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In this paper the dependence of the absorption properties of detergent solutions on, tempera—
ture was investigated. Experiments were made for studying the changes in the properties of the.
different kinds of dyes due.to the increase in detergent concentration and in temperature too.
It was found that the increase in temperature shifts the ,critical micelle concentration” toward
higher detergent concentrations .and ‘promotes the dissociation of the water-insoluble complex:
salts and dimers. From the experimental results it can be concluded that the solubilization of the.
complex salts and dimers contributes to the increase in the effectivity of the energy migration in
mlxed dye solutrons

- Introduction

Photosynthesrs begins w1th the photochem1ca1 process following the absorptron_
of the light energy. The absorbed energy is transferred from plgment to pigment,
from the site of absorption to the molecules actually taking part in the photo-
synthesis, to the so-called reaction centrum [1]—[2]. The determination of the mecha--
nism of light absorption and energy migration in in vivo systems is rather complicated

-and difficult, because even molecules identical from the chemical point of view may
. be present in different physical states, and aggregates as well as bondings to other
constituents of the chloroplast may lead to further absorption bands in comparison
with in vitro systems. The investigations are further complicated by the fact. that
in vivo systems are very sensitive to light, to heat and to experimental conditions,
-and in most cases, the composition of the pigment systems is not known. These
difficulties can be partly eliminated by performing the investigations in model-
systems sufficiently approximating the structure of the photosynthetizing system
[31-{6]-.

. Models often used to this purpose are solutrons containing micelles. "The:
micelles are formed by dissociation of paraffin compounds containing a sufficient
number.of carbonium atoms in water [7]-—[8]. In the course of dissociation these com--
pounds in water break up into negative sulphate-ions and positive carrier-ions:
The negative sulphate-ions will form micelles, arrays of lamellar or of spherical
symmetry in order to decrease their surface energy. According to our knowledge,
about 80 to 100 ions of the detergent used associate to form a micelle [7]. The forming
of the micelles usually occurs at a well defined detergent concentration, characteristic:
for the detergent, the so-called “critical micelle concentration” (c.m.c,).
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If light absorbing dyes are added to solutions containing micelles, they will be
adsorbed within the micelles, forming systems very similar to the structure of
chloroplasts. By choosing adequate dye concentrations, the distance of the dye-ions
within the micelles can be made commensurable with the main distance of the photo-
synthetizing pigments in the in vivo systems [9].

In the case of model systems, the properties of the model (the similarity of the
‘model to the modellized system), the dependence of the- properties of the model
on the c.m.c., and, on the other hand, the dependence of the latter on the dyes
used, on their concentration, on the temperature of the system examined have to be
known for studying the mechanisms of the processes taking place in the system
{10}-13].

The aim of this paper is to examine the dependence of the absorption properties
-of the solutions containing micelles on the properties of dyes used, as well as to
study the dependence on temperature of the absorptivity of the dye-detergent systems.

Composition of the systems examined. Experimental methods

Sodium lauryl sulphate (NaLS; technical purity from Fluka) was used as de-
tergent without further purification. Water of very low conductivity, obtained by
re-distillation of distillated water on the three degrees quartz distillation apparatus,
was used as solvent. All parts of the apparatus and also the flasks containing the
solutions were purified from the water-soluble impurities by the method of ABEGG
[14). The conductivity of the water obtained with the described method was about 1 to
2 X 1078 ohm~—! cm™!; this value did not change even after storing for a very long time.

Rhodamin 6G (Rhod 6G), Thionin (Th) and Methylene Blue (MB) were used
as luminescing dyes. The mixed solutions contained equimolar quantities of Rhod 6G
(donor) and Th (acceptor), and Th (donor) and MB (acceptor), respectively. The dyes
used were purified by recrystallization from ethanol until unchanging absorption
spectra were obtained. In preparing the solutions, the required volumes of stock
solution of the dyes and the detergents were pipetted into the flask (first Rhod 6G
than Th, and Th and MB, respectively). Finally the detergent was added to the .
solutions and the mixtures made up to the mark. Purification and preparation of
the solutions were made in the Chemical Laboratory of the Institute of Experimen-
‘tal Physics.

