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Abstract—The electronic structure and photophysical processes in (dicyanomethylene)-pyran dyes, DCM
and bis-DCM, have been studied by methods of quantum chemistry and optical spectroscopy. The spectral-
luminescence and proton-acceptor properties for frans and cis conformers are investigated theoretically. The
influence of the pyran ring geometry on the aforementioned properties and the efficiency of intramolecular
photophysical processes in these molecules are analyzed. Simulation of frans—cis photoisomerization is per-
formed, and its influence on the spectral-luminescence properties is studied.
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INTRODUCTION

Merocyanine dye 4-(dicyanomethylene)-2-methyl-
6[para-(dimethylamino)styryl]-4H-pyran (DCM) is a
well-known fluorophor, which is used in tunable
lasers, nonlinear optics, electroluminescent devices,
and solar cells [1—4]. Due to the large Stokes shift,
which leads to a weak overlap of the absorption and
fluorescence spectra and, therefore, to a small loss on
reabsorption, DCM dye is efficient for light convert-
ers, including luminescent solar concentrators [5, 6].
The DCM molecule is an important basis for a num-
ber of new high-efficiency dyes used in optical tech-
nologies [7—10].

A characteristic feature of DCM, which deter-
mines its functional properties, is the simultaneous
presence of donor and acceptor groups in the dye mol-
ecule, which are interconnected by an unsaturated
bridge bond (Fig. 1a). This configuration leads to a
significant separation of unlike charges even in the

ground state, a separation that becomes even more
pronounced in the excited state. The charge separa-
tion in the DCM molecule ensures its significant
dipole moment in both the ground and excited elec-
tronic states and determines its electrical properties [3,
8]. For the same reason, the position of the absorption
and fluorescence bands depends on the solvent polar-
ity.

The optical properties and photoprocesses in the
DCM molecule and its derivatives are of great interest
for researchers [5, 11—20]. The radiative and nonradi-
ative decay of the fluorescent state of DCM and its
substituted and the influence of the solvent properties,
temperature, and structure of donor and acceptor
fragments on the photophysical processes in dye mol-
ecules have been experimentally studied in [5, 11—14,
17, 20]. In particular, the frans—cis photoisomeriza-
tion was considered. This reaction may have a signifi-
cant quantum yield in nonpolar solvents, which results
in simultaneous presence of frans and cis isomers in
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Fig. 1. Structural formulas of (a) DCM and (b) bis-DCM frans isomers.
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the medium [5, 11]. The presence of groups with
opposite donor—acceptor properties at different sides
of the ethylene fragment in the DCM molecule makes
the double character of the ethylene bond less pro-
nounced, thus facilitating rotation around it. This is
confirmed by the results of optimization of the DCM-
molecule geometry in the ground and excited states,
which indicate alignment of the lengths of C—C bonds
in the ethylene fragment to a one-and-a-half length in
the ground state [21]. Molecules of this series have
been investigated in [15, 16, 18, 19] by methods of
quantum chemistry. The spectra and rate constants of
the photophysical processes responsible for the decay
of fluorescent state S| in an isolated DCM molecule
were calculated in [18] by the method of intermediate
neglect of differential overlap (INDO) with spectro-
scopic parameterization [22]. The results of calcula-
tion showed that, with photoisomerization disre-
garded, the fluorescence in an isolated molecule com-
petes with internal and singlet—triplet conversions.
The ratio of the rate constants of radiative and nonra-
diative processes in DCM (k,= 2 x 108> k;c = 108>
ks, - = 107 s7") yields calculated quantum fluores-
cence yield @y = 0.6, which corresponds to the exper-
imental values for polar solvents [17]. The results of
studying the spectrum of DCM molecule by other
semiempirical [19] and ab initio methods [15, 16], in
contrast to the data of [18], differ significantly from
the experimental results in both the energies and/or
oscillator strengths of the electron transitions respon-
sible for the absorption bands; this discrepancy indi-
cates the complexity of the problem stated. Note that
the calculations in all the aforementioned studies were
performed for only frans isomers with one pyran-cycle
conformation; the proton-acceptor properties of
DCM were not investigated to a full extent. It should
be noted that the symmetrically substituted bis-DCM
molecule (Fig. 1b) [18, 14] and its derivatives have
been analyzed much less thoroughly.

