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General Approach to Functionalized Fulleropyrrolidines
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In conclus ion,  in solut ion and in the ground state, the effect of  a potential  donor  like ferrocene or 

tettathiafulvalene on the electrochemical properties of  C60 is very weak, and barely outside the experimental error. 

Experiments are needed to define the possibifity of  energy transfer in the excited state. 

EOII- El.12- E2-/3 - E3-14- E4-15 - E5-/6- E l + / 0  E 2+/1+ 

C6o  - 0.94 - 1.33 - 1.83 - 2.28 - 2.74 

1 - 1.05 - 1.44 - 2.01 - 2.42 - 3.12 

- 3 . 1 4  

2 - 1.08 - 1.47 - 2.03 - 2.44 - 3.14 + 0.05 

3 - 1.00 - 1.38 - 1.95 - 2.36 - 3.05 - 3.22 + 0.16 

4 - 0.99 - 1.40 - 1.91 - 2.32 - 3.00 0.0 

5 - 1.00 - 1.39 - 1.97 - 2.37 - 3.05 0.0 

6 - 1.03 - 1.43 - 1,99 - 2.41 - 3.09 - 0.12 + 0.24 

7 - 1.04 - 1.43 - 1.99 - 2.41 - 3.09 

8 - 1.01 - 1.41 - 1.98 - 2.38 - 3.06 

9 - 1.00 - 1.38 - 1.95 - 2.36 - 3.05 - 3.22 

1 0 - 0.99 - 1.39 - 1.95 - 2.36 - 3.04 

Table 1. El/2 values (V vs Fc+/Fc) of  the redox couples of  C60 and compounds  1-10, detected by CV (sweep 

rate 0.1 V/s) in 3:1 toluene-acetonitrile solutions (0.1 mol/L TBAP),  at - 45°C. Errors are estimated at + 5 inV. 

Eli2 = (Eanpeak + Eratlw, ak)/2. Cathodic to anodic differences lie between 45 and 55 inV. 

From the beginning of  the fullerene era, the electrochemistry of  C60 derivatives has been systematically 

explored by the Wudl  group.  They found that both fulleroids and methanoful lerenes  essential ly retain the 

electronic propert ies of  C60.11"12"2733 An extensive investigation of  the redox properties of  several variously 

functionalized organoful lerenes  has been recently reported by Suzuki et al., who  studied the influence of  the 

groups attached directly to C60 on CV potentials. 34 

However,  only recently, after Echegoyen 's  work, 6 has a wider cathodic window become accessible and five 

reduction waves  for  C60 derivatives have been detected. 19,35-37 Al though the electrochemical  reduction of  
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under microwave irradiation (MI). In this regard, MI has
proven to be very useful in cycloaddition reactions14 as well as
in fullerene chemistry,15 where formation of the respective
2-pyrazolino[60]fullerenes proceeds in reasonably good yields
(30–40%) in a few minutes. Substitution on N-1 and C-3 of the
pyrazoline ring allows preparation of a wide variety of fullerene
derivatives which, in contrast to other functionalization methods
for C60, do not form racemic mixtures due to the sp2 nature of
the C-3 of the pyrazoline ring.

The scope of the reaction is very broad as any organic
moiety, such as alkyl,16 aryl (endowed with electron-donor17

or electron-acceptor substituents),18 oligomers,19 metallocenes,20

p-excedent16,20a or p-deficient heterocycles,21 can be covalently
linked to C60 through the carbon atom of the pyrazoline ring.
This is important for further side-chain chemistry as well as for
possible applications of the modified fullerenes. For instance,
bishydrazones have been used for the synthesis of C60–oligo-
phenylenevinylenes–C60 triad 1 (Fig. 1),22 where OPV - C60

energy transfer and pyrazoline - C60 electron transfer were
observed upon photoexcitation. Concerning the N-substituent
of the pyrazoline ring, the p-nitrophenyl group is, by far, the
most used moiety, although phenyl,23 p-methoxyphenyl24 or
p-iodophenyl-derivatives25 have been reported as well. Further

functionalization on the aromatic ring of the N-aryl group has
been achieved by reduction of the p-nitrophenyl moiety26 and
subsequent amidation of the newly formed amino group (2).27

