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Treatment of sandwich-type mixed (phthalocyaninato)(porphyrinato) metal complex [HEu"{Pc(a-3-
OCsH11)4X{TriBPP(NH3)}] (3) [Pc(a-3-0CsH11)4 = 1,8,15,22-tetrakis(3-pentyloxy)-phthalocyaninate,
TriBPP(NH3) = 5,10,15-tris(4-tert-butylphenyl)-20-(4-aminophenyl)porphyrinate] with N-n-butyl-
1,6,7,12-tetra(4-tert-butylphenoxyl)perylene-3,4-dicarboxylate anhydride-9,10-dicarboxylate imide (2)
in the presence of imidazole in toluene afforded the novel perylene diimide-appended mixed (phtha-
locyaninato)(porphyrinato) europium(Ill) double-decker complex (5). Porphyrin—PDI dyad 4 was also
obtained by similar method. The electronic absorption spectroscopic and electrochemical properties of
PDI-appended double-decker 5 and the model compounds 2, 3, and 4 were studied, the results indicated
that there was no considerable ground-state interaction between the double-decker unit and the PDI
unit in 5. The fluorescence measurements revealed that the emission of PDI unit was effectively
quenched by the double-decker unit, suggesting remarkable intramolecular interaction in 5 under
excited state.

Fluorescence spectrum

© 2011 Elsevier Ltd. All rights reserved.

1. Introduction

Light harvesting is a crucial part in natural photosynthetic
process in which a series of highly efficient ultrafast energy transfers
between spectroscopically different populations of chlorophylls are
involved [1]. Several strategies have been employed to mimic the
natural light-harvesting process, including the using of polymers [2],
dendrimers [3], and porphyrin arrays linked by covalent bonds [4] or
by self-assembly [5,6]. Photoinduced electron transfer is an impor-
tant event not only in the primary process of natural photosynthesis
[7] but also in some artificial systems such as molecular photovol-
taics [8] and photocatalysis [9]. A variety of intramolecular and
intermolecular photoinduced electron-transfer models have been
investigated to elucidate the controlling factors [10—15].

Perylene diimide (PDI) derivatives [16] are well-known red
pigments with outstanding stability, intense absorption in the
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400—600 nm region, and high fluorescence emission. Due to the
high electron affinity caused by the electron-withdrawing imide
groups, PDIs are also good electron acceptors in artificial photo-
synthetic models [10,17,18]. Moreover, they are good n-type organic
semiconductor materials and widely used as building blocks in
various molecular electronic devices [19,20] and self-assembled
nanocomposite [21—-24].

On the other hand, porphyrin derivatives, including their most
important artificial analogues, phthalocyanines, are known to have
unique w-conjugated structural features which are closely related
to that of bacteriochlorophyll in the reaction center, thus they can
be used as excellent light-harvesting antennas [25,26]. They also
produce efficient photoinduced electron-transfer processes that
can be regulated by the appropriate choice of the central metal and
the nature of the peripheral substitution. In this regard, consider-
able efforts have been devoted to multiporphyrin arrays and
hetero-porphyrin—phthalocyanine arrays linked by covalent bond
or supramolecular interactions [11—14,27—33]. Sandwich-type
porphyrinato and phthalocyaninato metal complexes have also
been extensively studied [34—36]. Due to their face-to-face prox-
imity of the tetrapyrrole ligands, these sandwich-type tetrapyrrole
metal complexes show notable decrease of the first oxidation
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potentials and increase of the first reduction potentials as
compared with the respective mono(tetrapyrrole) compounds. As
a result, they can serve as potent electron donors [37], electron
acceptors [38] and both roles [39], respectively, in charge-transfer
materials. Covalently linked electron donor—acceptor systems
involving sandwich-type bis(porphyrinate) metal unit were first
reported in 1996 with a quinine [40,41] or a pyromellitic imide [40]
chromophore as the electron-acceptor partner. In 2007, the pho-
tophysical properties for a series of porphyrin-appended bis(ph-
thalocyaninato) europium complexes having different number of
porphyrin-substituents at the peripheral or non-peripheral posi-
tion(s) of the phthalocyanine ligand were examined for the first
time by this group [42]. A rapid and efficient photoinduced elec-
tron-transfer process from the porphyrin unit(s) to [Eu(Pc);] core
was revealed. Torres and co-workers synthesized a series of hetero-
dyads composed of bis(phthalocyaninato) rare earth double-decker
unit covalently linked to Cgp and studied their photophysics [43].
They found that photoexcitation of Cgp leads to a rapid electro-
transfer from the double-decker unit to the Cgp and a charge-
separated state, [RE(Pc)(Pc/)]*-Ceo~, with lifetime longer than
3 ns. Very recently, a series of mixed (phthalocyaninato)(porphyr-
inato) yttrium double-decker complexes having one metal-free
porphyrin chromophore linked at the para, meta, and ortho posi-
tion, respectively, of one meso-phenyl group of the porphyrin
ligand in the double-decker unit, were synthesized by us [44].
Comparative studies over these three isomeric tetrapyrrole triads
by steady-state and transient spectroscopic methods clearly reveal
the effect of the position of porphyrin-substituent on the photo-
physical properties of the triads.

