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Introduction

Fullerene-based photoactive molecular devices resulting from
the conjugation of energy and/or electron donors with Cg( have
received considerable attention in the past decade.!'"! Whereas
most of the hybrid compounds described so far have been
constructed with mono- and bis-functionalized fullerene deri-
vatives, related photoactive systems based on 7j,-symmetrical
hexakis-adducts of C¢o have been much scarcely considered.>*
This is mainly related with the difficulties associated to the
synthesis of such fullerene derivatives.[**! The 7},-symmetrical
octahedral addition pattern of fullerene hexakis-adducts is
however attractive for the preparation of unique photoactive
systems. On the one hand, its unique three-dimensional compact
structure allows for the design of molecular systems with mul-
tiple copies of chromophores in a restricted space. However,
the hexa-substituted fullerene core is still an excellent energy
acceptor despite the high degree of addition on the Cg, frame-
work.?! Therefore, fullerene hexakis-adducts are potentially
interesting building blocks for the preparation of light-
harvesting devices.[*”!
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Fullerene hexakis-adducts are typically prepared by the one-
pot reaction of Cgy with malonates under conditions initially
developed by Hirsch® and further improved by Sun.®! These
reaction conditions are efficient when starting from relatively
simple malonates but structurally more complicated hexakis-
adducts are generally obtained in very low yields. Indeed, the
synthesis of functionalized fullerene hexakis-adduct derivatives
from the corresponding malonates is difficult, thus limiting their
accessibility and therefore their applications. As part of this
research, we have recently developed efficient synthetic meth-
odologies for the preparation of structurally complex hexa-
substituted fullerene derivatives.® They are based on the
post-functionalization of easily accessible fullerene hexakis-
adduct building blocks." ' For this purpose, the copper
mediated Huisgen 1,3-dipolar cycloaddition of azides with
alkynes resulting in 1,2,3-triazoles!" " was found to be a parti-
cularly interesting tool, as it allows for the incorporation of
almost any functional groups around the fullerene core. For
example, fullerene hexakis-adducts bearing peripheral sugar
moieties have been easily prepared by grafting unprotected
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Scheme 1. Reagents and conditions: (i) TMSBr, CHCl3, 0°C; (ii) P(OEt)s,
150°C; (iii) #-BuOK, THF, 0 to 25°C; (iv) TBAF, THF, 0°C; (v) benzyl azide,
CuS04-5H,0, sodium ascorbate, CH,Cl,/H,0, 25°C.

sugar derivatives onto the fullerene core.l'? In this paper, we
now show that this synthetic approach is perfectly suited for the
synthesis of photoactive fullerene hexa-adducts. In particular,
12 conjugated oligomers have been attached to the Cgy core
leading to a molecular device with light harvesting properties.

Results and Discussion
Synthesis

The preparation of the clickable stilbene building block 6 is
depicted in Scheme 1. Compound 1 was obtained by alkylation
of 3,5-dihydroxybenzyl alcohol with 1-bromododecane
(K,CO4, DMF, 60°C).!"*] The reaction of 1 with trimethylsilyl
bromide in CHCl; followed by treatment of the resulting bro-
mide 2 with P(OEt); under Arbuzov conditions then gave
phosphonate 3.['* Subsequent reaction of 3 with aldehyde 4!
in the presence of ~-BuOK in THF afforded E-stilbene S in 83%
yield. The Wadsworth—Emmons reaction is actually a powerful
tool for the synthesis of E-stilbene derivatives as the trans ole-
fines are selectively produced from benzylic phosphonates. '®’
Indeed, the E stereochemistry of the double bond in stilbene 5
is confirmed by the coupling constant of ~16 Hz for the AB
system corresponding to the vinylic protons in its 'H-NMR
spectrum. Finally, treatment of 5 with tetra-n-butylammonium
fluoride (TBAF) in THF gave terminal alkyne 6 in 86% yield.
Inspection of the "H NMR spectrum of 6 clearly indicates the
disappearance of the TIPS-protecting group and shows the
typical signal corresponding to the terminal alkyne proton at
6 3.14 ppm.

