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The Dynamic Structure of Micelles and 
Liposomes and Their Self-Fluorescence in 
Absence of Dye 
A. A. SHAHlNlAN and V. V. BAGDASARIAN 
Institute of Applied Problems of Physics, Academy of Sciences of Armenia, 375014 st., 
Nersesian 25, Yerevan, Republic of Armenia 

(Received March I S ,  1991; in final form November I ,  1991) 

A self-fluorescence of micelles and liposomes in the absence of dye and high conjugated groups was 
discovered in the investigation of absorption and fluorescence spectra changes of aqueous solution of 
amphiphiles with simple chromophores. We propose the existence of flickering “frozen” ordered struc- 
tures in micelles and liposomes with exciton migration and emission inside them. 

Keywords: micelle, liposome, dynamic, structure exciton, fluorescence 

INTRODUCTION 

It is well known that the spectral and luminescence properties of chemical com- 
pounds are depending not only from the character of their molecules but also from 
the aggregate state of compound. According to spectral and luminescence char- 
acteristics, the molecules may be grouped into two groups distinguished by their 
lowest electronically excited levels of different orbital Molecules con- 
taining high conjugated groups including aromatic compounds and dyes emitting 
from T - T* excited state belong to the first group. The rate constant of non- 
emission deactivation (K,) is always considerably smaller than that of the emitting 
transition (K2) ,  K ,  < K2. Therefore the fluorescence is relatively intense both in 
solid and liquid phases. 

The emission of the molecules belonging to the second group occurs from the n 
- T* excited state. This group includes molecules with simple chromophores like 
-0, S O ,  P-0, N-0. The S,,, state is subjected to non-emission deactivation 
stronger than S,,,. For this reason most molecules of the second group do not 
emit a luminescence ( K ,  > K2) in the liquid phase except in some rare cases.lr3 
On the other hand, when a rigid structure exist in the chromophoric part of the 
molecule as e.g. in the case of azoalkanes,” the rate constant of emission (K2)  may 
be increased and the molecule emits luminescence. Thus, the overwhelming ma- 
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56 A. A. SHAHINIAN AND V. V. BAGDASARIAN 

jority of molecules of the second group shows no emission in liquid solutions in 
the absence of a rigid structure. This is a consequence of intermolecular low- 
frequency vibrations which increase the probability of nonradiative deactivation. 
The optical excitation energy is practically entirely converted into thermal and 
vibrational en erg^,^ i.e. intrinsic quenching of fluorescence takes p l a ~ e . ~ , ~  

The amphiphiles (AM) with molecules containing simple, flexible chromophores 
as C=O, S=O, P=O and so on can be classified as substances, which do not emit 
a luminescence in liquid solutions. 

On the other hand, it was established that micelles and liposomes of AM have 
a highly dynamic structure similar to liquids.8-21 Investigations of the emission of 
micelles and liposomes, because of their liquid structure, were carried out only in 
the presence of chromophores with ITIT* transitions either dissolved within the 
micelles or liposomes or being inserted into the AM, or by using other chromo- 
phores with rigid structure having emission activity in the liquid phase.4J5,22,23 

It is well known that the excitation energy in the molecular crystals, in contrast 
of liquid systems, can be localized both on impurities or defects of structure and 
be emitted as f l~o rescence .~~  Thus, in the case of flexible molecules with simple 
chromophores, the radiation of excitation energy has cooperative nature and can 
take place only in solid, ordered structures by the mechanism of intermolecular 
transfer of excitation energy. 

The rigidity of molecules necessary for emission can be achieved by decreasing 
the degrees of freedom of interacting rnole~ules,~ i.e. when they are “frozen.” 

Basing on these considerations it may be assumed: the location of chromophore 
groups of the AM molecules on the surface of micelles and liposomes; sufficient 
relaxation times of micelles and liposomes ( lo-* sec)15,25 compared with the 
fluorescence times ( lop8- sec) ,5,24-26 the compressibility of micelles and 
lipo~omes27-~~ are to make possible the formation of rigidly “freezed” parts in 
them, on the fluctuations of inside density, with the lifetime sufficient for emission 
activation of molecules inside them. 