In this paper, we report the results of studying the
specific features of electronic structure, the efficiency
of photophysical processes, and the proton-acceptor
properties of frans and cis isomers of merocyanine
DCM and bis-DCM dyes for two pyran-cycle config-
urations (“boat” and “chair”) by methods of quantum
chemistry. This study is urgent because there is a need
for a unified approach, within which one could not
only interpret electronic spectra and calculate con-
stants of intramolecular photophysical processes, but
also consider the process of intramolecular charge
transfer and estimate the proton-acceptor properties
of the ground and excited electronic states of the dye
molecules. These data are important for practical use
of merocyanine dyes in optoelectronics.
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OBJECTS AND METHODS OF STUDY

DCM and bis-DCM dyes were synthesized by
Ponomareva (OOO NPF Deltakor); their structure
was confirmed by standard methods of NMR spec-
troscopy. The purity of dyes was controlled by thin-
layer chromatography. A DCM dye produced by Radi-
ant Dyes Chemie was also used for comparison.

The spectra of absorption, fluorescence, and fluo-
rescence excitation anisotropy (polarization spectra)
[23] were recorded with an SM2203 spectrofluorime-
ter (ZAO SOLAR) and Cary 100 spectrophotometer
(Varian).

Quantum-chemical calculations of the spectra and
rate constants of intramolecular photophysical pro-
cesses of fluorescent state decay were performed by the
semiempirical INDO method with parameterization
[22]. When choosing the molecular geometry, we used
averaged bond lengths and bond angles in accordance
with [24] and optimized the molecular structure. The
optimization showed that the pyran cycle has an out-
of-plane structure. Calculations were performed for
the following configuration: carbon atoms 1, 2, 4, and
5 of the pyran cycle (Fig. 1) are removed from the
molecular plane by Z = —0.2 A, C; atoms are removed
by Z=0.2 A, and Og atoms are removed by Z = 0.2 A
(boat conformation) or —0.6 A (chair conformation).
For these values of Z coordinates, the bond lengths are
identical in both conformations of the pyran cycle of
trans and cis isomers. When calculating cis isomers in
sterically unstrained molecular structures, the angle
between the planes of pyran and phenyl (along with
the dimethylamino group) fragments was taken to be
70°. Although the Stokes shift of the fluorescence
band for the molecules under study does not exceed
3000 cm™!, the fluorescence spectrum was calculated
with allowance for the change in the bond lengths by
calculating the bond occupancies in the ground and
excited states according to Mulliken [25].

RESULTS AND DISCUSSION
Nature of Electronic States and Absorption Spectra

According to the calculations, the long-wavelength
absorption band of frans isomers of DCM and bis-
DCM is due to the S;— S, (nn*) transition, which is
polarized along the short molecular axis. The S, —
S,(n*) transition is less intense and only slightly pro-
nounced in the absorption spectrum against the back-
ground of the first strong transition. However, since it
is polarized perpendicular to the S, — S;(nn*) transi-
tion, it can be distinguished well in the fluorescence
anisotropy spectra. A similar situation is observed for
other high-lying transitions with polarizations differ-
ent from that of the S, — §,(n7*) transition (Table 1).
Thus, the absorption in the range up to 33000 cm™!
forms several more electronic transitions of the mm*
type with different polarizations.
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Table 1. Energies E,, oscillator strengths f, and polarizations P of the S, — S, transitions for different conformations of DCM