Compound 6 was then grafted on the polyazide derivative 7
(Scheme 2). Compound 7 was prepared as previously
reported.®™ Owing to its high number of azide residues, this
compound must be handled with special care. Upon evapora-
tion, compound 7 has never been dried under high vacuum and
the use of metallic spatula avoided. Furthermore, this compound
has been always prepared on a small scale (less than 500 mg).
It can also be noted that compound 7 cannot be stored as slow
decomposition into insoluble polymers occurs even in solution.
The latter observation is most probably the result of the slow
thermolysis or photolysis of azide groups; the nitrene residues
thus generated are then responsible of the intermolecular reac-
tions leading to polymers. Upon purification, it is best to use
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polyazide 7 for the click reactions within the next 24 h in order to
obtain good yields. A mixture of freshly prepared 7 (1 equiv.),
6 (13 equiv.), CuSO,4-5H,0 (0.1 equiv.), and sodium ascor-
bate (0.3 equiv.) in CH,Cl,/H,O was vigorously stirred at
room temperature for 12h. After workup and purification,
compound Cgo(A);2 was thus obtained in 62% yield. In addition,
compound A, which was used as reference compound for the
electrochemical and photophysical studies, was prepared under
similar conditions from benzyl azide and 6 (Scheme 1).

The structure of compounds A and Cgg(A);, was confirmed
by analytical and spectroscopic data. In the '*C NMR spectra of
both A and Cgy(A)12, the typical signal of the sp2 C atoms of the
1,2,3-triazole units'™ are detected around & = 121 and 147 ppm.
The '*C NMR spectrum of fullerene hexakis-adduct Cgg(A);2
is also in full agreement with its 7j,-symmetrical structure and
shows the expected signals for the six equivalent malonate
addends. Furthermore, the three expected resonances*®! for
the C atoms of the fullerene core are clearly observed (6 =
69.1 ppm for the sp> C atom; 6 = 141.2 and 145.8 ppm for the sp>
C atoms). The matrix-assisted laser desorpton—ionization time-
of-flight (MALDI-TOF) mass spectrum of Cgg(A)y2 is depicted
in Fig. 1. The analysis of lipophilic compounds of high mole-
cular weight such as Cgg(A);3 is generally rather difficult due to
aggregation. Furthermore, a high degree of fragmentation may
prevent the observation of the expected molecular ion peak.[lz]
In the case of Cgo(A)12, the expected molecular ion peak
[M +H]* could be evidenced despite a high level of fragmenta-
tion. A series of typical fragments resulting from successive
retro-cycloaddition reactions are observed ([M+H—
(C40Hg002),,]", with n=1 to 6). This fragmentation pathway
is indeed classical for 1,2,3-triazole derivatives.l'”! It is also
worth noting that additional peaks are associated with the ones
corresponding to [M + H — (C4oHg005),]". In particular, frag-
ments with additional loss of one or two N, residues are
systematically observed as well as the sodium or potassium
adducts. Finally, the retro-cycloaddition observed for Cg(A);2
has also been evidenced in the MALDI-TOF mass spectrum
recorded for A. In addition to the expected molecular ion peak
observed at m/z=706.5, a peak is also seen at m/z=>572. The
latter corresponds to the product of retro-cycloaddition after loss
of the PhCH,Nj5 subunit.

In the case of Cgo(A)1z, the high level of fragmentation
observed in its MALDI-TOF spectrum prevented any definitive
conclusions about the monodispersity of the isolated product. In
contrast, IR data confirmed that no azide (2092 cm™ ') residues
remain in the final product and thus allowed us to conclude that
no defected by-products are present. This was further confirmed
by the stability of the prepared compound. Effectively, we have
systematically observed a slow polymerization when unreacted
azide subunits were still present in products prepared from 7 and
alkynes. Actually, as soon as the IR spectra of the cycloaddition
product revealed minor traces of azide groups (typical signal
observed at ~2092cm "), the material became completely
insoluble after a few days of storage as in the case of building
block 7 (see below).

Electrochemistry

The electrochemical properties of Cgo(A)12 and A were deter-
mined by cyclic voltammetry (CV) and Osteryoung Square
Wave Voltammetry (OSWV). All the experiments were per-
formed at room temperature in CH,Cl, solutions containing
tetra-n-butylammonium tetrafluoroborate (0.1 M) as supporting
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Scheme 2. Reagents and conditions: (i) 6, CuSO,4-5H,0, sodium ascorbate, CH,Cl,/H,0, 25°C.

electrolyte and ferrocene (Fc) as internal reference, with a Pt
wire as the working electrode and a saturated calomel electrode
(SCE) as a reference. Potential data for all of the compounds are
collected in Table 1.