The micellar dynamic structure is adequately investigated31 using the methods 
and principles applied for condensed phases and molecular crystals based on changes 
of absorption and fluorescence spectra. If there is a resonance transfer of excitation 
energy between the excited and nonexcited molecules, new bands in absorption 
spectra arise.32 According to Davidov theory,26 the resonant interaction of chromo- 
phore groups of identical molecules must lead to the splitting of the optical levels 
of the isolated chromophores to sublevels giving rise to the new absorption bands. 

The character of the fluorescence spectra in liquid and solid phases differ ~ h a r p l y . ~ , ~ *  
The molecules in the liquid phase are unable to emit exciton energy except of rigid 
ones, but this is possible in solid systems, consisting of any molecules. 

The fluorescence quenching in the liquid phase when complexes of dyes are 
formed is accompanied by the change of absorption frequency but there is no such 
change in solid-ordered systems. 

If “frozen” parts are formed in micelles and liposomes if those are compressed, 
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DYNAMIC STRUCTURE OF MICELLES 57 

and if they are of ordered structure and have sufficient lifetimes, excitation energy 
migration and a fluorescence typical for molecular crystals should be observed. 

MATERIALS AND METHODS 

The following AM were used: sodium pentadecilsulphonate (SPD) - C15H31S03Na, 
a product of “VEB Leuna”; sodium dodecylsulphate (SDS) - C,,H,,SO,Na, a 
product of “Sigma”; sodium stearate (SS) - C,,H,,COONa and sodium oleat 
(SO) - C,,H,,COONa, products of “Reachim”; quaternary ammonium salt (QAS) 
- C,,H,,(CH,)2HN + Br- and its alcohol derivative (AA) - Cl,H2s(CH2)2(C2H40H)- 
N+Br- are synthetized in the Institute of Organic Chemistry Academy of Sciences 
of Armenia; ethylene oxide cetyl alcohol (OC-20) - C,6H,30(C,H,0),oH, a product 
of “VEB Leuna”; synthetic dimyristoyl phosphatydilcholine (DMPC) - a product 
of “Sigma”. The atomic-absorption and EPR spectra showed practically absence 
of paramagnetic particles and metals of variable valency in aqueous micellar so- 
lutions. All of used AM were preliminary purified from water and oil solubilizing 
impurities by multirecrystallization from the aqueous solution and from the solution 
in CCI,. The Ultra Violet (UV) spectra of aqueous solutions of micelles and 
liposomes measured with the spectrometer of “Pye Unicam” and spectrofluorimeter 
“Hitachi MPF-4”. The spectra above and below the Critical Micelle Concentration 
(CMC) were obtained by the way mentioned in Reference 31. 

RESULTS AND DISCUSSION 

The absorption spectra of aqueous solutions for micelles of SPD, SDD, QAS, SS, 
SO and liposomes of DMPC are presented on the Figure la.  

25’0 300 250 
WAVELENGTH, nm 

FIGURE 1 (a)-Absorption spectra of the aqueous solutions of SPD below CMC (I) and in the micellar 
state (2); QAS in the micellar state and the solution of A A  (3); Stearic acid and NaHSO, (4); liposomes 
of DMPC (5). The absorption spectra of SDS, SO are identical to (2). (b)-Fluorescence spectra of SPD, 
SDS, SS micelles and DMPC liposomes, excited by 228 nm (1) and 287 nm (2). 
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58 A. A. SHAHINIAN AND V. V. BAGDASAFUAN 

As the figure shows, the absorption spectra of all AM containing unsaturated 
groups in molecules (SPD - -0; SDS - -0; SS and SO - CkO;  DMPC 
- C=O and P=O) are similar and consist of strong XI s 200 nm and weak A2 - 
287 nm bands and one medium intensity A3 - 228 nm band. The bands 287 nm 
and 228 nm are absent in the spectra of micellar solutions of QAS and AA which 
do not have unsaturated groups in molecules. 

Besides the investigated substances some organic impurities may also absorb 
within the interval from 200 nm to 300 nm. In latter case the absorption spectra 
of aqueous-micellar solutions must undergo the corresponding changes when the 
AM is purified. 

