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The most abundant isomer of C;0(CF3)i0 (70-10-1) is a rare example of a perfluoroalkylated fullerer ~

exhibiting electro-chemically irreversible reduction. We show that electro-chemical reversibility at the

first reduction step is achieved at scan rates higher than 5oo V/s. Applying ESR-, vis-NIR-, and, for the fi st

time, *F NMR-spectroelectrochemistry, as well as mass-spectrometry and DFT calculations, we show

that the (70-10-1)" radical monoanionis in equilibrium with a singly-bonded diamagnetic dimeric dia..

This study is the first example of the *F NMR spectroelectrochemistry, which promises to be a st== |

method in the elucidation of redox mechanisms of fluoroorganic compounds. Besides, we demonstrate

an importance of combining different spectroelectrochemical methods and quantitative analysis of the

transferred charge and spin in determination of the redox mechanism.

Introduction

Since the early steps and till now, the field oflecolar organic
semiconductors has a pronounced misbalance towatgge
materials. Hence,

many efforts have been dedicatd

electrochemical reversibility of the first reductistep may ¢* 2
a first information about it. The electrochemigadversibility
the reduction does not automatically translates t'=
performance of the materials in the solid stateengtthe tiine
timescale of the electron transport is much faten the typ :al

development oh-type organic semiconductors which might bﬁme scale of the cyclic voltammetry measuremergt..

comparable in stability and device performance Witkir p-type

observation of the electrochemically irreversibleduct ..

counterpartd:® Functionalization with electron-withdrawingproceSS raises the question on the possible meshanii 1

groups, such as fluorine or perfluoralkyl radicasspne of the
common methods to increase an electron affinityoxfanic
semiconductors and i
semiconductors. For instance, in a series of rqoerfiiuoroalkyl
derivatization studies of different polyaromaticdngcarbons

(PAHS) it was shown that eactr Broup increases the eIemror};llthough several compounds with irreversible reiduacare

affinity by 0.2—0.3 eV and induces similarly higbgitive shifts
of electrochemical reduction potenti&ls® Hence, multiple
perfluoroalkylation is a convenient way to creatersg electron
acceptors from virtually any PAH. Likewise, fluoaition and
perfluoroalkylation of fullerenes created a ranfe@mpounds
with enhanced electron accepting propertés.For fullerenes,
however, the influence of added groups on the mlrcccepting
properties is more complex and strongly dependsemddition
patternt®

Electrochemistry is a common tool to characteglestron
accepting properties of molecular organic materid#st,
electrochemical reduction potential provides a em@nt and
simple estimation of the LUMO energy. Second, sitgbof
anion radicals is an important issue for n-type amats, and

This journal is © The Royal Society of Chemistry 2013

improve-type properties of organic

sample degradation or may be an indication of kv glectr n
transfer kinetics. For instance, fluorofullerenesiaily exh *
irreversible reduction behaviour presumably du¢h® loss of
fluorine upon reduction. At the same time, major. ¥
perfluoroalkyfullerenes has reversible reductiorepst® *°
aS(
known, including the major isomer ofz§0CFs)10, which is tiic
main object of this work. A large fraction of perfiroalkylated
PAHs also exhibits electrochemically irreversibleduct »»
behaviour at moderate voltammetric scan ratgs!4

