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Abstract

The absorption and fluorescence excitation spectra of stx naphthalene derivatives have been measured in various solvents at 293 K and 77
K. The absorption spectra do not change significantly from dry hydrocarbon to polar solvents at the two temperatures. The emission spectra
measured at 293 K exhibit two fluorescence bands: the normal Fi(LE) fluorescence band and the F, band. which consists of the F,'(PT)
intramolecular proton-transfer and the F.”(CT) twisted intramolecular charge-transfer fluorescence emissions. N, B-naphthy!-a-naphthanilide
(1V) is an exception to that pattern: in all the solvents used. only the F (LE) tluorescence has been observed. At 77 K, the total luminescence
shows two resolved bands: the first is either the normal F (LE) (molecules I, IV, V, V1) or the excimer F,,,  molecules I, I1) fluorescence
band, and the second is the phosphorescence band, Fy (LE). Our spectroscopic studies point that the F, (LE) and Fu (LE) bands originate
trom perturbed naphthalene moieties. © 1998 Elsevier Science SCAL AlL vights reserved.

Kevwords: Nuphthanilides: Absorption and emission spectra at 293 K and 77 K

1. Introduction

Naphthanilides shown in Fig. | belong to the class of
hetero- and homopolar molecules in which two chromo-
phores are linked by a peptide bridge. In this group of mol-
ccules. the peptide linkage plays a significant role of a *spacer’
between two rigid molecular structures. donor (D) and
acceptor (A). Bichromophoric molecules. in which intra-
molecular electronic energy transfer takes place. exhibit dual
fluorescence: the normal F,(LLE) fluorescence which is char-
acteristic of molecules with one chromophore. and another.
structureless F, emission (at cnergies fower than ) origi-
nating from the excited state of a mutually perpendicufar
chromophore D " —A  structure reached in the twisted intra-
molecular charge-transfer ( TICT) process [ 1.2]. This class
of molecules plays an important role in photobiology (in
living organisms [ 3.4]). quantum optics (dye lasers 5],
optoelectrical switches [6 [, light frequency converters [7])
and photochemistry (photopolymers 8.9, photorcactions
[2.107). For that reason, this class of compounds has evoked
a considerable experimental and theoretical interest over the
past few decades [ 11-18.32].
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From the studies of Lipczynska-Kochany | 19-21], it fol-
lows that the absorption spectra and the normal F (LE) flu-
orescence bands of the molecules like these given in Fig. |
can be analysed on the basis ot the naphthalene absorption
and fluorescence spectra. As it was shown in Ret. [ 17]. in
dry hydrocarbon solvents (i.¢., methyleyclohexane ( MCH)
and cyclohexane (CH)). the I, fluorescence band of S3-
naphthanilide (1) and a-naphthanilide (11) consists of two
overlapping fluorescence bands. These two are an F,"(PT)
intramolecular proton-transter band and an F,"{CT)-TICT
band. The methyl-substituted derivatives (V. VI). {where
the proton-transter phenomenon cannot happen) possess
only the F,"(CT) fluorescence bund. This identification was
confirmed using chemical substitution and polarity pertur-
bation effects, as well as by picosecond time-resolved tran-
sient absorption studies | 171,

Upto now. little attention has been paid wo low-temperature
(77 K) luminescence studies of the compounds like these
shown in Fig. 1. Kasha etal. | 23], analysing the accessible
data concerning phosphorescence studies of moleculesexhib-
iting excited state intramolecular proton transfer, predicied
the existence of one or two such phosphorescence bands. The
number of phosphorescence bands depends on the magnitude
ol the two triplet state energies of a locally excited moiety,
T/ LE), and an excited state intramolecular proton-transfer



28 E. Szatan et al. / Journal of Photochemistry and Photobiology A: Chemistry 115 (1998 27-34

11 3%

Fig. 1. The chemical structures of B-naphthanilide (1); a-naphthanilide (11): N,B-naphthyl-B-naphthanilide (I1I); V.S-naphthyl-a-naphthanilide (IV); N-

methyl-B-naphthanilide (V); N-methyl-B-naphthanilide ( VI).

tautomer T, (PT). Three cases may be taken into consider-
ation, the first when T,(LE) <T,"(PT}. the second for
T,(LE)=T, (PT), and the third one, when T,(LE)>
T, (PT).