The absorption spectra of 15 wt % aqueous-micellar solution of SPD before and 
after the purification are represented on Figure 2 as an example. It is obvious that 
an increase of the whole spectrum take place while the purifying of AM. This 
indicates that the purification leads to the increase of the concentration of the 
substance absorbing at the wavelengths A < 200 nm, 228 nm and 287 nm. 

The absence of absorption at 228 nm and 287 nm in the micellar solutions of 
AM without unsaturated groups in molecules indicates that the mentioned ab- 
sorption bands belong to the chromophores C=O, -0, O=S=O, P=O. 

The absorption in the region A < 200 nm is due to the m* transition in the 
groups =N-, C - 0  for QAS and AA. 

According to literature, the band at 287 nm can also belong to the chromophores 
of A weak absorption in the region of 280-300 nm corresponding to the 
spatially and symmetrically forbidden m* transition and a strong absorption at A 
< 200 nm corresponding to the m* transition are typical for the chromophores 
CkO,  -0 (maybe also for P=O) in aldehydes ketones and SO2 groups. 

By this it was shown that the increase of polarity of the micro-environment of 

240 280 230 260 290 
WAVELENGTH, nm 

FIGURE 2 The spectra of absorption (a) and fluorescence excitation (b) of aqueous-micellar solution 
of SPD before (1) and after (2) the purification of the latter. Emission wavelength = 340 nm. 
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DYNAMIC STRUCTURE OF MICELLES 59 

molecules leads to a shift of the n ~ *  and TT* transition bands toward shorter and 
longer wavelengths, respectively. 

By analogy it is supposed that the bands Al s 200 nm and A, - 287 nm, re- 
spectively, in the spectra of micellar solutions correspond to the ITIT* and nn* 
transitions in chromophores C=O, S=O, O=S=O, P-0 of the AM molecules. 

If this assumption is correct, the absorption spectra of solutions must undergo 
changes according to the increase of the microenvironment polarity of AM mol- 
ecules when the micellar state passes into the molecular solution. 

This effect is clearly seen from the absorption spectra of the aqueous solutions 
of SPD below and above the CMC (Figure la), indicating that the bands XI < 200 
nm and A2 - 287 nm respectively, correspond to TT* and n ~ *  transition in chromo- 
phores. 

However, it is especially interesting that the absorption band A3 - 228 nm 
disappears when the micelles disappear. This indicates to the direct connection of 
that band with the existence of micelles. 

The identity of the absorption spectra of the aqueous solutions of the substances 
which are unable from micelles-those are the salt NaHS04 and stearic acid (the 
curve 4 on the Figure la) and of corresponding AM molecules below the CMC 
(the curve 1 on the Figure la)-is also evidence suggesting that the absorptions A 
< 200 nm and A2 - 287 nm are due to the TT* and n ~ *  transitions of the chromo- 
phores of AM molecules. 

Thus, in the absorption spectra of micellar solutions: A, < 200 nm corresponds 
to the TT* transition, A2 - 287 nm is due to the n ~ *  transition in chromophores 
C=O, S=O, 0-0 and A3 - 228 nm arises only upon micelle formation due 
to splitting of the band of the TIT* transition (<200 nm), i.e. the Davidov splitting26 
takes place. 

The investigation of aqueous solutions of AM showed the total absence of the 
fluorescence in molecular solutions (below the CMC) and its appearance upon 
micelle and liposome formation (above the CMC). The emission is totally absent 
in micellar solutions of AM without T-electrons in molecuies. The fluorescence is 
absent in the case of SO. 

It is necessary to point out that the fluorescence is excited only by the bands: 
228 nm and 287 nm (Figure 3) and has maximum at -340 nm (Figure lb). 

The appearance of the fluorescence simultaneously with splitting of the absorp- 
tion spectra due to micelle formation (from the AM without emission activity in 
the liquid phase) provides evidence for a suppression of nonradiative deactivation 
of excited molecules in micelles and for excitation energy migration in “solid” 
structures. 

Taking into account that the fluorescence is excited by the bands 228 nm and 
287 nm specific to the AM molecules in micellar and liposomal states, it may be 
supposed that the chromophore groups of the AM molecules in micelles and li- 
posomes act themselves as centres of emission. 