Elucidation of the mechanism of complex redox tie i
often requires the use of complementary spectrascop
techniques. Spectroelectrochemistry, the combinatior
spectroscopy and electrochemistry, plays a prominele in
such investigations. A plethora of spectroscopmaaches nave
been successfully implemented for in S u
spectroelectrochemical (ESC) studié€1One of the advantage -
of SEC is the possibility to address molecular ctrites of ~ .c
species formed during the electron transfer andove' -
chemical reactions. With this goal in mind, a wealf structura!
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information would be one of the most important riegqments for Fast scan cyclic voltammetry measurements werfenmeed
a spectroscopic technique to be used as a SECDespite the using Autolab PGSTAT100 potentiostat (Metrohm AalmIThe
dominant role of NMR spectroscopy in the structur&letherlands) and a two-electrode cell with a honaslen
characterization of organic compounds, the coupbhdNMR working microelectrode (a Pt wire fused into a glaapport, &
with electrochemistry is used relatively rarelywee than 15 60 + 10 um) and a Pt wire as a counter/refereredrelde = -~
NMR-SEC studies have been published to datéThe majority electrolyte solution was 0.1 M tetrabutylammor'm
utilized 'H NMR-SEC; two papers reportédC NMR-SECS3? 33  tetrafluoroborate (TBABE in o-dichlorobenzene (o-DCB).
NMR with other nuclei has not been applied to onowledge. In situ ESR/vis—NIR spectroelectrochemical measurements
In this work we establish, for the first timé¥F NMR-SEC as a were performed in a Bruker ER 41040R optical ESwiiva
powerful tool for the study of the redox mechanisiwis ESR spectra are recorded using a Bruker EMX Micfba™
fluorinated organic compounds. This method complitee CW spectrometer. Vis—NIR spectra were recordedgusn
already  well established UV-vis-NIR and ESR\vantes AvaSpec-2048x14-USB2 spectrometer with (MC’.
spectroelectrochemical techniques and is especiajul when detector and an Avantes AvaSpec-NIR256-2.2 speei=m
reduction process and/or follow-up reactions preduevith anInGaAs detector and AvaSoft 7.5 softwarethBhe E 3’
diamagnetic species. As a working example, we bhapéied this spectrometer and the UV—vis—NIR spectrometers Virgked to
new tool, along with vis-NIR- and ESR-SEC, to stuthe a HEKA PG 390 potentiostat. Triggering was perfainusing
reduction/reoxidation behaviour of 1,4,10,19,2549160,66,69- the software package PotMaster v2x40 (HEKA Eledt)oinr
C7o(CRs)10 (Fig.1, hereafter70-10-). 70-10-1 is the major spectroelectrochemical flat cell with a three-dgle .c
isomer of Go(CFs)10 and can be obtained with unprecedentedfrrangement consisting of a laminated Pt-mesh v _
high yield, thus making it one of the most abunfjaptoduced electrode, a platinum wire auxiliary electrode, ansilver w=-
perfluoroalkylfullerenes. But unlike majority of her pseudoreference electrode was u&etihe cell was filled n1
perfluoroalkylfullerenes, exhibiting reversible chieal and prepared in an oxygen-free glovebox and was sulperhbe:
electrochemical reduction with the formation ofldéaradical sealed and transferred to the spectrometers.
anions!® 19 38740 70-10-1 was found to have irreversible The NMR spectroelectrochemical measuremel . were
reduction with yet unknown mechanisfhHere we show that performed using a Bruker Avance Il 500 MHz specteten
application of our new’F NMR-SEC approach is crucial toequipped with a standard 5 mm BBO probe head, dJB&-
elucidate the reduction mechanism &f#-10-1and prove that heating system, and the software package TopSpiB2ul =r
reversible dimerization of radical anion is the mpkusible Biospin). The'H probe head channel was tuned to 470.6 N..._ to
explanation. run the °F experiments. Electrochemical experiments /e
carried out using a three electrode system, a HBKE#®NtioS.
PG 390, and the software package Potmaster ''"™ A
Elektronik).