In the anodic scan, compound A exhibits two irreversible
oxidation processes at +1.46 and +1.66 V versus SCE. Owing
to its first oxidation potential, A appears to be a quite weak
electron donor. While CV experiments were unable to detect any
reduction process for A, OSWYV revealed such a process easily
at a quite high potential (—2.12'V versus SCE). In the anodic
region, compound Cgo(A)2 presents an irreversible peak at
+1.50V versus SCE, which can be likely attributed to the
oxidation of the peripheral subunits. Under our experimental
conditions, the second oxidation observed for model compound
A could not be clearly observed for Cgg(A);2. The irreversible
cathodic process seen at —1.56V versus SCE for Cgg(A);2

corresponds to a fullerene-centred process. As already shown
for related hexa-substituted Cq derivatives,!'®! the high degree
of addition on the fullerene cage significantly increases its
LUMO energy level thus making the reduction more difficult
when compared with related mono-functionalized fullerenes for
which the first reduction is generally observed at —0.5t0 —0.6 V
versus SCE under the same experimental conditions.!'®! Finally,
the reduction observed in OSWV for model compound A is also
evidenced for Cgo(A)y2.

Photophysics

The ground state absorption spectra of hexakis-adduct Cgg(A);2
and its model compounds A and Cﬁo(Ph)lz[S] in CH,Cl,
are shown in Fig. 2. The fullerene hexakis-adduct Cgo(Ph);2
shows extensive absorption in the UV-Vis region and model
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Fig. 1. MALDI-TOF mass spectrum of compound Cgg(A);, recorded in

the positive mode showing the expected molecular ion peak as well as
fragments resulting from successive retro-cycloaddition reactions ([M + H—
(C40H5002),,]+, withn=1 to 6)

Table 1. Electrochemical data of A and Cgy(A);, determined by

Osteryoung Square Wave Voltammetry (OSWYV) on a Pt working

electrode in CH,Cl, + 0.1 M nBuy,NBF, at room temperature in the
presence of ferrocene used as internal reference™®

Oxidation Reduction
E, E, E, E,
A +1.66 +1.46 -2.12
Co0(A)12 +1.50 —1.56 —2.06

AOSWYV were obtained using a sweep width of 20 mV, a frequency of 10 Hz,
and a step potential of 5mV.

BRedox potential values in V versus SCE (Fc'/Fc is observed at 40.55 +
0.01V).

compound A has an intense absorption centred at 335 nm.
Compound Cgy(A);, exhibits a molar absorptivity as high as
295000 M ' cm ™" at 335 nm owing to the presence of 12 A units
around the central fullerene core. The emission spectra of the
compounds A, Cgo(Ph);2, and Cgg(A)1; are depicted in Fig. 2,
the related photophysical parameters are summarized in Table 2.

Model compound A is a strong fluorophore with an emission
maximum around 385 nm (P, = 0.4; 7= 1.0 ns). The fullerene
reference compound Cgo(Ph);, shows a very weak fluorescence
band centred around 670 nm (@, =0.0002; 7=1.7ns). The
fluorescence spectra of model compounds recorded at 77K
(CH,Cl,) are depicted in Fig. 3. Notably, the low temperature
spectrum of A shows a shift towards lower energy (Ayax=
425nm) as compared with 298 K. This unusual temperature
trend in the fluorescence spectra is probably related to the
presence of a wide range of conformers in the rigid matrix
within A structures,!'* with emission observed predominantly
from the lowest energy conformer. On the contrary, model
compound Cgo(Ph);, showed a shift of 30nm towards the
higher energy side (Apnax = 640 nm).

Upon excitation of Cgg(A)12 at 335 nm, more than 90% of
the light is absorbed by the peripheral A subunits. The A-centred
fluorescence intensity of Cgg(A);2 is indeed dramatically
quenched when compared with A (three orders of magnitude
lower, Table 2) while, at the same time, a broad band above
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Fig. 2. Top: model compound Cgo(Ph);2. Bottom: absorption (a) and
emission (b) spectra of (A) (black), Cg9(A)12 (grey), and Cgo(Ph),, (dashed
grey) in CH,Cl,. Inset shows the comparison of emission spectra collected
after keeping a cut-off filter at 550 nm of Cgo(A)y2 (grey) with that of
Cgo(Ph);2 having same (i) optical density at 335nm (dashed grey) and
(ii) concentration (dashed black) as that of Cgg(A);2. Emission spectra were
collected upon excitation at 335 nm.

