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Solid-state electronic (UV-Vis) and vibrational (IR) spectra of the tetrathiafulvalene-
perylenediimide (PDI-TTF) 1 and perylenediimide-fullerene (PDI-Cgy) 2 dyads as
well as PDI 3, TTF 8 and fullerene 9 derivatives used as references molecules were
investigated in the frequency range between 400 and 45,500 cm ™. Electronic and
vibrational features of the dyads were compared and analysed. Molecular geometry
of the compounds and their IR and Raman theoretical spectra were calculated. It was
stated, that small redistribution of the charges occurs in both moieties of these dyads.
This effect is observed as shifts of both electronic and vibrational bands of the dyads
in comparison with the respective bands of free components.
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INTRODUCTION

Historically applied for industrial purposes as pigments due to their
insolubility and photostability [1], perylene-3,4,9,10-tetracarboxydi-
imides (PDI) belong now to the most fascinating functional molecular
materials [2]. These are potentially interesting electron-accepting
materials and the best n-type molecular semi-conductors available to
date, providing promising compounds for application in electronic
devices. New developments in the field of PDI-based functional mate-
rials are now devoted towards the synthesis of donor — PDI molecular
assemblies with the aim of promoting an efficient photoinduced elec-
tron transfer reaction between these two redox active units and
long-lived charge-separated states. Several approaches for designing
and creating donor-cg-acceptor (D-0-A) dyads have been recently
proposed for applications in molecular electronics as switches, wires
or rectifiers, in the development of artificial photosynthetic systems
or efficient photovoltaic devices [3]. Thus PDI derivatives have been
associated to different donors such as zinc porphyrin [4], pyrene [5],
ferrocene [6] or oligo(p-phenylenevinylene) [7]. PDI was very recently
linked to fullerene Cgy with the aim of inducing an intramolecular
energy transfer and to play the role of light-harvesting antenna for
enhancing the efficiency of organic solar cells [8-10]. To our knowl-
edge, this acceptor has never been associated in a dyad system with
tetrathiafulvalene (TTF) as the donor counterpart.

We have been interested in the development of a dissymmetrical
perylene-3,4,9,10-tetracarboxydiimide building block in order to
investigate its grafting to both tetrathiafulvalene and Cgo to obtain
PDI-TTF and PDI-Cgy dyads 1 and 2, respectively. The main aim of
this work is to provide information on electronic and vibrational
properties of these two PDI dyads with an electron donor molecule
(TTF-based 8) and an electron acceptor molecule (modified Cgy 9).
The molecular geometry and dynamics of these adducts are simulated
and theoretical IR and Raman spectra are compared with the experi-
mental data. Our overall goal is to study the correlation between the
structure of new chromophoric systems and their electron and
vibrational features, deduced from spectral response in a broad
frequency range.

EXPERIMENTAL

Compounds chosen for spectral investigations, i.e., PDI-TTF 1 and
PDI-Cgo 2 dyads as well as reference molecules (PDI 3, modified
TTF 8 and modified Cgp 9) are shown in Scheme 1.
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SCHEME 1 Synthesis and chemical structure of the investigated samples:
the dyad 1 (PDI-TTF), the dyad 2 (PDI-Cg), as well as the reference molecules
of the PDI 3, the modified TTF 8, and the modified Cg 9.

The readily-available dissymmetrical PDI 5 tetrasubstituted at the
bay region by chlorine atoms was obtained by direct condensation of
1l-pentylamine and 2-aminoethanol in stoichiometric ratio on
1,6,7,12-tetrachloroperylene tetracarboxylic dianhydride in refluxing
toluene. After separation from both symmetrical PDI derivatives 3
and 4, dissymmetrical monoalcohol 5 was isolated in 28% yield.
PDI-TTF dyad 1 was then synthesized in a one-pot esterification reac-
tion, which was cleanly carried out by using TTF monoacid 7 [11] and
PDI monoalcohol 5 in the presence of DCC as an activating reagent
and both DMAP and HOBT to afford dyad 1 [12] in 94% yield. Using
the same peptide coupling conditions for the reaction between TTF
monoacid 7 and ethanol, TTF 8 was synthesized as the reference for
further studies.

