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Abstract

The quenching of the anthracene fluorescence by amines has been used as a probe reaction for the determination of electron-transfe
quenching rate in an organogel medium. From the Stern—Volmer analysis of the emission (steady-state and time-resolved) it has been found
that quenching constants do not differ significantly in the liquid solution and in the organogel. Eventually, if the appropriate donor is used,
the photoinduced electron-transfer reaction can be a diffusion-controlled process in the self-organised medium.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction by means of the kinetic study of a well-known photoinduced
electron-transfer (eT) process.

Research on organogels and hydrogels has been inten- Inthe course of our research on peptidomimetic molecules
sive during the last years due to their physical properties but[3,4] it was found that small amounts of some macrocyclic
also because of their applicability to practical problems, from derivatives where able to promote the gelation of differ-
biomedical to waste treatment studies. The study of such aent organic solvents. The small peptidomimetic molecule
special kind of materials has been approached mainly from1 (Chart 1), synthesized using two amino acids\aline)
the viewpoint of rheology but also much attention has been connected by one aromatic and one aliphatic spacer, was
paid to the specific chemical interactions leading to the forma- selected in this work to create the appropriate organogel reac-
tion of supramolecular assembli@$. Gels are formed either  tion medium[3a,c]
by macromolecules or by small molecules that, in amounts  On the other hand, the reduction of aromatic hydrocarbon
typically of 1-2% in weight, or even less, impart a solid-like excited states by amines was selected as the probe reac-
aspect to a solution. Despite of the large effort devoted to the tion, using anthracene as electron accep8ahéme }, since
physical understanding of gels, little attention has been paid those are fast processes easy to monitor by means of the con-
to the very interesting possibility of carrying out chemical comitant fluorescence quenching, and the reaction rates can
reactions in those organised media. Some authors have studbe determined by means of a Stern—Volmer anafgis
ied recently the reactions in the boundaries of the gel fibores  Our goal was to investigate the kinetics of a well-known
with good result§2]. In order to explore the use of organogels photochemical transformation in order to deduce indirectly
as organised media for chemical reactions, it is essential tothe order of magnitude of the diffusion constant in organogel
be able to analyse how much the formation of the gel net- medium. To our knowledge this is the first time that a self
work can affect to the reaction rates. Here we have exploredassembled organogel has been used as medium for the deter-
the reactivity far away from the bundles of organogelator, mination of fluorescence quenching rates. The information

derived from such study could seed some light to the under-
* Corresponding author. Tel.: +34 964 72 8239; fax: +34 964 72 8214. Standm.g of gel chemistry. The reasons_ for the choice of
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/\/\ 3. Results and discussion

An organogel was prepared as described above from
macrocycle 1 (0.4%, w/w) and toluene, containing
NH HN ”( 2 x 10~° M of anthracene. No ground-state interaction seems

to take place between the probe anthracene and the networks
created by the organogelator, since the emission/excitation
spectra and the lifetime of the probe in gel medium match
those in liquid tolueneKigs. 1 and 2
1 Addition of triethylamine (TEA) to the gel (previously
warmed to allow the addition of the quencher to a fluid solu-
Plate 1. tion, and afterwards cooled to r.t. to form the gel) did not
interfere with the gel formation but lead to the partial quench-
ing of the emission.
According of the Stern—\olmer scherf@ the intensities
of the unquenched({) and partially quenched)(emissions
are given by Eqq1) and (2) whereKsy is the Stern—\olmer

of heat, allows to maintain intact the network of fibres in
the organogel. (2) The high molar extinction coefficient of
anthracene allows to load the gel with a very low concen-
tration of probe, preventing the occurrence of ground state

interactions with molecules of gelator. (3) The high emission constantkq the bimolecular quenching constanthe excited

of anthracene aIIovys the use of non-invasive techniques I|k_e state lifetime of the probe an@] the quencher concentration.
steady-state and time-resolved fluorescence spectroscopies

to monitor the extent of the process and hence to calculately/I = 19/t = 14 Kg\[ O] (1)

the bimolecular rate constants.
Ksy = quO 2

The intensities of anthracene fluorescence in organogel
in the presence of TEA where fitted according to Eq.
(1) yielding a value of Ksy=(12.4+1.4)M~1. Using