In the present paper, we report the synthesis, spectroscopic and
electrochemical properties of a novel mixed (phthalocyaninato)(-
porphyrinato) europium(Ill) double-decker complexes appended
with one PDI chromophore at the para position of one meso-

tBu NH,

(i) Eu(acac);.nH,0O
]
(ii) HaPe(a-OCsHy )y

tBu tBu

tBu

phenyl group of the porphyrin ligand in the double-decker unit
through imide linkage, 5, Scheme 1. The corresponding data for
model compounds, 5,10,15-tris(4-tert-butylphenyl)-20-(4-amino-
phenyl)porphyrin [H,TriBPP(NH,)] (1), N-n-butyl-1,6,7,12-tet-
ra(4-tert-butylphenoxyl) perylene-3,4-dicarboxylate anhydride-
910-dicarboxylate  imide  (2),  [HEu"{Pc(a-3-OCsHq1)4}
{TriBPP(NH3)}] (3) [Pc(a-3-OCsH1p)a = 1,8,15,22-tetrakis(3-penty-
loxy)-phthalocyaninate, TriBPP(NH;) = 5,10,15-tris(4-tert-butyl-
phenyl)-20-(4-aminophenyl)porphyrinate], and porphyrin—PDI
dyad 4, have also been measured and discussed for comparison.

2. Experimental section
2.1. General

n-Octanol was distilled from sodium under nitrogen. Column
chromatography was carried out on silica gel (Merck, Kieselgel 60,
70—230 mesh) and biobeads (BIORAD S-X1,200—400 mesh) columns
with the indicated eluents. All other reagents and solvents were used
as received. The compounds Eu(acac);-nH,0 [45], 1,8,15,22-tetrakis
(3-pentyloxy)-phthalocyanine [46], 5,10,15-tris(4-tert-butylphenyl)-
20-(4-aminophenyl)porphyrin (1) [47] and N-n-butyl-1,6,7,12-
tetra(4-tert-butylphenoxyl) perylene-3,4-dicarboxylate anhydride-
9,10-dicarboxylate imide (2) [48] were prepared according to the
published procedures.

2.2. Measurement

'H NMR spectra were recorded on a Bruker DPX 300 spec-
trometer (300 MHz) in CDCls, [D6] DMSO, or CDCl3/[D6] DMSO 1:1.
Spectra were referenced internally by using the residual solvent
resonance (6=7.26 and 2.49 ppm for CDCl3 and [D6] DMSO,
respectively) relative to SiMe4 (TMS). MALDI-TOF mass spectra

Scheme 1. Synthesis of the PDI-appended double-decker 5 and the schematic molecular structures of compounds 2 and 4.
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were taken on a Bruker BIFLEX III ultra-high resolution Fourier
transform ion cyclotron resonance (FTICR) mass spectrometer with
alpha-cyano-4-hydroxycinnamic acid as the matrix. Elemental
analyses were performed on an Elementar Vavio El 11I. Electronic
absorption spectra were obtained with a Hitachi U-4100 spectro-
photometer. The steady-state emission spectra were measured by
an Edinburgh FS920 Fluorescence Spectrophotometer. Solutions
were prepared in CHCl3 with concentration of 21.1 uM for 2, 5.6 uM
for 3, and 7.3 uM for 5. Electrochemical measurements were carried
out with a BAS CV-50W voltammetric analyzer. The cell comprised
inlets for a glassy carbon disk working electrode of 2.0 mm in
diameter and a silverwire counter electrode. The reference elec-
trode was Ag/Ag™ (a solution of 0.01 M AgNO3 and 0.1 M TBAP in
acetonitrile), which was connected to the solution by a Luggin
capillary whose tip was placed close to the working electrode. It
was corrected for junction potentials by being referenced internally
to the saturated calomel electrode (SCE). Typically, a 0.1 M solution
of [NBug][ClO4] in CH,Cl; containing 0.5 mM of sample was purged
with nitrogen for 10 min, and then the voltammograms were
recorded at ambient temperature. The scan rate was 20 and
10 mV s~ ! for CV and DPV, respectively.

