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A new universal law of photoluminescence 

V. F. Razumov  

Institute of Problems of Chemical Physics, RAS, Chernogolovka, Russia  

 razumovvf@list.ru 
 

In 1957 [1] B.I. Stepanov found there is a universal relationship between absorption spectra 
ε(λ) and luminescence spectra f(ν) of complex polyatomic molecules: 
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where λ is the wavelength of light; h is Planck‟s constant; c is the velocity of light; kB is the 
Boltzmann constant; and T is temperature. An almost identical result was obtained even earlier in 

1918 by E.H. Kennard [2] from more general thermodynamic concepts. Kennard introduced a more 
universal formulation of Kirchhoff‟s law, which determines the universal correlation between 

emittance A(λ) and absorption B(λ) of any body. Kennard assumed that since thermodynamic 
equilibrium must be fulfilded for any material body, regardless of its specific properties, and this 
includes phosphors. At the time, this result was overlooked by the scientific community and 

forgotten. However, now Еq. (1) is now referred to as the Kennard–Stepanov relation.  
It should be noted that Еq (1) is valid only for phosphors obeying Vavilov's law of the 

independence of the quantum yield, spectrum, and lifetime of luminescence with respect to the 
wavelength of the exciting light. The physical meaning of Vavilov's law is that the equilibrium 
between the excited state of a polyatomic molecule and the environment is established much faster 

than the lifetime of luminescence. There are many examples when Vavilov's law is not fulfilled. 
This applies to various supramolecular systems, excitation transfer complexes, colloidal quantum 

dots, and other complex systems. In these cases, the luminescence spectrum depends significantly 
on the wavelength of the exciting light, and the luminescence excitation spectrum does not coincide 
with the absorption spectrum. 

Recently [3, 4], we have established a new universal law of luminescence, which is fulfilled 
for any luminescent body, according to which the ratio of the luminescence spectrum when excited 

at a given wavelength of light to the excitation spectrum of luminescence when observed at the 
same wavelength is a universal function determined by the emission spectrum of a blackbody. This 
relationship is expressed by the formula: 
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where P(λ,T) – Planck‟s formula of the spectral distribution of blackbody radiation; PL(λ0,λ,t) is the 

luminescence spectrum for excitation at wavelength λ0 measured at moment t after action with a 
delta-pulse of exciting light; PLE(λ,λ0,t) is the spectrum of luminescence excitation observed at 
wavelength λ0, measured at moment t  after action of a delta-pulse of exciting light with wavelength 

λ. In [3] we also verified equation experimentally using colloidal quantum dots of indium phosphide 

covered with zinc sulfide (InP/ZnS CQD) that did not obey Vavilov‟s law. We showed that the 
functional connection set by Eq. (2) on the stationary luminescence properties of CQDs was 

observed in the experiment. 
Due to the fact that the right-hand side of Eq. (2) does not depend on time, the kinetics of 
luminescence decay must coincide when the excitation and observation wavelengths are permuted. 

This was experimentally confirmed in [5] by the example of nanoclusters of InP/ZnS CQD.  
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Ranking the Brønsted acid strength of protonic zeolites with VTIR spectroscopy 
– an overview of current research 

Carlos Otero Arean, Montserrat Rodriguez Delgado* 

Department of Chemistry, University of the Balearic Islands, Palma, Spain 

* montserrat.rodriguez@uib.es 

 
Protonic zeolites find application as solid acid catalysts in a wide range of chemical 

processes, such as in the petrochemical industry, methanol to olefin conversion and the production 
of fine chemicals (to mention only a few examples) where their Brønsted acid strength is a major 
factor determining the catalytic performance (both activity and selectivity) of protonic zeolites. 

Hence the importance to have a reliable method to rank Brønsted acidity. Classical IR spectroscopy 
of an adsorbed base, such as carbon monoxide, is very often used for that purpose. 

In principle, proton transfer from the zeolite acid site (ZOH) to a sufficiently strong base (B) 
should involve both, hydrogen-bonded and ion-pair intermediates, as shown below: 
ZOH + B  ZOH··B··ZO-···HB+  ZO- + BH+ 

For a weak base, however, the process stops before the ion pair is formed; and that is the 
case for carbon monoxide, which is very often the probe molecule of choice. Hydrogen bonding 

between CO and the zeolite Brønsted acid site (ZOH···CO) leads to a distinctive bathochromic shift, 
Δν(OH), of the O–H stretching mode; which is frequently assumed to correlate with the Brønsted 
acid strength. Recently [1], however, we have found that Δν(OH) not always correlates with the 

standard enthalpy change, ΔH0, in the corresponding CO hydrogen bonding process, as determined 
by variable-temperature infrared (VTIR) spectroscopy, and that casts some doubts in the 
generalized use of Δν(OH) for ranking zeolite Brønsted acid strength, which will be analyzed and 

discussed. 
 

