere ob-
served in its cyclic voltanmogran s in the poten-
tial range of 0 - 1 7 V. But for the Ceo
bisadduct (compound 4), the first reduction
wavewasat - Q 84V and the secondw as at -
1 22V (seeFig 2). W emay attribute this great
difference to the different structure betw een Ceo
and Cn A Ithough the two fullerenes have the

[14]

sane cyclic voltanmetric behavior™, their ¢ <o
structural symmetry is different If monoaddi-
tion group locates in the same electron atmo-

4 -0.8 -1.2 -6

E/V(vs.SCE)

Fig 3 Differential pulse voltanmograns
(DPV) of Cn and compounds 6, 7
and 8(see Fig 1), modulation am-

gphere in Ceo and Cr, bis or trisaddition groups
probably show different effect on their distribu-
tion The electron amogphere in bisadducts of
Ceo W hich is of perfect symmetry should be more homoge-
neous than that of Cz, then these derivativesof Ceo are easy
to accept the electrons compared w ith that of Czn

Oxidation of the adducts of the fullerences A smen-
tioned previously, an irreversible oxidation wave was ob-
served for most of the derivatives in the potential range from
0 + 15V vs SCE (seeFig 4and Tab 1). Since no oxi-
dation wave could be obtained below + 1 5V vs SCE for
Ceo and Cw, the results indicate that the derivatizating of
Ce and Cro w ith the addition of electron-donating groupsfa-
cilitates the electrooxidation process Electron-donating
groups, such as pyrrolidine and alkyl groups significantly
low er the oxidation potential of Ceo and Cz Interestingly,
the bisadduct of C7, compound 9, show ed a oxidation w ave
at quite low potential of + Q 45V (vs SCE), while the cor-
regponding derivative of Ceo (compound 4) was at + Q 9V,
and triadduct of Ceo (compound 5) at + Q 87V in their cyclic
voltammograms (Fig 4). Comparing the oxidation potential
of compound 9w ith that of compound 7(see Tah 1), the ad-
dition of one more electron-donation pyrrolidine groups on
Cw causes its oxidation potential Q@ 75V shift negatively.

plitude 25mV, scan rate 2mV /s

9

1A

N

1.5

Fig 4

1.0 0.5 0.0
E/V(vs.SCE)

Cyclic voltanmogram s of
compounds 4, 5 and 9
(see Fig 1) at 50 mV /s
in dichloromethane con-
taining @ 1 mol - L *

(TEA)BF.
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This indicates that the electron-donating ability of Cz is greatly increased by the bisaddi-
tion
4 Conclusion

1) The addition of the electron-donating pyrrolidine groupson fullerenes (Ceo and Cro)
caused the negative shifts of their redox potentials For the monoaddition derivatives, the

sam e addition groups have the same effect on the negative shifts of the redox potentials of
Ceo and Cna

2) Themore the number of the addition groupson the fullerene, the larger the negative
shiftsof its redox potentials T he addition of onemore pyrrolidine group has stronger effect
on the negative shifts than that of previous addition groups

3) Theoxidation of the derivatives took place at a low er potential due to the effect of the
addition of the electron-donating groups A oxidation w ave gppearsat + Q 45V (vs SCE)
in the cyclic voltanmogran of the bisadduct of C, indicating that compound 9 could be an
electron donor.
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