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OF THIONINE IN SODIUM LAURYL SULPHATE MICELLAR
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The dependence of the light absorption and relative fluorescence yield of 1-10-°-1-10-*M
thionine and 0-5-10-3 M sodium lauryl sulphate on the local dye concentration on the
micelles was investigated. Formula is given for the determination of the local dye concen-
tration from the absorption spectra. Bojarski’s method shows that the electronic excitation
energy transfer between dye molecules in solutions containing monomeric and dimeric dye
molecules obeys Forster’s theory above the critical micelle concentration,. to a given local
dye concentration, and also that the dye aggregates play an important role in the transfer.

1. Introduction

Dye-detergent systems are suitable for modelling energy transfer processes occurring
in photosynthetic pigment systems during photosynthesis [1-7]. In aqueous solutions of
detergents, oriented molecular aggregates of colloidal dimensions, known as micelles, exist
.above the critical micelle concentration (cmc) [8-9]. If appropriate dyes are added to the
micellar solution, the dye molecules will be incorporated into or attached to the micelles,
in a way very similar to that of chloroplasts.

In this paper the light absorption spectra and the relative fluorescence yield of thionine
(Th) in micellar solutions ot sodium lauryl sulphate (SLS) were investigated to obtain
information about the “incorporation” of the dye molecules, and about the energy transfer
between different dye forms existing in the micelles. The concentrations of Th and SLS
were varied from 1+ 10-% to 1-10-* M and from 0 to 5- 10-3 M, respectively. The technique
for the preparation of the micellar solutions and the methods of measurement are described
elsewhere [3, 10, 11].
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2. Results and discussion

The absorption spectrum of Th in aqueous solution has two main bands, attributed
to monomers (600 nm, «-band) and ‘dimers (565 nm, f-band). In detergent solutions the
absorption spectra of Th show significant changes (Fig. 1). The addition of detergent
shifts the maxima to longer waves by 3-5 nm, which is in good agrezment with the results
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Fig. 1. Absorption spectra of 5-10~°M thionine at different defergent concentrations (I — 0 M:
2—25-103M; 3 —3-10*M; and 4 — 4-10-* M SLS)

of [1]. The abscrption spectra at higher detergent concentrations are very similar to *hese
in aqueous solution, but at low detergent concentrations two new bands appear, at 465
and 640 nm (y- and J-bands). These arc attributed to dye-cetergent complexes and to
higher dye aggregates. Figure 1 also shows that with decreasing detergent concentration
the heights of the o- and f-bands decrease, while those of the y- and J-bands increase.

Lehoczki and Hevesi [12] reported that the dye molecules are primarily situated in
micelles, with local dye concentrations exceeding the bulk concentration by three orders
of magnitude. The appearance of dimers and aggregated dye forms is, therefore, attributed
to high local dye concentrations.

Based on the following considerations the local concentrations of the different dye
forms can be determined. According to the Beer-Lambert law:

k(Dmax = 2.3 * 6(A)max * €5 M

where k(A),.x and &(A),.x are the maximum absorption and decadic molar extinction
coefficients. The bulk concentration, ¢ and the partial local concentration, - ¢y, Of the
different dye forms can be described as follows:
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Heré n is the number of moles of dye in volume, ¥, of the solution and #’ is that in the
total volume of micelles (V,,;.) in which the dye molecules are situated.

Mukarjee’s method [13] for conductivity measurements allows one to determine,
the quantity of det:rgent in the micelles. Earlier investigations [11, 14] showed that ¥,
is independent of the dye concentration, and that » is nearly equal to #'. Thus, from Eqgs. (1)
and (2)

Vok(l_)max

—— = Ak(Dpar- 3
Vmic <23 8(A‘)max ' ( ) ( )

Cloc =

For a given form of the dye, 4 is constant.

