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Creation of a stable and reliable molecular device is an important task of nanotechnology. Photo-
chromic molecules are the most promising candidates for such a purpose. One of the most prospective clas-
ses of photochromic compounds is spiropyran and its open form merocyanine. To use the spiropyran-
mericyanine system it is essential to know properties of these molecules. The transformation between spi-
ropyran and merocyanine molecules can occur in different ways. Therefore, it is important to have a com-
plete picture of the merocyanine structures and transition routes between them. Thus, the investigation of
geometric structure of the merocyanine molecule was carried out. It shows that the merocyanine molecule
can be in one of the eight possible isomers taking into account the rotation around the three central bonds
C(25)-C(26), C(26)-C(27), C(27)-C(28). TTT, TTC, CTT and CTC isomers have a flat geometric structure
and similar absorption spectra (from 490 nm to 510 nm), thus they cannot be separated in experimental
studies. All these isomers exhibit dark stability, since the energy barrier for the transition between them is
more than 1 eV. The other four isomers TCT, TCC, CCT and CCC have a spiral structure, at which each of
these isomers can have right-handed or left-handed structure. Transformations between neighboring iso-
mers have been studied. The results have shown that spiral structure isomers are thermally unstable, and
they turn into one of the flat isomers rapidly. That is why their contribution to the absorption spectrum of
the merocyanine molecule is absent. At the same time, all flat structures are characterized by identical
conductivity properties along the m-electron system and the same length of the long axis of the molecule.
The obtained results are important in terms of using the spiropyran-merocyanine system as a memory el-
ement or switch in future computer systems.
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1. INTRODUCTION conjugation of the z-systems of the two parts of the mol-
ecule and absorption in the visible region of the spec-

Nowadays, the development of multifunctional mate- trum [10].

rials that can be used as sensors [1, 2], in memory ele-
ments [3], logic gates [4], intelligent and high-performance
optoelectronic nanoblocks, etc. is an important task of
nanotechnology. The combination of nanomaterials with
photochromic molecules is of particular interest of scien-
tists. Such combination allows to achieve reversible
changes not only in the geometric structure, but also in
electronic properties and nanoscale mechanics caused by
the action of light. Due to the sensitivity of photochromic
molecules, the light can be used as an external source of
remote control of devices. The use of light as a stimulus
is extremely attractive for at least two reasons: it can be
transmitted over long distances with the "speed of light"
and it is a source of unlimited energy. Changes at the
level of one molecule, such as geometry (conformation),
electronic structure, dipole moment can lead to various
properties at the material level, including the form [5],
conductivity [6], aggregation behavior [7], fluorescence
[8], magnetism [9], etc. Thus, such photoinduced changes
at the molecular level can be used to control the func-
tions and properties of nanostructured materials.

One of the most prospective classes of photochromic

Fig. 1 - General structure of the MC molecule

compounds is spiropyran and its open form merocyanine.
The action of ultraviolet radiation on colorless spiropy-
ran (SP) leads to the breaking of the spiro-C—O bond and
the subsequent rehybridization of the carbon atom from
sp3 to sp2 The resulting planar structure of the thus
formed isomer of merocyanine (MS) provides a strong
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The study of the properties of SP and MC molecules
and the possibility of controlled transition between them
is important in terms of creating electronic switches based
on molecular structures. These switches have the prospect
of being used in the development of new-generation com-
puters [11-13].
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The transformation between SP and MC molecules
can occur in different ways [14-18]. Therefore, it is
important to have a complete picture of the MC struc-
tures and transition routes between them.

2. OBJECTS AND METHODS

The standard structure of MC is presented in Fig. 1.
In this work, quantum-chemical methods of investigation
were used due to HyperChem-8 and MOPAC-12 software
packages. The MNDO/d [19] and AM1 [20] methods were
used to find the geometric structure and the energy struc-
ture of the molecules in the ground and excited states.

From Fig. 1 it can be seen that N(11)-C(25)-C(26)-C
(27) fragment has a trans configuration. C(25)-C(26)-
C(27)-C(28) and C(26)-C (27)-C(28)-C(29) fragments have
the same configuration. These structures are called Mer-
TTT, Mer-TTC, Mer-TCT, Mer-TCC, Mer-CTT, Mer-CTC,

Table 1 — Energy characteristics of the MC isomers
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Mer-CCT, Mer-CCC (8 structures at all); they can be
obtained by changing aforesaid dihedral angles from 180°
to 0°.