Table 2. Fluorescence properties of compounds A, Cgo(Ph);,, and
Ceo(A)12 in CH,Cl,
Zmax [Ill’l’l] (pﬂ Kbl [I’IS]
A 385 0.4 1
Ceo(Ph);, 670 0.0002 2.7
Ceo(A)12 388, 670 0.001 (388 nm)* 2B

0.0002 (670 nm)

AResidual emission from the appended conjugated oligomer fragments.
BDetermined for the emission at 670 nm after keeping a cut-off filter at
550 nm.

600 nm is clearly observable. This band was further character-
ized by recording the emission spectrum with a cut-off filter at
550 nm and compared with that of a model compound Cgo(Ph);,
having the same optical density at the exciting wavelength
and recorded under identical conditions (Fig. 2). Notably, both
samples exhibit quite similar emission profiles and comparable
intensity, which is one order of magnitude higher than that of
the model compound having the same concentration as that of
Cs0(A)12. These observations are consistent with the occurrence
of a virtually quantitative A — Cgo singlet energy transfer
process via the Forster mechanism, since the fluorescence



Photo-induced Energy Transfer

I[a.u.]

400 500 600 700 800
A[nm]

Fig. 3. Emission spectra of A (black) and Cg(Ph);; (grey) in CH,Cl, at
77K collected after exciting at 325 nm.
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Fig. 4. Absorption spectrum of A (black) and excitation spectrum
Ce0(A)12 (grey; Zem =670 nm and cut-off filter 515 nm) in CH,Cl,.

profile of A (350-500 nm) overlaps with the absorption tail of
the fullerene hexa-adduct core. This energy transfer mechanism
was further supported by recording the excitation spectrum
for Cgo(A)12 at Ao, = 670 nm, which exactly matches with the
absorption spectrum of model compound A (Fig. 4).

Conclusion

The post-functionalization of a 7;,-symmetric fullerene hexakis-
adduct building block is a powerful synthetic strategy for the
preparation of fullerene hexakis-adduct derivatives with per-
ipheral functional groups. In this paper, we have shown that 12
m-conjugated oligomers can be efficiently grafted onto a hexa-
substituted fullerene core to give core-shell ensemble Cgo(A);-
The photophysical studies of Cgg(A)> revealed an efficient
intramolecular energy transfer upon excitation of the peripheral
chromophores. Compound Cg(A);, is indeed an efficient light-
harvesting device capable of channelling the light energy from
the periphery to the core by efficient singlet-singlet energy
transfer. This first system paves the way towards more elabo-
rated photoactive devices in which a potent electron donating
group is additionally incorporated to the system, thus allowing
an electron transfer upon the initial energy transduction event
to the Cgp core. This should be easily achieved by using the
recently reported® fullerene hexakis-adduct building blocks
incorporating complementary reactive centres, thus allowing
the successive grafting of different functional groups. Work in
this direction is currently under way in our laboratories.
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Experimental

NMR spectra were recorded on a Bruker AM 300 (300 MHz);
chemical shifts (8) are reported in ppm using the solvent signal
as reference and coupling constants () are given in Hz. MALDI-
TOF-MS were obtained on a Bruker ULTRAFLEX TOF/TOF
mass spectrometer with a dithranol matrix. Elemental analysis
were performed by the analytical service at the Laboratoire de
Chimie de Coordination (Toulouse, France). All reagents were
used as purchased from commercial sources without further
purification. Compounds 3,141 4 151 C60(Ph)12,[8] and 7™ were
prepared according to previously reported procedures. Solvents
were dried using standard techniques before use. All reactions
were performed in standard glassware. Evaporation was
achieved using water aspirator and drying under vacuum at
107> Torr. Column chromatography: silica gel 60 (230-400
mesh, 0.040-0.063 mm) was purchased from E. Merck. TLC:
Precoated glass sheets with silica gel 60 F,s4 (Merck), visuali-
zation by UV light. Gel permeation chromatography (GPC) was
performed on Biorad, Biobeads SX-1 under the use of CH,Cl, as
eluent.

