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ABSTRACT 

The absorption und, fluorescence characteristics qf’some 2-aryl- and 2-hetar$ 
henzothiazoles were studied with respect to the nature of the suhstituents and 
the polarity of the solvents. The longest wavelength absorption maximum qf 
these compounds is in the region 2700~34OOOcm- I, The PPP-SCF-CI 
quantum chemical calculations show that they result jirom a singlet x-x* 
transition. The fluorescence Franck-Condon transition is between 19 000 and 
280OOcm-‘. The fluorescence quantum yield of most of the investigated 
henzothiazoles exceeds 0.5. The compounds do not phosphoresce in frozen 
ethanol solutions at 77 K. 

1 INTRODUCTION 

2-Arylbenzothiazoles are widely used as organic luminophores,’ thermo- 
and UV-stabilizers for polymer materials2 -4 and diazotype materials.5 An 
improved method for the synthesis of 2-aryl- and 2-hetaryl-benzothiazoles 
has been recently published.6 

The aim of this work is to study the absorption and fluorescence 

* Reprint requests should be addressed to Dr I. Timtcheva, Bulgarian Academy of Sciences, 
Institute of Organic Chemistry with Centre of Phytochemistry, 1113 Sofia, Bulgaria. 
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characteristics of benzothiazoles substituted in the 2-position with respect to 
the nature of the substituents and the polarity of the solvents. Investigations 
of their photochemical and photophysical properties in a polymer matrix 
are in progress. Some of the benzothiazoles have been described in Ref. 6. 
These compounds are also of interest as organic luminophores.7*8 

TABLE 1 
Compounds Investigated and Corresponding Substituents 

No X No X 

1. -N 3 6. -m 

2. _~/C2~5 
‘C2H&ONH2 

3. _N/C2H5 
‘C2 H& N 

4. -N 3 

z -N KH3)2 

8. - N(C2H5 12 

9. - 
tC2H5 

\ H2Ph 

5. -NsCH3 IO. - q 
Fc9 

11. - NHCOCH 3 
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2 EXPERIMENTAL 

Table 1 shows the structure of the compounds investigated (synthesized 
according to Ref. 6) and the corresponding substituents. Compounds l-6 
are newly synthesized.6 

Absorption spectra were recorded on Specord M40 (Carl-Zeiss, Jena). 
Fluorescence spectra were recorded on a Perkin Elmer MPF 44 
spectrofluorimeter. The fluorescence quantum yields Q, were determined 
relative to 3-aminophthalimide (Q, = O-6 in ethanol’). The natural lifetimes 
were calculated from the decay curves, measured on a nanosecond 
spectrofluorimeter PRA-2000 at 293 K. The solvents used were of spectral 
grade. The PPP-SCF-CI quantum-chemical calculations were done with 
standard parametrisation.iO*” 

3 RESULTS AND DISCUSSION 

2-Arylbenzothiazoles are ?r-isoelectronic with stilbene.’ The azole cycle 
contributes, with its C=N bond, to the n-electron system. The interaction of 
the n-electrons of the S and the N atoms in the azole ring leads to a 
substantial increase in the energy of the n+rr* excited state; the lowest- 
energy excited singlet state is of a n---n* nature and the spectral properties of 
2-arylbenzothiazoles resemble these of stilbene. Their electronic spectra 
change in a similar way on elongation of the n-electron system. 

The 2-aryl- and 2-hetaryl-benzothiazoles investigated in this present 
paper have two absorption maxima in the region 43 000-45 000 cm- ’ and 
27 000-34 000 cm- ‘. The PPP-SCF-CI quantum chemical calculations show 
that these result from singlet rc--7t* transitions. The computed transition 
energies of some of the investigated compounds (13,14,16) are in good 
agreement with the experimental ones (Table 2). The PPP-SCF-CI 
quantum chemical calculations were performed with standard parameteris- 
ation,“,’ ’ taking into account all singly excited configurations. There are no 
substantial changes in the numerical results if the real geometry, determined 
by crystallographic studies,i2 is taken into account. 

