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ABSTRACT. Our assumption that micellization process in compositions containing spiropyrans of
certain type would increase efficient photosensitivity was confirmed experimentally. The efficient
photosensitivity of the cholesteric liquid crystal composition doped with long-radical spiropyrans to
ultraviolet radiation exceeded that of the composition doped with short-radical ones. This is likely to be
caused by the fact that, in the presence of the long alkyl radical at the nitrogen atom, the merocyanine
form of the spiropyran molecule with a lyophilic zwitterionic head and a lyophobic nonpolar tail is
amphiphilic. Under certain conditions, molecules of this kind self-organize into micelles, which disturb
the thermodynamic equilibrium in the basic solution. For restoring the thermodynamic equilibrium,
merocyanine molecules add to the photoinduced merocyanine ones, which eventually increases the number
of absorption centers. © 2013 Bull. Georg. Natl. Acad. Sci.
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Spiropyrans (SP) are an important class of organic
photochromic, bistable compounds. Bistable mol-
ecules and molecule ensembles can exist in two
thermodynamic stable states divided by a certain
energy barrier. Switching from one state to another
occurs via external stimulation (light, heat, mechani-
cal stress, electric and magnetic fields, etc.).Under
the influence of ultraviolet light (UV) an uncolored
spiropyran molecule with a bulky structure is trans-
formed into a coplanar, colored merocyanine (MC)
form with a high dipole moment. Such bipolar mol-
ecules under certain circumstances easily self-organ-
ize, i.e. create nanoparticles.

Spiropyrans are practically used in such
lightcontrolled devices, as information-recording (in-
cluding three-dimensional), memorizing and process-
ing systems, nonlinear optical materials, molecular
computers, filters with regulated optical density, op-
tical switches, different types of sensors, medical in-
struments, ecology etc. Spiropyran among other pa-
rameters (stability, cyclicity, large cross section of
two-photon absorption), must have high photosen-
sitivity. Many scientific centers and companies world-
wide carry out studies to increase the photosensitiv-
ity of spiropyrans which is evidenced by a large
number of published works and patents in the field.
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Photosensitivity of Compositions Doped
with Spiropyrans

It is possible to increase by modification of a mol-
ecule the photosensitivity of spiropyrans: 1) by vary-
ing the substitutes of different electronic natures
(electrodonor and electroacceptor) in the indoline and
chromen parts and their position in the molecule,
and 2) by changing the molecule skeleton. By using
this kind of approach, we have synthesized and stud-
ied several hundreds of spiropyrans. For instance,
changing the indoline ring by azaindoline allowed us
to gain spiropyrans with increased photosensitivity
to the UV light as compared with the known ana-
logues [1], and introduction of an additional frag-
ment in the indoline part of the molecule
(tetrahydrochinoline products) increased photosen-
sitivity to visible light [2]. The spiropyrans gained
on the basis of pyridoxal have demonstrated inter-
esting photochromic properties [3].

The zwitterionic MC form obtained as a result  of
photochemical isomerization of SP, in the presence
of long alkyl radical at the nitrogen atom, is an
amphiphilic molecule. This molecule consists of two

parts: the lyophilic molecule head, readily soluble in
liquid, and the unsoluble tail. The head (in our case
zwitterion) is polar, while the tail (anchor) is a nonpolar
alkyl radical. Molecules of this kind are surfactants
and they self- organize into micelles under certain
conditions. It is well known that micellization is char-
acteristic of such surfactants that have an optimal
lyophilic - lyophobic balance. It was revealed experi-
mentally that the surfactants containing the C8 – C18

radical and the zwiterionic head exhibit the capability
of micellization [4-6].

The physico-chemical properties of micelles, i.e.
nanoparticles, differ dramatically from those of both
separate atoms and molecules, and solid bodies. Sepa-
rate molecules associated into stable super-molecu-
lar structures – supramolecules by means of intramo-
lecular forces function as nanoreactors. In solution,
they generate an intrinsic micropseudophase the
properties of which differ from the characteristics of
the main solution. Because of the increased concen-
tration of the solution, the character of interaction
with light in the nanoreactors changes. The
nanoreactor-containing systems are one-phase and
homogeneous at the macrolevel, and two-phase and
microheterogeneous – at the nanolevel. Hence, based
on the investigation of nanostructures, it is possible
to compose and fabricate the nanomaterials with de-
sired properties, better than the properties of natural
materials. For instance, we can increase the efficient
photosensitivity of the spiropyran-containing com-
position.