Methanofullerene dyad 2 was obtained using a two-step strategy by
successive transformation to the corresponding malonate using ethyl
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malonyl chloride and further cyclopropanation with iodine and DBU
[13]. Purification by silica gel column chromatography (CHyCly/EtOAc
4/1 as the eluents) afforded dyad 2 [14] in 41% yield. Reference com-
pound 9 was efficiently prepared according to the Bingel’s method-
ology starting from o-bromoethyl malonate [15].

Electronic absorption spectra in the range between 220 and
2500 nm were recorded with a Perkin Elmer UV-Vis-NIR Lambda 19
spectrometer, at room temperature. The spectra of powdered samples
(1-3, 8, 9) were taken in KBr pellets containing dispersed compounds
with weight concentrations 1:1000-1:8000, depending on the band
intensities. Vibrational spectra in the range 400—7000 cm ! were also
recorded with a FT-IR Bruker Equinox 55 spectrometer, in KBr pellets
with a typical concentration 1:1000, at room temperature. Raman
scattering of the light was investigated with a Bruker IFS 66 FRA
106 spectrometer (the exciting wavelength is A= 1.064um). We
focused our attention on two spectral regions: the first between 220
and 600nm (45500-17000 cm 1), where the electronic excitations of
the dyads are observed, and the second between 400 and 1800 cm !,
where the intramolecular vibrations occur. Between these two regions,
only weak absorption bands typical for C—H group vibrations are
observed.

With the help of the Gaussian 03 program [16], we performed nor-
mal mode analysis for 1, 3, 8, and 9. The equilibrium geometry and
vibrational modes of these neutral molecules were evaluated with
a Becke-style 3-Parameter Density Functional Theory with the
Lee-Yang-Parr correlation functional (B3LYP) using a basis set of
3-21G (1 and 9), 6-31G (3) or 6-311 + + G(d,p) (8). Moreover, the assign-
ment of normal modes was proposed using the program GaussView.

RESULTS AND DISCUSSION
Electronic Spectra

The UV-Vis absorption spectra of investigated compounds 1-3, 8, 9
are shown in Figures 1a and b. In the modified fullerene 9, two strong
and overlapping optical absorption bands at 267 and 334nm are
observed (Fig. 1la). They correspond to the bands identified as the
dipole-allowed transitions observed in prisstine Cgy at 266 and
343 nm, respectively [17]. The band at 334 nm undergoes a hypochro-
mic shift by 9 nm compared to the wavelength of the respective band of
Ceo but the other band is practically not shifted; both of the bands are
broadened. The band centered at 334 nm is slightly more blue-shifted
and broadened in the dyad 2. Similar, but stronger shifts were
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FIGURE 1 Electronic absorption spectra of: (a) the dyad 2 (PDI-Cg), PDI 3,
the modified Cgo 9, and fullerene Cgo (shown for comparison); (b) the dyad 1
(PDI-TTF), PDI 3, the modified TTF 8, and the tetrathiafulvalene TTF (shown
for comparison).

observed in other fullerene adducts, e.g., in the bis-linked TTF-
fullerene derivatives [18-20], meso,meso-linked oligoporphyrin
bearing one or two fullerene moieties [21] and the fullerene-zinc por-
phyrin dyad [22]. Weaker electron donor properties of the perylenedii-
mide 3 with the ionization potential slightly above I =+41.95V, in
comparison with TTF 8 (I = +0.63 V) cause a smaller bonding energy
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of the dyad 2, and as a consequence — relatively small fullerene
band shift.

The electronic absorption spectrum of the PDI 3 in KBr pellet
(Fig. 1a) is dominated by typical perylene triple absorption with local
maxima at 527, 493, and 458 nm; there are also weak bands at 429,
277, and 224 nm. The triple absorption characteristic for the highest
occupied energy levels of perylene (dissolved in cyclohexane) shows
maxima at 435, 408, and 387 nm but another bands are centered at
371, 252, and 245 nm [23]. The adequate triple absorption of all known
PDIs in organic solvents is observed at about 526, 490, and 458 nm
[24]. The weak dependence of the spectra on the terminal group in
various PDIs is clear because the chromophore has nodes in the orbi-
tals HOMO and LUMO at the nitrogen atoms [25]. Thus, according to
our measurements in the solid state, 3 shows the typical electronic
absorption for perylenediimides in organic solvents. Some of the bands
of 3 can be identified in its dyad 2 with Cgy. Doubtless, the bands at 535,
499, and 428 nm can be attributed to typical perylenediimide absorp-
tions. Two former bands show bathochromic shift by a few nanometres
(on an average 7nm) with regard to components of the triple absorp-
tion of 3. In opposite, the band at 428 nm is practically not shifted.