and bis-DCM* molecules

Calculation Experiment
n-hexane petrolatum ethyl acetate
boat chair
absorption | absorption |polarization| absorption
S, | E,cm™ | f P S, |E, cm™! f P S,
DCM trans isomer
1 21320 |0.682| Y 1 21612 | 0.532 | ¥ 22000 21800 22000
2 26120 | 0.134 | X 2 25380 | 0.259 | X 25600
3 28430 |0.253 | X 3 29410 | 0.188 | X 27500
4 31760 |0.450 | Y 4 32260 | 0.354 | ¥
6 32800 |0.070 | X 6 32840 | 0.126 | X, Y 33000
DCM cis isomer
1 22470 ]0.561 | X 1 22650 | 0.497 | X 22000 21800 22000
4 30830 |0.052| Y 4 32090 | 0.084 | Z 25600
5 32150 |0.077 | X, Z 5 32740 | 0.064 | X 27500
6 32830 |0.061 | Y 6 32800 | 0.172 | X, ¥ 33000
bis-DCM trans isomer
1 21550 |0.770 | Y 1 21250 | 0.678 | ¥ 22200 21600 21000
2 24270 | 0.570 | X 2 24900 | 0.570 | X 25000
3 27500 |0.117 | X 3 27980 | 0.114 | X 28000
4 30940 | 0.676 | Y 4 31080 | 0.767 | ¥
8 33060 |0.423 | X 8 33020 | 0.161 | X 33000
bis-DCM cis isomer
1 22640 | 0.379 | Y 1 21780 | 0.306 | ¥ 22200 21600 21000
2 26190 |0.233 | X 2 22620 | 0.211 | X, Y 25000
3 28640 | 0.155| X 3 29270 | 0.212 | X 28000
7 32940 [0.114 | Z 8 33080 | 0.116 | Z 33000

* The table contains characteristics of electronic transitions of the wr* type, which are responsible for bands in the experimental absorption

spectra of DCM and bis-DCM.

A comparison of the calculation results for trans
isomers of DCM and bis-DCM with different pyran-
cycle configurations (boat or chair) shows that both
conformations yield electronic transitions with close
energies and intensities and characterized by similar
polarizations; they have no fundamental differences in
the formation of absorption spectrum in the visible
and near-UYV spectral region (Table 1).

A comparative analysis of the experimental spectra,
orbital nature of electronic excited states (Table 1),
and localization of the molecular orbitals forming the
S| (n*) states (Fig. 2) of the molecules of frans iso-
mers of DCM and bis-DCM showed the similarity of
the electronic transitions in these molecules. The
introduction of the second donor group into the trans
isomer of DCM (i.e., transition to bis-DCM) is
accompanied by a small blue shift of the band peaks in
the experimental absorption spectra (Table 1) and cal-
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culated electronic transitions responsible for these
absorption bands. As was noted above, the geometries
of cis and trans isomers are significantly different: the
pyran and substituent (phenyl ring with a dimethyl
amino group) planes form an angle of 70° in sterically
unstrained cis isomers. This circumstance significantly
violates the 7 conjugation between the aromatic frag-
ments of the molecule and, as consequence, leads to a
blue shift of absorption bands and reduction of their
intensity. However, calculations showed that these
variations in the energy and intensity of electronic
transitions in the cis and trans isomers of DCM and
bis-DCM molecules are small (Table 1). The elec-
tronic transitions in isomers are also similar in the
localization of the molecular orbitals forming them:;
some differences in the polarizations of the electronic
transitions in frans and cis isomers are explained by
changes in the spatial position of molecular fragments
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Fig. 2. Localization of molecular orbitals (MOs) involved in the formation of the S| (nn*) state of trans isomers of DCM and bis-

DCM molecules.

(between which electron density is transferred) with
respect to each other.

Thus, since the transition from frans to cis isomers
in both molecules is accompanied by a very small
spectral shift within the long-wavelength absorption
band, their spectra can hardly be experimentally dis-
tinguished.