 
 

References 
[1] Carlos O. Arean, Monsterrat R. Delgado et al. Measuring the Brønsted acid strength of zeolites – does it correlate 

with the O–H frequency shift probed by a weak base? Phys. Chem. Chem. Phys. 2014, 16, 10129. 
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Figure 1: Right: Representative variable-temperature IR spectra (O−H stretching region) 

of CO adsorbed on H-FER. The spectra are shown in the difference mode (zeolite blank 

subtracted). Temperature goes from 167–224 K and equilibrium pressure from 0.76–

2.33 mbar. Left: IR spectra in the O−H stretching region of the blank H-FER zeolite, 

and after dosing with CO at 77 K. The bottom inset shows the van ‟t Hoff plot of the CO 

adsorbed on H-FER: data obtained from the O−H stretching band at 3605 cm
−1

. 
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Development of IR studies of surfaces in St. Petersburg University.  
From A.N. Terenin up to nowadays 

 

A.A. Tsyganenko, 

V.A. Fock Institute of Physics, St. Petersburg State University, Russia 
 

atsyg@yandex.ru 

 
The history of optical spectroscopy studies of adsorptionand surface processes in former 

Leningrad, now St.Petersburg Universityn is followed in comparison with laboratories in different 

countries. 
First studies of surface species by means of IR spectroscopy were carried out by Terenin and 

Kassparov [1] before the war and published in 1940, 15 years before the first paper by R.Eischens 
in USA. In 1948 in Leningrad a thesis ”A study of intermolecular interactions by the method of 
differential infrared absorption spectra”, supervised by A.N. Terenin, was defended by 

N. Yaroslavsky. After the war these works were continued by him, A. Sidorov, A. Karyakin [2, 3]. 
Spectral studies of photoprocesses, started by Kasparov [4] were continued and developed by 

V. Filimonov [5] and his followers. 
Futher advances in the application of IR spectroscopy for the studies of adsorption, nature of 

surface sites, mechanism of interaction between the adsorbed molecules and linkage isomerism in 

the adsorbed state as well as the development of the experimental technique are considered.  
Spectroscopy at low and variable temperatures enable us to broaden the number of test molecules 

for surface sites and to use simple molecules that do not adsorb at 300 K, such as CO, NO, H2 to 
characterize electron-accepting (acidic) sites, while for electron-donating (basic) centers low-
temperature adsorption of weak CH proton-donors like CHF3 can be used.  

The strength of surface sites is affected by lateral interactions between the adsorbed species, 
which can be repulsive or attractive. Static interaction changes the energies of adsorption and shifts 

the bands of test molecules. Dynamic (resonance dipole-dipole, RDD) interaction accounts for the 
changes in the position and contour of the bands. It manifests itself even in the spectra of symmetric 
molecules weakly adsorbed on zeolites or amorphous adsorbents. The most intense bands of such 

molecules as SF6, CF4 or NF3 become split into two components with the distance and intensity 
ratio depending on the geometry of adsorbed layer. 

Some molecules, such as CO, reveal linkage isomerism and form with the cations in Y or 
ZSM-5 zeolites, besides the usual C-bonded species, the energetically unfavorable O-bonded 
complexes. The linkage isomerism can be explained by electrostatic model, which also accounts for 

the absence of this phenomenon for oxides or X-zeolites. Surface isomeric states were established 
also for some other adsorbed species, such as cyanide ion CN– produced by HCN dissociation.  

Sensitivity of IR spectroscopy increases due to the application of Fourier-transform instruments. 
Non-optical spectroscopy methods, such as scanning tunneling microscopy – inelastic electron 
tunneling spectroscopy (STM-IETS) enables one to obtain vibrational spectra of single adsorbed 

molecules.  
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Use of selected organic molecules to explore the photocatalytic active species, 
mechanisms and pathways in water 

 

Pierre Pichat 

"Photocatalyse et Environnement", CNRS/Ecole Centrale de Lyon (STMS), France  

pierre.pichat@ec-lyon.fr 
 
Organic molecules have been used in diverse ways to explore the basic photocatalytic phenomena. 
Some results and limitations will be presented about the three domains indicated below.  
 