The electronic spectra of compound 3 in ethanol and the results of the 
PPP-SCF-CI quantum chemical calculations are presented in Fig. 1. The 
vertical lines denote the computed energies of the singlet rc-rc* transitions. 
The heights of the corresponding lines are proportional to the computed 
oscillator strengths f: 

The effect of the substituent X on the longest wavelength absorption 
maxima, as well as on the energy of the Franck-Condon fluorescence 
transitions and the fluorescence quantum yield, can be evaluated from the 
spectral data of compounds 1-16 (Table 3). 
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TABLE 2 
Experimental and Computed Energies in eV of the 
Longest Wavelength n--71* Singlet Transitions of 2- 
Pyridyl-Benzothiazoles. The Numbers Correspond to 

those in Table I 

Compound A-%, AEm,, 

13 4.019” 3.935 
4.024h 

I4 4.132” 3.971 
4.177h 

I6 4114” 3.975 
4.193h 

“In ethanol. 
‘In acetonitrile. 

The longest wavelength absorption band of 2-phenyl-benzothiazole is 
around 33 OOOcm- . ’ l3 As the electron-donating properties of pyridine are 
similar to those of benzene, it could be expected that the longest wavelength 
absorption maxima of compounds 13,14 and 16 (2-pyridyl-benzothiazoles) 
will be in the same region. The results show (Table 3) that these 
bands are at about 32 000-33 000 cm- r. The same holds also for compound 
6, in which the substituent is in m-position of the phenyl ring and does not 
lead to a prolongation of the conjugated system. The longest wavelength 
absorption Franck-Condon transitions of compound 6 and 2-phenyl- 
benzothiazole in ethanol have practically the same energy (33 OOOcm- ‘). 

Replacement of the H atom in the p-position of the phenyl ring by 
electron donating substituents leads to a significant bathochromic shift of 
the longest wavelength absorption band (approximately 4500 cm- ‘). The 

04- 

[ 

5 
G 

46 30 22 
vx10-3km-‘) 

Fig. 1. Electronic spectra of compound 3 in ethanol at 293 K. The vertical lines denote the 
computed energy of the singlet transitions and the corresponding oscillator strengths. 
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compound with an anthracene ring in position 2 has a longer conjugated 
system in comparison with that with a phenyl substituent, and hence its 
longest wavelength absorption transition is of much lower energy (around 
27000cm-‘). 

The effect of solvent polarity on the position of the longest wavelength 
absorption band is less pronounced than that of the nature of the substituent 
in the p-position of the phenyl ring. Passing from ethanol to cyclo- 
hexane, a hypsochromic shift of about 10QOcm-l is observed (Table 3). 

The energy of the Franck-Condon fluorescence transitions and the 
fluorescence quantum yield also depend on the solvent polarity and the 
nature of the substituent. 

Increase of the solvent polarity, as well as replacement of the electron 
acceptor substituent with an electron-donating one leads to a bathochromic 
shift of the fluorescence maxima and to higher values of the relative 
fluorescence quantum yield (Table 3). 

Compounds 12, 13, 14 and 16, in which the phenyl ring in position 2 is 
replaced by a pyridyl- or anthracenyl-group have the lowest fluorescence 
quantum yields. This could be explained by rotation around the C-C bond 
between the benzothiazole and the pyridyl-(anthracenyl-) parts of the 
molecule in the excited state. This rotation could lead to an increase in the 
probability for non-radiative deactivation of the S, (n-n*) state and, thus, 
decreasing Q,. In order to confirm this assumption, quantum-chemical PPP- 
SCF-CI calculations were made. However, these did not indicate a decrease 
in the C-C bond order in the first excited n--71* state, which could lead to 
easier rotation around it. 

The fluorescence quantum yield of 2-pyridyl- and 2-anthracenyl 
benzothiazoles is not significantly enhanced in frozen ethanol solution 
at 77°K and in a polymer matrix, when the compounds have a fixed planar 
structure. Consequently, rotation around the C-C bond in compounds 
12, 13, 14 and 16 cannot account for their low Q,. 

The lifetimes r of the S, (n-n*) state of 2-aryl-benzothiazoles, computed 
from the fluorescence decay curve, fitted to a monoexponential linear 
function I(t) = A exp (- t/r) are between 1 and 3 ns. 

No phosphorescence was observed for any of the compounds investigated 
in frozen ethanol solutions at 77 K. 
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