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The spectral characteristics (absorption, fluorescence and lifetimes of fluorescence) of methine 
dyes in different solvents are presented. The results show that the methine dyes in polar solvents 
emit a dual fluorescence. From the dependence of the fluorescence spectrum on the dye con-
centration it is suggested that excimer formation is responsible for the second band of fluorescence. 

Introduction 

Recently, methine dyes have attracted interest for 
their possible application in display devices [1, 2 ] . 
A liquid crystal display based on the ability of 
"guest"' pleochroic dyes to align parallel to the 
"host" liquid crystal was first described by Heil-
meier and Zanoni [3 ] . Since then the basic pro-
perties of "guest-host" type liquid crystal display 
devices and the effects of various parameters on 
their colour display properties have been clarified 
[1, 2 ] . Unfortunately, the main theoretical problems 
concerning the molecular interactions between the 
liquid crystal matrix and the dye molecules remain 
still open [4, 5 ] . The present study deals with the 
spectral effects of solvation, complexation and ag-
gregation of two representative methine dyes. 

Material and Methods 

The methine dyes used were 

C H - C H - C M C H ^ I 

and 

C H " C H - < \ 3 - N t S H ^ 2 1 1 

The dyes were synthesized as already described [6 ] . 
The compounds were thoroughly identified and 
purified. The absorption spectra were measured 
with an UV-VIS Zeiss spectrophotometer. The fluo-
rescence emission was excited at 405 nm with an 
interference filter [5.5 nm bandwith]. The experi-

* First version was received December 7, 1979. 
Reprint requests to Dr. Z. Salamon, Institute of Physics, 
Poznan Technical University, Piotrowo 3, 60-900 Poznan, 
Poland. 

mental arrangement for the fluorescence measure-
ments was described elsewhere [7] . The fluores-
cence lifetimes were measured with a phase shift 
fluorometer [8] . 

Results and Discussion 

As can be seen from Table I, the spectral param-
eters of absorption and emission of the dyes I and II 
are quite similar. Therefore, Figs. 1 and 2 show only 
the absorption and emission spectra of dye II. The 
absorption spectra of both compounds are only 
slightly influenced by the type of solvent (Fig. 1 
and Table 1). On the other hand the emission spec-
tra in polar solvents differ remarkably in the posi-
tion of the maxima and the shape of the spectra. 
The emission spectra are shifted towards longer 
wavelengths as the polarity of the solvent increases. 
The shape of the emission band is strongly depen-
dent on the kind of solvent. In the polar solvents 
the emission spectra exhibit a second fluorescence 
band with a maximum at about 538 nm (Figure 2) . 
In this case the emission spectra are composed of two 
bands with maxima at 508 and 538 nm (Fig. 2 ; 
curve B). 

The slight changes in the absorption spectra as 
well as the observation that the emission spectra 
are broadened by polar solvents (Table 1) could 
be simply explained in terms of solut-solvent in-
teractions [9, 10], whereas the nature of the dual 
fluorescence has recently been the subject of con-
siderable controversies [11] . 

Lippert, Lüder and Boos [12] discovered that 
p-cyano-N, N dimethylaniline exhibits two fluores-
cence bands. From the solvent shifts it was evident 
that the low energy fluorescence emitting state was 
highly polar. Lippert et al. [12] ascribed the dual 
fluorescence to an inversion of states, 'La and 1L|J 

0340-4811 I 80 / 394-0370 S 01.00/0. — Please order a reprint rather than making your own copy. 

This work has been digitalized and published in 2013 by Verlag Zeitschrift 
für Naturforschung in cooperation with the Max Planck Society for the 
Advancement of Science under a Creative Commons Attribution-NoDerivs 
3.0 Germany License.

On 01.01.2015 it is planned to change the License Conditions (the removal 
of the Creative Commons License condition “no derivative works”). This is 
to allow reuse in the area of future scientific usage.

Dieses Werk wurde im Jahr 2013 vom Verlag Zeitschrift für Naturforschung
in Zusammenarbeit mit der Max-Planck-Gesellschaft zur Förderung der
Wissenschaften e.V. digitalisiert und unter folgender Lizenz veröffentlicht:
Creative Commons Namensnennung-Keine Bearbeitung 3.0 Deutschland
Lizenz.