2. Experimental

All chemicals were obtained from Aldrich in the high-
est purity grade. Anthracene was recrystallized from ethanol
twice. Spectroscopy grade solvents were used for this study. ' ' ‘ ' ‘ '
Synthesis ofl [3b] and gel propertief3a,c]were described
previously. Gel preparation was done by dissolving 12 mg of
1in 3 ml of hot toluene, followed by introduction of the solu-
tionin a quartz fluorescence cell (1 cril cm), and allowing
the hot liquid to cool to room temperature (typically gelation l (a.u.)
takes place a few degrees before reaching room temperature). b
Due to the high transparency of these organogels, no special
setup was needed to carry out standard measurements.

The emissionlexcitation spectra were recorded in a Var-
ian Cary Eclipse fluorimeter equipped with a xenon flash : : .
lamp. Lifetime measurements were recorded with the tech- 30 380 40 450 500
nique of time correlated single photon counting (TCSPC) Wavelength (nm)

in an IBH equipment using a pulsed nanosecond hydrogen _ o o
Fig. 1. Emission (rightiexc=358 nm) and excitation (leff,em=404 nm)

lamp (0',5 bar, 1.0ns pulse W,idth)' The fitting analysis was spectra of anthracene 210-° M) in (a) toluene gel and (b) liquid toluene
done using the software provided by IBH. solution.




F. Galindo et al. / Journal of Photochemistry and Photobiology A: Chemistry 178 (2006) 57—61 59

1000 1000
100} o 100} /f T
8 g .
104 : 10} .
1 L[ e 1 1 D
0 5 10 15 20 25 30 0 5 10 15 20 25 30
o 2 2
gg ‘Hw“‘ 1‘\ ]kwuw mﬂnl M[l“ L.Iu |m| ’ .‘wh‘ ,h“ ||\‘m‘\‘\h“, ‘\p‘. o g% ""ﬁ‘MM W ‘wh’ AFW‘ ]HHrl‘“"qu“\‘l i} i .rlilldl\n"|I !'\‘I‘l i
'20 5 10 15 20 25 30 20 5 10 15 20 25 30

t(ns) t(ns)

Fig. 2. Fluorescence decay curves of anthracenel@° M) in aerated toluene in liquid (left) and in gel state (right},j- = 358 nmAem =404 nm]. It is also
shown the incident light pulse. Lifetimes: 3.1 ns (liquid), 3.3 ns (organogel).

the measured value for the fluorescence lifetime of measurements was again slightly higher than that in liquid
anthracene in deoxygenated tolueng< 3.8 ns), the quench-  medium €ig. 4).
ing constant for the bimolecular process was derived: The influence of viscosity in the fluorescence quenching
kq=(3.3+£0.4) x 10°M~1s1. The quenching constant of is a well-established effe¢¥,8]. In order to confirm exper-
the same reaction in pure liquid toluene was also imentally, in our conditions, that the decrease in quenching
determined, vyielding aKs=(10.4+0.2)M~1 and a rate was applicable also to the probe reaction, a series of
kq=(2.74£0.05)x 10°M~1s71. Both values are nearly —measurements in two liquids of similar polarity but differ-
coincident under the experlmental errbid. 3). ent macroscopic viscosity were made. Thus, when methanol
In order to check that the fluorescence suppression(n=0.551mPas]9] was employed as solvent a value of
is purely dynamic and not a combination of static and Ksy=(4.224+0.05)M~! was obtained. When the signifi-
dynamic quenching, the experiments were repeated measureantly more viscous fluid diethyleneglycol was used as sol-
ing the emission lifetimes with the technique of the time- vent (7=29.99 mPas]9], a smaller Stern—Volmer constant
resolved fluorescence spectroscopy. For the concentratiorwas found Ksy = (1.844-0.09) M~1). A recent study with
range employed in these experiments the Stern—\olmer plotsanthracene and a different quencher in ionic liquids (with

representingo/t were found to be linear and yieldingsy higher viscosity) determined an analogous drop inkgg
values in the same order of magnitude as those calculatedfor the more viscous mediufiO].
by the steady-state technique (Sedle 1. Noteworthy, the The thermodynamics of the eT reactions are governed by

guenching constant in organogel derived from the lifetime their Gibbs free energy change, which can be estimated by
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Fig. 3. Emission spectra. =358 nm) of anthracene 210~° M) in the presence of increasing amounts of triethylamine: in liquid toluene (left) and in
toluene organogel (right). Also included Stern—Volmer plots (insets).
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Table 1
Collected data about the fluorescence quenching of anthracene with different quenchers in several media