2.3. Preparation of HEu"[Pc(a-3-OCsHy1)4][TriBPP(NH2)] (3)

A mixture of [Eu(acac);]-nH,O (514 mg, 0.11 mmol) and
H,TriBPP (79.8 mg, 0.10 mmol) in n-octanol was heated to reflux
under nitrogen for 4 h. After the mixture was cooled to room
temperature, HyPc(a-3-OCsH11)4 (86.0 mg 0.10 mmol) was added
and then heated to reflux for another 2 h. After a brief cooling, the
solvent was evaporated under reduced pressure, and the residue
was dissolved in CHCI3/CH30H (1:1, v/v). Then, hydrazine hydrate
(300 mg) was added, and the mixture was rotary evaporated to
dryness. The residue was subjected to chromatography on a silica-
gel column. A small amount of metal-free H,TriBPP(NH,) was
separated by using CHCl3/hexane (1:2) as the eluent, and then the
column was eluted with CHCl3. A small green band containing
metal-free phthalocyanine followed by another green band con-
taining the protonated double-decker was developed. Repeated
chromatography followed by recrystallization from CHCl3/CH30H
gave pure 3 as deep green powder (43 mg, 20%). 'H NMR (300 MHz,
CDCl3/[D6] DMSO (1:1) with ca. 1% hydrazine hydrate, 25 °C, TMS):
0=10.8 (s, 4H; Pc Hy), 9.90 (s, 4H; Pc Hp), 8.71 (s, 4H; Pc Hy), 8.43 (s,
6H; Por Hp1), 7.95 (s, 6H; Por Ho1), 7.45 (s, 2H; Por Hp), 7.30 (s, 6H;
Por Hp1), 7.15 (s, 2H; Por Hyy), 6.13 (d, 4H; OCH), 5.89 (s, 2H; Por
NHy), 3.29 (t, J = 6.6 Hz, 8H; Por NCH5), 2.56 (m, ] = 7.2 Hz, 8H; Por
NCH,CH,CgHy3), 2.18 (m, J=6.6Hz, 8H; Pc endo-CH;), 1.82
(m,J = 6.6 Hz, 8H; Pc exo-CH>), 1.69 (t, ] = 7.5 Hz, 12H; Pc endo-CH3),
1.59—1.40 (brd, 40H; Por CH3s), 1.24 (t, = 7.5 Hz, 12H; Pc exo-CH3),
0.97 (t, J=6.6 Hz, 12H; Por CH3); MS (MALDI-TOF): an isotopic
cluster peaking at m/z: 1807.0; calcd. for (MH)*: 1806.8. Anal. calcd.
for C10sH111N1304Eu: C, 70.09; H, 6.46; N, 9.57. Found: C, 69.55; H,
6.49; N, 9.65.

2.4. Preparation of porphyrin—PDI dyad (4)

A mixture of HyTriBPP(NH>) (1) (40 mg, 0.05 mmol) and PDI 2
(50 mg, 0.05 mmol) in dry toluene in the presence of imidazole
(500 mg) was heated to reflux under nitrogen for 12 h. The
resulting solution was cooled and the solvent was removed under
reduced pressure. The residue was dispersed in water and filtered
to remove imidazole. The residue was washed with water and
purified by chromatography on a silica-gel column with CHCl3 as
the eluent to give a crude product. The crude product was further
purified by repeated chromatography and recrystallization from
CHCl3/CH30H to give 4 as red powder (5.0 mg, 5.6%). 'H NMR

(300 MHz, CDCl3, 25 °C, TMS): 6 = 8.91-8.88 (m, 8H; Hpyrrole), 8.39
(s, 2H; Hper), 8.35 (d, J=8.1Hz, 2H; Hpor), 8.29 (s, 2H; Hper),
8.16—8.12 (d, = 8.4 Hz, 6H; Hyor), 7.76 (d, = 8.1 Hz, 6H, Hpor), 7.65
(d,J=8.1Hz, 2H; Hpy), 7.29 (m, 8H; Hyy), 6.92 (m, 4H; Hy;), 6.89 (m,
4H; Hyr), 4.14 (m, 2H; CHy), 1.61 (m, 27H; CH3), 1.43 (m, 4H; CHy),
1.31 (s, 36H; CHs3), 0.96 (m, 3H; CHs), —2.78 (s, 2H, Hpor); MS
(MALDI-TOF): an isotopic cluster peaking at m/z: 1821.0; calcd. for
(MH)": 1821.3.