The electrode construction consisted of a carbib. erf
filament as the working and auxiliary electrodéadditionally,
a thin chlorinated silver wire was located closdhe work’ i
electrode as a quasi-reference electrode. To shedglectrolys..
products at the working electrode, only this padfrtttee ¢ :l
system was located in the range of the RF coilthénNM. .
probe. The electrodes were connected to the postatiwith _u
wires. To house the carbon-fiber-filament workimgl auxilia.
electrodes, glass capillaries were sealed at odenith epox*-
resin and wrapped at the other end with PTFE tépe.cc -2c
between the carbon fiber and the copper wire wademay
conductive epoxy resin. The PTFE-covered chlorih#tg wire
pseudoreference electrode was soldered to a Cu ’
arranged together with the other connecting wifék@worki~ o
Figure 1. Molecular structure (two projections) and Schlegel diagram of 70-10-1. and counter electrode. The electrode system caomgisf

In molecular structure, fluorine is shown yellow, and carbon either light green three electrodes was inserted into a 5 mm NMR autzkse: '~d
(C-sp3) or grey (C-sp?). In the Schlegel diagram, positions of CF; groups are denoted with PTEE tape.

as black dots, and white the letters correspond to multiplets in 1°F NMR spectrum. . : . .
The ribbon of edge-sharing para or meta Cy(CF3), hexagons, formed by 10 CF3 For thein situ NMR spectroelectrochemical experiment ca,

groups, is highlighted in yellow. 2.4 mg of 70-10-1 was dissolved in 0.5 mL 06-DCB-dx
containing 0.3 M NBuwCIO4s as the supporting electrc ly e.
purged with N for 10 min, and filled into a standard 5 mm NMR
tube in an inert-atmosphere glovebox. (@d HO vapor « 1
The synthesis 070-10-1was previously describefd. ppm). A small crystal of NB&iBFs~ was added as the I..... .
chemical shift standard. For the chemical reductian 1.4 r-

Experimental and computational details

2| J. Name., 2012, 00, 1-3 This journal is © The Royal Society of Chemistry 2012
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of 70-10-1was dissolved in 0.5 mL ai-DCB-d4 and titrated
with a saturated solution of Co€pA few small crystals of

NBus'PFs~ were added to the sample prior to reduction as a

internal standard for quantification. All samplealdéing
operations were performed in the glovebox, (8,0 vapor < 1
ppm) and the spectra were recorded in a sealed BIMRitube.
Selected NMR spectra were also recorded using @aivar
INOVA 400 instrument (CRClz, 376.5 MHz, 298 K, €Fs int.

std. § —164.9)). Negative-ion atmospheric-pressure chamic

ionization (NI-APCI) mass spectra were recordedngisan
Agilent Technologies Model 6210 TOF
Dichloromethane solutions were initially injectetahe mobile
phase was acetonitrile.

All structures were first optimized at the PBE/TZRvel
using the Priroda cod€. 4 Then, single point energy
calculations at the B3LYP-D3/6-311G* level with péssion
correctiort® and C-PCM®
the Firefly codée’

Results and discussion

Cyclic voltammetry

Figure 2 shows cyclic voltammograms (CVs)7@f-10-1in o-

spectrometer.

Analyst

0.005 V/s 0.005 V/s

500 V/s 500 V/s
04 00 04 08

current/(scan rate)'?

12 08 -04 00 04 08
Eversus C,,” IV

Figure 2. Cyclic voltammograms of 70-10-1 in 0-DCB at slow (5 mV/s) and fast (£ 0
V/s) scan rates. Arrows show direction of scan.

ESR- and vis-NIR spectroelectrochemistry

The EC reduction process at slow scan rates wassiigated

solvation model were computed USInSi’Jsing a combination of ESR-SEC and Vis-NIR-SEC .uF0?

shows that the reduction af0-10-1is accompanied by the
appearance of several absorption features at wagthle up w
1200 nm (note that0-10-1does not absorb light with> 5 ..
nn*®). The formation of a paramagnetic species wit. a
featureless ESR signal was also observed whendtes . .

the working electrode was more negative than —0vkMGo”'~

dichlorobenzenectDCB) recorded at scan rates of 5 mV/s arl@ualitatively, the appearance of an ESR signalnduthe