Organics as presumed specific scavengers of active species thought to be involved in photocatalysis  
Along with inorganic ions, diverse organic molecules have been used as scavengers of active 

species (AS) in attempts at determining the role(s) of these AS. One of the difficulties is to assess 
the real specificity with respect to a particular AS under the photocatalytic conditions.1,2 Also, the 

competition between the target compound and the scavenger must be based essentially on their 
difference in reactivity with the AS and not be significantly influenced, because of an unsuitable 
experimental design, by another parameter such as the amounts adsorbed,2 especially if the 

scavenger is a better adsorber than the target compound. Otherwise, the conclusions may be 
questionable.  

 
Use of a series of organics to study the -photocatalyst characteristics- activity relationship  
The use of an appropriate series of organic molecules having varying ability to react predominantly 

through either h+ or °OH chemistry can help distinguish between the effects of the photocatalyst 
preparation or pretreatment and then to pinpoint which characteristic (e.g., surface area vs h+-e- 

recombination) matters the most for each probe molecule.1-3 This will provide a hint about whether 
the photocatalytic events occur only on the surface or also in the near-surface solution-phase.1-3 
Moreover, the flaw of using a single molecule to rank the photocatalytic activity will be avoided,1-4 

and a better evaluation of the photocatalysts will be provided regarding their activity for diverse 
molecular structures of interest to water purification. 
 

Organics with adequate molecular structures enabling to reveal the basic mechanisms and pathways 
Adequately selected molecular structures can lead to primary products (which, hence, require 

thorough identification) that disclose likely chemical pathways according to acceptable mechanism 
steps. Proper selection is needed to be able to distinguish the different pathways.1,2,5 If the 
distribution of the primary products is found to depend on the irradiation spectral region,1 

information can also be inferred on the photo-formation modes of AS. Additionally, O labeling can 
be extremely useful to determine how the O atoms are incorporated into the products.6 

 
Overall, the proper use of thoroughly chosen organic molecules as probes of photocatalytic events 
can provide a variety of information, e.g., on the formation ways and roles of AS, the locations of 

reactivity, the relationships between the activity and some characteristics of the photocatalysts, the 
degradation of typical molecular structures and the corresponding pathways.  
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Comparison of the absorption spectra of molecular oxygen  
in Earth’s atmosphere, aerated solvents and compressed state (a review) 

A.A. Krasnovsky 

Federal Research Center of Biotechnology RAS  

 phoal@mail.ru 

 
In connection with widely used methods of laser medicine, in which oxygen molecules are often 

considered as primary photoreceptors of laser radiation, it is important to have accurate information 
on the absorption spectra of oxygen in different environment. Ability of oxygen to absorb light was 
discovered due to seminal papers of Wollaston and Fraunhofer, who observed a series of narrow 

black lines (Fraunhofer lines) in the spectrum of solar radiation on the surface of Earth. The 
strongest lines A and B were detected at 762 and 688 nm. In 1883–1885, a St. Petersburg researcher 

N.G. Egorov experimentally proved that these lines correspond to the absorption bands of oxygen in 
Earth‟s atmosphere [1]. Based on this information and further work of R. Mulliken, H. Hertzberg 
and their followers, two additional bands were found in infrared at 1070 and 1270 nm [2, 3]. All 

bands corresponded to strongly forbidden vibronic transition, having very low absorption 
coefficients. At high pressure of 50–150 atm, the infrared oxygen bands greatly increased due to 

dimerization of oxygen molecules. Simultaneously, new absorption bands of oxygen dimols 
appeared at 630, 577, 533, 477, and 381 nm [4]. For a long time, there was no information on the 
absorption properties of oxygen dissolved in organic and aqueous media saturated with air at 

normal temperature and pressure. Low absorbance of oxygen under normal conditions strongly 
hindered solution of this problem. Recently our group solved this problem due to application of the 
laser photochemistry and phosphorescence methods [5–10] and refs therein). Present paper deals 

with comparison of the absorption properties of oxygen in different environment and discussion of 
importance of this information for biological action of laser radiation. This work was supported in 

part by RFBR project № 19-04-00331.   
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Superfluid helium droplets 

Andrey F. Vilesov 

University of Southern California, Los Angeles, USA 

vilesov@usc.edu 
 

 Free superfluid helium droplets constitute a versatile platform for diverse experiments in 
physics and chemistry. In many applications, He droplets serve as an ultracold matrix for 

spectroscopic interrogation of molecules, radicals, or ionic species. [1] More recently, superfluid 
droplets have emerged as unique nano-laboratories for the study of quantum vorticity in finite 
isolated systems. [2, 3] In this talk, I will provide a brief introduction to quantum vorticity, and a 

more detailed discussion of the rotational motion of superfluid helium droplets of a few hundreds of 
nm in diameter. The droplets are studied by ultrafast x-ray diffraction using a free electron laser. [3] 