The calculated dipole moment of the frans isomer
of DCM molecule in the ground state is 10.3D; this
value is close to the experimental result (10.2D)
obtained in [10] and the calculation results of [ 15, 16].
This confirms the correctness of the calculation of
electron-density distribution in the DCM molecule by
the INDO method with parameterization [22]. In the
S| (n*) state, the dipole moment increases to 12.5D.
An increase in the dipole moment in the .S, state was
also noted in [11]; however, its absolute values were
inconsistent with our results and the data of [10, 15,
16]. Our calculations yield an excitation-induced
increase in the dipole moment close to that reported in
[11] (to 20D) for only some electronic excited states of
DCM, which provide absorption in the range to
33000 cm™~!, in the DCM conformation with a dime-
thylamino group, deviated from the molecular plane
by 90°.

To the best of our knowledge, there are no experi-
mental data on the dipole moment values for the bis-
DCM molecule. The calculated values of the dipole
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moment of bis-DCM in the ground (11.2D) and
excited singlet (12.9D) states of this molecule are close
to the corresponding data for DCM.

Fluorescence and Photophysical Processes
in Molecules

Experimental studies of dye molecules in solutions
show that the quantum fluorescence yield of DCM
depends strongly on the solvent properties: it changes
from 0.005 in hexane to 0.5—0.9 in polar solvents [17].
The bis-DCM molecule fluoresces worse: @, does not
exceed 0.1 in ethyl acetate and ethanol solvents [26].
The quantum yield of bis-DCM decreases in both
highly polar (®; = 0.01 in dimethyl sulfoxide) and
nonpolar (@4 = 0.004 in hexane) solvents. As far as we
know, there are no experimental data on these dyes in
the gas phase, where individual properties of isolated
molecules could be observed.

Comparison of the calculation results for isolated
molecules with the experimental data for nonpolar
hexane and weakly polar solvents (e.g., ethyl acetate)
(Table 2) shows good correspondence in fluorescence
energies for both frans and cis isomers of DCM and
bis-DCM, independent of the pyran-cycle geometry
(boat or chair). The trans isomers of DCM and bis-
DCM molecules describe well the fluorescence and
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Table 2. Energies of §; — S, transitions and fluorescence quantum yields for different conformations of DCM and bis-DCM

isomers
Molecule geometry Calculation Experiment
n-hexane ethyl acetate [18]
isomer pyran cycle Ey, cm™! (0N
Eq, cm™! Dy Eg, cm™! O
DCM
Trans boat 20140 0.42 20200 0.005 18690 0.5
chair 20240 0.49
Cis boat 18290 0.17
chair 19170 0.05
bis-DCM
Trans boat 20390 0.20 20700 0.004 18320 0.1
chair 20400 0.16
Cis boat 16570 0.03
chair 17050 0.04

quantum fluorescence yield in low-polarity solvents
(ethyl acetate).

Calculations for isolated molecules show that pho-
tophysical processes in frans isomers of both mole-
cules have no fundamental differences in dependence
of the pyran-fragment geometry (chair or boat). Radi-
ative decay constant k, is about 2 x 10%s~!, which is
more than an order of magnitude larger than the con-
stant rate of internal singlet—singlet conversion, while
the quantum yield depends on the position of the
S|(n*) state and the nearest triplet states, which
determine the intersystem crossing.

Radiative decay rate constant k, in cis conformers
decreases insignificantly because of the nonplanar
structure of the molecules and violation of the 7 con-
jugation between the aromatic fragments; at the same
time, the internal conversion rate constant increases
significantly, which generally leads to a considerable
decrease in the fluorescence quantum yield of cis iso-
mers, especially for bis-DCM with respect to DCM.

Figure 3 schematically presents the energy-level
diagrams and photophysical processes occurring in
trans and cis isomers of the molecules under study in
the boat and chair pyran-cycle conformations, which,
as was noted above, describe well the spectral-lumi-
nescence properties of the dye molecules in low-
polarity solvents and are close to the results obtained
in [18].