500 V/s. The reduction 0f70-10-1 is electrochemically
irreversible at the lower scan rate (and at scéesrap to 20
V/s19). Namely, a single reduction peak at —0.11 V v&Cin

the forward scan is followed by two re-oxidationage near
—-0.05 V and +0.70 V in the reverse scan (notettiateduction
potential for the @®- couple is —1.08 V vs. Fe(Gp¥ in o-

DCB). The first re-oxidation peak corresponds te thversible

reduction indicates the formation of a relativetakde radical
anion. This could be70-10-)- or a paramagnetic ==~~~
derived from it. In the case of a reversible singlecti :n
reduction, the number of electrons transferred wilual the
number of unpaired spins observed. The former eaalzule e |
by integration of the curreniersus-time dependence, and uie
latter can be determined from the intensity of SR signai. <.

oxidation of70-10-1 and is insignificant relative to the seconéhe SEC experiments shown in Fig. 3, only one uepas’ ...
re-oxidation peak at 5 mV/s and is still less iseerthan the was observed for every 12 electrons transferreslgls® ESI "~

second re-oxidation peak at scan rates lower tHan//a1°
Electrochemical reversibility of the first reduatimf 70-10-1
with the concomitant disappearance of the secorukidgation
peak, was only achieved at a scan rate of 5003és &lso ESI
Fig. S1 for CV curves measured at different scaestawe
describe reduction as electrochemically reversibleen the
reduction and re-oxidation currents for the peaks0all V and
—-0.05 V become equal and the peak at +0.70 V dezagp.
These results indicate that at low scan speeds7th&0-T
radical anion is transformed into a new chemicacsss, the
electrochemical oxidation of which correspondste anodic
peak at ca. 0.70 V vs 76~ (i.e., at low scan speeds the reductic
of 70-10-1is consistent with an electrochemical/chemical E(
process). Note that the second reductiorOei0-1peak at —0.66
V is reversible even at low scan rates, and theeefoe two
consecutive reductions @D-10-1are reversible at 500 V/s.

This journal is © The Royal Society of Chemistry 2012

S2). This means that only a small portion of rediud@-10-1i~
ESR active, whereas the main product of the rednds E F
silent and likely diamagnetic. Our working hypotiseafter
performing the ESR-SEC experiment was that the B&l e
(70-10-)" radical anion is in equilibrium with the putative

(a)
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Figure 3. Vis-NIR/ESR spectroelectrochemical studies of 70-10-1: (a) difference
Vis-NIR absorption spectra detected during the first reduction (red zero line
corresponds to the potential 1.2 V, green line is measured at -0.4 V); the in ..
shows the ESR spectrum of the reduced form (g = 2.0031, peak width 2.0 G); )
Evolution of the ESR intensity (double integral) and relative absorbance at 511 nm
during cyclic voltammetry at the first reduction step.

J. Name., 2012, 00, 1-3 | 3
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diamagnetic product, and the distribution of thigioal 70-10-1

and a new set of 10 multiplets with slightly smalietegrated

molecules was ca. 8%/@-10-)- and ca. 92% diamagneticintensities appeared (vide supra). A small amofififel0-1was

product.

ESR spectroscopy can only detect paramagnetidespdat
both paramagnetic and diamagnetic compounds canrigig to
Vis-NIR absorptions. Therefore, the difference apson
spectra in Figure 3 are largely due to the predantin
diamagnetic product. To clarify this point we comgzh the
evolution of the ESR signal intensity and the istrabsorption
feature at 511 nm during the voltammetric cycle.e Tiwo
intensity vs. potential profiles are different, icating that these
spectral features correspond to different chensipaties.

19F NMR spectroscopy and spectroelectrochemistry

still present after the bulk electrolytic reductiéte-oxidation of
the sample restored the spectrum7810-1 No additional
spectral features were detected during or afteretbetro® '~
The lack of NMR signals due to species other thai0-1afte
electrolysis demonstrated conclusively that the -eleeti »n
reduction of70-10-1is chemically reversible, even thougn It 1s
electrochemically irreversible at all but the fastecan speeus.

