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The degree of fluorescence polarization and the absorption spectra of sodium- -lauril-sulphate |
(SLS) and thionine (Th) micellar solutions were measured. A simple consideration shows that the
local concentration of dyes present in the micelles is proportional to the absorption coefficient.
According to measurements the degree of polarization and the absorption characteristics of the
systems are determined by the local concentration in the micelles. These dye concentrations (cal-
culated from the concentration depolarization in micellar systems on the base of the FORSTER-ORE’S
theory) are higher by 2 to 3 orders of magnitude than the bulk dye concentration and it seems to
be similar to the pigment concentration present in the chloroplasts. The energy transfer between dye
molecules can be adequately described by FORSTER’s theory.

-

Introduction

Dye-detergent systems are suitable for modelling energy transfer processes oc-
curing during the photosynthesis [1]—[2]. In aqueous solution of detergents ag-.
regates of colloidal dimensions — miicelles — are formed above the critical-micelle-
concentration (c.m.c.) [3]. If appropiate dyes are added to the micellar solution, the
dye molecules will be incorporated into micellés [4], with local concentration ex-
ceeding the bulk concentration of the solution [5]. The average distance of the dye
molecules, commensurable with those of in yivo systems (in chloroplast) can be
reached.

" In the present paper the degree of ﬂuorescence polarization and the absorption
spectra of sodium-lauryl-sulphate (SLS) — thionine (Th) micellar solutions have
been investigated in order to obtain information about the local dye concentratlon
and the migration of electronic exc1tat10n energy within the micelles.

) Materials and methods

The solutions examined were prepared as descrived in an earlier paper [6].

The concentrations of SLS and Th were varied between 0—8-.10-3M and

1.10-%—2.107* M, respectively. More details about the determination of the

absorption spectra are given in [2]. The degree of fluorescence polarization was de-

termined by using a photoelectric apparatus, constructed in the Institute of Medical

- Chemistry on the base of the description of KETSKEMETY et al. [7]. The calculatlons
were performed by a minicomputer, type Wang—600. .
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Results and discussion

The absorption spectra of the aqueous solutions of the systems (k(2)) have
two absorption bands with maxima at 600 nm (x-band) and 565 nm (f-band) attri-
buted to the monomer and to the dimer forms of the dye dissolved in the solution,
respectively. In detergent solutions — above the c.m.c., found to be 3.5.1073 M
concentration of the detergent — new absorption bands appear at 460 nm (y-band)
and at 640 nm (5-band) attributed to dye-detergent complexes and to higher dye-
aggregates, respectively (see Fig. 1). Dimer and aggregated form of the dye appear

in consequence of high local concentration present in the micelles.
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Fig. 1.

The k(}).., values of the absorption bands are proportional to the local con-

centration of the corresponding dye form, provided no overlap of the bands exists °

[8]. In solutions examined only the monomer form of dye are fluorescent [9], therefore
the fluorescence polarization depends on the local concentration of the monomers.
The bands of the absorption spectra have significant overlap, thus the true values of
k(2)max 1n the different bands,can not be found directly from the measured spectra.
Therefore the measured spectra were analysed by the method of ALIENCEV [10].

The true k(). values of the different band — proportional to the local dye
concentration — are plotted in Fig. 2 as a function of the dye concentration weigthed
in at 4.5-1073M detergent concentration. Fig. 2 shows that the curves can be
approximated by two straight lines having different slopes. With respect to the local
dye concentration it can be stated that after reaching a certain dye concentration
(shown in Fig. 2 by a break-point in the straights) the micelles become saturated —
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Fig. 2.

the ratio of the monomers and the dimers decreases — and simultaneously aggregates
and dye-detergent complexes are formed.

The break-point of the a-band maximum appears at higher dye concentration.
Namely, in solutions containing more detergent, the number of micelles increases
thus more and more dye molecules are necessary for obtaining the same local concen-
tration in the micelles.

It can be shown by measuring the degree of fluorescence polarization that the
absorption and the polarization characteristics of the system examined are determined
by the local concentratlon

30 4510°M SLS 30 5-16°M sLS
N
20r
p(°/o)
101
005 01 -0.15 005 01 015
ig k(A may—> lg k(M) maxy —

Fig. 3.