On the other hand, our earlier investigations on both porphyrin-
and TTF-containing fullerene-derived adducts [18-22] showed, that
the spectra of compounds derived from Cgg, have some common fea-
tures, virtually not dependent on the attached molecular groups. In
spite of the covalent linkage and vicinity of both fullerene and TTF
or porphyrin zn-electron systems, the observed spectral effects can be
mainly ascribed to through-bond interaction between the two moieties
[20].

The electronic spectrum of TTF (Fig. 1b) contains a strong absorp-
tion band at 318 nm and much weaker absorption at about 380 nm.
The spectrum of modified TTF molecule 8 is completely different: a
broad, unsymmetrical absorption is observed between 280 and 345 nm
and much weaker band is centered at 445 nm. This shows that modi-
fication of the TTF molecule changes distinctly its electronic structure.
The spectrum of the dyad 1 consists of the bands at 528, 494, 429,
about 275 and about 225nm and it reproduces well the respective
spectrum of 3. It means that TTF does not change distinctly the elec-
tronic structure of the chromophore 3. A similar effect was observed in
the fullerene-tetrathiafulvalene cyclohexene fused polyads [18]: no
band of TTF and weak influence of the bonding on the Cgy spectrum
were observed. In opposite, it was stated that the fullerene absorption
bands undergo distinct blue shifts strongly dependent on the number
of substituent groups but weakly dependent on their nature [18,19,22].
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Vibrational Spectra

In order to analyze the experimental data of 1 and 2 dyads we recorded
and calculated infrared absorption and Raman scattering spectra for
the molecules 3, 8, and 9. The spectra of the investigated compound
1 with its reference compounds 3 and 8 are presented in Figure 2.
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FIGURE 2 IR absorption (a) and Raman (b) spectra of the dyad 1 (PDI-TTF),
PDI 3, and the modified TTF 8.
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Most of the bands attributed to vibrations of 3 can be found in the
spectra of the dyad 1 at the same or slightly shifted frequencies. For
example, the strongest bands of 3 at 420, (512), 546, 584, 653, 686,
(728), 748, 776, 806, 910, 1104, 1237, 1287, 1341, (1392), 1589, 1667,
(1705), (2928), and (2957) cm ! (the wavenumbers of the bands which
coincide with the bands of 8 are given in parentheses) have their
counterpart in 1 at 422, 512, 546, 585, 652, 686, 728, 748, 775, 804,
908, 1107, 1238, 1289, 1341, 1391, 1589, 1668, 1706, 2923, and
2956 cm ! (for other coinciding bands see Table 1). The vibrational
spectra of the dyad 2 with its reference molecules 3 and 9 are shown
in Figure 3. Similarly, many bands attributed to vibrations of 3 can
also be found in the spectra of the compound 2 at almost the same pos-
ition. For example, the strongest bands of 3 at 420, 546, (584), 653,
748, 776, 806, 910, 1104, (1237), (1287), 1341, 1392, 1589, 1667,
1705, (2928), and (2957) cm ! (the wavenumbers of the bands which
coincide with the bands of 9 are given in parentheses) have their
counterpart in 2 at 419, 547, 582, 652, 747, 774, 804, 909, 1095,
1235, 1288, 1342, 1390, 1588, 1667, 1705, 2928, and 2953 cm '. The
bands related only to 9 observed at 258, 272, 287, 430, 445, 486, 531,
551, 704, 841, 1020, 1060, 1178, 1266, 1428, 1463, and 1745 cm ! have
their counterpart in 2 at 257, 269, 287, 429, 442, 484, 531, 551, 704,
841, 1020, 1062, 1176, 1266, 1431, 1462, and 1746 cm ! (for other
coinciding bands see Table 2). Therefore, we propose the assignment
of the vibrational bands for 1 and 2 dyads following the analysis of
3, 8, and 9 reference molecules.

The normal mode assignment for dyads have been proposed based
on the comparison of calculated and experimental vibrational spectra;
detailed computer output is available upon request. Because of the
large number of normal modes (84 atoms and 246 modes for 1, and
134 atoms and 396 modes for 2), this assignment is based on compari-
son of simulated and experimental spectral peaks rather than on indi-
vidual modes. Positions of well separated bands, multiplets and their
shape were taken into consideration. Moreover, the description of the
modes presented in the Tables 1 and 2 has been verified using standard
GaussView program base on the dynamic displacement visualization.