A modest excess of the strong one-electron re: 1
Co(Cp} was used to achieve the complete conversiotOaf"-
1 to reduced products, as shown in Fig. 5. The tiagu{gre. "
NMR spectrum in Fig. 5 is identical to the greeedpa in Fig
4 and is therefore assigned to the diamagneticymtddrmec b

We used %F NMR-SEC to characterize the predominarﬂne'elemron reduction @f0-10-1 2D COSY experiments (ESI

diamagnetic product formed by one-electron reduaabio’ 0-10-
1. The results are shown in Figs. 4 and 5. Thed@&ups in70-
10-1are positioned on a ribbon of edge-shapagga- andmeta-

Figs. S3 and S4) confirmed that the:CGleldition pattern is a
ribbon of p- andm-Ce(CFs)2 hexagons. Furthermore, it appcais
that the multiplets labelled', b', c¢', etc. in the green spec .uiu

Cs(CFs)2 hexagons (Fig. 1), and through-space Fermi-cont&f associated with the same sCffoups that give ris

F--F interactions between @groups sharing the same hexago

rrpultipletsa, b, c, etc. in the spectrum af0-10-1 That is, * -

result in'®F NMR quartets for the two GRjroups at the ends of9reen and red spectra appear to be congruent eXu@pie

the ribbon (these are quartétandj in Fig. 5) and quartets of
quartets (sometimes appearing as apparent septetaoe
complex multiplets) for the other eight €§roups (see Table 1
for chemical shifts}l 4°

Chemical shift / ppm

Figure 4. °F NMR spectra recorded in situ during the bulk electrolysis of 70-10-1
in 0-DCB-d,: (a) reduction at —0.3 V vs. C;%~; (b) re-oxidation of the solution at
+1.1 V. The green spectra in both (a) and (b) correspond to the solution of
70-10-1 after electrolytic reduction. The red spectra in (a) and (b) correspond to
the solution of 70-10-1 before the electrolytic reduction and after the electrolytic
re-oxidation, respectively. The arrows indicate the increase (up) or decrease
(down) in intensity of the indicated multiplets during the electrolytic reduction (a)
and the electrolytic re-oxidation (b). The green spectra are assigned to the
predominant diamagnetic species formed by the spontaneous transformation of
the paramagnetic (70-10-1)" radical anion.

Fig. 4 shows the evolution 8fF NMR spectra recordeiah
situ during the bulk electrolytic reduction @0-10-1in o-DCB-
ds at —0.3 V vs. @”~ and re-oxidation of the solution at 1.1
(the electrolysis times at the two potentials wérand 10 h,
respectively). As the electrolytic reduction prodee, the 10

multiplets due t670-10-1broadened and decreased in intensig/e" ca.1

4| J. Name., 2012, 00, 1-3

multiplets in the green spectrum are shifted toaenoegati'~~
values. The largest shifts are for green multipdétsndi' (—..”
and —1.1 ppm relative to red multipletandi, respectivel
Table 1 for additional information). Significantlthe through-
space Fermi-contader coupling constants for quartdtandi’
and forj andj' are similar. Taken together, these results ¢ ugg 3st
that the positions of the Ggroups on the £ cage do not chau., <
upon reduction.

ST

(a) b odis i A j ”
ede
| | \ T hf, W\W i UN\} ‘m H}\j !
1 P L e
- i i) ‘
(b) [T c’be' f .g. T A >M )}M
Mo il [ B[
< MU T

o L B
-61 -62 -63 -64 -65 -66 -67 -68 -69 -70 -71 -72 -73
Chemical shift / ppm

Figure 5. 19F NMR spectra in 0-DCB-d, of samples of 70-10-1 before (a) and ~f >~
(b) the addition of excess Co(Cp),. The assignment of multiplets a, b, ..., j and a',
b', ... j') to particular CF; groups was established using 2D COSY °F NMR spect .,
which are shown in ESI Figs. S4 and S5. The assignments to particular CF; grot »¢
are shown in Figure 1.

