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Dendrimers containing up to 16 fullerene peripheral subunits have been prepared by a divergent

synthetic approach based on the functionalization of polypropyleneimine (PPI) dendrimers with a

C60 derivative bearing an activated carboxylic acid function. The absorption and fluorescence

properties of these compounds are substantially identical in toluene and benzonitrile. Enhanced

absorption in the region between 350 and 500 nm is detected by increasing the generation

number, attributable to intramolecular interactions. A size-dependent trend of decreasing singlet

lifetimes (�16%) and fluorescence quantum yields (�18%) is observed. The fullerene triplet state

of the dendrimers was monitored via laser flash-photolysis in toluene and benzonitrile. In both

media the transient absorption signal intensity is decreased with the molecular size and the effect

is more pronounced in oxygen-free solution (�60%) compared to air-equilibrated samples

(�37%). In toluene the triplet decay kinetics is unchanged for the whole series, ruling out the

possibility of self-quenching effects, whereas in benzonitrile a triplet lifetime increase is recorded

as a consequence of fullerene self-protection towards oxygen quenching. No amine-fullerene

photoinduced electron transfer is detected because the complex molecular architecture does not

allow the establishment of favourable donor–acceptor distances.

Introduction

Dendrimer chemistry and fullerenes cross each other to give

rise to a new interdisciplinary field in which chemists

have designed and prepared unprecedented fullerene-based

nanoarchitectures.1–3 Whereas dendrimers with a fullerene

core have been studied to a large extent,1,4 the synthesis of

fullerene-rich dendrimers has been considered to a lesser

degree. This is mainly associated with the difficulties encoun-

tered in their synthesis. The two major problems for the

preparation of such dendrimers are the low solubility of C60

derivatives and their chemical reactivity, which limit the range

of reactions that can be used for the synthesis of branched

structures bearing multiple C60 units. Over the past years, we

have developed efficient convergent methodologies allowing

the preparation of dendrons substituted with several fullerene

moieties.2,5 These fullerodendrons are suitable building blocks

for the preparation of large fullerene-rich dendritic molecules

by using either covalent chemistry6 or supramolecular inter-

actions.3,7 Substantial research efforts have also been carried

out to organize such compounds onto surfaces8 or to study

their electronic properties.9 Recently, it has been shown that

dendrimers bearing multiple C60 units are good candidates for

solar energy conversion.10 Importantly, significant changes in

the photoelectrochemical properties have been evidenced by

increasing the generation number. In particular, the incident

photon-to-photocurrent efficiency (IPCE) of the devices is

significantly increased by increasing the generation number

and thus the number of C60 subunits of the dendritic mole-

cules used in the photoactive layer. The latter observation is

a strong driving force to develop new efficient synthetic

strategies for the preparation of large fullerene-rich dendritic

molecules. In this paper, we describe the first divergent pre-

paration of fullerene-rich dendrimers. The photophysical

properties of these dendrimers bearing up to 16 fullerene

moieties are also reported.

Results and discussion

Synthesis

The synthetic approach to prepare dendrimers G0–G3 (Fig. 1)

relies upon the activation of the carboxylic acid function of

fullerene derivative 111 followed by grafting onto the peripheral

amine units of polypropyleneimine (PPI) dendrimers (Scheme 1).

The choice of the appropriate activating group for the carboxylic
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acid function of the C60 building block was the key to this

synthesis. Effectively, the reaction conditions for the activation

step can not be to strongly acid or basic, in order to preserve the

ester functions. Furthermore, the grafting onto the dendritic

polyamines requires an extremely efficient reaction to obtain the

corresponding functionalized derivatives with good yields and to

avoid the formation of defected dendrimers. The preparation

of the pentafluorothiophenol ester 2 from compound 1 and

pentafluorothiophenol under N,N0-dicyclohexylcarbodiimide

(DCC)-mediated esterification conditions appeared as a good

choice. Indeed, the reaction conditions for the preparation of 2

are mild and the efficient grafting of pentafluorothiophenol esters

onto PPI dendrimers has already been reported.12 Compound 2

was obtained in nearly quantitative yields by reaction of carboxylic

acid 1with pentathiofluorothiophenol in the presence of DCC and

a catalytic amount of 4-dimethylaminopyridine (DMAP).

