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Abstract

Fluorescence charactenstics of 6-methoxyquinoline (6MQ) 1in Nafion® polymer have been reported The spectial features as well as

nansient studies show a similarity for 6MQ in fluid media at low temperatures and in Nafion” matrix at ambiemt temperature Excitation wavelength
Jependence of the fluorescence alongwith the decay measurements across the emission profile show the presence of vanous contormers 1 the torm
' monocations that assume different geometries in the polymer matrix and these conformers undergo eacited state charge transler process
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Ihe fluorescence of 6-methoxyquinoline (6MQ) in various polar
wlvent has been found to exhibit edge excitation red shift (EERS)
1¢ ashift of the emission peak when excitation is done towards
the ted edge of the first absorption band, which is interpreted as
being duc to solvent reoricntation relaxation in the excited statc
[1-2] Various cffects (viscosity, the solvent and its
concentration) have been reported earlier by Itoh and Azumi
(3| lkeyama et al. [4] have shown that in the fluorescence
spectrum of 6MQ in ethanol at 294K, a time-dependent spectral
shilt s observed when the solvent relaxation time (7,)isof the
otder of fluorescence lifctime.

Schulman et al. [5] have studied the photochemistry of 6MQ
4 function of pH and have shown that at a pH<4, only the
cmission of the monocation (6MQ™) with emission maximum
around 445 nm is observed, whercas absorption maximum of L,
and L, bands are at 313 nm and 337 nm respectively. From a pH
0f4t0 6, the fluorescence of the cation falls and the fluorescence
ol the neutral species appears (o finally rise to its maximum
Vilue at a pH of 12. In aqueous solution (pH = 7), it was suggested
that 6MQ undergoes proton transfer reaction in excited state [2]
due o an increased basicity of 6MQ on excitation. For an
Iniermediate pH of 6 to 10, the fluorescence of the cation and
l_hc neutral molecule remain constant.
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From the temperaturc dependence of the fluorescence
characteristics, it was suggested that at 160K. a rapid charge
transfer (CT) from the methoxy group to the quinoline ring takes
place followed by a solvent reorientation relaxation at ambient
temperature |6]. It has been reported recently [7, 8] that the
probe molecule (6MQ) may be uscd as a chlonide ion sensor as
well as a probe molecule for the solvation dynamics studies.

In rigid media, however, the dynamic cquilibrium between
the different solvation sites is lost, and an emission will occur
from a Franck-Condon excited state corresponding to the
solvation site specifically excited [9]. The relaxation rate constant
of different solvation sites are diffcrent and smaller than the
fluorescence rate constant. This leads to excitaton wavelength
dependence of the fluorescence and hence the observation of
red edge effect (REE) in the emission spectra in nigid media [ 10].
The second kind of red edge excitation cffect is observed for
flexible molecules like the ter-butyl ester of 9-anthroic acid
(9TBA) and tetra phenyl butadienc (TPB) in rigad matrices [ 11],
and is due to the diffcrent conformers of varying gecometries
which absorb different energics. In fluid media, these conformers
interchange rapidly ; hawever, in rigid media, the molecules are
trapped in certain gcometric configurations. This depends upon
the nature (viscosity, free volume and the polarity) of the polymer
matrix [12).
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In the present paper, we report the fluorescence
characteristics of 6MQ in a Nafion® film. The polymer reacts as
acation (ion) exchanger [ 13] having a polar head group SO,H*
and is highly acidic in naturc. The structure of 6MQ* monocation
and Nafion® are given in Figures | and 2 respectively.
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Figure 1. Chemical structure of 6-methoxyquinoline monocation

(6MQ*).
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Figure 2. Chemical structure of Nafion®

6-Methoxyquinoline (Aldrich Chemical, USA)is used and is
checked for its purity. Nafion® - 117 film (Aldrich) was cleaned
by first boiling in nitric acid and then in distilled water for about
half an hour. 6MQ was separately loaded in the Nafion® film
from aqucous solution. The estimated concentration for these
measurements was about 1073 M.

The absorption, fluorescence and cxcitation spectra were
recorded with Jasco V-550 spectrophotometer and Jasco FP-
777 spectrofluorometer respectively. Fluorescence decay was
measured with Edinburgh Instrument-199 time domain
spectrometer using the time-correlated single-photon counting
technique. The decay analysis is done by available FLA-900
software. The goodness of fit is judged by the residuals and
their ¥ 2 value.

Figure 3 shows an absorption and peak normalized excitation
spectra of 6-methoxyquinoline in Nafion® film. The low energy
absorption band L, (341 nm) in this matrix is slightly red shifted
as compared to the band in solution (337 nm). However, the
band at 313 nm (L) remains same. The excitation spectrum is
red shifted with respect to the absorption spectrum and also
exhibit successive red shifts corresponding to longer
wavelengths of the emission profile.