After reduction, the integrated intensities of nplétsa’, h', .,
and ' were reduced to 89+3% of the original intensiwes

\}'nultipletsa, h, i, andj (these are the multiplets for whic « 1 *

most precise integrated intensities could be meaurTi.is
value agrees reasonably well with the ESR-SEC meas .
0% paramagnetic, "NMR-sile@J-10-I and ca. ¢ */

This journal is © The Royal Society of Chemistry 2012
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Table 1.%°F NMR data foi70-10-1in pristine and reduced forms measured-DCB-d..

compound multiplet/=5/COSY multiplet correlationdf, Hz
70-10-1 a b c d e f g h i i
-3 60.9 63.1 63.2 63.7 63.8 64.2 64.9 65.9 68.7 Lo
COSsY c,g ef a,h e b,d b,g af cj d h
Jee, HZ 11,16 13-14 14-16 14-16 13-14 13-16 11,16 40,1 16 10
(70-1C-1),* a' b' c' d e' f g h' i j
-9 62.4 63.4 63.5 63.7 64.3 64.7 64.9 66.2 69.8 7.4
COSsY c'\g' a, h e, f b, d' b, g e i a,f c,j d' h'
Jre, HZ 13-15 10-13 12-16 14-17 14-16 14-16 10-16 5 17 10

of a diamagnetic, ESR-silent species that exhtbitgsgreen°F
NMR spectrum).

Interestingly, the spectral changes induced bwctdn of
70-10-1are very similar to those observed upon additio@ N~
to 70-10-1°%° as shown in Fig. 6. Reaction #®-10-1with CN~
gives a monoadduct anio@Q-10-)(CN)~ with CN bonded to
the C34 atom located on pole of the fullerene cage.

70-10-1 + CN~

70-10-1 + Co(Cp),

70-10-1

I I I
-64 -68 -72
Chemical shift / ppm

T
-60

Figure 6. °F NMR spectra in CD,Cl, of 70-10-1, 70-10-1 reduced with Co(Cp),, and
70-10-1 reacted with CN-. Note that chemical shifts are somewhat different from
those measured in 0-DCB.

To summarize, the combined spectroelectrochemtaalies
of the70-10-1reduction mechanism show that (a) the proces
chemically reversible 70-10-1 is fully recovered after re-
oxidation); (b) the first reduction produces bothrdagnetic and
paramagnetic species in a ca. 9:1 ratio basedoce@es; (c) the
diamagnetic reduction product has as@=H&dition pattern similar
to that of 70-10-1 (d) the NMR spectrum of one-electro
reduced70-10-1resembles that of the/@-10-)(CN)~ anion.
Based on these results, we propose tfi@t10-)~ undergoes
spontaneous dimerization to a diamagnetic dianf@1(Q-12>"
held together with a C—C single bond between idahttage

dimeric dianion 70-10-1)2?" undergoes two-electron oxid af ir
at ca. 0.7 V vs. &” to reform 70-10-1 Hence,70-10-11s
reformed at the end of the voltammetric cycles showFig. 2.

Mass-spectral studies

In dianionic fullerene dimers, monomer units expece struiy
Coulomb repulsion (e.g., in ref!, the repulsion energ ..
fullerene dimer dianions was estimated to be ca kdmol), a.c
hence they are not stable in the gas phase andoane _
detected by mass spectrometry. Nevertheless, wernass ~
monoanion with twice the mass @-10-1in the NI-APCI
spectrum of an CKCI2 solution of a mixture of70-10-1 and
Co(Cp} (see ESI Fig. S6). The dimer and monomer ani~=~ 2
easily oxidized during the analysis by traces of feom e
acetonitrile mobile phase. The NI-APCI mass sp&ctaf 70-
10-1under similar conditions did not exhibit dimericaxidiz :c
species.