126 ’ . E. BALINT

Fig. 3 contains the degrees of fluorescence polarization measured at 4.5-1073 M
and at 5-1073 M detergent concentration as a function of log k(4),.,. The curves-
are typical concentrational ones. The supposition that the concentrational depolari-
zation in micellar systems can be described by the theory of Forster-Ore [11—12],

permits to calculate the local concentration of

Table' - the dye molecules present in the micelles.

_ S oane According to this theory the point at p/p,=

crn from1:107¢ M102:107%.M =0.55 ligs at a given co-concentration/ggo-

csrse 1073 (M) Crper 1073 (M) portional to the inverse of the cube of the
— energy transfer constant R, [13];
25 ’ 4,100 22
: 3 1
3.5 . -~ 0.811 —-11 . €= TNR )
- - . 0. .
4.5 0.405 —11 :
Calculating with R,=46 A (obtained from
5.0 _ 0212 -14 the overlap of absorption and fluorescence
8.0 0.046 —15 Spectr‘a of the systems), CO=4' 10_3 M.

Knowing the values of k(1),.. and that
k(M)max=Kcp,, pertaining to c,=c,. the °
value of the K constant can be determined and the local dye concentratlon for
another solution can be calculated.

In the table the calculated values of the local concentration are given in the
concentration range of 1-108 M—2.10"*M. It can be seen from the data that
the locdl concentrations are higher by 2 to 3 orders of magnitude than the bulk dye
concentration. '

- The local concentrations given in the table correspond to the average dlstances
from 10 to 60 A between the dye molecules. These values are similar to the mean
dlstqnces of the real pigments present in the chloroplasts.
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Fig. 4 shows the calculated (solid line) and the measured (circles) values of the
relative degree of fluorescence polarization (p/p,) as a function of the logarithmic
“of the local concentration. The calculation was carried out by the Forster-Ore theory.

It can be seen from the figure that at lower dye concentrations the calculated
values and the measured ones of p/p, are in a good accordance. At higher concen-
trations, from the point B, — corresponding to the local concentration pertaining to
the break points in the Fig. 2 — the deviations between the measured and the calcu-
lated values are more significant. These deviations, however, can be interpreted by
the formation of aggregates and their participation in the energy transfer.

Conclusions

The presented results of ﬁuorescence ‘polarization measurements prove that the
structure and the dimensions of the chloroplasts are similar — in certain detergent
concentration range — to those found in dye-detergent systems. The excitation energy
transfer between the dye molecules present in the micelles can be described by the
Forster’s theory. Useful information concerning the-photophysical processes of the
photosynthesis may be expected from the results of further investigations of the same
kind of dye- detergent systems. N .
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CTEINEHL NOJIAPU3ALIMY JIIOMUHECHEHLIVI MOJEJTHOM
CUCTEMBI KPACUTEJIA-AETEPTEHTA

3. Baaunm, HA. Xesewu u U. Baw

VcTaHOBHM, YTO CIIEKTPHI NOTJIOILEHUS ¥ CTENEHD MONAPH3aLHH JIIOMUHECLIEHIIMH PACTBOPOB
THOHWHA B HATPHMAJIAYPUII-CybGaTe 3aBHCAT OT JIOKAJILHOM KOHLEHTpaUyy THOHHWHA B MHIIEILIAX.
Ha ocHOBe NONYYCHHBIX KPHBBIX KOHIEHTPALMOHOH nenoyspusanmu no teopun PEpcrepa-
paccynTadd, 4TO JOKAajJbHAs KOHIECHTpAalMs THOHWHA B MUIEUIaX Ha 2—3 mopsnka Gospmie

" 4eM BBEICHHOM B PACTBOP KOHLEHTPAIMM KPACUTEIN M NOCTUTAET KOHLCHTPAHMH NMTMEHTA B MH-
1IeJIaX, XapaKTEPHOM i XJOpOmnacToB. IlepeHoc sHepTHH MEXOY MOJEKyJlaMid THOHHHA MPOHC-
XOIOUT B COOTBETCTBUH ¢ Teopmelt PE€pcrepa. ‘