Each set of the measurements was completed within 48 hours. The experiments
were repeated several times and the results obtained were within the range of the
experimental error. For drawing the conclusions, the mean values of the results
were used. The absorption spectra were recorded on a spectrophotometer Optica
Milano CF—4DR in the spectral range of 450 to 750 nm, at temperatures of

25°C, 50°Cand.70 °C. The recording unit was a compensograph Type Specdomax C.
‘The experlmental temperatures were kept constant with an Hoppler ultrathermostat
The changes in the temperature of the solutions did not exceed +1°C.
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Experimental results

In order to study the dependence of the absorption properties of the systems
examined on the detergent concentration and on temperature, three different sets
of systems were examined: :

1. 2X1075 M/l concentration of Th, of MB and of Th + MB,
2. 5% 1078 M/l concentration of Th, of MB and of Th +MB,
3. 5X107¢ M/l concentration of Rhod 6G, of Th and of Rhod 6G + Th.

The detergent' concentration in all solutions was var_ied between 0 and 8 X 103 M/I. -
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Fig. 1. Absbrption( ) and lurﬁinescence (——— é) spectra

of Rhod 6G; Th and MB

Fig. 1 shows the absorption and the luminescence spectra of water solutions
of the dyes at 25°C. It can be seen from the position of the spectra that in the case
of mixed solutions the energy absorbed by the Rhod 6G is transferred to the Th,
. that absorbed by Th to the MB, respectively.

It is well known from earlier experiments that the absorption spectra of the
" solutions are changed by adding detergent to the solution. In Fig. 2 the values of

k(A)/k(2),ax of the mixed solutions of Rhod 6G 4+ Th are plotted as a function of
the detergent concentration at different temperatures. The figure shows, that the
addition of the detergent shifts the maximum of the spectra towards longer wave-
lengths by 2—10 nm, but further increases in detergent concentration do not essen-
tially affect the position of the maximum. Increase in temperature exerts no sub-
stantial influence on the position of the maxima of the absorption spectra. It can
be also seen from the figure that the absorption of Th at 3,5 X 1073 M/l concentration
of the detergent is essentially less than it was in water-solutions, and it also sub-
stantially increases with increasing detergent concentration. With increasing tempera-

2
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tures, the absorption maxima increase in the case of low detergent concentration,
whereas at higher detergent concentrations decreases in the maxima are found.

In the case of solutions containing low concentrations (~2X1073M/l) of
the detergent, beside the bands of monomers (x) and dimers (B), a new band (y)
occurs in the shorter wavelength region of the absorption spectrum. This band,
according to MUKARIEE et al. [13],
is due to the presence of water-
insoluble dyedetergent complex salts
in the solution.

Fig. 3 shows the dependence of
the peak absorptions [ at 600 nm,
B at 565 nm and y at 465 nm]
of 5X107M/l Th solutions on
detergent concentraction. It can
be seen that the maxima of the a-
~bands increase up to the c.m.c.;
above the c.m.c. they practically do
not change. The f-band due to the
dimers systematically  decreases
H o ; . T %S above the c.m.c. The y-band has a

-=-800 ML ——  maximum at the smallest detergent
concentration (2 X 1072 M/1), above
which it decreases up to the c.m.c.,
to remain constant at higher con-
centrations. The disappearing of
the y-band at the c.m.c is due to -
the solubilization of the dye-deter-
gent complex salts, ie. to their
i/ incorporation into micelles [15].
g ' The fact that the maximum

o
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g i - . ~3- of the a-band in detergent solutions
Moy ——= above the c.m.c. is higher than it

Fig. 2. Absorption spectra of Rhod 6G and Th with ~ Wa$ in water-solutions makes pro-
identical concentration of 5-10-°® M/l at different bable that under these circumstan-

temperatures and at different detergent concentrations  ces the dye molecules become free
' from the mixed micelles and/or the
dye-aggregates present in the water-solutions are solubilized [12]. These changes
in the system promote the equal distribution of the dye molecules within the micelies.
In the case of MB solutions with concentration of 2 X 10~% M/l one can observe
a small y-band of much less intensity than in Th. solutions; this band is totally
absent in MB solutions of 5 X 1073 M/l concentration. The dependence of the bands. -
o and f on the dye concentration fully agrees with that found in Th solutions.
These changes can be explained in the same way as given in the case of Th solutions.
"The dependence on detergent concentration of the maxima volues of the absorption
bands « and 8 in MB solutions of 5X 1078 M/l concentration can be seen from the
data listed in Table L.
In solutions of Rhod 6G, beside the y-band also the f-band is totally absent. In
the case of solutions containing very small amounts of detergent (2Xx 1072 and
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Fig. 3. Absorption bands of Th with 5-10=% M/1 concentration
. at different detergent concentrations

2,5%1073M/1) a little “shoulder” appears in the absorption spectrum around
500 nm, which gradually disappears with increasing detergent concentration.
Table I

Absorption maximum values, k(1) .., in the o- and B-bands of MB solutions with 5-10~% M/I.
concentration at different temperatures and different detergent concentrations