The diffraction patterns provide simultaneous access to the morphology of the droplets [4] and the 
vortex arrays they host. [5] The rotation of classical viscouse and superfluid droplets will be 
compared.  
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ATR-FTIR studies of catalytic solid–liquid interfaces.  
The example of glycerol oligomerization 

German Telbiz*, Nina Vlasenko 

L.V. Pysarzhevsky Institute of Physical Chemistry, National Academy of Sciences of Ukraine 
 

gtelbiz@yahoo.com 
 

    ATR-FTIR spectroscopy holds great promise in the field of heterogeneous catalysis, for 

example in biomass conversion. In this case a liquid phase reactions are attracting considerable 
attention because oft he increasing importance to process solutions for producing useful chemicals 

and fuels based on. ATR-FTIR spectroscopy allow significantly contribute to understanding of 
these of reactions. Moreover, it is allowed to obtain sufficient information on the relationship 
between properties of adsorbed species detected with ATR-FTIR and the exact composition of the 

liquid phase. 
 In this work, of the structural (XRD, 

SEM, BET, acid base, oligomerization of 
glycerol) and spectral characteristics (ATR-
FTIR) of sulfated mesoporous titanium 

dioxide (c) and commercial TiO2 (b) was 
compared (Figure).  In order to determine 

the nature of the surface compounds formed 
in the course of the heterogeneous catalytic 
conversion of glycerol in the presence of the 

titanium oxide systems the catalysts 
immediately after the reaction ATR-FTIR 
spectra was measured. Due to we followed 

simultaneously the formation of the 
intermediates of the reaction, characterize 

the state of the reagents, and to investigate 
their interaction with the functional groups 
of the catalyst. 

mailto:gtelbiz@yahoo.com
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Theoretical nonlinear vibrational spectroscopy of silica/water interfaces 

Konstantin S. Smirnov 

 Univ. Lille, CNRS, UMR 8516 – LASIRe – Laboratoire Avancé de Spectroscopie pour les 

Interactions la Réactivité et l'Environnement, F-59000 Lille, France 
 

konstantin.smirnov@univ-lille.fr 

 
Silica is one of the most abundant minerals on Earth and silica/water interfaces are 

ubiquitous in nature and are central to many fundamental processes and technological applications. 
A detailed knowledge of structure and dynamics of species in the interfacial region is of a great 
importance for the understanding of surface processes and underlying microscopic mechanisms. A 

common problem in obtaining the information on surface phenomena is that the surface-to-bulk 
ratio is commonly too small and therefore, measured signal is dominated, as a rule, by a bulk  

contribution. The limitation can be overcome with the use of nonlinear sum-frequency generation 
vibrational spectroscopy (vSFG) that provides a valuable surface-specific information at the 
molecular level [1]. Nevertheless, due to the complexity of fundamental mechanisms responsible 

for the SFG response and the heterogeneity of interfacial region, the interpretation of experimental 
vSFG spectroscopic results necessitates the use of theoretical models and atomistic simulations [2]. 

 The contribution discusses results of computational study of the structural organization and 
nonlinear spectra of several silica/water interfaces by classical molecular dynamics (MD) 
simulations [3,4]. Calculation of water structural characteristics along the normal to the surface 

permits to identify different regions of the liquid phase and the comparison of computed vSFG 
spectra to the structure of water in these regions allows to rationalize the nonlinear spectra of the 

system (Fig. 1). The spectrum of water layer next to the surface (bonded interfacial layer, BIL) was 
obtained to reflect the strength of water-surface 
interactions and surface crystallinity. The vSFG 

spectrum also contains a contribution of surface 
Si-OH groups that depends on the surface 

structure and density of the silanols. Hence, the 
BIL spectrum is surface-specific. Spectrum of 
water part more distant from the surface (diffuse 

layer, DL) has much in common for all silica 
surfaces and it is dominated by the contribution 

from the third-order nonlinear (bulk) 
susceptibility with the sign of the spectral feature 
directly related to the sign of electrostatic 

potential in the interfacial region. If the liquid 
phase contains solute ions, these affect the 

structure of DL by screening the surface electric field and by the chaotropic effect.  
 The outcome of the work sheds light on the link between the structure of water/silica 
interfaces and their vSFG spectra. Importantly, it reveals that the spectral response stems from 

several contributions. Disentagling the contributions has to rely on computational approaches 
capable of considering the system of interest in detail. The ability of classical MD technique to 

model complex heterogeneous systems of thousands of atoms for long simulation trajectories at 
modest computational expenses, provides a way of computing reliable linear and nonlinear spectra 
and, of establishing the relationship between the spectra and structure at  oxide/water interfaces. 
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[4] K.S. Smirnov. Phys. Chem. Chem. Phys. 23, 6929 (2021). 