Other approaches involving palladium catalyzed cross-coupling
reactions, such as Heck28 or Sonogashira,25 have also been
reported. This methodology is also suitable for the functional-
ization of higher fullerenes such as C70, and 2-pyrazolino-
[70]fullerenes29 have been obtained as mixtures of a [C(1)–C(2)]
and b [C(5)–C(6)] isomers, similarly to other related functional-
ization methods reported for C70.

30

Electrochemical properties

The study of the electrochemical properties of fullerenes31 has
been a field of intense research since these materials were first
isolated in gram amounts in 1990.32 C60 is a relatively good
electron acceptor which can be reduced up to the hexaanion33

and the relatively low value of its first reduction potential,
similar to that of p-benzoquinone, makes fullerenes ideal
candidates for the development of molecular and supra-
molecular donor–acceptor (D–A) systems able to mimic the
natural photosynthetic process.
The typical features of the electrochemical properties of

pristine C60 are also observed in monoadducts. However, a
change in the hybridization of carbon atoms from sp2 to the
less electronegative sp3 results in a higher LUMO level. For
modified fullerenes it then becomes more difficult to accept
electrons and, therefore, reduction becomes harder. Thus, in
general, the reduction potentials of fullerene monoadducts are
about 100 mV more negative than those of C60.

34 A great
synthetic effort has been made in order to improve the electron
affinity of fullerenes. However, only a few examples, mainly
polyfluorinated fullerenes35 or other derivatives bearing electro-
negative or electron-deficient atoms directly connected to the
fullerene cage,36 have been found to be better electron acceptors
than parent C60.

37 Consequently, a general procedure allowing
the preparation of functionalized fullerenes showing a better,
or at least equivalent, electron affinity than the parent C60 has
been a matter of interest for the preparation of improved D–A
systems. This condition is satisfied in the addition of nitrile
oxides to form isoxazolinofullerenes38 and by nitrile imines to
prepare 2-pyrazolinofullerenes (vide supra).
The most simple 2-pyrazolino[60]fullerene prepared to date,

the C-3 methyl derivative 3, is an example of this electro-
chemical behaviour.16 3 shows, at room temperature, four
reversible reduction waves and one irreversible reduction wave
attributed, respectively, to the fullerene core and the p-nitro-
phenyl moiety. Compared to the parent C60 (Fig. 2), this
adduct showed similar values for the first and the second
fullerene-based reduction waves in an o-dichlorobenzene
(o-DCB)/acetonitrile (4 : 1) mixture (3, E1

red = !0.63 V and
E2

red = !1.04 V; C60: !0.64 V and !1.05 V, respectively, vs.
Ag/AgCl).
The electronic nature of the substituents linked to the

carbon atom (C-3) of the 2-pyrazoline ring has a strong impact
on the electron acceptor ability of the fullerene cage. In this
regard, electron withdrawing groups anodically shift the first
reduction potential to more negative values in comparison to
the parent C60 (i.e., 40mV for 4,20a 60mV for 518 or 70mV for 6.18

Scheme 1 Synthetic approaches to 2-pyrazolino[60]fullerenes from

nitrile imine derivatives.

