The Electric Dipole Moments of Methine Dyes —
Comparison of Experimental Results with Theoretical Predictions
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Absorption and emission spectra of methine dyes in polar and nonpolar solvents were measured.
From the Stokes shift as a function of solveat polarity the dipole moments of excited singlet
states have been estimated and compared with the quantum chemical predictions. Also the z-
electronic charge distribution in the ground and first excited singlet electronic states and bond
orders of the dyes were calculated. All investigated methines showed an increase in dipole moment

upon excitation to the first excited emitting state.

Introduction

Methine dyes have attracted interest for their
possible application in display devices [1]. Unfor-
tunately, there is a lack of experimental and theo-
retical data on the spectral properties of methines.

Recently it was found that the electronic spectra
of the methine dyes are very sensitive to the polarity
of the solvents [2, 3]. The solvent effects are parti-
cularly pronounced in the fluorescence spectra.
Previous results have shown that in polar solvents
some methines emit a dual fluorescence [2, 3].

From the dependence of the fluorescence spec-
trum on the dye concentration it has been suggested
that excimer formation is responsible for the second
band of fluorescence [3]. It was also shown [3] that
the sulphur atom in a dye molecule is mainly re-
sponsible for the excimer formation. Therefore, in
this paper we have used two types of dye molecules.
One of these is showing the excimer band of fluo-
rescence in polar solvents whereas the second one
does not.

The aim of the present work was to get further
information about the electronic properties of the
ground and singlet excited states. That was done
by comparison of their experimentally determined
and calculated dipole moments and charge distri-
bution.
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Materials and Methods

The two types of methine dyes:
A)
2[4 (N, N-dimethyloamino) a styrylo] benzothiazol
B)
2[4 (N, N-dimethyloamino) « styrylo] benzoksazol

were synthetized as already described [4].

The compounds were chromatographically puri-
fied. The absorption spectra were recorded on an
UV —VIS spectrophotometer. The fluorescence
spectra were measured with an apparatus described
elsewhere [5]. The fluorescence was excited at
405 nm through an interference filter (5.5 nm band-
with).

The Pariser-Parr-Pople SCF-MO-CI method with
the Mataga-Nishimoto integral approximation [6]
and with the parametrization of Kwiatkowski [7, 8]
were used. The molecules were taken to be planer
with bond length 1.397 A and angles 120° and 108°.
The resonance integrals f between given atoms
were taken as follows:

Boc= —2.294 eV,

/3(;0: —21 eV,
ﬂCS: — 1.6eV,
fexn= —2.1€V.

The trans-configuration of both molecules was as-
sumed. Such configuration can theoretically exist
in two different conformational states obtained by
internal rotation via Cs — Cyp bond (Figure 1). To
decide which conformational state appears in prac-
tice one should compare the total 7 electronic
energies (Etot) in both states. In our case the results
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Fig. 1. Calculated values of n-electronic charge distribution

in the ground and first excited singlet states (in brachets)
and bond orders of used dyes.

are as follows:
E¥ = —651.455eV, E'%% — —649.771 eV,
E¥f— —668.769eV, EYf — —669.672eV.

The results indicate a small preference of AI and
BII conformations. It should be pointed out that
the difference in the total z-electronic energy be-
tween respective states is small, and therefore the
results presented in this work were calculated for
both states.
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Results and Discussion

The dipole moments in the excited states were
estimated according to approximate solvent shift
theories. To elucidate the charge distribution and
dipole moments we used a PPP-SCF-MO-CI calcu-
lation. Figure 1 shows the z-electronic charge distri-
bution in both ground and excited single states and
the bond orders.

The solvent effect on the electronic spectrum of
a solute molecule is correlated with the solvent
dielectric constant & and the refractive index =.
Quantitative correlations of the spectral shift of
absorption and fluorescence with the polarity of
the solvent have been proposed in several theoreti-
cal treatments [9, 10, 11, 12, 13, 14, 15, 16]. The
equations [14, 15]

= e—1 2__2\ 20241
—n=2_8 — , (1
ok Lo 1(6—}—2 n2+2) n2 4+ 2 1)
where
s 2(,ue_#g)2,
adhc
(1a
P 8—1_n2—2 2n2 4+ 1
3 e+2 n2+2) n2+2
and
va+
e (2)
g 2n2 +1 s—l_n2—2 +311,4—1 ;
2n2 4+ 2 \e+2 n2 + 2 2n2 + 2
where
Ry = 2P )
adhc (2a)
7 2n2+1 [e—1 n2 —2 3nt—1
2= —
2n24+2 \e+2 n2+ 2 2n2 4+ 2

have been adopted in the present treatment, where
v, and 7; are the O —O absorption and emission
frequency, respectively, ug and ue are the perma-
nent dipole moments in the ground and excited
emitting states, @ = Onsager cavity radius (17,5 A
and 16,5 A for dyes A and B, respectively). The
correlations between absorption and emission
maxima as functions of the solvent parameters,
plotted according to (1) and (2), are given in Figs. 2
and 3. The slopes S; and Sz of these plots can be
evaluated.
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Fig. 2. Spectral shift as a function of solvent parameters
according to (1).
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Having the slopes, the excited state dipole mo-
ments (ue) can then be calculated [17] using either:
a) (1) and (1a) and the values of ug obtained from
theoretical calculations giving ue?, or b) substituting
the actual value of S; and Sz into the equation

Z. Salamon, A. Skibinski, and K. Celnik - The Electric Dipole Moments of Methine Dyes

- Y- S\ _
233k X @:N¢C'°"‘°@
1= cenan(Ore,
~0
23.01
e Ve
2
x103crif)
22.5F
22" 1 1 1 1
0.3 04 05 0.6 07

F.

Fig. 3. Spectral shift as a function of solvent parameters
according to (2).

which circumvents the use of ug. Table1 lists the
values of the dipole moments.

The results from Table 1 indicate that the fluo-
rescent state of methines possesses higher dipole

e i adhecSz\!? 1 — & 3) moments than the ground state. Both experimental
¢ 2 2 S/’ values of ue are lower than the theoretical ones.
] Table 1.
Dyes No.of  From PPP calculation From the solvent Values of dipole
structure shift data moments.
pex[D)  pgy[D]  ug[D] pex[D]  pey[D]  pe[D] ue[D] ueP[D]
A I 5.80 0.42 5.81 6.705 —1.995 6.995 5.94 6.03
IT 5.90 1.56 6.11 7.314 —0.049 7.314 6.24 6.03
B I 5.51 2.01 5.87 6.939 —0.201 6.942 6.02 6.30
IT 5.19 3.14 6.07 6.791 1.829 7.033 6.22 6.30
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