The presence of some fluorescence at 287 nm (the n ~ *  transition) excited by the 
band 228 nm (splitted TIT’) as well as the excitation of the fluorescence at 340 nm 
by the band of 287 nm are evidence for the existence of the excitation energy 
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60 A .  A .  SHAHINIAN AND V. V. BAGDASARIAN 

30 1 

230 260 290 
EXCITATION WAVELENGTH ( he,) ,  run 

FIGURE 3 The fluorescence excitation spectra at 340 nm for micelles SPD (l), SDS (2) ,  SS (3) and 
DMPC liposomes (4). 

emission mechanism with passing of electron from the excited IT* to the ground n 
level which can take place only in the “frozen” state of the molecule. 

The changes of spectra of the absorption and the excitation of the fluorescence 
with AM concentration were presented in Reference 31. It was shown that the 
fluorescence induced by the band 228 nm is subjected to concentration quenching, 
which is sensitive both to the micellar density (to the compactness of the molecular 
arrangement in micelle) and molecular mobility in a micelle. To elucidate this 
problem the intermolecular distances in a micelle were changed with the aid of 
electrolyte. 

As it is shown (Figure 4a), electrolytes compressing the micelles of SPD increase 
the intensity of absorption at 228 nm. The following series shows the ability of the 
used cations to increase the absorption intensity: Ca+ + > Mg+ + >> K +  > Cs’ 
> Na+ > Li+. 

The same sequence of the ions appears by their influence on the fluorescence 
intensity of micelles (Figure 4b) excited by the band of  IT* transition (287 nm). 

In order to determine the influence of the intermolecular distance in the micelle 
on the absorption and fluorescence of micelle, the influence of the electrolyte 
concentration (KCI) on the degree of aggregation ( f i )  of SPD micelles was studied 
using the light scattering method.34 The data of the influence of the electrolyte 
concentration on the shape and area of the micelle surface S,34 was then used to 
calculate the average distance P, between the chromophore groups of SPD mole- 
cules on the micelle surface. The following formula was used: i: = ( S / I T - ~ ~ ) O * ~  (TP 
is the specific area occupied by the polar group of an AM molecule on the surface 
of a micelle). 
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DYNAMIC STRUCTURE OF MICELLES 61 

If 1 
12 

11 

10 

9 

a 

CONCENTRATION OF ELECTROLYTES 
( c 1 0 3 ~ ~ ~ 3  I 

FIGURE 4 The influence of the electrolyte concentration (LiCl, NaCl, KCI, MgCI,, CaCI,) on the 
intensity of absorption at 228 nm (a) and on the intensity of the fluorescence at 340 nm (excited by the 
band 287 nm) (b) of the SPD micellar solution. 

0f65 t I f1  

30 

26 

22 

ii 10-3 
FIGURE 5 The influence of average degree of aggregation (ri) of SPD micelles on the average 
intermolecular distances (i) in the micelle-1, the relative fluorescence intensity at 340 nm (In) excited 
by the band 228 nm-2, and the optical absorption density at 228 nm (D)-2 of system. 

In Figure 5 the average intermolecular distance in the micelle, P, the optical 
absorption density at 228 nm, D ,  and the relative fluorescence intensity of aqueous- 
micellar SPD solution at 340 nm, excited by the 228 nm band, IF, are shown as a 
function of the micelle aggregation-number, f i .  The aggregation number was varied 
by changing the KCl concentration in the solution. 
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62 A. A. SHAHINIAN AND V. V. BAGDASARIAN 

As seen in the figure, an absolute correlation exists between the P and I ,  curves. 
Where P does not depend on A, neither does ZF, while D increases. This shows that 
the fluorescence quench results mainly from the change of the intermolecular 
distance in the micelle, while the absorption (228 nm) is mainly a consequence of 
the increase of the number of molecules taking part in the energy transfer process. 