Fig. 1 Representative examples of chemical derivatization on C-3 (1)

and N-1 (2) of 2-pyrazolinofullerenes.
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The shift vs. C60 is less pronounced when electron rich substi-
tuents are present (0 mV for 720 or 8,20 and 10 mV for 9,20

1020 and 1139) (Fig. 3).
The influence of the nature of the substituent connected to

the sp3 nitrogen atom of the 2-pyrazoline ring has been
systematically studied in derivatives 12a–c (Fig. 4).40 The first
reduction potential of fullerene derivative 12c bearing an
electron withdrawing nitro group is shifted to more negative
values by 80 mV compared to pristine C60. This shift was 40 mV
vs. C60 in 12b bearing a hydrogen atom and only 20 mV when
an electron donor methoxy group was present (12a). Further-
more, when electron deficient substituents are present on both
sides (C-3 and N-1) of the 2-pyrazoline ring (Fig. 4), the shift

of the first reduction potential is even larger (80 mV for 13 and
90 mV in the case of 1441).

Electronic and photophysical properties

The photophysical properties of 2-pyrazolinofullerenes stem
from the combination of the properties of the fullerene and
the substituted fused pyrazoline moiety. The features of the
UV-vis spectra are typical of C60 derivatives with large absorp-
tion in the UV region and a weak and broad absorption in the
visible region up to around 700 nm resulting from prohibited
electronic transitions. Nevertheless, the profile is not just a
superimposition of the spectra of the components, suggesting
the existence of charge transfer (CT) processes.42 A typical
feature of this family of compounds is the observation in 15 of
a CT band at around 470 nm which is shifted toward longer
wavelengths with increasing solvent polarity, as shown in
Fig. 5.13 1H-NMR studies43 of various 2-pyrazolinofullerenes
performed in solvents of different polarity confirmed the
existence of the CT process in the ground state.
A representative example of the photophysical behaviour of

2-pyrazolinofullerenes is shown in the fluorescence spectra of
16. The spectra are characterized by a broad band at 697 nm
with a shoulder at around 780 nm, similarly to other fullerene
derivatives (e.g., pyrrolidinofullerenes) but with lower emission
quantum yield. The solvent polarity has a considerable effect
on the fluorescence intensity of 16. Thus, by increasing the

Fig. 2 OSVW of 3 (red) and C60 (blue) using o-DCB/acetonitrile

4 : 1 (v/v) mixture vs. Ag/AgCl, at room temperature.

Fig. 3 The redox properties of 2-pyrazolino[60]fullerenes can be finely

tuned by controlling the nature of the substituents on the C-3 atom of

the pyrazoline ring.

Fig. 4 The redox properties of 2-pyrazolino[60]fullerenes can be

finely tuned by controlling the nature of the substituents on the N-1

atom of the pyrazoline ring.

Fig. 5 Charge transfer band observed for 15. Solvent: cyclohexane

(!"!), methylene dichloride (!""!), and carbon disulfide (!). Spectrum
(- -) is for C60 in cyclohexane at the same concentration. Reprinted from

ref. 13 with permission from ACS.
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Fulleropyrrolidines are much less basic than regular amines

measured in dioxane/water 85/15

N
CH3

CH2OCH2CH2OCH2CH2OCH3

N
CH3

CH2OCH2CH2OCH2CH2OCH3

pKa = 5.6 ± 0.01

pKa = 11.1 ± 0.01

Bagno, A.; Claeson, S.; Maggini, M.; Martini, M. L.; Prato, M.; Scorrano, G. Chem. Eur. J. 2002, 8, 1016



N
CH3

CH2OCH2CH2OCH2CH2OCH3 CH2OCH2CH2OCH2CH2OCH3N
CH3CH3
+

CH3I

N
CH3

CH2OCH2CH2OCH2CH2OCH3 N
CH3

CH2OCH2CH2OCH2CH2OCH3
CH3

+CH3I

Pyrrolidine reacts 500 times faster than fulleropyrrolidine

Bagno, A.; Claeson, S.; Maggini, M.; Martini, M. L.; Prato, M.; Scorrano, G. Chem. Eur. J. 2002, 8, 1016



