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[(CH2)n(p- PDAmCz)z (n=2-12)] in various solvents indicate that alcoholic solvents induce mtramolecular
association of the diacrylate chromophores, exhibiting excited pair emission, of which the intensity is dependent

upon the methylene chain length. © 1998 Elsevier Science Ltd. All rights reserved.
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Photochemical behavior of p-phenylenediacrylate and cinnamate derivatives has been
extensively studied in film and solid states [1-3]; however, few reports on simple poly-
methylene bis(p-phenylenediacrylates) and dicinnamates have appeared [4]. Recent work on
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the effect of nolar sgl vents on a bispyrenyl alcohol [5] nmmnted us to report our own results
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on the effect of alcoholic solvents mducmg mtramolecular association of the p-phenylene-

2. Preparation and absorption spectra

A series of bichromophoric systems, polymethylene bis(p-(2-ethoxycarbonylvinyl)cinna-
mates) [(CH2)n(p-PDAMC3)7: Cn (n=2-12)], were prepared from reactions of ethyl hydrogen
p-phenylenediacrylate with 1,n-dibromoalkanes in N,N-dimethylacetamide in the presence of
potassium carbonate. The prepared Cr exhibited an absorption band in the range of 250-350
nm with a maximum amund %20 nm and a shoulder around 335 nm, as shown in Figure 1.

to that of die ethyl p-p nhenvlenedlacrvhte (p-PDAdC»)

and have a nearly twice of abggmtivity of p-PnAdF (for PYaman Emax 75000 cm2 mmol-1
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for C8 vs. emax 40000 cm2 mmol-1 for p-PDAdAC? in benzene) In polar solvents the band
wae clicghtly chiftad o tha lawar wavelenothe (Figure 1)
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Figure 1. Absoiption spectra of C3, C4, and €7 in a concentra-

tion of 1x10~4 mol dm~3 in benzene and methanol. The spectra
are normalized at the absorption maximum.

3. Fluorescence spectra

Fluorescence spectra of a series of Cn were measured at ambient temperature by exciting
their sample soluuo of 10-5 to 10~4 mol dm-3 at 320 nm in various solvents (Figure 2 for
C4). In benzene, as-an example, some Cn showed a very weak broad band in the long wave-
length region of the strong monomer emission band (kmax 371 nm). In methanol, however,
the broad band was significantly intensified for C4, C5, C7, and C9 (Aqax ca 450 nm, Figure
3). The long wavelength bands can be ascribed to the emission from intr ramolecular exci-
mers. p-PDAdC2 was reported to show intermolecular dimer emission in the identical
wavelength region in 1ts hlgher concentrations than 0.1 mol dm=3 [6]. In the present concen-
tration range lower than 10-4 mol dm-3, the intermolecular interactions in the excited state
couid be neglected. In fact, C2 showed no long waveieng:h emission band on excitation with
320 nm-light in our concentration range. Among the soivents empioyed, ethanol and 2-pro-
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Figure 2. Huorescence spectra observed on excitation of C4  Figure 3. Fluorescence spectra observed on excitation of Cn
(1x10~4 mol dm 3y at 320 nm in different solvents. The (1x10~4 mol dm~ 3y at 320 nm in methanol. The spectra are

spectra are normalized at the emission maximum, normalized at the emission maximum.
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Figure 4. Fluorescence spectra observed on excitation of C4  Figure 5. Fluorescence spectra observed on excitation of Cn
(1x10~4 mol dm~3) at 355 nm in different solvents. The (1x104 mol dm~3) at 355 nm in methanol. The spectra are
spectra are normalized at the monomer emission maximum. normalized at the monomer emission maximum.

panol showed an effect similar to that of methanol, but chloroform, THF, and acetonitrile
were ineffective for excimer emission.