We started our detailed investigations of IR and Raman spectra of
3, 8, 9 compounds from an analysis of possible conformations. For 3
we have taken into account two different conformations: one adopts
a boat conformation with two pentyl groups upward from the PDI
plane (point group is C), the other a chair conformation where one
pentyl group is upward, the other one is downward (point group is
Capn). For such conformers of 3 with Cg;, and Cg symmetry, the calcu-
lated frequencies of normal modes at B3LYP level of theory were
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TABLE 1 Normal Mode Analysis of 1 Based on the Experimental and
Calculated Spectra of 3 and 8

Experiment (cm™b

1 3 8 Calculation (cm™1)
Approximate
IR Raman IR Raman IR Raman 3¢ 8° description®
3096 3100 3096 3255 3227 C-H str., in 3;
C—H str.,in 8
3057 3063 3060 3172 C—H str., pentyl
groups in 3
2956 2957 2954 2954 3115 3138 C-—H str., pentyl

groups in 3; C—H str.,

methyl groups in 8
2923 2928 2931 2920 2919 3097 3050 C—H str., pentyl

groups in 3; C—H str.,

methyl groups in 8

2867 2869 2870 3037 C—H str., pentyl
groups in 3
2857 2856 2853 3026 3037 C-H str., pentyl

groups in 3; C—H str.,
ethyl groups in 8
1706 1707 1705 1702 1701 1700 1694 1753 C=O str., in 3; C=0

str., in 8
1668 1664 1667 1665 1655 C=0 str.,in 3
1589 1588 1589 1589 1624 C=C str., C=0 str.,in 3

1562 1561 1559 1567 1566 1565 1614 1610 C=C str., C=0 str., in
3; C=C str.,in 8

1534 1535 1534 1534 1582 C=C str.,in 8

1492 1484 1496 1495 1497 1495 1548 1529 C—H bend., CC str., in
3; C=C str.,in 8

1433 1442 1435 1443 1427 1450 1484 1481 H-C-H bend., pentyl
groups in 3; C—H
bend., str., in 3;
H-C—H bend.,
methyl groups in 8

1391 1392 1390 1387 1441 1399 H-C-H wag., pentyl
groups in 3; C—H
bend., H-C-H
bend., ethyl groups
in 8

1364 1360 1355 H-C-H bend.,
methyl groups in 8

1341 1339 1341 1343 1376 CC str.,in 3

1312 1314 1318 1315 1298 H-C-H wag., pentyl
groups in 3; C—H
bend., H-C—H tw.,
ethyl groups in 8;

(Continued)
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TABLE 1 Continued

Experiment (cm 1)

1 3 8 Calculation (cm 1)
Approximate
IR Raman IR Raman IR Raman 3¢ gt description®
1289 1287 1285 H-C—H tw., pentyl
groups in 3; CC str.,
in3
1238 1237 1263 C—H bend., CC def., in 3
1156 1159 1160 1157 C—C def., pentyl
groups in 3
1107 1104 1126 C—H bend., CC def., in 3
970 967 958 973 993 C-H bend,, in 3; C-H
def., methyl groups
in 8
908 910 908 911 C—C def., pentyl
groups in 3
867 869 867 876 CC def,,in 3
804 806 804 808 CC def., in 3
775 776 780 CC def,,in 3
767 767 764 C-Sstr.,in 8
748 748 744 752 CC def,,in 3
728 728 729 729 730 721 741 CC def,, in 3; C—S
str., in 8
703 709 700 699 680 C-Sstr.,in8
686 686 684 678 CC def,,in 3
668 669 671 671 668 657 652 677 CC def, in 3; C-S
str., in 8
652 653 624 C—C def., C=C def., in 3
626 627 593 CC def,,in 3
617 615 618 552 C-—Sdef., in 8
585 584 585 569 CC def,,in 3
568 563 552 CC def.,in 3
546 546 548 529 CC def,,in 3
512 512 514 530 C—Sdef.,in 8
422 420 420 420 416 CC def,,in 3
406 406 363 CC def., in 3

“B3LYP/6-31G (unscaled).

*B3LYP/6-311 + + G(d,p) (unscaled).