HOMO HOMO -4

The nitrogen lone pair lies in a lower energy orbital

Chem. Eur. J. 2002, 8, 1015
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Photosynthesis: a lesson from plants



anatomia di una cella solare al silicio 

La fotocorrente è un flusso di elettroni 
nel silicio generato dai fotoni della 
luce solare



tecnologia facile, accessibile, incentivata 
costo e disponibilità del silicio 
ampie superfici 



N

N

N
Zn

N

N

N

N
Zn

N

O

O

1010 s-1
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slower charge-
recombination

Paddon-Row MN in Vögtle F. et al. Stimulating Concepts in Chemistry, Wiley-VCH, Weinheim, 2000
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C60 is an ideal partner in photoinduced processes because:
a) is a good electron acceptor
b) has readily accessible excited states (singlet and triplet)
c) becomes a much better acceptor in the excited states
d) has a low reorganization energy

as is

heterogeneous mixtures
(conducting polymers, 
phthalocyanines, etc)

solar cells
photoconductors
photosynthesis

solar cells
photoconductors
photosynthesis

heterogeneous mixtures 
(conducting polymers, etc) 

dyads, triads 
(donors and C60 covalently attached)

chemical derivatization



Molecular Plastic Solar Cells

Sariciftci, N. S.; Smilowitz, L.; Heeger, A. J.; Wudl, F. Science 1992, 258, 1474-1476
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Sariciftci, N. S., et al.
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4% Yield 
Prof. N S Sariciftci 

Linz University, Austria
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N
CH3 O

O
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N
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N
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J. Am. Chem. Soc. 1997, 119, 974

Light-Induced Electron-Transfer and Charge-Separation
in Fullerene-Ferrocene Dyads

τ = 1.8 µs τ = 2.5 µs
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Synthesis of a Ferrocene-Fullerene Flexible Dyad
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Layer-by-layer deposition of fulleropyrrolidinium ion 
Evidence from Absorption Spectroscopy
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Pyrrolidinium dyads - comparison 
     rigid versus flexible     rigid versus flexible

flexible dyad shows “0” photocurrent

slow charge recombination 
good charge-transport

fast charge-recombination 
poor charge mobility
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The role of the morphology in these systems 
is of fundamental importance

CONCLUSION

Study of the general behavior  
of aggregation in fullerene derivatives



Synthesis of Novel Amphiphilic  
Fullerene derivatives
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1. Suspended in water 
2. Sonicated in a water bath 
3. Centrifuged @ 3,000 rpm 
4. A drop deposited on a TEM grid 
5. Wait for solvent evaporation  
6. Look and wonder

Preparation of the samples
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N NH3 Cl



Do different fullerene structures  
lead to similar or 

different shapes of aggregation? 
Can the shapes be modeled?
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Self-Assembly is Driven by Fullerene Hydrophobicity



Can Perfection Be Achieved? 
(perfectly structured nanoobjects 

with defined structure, dimension and function)

Maybe, but not with the systems studied so far 
We need a further element of ordering
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F. Zerbetto and M. Melle-Franco 
(Tinker program)
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electron hopping is favored



CONCLUSIONS

2) Long hydrophilic chains seem to favor long rod-type  
 of aggregation

1) Short alkyl chains seem to favor spherical micelle-type  
 of aggregation

3) Addition of templating systems such as porphyrins or  
 phthalocyanines leads to nanoobjects with well defined  
 structures

4) The self-assembly process can favor the formation of  
     C60 networks useful for nanotechnological applications
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Optical limiters are important for protection 
of optical sensors or human eyes against damage 

from high-energy laser light 

• Laser medicine 
• Military Industry 

• Electronic Industry



1. Introduction

Graphene oxide (GO) is a unique graphene-based material that
possesses distinctive structural and electronic properties due to its
oxygenated carbon backbone. GO has attracted attention as a ver-
satile, solution-processable multifunctional carbon platform at
which a variety of chemical transformations can be effected by
modifying the oxygen-containing functional groups. GO exhibits
third-order optical nonlinearities and interesting optical limiting
(OL) responses that can be tuned by modifying the sp2 and sp3 car-
bon content. Specifically, it can be integrated with other comple-
mentary nonlinear optical (NLO) moieties via covalent or non-
covalent surface functionalization strategies. The resultant hybrids
have shown NLO and OL performance greater than the sum of the
individual components or their physical blends.