In the first case, it is assumed that the energy difference
T, (PT)-T,(LE) is too great for significant population of the
T, (PT) state from the T,(LE) state due to Boltzmann sta-
tistics of population of vibrational levels of the Jatter state, so
an enhancement of the T, (LE) — S, phosphorescence can be
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only expected. Such an effect has been observed for some
aminosalicylates {23]. If the T,(LLE) triplet state energy is
almost equal to T,"(PT), as it happens for 2-(2'-hydroxy-
phenyl)benzoxazole, the dual phosphorescence is observed
[24]. In the third case, when T,(LE) > T,"(PT), the energy
splitting S, (LE)-T,(LE) is small and S,"(PT)-T,"(PT) is
comparable or larger, then only one,i.e., T, (PT) = S, (PT)
proton-transfer tautomer phosphorescence band is observed
[25.26].
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Fig. 2. The absorption (
of the absorption spectrum of molecule 1 into three bands.

) and fluorescence excitation (- - -) spectra of molecules 1I-V1in MCH at 293 K. The firs( gruph shows exemplary decomposition
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This work reports on the results of complete spectroscopic
studies (absorption and emission) of the six naphthanilide
derivatives examined at 293 K and 77 K. Particular attention
has been paid to the luminescence (fluorescence and phos-
photrescence) spectra at 77 K, especially to compounds 11
and IV, for which any spectroscopic data had been unknown.

2. Experimental details

The compounds under study were obtained and purified
by Lipczynska-Kochany as described in Ref. [21]. The meth-
yleyclohexane solvent was distilled from a sodium potassium
amalgam before using, to ensure it is pure and free of water.
Ethyl ether, isopentane, ethanol and toluene were distilled in
the usual way. The spectroscopic studies at 77 K were per-
formed in MCH, ethyl ether/isopentane/ ethanol 5:5:2 v/v
(EPA), and ethyl ether/ethanol/toluene 2:1:1 v/v (EET)
rigid glasses. The concentration of the molecules in the glass
mixtures was about 10~ 4 M.,

Absorption spectra measurements were carried out using
a Shimadzu UV-200 and a HPB452A spectrophotometer.
Suprasil absorption cells with 2 or 5 mm absorption path-
length were used. The luminescence spectra at 293 K and 77
K were recorded on a Baird-Atomic (Model SFR-100) or an
IBM spectrofluorometer using a low-temperature standard

Table 1

sample compartment with a vacuum-sealed quartz cold finger
dewar. The luminescence radiation was observed perpendic-
ularly to the direction of the excitation beam. For the meas-
urements carried out at 293 K, a sample was put into a
standard rectangular Suprasil 10 mm cell, whereas in the case
of a low temperature run it was put in a 2 mm diameter quartz
tube placed in a dewar containing liquid nitrogen. For the
phosphorescence spectra measurements, a mechanical chop-
per performing as a phosphoroscope was used. The lumines-
cence spectra have been corrected for the spectral response
of the detection system. The fluorescence and phosphores-
cence excitation spectra have been not corrected for the spec-
tral characteristics of the high-pressure Ar/Hg lamp mounted
in the spectrofluorometer.

3. Resuits and discussion

Fig. 2 shows the absorption spectra of «- and B-naphthan-
ilide (L, I1), their N-methyl derivatives (V, V1), as well as
N,B-naphthyi-a- or B-naphthanilide (III, IV} in MCH at
293 K. The absorption spectra of the compounds in question
possess a few distinct bands, which are similar to those
of 2-naphthalenecarbohydroxamides (investigated by Lip-
czynska-Kochany [21]) and of naphthaiene {27,28]. There-
fore, they can be analysed on the basis of the naphthalene

The wavelengths A, (nm) corresponding to the maximum intensity of absorption, fluorescence (F,, F,), excimer fluorescence (F,,,), and phosphorescence

(Ph) emission for molecules I-VT in various solvents

Compound Temperature Solvent Absorption Emission
(K)
B, Ly | F, F.. F, Ph
I 293 MCH 230 282 322 338 490
EET - 280} 320 358 532
77 MCH 403 490
EET 430 496
EPA 235 285 42% 497
I 293 MCH 223 295 310 338 510
EET - 280 315 380 560
71 MCH 424 488
EET 415 484
EPA 243 290 430 484
I 293 MCH 228 283 340 370 506
EET - 290 345 380 506
77 EET 426 497
EPA 230 290 430 495
v 293 MCH 230 292 32§ 396 -
EET - 295 323 400 -~
77 EET 400 496
EPA 230 292 402 497
\Y 293 MCH 237 290 308 335 516
77 MCH 334 481
EPA 243 291 334 481
Vi 293 MCH 225 288 305 336 535
77 MCH 336 490
EPA 340 485
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Fig. 3. The absorption spectra of B-naphthanilide (11 in various solvents
and temperaturcs.

absorption spectrum. A substitution of groups containing -
electrons in the & or B position of naphthalene results in
extended conjugation primarily along the longitudinal or
along the perpendicular axis, respectively [29.33]. This
causes the observed red shift of the respective bands.