Since the individual bands overlap appreciably (Fig. 1), k(4) . for the different bands
cannot be found from the spectra measured. Alyentsev’s method [15] was employed to
resolve the bands. This method is based on the possibility of presenting a composite
spectrum as a linsar combination of separate bands. The analysis was carried out with
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Fig. 2. The resolved absorption spectra of 2+10-5 M thionine. with 3-10-3 M SLS in water

a WANG-602 minicomputer. Figure 2 shows-the distribution and heights of the compo-
nents. At higher dye concentrations more significant differences can be found between
the measured and calculated values of k(4),... The true k(A),.. values of the monomer,
aggregate and the complex bands, proportional to the appropriate local dye concentra-
tion, are plotted in Fig. 3, as functions of the initial dye concentration, at 3.5 - 10~ M
detergent concentration. Each function can be approximated by two straight lines of
different slopes. The break points (B) occur at the same concentration (about 2+ 10-5 M)
of the dye. At higher concentrations the quantity of monomers hardly increases, but the
quantity of aggregated forms increases rapidly. The behaviour of the dimer band (not
shown in the figure) is similar to that of the monomer band. As regarding the local dye
concentration, it can be stated that after a certain bulk the concentration of approximately
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2-10-5 M is a reached, the micelles become “saturated”. On further increase of the bulk
concentration, the proportion of the monomers decreases. Simultaneously, more and more
aggregates and dye detergent complexes are formed. One can say that the properties of
the systems investigated are determined mainly by the local concentration.
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Fig. 3. k(Q)max values of absorption bands- at 3.5-10~ M SLS concentration, as functions of the thionine
> concentration

Equation (3) can explaln the concentratlon guenching curves measured at constant

detergent concentratlons

Figure 4 shows the measured quehchmg curves. As the local concentration of mono-
mers is unknown, log k(4)max, Which is proportional to it, see. Eq. (3), is plotted on the
horizontal axis. The theory developed by Bojarski [16], which assumes Forster’s type of
energy transfer [17] and takes into consideration the influence of dimers present in the
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Fig. 4. The measured quenching curves at three different detergent concentrations (I — 3.0-10°3 M,
2 — 35-103M and 3 — '5-10*M SLS)
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solution was used to explain the quenching curves measured. Bojarski gives the relative

fluorescence yield as:
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In Eq. (4) K, is the rate constant of the monomer-dimer equilibrium, ao, is a constant
characteristic of the dye, 110 is the quantum yield of the solutions and, ¢, is the local
concentration of the monomers. The critical concentrations (co___ and Coq;r) relating to’ the

mon

monomer-monomer and monomer—dimer energy transfers can be calculated from:

3 3
Comon = 4 N'R] P Oum T 4INR
Omon—+>mon Omon-—dim

s

where N’ = 6.023-102°, and the R,-s are the critical distances for the respective energy
transfer [11].
If Eq. (3) is taken into con31deratlon y can be rewritten as:

ol \/TW]O (Ak(’l)max'mon + KAZkZ('Dmax-hon)

; ®
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Asin Egs. (4) and (5), o, and 4 are unknown. These were determined in the tollowing way.

a. From the concentration quenching curves of thionine in aqueous solutions with
a known dye concentration o, (= 0.865) was determined by computer curve-fitting to
Eq. (4), taking a, as the parametcr

b. Equations (4) and (5) were fitted to the measured quenching curves in the presence
of constant detergent concentrations, taking A as the parameter. Fitting was made in the
region under the break point (B) concentration, where dye molecules were present in the
solution only in monomeric and dimeric forms. For fitting, we chose the value, 7o = 0.3,
derived from the literature. The energy transfer constants, Romen = 46 A, and Rogim = 27 A
were calculated from Forster’s formula; and the critical concentratlons WETe  Comon
=4.1-10*M and ¢, = 2.1-10-> M. The dimerization constant (K = 500 M—1) was
calculated from the absorption spectra. g
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If A is already known, then local concentration of monomers can be calculated from
the absorption coefficients, k(4),.x, determined by spectrum analyses.

Figure 5 shows the measured and theoretical quenching curve for 3.5-10-3 M SLS
solutions as fuactions of the logarithm of the calculated local concentration. A significant
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Fig. 5. The measured (OO O) and calculated ( —) relative fluorescence yields of thionine solutions
at 3.5-10-* M SLS in water

difference exists between the measured and calculated curve only above a concentration
of 2:-10-5 M, where there are more aggregates in the system. In this region the energy
transfer is more effective than was calculated when only considering the presence of mono-
mers and dimers.

3. Conclusions

The electronic excitation energy transfer between monomeric and dimeric thionine
molectles present in the micelles can be described by Férster’s theory up to 5-107* M
local dye concentration. From this value upwards, the dye aggregates also play an important
role in the energy transfer. Since the emission band of monomers and the absorption band
of aggregates overlap considerably, the energy transfer process of monomers to aggregates
is responsible for a decrease in the relativé fluorescencs yield in this region, as shown by
a discrepancy from the Forster theoty, which was extended by Bojarski, and shown by
experiment.
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