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Abstract—Four rigid-rod sensitizers, made of a phenylethynyl spacer substituted with a chromophore and two COOR binding groups, were
prepared to study dynamics of electron injection at the interface of metal oxide semiconductor nanoparticles. Dimethyl Ru(bpy),(5-(5-1,10-
phenanthrolinyl)ethynyl)isophthalate)** (4a), dimethyl Ru(bpy)»(5-(4-(2,2'-bipyridinyl)ethynyl)isophthalate)** (4b), dimethyl 5-(1-pyrenyl-
ethynyl)isophthalate (4¢), and dimethyl 5-(9-anthracenylethynyl)isophthalate (4d), were synthesized and characterized. Their absorption
spectra, emission spectra, and electrochemical properties have been studied in acetonitrile and hexane solutions at room temperature. © 2002

Elsevier Science Ltd. All rights reserved.

1. Introduction

The functionalization of semiconductor and metal nano-
particles with chromophores and redox-active molecules
is an important step toward the development of devices
operating on the molecular level," 1nclud1ng solar cells,
light-harvesting systems and chemical sensors.! Typically,
their function is based on interfacial electron transfer
processes. An important example is the light-to-energy
conversion in photoelectrochemical solar cells by sensiti-
zatlon of nanocrystalline T102 to visible light using
Ru"-polypyridyl complexes The Ru" sensitizers, typically
Ru(dcb)(bpy)z2+ are covalently attached to the TiO, nano-
partlcles through the carboxylic acid groups on the dcb
ligand.* A recent area of interest in this field is the develop-
ment of linkers that are rigid and that can distance the
sensitizer from the nanoparticle surface, Scheme l(a).G’7
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A = electron acceptor

Scheme 1.
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These are useful to study remote electron transfer processes
and tune molecular—semiconductor interactions.®” Analo-
gous donor—spacer—acceptor systems have been success-
fully employed for decades to study electron transfer in
fluid solutions® or at the surface of electrodes,” Scheme
1(b) and (c), respectively.

Recently, we have prepared tripod-shaped'® linkers for
metal oxide nanoparticles, such as I in Fig. 1."" These are
1,3,5,7-tetraphenyladamantane and tetraphenylmethane
derivatives having three arms ending with COOR binding
groups and the fourth arm carrying a phen or bpy-based
Ru'-polypyridyl complex.'" The three-point attachment
and the structural rigidity of the molecule provide a high
degree of control over the distance of the sensitizer from
the metal oxide nanoparticles surface (~15 to 18 A) 10,12
The study of the tripodal sensitizers prompted us to explore
other types of linkers. Specifically, we were interested in
‘rigid-rods’,”™"? such as II in Fig. 1.

In the tripodal linkers, the saturated tetrahedral core
(Td=sp’C or adamantane) interrupts the conjugation
between the sensitizer and the semiconductor surface,
while the rigid rods are fully conjugated.”® Second, rigid-
rods have been successfully employed in SAM on gold.’
When bound to nanocrystalline TiO, by the two COOR
groups, linkers like II may enhance charge injection yields
as the wavefunction is delocalized through the linker and
possibly also enhance charge recombination rates to the
chromophoric center.”'*® Furthermore, well-known cross-
coupling methodologies'* could allow to vary the number
of phenyl and/or ethyne units between the tripod and
the sensitizer and thereby the distance from the surface.
In this paper we describe the synthesis, characteri-
zation and selected properties of the first examples of
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Figure 1. Representation of the two types of rigid sensitizers (tripods and rigid rods) and their components.

rigid-rod linkers II substituted with organic and inorganic
sensitizers.

2. Results and discussion

Four rigid-rod sensitizers were prepared: 4a and b, substi-
tuted with Ru"-polypyridyl complexes, and 4¢ and d, substi-
tuted with aromatic chromophores. Their synthesis is shown
in Scheme 2.