We should note that, despite the fairly large inter-
system-conversion rate constant obtained in the cal-
culations for isolated molecules, the experimental
data indicate that the channel singlet-triplet conver-
sion does not dominate in the decay of excited DCM
states. In particular, a study of the absorption spectra
from the excited states of this molecule in methanol
demonstrates that the T, — T,, absorption band arises
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only in the presence of sensitizer, which facilitates effi-
cient occupation of the 7 state [11, 17].

It is known that, along with the internal conver-
sion, there are efficient decay channels for excited
nonrigid molecules (stilbenes, merocyanines, poly-
methines) in media characterized by weak interaction
with solvent (nonpolar and low-polarity solvents) are
trans—cis isomerization [11, 27] and the possibility of
existence of “twisted” nonplanar configurations in the
excited state (the so-called TICT states) [28]. As a
result of frans—cis isomerization, rotation of molecu-
lar fragments with respect to each other causes a sig-
nificant decrease in the energy of the ) state, as a
result of which the efficiency of deexcitation of the
excitation energy in the internal conversion channel
S, — S, increases by several orders of magnitude,
whereas the change in the efficiency of other intramo-
lecular processes is much smaller. The possibility of
rotating molecular fragments with efficient intramo-
lecular energy transfer in the presence of single or dou-
ble bonds in their structure (around which this rota-
tion may occur) was also indicated in [21, 29].

To confirm theoretically the possibility of trans—cis
isomerization of DCM and bis-DCM molecules, we
determined (using the INDO method) the most likely
molecular bonds in the ethylene chain that allow for
this possibility and performed a step-by-step calcula-
tion of the photophysical processes in the molecule at
different stages of rotation.

The calculation of the occupancy of ethylene-
chain bonds in DCM in the ground and fluorescent
states showed that rotation in the 5, state changes the
occupancy (strength) of single and double bonds, as a
result of which rotation of DCM fragments with
respect to the double bond is facilitated, while rotation
with respect to single bonds is hindered in the S, state.
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Fig. 3. Energy-level diagrams of photophysical processes in frans and cis isomers of the (a) DCM and (b) bis-DCM molecules
with pyran-cycle conformations of the boat (on the left) and chair (on the right) types.

Thus, rotations with respect to specifically double
bonds in the ethylene chain are most likely in the flu-
orescent state. It is noteworthy that largest decrease in
occupancy in the fluorescent state is observed for the
double C=C bond, which connects the cyano group
with the pyran cycle (Table 3); this observation is
indicative of possible rotation of the cyano group in
the fluorescent state. However, this fact calls for a sep-
arate study.

Table 4 contains calculated rate constants for
intramolecular photophysical processes at different
fixed angles ¢ between the planes of pyran and phenyl
cycles in DCM. These data indicate that the fluores-
cence quantum yield depends of angle ¢ between the
planes of the aforementioned molecular fragments: it
decreases with an increase in ¢. The sharpest decrease
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in @, occurs at ¢ values close to 90°. The main reason
for the decrease in the fluorescence quantum yield is
the increase in the internal conversion rate in the S, —
S, channel by several orders of magnitude as a result of
the significant reduction of the energy of the .| state.
A similar state of affairs is observed for the bis-DCM
molecule.

Another likely reason for the decrease in the fluo-
rescence quantum yield of merocyanine and polyme-
thine dyes, especially those having an extended ethyl-
ene chain (on which electronic-vibrational transitions
from lower excited states are localized), is enhance-
ment of the internal conversion upon interaction with
solvent molecules. However, this influence cannot be
determined within our theoretical approach.

No. 1 2015
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Table 3. Occupancy of some chemical bonds in DCM and its change upon excitation

Chemical bond*
State
C—Cy3 Ci3—Cuy Ciu—Cis Ci5—Cy C—C
So 0.706 1.027 0.818 0.835 0.928
S 0.712 0.986 0.836 0.860 0.767
Ap = [p(S)) — p(Sp)l, e Change in bond occupancy
+0.006 —0.041 +0.018 +0.025 —0.162

* Enumeration of atoms is as in Fig. 1a.