Fig. 1 Fullerene-rich dendrimers G1–G3.

Scheme 1 Preparation of G0 (top) and G1–G3 (bottom).
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Subsequently, compound 2 was treated with propylamine in

the presence of triethylamine to afford the corresponding

propylamide reference compound G0 in 74% isolated yield

(Scheme 1). The reaction conditions were then applied to the

functionalization of the PPI dendrimers 3–5. Treatment of 3–5

with a slight excess of 2 (1.05 equiv. per terminal primary

amine function) in the presence of triethylamine provided the

dendritic derivatives G1–G3 in moderate to high yields. The

purification of the products was achieved by preparative

gel permeation chromatography (GPC). In all cases, the

dendrimers could be easily separated from the excess of 2.

Indeed, the purification of the highest generation compounds

proved to be even easier due to the increased difference in

molecular weights between the dendrimer and compound 2.

Owing to the presence of four pendant alkyl chains per

fullerene moiety, compounds G0–G3 are all well soluble in

common organic solvents such as CH2Cl2, CHCl3, THF or

toluene, and spectroscopic characterization was easily

achieved. The 1H NMR spectra of dendrimers G1–G3 show

the typical pattern of the fullerene cis-2 bis-adduct with the

expected additional signals arising from the PPI skeleton. The

integration ratio are also consistent with the proposed mole-

cular structures. It is worth mentioning that the 1H NMR

spectra of G1–G3 recorded at room temperature are broad

when compared to that recorded for G0 under the same

conditions. Indeed, the broadening becomes more important

when the generation number is increased. Variable-temperature

NMR studies (C2D2Cl4, 300 MHz) showed a perfectly rever-

sible narrowing of all the peaks and sharp spectra were

obtained for G1–G3 at 383 K. The latter observation can be

ascribed to significant changes in the relaxation time T2 as a

result of the large increase in molecular weight and/or to the

slow dynamic exchange between cis and trans amide isomers at

room temperature. Finally, the structure of G0–2 was con-

firmed by MALDI-TOF mass spectrometry. The expected

molecular ion peaks were clearly observed for all the com-

pounds. It should be pointed out that no peaks corresponding

to defected dendrimers were observed in the mass spectra

of G1–2, thus providing clear evidence for their mono-

dispersity. For G3, a high level of fragmentation prevented

the observation of the expected molecular ion peak. As already

described for related fullerene-rich dendrimers,13 the frag-

mentation results from the hydrolysis of 3,5-dioctyloxy-

benzylic ester groups. This first process is generally followed

by a decarboxylation reaction.

Absorption and fluorescence properties, singlet lifetimes

UV-Vis absorption and emission spectra of G0–G3 were

recorded in toluene and benzonitrile, two aromatic solvents

of different polarity, but no substantial differences were found

in the two cases. Fig. 2 shows the electronic absorption spectra

of G0–G3 in toluene; for comparison purposes, spectral traces

of solutions having the same concentration of fullerene units,

i.e. 0.05 mM, are reported. Almost featureless profiles are

recorded at l 4 300 nm with two shoulders in the UV region

around 330 and 370 nm and a weak band at about 430 nm; this

pattern is typical for bis-functionalized methanofullerenes.14

By increasing the dendrimer generation the absorption profiles

of G0–G3 are only affected in the region between 350 and

500 nm, where some spectral widening is detected. A similar

behaviour was observed for fullerene complex architectures,

where the carbon sphere is in close contact with other mole-

cular subunits, for instance fullerodendrimers,14,15 compact

hybrid systems with coordination compounds16 and

host–guest supramolecular adducts.17 Light harvesting

capability of G1–G3 increases dramatically along the series:

molar extinction coefficients of the largest dendrimer in the

UV region exhibit values as high as 672 000 M�1 cm�1 at

300 nm (Table 1). The optical properties of solutions of

G0–G3 are stable for days even after laser irradiation

(vide infra), suggesting a marked photostability.