This review is primarily focused on third-order NLO and OL
properties of hybrids consisting of GO which have been covalently
functionalized by coordination complexes. A summary of the fun-
damentals of OL and the third-order NLO effects contributing to OL
is followed by a description of the Z-scan technique, the most pop-
ular approach to evaluate third-order NLO and OL properties. We
then summarize some of the interesting NLO-based studies of
GO-based materials, and report on the third-order NLO and OL
properties of hybrids consisting of GO covalently functionalized
by coordination complexes, concluding with suggestions for future
profitable research in this contemporary interdisciplinary field.

2. Optical limiting processes and procedures

2.1. Passive optical limiting (OL)

Over recent years, the proliferation of laser technology in vari-
ous research and technological fields has led to an extensive use
of high-power laser sources operating at different power levels,
pulse widths, repetition rates and a variety of wavelengths from
the ultraviolet through the visible light spectrum to the infrared,
so it is crucial to design appropriate laser protection devices that
protect delicate optical sensors, especially the human eye, from
accidental or deliberate exposure to detrimental laser sources,
while allowing the sensor to operate under ambient light condi-
tions [1–3].

Passive manipulation of laser beams (also known as passive
optical limiting) is an effective strategy that can be applied to con-
trol the intensity or the fluence of laser beams, so as to avoid unac-
ceptable levels of energy density on the sensor (Fig. 1). Passive
optical limiting relies on intensity- or fluence-dependent third-
order or higher-order NLO processes inherent to certain materials.
These materials have the ability to control the intensity of the
incoming laser in situ in a predetermined and predictable manner
via nonlinear absorption, scattering, diffraction or blocking, as a
response to the light-induced modifications in the nonlinear med-
ium [1]. Thus, passive manipulation provides irradiance-
dependent dynamic laser protection to the sensor by decreasing
the output transmittance with increasing incident light intensity
without the aid of an ancillary system to trigger the limiting action

[2]. Hence, passive OL has great potential for integration into
broadband sensor protection devices known as passive optical lim-
iters, which operate at a wide range of power levels, wavelengths
and pulse durations as well as with frequency-agile lasers. Besides
controlling the optical fluence, optical limiters can be used in opti-
cal switches for pulse shaping, pulse smoothing and pulse com-
pression [4,5].

An ideal optical limiter shows high linear transmittance for low
input intensities up to a certain threshold value known as the
clamping threshold (Fig. 2). Upon further increase in input laser
intensity above the clamping threshold, the optical limiter starts
to attenuate the incoming radiation via energy absorption- or
energy spreading-type NLOmechanisms as discussed in detail later
[6]; thus, the output transmittance starts to clamp at a constant
value that depends on factors such as the concentration of the
active species, the geometry of the experimental laser set-up, etc.
As a result, the amount of radiation reaching the sensor is limited
while the sensor is allowed to function optimally under normal
light intensities. However, the OL ability of the medium may be
lost after exposure to a particular maximum input fluence known
as the damage fluence because of laser-induced irreversible optical
damage.

In designing a practical optical limiter with high OL efficiency,
certain primary requirements need to be fulfilled, such as high lin-
ear transmittance at low laser intensities, large nonlinear optical
susceptibilities, low optical limiting threshold, and high damage
threshold, which collectively give a large dynamic range, fast
response time, quick recovery, etc. Besides these requirements,
some secondary requirements such as low cost, light weight, ease
of processing and robustness (good mechanical and thermal stabil-
ity) are important [1]. A vast catalogue of NLO materials with dif-
ferent degrees of OL efficiency have been reported to date [2,7–10].
However, none of the materials have been demonstrated to possess
all the requisites for an ideal optical limiter: each candidate mate-
rial has one or more shortcomings that can override their favorable
OL merits. For example, some materials show promising low limit-
ing thresholds, but low damage thresholds narrow their dynamic
range; finding suitable NLO materials with extended dynamic
ranges to function optimally at high laser intensities is imperative.