Compound 5

t-BuOK (430 mg, 3.84 mmol) was added to a stirred solution of 3
(2.29 g, 3.84 mmol) and 4 (1.00 g, 3.49 mmol) in THF (300 mL)
at 0°C. After 1h, the mixture was allowed to slowly warm to
room temperature (within 1 h), then stirred for 2 h, filtered, and
evaporated. The residue was taken up with CH,Cl,, washed with
H,0, dried (MgS0O,), filtered, and evaporated. Column chro-
matography (SiO,, cyclohexane/CH,Cl, 9:1) yielded 5 (2.10 g,
83%) as a colourless glassy product. 6, (CDCl3) 0.89 (t,.J 7, 6H),
1.14 (m, 21H), 1.20-1.46 (m, 36H), 1.79 (m, 4H), 3.97 (t, J 7,
4H), 6.40 (t,J 2, 1H), 6.66 (d,J2,2H), 7.03 (AB, J 16, 2H), 7.43
(d,J7,2H),7.46 (d,J7,2H). 6c (CDCl3) 11.3,14.1,18.7,22.7,
26.1,26.9,29.3,29.4,29.45,29.6,29.65,29.7,31.9, 68.1,91.5,
101.2, 105.2, 107.2, 122.6, 126.2, 128.2, 129.7, 132.3, 137.2,
138.9, 160.5. Anal. Calc. for C49HggO,Si: C 80.70, H 11.06.
Found: C 80.62, H 11.25%.

Compound 6

A 1M TBAF solution in THF (2.8 mL) was added to a stirred
solution of 5 (2.00 g, 2.74 mmol) in dry THF (250 mL) at 0°C
under argon. After 1 h, the mixture was allowed to slowly warm
to room temperature (within 1 h), then stirred for 14 h and H,O
(10mL) was added. The THF was evaporated and CH,Cl,
added. The organic layer was washed with H,O, dried (MgSO,),
and evaporated. Column chromatography (SiO,, cyclohexane/
CH,Cl, 9:1) yielded 6 (1.36g, 86%) as a colourless glassy
product. 6y (CDCl3) 0.90 (t, J 7, 6H), 1.20-1.50 (m, 36H), 1.80
(m, 4H), 3.14 (s, 1H), 3.98 (t,J 7, 4H), 6.42 (t,J 2, 1H), 6.66 (d,
J2,2H),7.04 (AB,J 16,2H),7.44 (d,J7,2H), 7.48 (d, J 7, 2H).
6c (CDCl3) 14.1,22.7,26.1,26.9,29.3,29.4,29.45,29.55, 29.6,
29.65, 29.7, 30.2, 31.9, 68.1, 77.9, 83.7, 101.2, 105.2, 121.0,
126.3, 128.0, 130.0, 132.4, 137.2, 138.8, 160.5. Anal. Calc. for
C40HgpO7: C 83.86, H 10.56. Found: C 83.65, H 10.39%.

Compound A

CuS0O4-5H,0 (3 mg, 0.02 mmol) was added to a mixture of 6
(100 mg, 0.175 mmol), benzyl azide (70 mg, 0.52 mmol), and
sodium ascorbate (10 mg, 0.05mmol) in CH,Cl,/H,O (1:1,
6mL) at room temperature. The reaction mixture was stirred
for 18 h. The organic layer was diluted with CH,Cl,, washed
with water, dried (Na,SOy), filtered, and concentrated. Column
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chromatography (SiO,, CH,Cl,) gave A (102mg, 83%). 6y
(CDCl15)0.88(t,J7,6H), 1.20-1.50 (m, 36H), 1.80 (m, 4H), 3.97
(t,J7,4H), 5.58 (s, 2H), 6.39 (t,J 2, 1H), 6.66 (d, J 2, 2H), 7.06
(AB,J16,2H),7.30-7.45 (m, 5H), 7.54 (d,J 8, 2H), 7.67 (s, 1H),
7.79 (d,J 8, 2H). 6 (CDCl3) 14.1,22.7,26.1, 29.3, 29.35, 29 .4,
29.55, 29.6, 29.65, 29.7, 31.9, 54.3, 68.1, 101.1, 105.1, 119.4,
125.9, 127.0, 128.1, 128.4, 128.8, 129.1, 129.2, 129.7, 134.6,
137.1,139.1,160.5. m/z 706.5 ((M + H] ", 100%), 679 (M +H —
No]*, 10), 586 ([M+H—PhCH,N,]", 2), 572 ([M+H-—
PhCH2N3]+, 2) Anal. Calc. for C47H67N302: C 7995, H 956,
N 5.95. Found: C 79.57, H 9.52, N 5.89%.