Figure 1: Rationalization of phase-sensitive ssp vSFG 

spectrum of silica/water interface 
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FTIR and quantum chemical study of adsorbed ozone 

Aminev T.R. 

St. Petersburg State University, Faculty of Physics, Russia  
 

8919300@gmail.com 
 

Despite its great importance for ecology, only few works deal with ozone adsorption studied 
by IR spectroscopy so far ([1-3] and refs. therein). Due to its low stability, adsorbed ozone is a 

promising object for the resonance IR laser-induced photodecomposition or photoozonolysis [4].  
Coordinate bond to surface cations of TiO2 shifts the most intense band of ν3 vibration to 

lower wavenumbers, while the two terminal oxygen atoms become not equivalent. We succeeded to 

obtain frequencies for ν1, ν3 and ν1+3 combination modes for all eight isotopomers of chemisorbed 
ozone [2]. All the isotopic species have different distinct bands of ν1+3 combination, while the ν1 

and ν3 bands are split into three or four maxima containing several unresolved close lines. 
Different shifts caused by isotopic substi-

tution of every oxygen atom point to the loose of 

molecule symmetry on adsorption. The blue shift 
of ν1+3 combination band by ~30 cm−1, is due to 

the diminished anharmonicity - the differrence 
between the sum of ν1+ν3 frequencies and the 
position of ν1+3 combination band, ~35 cm−1 for 

free, dissolved or physisorbed molecules. 
Several variants of ozone adsorption on TiO2 

(anatase) clusters by DFT method using the 
B3LYP functional and the 6-311+G(d) basis have 
been calculated. Two models: TiO2 molecule and 

a Ti20O40 cluster have been compiled, two stable 
conformations: bidentate and monodentate  were 

found for each surface Ti site.  
The calculated frequencies of the 

combination v1+3 mode for the bidentate and 

monodentate conformations on the five and four 
coordinated titanium atoms multiplied by the 

scaling factor are shown in figure 1. Both monodentate and bidentate adsorbed ozone molecules are 
not symmetric, as follows from the splitting. All the 5 investigated ozone complexes well reproduce 
the experimentally observed splitting of ν1+3 band. The most energetically favorable conformation 

turnes out to be a monodentate adsorbed ozone molecule on a 4-coordinated titanium atom. However, 
the separation between the bands of ν1 and ν3 vibrations is better reproduced for the bidentate 

molecule on the same site, as it was reported in [7]. The calculation of all the structures well 
reproduces the decrease in anharmonicity.  

Acknowledgement  
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and I.V. Krauklis for assistance and the Computing Center of SPbSU for the computing facilities.  
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Figure 1:  The blue line is experimental spectrum, the 

numerated lines show the calculated frequencies of 

mono on TiO2, mono and bi- on 5- coordinated Ti, bi 

and mono on 4-coordinated Ti respectively. 
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FTIR study of CO on Ni zeolites: effects of lattice and compensating cations  

Baranov D.*, Belykh R., Tsyganenko A.  

Saint-Petersburg state University, Fock Institute of Physics, Department of Photonics  

*denis6715@bk.ru 
 

The search for efficient catalysts for CO2 methanation is mainstreamed by two problems: 
“green” electricity storage in Europe and fuel production on Mars. Ni-loaded zeolite catalysts are 
cheap, lightweight, and efficient. The exact mechanism of this surface-assisted reaction is not 

precisely established yet [1]. Our study of low-temperature CO adsorption by FTIR spectroscopy is 
focused on the important step of CO2 methanation reaction and clarifies the details of metal-support 

interaction in the catalyst. 
Our previous research [2] of CO adsorbed 

on Ni-loaded Ultra Stable Y zeolite (Si/Al = 30) 

with hydrogen as charge-compensating cation 
(denoted as H-USY) has shown an anomaly in the 

spectra of 12CO+13CO mixed dicarbonyls, adsorbed 
on Ni+ centers. The observed split of bands in the 
spectrum is the evidence for non-equivalent 

positions of two CO molecules in the dicarbonyl. 
We have supposed it may be attributed to linkage 

isomerism of CO molecules. 
Here we present the results of quantum 

chemistry modeling of different cages using B3lyp 

method in 6-31+g(d,p) basis. It is shown that the 
reason for this anomaly is spatial limitations on CO 

vibrations, imposed by zeolite lattice. Two CO 
molecules located on the same adsorption site have 
different adsorption energies due to interaction with the walls of supercage in Y-zeolite. 