[ - B
CnaLs: 10 :

(M/D 25°C 50°C . 70°C 25°C 50°C . 70°C
0 0,760 0,752 0,743 - 0,392 0,403 0,423
2,0 0,483 0,631 0,678 0,495 - 0,474 0,469
2,5 0,772 0,716 0,695 0,459 0,467 0,469
3,0 0,730 0,771 0,759 0,440 0,457 0,468
3,5 0,857 .0,832 0,794 ' 0,437 0,457 0,469
4.0 0,940 0,867 - 0,831 0,434 0,452 0,467

© 6,0 0,950 . 0,918 0,891 0,432 0,445 0,469
8,0 0,960 0,940 0,920 0,435 0,447 0,463

In Fig. 4 the maximum values of absorption bands measured in the case of
system 2 are plotted as a function of detergent concentration. It can be seen from
the figure that in these mixed systems (Th and MB with identical concentrations
of 5X107° M/1) a y-band due to the significant overlap of the absorption spectra
can also be observed.

The experimental results prove, that with increasing temperatures the o- and
the f-bands increase, while the y-band decreases in all examined systems. This change
in the bands can be well observed in solutions containing low dye concentration.

2%
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Fig. 4. Absorption bands of Th and MB with equivalent concentrations
of 5-10-¢ M/1

Fig. 5 shows the changes of the values of k(4),.., due to the influence of temperature
for the a- and f-bands of Th solutions of 5X 107¢ M/l concentration. The decrease
in the maximum of the y-band with increasing temperature can be explained by
‘more complete solubilization of the water-insoluble complex salts. This change
observed at low detergent concentrations causes the increase in monomer dye
.concentration, which can be seen from the changes in the a-band.

In the range of detergent concentrations above the ¢.m.c. the maximum values
of the a-band (and similarly of the f-band) decrease with increasing temperature.
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Fig. 5. Absorption bands of Th with 5-10-% M/! concentration
at different temperatures and different detergent concentrations
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In this concentration range the solubilization .of the dye-detergent complex salts.
and that of the dimers is probably completed and therefore an increase in temperature
causes the decrease of the absorption. coeflicients [16]. The very little increase in the
y-band which can be observed is probably due to the broadening of the spectrum.
" under the influence of temperature. Such a broadening of the spectrum due to
increasing temperature can be observed in Fig. 2, too.

Table 11

AbSmpnon maximum values, k(1 )mx in the a- and B-bands of Th solutions with 2-10= M|I con- .
centration at different remperatures and different detergent concentrations

x - B
CnasL- 103
M- 25°C s0°c 4 10°C 25°C 50°C | 70°C
0 0,995 0,887 1,266 0,599 {0,576 0,836
20 | 0232 0,355 0,834 0,142 0,269 0,637
2,5 0,322 0,584 0,486 0,208 0,391 0,659
3,0 0,520 0,729 0,949 0,249 0,532 0,682
3.5 0,759 0.928 1,071 0.476 0,645 0,744
4.0 1,106 1,129 1,172 0.649 0.726 0,764
6,0 1,280 . 1,320 . 1,338 0,686 0,756 0,770
8,0 1,382 1,414 1,446 0,660 0,730 0,781

It can be.seen from the data of Table Il that the values of the coefficients in the
a-band increase with increasing temperature. This clearly shows that the solubiliza-
tion of the dye-aggregates is not complete at room- -temperature. even at the deter-
gent concentration of 8 X107 M/l and the solubilization is going on under the
influence of the temperature. °

In order to clear up the changes in the absorption properties of mixed systems,,
the difference spectra of the systems were also studied. These spectra were calculated

from the relation :
k(D)p—k (W) —k(Dx = D(A) ’ : (by

using the measured values of the wavelength dependent absorption coefficients.
Here k(4), means the absorption coefficient of the donor, k(1) that of the acceptor
and k(1)g that of the mixture measured at the same detergent concentration, D(1)
is the value of the calculated difference spectrum depending on the wavelength.
As well known, these spectra show very sensitively the changes in the system, the
formation of the dimers and of the water-insoluble complex salts. It is also known.
that the value of D(4) is only positive if there 1s some kind of interaction between
the dye molecules present in the solution [3].