The fluorescence spectra of G0–G3 in toluene exhibit the

typical shape of bismethanofullerenes (Fig. 3),18 with maxima

at 785 nm (spectra corrected for the instrumental response),

unchanged with dendrimer generation. The emission quantum

yields and singlet lifetimes for the whole series are reported in

Table 1. Some intensity decrease is found when the dendrimer

size is increased and also singlet lifetimes turn out to be shorter

for larger dendrimers, going from 1.47 (G0) to 1.24 ns (G3).

This trend was found for a similar family of fullerodendrimers

with methanofullerene monoadducts10 and is likely to be

associated with some degree of intramolecular interaction

among the carbon spheres, as also suggested by ground-state

absorption spectra (see above).

Dendrimers containing amine groups can be protonated at

the nitrogen lone pair, sometimes showing tuning of the

photophysical properties as a consequence of intramolecular

rearrangements.19–21 We added up to ten equivalents of tri-

fluoroacetic acid toG1–G3 both in toluene and in benzonitrile,

but no changes of the absorption (l 4 300 nm) and fluores-

cence properties were observed. These are exclusively attribu-

table to the carbon spheres, which clearly do not perturb

their own electronic levels following protonation, even if this

process is most likely accompanied by structural rearrange-

ments of the dendritic internal structure.19

Photoinduced electron transfer between C60 derivatives and

aliphatic amines has been reported both in bimolecular pro-

cesses (i.e. diffusion-controlled)22,23 and in multicomponent

Fig. 2 Absorption spectra of G0 (black), G1 (red), G2 (green), G3

(blue) in toluene at 298 K ([C60] = 0.05 mM). The spectral window

between 400 and 500 nm is enlarged in the inset.
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architectures.24,25 In the present case quenching of the

fullerene singlet states of G1–G3 is not detected in toluene

and in more polar benzonitrile indicating that, from this level,

intramolecular electron transfer from the core (amine donors)

to the periphery (fullerene acceptors) does not take place.

Triplet transient absorption spectra and lifetimes

Light excitation of fullerene adducts quantitatively generates

the short-lived lowest singlet state which undergoes inter-

system crossing to the lowest triplet level with high yield

(Z80%).26–28 For G0–G3 the triplet state was monitored by

means of laser flash-photolysis, which in all cases discloses the

intense triplet–triplet transient absorption band, peaked at

720 nm, typical of bismethanofullerene adducts (Fig. 4).9 By

monitoring the signal decay at 720 nm, triplet lifetimes

were measured in toluene and benzonitrile solutions under

air-equilibrated and oxygen-free conditions (Table 2).