DFT calculations

To clarify the possible molecular structure of tiamagnc..c
dianionic dimer, we performed a computational stuiye m _
thermodynamically preferable dimerization sitesevpredic.
using the algorithm described previously for aniofiillere e
dimers®! We first computed the 3170-10-)(CHs)~ anions *~
find which cage C atoms are the most likely to faansta*le
fullerene—fullerene C($p-C(sp) single bond (ESI Table S1-
only 31 out of 60 C-spatoms of70-10-1were considered a<
possible dimerization sites because the other 28tipn- _ue¢
Ss'l%rically hindered by close @Froups). Using these results «. 2
guide, the 17 most stabl&Q-10-12?" dimers were computed,
and these are also listed in Table S2. The mobtestlime i
dianion has a C34-C34 bond (Fig. 7). This is ind@ary with
the observation that C34 is ti®-10-1cage C atom th t s
"httacked first by CNSC All other calculated{0-10-922" isomers
are less stable than the C34—C34 dimer by at [Ead%tI/mo.
Interestingly, C34 is not one of the cage &[gtoms in 70-1u-
1)~ with high unpaired spin density, as shown in Fig.inc
atoms with significant unpaired spin density aselto the ..

3
C(sp) atoms. Furthermore, we propose that the cage I:(Sé’i'oups and are therefore sterically hindered freammfng wun

atoms forming the single bond are C34, the same €agtom
that is bonded to the CN group iA0t10-)(CN)~ (hence the
similarity of their NMR spectra). Presumably, thiardagnetic

This journal is © The Royal Society of Chemistry 2012

intercage C—C bond. Importantly, the C33—C34 boritDi1C _
is the most reactive cage C=C double bond andiistionaliz-
first when substituents are added@10-15% 5254
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Figure 7. (a) Spin density distribution in the (70-10-1)" radical anion; two
projection of the molecule are shown; the proposed dimerization site C34 and C33
are pointed by arrows. (b) The DFT-optimized molecular structure of the most
stable (70-10-1),2~ dimer linked through C34.

Table 2.Binding energy of (&),>” and 70-10-1,?" dimeric dianion%

DFT, gas DFT-D3, gas DFT-D8;DCB
(C# 120.9 64.2 —495
(70-10-1),> 68.9 9.8 -87.1

2 Single point energy B3LYP-D3/6-311G* calculatiomish PBE-optimized
structures. All values are in kJ per mol of dimexigon.

different reduction behaviours. Finally, we noteatththe
enhanced stability of dianionic dimers was previpsedicted

for some endohedral fullerenes, some of which &sbibit

electrochemically irreversible reductiotis.

Conclusions

The redox behaviour af0-10-1was studied by a combinati
spectroelectrochemical (SEC) techniques, whichaoted D

paramagnetic and diamagnetic species, the lattenefd b, a
chemically-reversible EC process. We showed treaa7€R10-1

radical anion exists in equilibrium with its singbpnc 2d
diamagnetic dimeric dianion7Q-10-122", in 0-DCB solutioi..
1F NMR spectroelectrochemical data are reported foer¢ €

first time, and'®F NMR-SEC was shown to be a convenie... a.«d

useful tool for studying redox reactions of flu@iad orge....c
compounds. This study also emphasizes the impartahec~*
only qualitative, but also quantitative SEC studaghe reliak!'~
elucidation of the redox processes and product®lédw-Ln

reactions. Qualitative ESR-SEC study @0-10-1 reduction
detected formation of the radical anion, but failedeveal * 1ct

the main component is ESR silent, which becameilplessniy

after quantitative ESR study and comparison tortliat - «n

transferred charged determined from the voltamm=- _

Likewise, correspondence of the quantitative ESH Buw....
data on the fraction of the reduced form being E&fR} NMR-

visible proves that all electrochemically produspecies .. _

identified. Thus, combination of SEC methods wascied . ~r

the complete description of the redox process.
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