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TIME-RESOLVED PHOSPHORESCENCE SPECTRA OF EDA COMPLEXES
OF AROMATIC CARBONYLS WITH ANILINES
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Time-resolved phosphorescence spectra were measured at 77 K for
several systems containing benzophenone or p-chlorobenzaldehyde as an
electron acceptor and aniline, N-methylaniline, or N,N-dimethylaniline
as an electron donor in 2-methyltetrahydrofuran. The phosphorescences
of the electron donor-acceptor complexes under consideration showed a
strong tendency for bimolecular gquenching.

We have hitherto studied the electronic structures of the lowest triplet states
of the electron donor-acceptor (EDA) complexes including tetracyanobenzene and acid

anhydride as electron acceptors by measuring their phosphorescenceg ESR, and triplet-
triplet absorption spectra. =k Recently, Arimitsu and Tsubomura“’ studied the

emission spectra from the triplet states of the EDA complexes of benzophenone with
aromatic amines at 77K in connection with the hydrogen transfer reaction through the
excited states. We have undertaken to study the decay process by measuring time-
resolved emission spectra and decay curves for several EDA complexes of aromatic
carbonyls with anilines at 77 K.

Experimental

Benzophenone (BP) and p-chlorobenzaldehyde (CBA) were purified by repeated
recrystallizations from ethanol. Aniline (AN), N-methylaniline (NMA), and N,N-
dimethylaniline (DMA) were purified by vacuum distillation. 2-Methyltetrahydrofuran
(MTHF) was refluxed with sodium and purified by distillation. A mixture of MTHF and
amine (3:1 by volume) was used as a transparent organic matrix at 77 K. The
concentrations of carbonyls were about 5X1077 M.
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Samples were excited by a pulsed nitrogen gas laser (AVCC EVERETT model 1000) with
a duration time of about 10 ns with a peak intensity about 100 kW. Emissions from
the samples were detected by an EMI 6256S photomultiplier through a Spex model 1700
monochromator. Time-resolved spectra and decay curves were measured at 77 K by means
of a boxcar integrator (PAR model 160) by fixing and changing the delay time after the
laser pulse with a constant aperture time (AT), respectively.

Results and Discussion

Emission spectra observed for BP in mixed solvents of MTHF with AN, NMA, and DMA
change with time. Immediately after the irradiation of a laser pulse they are composed
of the fluorescences of BP ' and its ketyl radicals) and the phosphorescences of the
EDA complexes of BP with the anilines., The emission spectra observed 2.5 us after
the irradiation of a laser pulse, which are shown in Fig. 1, are similar to those
obtained by Arimitsu and Tsubomura5 and are interpreted to be the phosphorescences of
the EDA complexes. Furthermore, 2.5 ms (AT = 1 ms) after the excitation, the phos-
phorescence of BP itself was observed.

Emission spectra observed with CBA in mixed solvents of MTHF with AN, NMA, and
DMA 2.5 ps after the irradiation of a laser pulse are shown in Fig. 2.

As is clearly seen in this figure, the phosphorescence of the EDA complexes were observed
for these systems, but the fluorescences of CBA and its ketyl radical and the phos-
phorescence of CBA were not observed.

The phosphorescences of the EDA complexes under consideration showed bimolecular
decay at the initial stage. The population of a complex in the lowest triplet state,
n, decreases with time according to the following equétion:7

dn/dt = -an -pn® (1)

Here a and  are the unimolecular and bimolecular decay constants, respectively, and
the former was obtained from the single exponential decay parts of the decay curves
observed later than 20 us after the irradiation of a laser pulse. The integration of
equation (1) gives

1/n = (B/a + l/no) explat) - B/« (2)

Here n, is the initial value of n.

Plots of 1/I vs exp(at) are shown in Fig. 3 taking the CBA-NMA system as an example.
Here I is the phosphorescence intensity at 480 nm and is reasonably assumed to be
proportional to n. In this figure, plots (a) and (b) were obtained with and without
a neutral density filter, respectively. As is indicated in Fig. 3, linear lines were
obtained and their crossing points with the vertical axis, which represents -B/a, are
common to (a) and (b). The crossing point of the horizontal axis with line (a) or (b)
corresponds to noﬁ/(noﬁ + a), the ratio of the bimolecular decay to the total decay at
the initial time and is equal to 1 for plots (b). This indicates that the phosphores-
cence decay is almost completely due to the bimolecular quenching at the initial time
for the excitation without the neutral density filter. The situation is the same for
the other complexes. Table 1 shows the peak frequencies of the phosphorescence spectra
observed with the complexes and acceptors and their « values.
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Fig. 1. Time-resolved phosphorescence spectra observed for BP and its complexes with
anilines at 77 K 2.5 pus after the excitation. ‘
a: BP in MTHF, b: BP-AN in MTHF, c¢: BP-NMA in MTHF, d: BP-DMA in MTHF
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Fig. 2. Time-resolved phosphorescence spectra observed for CBA and its complexes with
anilines at 77 K 2.5 pus after the excitation.
a: CBA in MTHF, b: CBA-AN in MTHF, c¢: CBA-NMA in MTHF, d: CBA-DMA in MTHF
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Fig. 3. Plots of 1/I vs exp(at) for the complex phosphorescence at 480 nm for the
CBA-NMA system in MTHF at 77 K : (a) with and (b) without a neutral density
filter.

TABLE 1. PHOSPHORESCENCE PEAK FREQUENCIES (P) AND UNIMOLECULAR DECAY CONSTANTS
(aC AND aA) OBTAINED FOR COMPLEXES AND ACCEPTORS
AND ITONIZATION POTENTIALS OF DONORS (Ip)

P % oy Ipa)

10° cmt 10% s"l 10° s"'l eV

BP 25.27°) - 2.1 -
BP-AN 2.4 c) 2.5 8.05
BP-NMA 21.2 1.1 2.6 7.73
BP-DMA 20.9 1.1 24k 7.37

CBA 21, 66°) - 2.0 -
CBA-AN 21.3 c) c) 8.05
CBA-NMA 21.2 2.0 c) 7.73
CBA-DMA 20.4 2.5 c) 7.35

a) Ref. (8) b) 0-0 band
¢) Phosphorescence was so weak that « was not obtained.
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complexes with aromatic amines are about 10 us. We found that bimolecular quenching

Arimitsu and Tsubomura”’ showed that the phosphorescence lifetimes of the BP

is predominant for the BP and CBA complexes with anilines and that their unimolecular
decay constants are about 10“ s'l and 2)(10h s'1 for BP and CBA complexes, respectively.
The bimolecular quenching of phosphorescence occurs for the BP9) and p-dibromobenzenelo)
crystals. Concerning the complexes under consideration, however, very efficient
bimolecular quenching takes place in glassy solution. The reason for this is now

under investigation.

The observed phosphorescence peaks and their unimolecular decay constants of the
complexes are almost independent of the ionization potentials of donor molecules.
Therefore the phosphorescent states of the complexes may be mainly contributed by the
zero-order locally excited triplet states of the acceptors, as was pointed out by
Arimitsu and Tsubomura5 for the BP complexes.

The ketyl radical formation was observed for the BP complexes, but it was not
observed for the CBA ones. This difference may be explained by the fact that the
lowest triplet states of BP and CBA in MTHF are considered to be of the nn* and mn*
types,ll'IB)
ing reaction.

We have found that a number of aromatic carbonyls including benzaldehyde, biacetyl,

re?pectively and the former state is efficient for the hydrogen abstract-
1,

and benzil form EDA complexes with anilines.
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