Table 4. Energies of the §; — S, transition, rate constants k of photophysical processes, and fluorescence quantum yields @y
in the DCM molecule for different angles ¢ between the planes of pyran and dimethylamino phenyl fragments

¢, deg
Parameter
0 30 60 75 90

E(S) — Sp), cm™! 20140 20000 18490 15390 9050
k(S — S;),s”! 2x 108 3% 108 3x 108 1x 103 2x 107
ki (S; —= Sp), s7! 4% 10° 5% 10° 7 x 107 9 x 108 6 x 1010
ki (S, — T,), s 8 x 108 2% 10° 5% 10° 4x10° 1 x 10°
@, 0.20 0.12 0.05 0.03 3x 1074

Electron- Density Distribution and Proton-Acceptor
Properties

Table 5 contains the charge characteristics of indi-
vidual fragments of the molecules under study with
different spatial structures and their change upon exci-
tation to the S| (nm*) state.

In the ground state, fragments of the trans and cis
isomers of DCM molecule exhibit identical properties
independently of the chosen pyran-cycle conforma-
tion: the pyran cycle, phenyl, and (to a smaller extent)
ethylene bridge have donor properties, while cyano
groups C(CN), exhibit acceptor properties. In fact,
the dimethylamino group in the ground state is not
involved in the electron-density redistribution
between the fragments; it possesses weak acceptor
properties in the DCM molecule (Table 5).

In the S|(nt*) state, the pyran cycle of the DCM
molecule, independently of its conformation and iso-
mer type, becomes an acceptor due to the enhance-
ment of the donor properties of the phenyl and dime-
thylamino groups. The degree of charge separation
between the donor and acceptor fragments in DCM
cis isomers is higher than in trans isomers. The differ-
ence between the pyran-cycle conformations in cis
isomers affect the change in the fragment electron
density in the S,(rwm*) state: the charge variation for
the pyran cycle and C(CN), group in the chair confor-
mation is larger than in the boat conformation.

The pyran cycle, phenyl fragments, and ethylene
bridges in the bis-DCM molecule exhibit the same
donor—acceptor properties as the corresponding frag-
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ments in DCM. The dimethylamino and cyano groups
are exceptions: they have weak donor properties in the
ground state of the boat conformation of cis isomer
(Table 5), and their acceptor properties weaken upon
excitation.

The electron-density distribution in the ground
and excited states yields information on the donor—
acceptor properties of individual molecular fragments.
However, these data are insufficient for simulating
peculiar intermolecular interactions between the mol-
ecule under study and molecules of the proton-donor
solvent, because a center with a high electron density
can be surrounded by atoms or molecular fragments
having a positive charge and screening this center.
Additional information on the proton-acceptor prop-
erties of molecule can be derived from the molecular
electrostatic potential (MEP), which describes the
interaction energy of a spatially distributed molecular
charge with a positive test charge at a chosen point in
the space around the molecule. The calculated MEP
values for isomers of investigated molecules with dif-
ferent pyran-cycle conformations are listed in Table 6.
Analysis of the MEP showed that nitrogen atoms of
the cyano group and oxygen of the pyran cycle are
responsible (to different extents) for the proton-
acceptor properties in the ground and excited states of
both molecules. The nitrogen atom of the dimethy-
lamino group, being located near carbon atoms with
effective positive charges, does not provide an MEP
minimum, despite effective negative charge gn =
—0.262 e and gy = —0.244 e in the ground and excited
states, respectively. In the excited state, the MEP value
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Table 5. Electron density (g) and its change (Ag) upon electronic excitation of fragments of DCM and bis-DCM molecules for