Polar head

Non-polar tail
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It is well known that, under certain conditions,
amphiphilic molecules form lyotropic liquid crystals
(LC). Thus, investigation of the process of
micellization of spiropyrans in a liquid crystalline me-
dium is of interest. Our choice of the liquid-crystal
solvent was determined by the capability of self-or-
ganization, i.e. nanostructuring of the studied
nematic-chiral liquid-crystal systems doped with
spiropyrans. The latter is observed by the anomalies
of Bragg’s selective  reflection band [7,8]. We chose
the liquid crystal as a solvent, because living organ-
ism cells and intracellular organelles are covered with
a thin high-order membrane. The membranes, in turn,
represent lyotropic liquid-crystal structures. The size
of spiropyran micelles in the LC decreases nearly by
half under UV photoinduction. This fact gives the
opportunity of purposeful delivery of medicines in
the human organism. The delivered medicine is re-
leased with the help of UV light [9].

Experiment

We studied the process of micellization in the com-
position that represented a nematic-chiral LC matrix
doped with R-3,3- dimethylindolino- 6'-
nitrobenzopyrylospiran’s following analogs: R=CH3

(I), C8H17 (II), and C14H29 (III), synthesized by us. The

nematic-chiral matrix consisted of Merck’s certified
components: nematic substance ZLI-1939, contain-
ing the cyanic biphenyl group, and optically active
substance MLC-4572 or MLC-4571. The experimen-
tal sample was made in the following way: the
equimolar solutions of the composition under study
were placed between flat-parallel glass plates. The
sample thickness was determined by the teflon bed-
ding. The samples were placed into a thermostatic
chamber. They were irradiated with the same dose of
energy by using interference filter ( =365 nm) un-
der the condition of constant temperature. The elec-
tron absorption spectra were detected by means of
fiber optics spectrometer Avantes 2048.

We studied three compositions: 1-doped with
compound I, 2-doped with compound II, and 3-doped
with compound III of equimolar concentration. The
absorption spectra of the samples were detected prior
to irradiation and after irradiation with the same dose
of UV radiation under the condition of constant tem-
perature (Fig.1).

From Fig.1 it is evident that  along with the radical
length, the absorption peak height increases. A hyp-
sochromic shift of peak 2 in respect to peaks 1 and 3
was observed. A similar shift was observed in the
ethanol solutions of those substances [10].

For practical application the spiropyran-doped
compositions were integrated into a polymer matrix
by an improved method of microcapsulation we de-
veloped [11,12]. The  use of the microcapsulation
method and icy acetic acid as suitable emulsifying
agent allowed us to obtain a stable dispersive sys-
tem in the polyvinyl alcohol matrix. The obtained
system contained a dispersed phase – separated
compositions, aggregates in the form of capsules in
the dispersive medium of the polymer solution, which
preserved at most the initial properties of the disper-
sive composition doped with spiropyran and condi-
tioned the production of polymer films with high pho-
tosensitivity. By controlling all stages of
microcapsulation we obtained process-perfect uni-
form, elastic films meeting the requirements of practi-
cal application.

Fig. 1. Absorption spectra of compositions doped with
spiropyrans: blue - doped with compound I, green -
doped with compound II, red - doped with com-
pound III
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Microscopic investigation of the films confirmed
that the polymer matrix consisted of microcapsules.
Fig. 2. demonstrates the UV-irradiated and non-irra-
diated sections of the film, which show that the dis-
perse phase of the polymer matrix in the form of
microcapsules did not suffer disintegration as the
result of irradiation, and hence the properties of
spiropyran-doped compositions did not change.