In the absorption spectra of the molecules studied. three
main bands appear (see Fig. 2). The corresponding wave-
lengths for molecule I are: A, =320 nm (S,('L,) <«
Sol'"A))e Apn2=280 nm (Sy('L,) < Sy('A)). and
Apan 1= 230 nm (S5('By) « S 'A}). The exact values of
Amax Of the three main bands for all the molecules measured
in the hydrocarbon and the polar solvents are collected in
Table I, The A, values of the Sy and the S, band are muinly
based on the excitation spectra. From the analysis of the
absorption and the fluorescence excitation spectra { pre ) and
the A, data given in Table 1. column 4, 1t follows that the
« substituted molecules shift the 'L, band w the red more
than the 'L, band with regard to the positions of the corre-
sponding naphthalene bands: the A,,,. values of the three
bands do not change significantly with temperature and with
the identity of the solvent (Fig. 3). The weak bands 'L, and
'L, (onsetatabout 250 nm ) have their structure very blurred.
which is more visible in the polar solvents. The existence of
such the structure is distinctly pronounced in the fluorescence
excitation spectra. Scrious differences noticed between the
shapes of the absorption and the cxcitation spectra indicate
that in the S\(LE) excited states. the molecules undergo
structural rearrangement.

Figs. 4 and 5 show the luminescence spectra of the mole-
cules under study in different solvents and temperatures.
Spectroscopic data for all the performed emission measure-
ments are given in Table 1. The fluorescence spectra of the
five molecules under study (all except IV) exhibit two sep-
arate bands in the non-polar and the weak polar solvents at
293 K: these are the F, and the F fluorescence hands ( Fig.
4). The F, fluorescence band of the 8 substituted molecules
(I, HI and V), has vibrational peaks analogous to those of
naphthalene [27]: in the cuse of the a substituted compounds
(I1,1V and VI). the peaks are less visible. The F| fluorescence
band of a~ and B-naphthanilide is red-shifted by about 2460
cm ', whereas for N.B-naphthyl-a- and B-naphtharilide by
5020 cm " in comparison with the naphthalene fluorescence

Y {aro. units
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Fig 4 The fluorescence speetra ol V3 naphtbyl-B-nuphthanilide (1119
obtamed at 293 K in various solvents Corand if the sample was excited by
varous wavelengths ¢h) . The uorescence spectrum in CH has been decom-

posed €+ ) into three components: the normal F e LB fluorescence spec

truin. the F.(PTY proton-transter. and the 15 (CT) charge-transfer bands,
The spectrum obtained in EET has the B (LE)Y and the F."(CT) bands orlv.

band. The F, structured band shows marror symmetry with
the long-wave absorption band. The vibrational peaks™ posi-
tions do not depend on the exciution wavelength. whereas
their intensity increasces along with the increase of the exci-
tation wavelength (Fig. 4b). The F, fluorescence maximum
intensity position reveals strong environmental dependence
(Fig. 4a): the polar solvents <hift the F; band to shorter
wavelengths, simultaneously increasing its intensity. In very
strong polar and protic solvents. the Fy. as well as the I,
fluorescence bands are quenched due 1o H-bonding and di-
electric medium modutation effeers.

It should be noticed that N.f3 naphthyl-e-naphthanilide,
molecule V. yields only the F| fuorescence emission in all
the solvents used. ic.. in CH. MCH. EPA, and FET. This
band has the distinctive naphthalene vibrational structure and
therefore can be ascribed o the locully excited state transition.
Sy (LE) =S, The relative imtensities of the vibrational peaks
depund on the solvent. Our results and the results of other
authors | 17,19 ] indicate that the I, {luorescence band derives
{rom the perturbed weak absorption band 'L, - 'A of the
naphthalene moiety.
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Fig. 5. The tuminescence (fluorescence plus phosphorescence 1 spectra of molecules [-IV in EPA al 77 K.

