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In dye-detergent solutions of methylene blue and thionine the migration of electron excitation
energy from thionine (donor) to methylene blue (acceptor) can be observed. This process was studied
by the examination of the fluorescence spectra of 2-10-¢ to 1.-10~* equimolar solutions with
sodium lauryl sulphate detergent. For each dye concentration there is an “optimal” detergent
concentration at which the energy transfer is most efficient. This transfer is observed at the criti-
cal micelle concentration (3.5-1073 M detergent concentration) in 2-10-¢ M solution. and shifts
to higher concentration with increasing dye concentration. This result proves that the effectivity
of the energy transfer in dye-detergent systems depends on the dye concentration.

Introduction

It is well known that micelle systems are suitable models for studying the proc-
esses—first of all the migration of electron excitation energy—taking place in photo-
synthesizing in vivo systems [1]. Micelles were applied as model for studying the
energy transfer by TEALE [2]. SINGHAL et al. [3] studied the migration of electron
excitation energy from thionine (Th) to methylene blue (MB) in micelles. The most
efficient energy transfer was observed at the critical micelle concentration (c.m.c.)
of the detergent and at equivalent concentrations of the dyes applied.

The influence of temperature on the structure of dye-detergent systems and
on the migration of electron excitation energy has been investigated by HEVESI -
et al. [4]. The results showed that the efficiency of the energy transfer from Th to
MB was the highest at c.m.c. and at 25 °C temperature. This conclusion was drawn
from the experimental results that, in the case of Th and MB ions adsorbed into
the micelles, the quenching of Th Iluminescence was mainly due to intermolecular
energy transfer from Th to MB. The influence of temperature on the energy migra-
tion was also studied in [5] and the results reported in [4] were corroborated. It was
shown further in [5] that the effectivity of the energy migration is very closely con-
nected with the number of the micelles present in the system and with the structure
of the dye-detergent solution.

* Delivered at the .International Conference on the Excited States of Biological Molecules,
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The aim of the present work was to investigate the influence of changes in dye
concentration on the effectivity of the excitation energy transfer. Since this process
can be tracked by the changes in luminescence intensities of the donor and those
of the acceptor, the luminescence properties of the dye-detergent solutions had to
be studied.

Experimental results and discussion

The systems examined were aqueous solutions of sodium lauryl sulphate (SLS)
containing thionine (Th) and methylene blue (MB) in equal concentrations. The
concentrations of the dyes were varied from 210~ ¢to 1 - 10—¢ M, that of the detergent
between 2 and 81073 M. The experimental methods and conditions used are de-
scribed in 1] and [5].
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Fig. 1. Fluorescence spectra of mixed solutions of
Th+MB of 2-10-° mol/1 dve concentration at different
SLS concentrations
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Figs. 1, 2 and 3 show the fluorescence spectra at different SLS concentrations
for 2-107%, 1-1075 and 5-10~3M dye concentrations excited at 546 nm, in the
region of Th absorption. They show that in the aqueous solutions the fluorescence
intensity of Th is about double compared to that of MB for each dye concentration.
Adding, however, detergent to the solutions, the relative fluorescence intensity of
MB increases with increasing detergent concentration up to a maximum which
depends on the dye concentration. For 2-107¢ M concentrations of the dyes the
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Fig. 2. Fluorescence spectra of mixed solutions of
Th+MB of 1-10-5mol/1 dye concentration at different
SLS concentrations

maximum is at 3.5-107¢ M SLS concentration, and the fluorescence intensity of
MB is about five times higher than that of Th (Fig. 1). The increase in detergent
concentration causes a decrease in the relative intensity of MB fluorescence. The:
relative fluorescence intensity of MB in solutions of 1-1073 M dye concentration.
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has a maximum at 4-1073 M SLS concentration and its value is almost eight times
higher (Fig. 2). At higher SLS concentration, a decrease in the fluorescence intensity
of MB can be observed again. In solutions of 5-107>M dye concentration the
fluorescence intensity of MB has a maximum at 6-1073 M SLS concentration and
it is more than eight times higher than that of Th (Fig. 3). The observation of the
high increase in the fluorescence intensity of MB at a given SLS concentration is
explained by the transfer of electron excitation energy of Th to MB. The effectivity
of this transfer depends on the concentration of SLS. For each dye concentration
there is an “optimal” SLS concentration at which the transferred energy is most

5

540° M (Th+MB)

WF o 0 M SLS
2'5.10—3 1l "

x 3500 v

IR

AT m
5.0’ v 8 104 . n d
401

LN I .
Wt AR
0

Fig. 3. Fluorescence spectra of mixed solutions of
Th+MB of 5-10-% mol/1 dye concentration at different
SLS concentrations
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efficiently used for the sensitization of the fluorescence of MB. Below c.m.c. there
are no micelles and the dye molecules are randomly distributed with an avarage
distance leading to a given transfer frequency. Above c.m.c. micelles are present
in the solution, their number is increasing with the increase of the concentration of
SLS. The dye molecules are concentrated within the micelles, therefore the mean
distance of the molecules is less and the transfer frequency is higher. With the increase
of concentration of SLS the number of micelles is increasing and the number of dye
molecules within a micelle is smaller, their distribution is more random, therefore
their mean distance is greater again. This leads to a smaller transfer frequency.
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Fig. 4. Ratios of the fluorescence intensities of MB
and Th as a function of SLS concentration at different
dye concentrations