The OL ability of a NLO medium originates from a diverse range
of intensity- or fluence-dependent third-order or higher-orderFig. 1. Passive optical limiting for sensor protection with different laser intensities.

Fig. 2. Schematic output vs input fluence plot showing optical limiting response of
an ideal optical limiter.
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nanoseconds.



nonlinear processes such as nonlinear absorption (NLA), nonlinear
refraction (NLR), optically-induced nonlinear scattering (NLS), etc.,
as a consequence of intense light-induced modifications in the
material. Most OL media exhibit multiple nonlinear mechanisms
with one or more primary mechanisms depending on the laser
parameters such as incident laser intensity, wavelength, repetition
rate, and laser pulse duration. In designing a sophisticated optical
limiter suitable for a wide range of laser parameters, two or more
OL mechanisms can be combined together into a single OL plat-
form to improve the overall OL performance via multiple mecha-
nisms of optical limiting. This can be achieved via suitable design
strategies such as hybridization, as discussed later. More informa-
tion on nonlinear processes contributing to passive optical limiting
can be found in reference [1]. In the following sections, the most
common third-order nonlinear mechanisms of NLA, NLR and NLS
are briefly discussed.

2.2. Nonlinear absorption (NLA)

Nonlinear absorptive OL leads to a strong attenuation of the
propagating beam as a result of intensity- or fluence-dependent
modifications in the nonlinear absorption coefficient of the med-
ium. Several third-order or higher-order nonlinear mechanisms
such as two-photon absorption (2PA), multiphoton absorption
(MPA), excited-state absorption (ESA), reverse saturable absorp-
tion (RSA), free carrier absorption (FCA), etc., are responsible for
such energy absorptive OL. 2PA and MPA processes are instanta-
neous nonlinear processes that depend on the incident light inten-
sity, whereas ESA, RSA, and FCA are related to accumulative
nonlinearities that depend on the energy density or the fluence
deposited on the sample. In general, the NLA ability of a molecular
material strongly depends on the time during which the laser
interacts with the medium (or the pulse width of the laser) and
the nonlinear absorption cross-section of individual molecules at
a certain wavelength. The dynamics of some of the NLA processes
of a polyatomic molecule can be explained with a five-electronic-
level Jablonski diagram (Fig. 3) which involves both singlet (S0,
S1, S2) and triplet electronic states (T1 and T2). The absorption
cross-section for the absorption from S0 to S1 is defined as r1

and the absorptions from S1 to S2 and from T1 to T2 are defined
as r2 and rt, respectively.

2PA is an instantaneous NLA process in which two photons with
identical (or occasionally different) frequencies are simultaneously
absorbed, usually from the ground state to a higher excited state
via a virtual intermediate state. 2PA occurs only if the sum of the
frequencies of the two photons is close to the resonant frequency

of the molecule. The intensity attenuation of a light beam that
propagates through a 2PA-dominant material can be given as
below, in the Beer-Lambert formalism [7]:

dI=dZ ¼ "ða0 þ bIÞI ð1Þ

The intensity-dependent absorption coefficient, a(I), is then:

aðIÞ ¼ a0 þ bI ð2Þ

where I is the laser intensity, Z is the beam propagation direction,
a0 is the linear absorption coefficient, and b is the 2PA coefficient
which quantitatively characterizes the magnitude of 2PA of a
molecular material at the bulk level. b is proportional to the 2PA
cross-section (r2PA) which quantitatively measures the 2PA ability
of an individual molecule at a certain wavelength, as given in Eq.
(3):

r2PA ¼ ð!hxbÞ=N ð3Þ

where ⁄x is the incident photon energy and N is the molecular
number density. As can be seen from the above equation, 2PA-
based transmission reduction can be manipulated by tuning the
incident laser intensity and the magnitude of b (or the 2PA cross-
section). For example, materials with large b values can give more
efficient 2PA-induced OL with significant clamping of highly intense
laser irradiance such as that from ps or shorter laser pulses. With ns
or longer pulses, high pulse energies are required to achieve high
light intensities.