This data is a convincing argument in favour of the existence of a mechanism of 
excited energy migration in the “frozen”, ordered structures in micelle, since it is 
known that the probability of the fluorescence quenching via excitation energy 
migration in a crystal increases much faster than the probability of migration without 
quenching.5 

Unlike the fluorescence, excited by the band at 228 nm, the intensity of the 
fluorescence excited by the band of IZT* transition (287 nm) continuously grows 
with the concentration of electrolyte (Figure 6). 

The probable reason for this is that on excitation by the 287 nm band ( n ~ * -  
transition) the electron density of the C=O, S=O, O=S=O (or -0) groups 
shifts from the oxygen atoms to carbon or sulphur (phosphorous) atoms.34 The 
resulting decrease of the dipole moments of the molecules weakens the interaction 
of their chromophore groups. Thus the transfer probability diminishes and con- 
sequently the quench probability diminishes too. 

It is interesting to point out that like the absorption spectrum splitting with the 
appearence of the band 228 nm, the fluorescence at 340 nm excited by 228 nm and 
287 nm arise also when liposomes of phospholipid (DMPC) (chromophores -0 
and -0) are formed. 

230 260 230 
E X C I T A T I O N  WAVELENGTH < h e , ) ,  n m  

FIGURE 6 The influence of the concentration of KCI and cholesterol on the fluorescence excitation 
spectra (at 340 mm) of the 4 wt% aqueous-micellar solution of SPD: KCI moVm3) 1 = 0; 2 = 
0,4; 3 = 0,8 and 4 = 0,Ol wt % (to SPD) of cholesterol. 
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DYNAMIC STRUCTURE OF MICELLES 63 

It is supposed that the factors, which destroy. the structure of micelle must 
suppress energy migration in contrast to the compressing factors which increase it. 

Actually, a decrease of the intensity of the absorption band 228 nm takes place 
(Figure 7a) upon heating, which destroys the micellar structure. The influence of 
temperature on the intensity of the band 228 nm is a reversible process. 

Further, a hypsochromic effect for the band 228 nm is observed during solution 
heating, which is connected most probably with the increasing of disorder in the 
region of the chromophore groups of the AM molecules in micelle. Besides tem- 
perature, the presence of kinks in the hydrocarbon chains of the AM molecules 
may increase the disorder in the micellar structure as e.g. in case of SO. Unlike 
the micelles of SPD, SDS as well as SS, the micelles of SO do not give rise to the 
fluorescence. However, in this case the splitting of the absorption spectra of micellar 
solution remain (Figure la). 

This indicates that the interactions leading to the excitation energy migration 
take place in micelles of SO as well. However, the excitation energy totally dis- 
sipates on the internal conversions which probably may be connected with more 
“liquid” structure of SO micelle-the short lifetime of excited states of chromo- 
phores. 

It’s well known,15 that cholesterol suppresses molecular mobility of micelles and 
phospholipid membranes. The role played by cholesterol in the stabilization of 
micellar structure (in the molecular mobility suppression) is seen by its influence 
both on the absorption and fluorescence excitation spectra of SPD micelles (Figure 

D D 

a b 

WAVELENGTH, nm TIME, sec. 

If 1 

30 

%C 

10 

FIGURE 7 (a)-The influence of temperature (1 = 30T, 2 = 60°C) and cholesterol at 30°C (1 = 0; 
3 = 0,Ol wt% to the SPD) on the absorption spectra of 4 wt% micellar solution of SPD. (b)-The 
influence of the duration of the UV-destruction on the absorption optical density at 228 nm (D) and 
on the relative intensity of the fluorescence (In) at 340 nm of SPD aqueous-micellar solution excited 
by the band 287 nm. The concentration of SPD is 4 wt%, the temperature = 30°C. 
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64 A. A. SHAHINIAN AND V. V. BAGDASARIAN 

6,.  7a). Cholesterol quenches the fluorescence excited by the band 228 nm like the 
increase of the concentration of electrolyte. 

The influence of micelle destruction by the hard UV-radiation on the absorption 
and fluorescence spectra of micelles can be regarded as convincing evidence for 
attributing the band at 228 nm and fluorescence to the micellar structure. The 
destruction of AM molecules in micelles leads to the decrease and, finally to the 
irreversible disappearance both of the emission and the absorption at 228 nm 
(Figure 7b). By this, the bands A, < 200 nm and X, - 275 nm in the absorption 
spectra remain. 