The picture is more complex due to the presence of aggregates, but the concentra- -
tion-dependent aggregation leading to a quenching of fluorescence runs parallel
with the change of the mean distances of molecules, therefore both transfer and
quenching contribute to the changes of fluorescence intensity in the same sense.
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Fig. 4 shows the relative fluorescence intensities of MB vs. SLS concentration
for different dye concentrations. (The zero points of the curves are shifted by two
units for better discernment.) It can be seen from the figure that at increasing dye
concentrations, the optimal detergent concentration becomes higher and higher.
For a given dye concentration the optimal distance depends on the number of micelles
present in the solution, i.e. on the detergent concentration. At higher dye concentra-

Table I.
crn(M)
. -3
CSL?M%O crn+me (M)
2-10““'5-10"‘[1-10‘5[2-10'5[5~10‘5 1-1074
9.7 6.7 3.2 2.0 1.2 0.9
2
2.7 1.3 0.6 04 04 0.5
22.6 | 11.1 4.8 3.3 1,2 0.9
2.5
4.0 1.4 0.7 0.5 0.4 0.5
419 | 15.6 7.9 5.2 14 1.0
3
7.3 2.3 0.8 0.7 0.5 0.5
77.4 | 28.9 12.7 7.2 2.1 1.1
3.5 -
15.0 4.1 1.3 0.8 0.7 0.5
96.8 | 80.0 { 49.2 | 24.8 7.8 33
4
39.8 | 13.8 3.7 1.7 0.9 0.6
132.3 1148.9 | 134.9 | 143.1 79.2 ] 550
6
152.9 [105.7 | 809 | 48.9 9.0 4.1
151,6 | 148.9 | 141.3 | 166.7 |118.4 | 1222
8
162.0 | 121.4 1 120.0 [102.5 | 43.8 | 133
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tion more micelles are necessary
for ensuring this optimal distance
between the dye molecules. Con-
sequently, the effectivity of the
excitation energy transfer is in-
fluenced by the change of the dye
concentration, too.

The maxima of fluorescence
intensities for Th measured in
solutions of Th+SLS (above the
dotted line) and that of Th+
+MB+SLS (under the dotted
line) are listed in Table 1. The
intensities measured in aqueous
solutions of Th and those of
Th+MB are arbitrarily consid-
ered to be 100%. For Th+SLS
systems the fluorescence intensity
at the optimal detergent concen-
tration is between 25 and 81%
(depending on the dye concen-
tration.) For mixed solutions of
Th and MB the intensity of Th
fluorescenceis between2and 15%.
This means that in mixed solu-
tions the Th fluorenscence is
almost totally quenched at the
optimal detergent concentra-
tion, due to the migration of
the excitation energy from Th to
MB.
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MUI'PALIUA SHEPTHUW BO3BYXAEHUSA B CHCTEME KPACI/ITEJ'[B—I[ETEPFEHT )
H. Xesewu, K. Poxca

B pacTBOpax METHJICHOBOTO TOJIyOOr0 H THOHHHA THIIA KPAaCHTEIbL-NETEPreHT Halbiromaercs
MUTpauds SHEPTHH BO30YXIEeHHS OT THOHHHA (IOHOD) K METHICHOBOMY TOIIyOOMY. DTOT IMPOLECC
OBUI HM3YYEH NyTEM HMCCIIeNOoBaHUA crekTpa ¢uyopecuerund (2-107¢—1:1074) 3KBEMOSAPHBIX
pacTBOPOB C HETEPTEHTOM HATpHH-TAypHIACYIb(ATOM. NS KaXkAo# KOHIEHTPAUMM KPaCHTENS
CYHIECTBYET OITMMAJIbHASA KOHLCHTPAIMS AETePIreHTa, NPH KOTOPOi NePeHOC SHEPTHH ITPOUCXOIUT
rambonee 3QdekTHRHO. DTOT HEPEHOC HAONMIOMACTCS MPH KPHTHIECKOM KOHUCHTPANMH MHLEIIIO-
ob6pasopanns (KOHUCHTpalms aeTeprenta 3,5-10-%) B pacrBope 2-10~% Monmb-n1~! B cMemaercs K
foliee BHICOKMM KOHLEHTpAUWsIM KpachTens. Pe3ysbTaTel CBHACTEIBCTBYIOT O TOM, 4TO 3(dex-
THBHOCTL TEPEHOCA 3HEPIMH B CHCTEME KPaCHTEIb—OCTEPreHT3aBHCUT OT KOHUEHTDAIHH Kpa-
CUTEIIS.