In both media the transient absorption signal intensity of

G0–G3 is decreased with the molecular size; a 60% reduction

is recorded for the largest system G3. Such an unusual trend

was recently found for a similar family of fullerodendrimers

with methanofullerene monoadducts as peripheral units.10

This was tentatively attributed to the presence of strong

intramolecular and possibly intermolecular hydrophobic inter-

actions between the carbon spheres, leading to the formation

of fullerene aggregates characterized by reduced intersystem

crossing yields. Indeed, reduction of singlet–triplet intersystem

crossing efficiency has been reported earlier for C60 aggregates,

due to enhanced relaxation of the singlet excited state,29 which

is also observed here to a small extent (see above). The

previously proposed rationale10 seems to be corroborated by

the present results. In the earlier study fullerodendrimers with

8 and 16 terminal carbon spheres exhibited a decrease of the

absorption intensity 495%, whereas in the present case the

quenching is only 25 and 60%, respectively. This substantial

difference could be related to a markedly decreased propensity

of bismethanofullerene terminal units, compared to analogous

monoadducts, to get in close contact and yield aggregates,

owing to a larger steric hindrance. The reduced interaction

among carbon spheres, particularly in apolar toluene, is con-

firmed by the invariance of the triplet lifetime along the series

(Table 2), which also rules out the possibility of triplet self-

quenching processes.30–32 This finding is in line with other

bismethanofullerene dendrimers9 but differs from mono-

methane analogues where triplet lifetimes are decreased up

to 6-fold.10 Importantly, the unchanged value of the fullerene

triplet lifetime of G1–G3 compared to G0, also underpins the

lack of photoinduced electron transfer from the amine

groups to the peripheral carbon spheres upon excitation of

the fullerene triplet.

Data in air-equilibrated solutions show that the triplet

absorption signal intensity is still decreased with dendrimer size,

but to a lesser extent compared to oxygen-free solutions (�37%
for G3, Fig. 4). The fitted lifetimes are prolonged with dendrimer

generation both in toluene and benzonitrile (Table 2). The trend

of triplet lifetimes in air-equilibrated solutions is reminiscent of

what was previously observed with fullerodendrimers having the

carbon sphere as central core.14,15 For such systems the (larger)

prolongation of the C60 triplet lifetime was attributed to a

protective effect of the external dendritic skeleton towards inter-

actions with O2. In the present fullerodendrimers, where the

carbon spheres are the external units, the formation of fullerene

aggregates (see above) induces a self-protective effect, which is

amplified by the dendrimer size.10 Under these conditions the

excited carbon sphere is partially shielded by other C60 moieties,

retarding the diffusion-controlled interaction with the O2

quencher.10 The effect is much more pronounced in benzonitrile

where the lifetime increase (+70%) is substantially larger than in

toluene (+20%), because in the more polar medium hydro-

phobic fullerene units are expected to be in tighter vicinity.14,15

Notably, the intensity of the sensitized singlet oxygen lumines-

cence spectra in the near-infrared region is decreased by about

30% from G0 to G3 in toluene (Fig. 3). This result is in

reasonable agreement with the observed triplet loss (see above)

and shows a less pronounced effect compared to mono-

methanofullerene analogues (�40%).10 Such observation pro-

vides further support to a reduced interaction among carbon

spheres for the present fullerodendrimers, which limits the

protective effect towards oxygen quenching.

Table 1 Molar extinction coefficients for selected wavelengths, fluorescence maxima (values from corrected spectra in parentheses), singlet
lifetimes and fluorescence quantum yields of G0–G3 in toluene

Absorption Fluorescence

e (330 nm)/M�1 cm�1 e (430 nm)/M�1 cm�1 lmax/nm t/ns 10�4F

G0 35 000 3500 709 (783) 1.47 2.8
G1 138 000 16 200 705 (784) 1.38 2.4
G2 282 000 35 400 705 (786) 1.27 2.2
G3 548 000 79 100 709 (785) 1.24 2.3

Fig. 3 Fluorescence spectra, corrected for the photomultiplier

response, of G0 (black), G1 (red), G2 (green), G3 (blue) in toluene

solution at 298 K, lexc = 330 nm.
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Conclusions

We have presented for the first time the divergent preparation

of fullerene-rich dendrimers. The photophysical properties of

the complete series of compounds have been studied in detail.

A size-dependent trend (G0 - G3) of decreasing singlet

lifetimes (�16%) and fluorescence relative intensities

(�18%) is observed. The fullerene triplet state of G0–G3

was monitored via laser flash-photolysis in toluene and

benzonitrile. In both media the transient absorption signal

intensity ofG0–G3 is decreased with the molecular size and the

effect is more pronounced in oxygen-free solutions (�60%)

compared to air-equilibrated samples (�37%). In deaerated

conditions the triplet decay kinetics is unchanged for the whole

series, ruling out the possibility of self-quenching effects,

whereas in air-equilibrated samples a triplet lifetime increase

is recorded as a consequence of fullerene self-protection

towards oxygen quenching. The decrease of triplet formation

for dendrimers G0–G3, that is confirmed by measurements of

singlet oxygen sensitized luminescence in the NIR region, is

attributed to the formation of intra and possibly inter-

molecular aggregates among carbon spheres in solution.