The F, fluorescence bands of compounds 1, 1L 111 V, and
V1in MCH are shitted respectively 9178,9978.7264. 10 470,
11070 cm ™' to the red in comparison with the F, fluores-
cence. This red shift depends on the polarity of the solvents:
it is larger when the solvent is more polar (see Table 1). As
an example, Fig. 4a shows the F, fluorescence band ot mol-
ecule I in cyclohexane decomposed (the dotted line) nto
the F5 (PT) (A, at497 nm) and the F."(CT) (A, at 558
nm) bands. 1t is seen that the peak positions of the F (1LLE)
and the F."(CT) components of the spectrum agree well with
that obtained for this molecule in the EET solution. where
only F/(LE) and F."(CT) appear. The decomposition pro-
cedure adapted to the total Huorescence spectra of molecules
[ and il gives a similar result. The value ot A, for F-"(PT)
equals 1o 479 nm and 485 nm. whereas the maximum wave-
length for E;,"(CT) equals to 509 nm and 524 nm for mole-
cules I and 11, respectively. The A, values determined for
the F,"(CT) band are in good agreement with that obtained
in direct measurements for molecules V and VL. for which
only the F,(LE) und F."(CT) fluorescence bands arc
observed. Taking into account these and the results of our
earlier studies [ 17.18] on half-width changes of the F fluo-
rescence band with the dielectric constant of the solvents and
on the transient absorption spectra, we are convinced that in
hydrocarbon solvents the F, Quorescence bands of molecules
. Il and I exhibit two emission modes. 1.e.. F2'(PT) (the
proton-transfer tautomer emission S, (PT) — S, (PT) ) and
F,"(CT) (the intramolecular charge-transfer fluorescence
S$;"(CT) —S,). Molecules V and VI as well us the other
molecules (1. I and ) in the polar solvents show the
F."(CT) emission only. For the molecules above, the A,
value of the F."(CT) fluorescence band is greater than tha

of the F,y'(PT) band. As we have mentioned before, molecule
1V in all the solvents used shows the normal F, (LE) fluores-
cence band only.

The luminescence spectra of the molecules examined at 77
K are shown in Figs. 6 and 7. The otal luminescence spectra
consist of two parts: the first is either the broad structureless
excimer band (molecules I and (1) or the normal F (LE)
fluorescence emission (molecules -V, and the second is
the phosphorescence spectrum. The intensity of the structu-
reless band of a- and B-naphthanilide, 1, 11, as well as N, 8-
naphthyl-B-naphthanilide, 11l. (onset at 310 nm, A,,,, =409
nmn MCH) depends on the solvent. 1tis the largest in MCH.
If polarity of the solvent increases the band intensity
decreases {Fig. 5). This emission band is attributed to the
excimer fluorescence [22]. The excimers are formed in a
sandwich structure. as it has been proved in Ref. [21], by
polur molecules in non-polar solvent at low temperature. The
excimer Huorescence band, £,,. has its maximum at 428 nm.
which i1s in good agreement with the results obtained for
compounds of the naphthalenc - (CH,),~naphthalene type
122.30]. The excimer fluorescence band is shifted about 6500
ecm ' in comparison with the normal F\(LE) fluorescence
band of naphthalene. The structured short-wave parts of the
broad-band emission of compounds I1I-V1belong to the nor-
mai F/(LE) fluorescence. This band has the vibrational
structure similar to that observed at 293 K and is shifted about
1500 cm™ ' o longer wavelengths for molecules 11, TV and
700 em ' o shorter wavelengths for V and VI, all relatively
1o their position at 293 K. Their intensities show strong sol-
vent polarity dependence (Fig. 4a).

The phosphorescence spectra of the molecules in question
show the vibrational structure characteristic of naphthalene
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Fig. 6. The luminescence (fluorescence at 293 K ( 1), and total luminescence. i.e., fuorescence plus phosphorescence. at 77 K (2)) spectra of molecules -1V
obtained in EET and V, VI in MCH.