Figure 4 shows some peak-normalized fluorescence spectra
for different excitation wavelengths of 6MQ in Nafion® film. A
red shift from 431 to 448 nm (~ 880 cm™') is observed in the

emission maximum when the excitation wavelength is increyy,
from 350 to 400 nm (red edge of the first absorption band, The
shape and the full width at half maximum (FWHM) of the emygy,,
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Figure 3. Absorption spectrum (1) and excitation spectra ot 6MQ w
Nafion® film for A= 400 nm (2), A_, =430 nm (3 and 4 - 4750
(4).
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Figure 4. Excitation wavelength dependence of some pcak-normah/cd
emission spectra of 6MQ in Nafion® film at 296K for 4, = 350 nm (h
A, =360 nm (2), A, =370 am (3), 4= 380 nm (4), A, = 390 am (9

and A = 400 nm (6).
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jpectra remain the same throughout the range of excitation
wavelength (i.e. 350-400 nm).

The observed spectra (absorption and emission) with the
polymer matrix resemble the solution spectra for a pH of 2, and
the -.shght shift in band position may be due to the high viscosity
ot the Nafion® matrix relative to solution phase. The spectral
jeaiures indicate the presence of monocation species (6MQ")
[I ofin Nafion® matrix.

The observed behaviour can be explained in the following
wanner. In Nafion® polymer matrix, the 6MQ monocation forms
ditferent geometric conformers. Each conformer has its own
emission spectrum. All the conformers of 6MQ* monocation at
room icmperature shows emission from locally excited state (LE)
o well as charge transfer state (CT). However, depending on
the geometry, the cmitting state is different for different
conformers. On excitation by red cdge of the absorption band,
only those molecules are excited which have proper configuration
comesponding to the excitation energy and hence the emission
tor those conformers will be red shifted relative to the emission
lor short wavelength excitation. Similarity of the shape and the
FWHM of the emission spectra for short and long wavelength
evetations, shows that the de-excitation pathways are similar
lor all the conformers although the ratc may be different.

The lifetime data of 6MQ in Nafion® film are givenin Table 1.
tom the table it may be seen that the decay data fit with a
double exponential function throughout the emission profiles.
A single exponential decay function fails to describe the
ohserved decay as cvidenced by the larger ZZ -valuc, large non-
random residuals and a consequently large standard deviation
(Frgure 5). Throughout the emission wavelengths probed, the
decay follows the function

lAn=a, CXP(--:—J*' o, exp(-;‘—}
! 2

where (A ) is the intensity at the emission wavelength 1, 1,
and 7, are the two fluorescence lifetimes and o, and &, are the
decay-associated parameters respectively. It may be noted that
the fluorescence lifetimes 7, and T, both increase when the
decay curves are collected at lon ger emission wavelengths. The

Table 1. Lifetime parameters of 6MQ in Nafion® matrix ar 296K
(A,, = 360 nm).

4., (nm) T, (ns) 7, (ns) a, a, x:
390 659 (0.17) 18.37 (0.13)  43.72 56.28 1.07
410 8.25 (0.13) 21.99 (0.22) 42.66 57.40 1.09
430 9.58 (0.18) 24.58 (0.27)  42.10 57.90 1.08
450 10.53 (0.18) 26.41 (0.26)  39.61 60.39 1.10
470 10.69 (0.19) 26.94 (0.25)  38.15 61.85 1.13
00 10.78 (0.21) 27.41 (0.24) 3433 65.67 1.12

amplitude &, corresponding to T, decreases while o, increases
with increasing emission wavelength.
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Figure 5. (a) Two component 1t with two {luorescence hifetimes for the
fluorescence decay of 6MQ in Nafion® film at Aoy =360 nm, A, =450
nm The residuals and the 11 -values are for (b) the single exponential it
and (¢) the two exponential fit

The result (EERS) can be explained, with the help of
a broad distribution function model similar to
4-dimethylaminobenzonitrile (DMABN) [14), representing
various conformers, which are not inter-convertible during the
lifetime of the solute. Therefore the multi-exponential decay can
be understood in terms of activated processes due 1o various
trapped geometries of the molecules. In a broad distribution
model, the multi-component decay curve can be fitted with two
or three component (exponential) model. It 1s interesting to note
that the decay parameters for 6MQ in Nafion® matrix at room
temperature have a close resemblance with the data for 6MQin
INH,SO, (glycerol : water) at 160K [6). Similar to glassy media,
the two decay components for 6MQ in Nafion® result from the
normal species and charge transfer specics. However, the
increase in the decay time across the emission profile may be
due to different geometries of the solute. The molecules trapped
in different geometries have different fluorescence lifetimes for
normal and charge transfer emissions.
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From above study, it is apparent that in the polymer Nafion®

matrix, 6MQ exhibit emission due to monocation which are in
different geometric configurations and exhibit Red Edge Effect
(REE) in emission. The conformers on excitation undergo a slow
charge transfer from methoxy group to quinoline ring (activated
processes) and thus the cmission shows a bicxponential decay
corresponding to the normal and the charge transferred specics.
However, different conformations have different lifetimes for
normal and charge transfer emissions as exhibited by an incrcase
of lifetime across the emission profile.
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