Solvent polarity effects and comparison with a previously

studied family of fullerodendrimers, which showed an

even more pronounced triplet depletion, bring support to

this rationale. The lack of singlet or triplet quenching in

fullerodendrimers G1–G3, shows that intramolecular electron

transfer from the core to the periphery (amine-fullerene)

does not take place, unlike several linear dyads or triads

bearing the same molecular subunits reported to date.

Evidently, in these complex molecular architectures struc-

tural constraints do not allow the establishment of suitable

distances and electronic interactions between the donor–acceptor

couples.

Experimental

Materials and methods

All reagents were used as purchased from commercial sources

without further purification. Compound 1 was prepared

according to a previously reported procedure.11 Solvents were

dried using standard techniques prior to use. All reactions

were performed in standard glassware. Evaporation was done

using a water aspirator and drying in vacuo at 10�2 Torr.

Column chromatography: Merck silica gel 60, 40–63 mm
(230–400 mesh). TLC: Precoated glass sheets with silica gel

60 F254 (Merck), visualization by UV light. Gel permeation

chromatography was performed on Biorad, Biobeads SX-1

under the use of CH2Cl2 as eluent. UV/Vis spectra (lmax/nm

(e/dm3 mol�1 cm�1)) were measured on a Hitachi U-3000

spectrophotometer. IR spectra (cm�1) were determined on

an ATI Mattson Genesis Series FTIR instrument. NMR

spectra were recorded on a Bruker AM 300 (300 MHz) with

solvent signal as reference. MALDI-TOF-MS were obtained

on a Bruker BIFLEXt mass spectrometer. Elemental analysis

were performed by the analytical service at the Laboratoire de

Chimie de Coordination (Toulouse, France).

Fig. 4 Transient absorption spectra of G0 (black), G1 (red), G2 (green), G3 (blue) in oxygen-free (a) and air-equilibrated (b) toluene solutions;

lexc = 532 nm, delay = 2 ms for (a) and 0.2 ms for (b), laser energy 0.3 mJ pulse�1. Inset: transient absorption decay profiles at 720 nm.

Bottom right panel in (b): singlet oxygen luminescence for G0 (black), G1 (red), G2 (green), G3 (blue) in air-equilibrated toluene solutions;

lexc = 330 nm.

Table 2 Triplet lifetime data in toluene and benzonitrile, air-
equilibrated and oxygen-free solutions. In order to avoid triplet–triplet
annihilation processes and get monoexponential triplet decays, the
laser excitation energy has to be kept lower than 0.3 mJ pulse�1;
lexc = 532 nm

Toluene Benzonitrile

Air eq. (ns) O2-free (ms) Air eq. (ns) O2-free (ms)

G0 480 15 320 16.5
G1 520 16 440 15
G2 530 15 480 14
G3 570 14 580 10

This journal is �c The Royal Society of Chemistry and the Centre National de la Recherche Scientifique 2009 New J. Chem., 2009, 33, 337–344 | 341
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Synthesis

Compound 2. DCC (193 mg, 0.93 mmol) was added to a

stirred solution of 1 (1.12 g, 0.62 mmol), pentafluorothio-

phenol (0.12 mL, 0.93 mmol) and DMAP (30 mg, 0.25 mmol)