Sonogashira  cross-coupling>  of  dimethyl-5-bromo-
isophthalate 1 with trimethylsilylacetylene, followed by
deprotection with TBAF, produced alkyne 2. Suzuki-type
coupling'® of 2 with 5-bromo-9,10-phenanthroline,
4-bromo-2,2'-bipyridine, 1-bromopyrene and 9-bromo-
anthracene, yielded 3a, b, 4¢ and d, respectively. A Suzuki
cross-coupling was employed in this step to avoid the
dimerization of 2, which is observed in Sonogashira
coupling conditions. The compounds substituted with the
phen and bpy ligands, 3a and b, were easily converted
into the corresponding Ru" complexes 4a and b by reaction
with Ru(bpy),Cl,-2H,0. We found that the rigid-rods are
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considerably easier to synthesize and to purify than the
tripodal sensitizers and are consistently obtained in good
yields.

In addition to the Ru"-polypyridyl complexes 4a and b, that
will be compared to the tripodal linkers, we prepared 4¢ and
d, substituted with pyrene and anthracene. It has been
demonstrated that organic chromophores are frequently
excellent test systems for elucidating fundamental photo-
physics of charge injection and recombination processes at
molecule—nanoparticle interfaces.'” In particular, anthra-
cene directly bound to TiO, surfaces by a COOH group
has been studied by others.'™ Aromatic chromophores,
with their well-defined spin states, vibronic structures and
transition dipole orientations, can provide unique insights
that are difficult to obtain from the more robust and widely
used inorganic complex sensitizers. Although PL lifetimes
of Ru"—polypyridyl complexes are much longer (7~1 to
3 ws), the ultrafast electron injection rates observed in
sensitizer—TiO, systems,’ including those prepared from
the tripodal sensitizers,''*” are an assurance that the charge
injection will be complete even with organic chromophores
such as anthracene and pyrene. We expect that, even at the
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Scheme 2. Reagents and yields: (a) Me;SiC=CH, Cl,Pd(PPh;),, CuBr, (i-Pr),NH, reflux, 85%. (b) TBAF, THF, rt, 86%. (c) 1. (Me;Si),NLi, —78°C;
2. 9-BBN, —78°C; 3. ArBr, Pd(PPhs),, THF, reflux, 62-70%. (d) 1. Ru(bpy),Cl,-2H,0; 2. NH,PF¢, 70%.
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Table 1. Electrochemical and photophysical properties of rigid-rod sensitizers and reference sensitizers in solution

Compound Eipox (V) Aaps (nm) (£, M~ cm™")° Ap (nm)° 7 (ps)
4a 1.22¢ 451 (1.5x10% 610 1.79
Ru(phen)(bpy),**® 1.20% 450 620 1.20
4b 1.23¢ 462 (1.6x10% 640 3.20
Ru(bpy);*** 1.26,%¢ 1,321 452 626 0.80
4 1.20 383 (1.0x10%) 428 0.060
Pyrene' 1.19 334 (7.5x10% 392 0.428
4d' } 1.13 420 (1.0x10% 475 0.012
Anthracene' 1.19, 1.30" 375 (0.8x10%) 421 0.015

* Half-wave potentials were measured at a Pt working electrode in 0.1 M TBAPFs/CH;CN degassed solution using Ag/AgCl as reference. Data are reported

vs. SCE.

® Measurements were made at room temperature, absorption maximum *2 nm.
Photoluminescence maximum, *+4 nm. All data were obtained under argon atmosphere.

c

d RuL
¢ In CH;CN.
f Ref. 19.
g Ref. 20.
" Ref. 21.
! In hexane.

increased distance, the charge injection into TiO, will be
complete within the S; state lifetime of 4¢ and d (60 and
12 ns, respectively, Table 1).

Selected properties of 4a—d in fluid solutions and of refer-
ence chromophores (Ru(phen)(bpy),>*, Ru(bpy);>", pyrene,
and anthracene) are listed in Table 1. The oxidation waves
for 4a—d were similar to those of the references. Rigid-rod
sensitizers 4a and b displayed reversible Ru™" waves at
~1.22 V vs SCE and 4c and d displayed oxidation waves
at 1.20 and 1.13 V vs SCE. The visible absorption spectra of
sensitizers 4a and b in acetonitrile displayed broad bands
typical of MLCT excited states. The phen-based 4a and
Ru(phen)(bpy),>" displayed the MLCT band centered at
~451 nm while the bpy-based 4b displayed the MLCT
(Amax=462 nm) red-shifted with respect to Ru(bpy)32+, an
observation that is consistent with data obtained for the
tripodal sensitizers.!' The visible absorption spectra of 4¢
and d displayed broad bands 49 and 45 nm red-shifted with
respect to pyrene and anthracene,'® respectively. All sensi-
tizers displayed room-temperature photoluminescence
(PL) and the emission maximum followed the same trends
as the absorption. As expected, the PL decays of sensitizers
4a—d in acetonitrile or hexane solutions followed single
exponential Kkinetics.
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Figure 2. Calculated C to C distances of rigid-rod linkers of various length
(MM2, Spartan, Wavefunction, Inc.).