Three-photon absorption (3PA) is another interesting NLA pro-
cess contributing to OL. It exhibits similar characteristics to 2PA. It
is a fifth-order nonlinear process in which three photons are simul-
taneously absorbed via the intermediacy of virtual states. Beam
attenuation via the 3PA process can be given as follows in the
Beer-Lambert formalism:

dI=dZ ¼ "ða0 þ a3I2ÞI ð4Þ

where a3 is the 3PA coefficient.
RSA involves the sequential absorption of two photons via

excited-state absorption if the excited-state absorption cross-
section is greater than the ground-state absorption cross-section.
At low input intensities, transmittance is governed by ground-
state absorption, and the first singlet excited state, S1, starts to
be populated. Electrons may then transfer from S1 to the long-
lived first triplet excited state, T1, via rapid singlet-triplet intersys-
tem crossing (ISC). Electrons at the singlet S1 or triplet T1 excited
states may be further excited to higher excited states (from S1 to
S2 via excited singlet-singlet state absorption, or from T1 to T2 via
excited triplet-triplet state absorption); thus, more molecules are

Fig. 3. Five-level Jablonski diagram showing some NLA effects.
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Important features of an OL device
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C60 - Containing Sol-Gel Slabs
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Triplet lifetimes decrease by 2-3 orders of 
magnitude in solution and in the solid state

Solution:  J. Eastoe, E. Crooks, A. Beeby and R. Heenan, Chem. Phys. Lett., 1995, 245, 571; D. M. Guldi, J. 
Phys. Chem. A, 1997, 101, 3895. 
Sol-gel glasses: D. W. McBranch, V. Klimov, L. B. Smilowitz, M. Grigorova, J. M. Robinson, A. Koskelo, B. R. 
Mattes, H. Wang and F. Wudl in Fullerenes and Photonics III, Ed. Z. H. Kafafi, SPIE, Bellingham, 1996, 140
Review: D. Guldi and M. Prato, Acc. Chem. Res. 2000, 33, 695.
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Coll. with M. Maggini
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Functionalized C60 Sol-Gel Slabs

Chem. Eur. J. 1999, 5, 2501-2510



coll. with G. Brusatin & M. Guglielmi
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Properties of Fulleropyrrolidines at 690 nm
and of Sn-Phthalocyanine (Sn-Pc) at 532 nm

(one of the best RSA materials in the green)

FULP @ 690 nm
σg = 1.1•10-18 cm2 
σe = 6.2•10-17 cm2 
σe- σg= 6.1•10-17 cm2

σe/σg = 56
Φ = 0.85 ÷ 0.90

Sn-Pc @ 532 nm
σg = 2.1•10-18 cm2 
σe = 6.7•10-17 cm2 
σe- σg= 6.5•10-17 cm2

σe/σg = 31
Φ = 0.55
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Carbon onions are made of concentric all-carbon cages

D.	Ugarte,	Nature	1992,	359,	707–709



Carbon onions: S. Ijima 1980; D. Ugarte 1992



Organic functionalization of carbon onions

Soluble in chloroform (10 mg/ml)
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Figure of Merit  = Tlin/TNL  
FOM = 20 @ 532 nm 
FOM = 40 @ 1064 nm

First example of a material in solution, working as 
optical limiter in a broad visible-NIR range, showing  

increasingly good performances as one enters the IR region