‘Approximate mode description: str = stretching, bend = bending, def = deformation,
tw = twisting, wag = wagging.

obtained almost at the same position. Moreover, the total energy
for the “boat” and “chair” conformation is also very similar: E(boat) =
—3562,01855 hartrees and E(chair) = —3562.01873 hartrees. It can
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FIGURE 3 IR absorption (a) and Raman (b) spectra of the dyad 2 (PDI-Cg),
PDI 3, and the modified Cgg 9.

suggest that the conformation of pentyl groups does not strongly influ-
ence the spectrum. Presumably these groups do not interact with the
core of the molecule 3 and hence do not significantly influence its
optical activity. Middle part of 3 in optimized structure is not flat;
the four chlorine atoms at the bay region are out of plane. In the case
of compound 8 we have taken into account an arrangement of methyl
groups. As a starting point in the optimization process, we considered
many possible conformations of molecule 8. We observed that the fully
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TABLE 2 Normal Mode Analysis of 2 Based on the Experimental and

Calculated Spectra of 3 and 9

Experiment (cm™ b

2 3 9 Calculation (em™1)
Approximate
IR Raman IR Raman IR Raman Cg* 3b 9° description®
3098 3100 3255 C—H str.,in 3
3068 3063 3060 3172 C—H str., pentyl
groups in 3
2953 2968 2957 2956 2956 3115 3138 C-—H str., pentyl
groups in 3; C—H
bend., ethylene
groups in 9
2928 2923 2928 2931 2922 2929 3097 3106 C-—H str., pentyl
groups in 3;
H-C-H
rck, ethylene
groups in 9
2866 2864 2869 2870 3037 C—H str., pentyl
groups in 3
2854 2850 2856 2852 2860 3025 3071 C-—H str., pentyl
groups in 3; C—H
rck, ethylene
groups in 9
1746 1745 1733 linkage def., in 9
1706 1708 1705 1702 1694 C=0 str.,in 3
1667 1662 1667 1665 1655 C=0 str., in 3
1588 1589 1589 1589 1624 C=C str., C=0 str.,
in 3
1537 1539 1570 CC str.,in 3
1462 1463 1463 1464 1470 1494 Cgp def.,in 9
1445 1435 1443 1484 H-C—H bend.,
pentyl groups in 3;
C—H bend.,
CC str.,in 8
1431 1424 1428 1427 1429 1448 Cgo def., in 9
1390 1389 1392 1390 1441 H-C-H wag.,
pentyl groups in 3;
C—H bend.,in 3
1365 1366 1353 H-C-H tw,,
ethylene groups
in9
1342 1340 1341 1344 1376 CC str., in 3
1288 1287 1296 1290 1285 1307 H-C—H tw., pentyl
groups in 3;
CC str.,in 3;
CGO def., in9
1266 1266 1260 1274 Cgo def., in 9

(Continued)
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Experiment (cm ™)

2 3 9 Calculation (ecm™1Y)

IR Raman IR Raman IR Raman Cg* 3b 9°

Approximate
description?

1253 1249 1252 1251 1251 1252
1235 1236 1237 1234 1238 1237 1263 1232
1218 1218 1213
1205 1206 1205 1213
1186 1186 1182 1187
1176 1178 1175 1181

1156 1159 1160 1157
1111 1110 1115 1108
1095 1102 1104 1102 1101 1126 1092
1062 1060 1061 1056
1020 1020 1020 1016
963 967 973

909 905 910 908 912 906 911 911 933

865 869 867 865 876 873
841 841 840
822 821 823 822 849

804 806 804 806 808 796 808 795
774 771 776 771 771 775 780 781
755 754 756 755 753 755
747 748 752

Cgo def., linkage
def., in 9
C—H bend.,
CC def., in 3;
Ceodef., in 9;
linkage def., in 9
C—H bend.,
CC def.,in 3
Cgo def., linkage
def., in 9
Cgo def.,
linkage def.,
in9
Ceo def., in 9
C—C def., pentyl
groups in 3
Cgo def., in9
C—H bend.,
CC def,, in 3;
CGO def.,
linkage def., in 9
CG() def.,
linkage def., in 9
CGO def.,
linkage def., in 9
C—H bend., in 3
C—C def.,
pentyl groups
in 3; Cg def.,
linkage def., in 9
CC def, in 3;
linkage def., in 9
linkage def., in 9
CC def.,in 3
CC def., in 3;
CGO def. 5
linkage def., in 9
CC def., in 3;
C60 def.,
linkage def., in 9
Cgo def., linkage
def.,in 9
CC def.,in 3