different conformations

q(Sp), e q(Sy), e Aq(S)), e q9(Sp), e q(S)), e Aq(S)), e
Fragment
boat chair
trans-DCM
Pyran cycle 0.191 —0.077 0.268 0.159 —0.078 0.237
C(CN), —0.270 —0.362 0.092 —0.252 —0.378 0.126
HC=CH 0.011 0.000 0.011 0.022 0.023 —0.001
Phenyl 0.070 0.257 —0.187 0.076 0.262 —0.186
N(CH;), —0.002 0.182 —0.184 —0.002 0.175 —0.177
cis-DCM
Pyran cycle 0.164 —0.108 0.273 0.129 —0.121 0.250
C(CN), —0.240 —0.337 0.097 —0.222 —0.357 0.135
HC=CH 0.032 0.012 0.020 0.041 0.025 0.016
Phenyl 0.055 0.268 —0.213 0.063 0.267 —0.194
N(CH;), —0.012 0.160 —0.172 —0.012 0.187 —0.199
trans-bis-DCM
Pyran cycle 0.125 —0.124 0.249 0.074 —0.154 0.228
C(CN), —0.289 —0.362 0.073 —0.246 —0.361 0.115
HC=CH 0.038 —0.001 0.039 0.050 0.020 0.030
Phenyl 0.088 0.270 —0.182 0.104 0.291 —0.187
N(CH,;), 0.037 0.211 —0.174 0.018 0.204 —0.186
cis-bis-DCM
Pyran cycle 0.094 —0.014 0.108 0.054 —0.118 0.172
C(CN), —0.285 —0.216 —0.069 —0.269 —0.373 0.104
HC=CH 0.076 0.051 0.025 0.084 0.052 0.032
Phenyl 0.083 0.107 —0.024 0.096 0.234 —0.138
N(CH,), 0.029 0.071 —0.042 0.035 0.205 —0.170

Table 6. MEP potentials U (kJ mol™") for different conforma-
tions of DCM and bis-DCM molecules

Molecule geometry U, kJ mol™!
isomer pyran % %1
cycle N o) N 0
DCM
Trans boat —408 =217 —487 —320
chair —399 —266 —-509 —365
Cis boat —389 —237 | —448 | —446
chair -395 —235 —469 | —420
bis-DCM
Trans boat —412 —326 —475 —426
chair —415 —308 | —486 | —402
Cis boat —391 —295 —456 | —432
chair —396 —288 —460 | —412
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increases on both centers (more significantly on the
oxygen atom as compared with the nitrogen atoms of
cyano groups).

The results obtained show that peculiar intermo-
lecular interactions in DCM and bis-DCM molecules
should arise even in the ground state and be enhanced
in the S;(nm*) state, while the solvatofluorochromic
effect should be stronger than the solvatochromic
effect; this is confirmed by the results of experimental
study of the absorption and fluorescence spectra in
different solvents [17, 26] and the increase in the
dipole moment of molecules in the fluorescent state
[10, 15, 16].

CONCLUSIONS

Our study showed similarity of photoprocesses in
DCM and bis-DCM molecules. The results of quan-
tum-chemical calculations by the INDO method for
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the energy and nature of electronic states correspond
to the experimental data and allow one to interpret the
deexcitation mechanisms for the excitation energy of
molecules in low-polarity media. The method that we
used allowed us to simulate the frans—cis photo-
isomerization. Rotation of molecules at close-to-right
angles between the planes of pyran and phenyl cycles
leads to a significant decrease in the energy of the .9,
state and an increase in the internal-conversion con-
stant by several orders of magnitude. Thus, frans—cis
photoisomerization explains the experimentally
observed drop of the fluorescence quantum yield in
nonpolar media.

Analysis of the electron density and MEP distribu-
tions in the ground and excited states allows one to
explain the experimentally observed proton-acceptor
properties of molecules—in particular, the stronger
solvatofluorochromic (as compared with solvatochro-
mic) effect—and confirms that there is efficient
intramolecular transfer of electron density, which
determines not only optical, but also conducting,
properties of molecules and their application in opto-
electronics.
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