FE Galindo et al. / Journal of Photochemistry and Photobiology A: Chemistry 178 (2006) 57-61

Entry Quencher Solvent State Ksy (M1 kq (x10°M~1s71
12 Triethylamine Toluene Liquid 10.4 0.2 2.74+ 0.05

22 Triethylamine Toluene Gel 124 14 3.3+ 04

3P Triethylamine Toluene Liquid 5% 05 1.3+ 0.1

4b Triethylamine Toluene Gel 9.% 0.6 25+ 0.2

52 4-Butylaniline Toluene Liquid 71311 18.8+ 0.3

62 4-Butylaniline Toluene Gel 10& 12 28+ 3

7 Triethylamine Methanol Liquid 422 0.05 ¢

82 Triethylamine Diethyleneglycol Liquid 1.89 0.09 ¢

a Steady-state measurement.
b Time-resolved measurement.
¢ Data not determined.

means of the Weller equation for non-polar solvents (B)Y.
[11].

AG (kcal/mol) = 23.06[Eq (V) — Ea(V)] — E* (kcal/mol)

analysis in gelated toluene yieldekk,=(106+12) M1
and akq=(2.8+0.3)x 10'°M~1s71. The same measure-
ments in liquid toluene affordeds,=(71.5+1.1)M1
and akq=(1.88+0.03)x 101°M~1s~1. The experiment
3 with 4BA vyields a limiting value for the reaction rate
since the obtainedky is approximately of the same
order of magnitude as the diffusion constant in toluene
(kaiff =1.2x 101°M~1s~1 according to the literaturid 2]).

For comparison purposes, the Stern—\olmer fittings of the
steady-state quenching experiments can be se€igirb. In
Fig. 6the quencher effect on the fluorescence of the probe in
organogel medium can be visualized. The calculated quench-
ing constants are collected Table 1

Arelated approach was employed to study the dynamics of
viscous solutions of a biopolymer in waféB]. Although the
nature of the media (agueous versus organic) and specially
"Yhe kind of solute (biopolymer versus an small self-assembled
organogelator) are different, the results here presented are
pointing to the same underlying phenomenon. Although it

[12]). _ ... has been demonstrated that diffusion-controlled photochem-
Fluorescence quenching measurements where done with

4-butylaniline (4BA) as quencher and the Stern—\Volmer 2.0 7 T ' T " T
a /b

In Eq. (3), Eq andE; are the redox potentials of donor and
acceptor in their ground states aAd is the energy of the
excited state involved in the reaction (the first excited sin-
glet of anthracene in this case). Introducifg=+1.15V
versus SCE for TEALl] andE;=—1.95V versus SCE for
anthracend12] and E* (S1 of anthracene) = 76.1 kcal/mol
[12], a AG=—4.6kcal/mol is derived. A more exergonic
reaction, and in principle faster, could be obtained if replac-
ing TEA by an easily oxidizable donor. Alkylanilines have
lower oxidation potentials than TEA. Thus, the eT pro-
cess between anthracene and a 4-alkylaniline would have al
associated\G = —13.1 kcal/mol, as calculated introducing
Eq=+0.78V versus SCE (corresponding to 4-methylaniline

1.8 T T T T T T

1.6 Lo

0.00 0.02 0.04 0.06
[amine] (M)

[amine] (M] Fig. 5. Stern—Volmer fittings for the fluorescence quenching of anthracene
(2 x 10~ M) by amines in the following conditions: (a) gelated toluene and
Fig. 4. Stern—Volmer fittings for the fluorescence quenching of anthracene 4-butylaniline; (b) liquid toluene and 4-butylaniline; (c) gelated toluene and
(2 x 105 M) by triethylamine in liquid toluene (black circles) andin gelated  triethylamine; (d) liquid toluene and triethylamine; (e) liquid methanol and

toluene (white triangles). triethylamine; (f) liquid diethyleneglycol and triethylamine.
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