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Summary

The fluorescence of 4-dimethylamino-2-pyridyl 3-pyridyl ketone in
2-propanol is quenched by aromatic amines. Exciplex formation appears to
be involved in the quenching process. Evaluation of the rate constants for
the decay of the exciplex suggests that complete electron transfer from the
amine to the ketone may take place.

1. Introduction

The quenching of excited aromatic molecules by amines has been the
subject of considerable study since the observation, by Leonhardt and
Weller {1], of a fluorescent exciplex formed between excited perylene and
N,N-dimethylaniline. Many other similar systems have subsequently been
discovered and the field has been extensively reviewed [2 - 4].

The interaction between excited aromatic carbonyl compounds and
amines has mainly been studied from the viewpoint that the amines are a
source of hydrogen for the reduction of the ketone moiety [5]. However,
Masuhara et al. [6] have recently studied the formation of intermolecular
and intramolecular singlet and triplet exciplexes between benzophenone and
N,N-dimethylaniline. Our recent observation [7] of strong fluorescence from
a pyridyl analogue of 4-dimethylaminobenzophenone provides an opportu-
nity to study the interaction between the excited singlet state of an aromatic
ketone and various quenchers. We report here the quenching of the fluores-
cence of 4-dimethylamino-2-pyridyl 3-pyridyl ketone (DMPPK) by aromatlc
amines in 2-propanol.

2. Experimental details

DMPPK was prepared as described previously [7]. The various amines
were purchased from Aldrich or Fluorochem and were purified by repeated
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vacuum distillation before use. 2-propanol was BDH spectroscopic or AnalaR
grade and contained no detectable fluorescent impurities under the con-
ditions employed here.

Absorption spectra were measured on a Pye—Unicam SP8-100 spectro-
photometer and fluorescence spectra on a modular spectrofluorometer
designed and built by Applied Photophysics Ltd. [8]. Fluorescence decays
were determined by the method of time-correlated single-photon counting
as described by Ware [9] on an Edinburgh Instruments model 199 flu-
orescence decay time spectrometer incorporating the flash-lamp recently
described by Birch and Imhof [10]. The resulting decay profiles were
analysed by computer convolution.

3. Results and discussion

Addition of aniline and some of its derivatives to solutions of DMPPK
in 2-propanol causes the fluorescence to be quenched. The aliphatic amine
butylamine has no effect. For all the quenchers studied there is no evidence
for the appearance of a new emission band as the fluorescence of the ketone
diminishes. The steady state quenching has been analysed by measuring the
intensity of the fluorescence as a function of added quencher Q and plotting
the data in the form of the familiar Stern—Volmer relationship

0
"if— =1+ kqr[Q] (1)
o¢
where ¢.° is the fluorescence intensity in the absence of quencher, ¢; is the
intensity in the presence of a quencher concentration [Q], 7 is the fluores-
cence decay time for DMPPK and kq is the quenching rate constant. The
values of kg for a range of aniline derivatives are given in Table 1.

TABLE 1
Quencher kg Ionization potential Reference
(X108 dm® mol~!s71) (eV)

Aniline 5.95 7.70 [11]
N-methylaniline 7.81 7.39 [11]
N,N-dimethylaniline 8.33 7.182 [12]
N,N-diethylaniline 16.05 7.18% [12]
2-fluoroaniline 340 7.95 [11]
3-fluoroaniline 4.66 7.90 [11]
4-fluoroaniline 5.87 7.82 [11]
2-chloroaniline 4.38 7.86* [13]
3-chloroaniline 4.68 7.98 [11]
4-chloroaniline 8.19 7728 [13]

2Values corrected to an ionization potential for aniline of 7.70 eV.



35

It can be seen from Table 1 that there is a correlation between the
measured quenching rate constant and the ionization potential of the amine.
The rate constants vary by an order of magnitude and appear to increase
with the ease with which the amine can lose an electron. We therefore
postulate the possibility of exciplex formation as given by the following
mechanism:

hy

K — IK* (absorption) (2)
k¢
IK* — K + hyy (fluorescence) (3)
kNR .

IK* — K (non-radiative decay) (4)
k, kq

IK* + Q — {(KQ)* — quenching (exciplex formation) (5)
k.

We have neglected the formation of an encounter complex prior to exciplex
formation.

The steady state rate constants kg are related to the above rate con-
stants by

k.kg
k_ + kg

kq= (6)

and, with the postulate that the exciplex is stabilized by charge transfer from
the amine to the ketone, log;q kg would be expected to vary linearly with
the ionization potential of the amine. This is shown in Fig. 1 where there is
seen to be a reasonable correlation between log,, kq and the ionization
potential.

Some of the more efficient quenchers exhibit a slight positive deviation
from linearity. The absorption spectra of DMPPK in the presence and
absence of these amines appear to be identical so this non-linearity is not
attributable to ground state complexation. The probable cause is therefore
quenching of the exciplex itself by a second amine molecule.

Analysis of the gquenching mechanism reveals that the fluorescence
decay of the ketone will exhibit a dual-exponential behaviour [14 - 16]:

It = Cy exp(—A4t) + C, exp(—Ayt) M
where
A2 = % [(Re + knr + 2. [Q] + R+ k) 7 {(k- + kg — ks — kng — k. [Q])* +

+ 4k, k_[Q1}2] (8)
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Fig. 1. The variation in log;p kg with the ionization potential of the amine. (The straight
line is the best fit to the data calculated by the method of least squares.)

C, = A x (9)
>\2_7\1
— X
C, = XXM (10)
A2_>\1
x =k +kyg + R (Q] (11)

The dual-exponential nature of the decay has been confirmed for
aniline, N-methylaniline and N,N-dimethylaniline on the basis of x? and a
random distribution of residuals. The rate constants in the kinetic scheme
may be evaluated by considering the variation in A; + A, and A\, with [Q]
[16] and by evaluating x in eqn. (11) and also plotting it against [Q]. The
resulting rate constants are given in Table 2.

The first point which must be made about the results reported in
Table 2 is that the reported lifetime of DMPPK [7] is in error by an order of
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TABLE 2
Rate constant Rate constants for the following quenchers
Aniline N-methylaniline N,N-dimethylariline
k¢ + kNR (571} 5.7 X 108 5.2 x 108 5.5 x 108
ks (dm3mol—1s7 1) 3.5 x 10° 4.0 x10° 3.4 x10°
k_ (s™1) 8.2 x 107 4.6 x 107 1.7 x 108
kg (s71) 7.9 x 10° 1.1 x 107 8.6 x 107

magnitude. This value was measured for us in another laboratory, but
remeasurement on our fluorescence decay time system shows that the decay
time is 1.6 £ 0.2 ns in aerated solution. The values of k; + kxyg from the
quenching studies are, as expected, in good agreement with these values.
The size of k, for the three quenchers indicates that the formation of the
exciplex is diffusion controlled, but that once formed it has a lifetime of the
order of 10 ns. There is no obvious pattern in the values of k. which vary by
a factor of 3 over the three quenchers, but k, increases steadily with the
electron-donating ability of the amine and suggests that the products of the
quenching may involve complete electron transfer from the amine to the
ketone.

We are at present investigating the product(s) of this quenching reaction
and the effect of temperature on the various rate constants in the kinetic
scheme. These results will be reported at a later date.
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