Table 2
Energy values of the excited states of the molecules under study

Molecule

State Naphthalene 1 1 11 v A% \2
Sa('Ay) 0 0 0 0 0 0 0

T, ("B,,) 21 180 20 408 20492 20120 20 160 20 790 20410
$* ('Bs,) 32151° 31036 31258 30 850 30 770 32790 32 560
Sy* ('Byy) 36365" 35460 36 304 35483 35090 36 360 36 630
S: ('Byy) 45250° 43 480 44 440 43103 45 055 42 190 44 440

*The energy values of the S, and S, states are taken from the fluorescence excitalion specirum.
“1A.P. Marchetti, D.R. Kearns, J. Am. Chem. Soc., 89 (1967) 768].
® [ H. Suzuki Electronic Absorption Spectra and Geometry of Organic Molecules. Academic Press New York London, 1967, Chap. 10},

(Figs. 5-7). Three vibrational peaks are red-shifted (by IV) is strongly blurred. As it is shown in Fig. 7b, this is

about 650 cm ™' for molecules I, V and VI, and about 1050 caused by overlapping of the wing of the broad and blurred
cm™ ' for molecuies 1, ITI, [V in comparison with their posi- normal fluorescence emission. The phosphorescence spec-
tions in the case of naphthalene {30]. The vibrational struc- trum measured independently by using a rotating chopper

ture of N,B-naphthyl-a- and B-naphthanilide (molecules i1I, display a very distinct vibrational structure; this is valid for



E. Szatan et al. / Journal of Photochemistry and Photobinlogy A: Chemistry 115 (1998) 2734 33

- —— (P
P — V) Phex

—— {1} Ph
-~ (V] Ph

0.5

— (i) Pheg,,
—— (N} F1+ Ph
— -~ Ph

INTENSITY [arb.units]
r
L

N
o
N
05!» ] \
S
U
L \
|
0.0 . : * - §
300 400 500 600

WAVELENGTH [nm]

Fig. 7. The phosphorescence emission {Ph) and excitation (Phg, )} spectra
of molecules [ and V in EPA at 77 K (a); the total luminescence (Fl+Ph)
spectrum of molecule I in EET at 77 K and its decomposition (- - ) into
the excimer fluorescence spectrum (A,,,, =432 nm) and the phosphores-
cence spectrum (b). The phosphorescence spectrum obtained from the
decomposition is compared with the pure phosphorescence spectrum
(— - —) obtained using a phosphoroscope.

the six molecules. As itis shown in Fig. 7b, the phosphores-
cence spectrum is similar to that obtained by the decompo-
sition procedure of the total luminescence spectrum. The
decay time measurements of the different emission modes of
these groups of bichromophoric molecules are in progress.

The experimental data obtained in the studies performed,
as well as the adequate data characterizing naphthalene, are
summarised in Table 2. In conclusion of the discussion above,
and from the analysis of the data assembled in Table 2, the
following may be deduced.

(1) The absorption, the normal fluorescence, and the phos-
phorescence spectra originate from the perturbed naphthalene
moiety of the compounds under study. Proton-transfer tau-
tomers are responsible for the F,'(PT) fluorescence, while
the F,”(CT) emission results from these molecules in which
the charge-transfer phenomenon takes place.

(2) The T, level of the molecules in question is shifted to
the lower energies. This finding is in agreement with the
results of other authors [22,30,31].

(3) The energy values of the S, state of molecules [-1V
are less than that of naphthalene by 850 cm ™' for «-. 8-
naphthanilide (I, II}, and 1200 cm™' for N,B-naphthyl-a-
and B-naphthanilide (I, IV). For N-methyl-o- and -

naphthanilide (V. VI), these values are greater than that of
naphthalene (about 500 cm ™).

(4) The energy values of the S, state of molecules I-V]
are greater than that of naphthalene. The (E(S,)-E(S,"™"))
differences varies from 200 to 1600 cm ™' and reach greater
values for the a-substituted derivatives.

(5) The energy values of the S; state of the molecules
studied are less than that of naphthalene.

The measurements carried out by us do not allow the deter-
mination of the energy values of the first singlet states of the
proton-transfer tautomers, S,"(PT), and the charge-transfer
molecules, S,"(CT). The fluorescence bands ascribed to
S,"(PT) =S, (PT) and S,"(CT) — S, transitions have their
Ama,. Values respectively at 479 nm and 509 nm for molecule
I, 485 nm and 524 nm for molecule 1, and 497 nm and 558
nm for molecule III. In all the solvents used, whenever both
F,"(PT) and F,"(CT) fluorescence appear, the A, (PT)
< A nax (CT) inequality is fulfilled.

Acknowledgements

This work was partly supported by research grants: BW
16/88/97 from the Pedagogical University at Slupsk and BW
5200-5-0200-8 from University of Gdarnsk. The authors are
grateful to Prof. E. Lipczynska-Kochany for providing us
with the compounds.