in CH2Cl2 (30 ml) at 0 1C. The mixture was allowed to slowly

warm to rt and then stirred for 1 d. Three drops of water were

added, the solution stored at �20 1C for 30 min, filtered and

evaporated. Column chromatography (SiO2, CH2Cl2) yielded

2 (1.20 g, 98%) as a dark orange glassy product. IR (neat,

cm�1): 1750 (CQO). 1H NMR (300 MHz, CDCl3): d 0.89

(t, J = 6 Hz, 12 H), 1.27 (m, 40 H), 1.73 (m, 8 H), 3.86 (t, J =

6 Hz, 8 H), 4.86 (s, 2 H), 5.06 (d, J = 12 Hz, 2 H), 5.30 (AB,

J = 12 Hz, 4 H), 5.78 (d, J = 12 Hz, 2 H), 6.37 (t, J = 2 Hz,

2 H), 6.48 (d, J = 2 Hz, 4 H), 6.90 (broad s, 2 H), 7.23 (broad

s, 1 H). 13C NMR (75 MHz, CDCl3, 25 1C): d 14.1, 22.7, 26.2,

29.3, 29.4, 31.8, 49.0, 66.9, 67.0, 68.2, 68.7, 70.6, 72.7, 101.6,

107.2, 113.0, 117.4, 134.3, 136.6, 139.0, 141.1, 141.2, 143.2,

143.6, 143.8, 144.0, 144.2, 144.3, 144.6, 145.0, 145.1, 145.2,

145.4, 145.6, 145.7, 145.8, 147.5, 148.6, 160.4, 162.5, 162.6,

191.5. Anal. Calc. for C128H87F5O14S: C 77.80, H 4.44. Found:

C 77.77, H 4.35%.

General procedure for the preparation of G0–G3. To

a solution of the appropriate amine and triethylamine

(1.05 equiv. per terminal amine group) in chloroform was

added 2 (1.05 equiv. per amine group) and stirred at rt for

several days (G0: 2 d, G1: 4 d, G2: 5 d, G3: 6 d). The resulting

solid was filtered off, the solvent evaporated and the crude

product purified as outlined in the following.

Compound G0. Prepared from propylamine and purified by

column chromatography (SiO2, CH2Cl2) to give G0 in 74%

yield as a dark orange glassy product. IR (neat, cm�1): 1750,

1671 (CQO). 1H NMR (300 MHz, CDCl3): d 0.89 (t, J = 6

Hz, 12 H), 0.95 (t, J = 7 Hz, 2 H), 1.27 (m, 40 H), 1.60

(m, 2 H), 1.73 (m, 8 H), 3.33 (m, 2 H), 3.88 (t, J = 6 Hz, 8 H),

4.55 (s, 2 H), 5.02 (d, J = 12 Hz, 2 H), 5.28 (AB, J = 12 Hz, 4

H), 5.70 (d, J = 12 Hz, 2 H), 6.39 (t, J = 2 Hz, 2 H), 6.48

(d, J = 2 Hz, 4 H), 6.54 (t, J = 5 Hz, 1 H), 6.82 (s, 2 H), 7.21

(s, 1 H). 13C NMR (75 MHz, CDCl3, 25 1C): d 11.5, 14.3, 22.8,
23.0, 26.2, 29.4, 29.5, 31.9, 40.9, 49.1, 67.0, 67.2, 67.7, 68.3,

68.9, 70.7, 101.8, 107.3, 112.7, 116.7, 134.4, 135.9, 136.2, 136.8,

138.0, 139.0, 140.1, 141.2, 141.3, 142.4, 142.9, 143.3, 143.7,

143.9, 144.1, 144.3, 144.4, 144.8, 145.1, 145.2, 145.3, 145.5,

145.8, 145.85, 145.9, 146.2, 147.5, 147.6, 157.4, 160.6, 162.7,

167.7. MALDI-TOF-MS: calc. for C125H95NO14 m/z =

1835.13, found: 1835.4. Anal. Calc. for C125H95NO14: C

81.81, H 5.22, N 0.76. Found: C 81.52, H 5.18, N 0.80%.