Finally, we are interested in increasing the number of
phenylethynyl spacers, as shown in Fig. 2, and thereby
control the distance between the semiconductor surface
and the sensitizer. To test this possibility, we prepared linker
7 (I with n=1) through the route shown in Scheme 3. As in
the case of shorter rods, linker 7 was a very soluble material.
To avoid the dimerization of 6 in step (c), we employed
coupling conditions different than those used in step (b).

3. Conclusions

Four sensitizers (4a—d) containing conjugated rigid-rod
ligands were synthesized and characterized. Rigid spacers
for sensitizers are useful models for photophysical and
electron transfer studies at nanoparticle interfaces. The
synthesis of linker 7, containing two phenyethynyl units,
demonstrates that the length of the spacer can be increased.
The study of the binding properties to TiO, and other metal
oxide nanoparticle surfaces, and the excited state and redox
properties of surface-bound 4a—d and sensitizers derived
from 7 is in progress.
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Scheme 3. Reagents and yields: (a) Me;SiC=CH, Cl,Pd(PPh;),, CuBr,
(i-Pr),NH, reflux. 83%. (b) MeLi LiBr, THF, 0°C. (c) Pd(dba),, PPhs,
Cul, THF and Et;N, reflux. 60%.
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4. Experimental
4.1. Synthetic procedures

General. NMR spectra were obtained on a Varian INOVA
500 spectrometer operating at 499.90 MHz for 'H and
124.98 MHz for *C and collected in CDCls, unless other-
wise specified. The 'H spectra were referenced to tetra-
methylsilane and the '*C spectra to the central line of the
solvent. Coupling constants (J) are reported in Hz with a
precision of 0.1 Hz. High- or low-resolution mass spectra
(HRMS or LRMS) and elemental microanalytical data
were obtained at commercial facilities (Michigan State
University Mass Spectrometry Facility and Robertson
Microlit Laboratories, Madison, NJ, respectively). GC/MS
data were obtained on a HP 6890 gas chromatograph with a
HP 5973 MS detector and a capillary column (HP 19091s-
433: 30 m, phenylmethyl siloxane). Major ions are recorded
to unit mass, intensity is parenthetically indicated as a
percentage of the strongest peak. Melting points were
measured with a Fisher melting point apparatus. UV—Vis
absorption spectra were collected on a VARIAN Cary-500,
and fluorescence emission spectra on a VARIAN Cary-
Eclipse. IR measurements were made on a Mattson RS1
FT-IR spectrometer using polyethylene cards.

Materials. THF was purchased anhydrous (Aldrich) and
then distilled first from sodium/benzophenone and then
from LiAlH; immediately prior to use. Benzene was
purchased anhydrous (Aldrich) or dried by removal of the
water azeotrope followed by distillation from sodium. Et;N
and i-Pr,NH were distilled from KOH under nitrogen prior
to use. Spectroscopic grade CH3CN for spectroscopic and
electrochemical measurements was used without further
purification. Organolithium reagents (MeLi-LiBr and
(MesSi),NLi) and B-methoxy-9-borobicyclo[3,3,3]nonane
(B-Methoxy-9-BBN) were purchased from Akros or from
Aldrich. Column chromatography was performed using
silica gel (Selecto Silica Gel, 230-600 mesh). TLC was
performed on Whatman silica gel plates, using UV light
as the developing agent. Dimethyl-5-bromoisophthalate is
commercially available (Fluka) or can be easily prepared by
treating the corresponding carboxylic acid with a solution
of diazomethane in ether. Bis-1,4-(trimethylsilylethynyl)-
benzene (5), which is commercially available, was prepared
following the same procedure used to prepare 2.