The effect of alcohgls as nl\_/Pm was much more remar ab]c on excitation

(Figure 4 for C4). Sv... he b;c..romop..ores (C4, C5, , C9, and C11) showed a
marked emission band (Appax 450 nm) in methanol in the same wavelength region as that of
| et la~iilaor av~ s hinkh Aat tad 29N itaty [4 = [
{ne intramoiccular excimer emission whicn was aetecied on 52U nm excitation (rigure J),

o

while such an effect was not observed in benzene. The intensity of 450-nm band of C4, as an

example, was linearly increased with increasing the concentration up to 10-4 ﬁ‘loi dm=3 in
methanol. Fluorescence excitation spectra of C4, as monitored at 375 and 450 nm, were

almost identical with its absorption spectrum; however, the excitation spectrum monitored at
450 nm was extended to longer wavelengths (>350 nm) than that monitored at 375 nm.
These observations indicate that intramolecularly associated species play an important role in
absorption of 355-nm light and emission in the long wavelength region. Intermolecular
interaction is assumed to play no role in the long wavelength emission, since no long wave-
length emission band was detected for C2 under similar conditions.

The effect of alcohols could be ascribed to their hydrophilic property, which might facili-
tate association of the hydrophobic p-PDAmMC; chromophores in the ground state. Previously
p-PDAmC, groups were shown to form ground-state pairs when introduced in poly(vinyl
alcohol) as side chains; this was ascribed to repulsive interaction between the hydrophobic
side chains and the hydrophilic main PVA polymer chain [7].

3.2. Effects of methylene chain length

It has been reported that the so-called n=3 rule [8] does not hold for the emission of
dimeric species on excitation of a pair of chromophores interacting in the ground state; as
examples, for a series of dinucleotide analogs having a stacked structure, only the emissions
from their excited-state complexes were observed [9]. In the present work, we have found
that the 450-nm emission intensity on 355-nm excitation in methanol was dependent upon the
methylene chain length; C2 exhibited no long wavelength emission as described above, and
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hough the latter three had no
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enough solubility in methanol. On the contrary, C4, C7, C9, and Ci1 exhibited a strong
emission due to the excited pairs and its intensity increased in the order of C9, C11, C7, C5,
and C4. In particular, C4 displayed in methanol the most intense long wavelength band
among the Cn employed, while it exhibited no long wavelength tail in benzene. Esters in
general strongly prefer a conformation for the C-O single bond in which the alkyl group and
carbonyl group are cis, and the carbonyl and O-alkyl bonds are coplanar [10,11]. Such a con-
formational constraint in the chromophores might be related to the feature that the odd num-
bers of methylenes gave stronger emissions and the even numbers exerted weaker ones except
n=3 and 4. This feature is quite different from that observed for bichromophoric systems
[12] obeying the n=3 rule and showing “difficulty in medium-sized ring formation” in intra-
molecular interactions [13], such as o,®-dipyrenylalkanes in methylcyclohexane [14] and
polymethylene di-2-anthracenecarboxylates in dichloromethane [15]

The facts that the intra- and inter-molecularly associated pairs of Cn and p-PDAdC? (6],
respectively, exhibited identical emission maxima indicates that the excited pairs involved
have similar energics and, probably, similar structures. For exciplexes arising from
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molecules with no ground-state interaction, their energics (emission maxima) are rather
insensitive to their structu. [16,17]. However, the ground-state interactions may require

. - a
stacked structure [2,6]. The more flexible nature of the
] ) )

some pa as a

n.DNA ~rhramanhara camnarad with a rigid nurana mniety mioght cantrihnte tn the aocora.
l—’ L L/70) Ulllulllut’llul\l, \.«Ulllkjul\zu ¥YYRUil Lilw llél“ l} ANV 111V 3 Illlsll‘ AVIC VIS URV VAV AVERS YLV u551u
anta farmatinne: tha ndd anmhare Af mathvlanae might ha mnra favarahla than tha ayan niym,_
g4l 10rmauoi; iné 6ad numolrs O MCulyiCndcs migini o€ MoOrc 1dvoraoiC uian uiC Cvei nuim
Iinwe €mn tha ata~brad Amemfrasmsanntinm s alanlhAlin cAlurante th ol tha cfsmrntrizenc ~F tha adora
UCI> 106 UIC SUdURCU CULHTUTHIIAUIULL 111 alVUHIVLIEC DULVOHL, UIVURIE LU SUHULLULICY Ul UlC agxic-
gates have not been clarified. Further studies are in progress on the methylene chain length

effects on emission from the Cn solutions and crystals.
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