The aim of this work was not to find the absolute val-
ues of the coordinates of atoms in molecules, but to expo-
sure the process of transition from one state to another.
Thus, semi-empirical methods were used. They allow to
achieve the goal with sufficient accuracy. Some of MC
isomers have such an unusual structure that it is impos-
sible to establish it within the framework of semiempirical
methods (MNDO, AM1). In view of this, methods of mo-
lecular dynamics were used with zero-order approxima-
tion methods. Only after that, the structure of the mole-
cule was optimized using semiempirical methods. The
basic calculations were carried out using the AM1 meth-
od, taking into account the configurational interaction
between 10 occupied and 10 free molecular orbitals.

Molecule Transition A, nm Oscillator strength
S0 — T1 (61-62) 975.6 0
S0 — T2 (60-62) 580.5 0
Mer-TTT S0 — S1 (61-62) 4935 1.0073
(7-system has a flat structure)
Binding ener — 4525.1842 kcal/mol
& enerey —196.231 eV
S0 — T1 (61-62) 1020.6 0
S0 — T2 (60-62) 584.8 0
Mer-TTC S0 — S1 (61-62) 504.4 1.0170
(7-system has a flat structure)
Bindine ener —4523.6136 kcal/mol
§ energy — 196.163 eV
S0 — T1 (61-62, 60-62) 877.6 0
S0 — T2 (60-62, 61-63) 616.8 0
Mer-TCT . S0 — S1 (61-62) 4931 0.5659
(m-system has a spiral structure)
Bindine ener — 4506.4946 kcal/mol
§ energy — 195.421 eV
S0 — T1 (61-62) 879.8 0
S0 — T2 (60-62) 600.2 0
Mer-TCC . S0 — S1 (61-62) 504.3 0.3891
(m-system has a spiral structure)
Bindine ener —4502.3907 kcal/mol
§ energy — 195.243 eV
S0 — T1 (61-62) 975.5 0
S0 — T2 (60-62) 580.4 0
Mer-CTT S0 — S1 (61-62) 495.4 0.9783
(7-system has a flat structure)
Binding energy —4526.2179 kcal/mol
—196.276 eV
S0 - T1 (61-62) 1000.2 0
S0 — T2 (60-62) 582.9 0
Mer-CTC S0 — S1 (61-62) 492.9 1.0003
(m-system has a flat structure)
Bindi —4525.1190 kcal/mol
1nAIng energy —196.228 eV
S0 - T1 (61-62) 943.0 0
S0 — T2 (60-62) 536.6 0
Mer-CCT ) S0 — S1 (61-62) 488.2 0.5810
(7-system has a spiral structure)
Bindi —4515.7780 kcal/mol
INAINg energy — 195.823 eV
S0 — T1 (61-62) 1023.9 0
S0 — T2 (60-62) 603.2 0
Mer-CCC ) S0 — S1 (61-62) 539.3 0.3459
(m-system has a spiral structure)
Bindi —4510.0340 kcal/mol
INAINg energy —195.574 eV
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3. RESULTS AND DISCUSSION

3.1 Energy Structure and Absorption Spectra
of the Merocyanine Isomers

From Table 1 it can be seen that 4 isomers have a
flat structure, other 4 isomers have a spiral structure. It
should be pointed out that the spiral structure of the
isomers makes them optically active. Moreover, each of
these four isomers should have two types of spiral struc-
tures — right- and left-handed plane of light polarization.

The ground state of the molecule is characterized by
the binding energy of atoms due to the overlapping of the
electron shells. It is clear that different binding energies
will correspond to different MC isomers. The results of
the calculation of binding energy in the ground and excit-
ed states are shown in Fig. 2. From Fig. 2, it follows that
plane isomers of MC are energetically favorable. At that,
CTT structure is characterized by minimal energy. Ener-
gies of other flat isomers do not significantly differ from
the CTT isomer. In particular, the reason for the differ-
ence in the ground-state energy of TTT and TTC isomers
is the presence of interaction between the O (30) and
H (31) atoms in the TTC structure. Spiral TCT and TCC
structures substantially yield to flat structures, so it can
be assumed that the contribution of these structures to
the SP-MC transformation is insignificant.

