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Excimer Phosphorescene in Poly-3,6-dibromo-N-vinylcarbazole

By Masaaki YokovaMa, Masaakl FuNaki, and HIROSHI MikKAwA*
(Department of Applied Chemistry, Faculty of Engineering, Osaka University, Suita, Osaka, 565 Japan)
Summary Excimer phosphorescence is observed in the low- THERE have been many reports on excimer formation in

temperature phosphorescence spectrum of poly-3,6-di- aromatic vinyl polymers having large mr-electron systems
bromo-N-vinylcarbazole in rigid solution. such as naphthalene,! carbazole,?:* and pyrene®:* rings.
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All these investigations are related to the singlet states of
excimers, which are stabilized by the intra- or inter-mole-
cular interaction between an electronically excited singlet
chromophore and an identical nearby chromophore in its
ground state. TUntil now, the triplet states of excimers in
aromatic polymers have not been clearly identified. Ex-
cimer phosphorescence from the triplet excimer state has
been observed only in a few aromatic hydrocarbons® and
halogenated derivatives,® but there are no reports on excimer

4
= >
§ 31w (b) @ |G
T 8
[ =4
T
x —
w &
O 1 n
300 400
Wavelength /(nm)

FIGURE. Delayed emission spectra of rigid solutions of (a)
PVCzBr, and (b) EtCzBr, in 2-methyltetrahydrofuran at 77 K,
10~* mol 17! in the absence of air, excitation at 350 nm. (c)
Absorption spectrum of PVCzBr,.

phosphorescence in polymer systems. We now report that
the low-temperature phosphorescence spectrum of poly-3,6-
dibromo-N-vinylcarbazole (PVCzBr,) in rigid solution
exhibits excimer characteristics analogous to excimer
fluorescence in aromatic vinyl polymers.

Samples of PVCzBr, were prepared by cationic poly-
merization (BF;O0Et;) of the corresponding monomer.?
PVCzBr, exhibits no emissions in solution at room tempera-
ture because of the efficient intersystem-crossing of S, — T,
enhanced by the heavy atom effect due to bromination.
The delayed emission spectra of PVCzBr, in rigid solution
of 2-methyltetrahydrofuran at 77 K, and 3,6-dibromo-N-
ethylcarbazole (EtCzBr,) as a low molecular model com-
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pound are shown in the Figure. The delayed emission
spectrum of EtCzBr, consists of a structured band system
built on the 0,0-band of the T, — S, transition at 417 nm,
and corresponds well to the phosphorescence spectrum of
N-ethylcarbazole having the 0,0-band at 407 nm.® " The
lifetime of this band is approximately 17 ms. The delayed
emission of EtCzBr, can be identified with phosphorescence
from the 3,6-dibrominated carbazole ring. On the other
hand, the delayed emission spectrum of PVCzBr, shows
only a broad band around 459 nm having its intensity
maximum about 2200 cm~! lower than the 0,0-band of
EtCzBr,, and exhibits no normal structured phosphores-
cence as can be seen in the case of EtCzBr,. This emission
band has a lifetime of about 32 ms, slightly longer than the
phosphorescence of EtCzBr,. The excitation spectrum
of this band agrees well with the absorption spectrum of
PVC:zBr,, and the intensity depends on a linear function of
the excitation light intensity. Special care was paid to
impurities in the sample and solvent used, and there was no
spectral change due to photochemical decomposition
during measurements. The energy of 2200 cm~! corres-
ponds to the energy shift of ca. 3000 cm—2 between monomer
and excimer fluorescence observed for the singlet excimer in
poly-N-vinylcarbazole (PVCz). Thus thestructureless emis-
sion band of PVCzBr, in rigid solution is probably due to
excimer phosphorescence emitted from the triplet excimer
states.

On the basis of the observation of delayed fluorescence
due to triplet—triplet annihilation we have indicated that the
triplet excitations of PVCz migrate in high efficiency along
the polymer chain.® Probably, the triplet excitons of
PVCzBr, enhanced by the heavy atom effect can be con-
sidered to migrate along the polymer chain just as in PVCg,
and the migrating excitons may be trapped as an energy
“sink’’ at excimer sites, where two neighbouring chromo-
phores are in a convenient orientation for the triplet excimer
formation in rigid solution.

(Received, 10th December 1973 ; Com. 1660.)

1 M. T. Vala, J. Haebig, and S. A. Rice, J. Chem. Phys., 1965, 43, 886; R. B. Fox, T. R. Price, R. F. Cozzens, and J. R. McDonald,
ibid., 1972, 57, 534; C. David, M. Lempereur, and G. Geuskens, European Polymer J., 1972, 8, 417.

* W. Klbpffer, J. Chem. Phys., 1969, 50, 23317.

3 M. Yokoyama, T. Tamamura, T. Nakano, and H. Mikawa, Chem. Letters, 1972, 499.

4 J. R. McDonald, W. E. Echols, T. R. Price, and R. B. Fox, J. Ckem. Phys., 1972, 57, 1746.

5 J. Langlaar, R. P. H. Rettschnick, A. M. F. Lambooy, and G. J. Hoytink, Chem. Phys. Letters, 1968, 1, 609.

¢ G. Castro and R. M. Hochstrasser, J. Ckem. Phys., 1966, 45, 4352.

7 A. Inami, K. Morimoto, and Y. Murakami, Nippon Kagaku Zasshi, 1964, 85, 880; Chem. Abstr., 1965, 62, 14612,
8 M. Yokoyama, T. Nakano, T. Tamamura, and H. Mikawa, Chem. Letters, 1973, 509.