The above-developed representations elucidate the nature of the changes in the 
spectra of absorption and fluorescence of aqueous-micellar solution in the process 
of AM purifying (Figure 2). As is seen from the figure, the following processes 
take place: after the AM purifying the intensities of all the absorption bands grow 
up; the fluorescence excited by the band 228 nm is quenched; the intensity of the 
fluorescence excited by the band 287 nm grows up. 

Comparing the absorption and fluorescence excitation spectra before and after 
the AM purification with analogous spectra depending on the AM concentration3’ 
we see that they are identical in nature. Thus, one can state that the process of 
AM purification is really equivalent to the increase of AM concentration. Therefore 
there is a correlation between the micellar (liposomal) structure and the laws 
governing the light absorption and emission. 

The absence of the splitting of the band 287 nm (nn*) indicates that the excitation 
energy, in this case, is not sufficiently large for the transfer to the other molecule. 
By this, the presence of the fluorescence excited by the same band (287 nm) and 
the absence of its quenching, testifies that the molecule excited by the band 287 
nm, if it arranged in the rigidly “freezed” part of micelle becomes a emitting center 
itself. 

The identical wavelength (340 nm) of the fluorescence excited by the band 228 
nm (splitted nn*) and 287 nm (an*), indicates that the emitting centers are the 
same in the both cases, namely, the emission takes place from the excited nn* 
level of the chromophores of AM molecules. 

It is therefore possible to suppose that on nn* excitation and subsequent non- 
radiative losses of exciton energy due to jumping inside the “frozen” part of micelle 
and liposome, the exciton energy decreases to the nn* excitation energy. The 
exciton is then localized on one molecule. Subsequently fluorescence is excited by 
mechanism peculiar to the 287 nm band. The proposed mechanism is illustrated 
in the form of a diagram (Figure 8). The dotted arrow shows the process of non- 
radiative losses of the excitation energy caused by intermolecular migration within 
the micellar (liposomal) “freezed” part, waved arrows point to the non-radiative 
inner conversion. 

Denoting the energy loss for one jump in “freezed” region of micelle (or lipo- 
some) by E we obtain for the total energy loss on the transfer: 
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DYNAMIC STRUCTURE OF MICELLES 65 

Y 

AE228 AE340fl 

FIGURE 8 Diagram of the excitation of fluorescence in the "frozen" region of micelle or liposome, 
AEex = width of exciton zone; E;q and E:q = the equilibrium ground and excited energetic states; 

EJ-K = the ground and excited non-equilibrium Frank-Kondon energetic states; A&,, and A E , ,  
= absorption energies at A, - 228 nm and A, - 287 nm; AEw = fluorescence energy at 340 nm. 

where 

AE;$* = hvZz8 = 5,44 eV 

AEg? = hv,,, = 4,32 eV 
(2) 

n = number of jumps. 

region of micelle (liposome): 
From (1) and (2) we can calculate the number of jumps ( n )  in one "frozen" 

AE;G* - AEZ;;;" n =  = 1,12 eV/E 
E 

(3) 

Non-radiative losses of energy due to exciton jumps from one molecule to another 
may be caused by: a) the thermal vibration of molecules near the equilibrium 
positions with the energy Ether,,,, b) changes in the intermolecular vibrational fre- 
quency E , ~ ~ ,  and c) changes of the solvent film state of the excited molecule E,,,~.  

In the considered case, E , , ~ ~  is taken to be the energy of a hydrogen bond in the 
aqueous surroundings of the chromophore of an AM molecule. 

The above mentioned energies for S=O, C=O, P=O chromophores have the 
following values: 

= & t h e m  -k Evib -k Esolv (4) 1 E~~~~ = KT = 1,2 

E,,]~ = 0,18 eV 

eV 
Evib 091 eV 

The energy values show that Etherm << Evib, E,,~~. 
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Substituting E in (3) we obtain the number of jumps in a “frozen” region of 
micelle or liposome: n = 5. 

But if we suppose that the energy losses are mainly due to intermolecular vi- 
brations (e = eVib) we obtain n = 10. 