References

[ 11 1B Birks, Photophysics of Aromatic Molecules, Wiley, New York,
Chap. 7, 1973,

[2] N.T. Turro, Modern Molecular Photochemistry, Benjamin/Cum-
mings Publ., Menlo Park, CA, 1978.

[31 R.H. Conrad, L. Brand, Biochemistry 7 (1968) 5777.

[4] LD. Campbell, R.A. Dwek, Biological Spectroscopy, Benjamin/
Cummings Publ., Menlo Park, CA, Chaps. 4 and 5, 1984.

{51 K.H. Drexhage. in: F.P. Schacfer (Ed.), Structure and Properties of
Laser Dyes, Dye Lasers, Springer. Berlin-Heidelberg. New York,
1973,

j61 LM, Warman, et al., Chem. Phys. Lett. 210 (1993) 397.

[ 7} 1. Bourson. J. Mugnier, B. Valeur. Chem. Phys. Lett. 92 (1982) 430.

|8} P.K.Das. M.V. Encinas, J.C. Scaiano, J. Photochem. 12 { 1980) 357.

[91 G.H. Frederickson, H.C. Anderson, C.W. Frank, J. Chem. Phys. 79
(1983) 3572.

[10% M. Nastasi. I. Streith, in: P. de Mayo (Ed.), Rearrangements in
Ground and Excited States, Academic Press, London, 1980, p. 445.

[11} Z.R. Grabowski, K. Rotkiewicz, A. Siemiarczuk, D.J. Cowley, W.
Baumann, Nouv. J. Chem. 3 (1979) 443,

| 121 W.Rettig, Angew. Chem. 98 ( 1986) 969.

[ 131 P.M. Rentzepis, P.T. Barbara. in: J. Jortner, R.D. Levine. S.A. Rice
(Eds.). Proton Transfer in Photosclective Chemistry, Wiley-Intersci-
ence, New York, 1981.

| 14} M. Kasha, Acta Phys. Polon. A 71 (1987) 717.

[15] J. Heldt, M. Kasha, J. Mol. Liq. 41 (1989) 305.

[ 16 J. Heldt, D. Gormin, M. Kasha, Chem. Phys. 136 (1989) 321.

[ 171 ). Heldt, J. Photochem. Photobiol. A Chem. 60 (1991) 321.

[ 181 1. Heldt. D. Gormin, M. Kasha, Chem. Phys. Lett. 150 (1988) 433.

[19} E. Lipczynska-Kochany, J. Photochem. Photobiol. A Chem. 41
(1988 187.



34 E. Szatan er al. 7 Jowrnal of Photochenmistr and Photobiotogy A: Chemisgy 115 (1998 27- 34

[20] E. Lipczynska-Kochany, J. Lumin. 40-41 ( 1988) 282,

[21] E. Lipczynska-Kochany, Some New Aspects of Hydroxamic Acids

Chemistry, Prace Naukowe. Chem, zeszyt 46, Wydawnictwo Poli-

techniki Warszawskic]. Warszawa, 1985,

W. Kloeptfer, Intramoiccular Excimers. in: J.B. Bicks (Ed.), Oraunic

Molecular Photophysics. Wiley. London, 1973,

[23] M. Kasha, D. Gormin, J. Heldt. J. Phys. Chem. 99 { 1095) 7251

|24} D. Gormin, J. Held(, M. Kasha. J. Phys. Chem. 94 (1990) 1185,

[25] M.R. Prieto. B. Nickel, K.H. Grellman. A. Mordzinski, Chem, Phys.
Lewt. 146 (1988) 37.

126] P.-T.Chou. S.1.. Studer, M.L. Martinee. Chern. Phys. Lett. 178 (1991
393,

1271 A. Grabowska. P. Borowicz, 1D.O. Martime, $.E. Braslavsky, Chem.
Phys. Lett. 185 ¢1991) 200.

128] L.B. Berlman, Handbook of Fluarescence Spectra of Aromatic Male-
cules, Acudeniic Press. New York. 1963, pp. HH4- 105,

120) RN Jones. Amy 3 Chem. Soc. 67 (19453 2-27.

1301 T Mimura, M. Htoh. ) A Chowe Sec 98 (1976 1003

[30] GING Lewis, ML Kasha, I A Chemy Soc, 66 (1944 2100,

1321 W.Rettig. Angew. Chem., Int. Bd. Logi. 25 (1986) 971

331 R.N. Jones. Chem Rev, 41 (19475 433