2.5. Preparation of perylene diimide-appended mixed
(phthalocyaninato )(porphyrinato) europium(Ill) double-decker
complex (5)

A mixture of HEu"[Pc(a-3-0CsHy1 )4][TriBPP(NH,)] (3) (50 mg,
0.028 mmol) and PDI 2 (40 mg, 0.04 mmol) in dry toluene in the
presence of imidazole (500 mg) was heated to reflux under
nitrogen for 12 h. The resulting solution was cooled and the solvent
was removed under reduced pressure. The residue was dispersed in
water and filtered to remove imidazole. The residue was washed
with water and purified by chromatography on a silica-gel column
with CHCl; as the eluent to give a crude product. The crude product
was further purified by repeated chromatography and recrystalli-
zation from CHCl3/CH30H to give 5 as deep red powder (3.0 mg,
3.3%). MS (MALDI-TOF): an isotopic cluster peaking at m/z: 2828.4;
calcd. for (MH)": 2828.3.

3. Results and discussion
3.1. Synthesis and characterization

As shown in Scheme 1, the synthesis of mixed (phthalocyani-
nato)(porphyrinato) rare earth double-decker complexes
[HEu"{Pc(a-3-0OCsH11 )4 }{TriBPP(NH,)}] (3) involves the prior
generation of the half-sandwich complexes [Eu'(acac)
{TriBPP(NH,)}] from [Eu(acac)s-nH,0] and [H,TriBPP(NHy)] (1),
followed by treatment with metal-free phthalocyanine [HyPc(a-3-
0CsH11)4]. It is worth noting that the reaction produces a mixture of
the neutral form [Eu"{Pc(a-3-OCsHy1)a}{TriBPP(NH,)}] and the
protonated form [HEu"{Pc(a-3-0CsH11)4{TriBPP(NH,)}] of the
target compounds [49—51]. The neutral form of this type of double-
decker is less stable than the protonated species. For easy pro-
cessing, the reaction mixture was treated with hydrazine hydrate
prior to isolation and purification to convert the neutral form into
the corresponding protonated one. Treatment of 3 with N-n-butyl-
1,6,7,12-tetra(4-tert-butylphenoxyl)perylene-3,4-dicarboxylate
anhydride-9,10-dicarboxylate imide (2) in the presence of imid-
azole in toluene afforded the PDI-appended double-decker 5. By
using the above procedure with metal-free porphyrin
[HoTriBPP(NH3)] (1) instead of double-decker complex (3) as the
starting material, the PDI-Por dyad 4 was obtained [6].

The newly synthesized compounds are soluble in common
organic solvents such as CH,Cl,, CHCl3, and toluene, allowing
characterization of these compounds by MALDI-TOF mass and 'H
NMR spectroscopy. MALDI-TOF MS spectra of compounds 3—5
show intense signals of protonated molecular ions [MH], Figs. S1
and S2 in the Supporting information. The isotopic pattern closely
resembled the simulated one as exemplified by the spectrum of 5
given in Fig. 1, providing evidence for the identity of the PDI-
appended double-decker compound. Well-resolved 'H NMR
spectra of compound 4 in CDCl; were recorded and assigned, see
Experimental section for detail. Satisfactory NMR spectra could not
be obtained for either the protonated double-decker 3 or the dyad 5
containing the protonated double-decker unit in CDCl3, [D6] DMSO,
or a mixed solvent of CDCl3/[D6] DMSO (1:1), due to the tauto-
merization of the acidic proton on the porphyrin ligand in the
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Fig. 1. (a) Experimental and (b) simulated isotopic pattern for [MH]" of 5 shown in the
MALDI-TOF mass spectrum.

double-decker unit [44]. Upon addition of ca. 1% hydrazine hydrate,
the double-decker unit was reduced to the corresponding
monoanion [52], thereby making the two macrocyclic ligands
become diamagnetic, and well-resolved spectra with virtually all
the expected signals were observed for 3, Fig. S3 (Supporting
information). However, most probably due to the relatively poor
solubility in CDCl3/[D6] DMSO (1:1), '"H NMR spectra of compound
5 remain unresolved.