The spectra are quite different for Ni-loaded USY samples modified with Na (fig. 1). The 
positions of two sharp bands of dicarbonyls are red-shifted by ~100 cm−1, with the same distance 

between the bands, ~42 cm−1. The modelling has shown that the presence of Na+ can only slightly 
shift the bands of CO molecules interacting with Ni+ ions. The results can only be reproduced if CO 
is adsorbed on Ni0 atoms stabilized in the presence of Na+. In this case back-donation of electron 

density from nickel to antibonding orbitals of CO can lead to the frequency values observed 
experimentally. We can conclude that the introduced sodium takes the role of compensating cation 

and stimulates formation of monoatomic nickel. This is consistent with the results of catalytic 
experiments [3] that samples with Na+ cations show higher performance and Ni dispersion then the 
H form of the same zeolite.  
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In 1930ties professor A.N. Terenin had discovered the photo-activated dissociation of NH3 

molecules adsorbed on nominally pure Al2O3 under the UV-irradiation in the sub-bandgap oxide 
region [1]. Terenin has supposed that light absorption was due to the defects in crystal structure. 

Then the photoactivated oxygen isotope exchange (POIE) reaction of the gas phase with oxygen of 
zinc oxide was discovered [2]. This reaction has become an effective model for studying the 
complete cycle of the redox reaction on oxides [3, 4]. The photocatalytic reaction  

CO + NO + hv → ½ N ↑ + CO2 
on TiO2 and ZnO  was discovered [2]. On the example of this reactions, the general problems of the 

photonics of heterogeneous systems are discussed. This direction explores the mechanisms of the 
primary physical acts of the system photoactivation and the subsequent reactions of excited 
particles. The step-by-step in situ experimental investigations of mechanisms of interrelated 

processes in electronic and atomic subsystems on the UV-VIS illuminated surface of wide–bandgap 
oxides are presented. The variety of complementary experimental methods such as the mass-

spectrometry in flow-through reactor under low  pressures, the UV-VIS-FTIR optical, UV-
photoelectron and ESR spectroscopies, Photoluminescent (PL) spectroscopy and Thermo-
stimulated luminescence (TSL) have been adapted to carry out in situ investigations in the 

interrelated phases: gas – adsorbate – surface – solid state. Some results of this work are discussed 
in the present report.  

We discuss the nature of the electron subsystem excitation in the inter-bandgap and in the 

exciton absorption region. The excitation of intrinsic point defects and 2D surface nanostructures is 
analyzed in the sub-bandgap region. 

By pretreatment of wide-gap oxides, it is possible to obtain a “self-sensitized” oxides by 
creating optically active defects.  In such samples the quantum yield of the photocatalytic reaction 
may be higher than in the region of intrinsic absorption. The exciton resonance excitation allows to 

obtain the order-of-magnitude higher values of the efficiency of redox reaction compared to the 
case of the interband excitation. 

The applied aspects are exemplified by a photoinduced interaction of air pollutants NOx with 
mineral dust aerosols, an optical degradation of spacecraft thermal control coatings (TCC), a 
sensitizing of wide bandgap oxides photocatalysts to visible light irradiation. The use of resonant 

exciton excitation of the ZnO photocatalyst may be appropriate for indoor photocatalytic reactors. 
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Figure 1: Spectra of absorption, excitation 

and emission of the CQDs 
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The spectral-luminescent properties of carbon quantum dots (CQDs) obtained on the basis 
of citric acid and L-cysteine have been investigated. CQDs were obtained by microwave irradiation 
of an equimolar aqueous solution of precursors. The resulting product was purified by 

centrifugation and dialysis (MWCO dialysis membrane 3.5 kDa). For the study, three solutions 
were taken: the initial product (after centrifugation), dialysate, and retentate  