In Table TII the values of the difference spectra for mixed solutions of Rhod 6G-
and Th, both of 5X10~% M/l concentration, and 21073 M/l detergent concentra-
tion are tabulated for two different temperatures. It can be seen from the Table
that with increasing temperatures, i.e. with increasing solubilization of the dimers
and of the complex salts, the positive values of the difference spectra.show a significant.
decrease.
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Table Il

Calculated difference spectrti of mixed solutions of Rhod 6G and Th with identical concentrations
of 5-107% M/1 at different temperatures

D(3)-102 D(3)-10?
(nm) 25°C 70°C (om) 25°C ~T0°C
450 1,37 2,0 580 13,6 5,5
460 —1,54 2,2 590 17,9 9,1
470 —3,06 1,2 600 23,3 14,7
480 —2,01 - 1,0 610 23,3 16,5
490 —0,86 1,4 620 19,2 14,7
500 0,61 1,7 630 15,0 11,0
510 0,19 1,9 640 13,1 10,8
520 2,2 2,0 650 14,2 11,0
530 2,9 2,4 660 14,5 11,4
540 4,2 2,0 670 - 13,4 10,3
550 6,9 34 680 9,1 8,3
560 9,1 4,0 690 5,6 4.8
570 11,0 38 700 3,8 2,4
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Fig. 6. Calculated difference spectra of Rhod 6G and Th with identical
concentrations of 5-10-¢ M/1 at different detergent concentrations
- versus wavelength

Fig. 6 shows the difference spectra for mixtures of Rhod 6G and Th, both
of 5% 107% M/l concentration measured at 25°C for four different detergent con-
centrations. It can be seen that in solutions containing very low detergent concentra-
tion the difference spectra have a broad positive region, consequently, at this detergent
concentration, there exists a strong interaction between the detergent and the dye
particles. With increasing detergent concentration the positive region decreases and



INFLUENCE OF TEMPERATURE ON ABSORPTION OF DYE-DETERGENT SYSTEMS 23

the values of D(1) at detergent concentration of 6X 1073 M/l are very close to
those obtained with water-solution. This means that at thls temperature the solu-
bilization of the complex salts is completed.

Conclusions

As our results prove, the absorption properties of the systems examined are very -
strongly changed by adding even small amounts of detergent to the solution. Dimeri-
zation and the formation of water-insoluble complex salts’ in the system, due to
the ‘influence of the detergent, change the absorption properties of the system.
At detergent concentrations above the c.m.c. the inner structure of the system
undergoes significant changes [18]; the lamellar structure- developed and the energy
migration between the dye molecules adsorbed in it make the system suitable for
serving as a model for studying the mechanism of energy migration, which plays
a very important role in photosynthesns

The influence of the changes in the temperature is also very significant with respect
to the absorption properties of the micelle-systems. Increases in temperature shift
the value of c.m.c. toward higher detergent concentrations and promote the solu-
bilization of dimers and of water-insoluble dye-detergent complex salts, increasing
" thereby the-number of free dye molecules, which play an important role in the energy
migration occurring in the system.

The absorption properties of the systems examined are also dependent on the
quality of the dye used. The strongest changes in the absorption properties due to .
temperature were found in the case of Th and of MB, which both are susceptible
to dimerization [17]. The influence of the detergent concentration on the absorption
properties of the systems also appears to be the highest for these dyes.

- Experiments for studying the physical properties of the model-systems, as well

as for clearing up the dependence of the yield of the energy transfer on the con-
centratlon of the dyes in such systems are in progess.
LR .

The authors are indebted to sincere thanks to Prof. L. SzaLay, Director of
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BJIVUAHUE TEMOEPATYPbI HA ABCOPELIMOHHBIE CBOMCTBA
KPACUTEJNDBL-AETEPITEHT CUCTEM

3. baaunm, 3. Jlexoyxu, HA. Xeseuwn

M3y4anoch u3MeHeHue abcopOUMOHHBIX CBOHCTB PACTBOPOB Pa3iIMYHbIX KPaCHTENb-IETEPTEHT
CHCTEM TIPM YBEJMYEHHH KOHLEHTPALMH AeTePreHTa M TeMIepaTyphl. Y CTAHOBHIIH, YTO TIPH TIOBBI-
IEHHH TEMMEPATYPHI «KPHTHYECKAN KOHUEHTPaUUs MULET000pa30BaHuAm» CMELIAeTCs B CTOPOHY
6oree BHICOKOH KOHLIEHTPALMM AETEPTEHTa K CTIOCOOCTBYET pacHaly HEPACTBOPUMBIX B BOAE KOMII-
JIEKCHBIX COJIEH H IMMEPOB. Pe3ynnTarhl MOKa3bBaIOT, YTO PAaCTBOPEHAE TAKHX acCOLMATOB INpH-
BelleT K HOBbILEeHNIO 3GPEKTHBHOCTH NepPeHoca 3HePrHH IPOHCXOALLETO B CMEIIAHHBIX PAaCTBOpaXx.