Compound Cgg(A) 12

CuS04-5H,0 (2mg, 0.011 mmol) was added to a mixture of 6
(831 mg, 1.451 mmol), 7 (260 mg, 0.111 mmol), and sodium
ascorbate (7mg, 0.033 mmol) in CH,Cl,/H,O (1:1, 6mL) at
room temperature. The reaction mixture was stirred for 48 h.
The organic layer was diluted with CH,Cl,, washed with water,
dried (Na,S0O,), filtered, and concentrated. Column chromato-
graphy (SiO,, CH,Cl,/MeOH 99:1) followed by GPC gave
Ceo(A)12 (640 mg, 62%). 6y (CDCls) 0.89 (t, J 7, 72H), 1.20—
1.50 (m, 432H), 1.66-1.85 (m, 48H), 2.37 (m, 24H), 3.93 (t,
J7,48H), 4.40 (m, 48H), 6.38 (broad t, J 2, 12H), 6.62 (broad d,
J2,24H), 7.00 (broad s, 24H), 7.45 (broad d, J 7, 24H), 7.75 (m,
36H). ¢ (CDCl3) 14.0, 22.6, 26.0, 27.3, 28.9, 29.3, 29.4, 29.6,
29.65, 31.9, 45.4, 47.8, 63.7, 68.0, 69.1, 101.0, 105.0, 120.0,
125.9, 127.0, 128.2, 129.1, 129.4, 137.1, 138.9, 141.2, 145.8,
147.5, 160.4, 163.4. vp./ecm™ ' 1744 (C=0). m/z 9206
([M+H]", 27%), 8633 ([M+H — (C4oHg002)1]7", 52), 8060
([M +H — (C4oHg02)2] ", 83), 7488 (IM +H — (C4oHe002)3] "
100), 6915 ([M+H — (C40He005)4]", 90), 6342 ([M+H—
(C40Hg002)s] ", 75), and 5769 ([M + H — (C49Hg902)6] > 60).
Anal. Calc for C594H792N36048: C 7751, H 867, N 5.48. Found:
C 77.82, H 8.59, N 5.40%.

Electrochemistry

The CV measurements were carried out with a potentiostat
Autolab PGSTAT100. Experiments were performed at room
temperature in a homemade airtight three-electrode cell con-
nected to a vacuum/argon line. The reference electrode con-
sisted of a SCE separated from the solution by a bridge
compartment. The counter electrode was a platinum wire of
~1cm? apparent surface. The working electrode was a Pt
microdisk (0.5mm diameter). The supporting electrolyte
[nBuyN][BF,] (Fluka, 99% electrochemical grade) was used as
received and simply degassed under argon. Dichloromethane
was freshly distilled over CaH, before use. The solutions used
during the electrochemical studies were typically 10> M for the
compound and 0.1 M for the supporting electrolyte. Before each
measurement, the solutions were degassed with bubbling Ar and
the working electrode was polished with a polishing machine
(Presi P230). Under these experimental conditions, Fc*/Fc is
observed at +0.55£0.01 V.

Photophysics

The photophysical studies were carried out in dichloromethane
(Carlo Erba, spectrofluorimetric grade). Absorption spectra
were recorded with a Perkin—Elmer Lambda 950 UV/vis/NIR
spectrophotometer. Molar absorption values (¢) were calculated
by applying the Lambert-Beer law to the absorbance spectra
(Amax <0.7) of the compounds.

J. Iehl et al.

Steady-state photoluminescence spectra were recorded in
right angle mode with an Edinburgh FLS920 spectrometer
(continuous 450 W Xe lamp), equipped with a Peltier-cooled
Hamamatsu R928 photomultiplier tube (185-850nm). The
concentration of air-equilibrated sample solutions was adjusted
to obtain absorption values 4 <0.15 at the excitation wave-
length. Emission quantum yields were determined according to
the approach described by Demas and Crosby,?*! using Quinine
sulfate (@, = 0.546 in air-equilibrated acid water solution, 1 N
H,S0,4) and [Ru(bpy);Cly] (P, =0.028 in air-equilibrated
water solution)?!! as standards. One cm path length square
optical Suprasil Quartz (QS) cuvettes were used for measure-
ments at RT of dilute solutions, while capillary tubes immersed
in liquid nitrogen in a coldfinger quartz Dewar were used for
measurements of solvent frozen glasses at 77 K.

Fluorescence lifetimes were measured with an IBH 5000F
time-correlated single-photon counting device, by using pulsed
NanoLED excitation source at 331 nm. Analysis of the lumines-
cence decay profiles against time was accomplished with the
Decay Analysis Software DAS6 provided by the manufacturer.
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