Compound G1. Prepared from 3 and purified by preparative

size exclusion chromatography (Biorad, Biobeads SX-1,

CH2Cl2) to give G1 in 61% yield as a dark orange glassy

product. IR (neat, cm�1): 1750, 1674 (CQO). 1H NMR

(300 MHz, CDCl3, 25 1C): d 0.89 (t, J = 7 Hz, 48 H),

1.16–1.50 (m, 164 H), 1.72 (m, 40 H), 2.42 (br s, 8 H), 2.68

(br s, 4 H), 3.39 (br s, 8 H), 3.82 (t, J = 6 Hz, 32 H), 4.50

(s, 8 H), 5.10 (d, J= 12 Hz, 8 H), 5.27 (AB, J= 12 Hz, 16 H),

5.70 (d, J=12 Hz, 8 H), 6.32 (s, 8 H), 6.45 (s, 16 H), 6.80 (br s,

8 H), 7.12 (s, 4 H), 7.30 (br s, 4 H). 13C NMR (75 MHz,

CDCl3, 25 1C): d 14.2, 22.7, 26.1, 28.0 (br), 29.3, 29.4, 31.0

(br), 31.9, 41.0 (br), 49.0, 51.0 (br), 54.0 (br), 66.8, 67.1, 68.1,

68.8, 70.6, 101.6, 107.2, 112.2, 115.6, 134.3, 135.7, 136.0, 136.5,

137.7, 138.8, 139.9, 141.1, 141.2, 142.1, 142.6, 143.2, 143.5,

143.7, 143.9, 144.17, 144.22, 144.6, 144.9, 145.0, 145.2, 145.3,

145.6, 145.68, 145.72, 146.0, 147.3, 147.5, 148.6, 157.4, 160.4,

162.5, 162.6, 168.2 (br). MALDI-TOF-MS: calc. for

C504H384N6O56 m/z = 7420.60, found: 7420.4. Anal. Calc.

for C504H384N6O56�3CH2Cl2 C 79.34, H 5.12, N 1.09. Found:

C 79.41, H 5.06, N 1.05%.

Compound G2. Prepared from 4 and purified by preparative

size exclusion chromatography (Biorad, Biobeads SX-1,

CH2Cl2) to give G2 in 81% yield as a dark orange glassy

product. IR (neat, cm�1): 1749, 1672 (CQO). 1H NMR

(300 MHz, CDCl3): d 0.89 (t, 3J = 7 Hz, 96 H), 1.16–1.50

(m, 324 H), 1.72 (m, 88 H), 2.42 (br s, 16 H), 2.68 (br s, 20 H),

3.39 (br s, 16 H), 3.82 (t, 3J = 6 Hz, 64 H), 4.50 (s, 16 H), 5.10

(d, 2J = 12 Hz, 16 H), 5.27 (AB, 2J = 12 Hz, 32 H), 5.70

(d, 2J = 12 Hz, 16 H), 6.32 (s, 16 H), 6.45 (s, 32 H), 6.80 (br s,

16 H), 7.12 (s, 8 H), 7.30 (br s, 8 H). 13C NMR (CDCl3,

75 MHz): d 14.6, 23.1, 26.6, 26.8, 26.9, 27.0 (br), 29.7, 29.8,

31.0 (br), 32.3, 37.8, 38.0 (br), 49.4, 49.5, 51.9, 52.0 (br), 54.0

(br), 67.2, 67.5, 67.8, 67.9, 68.5, 69.2, 71.0, 102.1, 107.6, 112.6,

116.0, 134.7, 136.1, 136.4, 136.9, 138.1, 139.2, 140.3, 141.5,

141.6, 142.6, 143.1, 143.6, 143.9, 144.1, 144.3, 144.6, 145.0,

145.3, 145.4, 145.6, 145.7, 145.8, 146.0, 146.1, 146.4,

147.7, 147.8, 149.0, 157.8, 160.8, 162.9, 163.0, 168.2 (br).

MALDI-TOF-MS: calc. for C1016H784N14O112 m/z = 14981.43,

found: m/z = 14980.9. Anal. Calc. for C1016H784N14O112�
6CH2Cl2 C 79.24, H 5.18, N 1.27. Found: C 79.01, H 5.13,

N 1.15%.