CQDs have been characterized by electron microscopy, dynamic light scattering and FTIR 
spectroscopy. According to microscopic data, the average size of carbon dots for the initial product 
varies within 10–60 nm. In the dialysate, the particle sizes in the range of 3–6 nm were obtained by 

the method of dynamic light scattering. 
The FTIR spectra of the synthesized CQDs show peaks at 3431 and 3179 cm-1, which refer 

to the absorption peaks of the stretching vibrations of O–H  and NH groups, a weak band at 2928 
cm-1 can be caused by stretching vibrations of the CH bond, weak characteristic peaks in the range 
of 2500–2600 cm-1 correspond to the peaks of the stretching vibrations of the SH group, the band at 

1705 cm-1 is caused by the stretching vibrations of the C=O bond, the peak at 1400 cm-1 is 
associated with the stretching vibrations of the CN, NH, and –COO bonds.  

The absorption spectra of all solutions have an absorption band with a maximum at 350 nm 
and a shoulder at 230–240 nm. The shoulder at 230 nm is attributed to the π–π * transition, the 
absorption band at 350 nm is attributed to the n–π * transition caused by carboxyl, amino and other 

groups [1, 2]. Fluorescence of the solutions was obtained under excitation in the wavelength range 
of 350–560 nm. The recorded spectra demonstrate the same behavior of all three solutions: the 

maximum luminescence intensity is observed under excitation at a wavelength of 350 nm. In 
addition, with an increase in the excitation wavelength, the fluorescence band shifts to longer 
wavelengths (up to 600 nm), which is a characteristic feature of CQDs. Fluorescence excitation 

spectra correlate with absorption spectra. 
The quantum yields obtained by the absolute 

method are 0.47, 0.60, and 0.03 for the initial solution, 
dialysate and retentate, respectively. The fluorescence 
lifetimes measured by the method of time-correlated 

photon counting were: for the initial solution, dialysate 
and retentate are 7.8 ns, 7.3 ns, 5.9 ns, respectively. 

Pulsed photoexcitation of CQDs solutions 
revealed delayed fluorescence, the spectrum of which 
practically coincides with the fluorescence spectrum. 

An increase in the excitation wavelength, as in the case 
of fluorescence, led to a red shift in the emission. The 

glow duration according to the long-term part of the 
kinetic curve is 15 ms. The excitation spectrum of delayed fluorescence repeats the excitation 
spectrum of stationary fluorescence. 
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Halide perovskites are ionic crystals, many of which are direct gap semiconductors. The 
most studied halide perovskites are MAPbX3 (MA=CH3NH3+, X=I-,Br-,Cl-) compounds. These 

new photoactive materials could be used both as light absorbers in solar cells and photodetectors, 
and as emitters in light emitting diodes and phosphorus. These materials also demonstrate high 
photoluminescence quantum yield. At high excitation densities the nonlinear light emission is 

observed, which could finally lead to the amplified spontaneous emission (ASE). The next logical 
step is to place such an active medium in a sub-millimeter-scale cavity to observe lasing. However, 

in its most perfect single-crystalline form, the creation of such cavities is difficult. 
In our work, we demonstrate that the role of such cavities can be played by random 

resonators formed in single crystals due to inhomogeneities and cleavages. We report the 

observation the random lasing in such regions of the sample with ASE in more uniform areas in 
MAPbBr3 single crystals [1]. Similar behavior was also observed in MAPbI3 (Fig.1). In both cases 

lasing was observed at 80 MHz, 100 fs pump laser pulses at a temperature of 4 K. 
Lasing at the temperature of liquid helium in single crystals makes it possible to establish 

the nature of the states participating in the lasing. Despite the fact that the most efficient 

luminescence occurs from the bound exciton state, the random lasing peaks are always observed 
lower in energy in the defect luminescence spectral region. To establish the nature of these states, 

we measured the photoluminescence excitation (PLE) spectra under pumping with a cw laser [2]. 
Two non-interacting types of states were determined: bound excitons and defect-related states. 
Excitation with light energy below the bound exciton resonance allowed us to reveal the complex 

low-density defect emission, otherwise hidden by the emission of bound excitons. We also have 
proposed the way to isolate these defect-related luminescence spectra.  