(Continued)
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TABLE 2 Continued

Experiment (cm™1)

2 3 9 Calculation (ecm™1Y)
Approximate
IR Raman IR Raman IR Raman Cg* 3b 9° description?
712 712 712 711 712 719 Cgo def.,in 9
704 704 704 709 705 Cgo def.,in 9
672 676 671 671 672 672 668 678 669 CC def,in 3;
C(;o def., in9
652 653 624 C—C def.,
C=C def., in 3
627 627 593 CC def.,,in 3
582 584 585 581 581 580 569 586 CC def., in 3;
Cgo def., in 9;
575 575 571 575 574 Cgo def,,in 9
563 567 563 565 567 564 Cgg def., linkage
def., in 9
558 551 557 551 554 Cgg def., linkage
def., in 9
547 546 548 529 CC def.,,in 3
527 531 527 531 526 534 Cgo def.,,in 9
498 499 498 498 497 498 Cgg def., linkage
def., in 9
479 484 480 486 485 485 Cgo def.,in 9
442 445 444 Cg def., linkage
def.,in 9
429 430 433 431 Cgo def.,in 9
419 420 416 CC def.,,in 3
344 334 322 linkage def., in 9
324 324 322 CC def.,,in 3
287 287 280 linkage def., in 9
269 272 273 276 Cgo def.,in 9
257 258 261 Cgo def.,in 9
227 222 217 CC def.,,in 3

“IR and Raman data taken from [26].

*B3LYP/6-32G (unscaled).

‘B3LYP/3-21G (unscaled).

9Approximate mode description: str = stretching, bend = bending, def = deformation,
tw = twisting, wag = wagging, rck = rocking.

optimized geometry of 8 for DFT methods is slightly distorted from a
plane to a boat conformation with methyl groups displaced from this
plane to the same side. The normal modes calculation for 9 was carried
out with Cy; symmetry.
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The normal mode analysis for fully optimized 3, 8, and 9 molecules
was performed using DFT(B3LYP) level of theory. Based on their nor-
mal modes dynamic visualization we could identify and describe bands
(see Tables 1 and 2). For example, the IR bands related mostly to the
vibrations of pentyl groups are observed for dyad 1 at 908, 1156, 1289,
1312, 1391, 1433, 2857, 2867, 2923, 2956, and 3057 cm ', whereas for
dyad 2 at 909, 1156, 1288, 1390, 1445, 2854, 2866, 2928, 2953, and
3068 cm 1. The vibrations which are due to the deformation of fuller-
ene are observed at 269, 429, 479, 498, 527, 563, 575, 582, 672, 704,
712, 755, 774, 804, 909, 1020, 1062, 1095, 1111, 1176, 1186, 1205,
1235, 1253, 1266, 1288, 1431, and 1462cm '. These frequencies
related to Cgp are almost unchanged comparing with pristine Cgo:
273, 433, 485, 497, 526, 567, 575, 580, 668, 709, 712, 753, 775, 796,
911, 1020, 1061, 1101, 1115, 1175, 1182, 1205, 1237, 1251, 1260,
1290, 1429, and 1470 cm™* [26]. Base on our vibrational investigation
we can conclude that the frequencies of the vibrations related to 3,
8, 9 are only slightly changed upon formation of the dyads.

CONCLUSION

In this paper we report the spectral properties of the recently synthe-
sized dyads PDI-TTF (1) and PDI-Cg (2), together with the analysis of
electronic and vibrational features. According to our knowledge, for
the first time PDI molecule has been associated in a dyad system with
TTF as the donor counterpart. Based on the ab initio calculations, the
normal modes analysis and interpretation of the vibrational spectra is
presented. Moreover, the possible conformations of the component
moieties of the dyads are discussed. The electronic and vibrational
spectra of 2 suggest a small redistribution of charges on both fullerene
and perylenediimide moieties. It was deduced from the small
vibrational band shifts as well as the broadening and shifts of some
Cgo and PDI electronic bands after dyad formation. In opposite to 2,
a charge redistribution on both part of the dyad 1 was almost unde-
tectable by spectral methods.
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