Methods. All reactions, except step (b) in Scheme 2, were
performed under nitrogen atmosphere in glassware that
had been oven-dried and flamed under vacuum and using
anhydrous solvents. ‘Standard workup’ refers to extractions
with the indicated organic solvent, followed by washing of
the combined extracts with water or brine, drying over
Na,SO4 and removal of solvents in vacuo on a rotary
evaporator.

4.1.1. Dimethyl 5-ethynylisophthalate (2). To a solution
of dimethyl-5-bromoisophthalate (140 mg, 0.51 mmol) in
diisopropylamine (15 ml), were added Cl,Pd(PPh;),
(32 mg, 0.05mmol), CuBr (110 mg, 0.53 mmol) and
trimethylsilylacetylene (2ml, or 1.4 g, 14 mmol). The
reaction mixture was refluxed overnight, filtered and the
solution was concentrated in vacuo. The solid residue was

purified through silica gel column chromatography (hexane/
ethyl acetate, 90:10) to give 125 mg of dimethyl 5-(tri-
methylsilylethynyl)isophthalate as a white solid (yield:
85%). Mp: 101-102°C. '"H NMR §&: 8.61 (1H, s), 8.30
(2H, s), 3.95 (6H, s), 0.27 (9H, s). '*C NMR §&: 165.58,
136.87, 130.84, 130.29, 124.24, 102.72, 96.74, 52.52,
—0.20. GC/MS m/z: 290 (M™, 15), 275 (M—15, 100), 259
(M—31, 10), 201 (M—89, 8). Tetrabutylammoniumfluoride
trihydrate (160 mg, 0.52 mmol) was added to a THF solu-
tion of the TMS-protected alkyne (100 mg, 0.35 mmol).
After stirring at room temperature for 2h, was added
water. After standard workup with chloroform, the crude
product was purified through column chromatography
(hexane/AcOEt, 90:10) to give 65 mg (yield: 86%) of 2 as
a white solid. Mp: 124-125°C. 'H NMR §&: 8.65 (1H, s),
8.33 (2H, s), 3.96 (1H, s), 3.18 (1H, s). ’C NMR &: 165.47,
137.07, 131.00, 130.69, 123.21, 81.56, 79.16, 52.58. GC/
MS m/z: 218 (M, 60), 187 (M—31, 100), 159 (M—59, 35),
144 (M—74, 35), 100 (M—118, 15), 74 (M—144, 15). IR
(cm_l): 3250, 1728, 1594, 1270. Anal. Calcd for C;,H;O4:
C, 66.05; H, 4.62; O, 29.33. Found: C, 65.85; H, 4.57.

4.2. Suzuki-type coupling of 2 with ArBr

In a typical procedure, to a solution of 2 (100 mg, 0.459
mmol) in THF (10 ml) at —78°C was added lithium bis(tri-
methylsilyl)amide (0.63 mmol, 0.63 ml of 1M hexane
solution). After 30 min, was added 9-methoxy-9-BBN
(0.63 mmol, 0.63 ml of 1 M hexane solution). After stirring
for 2 h at —78°C, the solution was transferred via cannula to
a second flask containing Pd(PPh3), (31 mg, 0.028 mmol)
and the aryl bromide (ArBr=0.386 mmol) in dry THF
(15 ml). The reaction mixture was heated to reflux overnight
and cooled to room temperature. After standard workup
with chloroform the crude product was purified by silica
gel column chromatography using the eluent indicated in
each case.