In the last pair of spiral isomers (CCT and CCC), at-
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Fig. 2 — Energy structure of the MC isomers in the ground and
excited states
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Fig. 3 — Position and oscillator strength of the long-wave band in
the absorption spectrum of MC isomers (1 corresponds to Mer-
TTT, 2 — Mer-TTC, 3 — Mer-TCT, 4 — Mer-TCC, 5 — Mer-CTT,
6 — Mer-CTC, 7 — Mer-CCT, 8 — Mer-CCC)
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oms bind to a molecule somewhat more than the pair of
TCT and TCC isomers. However, it is logical to assume
that the contribution of these isomers to the general set
of MC isomers is insignificant.

From Fig. 3, it can be seen that with the absence of
spiral isomers of MC, the absorption band of MC will not
practically feel the presence of all four isomers. Only the
TTC isomer should have a band shifted to the long-wave
side approximately by 10 nm. Therefore, it will expand
the absorption band of MC.

3.2 Stability of the Merocyanine Isomers

Transformations between neighboring isomers will
be considered below. They can be obtained by rotating a
fragment of a molecule around the corresponding bond.
TTT isomer was selected as the initial state and then the
moiety of the molecule will be rotated around the C(27)-
C(28) axis. It should be remembered that the TTT iso-
mer has an optimized geometric structure, while the
TTC isomer that will be formed in this experiment will
not have an optimized geometric structure. In fact, as
follows from Table 1, the binding energy in the TTC
isomer is higher than in TTT by about 0.07 eV, while
from Fig. 4 it can be seen that the energy difference in
these states reaches 0.22 eV. Therefore, only the value of
the barrier for TTT isomer can be trusted. For TTC iso-
mer it can be calculated as 1.32 — 0.07 = 1.25 eV.

The calculation was carried out by points taking in-
to account the configuration interaction. Without such
accounting, it is impossible to obtain reliable results.

The values of the barriers between these structures
are high enough to stabilize both structures after SP-MC
transformation.

Now, moieties of the TTT isomer will be rotated
around C(25)-C(26) axis. In this case, the CTT isomer
with an unoptimized geometry is formed. From Table 1
it follows that the energy level of the ground state of
the CTT isomer is lower by 0.045 eV than the level of
the TTT isomer. However, during the rotation of moie-
ties of the TTT isomer around the C(25)-C(26) axis,
steric hindrances appears due to the interaction be-
tween the H (32) atom and the methyl group. This
significantly (- 195.872 + 196.276 = 0.404 eV) raises
the position of energy level (Fig. 5).
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Fig. 4 — TTT — TTC transformation
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Fig. 6 — TCT — TTT transformation

The barrier height for the TTT — CTT transition is
somewhat lower than for the TTT — TTC transition, but
in this case, it is also insufficient to stabilize the isomers.

TTT — TCT transition will be considered.

It should be noted that the proposed above method for
studying this transition by rotating molecule’s moiety
around the C(26)-C(27) axis does not allow to obtain relia-
ble results. The reason is not only the presence of steric
hindrances and different configurations of isomers, but
also the different hybridization of the atomic orbitals of
Cspiro. In view of this, the investigation of the TCT isomer
was carried out at small rotational angles to find the val-
ue of the barrier for the TCT — TTT transition (Fig. 6). It
turned out that the TCT isomer is unstable, since the
value of the barrier is only 0.0865 eV.
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Eneprernuna crpykrypa Ta cTadijIbHIiCTh i30MepiB MepoIiaHiHy gK eJIeMeHTiB mam'aTi
a00 nmepeMuKaviB

I1.0. Kounparenxo!, 10.M. Jlomarkin2?, O.A. Kosanenro?, T.M. Caxyu!