Compound G3. Prepared from 5 and purified by preparative

size exclusion chromatography (Biorad, Biobeads SX-1,

CH2Cl2) to give G3 in 52% yield as a dark orange glassy

product. IR (neat, cm�1): 1749, 1673 (CQO). 1H NMR

(300 MHz, CDCl3): d 0.89 (s, 198 H), 1.05–.48 (m, 644 H),

1.68 (m, 184 H), 2.00 (br s, 32 H), 2.40–3.30 (br s, 52 H), 3.39

(br s, 32 H), 3.77 (br s, 128 H), 4.50 (br s, 32 H), 5.05–.45

(br m, 96 H), 5.70 (br s, 32 H), 6.25 (s, 32 H), 6.40 (s, 64 H),

6.87 (br s, 32 H), 7.08 (s, 16 H), 7.60-7.95 (br s, 16 H). 13C

NMR (CDCl3, 75 MHz): d 14.2, 22.7, 26.2, 28.0 (br), 29.3,

29.5, 31.0 (br), 31.9, 37.0 (br), 49.1, 51.0 (br), 66.9, 67.1, 67.2,

68.0, 68.9, 70.7, 101.7, 107.2, 112.1, 134.4, 135.6, 135.9, 136.5,

137.9, 138.7, 139.9, 141.1, 142.1, 142.6, 143.1, 143.5, 143.6,

143.9, 144.1, 144.6, 144.9, 145.0, 145.1, 145.2, 145.6, 145.7,

146.0, 147.3, 147.4, 148.7, 157.6, 160.4, 162.6, 162.7, 168.7

(br). Anal. Calc. for C2040H1584N30O224�2CH2Cl2: C 81.21, H

5.29, N 1.39. Found: C 81.01, H 5.23, N 1.45%.

Photophysics. Absorption spectra were recorded with a

Perkin-Elmer l40 spectrophotometer. Emission spectra were

obtained with an Edinburgh FLS920 spectrometer (continuous

450 W Xe lamp), equipped with a Peltier-cooled Hamamatsu

R928 photomultiplier tube (185–850 nm) or a Hamamatsu

R5509-72 supercooled photomultiplier tube (193 K, 800–700 nm

range). Emission quantum yields were determined according to the

approach described by Demas and Crosby33 using [Ru(bpy)3Cl2]

(lem = 0.028 in air-equilibrated water solution)34 as standard.
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Emission lifetimes were determined with the time correlated single

photon counting technique using an Edinburgh FLS920 spectro-

meter equipped with a laser diode head as excitation source

(1 MHz repetition rate, lexc = 407 nm, 200 ps time resolution

upon deconvolution) and an Hamamatsu R928 PMT as detector.

Transient absorption spectra in the nanosecond-microsecond time

domain were obtained by using the nanosecond flash photolysis

apparatus Proteus by Ultrafast Systems LLC, that was described

in detail previously.11 The samples were placed in fluorimetric

1 cm path cuvettes and, when necessary, purged from oxygen by at

least four freeze–thaw–pump cycles. Typical laser power has been

taken as 0.3 mJ pulse�1 which, taking into account the photon

energy at 355 nm, the concentration of the sample, and the volume

of solution effectively excited leads to an excitation of about 10%

of the overall fullerene molecules, thus making negligible the

chance of multiple excitation events within dendrimers. All

measurements were carried out in spectroscopy grade toluene

and benzonitrile, used without further purification. Experimental

uncertainties are estimated to be 8% for lifetime determinations,

20% for emission quantum yields, 5% for relative emission

intensities in the NIR, 1 nm and 5 nm for absorption and emission

peaks, respectively.
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G. Srdanov, S. Shi, C. Li and M. Kao, J. Am. Chem. Soc., 1993,
115, 9836; (b) C. J. Hawker, K. L. Wooley and J. M. J. Fréchet,
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