4.2.1. 3a (ArBr=5-bromo-9,10-phenanthroline). Eluent:
1% of MeOH in CHCl;. Yield: 68%. Mp: 160-161°C. 'H
NMR 6:9.26 (1H, dd, J,=4.0 Hz, J,=2.0 Hz), 9.22 (1H, dd,
Ji=4.0Hz, J,=2.0Hz), 8.83 (1H, dd, J,=8.0 Hz, J,=
1.5 Hz), 8.71 (1H, t, J=1.5 Hz), 8.51 (2H, d, J=1.5 Hz),
8.26 (1H, dd, J,=8.0 Hz, J,=1.5 Hz), 8.15 (1H, s), 7.79
(1H, dd, J,=8.5 Hz, J,=4.0 Hz), 7.68 (1H, dd, J,=8.5 Hz,
J,=4.0 Hz), 4.01 (6H, s). °C NMR §&: 165.49, 151.23,
150.85, 146.34, 145.96, 136.60, 135.92, 134.59, 131.38,
131.22, 130.62, 128.08, 127.92, 123.72, 123.56, 123.53,
119.19, 93.09, 87.65, 52.66. MS m/z: 396 (M™", 100), 365
M-31, 10), 322 (M—74, 11), 277 (M—119, 10), 262
M—134, 17), 183 (M—213, 15). HRMS (EI) calcd for
Cr4H 6N,O4: 396.1110, found 396.1114. IR (cm™'): 1728,
1598, 1243.

4.2.2. 3b (ArBr=4-bromo-2,2'-bipyridine). Eluent: hex-
ane/AcOEt, 80:20. Yield: 62%. Mp: 183—184°C. '"H NMR
5: 8.71 (2H, m), 8.69 (1H, m), 8.58 (1H, s), 8.43 (1H, m),
8.41 (2H, d, J=1.5Hz), 7.85 (1H, ddd, J,=J,=7.5 Hz,
J;=2.0Hz), 7.42 (1H, dd, J,=5.0 Hz, J,=1.5Hz), 7.35
(1H, ddd, J,=7.5 Hz, J,=4.5 Hz, J;=1.0 Hz), 3.99 (6H, s).
BC NMR §: 165.43, 156.31, 155.29, 149.27, 137.11,
136.78, 131.67, 131.16, 130.90, 125.24, 124.15, 123.33,
121.21, 91.757, 88.67, 52.65. GC/MS m/z: 372 (M™, 100),
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341 (M—31, 42), 314 (M—58, 22), 298 M—74, 11), 253
M-119, 11), 170 (M-—202, 16). Anal. Calcd for
C»pHcN,Oy4: C, 70.96; H, 4.33; N, 7.52; O, 17.19. Found:
C, 70.65; H, 4.23; N, 7.20. IR (cm ™ "): 1733, 1584, 1249.

4.2.3. 4¢ (ArBr=1-bromopyrene). Eluent: CHCI;. Yield:
70%. Mp: 194—195°C. "H NMR &: 8.67 (1H, t, J=1.5 Hz),
8.65 (1H, s), 8.53 (2H, d, J=1.5 Hz), 8.24 (4H, m), 8.14
(2H, m), 8.06 (2H, m), 4.01 (6H, s, COOCH3). °C NMR $:
165.69 (COOCH3), 136.50, 132.10, 131.69, 131.22, 131.07,
131.03, 130.07, 129.78, 128.68, 128.51, 127.21, 126.34,
125.86, 125.79, 125.34, 124.65, 124.55, 124.45, 124.26,
116.80, 92.95 (Pyr—-C=C-), 90.60 (Pyr—C=C-), 52.61
(COOCHj3). HRMS (EI) calcd for CogH;gO4: 418.1205.
Found: 418.1191. Anal. Calcd for C,3H;30,4: C, 80.37; H,
4.34; 0, 15.29. Found: C, 79.71; H, 4.30. IR (cm™"): 2206,
1730, 1592, 1240.

4.2.4. 4d (ArBr=9-bromoanthracene). Eluent: CHCl;.
Yield: 66%. Mp: 231-232°C. '"H NMR §&: 8.68 (1H, t,
J=15Hz), 8.64 (2H, d, J=8.5Hz), 8.57 (2H, d, J=
1.5 Hz), 8.48 (1H, s), 8.04 (2H, d, J=8 Hz), 7.65 (2H,
ddd, J,=8.5Hz, J,=6.5Hz, J;=1.0Hz), 7.54 (2H, dd,
Ji=8 Hz, J,=6.5 Hz), 4.02 (6H, s, COOCH;). °C NMR
6: 165.70 (COOMe), 137.03, 136.42, 132.78, 131.10,
130.11, 128.77, 128.50, 126.99, 126.54, 125.80, 124.70,
116.20, 98.49 (An-C=(C), 88.25 (An-C=C), 52.63
(COOCHj3). HRMS (EI) calcd for C,cH;gO4: 394.1205.
Found: 394.1200. Anal. Calcd for C,sH;30,4: C, 79.17; H,
4.60; 0, 16.23. Found: C, 79.39; H, 4.54. IR (cm™): 2196,
1728, 1595, 1246.