3.2. Steady-state electronic absorption spectra

The electronic absorption data of compounds 2—5 were
measured in CHCl3 and compiled in Table 1. Fig. 2 compares the
electronic absorption spectra of 2, 3 and 5. PDI derivative 2 shows
atypical electronic absorption feature with two intense bands at 584
and 454 nm, along with a shoulder peak at 543 nm, which is typical
for PDIs with four bay positions substituted [48]. The electronic
absorption spectrum of mixed bis(porphyrinato)(phthalocyaninato)
europium compound 3 resembled those of HMPc[(a-3-
OCsH11)4](TCIPP) [M =Y, Sm, Eu; TCIPP = meso-tetrakis(4-chloro-
phenyl)porphyrinate] [49], HY"'Pc[(2-3-0CsH11 )4](TOAPP)
[TOAPP = meso-tetrakis(4-octylamino-phenyl)porphyrinate] [51]
and HM[Pc(OBNP),|(TCIPP) (M =Y, Eu; Pc(OBNP), = binaphthyl-
phthalocyaninate) [50], indicating the protonated mixed ring
double-decker nature of this complex. The spectrum shows
medium-to-strong phthalocyanine and porphyrin soret bands at
311 and 414 nm, respectively, and several Q bands in the range of
500—900 nm in addition to a band with medium intensity at
488 nm attributed to a transition involving a delocalized orbital.

In the electronic absorption spectrum of the PDI-appended
double-decker 5, the absorption bands at 414, 489, 642, 865 nm are
attributed to the double-decker unit, while the band at 455 nm is
assigned to the PDI unit. The other two bands peaked at 543,
587 nm, respectively, are believed to have contribution from both
the double-decker and PDI units. It is noteworthy that the spectrum
of 5 is very similar to a linear superimposition of those of the

Table 1
Electronic absorption data for compounds 1-5 in CHCls.
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Fig. 2. Electronic absorption spectra of the compounds 2 (a), 3 (b), and 5 (c) in
1.0 x 10~ M CHCl5 solution.

individual components 2 and 3, Fig. 2. This observation suggests the
absence of a strong electronic interaction between the double-
decker and PDI components in 5 at ground state. This seems also
true for the PDI-Por dyad 4, which can be revealed by comparing
the electronic absorption spectra of compounds 1, 2 and 4, Fig. S4
(Supporting information). The results are consistent with
previous reports on similar system [6,42—44].

3.3. Electrochemical properties

The electrochemical behavior of compounds 2—5 was investi-
gated by cyclic voltammetry (CV) and differential pulse voltam-
metry (DPV) in CH,Cly, Fig. S5. The half-wave redox potential values
vs. the saturated calomel electrode (SCE) were summarized in
Table 2. The separation between the reduction and oxidation peak
potentials for all the processes lies between 65 and 90 mV, showing
their reversible nature. All these processes can be attributed to
successive removal from or addition of electron(s) to the molecular
orbitals.

The PDI derivative 2 displays two one-electron oxidations,
labeled as Oxd1 (1.29 V) and Oxd2 (1.58 V), and two one-electron
reductions labeled as Red1 (—0.69 V) and Red2 (—0.86 V) within
the electrochemical window of CH,Cl,. The double-decker complex
3 shows two one-electron reductions at —0.89 and —1.70 V, and up
to four one-electron oxidations at 0.43, 0.98, 1.67, and 1.99V. A
direct comparison of the electrochemical data of 5 with those of 2
and 3 helps to assign the origin of the redox processes to the
double-decker and PDI components for 5. Accordingly, the oxida-
tions at 0.34, 0.88 and 1.98 V can be attributed to the double-decker
component, the reduction at —0.59 V to the PDI component, while
the redox couples at 1.51, —0.98, and —1.34 V have contributions
from both the double-decker and PDI components.

Compound Amax [nm] (log €)

1 420 (5.83) 516 (4.50) 552 (4.34) 591 (4.18) 648 (4.22)

2 454 (4.17) 543 (4.37) 584 (4.59)

3 311 (4.84) 414 (5.30) 488 (4.81) 563 (4.35) 613 (4.51) 642 (4.38) 865 (4.05)
4 420 (5.72) 455 (4.31) 520 (4.53) 552 (4.64) 590 (4.81) 648 (3.83)

5 293 (4.82) 414 (5.12) 455 (4.57) 489 (4.61) 543 (4.58) 587 (4.76) 642 (4.21) 865 (3.80)
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Table 2
Half-wave redox potentials of 2—5 (V vs. SCE) in CH,Cl, containing 0.1 M tetrabutylammonium perchlorate recorded by DPV.
Compound Red4 Red3 Red2 Red1 0Oxd1 0Oxd2 0xd3 Oxd4 AE®;p°
HZTBPPb -1.56 -1.21 0.94 1.18 1.34 1.60 215
2 -0.86 —0.69 1.29 1.58 1.98
3 -1.70 —0.89 043 0.98 1.67 1.99 132
4 —1.56 -1.20 -0.88 -0.72 0.96 1.31 1.58 1.68
5 -1.34 -0.98 -0.59 0.34 0.88 1.51 1.98 0.93

a AE°1/2 = E]/z(OXdl) — E1/2(Red1 ).
b Cited from Ref. [53].

