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Abstract—A novel perylenediimide derivative which has a bay region hydroxyl function behaves as a pH-sensitive dye. The depro-
tonation of the aryl-OH yields a green solution with a A;,,,x of 692 nm and this deprotonated form has strong internal charge transfer
characteristics. On reprotonation in acidic solutions, the typical PDI absorbance spectrum is restored. The experimentally deter-
mined pK, (7.45) is very close to physiological pH, therefore the most significant changes in color take place in the vicinity of this

pH value.
© 2005 Elsevier Ltd. All rights reserved.

Rational design of molecular reporters of ion concentra-
tions is a very active field of research. A number of
photophysical processes can be exploited to yield observ-
able parameters which can be correlated to the analyte
concentration. Progress in these areas has been re-
viewed.! It is clear that if an internally referenced signal
(ratiometric signal) is required, a significant spectral
shift in either the absorption or emission spectra
becomes very important. The most straightforward
way to guarantee such a spectral change is to design
an internal charge transfer dye with strong electron
donor and acceptors within the same molecule. In these
ICT chromophores, both the donor and the acceptor
groups are parts of the same m-system. Thus, when an
analyte interacts with either a donor or acceptor part
of the dye, a significant spectral shift results.

Perylenediimides are known as dyes and pigments of
high stability and high quantum yields in solution. They
have found applications in many fields including organic
light emitting diodes,> molecular switches and wires,?
light-harvesting arrays,* photoreactive thin films,> solar
cells,® and dye lasers.” In recent years, bay region func-
tionalized PDI dyes became available with improved
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solubility and potential for further derivatization and
novel applications.®  1,7-Dibromoperylenediimides
proved to be a gateway to a number of donor substi-
tuted PDI dyes at the bay region. Amine substitution
at these positions typically yields dyes of long wave-
length absorption and weak long wavelength emission,’
which are not affected by the addition of acids such as
TFA.

As a part of our research program, whilst carrying out
a systematic study of heterocyclic amine substitutions
at the bay region, we noticed that a novel fluorophore
with bright red fluorescence was obtained during these
reactions, and this side product appeared in all the
reactions and proved to be independent of the amine
used. In order to elucidate the structure and to study
its properties, we optimized the reaction conditions to
maximize the yield of this novel fluorophore (Scheme
1). Thus, when 1 was heated with glycine ferz-butyl
ester in BuOH-H,O in the presence of Et;N at 90 °C
for 18 h, the corresponding PDI dye 2 was obtained
in good yield (75%). Then, this compound was treated
with N-methylpiperazine in NMP at 85 °C for 24 h to
yield the hydroxy-PDI 3 in a 25% isolated yield. The
tert-butyl protecting groups could be quantitatively
removed in TFA/DCM to yield the dye 4. Satisfactory
analytical data were obtained for all new compounds.
The absorbance and fluorescence emission of the pro-
tected form 3 was studied in different solvents. In chlo-
roform, compound 3 has two peaks at 520 and 555 nm
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Scheme 1. Synthesis of a bay region hydroxylated PDI dye.

and a shoulder at 480 nm (Fig. 1). This spectrum is not
that different from an ordinary PDI dye. However, the
addition of Et3N causes a remarkable change in the
color of the solution (from orange-red to green) with
a concomitant disappearance of the PDI emission.
The new peak is now centered at 758 nm. It is broad
and featureless, very much in accordance with internal
charge transfer (ICT) characteristics. Naturally, the
change is fully reversible, protonation of the Ar-O~
by the addition of TFA restores the original color with
bright red emission under ambient light.
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Figure 1. Absorption and emission spectra of compound 3 in
chloroform: (a) absorbance, (b) emission, (c) absorbance with the
addition of a drop of triethylamine.

The deprotected dye is moderately water soluble at neu-
tral pH, but shows tendency to aggregate on standing.
For this reason, the spectral characterization of this
compound was carried out in 50:50 ethanol-aqueous
buffer solutions. Absorption spectra (Fig. 2) were
obtained in a series of solutions with varying buffer
pH in the range of 6.5-9.0. Deprotonation of the aryl-
hydroxy function results in clean isosbestic points
(458 nm and 585 nm, excluding the lowest pH value,
which shows signs of aggregation) in the absorption
spectra. From these changes, we can calculate a pK, of
7.45, which happens to be very close to physiological
pH values. In aqueous solution mentioned above, no
emission was detected either from the protonated or
deprotonated species. Hence, this derivative turns out
be a chromogenic sensor of pH. The color change is
clearly shown in Figure 3, a digital photograph of the
solutions under ambient light. The color of the aqueous
solutions is transformed gradually from reddish pink to
green as the pH is increased. Thus, we have demon-
strated that bay region hydroxylated PDI dyes can act
as pH-sensitive chromogenic chromophores which sig-
nal pH changes around neutrality. Donor group substi-
tuted PDI dyes appear to have potential in signalling pH
via the modulation of photoinduced charge transfer.
Appropriate functionalization is expected to yield dyes
of improved water solubility. Work to this end is in pro-
gress in our laboratories.
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Figure 2. The absorption spectra of PDI derivative 4 in aqueous (50:50
EtOH-H,0) buffer solutions of varying pH values. The solutions were
buffered with 0.05 M MOPS (6.5, 7.0), HEPES (7.25, 7.5), TRIS (7.75-
9.0). The concentration of the chromophore was 2.0 x 1075 M.

Figure 3. PDI derivative 4 in aqueous (50:50 EtOH-H,O) buffer
solutions of varying pH values under ambient light. The solutions were
buffered with 0.05 M MOPS (6.5, 7.0), HEPES (7.25, 7.5), TRIS (7.75-
9.0). The concentration of the chromophore was 2.0 x 107> M.
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