4.2.5. Formation of Ru"—polypyridyl complexes. In a
typical procedure, a solution of the ligand 3a or b
(0.311 mmol) in THF (3 ml) was added to a 1:1 mixture
of ethanol/water (15 ml). To the solution, purged with
nitrogen (15 min), was added Ru(bpy),Cl,-2H,0 (177 mg,
0.341 mmol) and the mixture was refluxed for 6 h, cooled to
room temperature and filtered. Addition of aqueous NH4PFg
(3.0 g, 18.4 mmol) to the filtrate formed precipitate, which
was collected and washed with water to afford the complex
as an orange powder. 4a: yield 70%. '"H NMR & (acetone-
de): 9.26 (1H, d, J=3.0 Hz), 8.84 (7H, m), 8.63 (1H, t,
J=2.0Hz), 8.52 (3H, m), 8.27 (2H, m), 8.18 (4H, m),
8.05 (1H, m), 7.97 (3H, m), 7.65 (2H, m), 7.40 (2H, m),
3.99 (6H, s). °C NMR & (acetone-dg): 165.67, 158.40,
158.13, 154.37, 154.24, 153.08, 153.03, 148.72, 148.64,
139.09, 138.96, 137.77, 137.23, 136.46, 133.63, 132.56,
131.51, 131.48, 131.45, 128.77, 128.64, 127.89, 127.85,
125.36, 125.27, 124.01, 121.91, 95.80, 86.73, 53.10. Anal.
Calcd for Cy4H3,F,NgO4P,Ru: C, 48.05; H, 2.93; N, 7.64.
Found: C, 46.70; H, 2.77; N, 7.26. IR (cm™"): 1725, 1603,
1252, 841. 4b: Yield 72%. 'H NMR & (acetone-de): 9.07
(1H, s), 8.95 (1H, d, J=3.0 Hz), 8.84 (4H, d, /=8.5 Hz),
8.63 (1H, t, J/=1.5 Hz), 8.38 (1H, d, /=1.5 Hz), 8.22 (8H,
m), 8.09 (4H, m), 7.72 (1H, dd, J,=6 Hz, J,=2 Hz), 7.61
(5H, m), 3.98 (6H, s). °C NMR & (acetone-dg): 165.53,
158.69, 158.10, 158.06, 157.99, 157.69, 152.95, 152.88,
152.81, 152.75, 152.64, 139.13, 139.05, 137.16, 132.63,
132.49, 131.79, 129.80, 129.14, 128.85, 127.19, 125.69,
129.39, 123.38, 95.68, 88.04, 53.15. Anal. Calcd for
C42H32F12N6O4P2RUZ C, 4689, H, 300, N, 7.81. Found: C,
46.16; H, 2.97; N, 7.44. IR (cm™"): 1728, 1605, 1260, 840.

4.2.6. 1-Ethynyl-4-(trimethylsilylethynyl)benzene (6). To
a solution of 5 (800 mg, 2.96 mmol) in THF (30 ml) cooled
with an water/ice bath, MeLi-LiBr (2.97 mmol, 1.35 ml of
2.2M solution in diethyl ether) was added dropwise
(~20 min). The solution was stirred for 10 min and then
poured into ice-cold, diluted HCI aq. After standard workup
with ether were obtained 540 mg of a ~1:1 mixture of 5 and
6 (GC/MS). This mixture was difficult to separate and it was
used in the next step after purification through a short pad of
silica gel. A small amount of 6 was isolated by silica gel
column chromatography (pentane) for characterization
purposes: '"H NMR &: 7.39 (4H, s), 3.14 (1H, s, C=CH),
0.23 (9H, s, Si(CHs);). ?C NMR 8: 131.90, 131.81, 123.57,
122.08, 104.33 (C=CSi), 96.46 (C=C(Si), 83.19 (C=CH),
78.92 (C=CH), —0.12 (Si(CH3);). GC/MS m/z: 198 (M ™,
30), 183 M —15, 100), 28 M —170, 30).