Considering that exciton jumps take place between dimers, we can suppose that 
the number of molecules in the “frozen” region vanes between 10 and 20. 

The splitting value may be determined as being the sum of the resonance inter- 
action energy of an arbitrary molecule with a neighbouring molecule .26 Comparision 
with the experimental value of the splitting energy allows an estimate of the “fro- 
zen” region structure. 

According to Reference 26 the value of the splitting energy at the moment of 
the formation of dimers from two differently orientated molecules, may be ap- 
proximately represented by the following formula: 

where d,, dnf are the transition dipole moments for an arbitrary molecule (1) of 
one orientation and n molecules of another orientation, and Rln is the radius vector 
connecting the centres of gravity of dipoles (1) and (n). 

Because of the identity of the interacting molecules in micelles and liposomes: 

On m ~ *  excitation of -0, -S=O, and -F‘=O chromophores the electron 
cloud of the rr-bond moves completely from the C, S and P atoms to the oxygen 
atom.35 The value of their transition dipole moments is therefore: 

d = 0 ,5 - f - e  (5 )  

where I is the length of the -0, -S=O and --P=O bond and e is the electron 
charge. Since e = 4,8*10-’O CGSE and 1 for -C=O, -S=O and -P=O has 
a value in the order of 1,4-1,5 A, from (5) we get d = 3,5 D .  

The distances between neighbouring molecules in the crystal are: R = 4-5 A. 
Using the equation for AE we can now obtain splitting energies for the following 
structures of “frozen” regions of micelles and liposomes: 

a. If the dimers of chromophore groups of AM molecules in “frozen” state are 
settled chaotically on the micelle or liposome surface (Figure 9a) the splitting 
energy will be approximately equal to the dimer energy AE == 0,2 eV. 

b. If the dimers are arranged one-dimensionally (Figure 9b), the splitting energy 
is mainly a sum of the interaction energy of dipole moments of a type-1 
molecule with two other molecules of type-2, and has a value of AE = 0,4 
eV. The effect of incorporating more distant dipoles in the interaction energies 
is very small. 

c. If the dimers are settled in a two-dimensional square lattice (Figure 9c), the 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

3:
38

 1
8 

Fe
br

ua
ry

 2
01

3 



DYNAMIC STRUCTURE OF MICELLES 67 

a 

C 

FIGURE 9 The hipothetic arrangement of transition dipole moments of AM molecules in the “frozen” 
region of micelle and liposome: (a)-Chaotic settlement of dimers; (b)-One-dimensional arrangement 
of dimers; (c)-Plane-square packing of molecules; (d)-Plane-hexagonal packing of molecules. 

splitting energy is the sum of the interaction energy of the transition dipole 
moment 1 with the nearest neighbouring 4 dipole moments of different ori- 
entation and has a value in the order of AE = 0,s eV. This coincides with 
the value of the splitting energy calculated from the absorption spectra (AE 
3 AEzm - AE228 = 0,s - 1,0 eV). Thus experimentally observed splitting 
may take place on formation of two-dimensional structure of square symmetry, 
in the “frozen” regions of micelles and liposomes, consisting of a minimum 
of three elementary celle with a total number of 12 molecules. This is the 
minimum number of molecules in a “frozen” region which was calculated 
from the energy balance. 

d. The same splitting energy may be obtained when the dimers are arranged in 
a plane-hexagonal lattice (Figure 9d). In this case the minimum dimension 
of one “frozen” region is the elementary cell consisting of 7 molecules. 

Thus the splitting obtained in the experiment may only take place when there 
are flickering “frozen” regions of well-ordered (specifically-plane square or plane- 
hexagonal) structure on the micelle or liposome surface. 

It is interesting to note that, when preheated and highly concentrated AM so- 
lutions are cooled rapidly, “gel” and “coagel” phases appear, which show a rec- 
tangular or hexagonal packing of the molecules in the micelles of crystal struc- 
ture .36-38 

Thus the above-presented data allows us to contend that there exists the flickering 
“frozen” regions of ordered structure in micelles and liposomes which brought to 
their self fluorescence in absence of dye and high conjugated groups in AM mol- 
ecules. 
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