For comparison, the electrochemical data of 5,10,15,20-tetra(4-
tert-butylphenyl)-porphyrin (H,TBPP) [53] are also listed in Table 2,
which shows two one-electron reductions at —1.21 and —1.56V,
and four one-electron oxidations at 0.94, 1.18, 1.34 and 1.60 V.
Taking the data of PDI derivative 2 into account, similar assignment
for the electrochemical data of PDI-Por dyad 4 can be made. Thus,
the reductions at —1.20 and —1.56 V, and the oxidation at 0.96 V are
assigned to the porphyrin moiety, the two reductions at —0.72
and —0.88 V are attributed to the PDI moiety, the remaining two
oxidations at 1.31 and 1.58 V are related to both the porphyrin and
PDI moieties.

3.4. Fluorescence spectra

In order to study the intramolecular electronic interactions for
the PDI-appended double-decker 5, the fluorescence measure-
ments were carried on compounds 2, 3 and 5 in CHCls. It is well
know that metal-free porphyrins usually show two strong emission
bands around 650 and 720 nm [44], respectively. On the other
hand, sandwich-type tetrapyrrole rare earth complexes always
show very weak or actually no fluorescence, due to the heavy rare
earth atom effect and strong electronic interaction between the
neighboring tetrapyrrole rings in the sandwich molecules [37—44].
Similarly in the present work, it was found that the fluorescence of
double-decker complex 3 was completely quenched.

The fluorescence spectra of compounds 2 and 5 are shown in
Fig. 3. With excitation at 456 nm, the PDI derivative 2 shows one
strong emission band centered at 619 nm, which is consistent with
the previous reports on similar compounds [6,48]. Whereas for the
PDI-appended double-decker 5, this emission band is remarkably
quenched, and no other emission band can be observed. Since the
double-decker moiety is easily oxidized and may act as excellent
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Fig. 3. Fluorescence spectra of compounds 2 (solid line) and 5 (dashed line) in CHCl3
(normalized with matching absorption of 0.1 at the 456 nm excitation wavelength).

electron donor [43], and the PDI moiety is readily reduced and may
serve as good electron acceptor [6], a concomitant photoinduced
electron transfer seems to account for the fluorescence quenching
process. On the other hand, because of the good spectral overlap
between the emission of PDI derivative 2 and the absorptions of the
double-decker complex 3, there is a possibility of a photoinduced
intramolecular singlet—singlet energy-transfer process from the
excited PDI chromophore to the double-decker unit. For further
identify the responsible process for the fluorescence quenching, the
time-resolved absorption and fluorescence spectra are under
investigation.

4. Conclusion

A novel phthalocyanine—porphyrin—PDI array containing
a sandwich-type mixed (phthalocyaninato)(porphyrinato) euro-
pium(Ill) double-decker core and a PDI modifier was designed and
synthesized. The steady-state electronic absorption and electro-
chemical studies indicated that there was no ground-state inter-
action between the double-decker unit and the PDI unit. The
fluorescence measurements revealed that the emission of PDI unit
was remarkably quenched by the double-decker unit. The prelim-
inary result suggests that the PDI-appended double-decker 5 would
show very novel photophysical properties, which are worth of
further investigation.
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Appendix A. Supplementary data

MALDI-TOF mass spectra of compounds 4 and 5; 'H NMR
spectra of HEu"[Pc(a-3-0OCsH11 )4][TriBPP(NH,)] (3) in CDCls/[D6]
DMSO (1:1) upon addition of ca. 1% hydrazine hydrate; electronic
absorption spectra of the compounds 1, 2 and 4 in CHCl3; differ-
ential pulse voltammograms (DPV) of compounds 2 and 4 in CH;Cl,
containing 0.1 M [BugN][ClO4]. This material can be found in the,
online version at, doi:10.1016/j.dyepig.2011.03.010 or from the
authors.
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