1 Hauionanvhutl asiauiltinuli ynieepcumem, npocn. Jlinbomupa Iyzapa, 1, 03680 Kuis, Yrpaina
2 Cymcorull deporcasruti yrigepcumem, 8yn. Pumcvrozo-Kopcarxosa, 2, 40007 Cymu, Yrpaina

CrBopeHHs CTA0lIBHUX TA HATIHHUX MOJIEKYJISIPHUX IIPUCTPOIB € BAMKJIUBUM 3aBJAHHAM HAHOTEXHOJIO-
ritt. DoTOXPOMHI MOJIEKYJIM € HANUOIIbII MePCIeKTUBHUMH KaHIUIaTaAMU JIJIS TAKoro 3aBmanus. OmuuM 3
HAMOLIBIN MePCIIeKTUBHUX KJIACIB (POTOXPOMHUX CIOJIYK € CITIPOIipaH Ta MOro BiAKpuUTa opma — Mepolra-
HiH. JJI11 mpaKTHUYHOrO 3aCTOCYBAHHS CHCTEMH CIIPOIIpaH-MepOI[iaHIH BaskJINBO 3HATU BJIACTHBOCTL I[MX
moJstekyJ1. [lepeTBopeHHS MOJIEKYJI CITipoIipasHa B MEPOIliaHIH Moke Bi0oyBaTucs pisumumu criocodamu. Tomy
BAQYKJIMBO MaTH IOBHE YSIBJIEHHS IIPO MEPOIIIaHIHOBI CTPYKTYPH Ta ILIAXU IIepexoay Mix Humu. Taxum uu-
HOM, B POOOTI IIPOBE/IEH] JOCIIIIKeHHS TeOMEeTPUYHOI CTPYKTYPH MOJIEKYJIU MePOIliaHiHy, Kl [IOKA3aJIH, 110
BOHA MOe mepebyBaTu y ¢opMi OJTHOTO 3 BOCBMU MOJKJIMBUX 130MePIB, SIK1 YTBOPIOITHCS MIJISXOM 00epTaH-
Hs HaBKOJIO TPHOX IeHTpasbHux 3B’s13KiB: C(25)-C(26), C(26)-C(27), C(27)-C(28). Isomepu TTT, TTC, CTT
Ta CTC MaoTh IJIOCKY MreOMETPUYHY CTPYKTYPY Ta CX03Ki cruekTpu moriauHauus (Bixg 490 am mo 510 um), To-
My iX BayKKO PO3PI3HUTH E€KCIIEPUMEHTAJIBHO. Yl 11l 130MepH IPOSIBIISIOTH CTA01IBHICTD IPU TEMHOBHX yMO-
BaX, OCKIJIbKYM eHepreTUIHUM 6ap'ep I Iepexo/y Mik HUMU CTaHOBUTH HoHax 1 eB. Iumi yorupu isomepu
TCT, TCC, CCT i CCC maroThb cripaJibHy CTPYKTYPY, 1 KOKEH 3 IUX 130MepiB MOe MATH IIPaBo00epTaTIbHY
a60 JIIBOOOEPTAJIBHY CTPYKTYPY. ¥ poboTi OyJio mocaimkeHo TpaHcdopMalli Misk cycimHiMu idomepamu. Pe-
3yJIBTATU IIOKA3aJIH, 10 130MepH CIIpaJIbHOI CTPYKTYPH TEPMIYHO HecTablJIbHI 1 BOHU IIBUIKO IIE€PETBOPIO-
IOTBCSI HA OZWH 13 IJIOCKUX 130MepiB. Uepes 1ie IX BHECOK y CIIEKTD IOTJIMHAHHS MOJIEKYJIN MepOIiaHiHy Bif-
cyrHiit. [Ipu 11boMy BCl IJIOCKI CTPYKTYPH XapaKTePU3yITHCS OJHAKOBUMH BJIACTUBOCTSMU IIPOBITHOCTI y 3-
JIOBSK TI-eJIEKTPOHHOI CUCTEMHU Ta OJHAKOBOIO JOBYKUHOIO JOBroi oci Mosiekyin. OTpuMaHi pe3yJsIibTaTh € Bask-
JIMBAMH 3 TOYKHU 30Ppy BHKOPUCTAHHS CHCTEMH CIIPOIIipaH-MepOIiaHiH SK eJleMeHTa IaM'siTi a0 mepeMuKa-
4Ya B KOMII'IOTEPHUX CUCTEMAaX ManOyTHBOTO.

Knrouosi ciiosa: Meportianiu, Croipomipan, MosiekyaapHi koMipku mam sti, [3oMepu MepolriaHiza.
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