Optical investigation of the films showed that in
the films we observed the same correlation as in the
compositions, i.e. along with the SP radical length,
the absorption peak height increased. This pointed
to the fact that, as the result of microcapsulation of
the polymer matrix, the composition retained its ini-
tial properties.

Results and Discussion

We suppose that the correlation of the efficient pho-
tosensitivity of long-radical spiropyran-doped
nematic-chiral LC with the radical length is associ-
ated with the fact that the MC form of the spiropyran
molecule with a zwitterionic lyophilic head and lyo-
phobic alkyl radical at the nitrogen atom represents a
surfactant amphiphilic molecule. The so-called
Gordon parameter of the nematic-chiral LC of the polar
solvent satisfies the conditions of micellization. There-
fore, the micellization must occur in spiropyran-doped
LC, under certain conditions.

The  trigger (switch) of micelle or nanoreactors
origination in this case is the UV light (  365 nm).
At the given temperature, prior to irradiation, the so-
lution is made up of the matrix and spiropyran and
merocyanine-form molecules, which are in thermo-

dynamic equilibrium with spiropyran. The constant
of thermodynamic equilibrium KT is less than the con-
stant of photochemical equilibrium KPH  (KT<KPH). In
the case of exposure to UV light, the thermodynamic
equilibrium of the composition is disturbed and shifts
to the merocyanine-form molecules, and the color of
solution gets more intensive. In the process of irra-
diation, the origination of merocyanine form molecules
and growth of their concentration is followed by their
structuring as micelle. The critical concentration of
micellization is low for substances containing the long
alkyl radical C8H17 - C14H29. The processes of pho-
toinduction and micelle formation are noninertial, i.e.
they are initiated as soon as the trigger is started.
There is one more pseudophase - the micelle origi-
nated at the microlevel in the base solution. In the
process of micelle formation, the base solution is
depleted with merocyanine molecules and the
spiropyran molecules start to transform to the
merocyanine ones to restore the thermodynamic equi-
librium. To MC molecules formed photochemically,
MC molecules formed for restoring the thermody-
namic equilibrium are added. The given process in-
creases the number of absorbing centers in the com-
position, which in the final account increases the
effective photosensitivity of the system. We ob-
served this process experimentally by the increase in
the R=C8H17 – C14H29 absorption peak in respect
to C1.

The increase in peak 3 in respect to peak 2 in
both the composition and the films on their basis
(Fig.1) can be attributed to the increase in the micelle
radius with increasing alkyl radical length. Accord-

Fig. 2. Recorded images on the polymer films with a - 60x and b - 200x magnifications respetively
a b
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ingly the surface area of micelles and the number of
molecules arranged on them increased. To restore
the thermodynamic equilibrium, an additional quan-
tity of SP molecules were converted into the MC form,
and then the absorption peak height increased.

The increase of photosensitivity, along with the
radical length, is well defined upon information re-
cording in the polymer films (Fig.3). The violet and
white colors correspond respectively to irradiated
and nonirradiated parts of the films. The contrast
strengthening between irradiated and nonirradiated
areas of the film b, shows the increase of photosensi-
tivity.

Thus, we may conclude that as a result of UV
light induction of liquid crystal compositions doped
with spiropyran, merocyanine molecules similar to
surfactant molecules originate, which are structured
as micelle (nanoreactors). In the process of micelle

origination, in order to restore the thermodynamic
equilibrium, spiropyran molecules transform to
merocyanine molecules increasing the effective pho-
tosensitivity of the material. In the case of further
increase of spiropyran concentration the concentra-
tion of micelle will be increased in the solution as a
result of photoinduction and the pseudophase may
become liquid crystal.
Conclusion
By choosing the nematic-chiral liquid-crystal solvent
possessing the properties contributing to the
micellization allowed us to improve the  efficient pho-
tosensitivity of long-radical spiropyrans. We ob-
served this process in both the composition and  the
films obtained on their basis by microcapsulation.
Acknowledgements. This work was supported by
the Shota Rustaveli National Science Foundation
(SRNSF), project number No.11/12

Fig. 3. Photo- imprinted images on the polymer films using the mask with two partially intercrossed concentrated rings.
a- doped with compound I, b- doped with compound II.

a b
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