4.2.7. Synthesis of 7. To a solution of a mixture of 5 and 6
(amount of 6 estimated by GC/MS is 396 mg, 2.00 mmol),
dimethyl 5-bromoisophthalate (273 mg, 1.00 mmol), bis(di-
benzylideneacetone)palladium (30 mg, 0.05 mmol), PPh;
(52 mg, 0.20 mmol), Cul (19 mg, 0.10 mmol) were added
dry THF (20 ml) and Et;N (147 mg, 1.50 mmol). The reac-
tion mixture was refluxed for 24 h. The solvent was
removed in vacuo and the crude product was purified by
silica gel column chromatography (hexane/AcOEt, 95:5)
to give 233 mg of 7 as a pale yellow powder (yield: 60%
calculated on 1). Mp: 161-162°C. "H NMR &: 8.63 (1H, t,
J=1.5Hz), 8.35 (2H, d, J=1.5 Hz), 7.47 (4H, m), 3.97 (6H,
s, COOCH,;), 0.26 (9H, s, Si(CH3);). °C NMR §&: 165.56
(COOMe), 136.48, 131.97, 131.52, 131.00, 130.20, 124.13,
123.57, 12245, 104.42, 96.71, 90.84, 89.13, 52.55
(COOCHj3), —0.11 (Si(CHj3)3). GC/MS m/z: 390 (M™, 70),
375 M—15, 100), 172 (M—218, 15). HRMS (EI) calcd for
C53H,,0,Si: 390.1287, found 390.1289. IR (cm™Y): 2157,
1730, 1597, 1244.

4.3. Spectroscopic measurements

UV-Vis absorbance. UV-Vis absorbance measurements
were made on a VARIAN Cary-500 spectrophotometer,
using hexane as solvent for pyrene, anthracene, 4¢ and
4d and acetonitrile for 4a and 4b. The measurements were
performed in 1 cm? cuvettes with following set-up para-
meters: 0.5 nm of data interval, 0.6 s of average time and
1.0 nm of SBW.

Photoluminescence. Photoluminescence (PL) spectra were
obtained with a VARIAN Cary-Eclipse Fluorescence Spectro-
photometer using hexane as solvent for pyrene, anthracene,
4c and d and acetonitrile for 4a and b in 4-way transparent
1 cm? cuvettes. The excitation slit was 5 nm and emission
slit was 1.5 nm. The excitation wavelengths for pyrene,
anthracene, 4a—d are 305, 323, 450, 465, 360 and 395 nm,
respectively. The PMT detector voltage was 800 V.

Time-resolved photoluminescence. Time-resolved photo-
luminescence decays were acquired on a nanosecond
Nd:YAG (Continuum NY-61) laser. Measurements were
acquired using 355 nm laser pulse for solutions of pyrene,
anthracene, 4c and d in hexane and 532 nm laser pulse for
solutions of 4a and b in acetonitrile, ca. 8 ns, 30-50 mJ.
Samples were degassed by three freeze—pump—thaw cycles.
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The samples concentrations were such that A~0.3 at the
corresponding excitation wavelength. Each kinetic trace
was acquired averaging 16 laser shots.

Electrochemistry. Cyclic voltammetry was performed in
0.1 M tetrabutylammonium hexafluorophosphate aceto-
nitrile (TBAPF¢/CH;CN) degassed solutions with scan
rate=100 mV/s. The solutions were ~0.1 mM in the sensi-
tizers. A BAS model CV-50 W potentiostat was used in a
standard three-electrode arrangement consisting of a Pt
working electrode, a Pt wire auxiliary counter electrode,
and Ag/AgCl as the reference electrode. The measurements
were carried out under nitrogen atmosphere and at room
temperature and were recorded in the absence and in
the presence of ferrocene. All half-wave potentials are refer-
enced to the ferrocene/ferrocenium couple and are reported
vs SCE.
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