Zum 01.01.2015 ist eine Anpassung der Lizenzbedingungen (Entfall der 
Creative Commons Lizenzbedingung „Keine Bearbeitung“) beabsichtigt, 
um eine Nachnutzung auch im Rahmen zukünftiger wissenschaftlicher 
Nutzungsformen zu ermöglichen.



Z. Salamon and A. Skibinski • The Spectral Properties of the Mcthine Dyes 

Table 1. Spectral parameters of absorption and emission of mcthine dyes. 

379 

Type of Dye Position of maxima halfwidth of 
solvent 

Benzene I 397 485 
II 397 485 

Methanol I 406 508, 538 
II 40G 508, 538 

A [ n m ] 

Fig.l. Absorption spectra of dye II in benzene (A) and 
methanol (B). 

g. 10001cm1] 

Fig. 2. Fluorescence spectra of dye II in benzene (A) and 
methanol (B). 

in Piatt's classification [13] , whereby the much 
more polar *Lb state would be stabilized by re-
orientation of the polar surroundings. According to 
their assignment, the transitions should be mutually 
perpendicularly polarized. Since then many new-
experimental data have been collected and other 
possible explanations for the dual fluorescence have 

Stokes Lifetime of fluores-
shift cence measured for 

both second 
maxima maxima 

81 44 88 0.5 ns 
81 44 88 0.5 ns — 

76 73 102 1.0 ns 1.5 ns 
76 73 102 1.0 ns 1.5 ns 

been suggested: 1) a polar solvent assisted isomeri-
sation of the excited molecule via internal rotation 
of the N(CH 3 ) 2 and N(C2H5 )2 group [11] . 2) A 
stepwise formation of excited complexes with the 
solvent molecules [14] . 3) A protonation of excited 
species [14] . 4) An excimer formation [14] . 

With the aim of understanding the nature of the 
two excited states involved in our case the following 
experiments were carried out: 1) We have found 
that both emission bands have the same excitation 
spectra, e.g. both emission bands result from the 
lowest singlet-singlet transition. 2) Our unpublished 
results on those dyes in liquid crystal matrixes 
suggest that the transition moments responsible for 
the two emission bands are rather mutually parallel 
polarized. This invalidates the hypothesis of a 
solvent-induced inversion of electronic states of dif-
ferent polarity [12] . 3) The idea of possible proto-
nation of the excited species has been checked by 
addition of small amounts (3%) of lONKOH to 
water alcoholic solvents. The addition of KOH did 
not change the intensities of both maxima, which 
excludes the protonation hypothesis. 4) In order to 
check the excimer hypothesis the dependence of the 
intensities of the two emission bands on the con-
centration of the dye has been studied. The results 
are shown in Figs. 3 and 4. Figure 3 shows the 
dependence of the ratio of the intensities of the two 
maxima of the fluorescence bands (F508/F538) on 
the concentration of the dye. A relative increase of 
the intensity of the second band (with maximum at 
538 nm) of both compounds with higher concentra-
tions is observed. This is especially true for dye II 
(Fig. 3; curve II) . Figure 4 shows the whole spec-
trum of dye II in methanol for pigment concentra-
tions of the order 10 _ 2 M. It should be pointed out 
that we could not find any relative changes in the 
absorption spectra in this range of dye concentra-
tions. Therefore, the above results strongly suggest 

absorption fluorescence abs. fluor. 
nm nm nm nm 



A[nm] 
Fig. 4. Fluorescence spectrum of dye II in methanol at 
high concentration of the pigment (c = 10 - 2 M). 
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Fig. 3. The dependence of the relative intensities of the 
two fluorescence maxima on the concentration of the 
pigments in methanol. 

that excimer formation is mainly responsible f o r 
the observed dual fluorescence. 

The high energy band (max imum at 5 0 8 nm) is 
due to molecular fluorescence and has a very short 
lifetime (r = 0 .5 ns Table 1 ) . The l ow energy band 
(maximum at 5 3 8 nm) is due to exc imer fluores-
cence and has a longer lifetime (r = 1.5 ns Table 1 ) . 
This second band occurs in polar solvents only. 

Unfortunatly, some questions remain still open. 
A m o n g them, the most important are : 

1) W h y does the excimer format ion occur only in 
polar and not in nonpolar solvents? 

2 ) H o w much does the internal rotation of the 
N ( C H 3 ) 2 or N ( C 2 H 5 ) 2 groups contribute to the 
observed dual fluorescence? 
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