Thus, we were able to show that these defect 
states can act as centers participating in ASE and 
random lasing. At their spectral position, the crystal 

is sufficiently transparent to ensure the multiple 
passes of light in the cavity, but, at the same time, 

these centers provide sufficient amplification of light 
for lasing. Our results also highlight the importance 
of study of the formation of defects and doping in 

halide perovskites. 
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Figure 1: PL spectra from MAPbI3 single crystal at 

4 K for different pump intensities. At high intensities 

random lasing could be observed. Inset shows L-L 

curve for the lasing peak and non-resonant PL. 
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Polaritons being light-matter quasiparticles exhibit unique properties such as small effective 

mass gained from the photonic component and non-linear character of the material component. 
Exciton-polaritons particularly became popular research target in polaritonics and non-linear optics 
throughout recent years [1, 2]. In the common microcavity systems exciton-polaritons reveal Bose-

Einstein condensation, bosonic and photonic lasing, parametric scattering, amplification, etc. [3]. 
However, microcavity growth requires a difficult fabrication process as it consists of several dozens 

of layers of precise thicknesses for high Q-factor of a resonator. 
In this work, the studied system is a waveguide having 3 main layers – thus is much simpler 

to manufacture. Within this system the light is confined due to total internal reflection unlike in a 

microcavity – where the light is highly reflected due to multiple constructive interference within 
multilayered structure. In a microcavity system the photon mode is a standing wave, though the 

waveguide geometry proposes propagating. E.g. the propagation of polaritons in inorganic 
semiconductors is up to 1 mm in one lifetime [4] being promising for integrated optics application. 

The sample was grown by molecular beam 

epitaxy and consists of a 930 nm Al0.03Ga0.97As 
layer covering a thin 14 nm GaAs QW layer, a 
bottom 960 nm Al0.30Ga0.70As layer and a GaAs 

substrate. To investigate the transmission of this 
waveguide the coupling diffracting granting of 

245 nm period and 300x300 m in size was 
etched by ion beam for light. The sample was held 

at 10 K temperature in a cryostat and was pumped 
by p-polarized picosecond pulsed Ti:Sapphire 
laser. The dispersion of the waveguide for one of 

its modes near the light-hole exciton resonance 
energy was studied (fig. 1a/b). The behaviour 

exhibits anticrossing with the Rabi splitting of 1 
meV order – a common sign of strong exciton-
photon coupling, thus polariton. In this regard, the 

relatively small value of the splitting arises from 
the choice of the waveguide mode with the 

electric field distribution of a photon spacially not 
overlapping the QW layer in an antinode where it is at its maximum. This was done to further study 
transmission spectra in dependence of increasing losses and observe both polaritonic branches in a 

single spectrum to investigate the evolution of coupling strength and the estimated collapse of 
strong coupling (fig. 1c). In conclusion, the waveguide system with a quantum propose strong 

polaritonic properties promising for further applications in non-linear optics. 
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Figure 1:  (a) The dispersion of the waveguide. Dashed 

gray lines – dispersion of excitonic and photonic mode 

when weakly coupled; a colormap of transmission 

spectra in dependence of  (b) incident angle and of (c) 

light intensity. 
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Coherent optical properties of excitons and their complexes in semiconductors are currently 
of scientific interest. A search is underway for materials suitable for the creation of quantum logic 

gates. Photon echo is one of the optical phenomena that can be used in the basis of a quantum logic 
element. The aim of the work is to build a theoretical model of the photon echo and compare its 
results with experiment.  

In this work we study 
spontaneous photon echo from 

excitons and their complexes in a 14 
nm thick GaAs/Al(3%)GaAs quantum 
well at 1.4 K temperature. In the 

course of the work, a photon echo 
signal was detected, a model of an 

exciton in a quantum well was 
developed, and the possibility of its 
application for modeling the 

phenomenon under study was verified. 
It was found that the temporal 

width of the echo signal is related to 
the inhomogeneous broadening of the 
ensemble. Analysis of the photon echo 

temporal profile allows us to speak of 
the coexistence of the photon echo 

with the phenomenon of free 
polarization  decay. Reversible phase 
relaxation time T2 is about 15 ps.    
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Attempts to improve the efficiency of optoelectronic devices include the creation of new 

materials and the study of their fundamental properties. We present a two-dimensional hybrid 
organic-inorganic halide perovskite-type compound [C6H5N2]PbBr3 (Fig. 1a) with a post-perovskite 
crystal structure [1], new for this type of material. In this 

post-perovskite, inorganic [PbBr6] octahedrons are 
shared by corners tilted along y-axis (Fig. 1b) and by 

edges along x-axis (Fig. 1c), what makes the material 
anisotropic.  

Anisotropy of material vibrations is observed in 

polarized Raman scattering spectra: the amplitude of 
vibrations of corner-shared Br atoms  along the y-axis is 

larger than  the amplitude of vibrations along the edge-
sharing axis (x-axis) for excitation normal to the 
inorganic layers plane. Also the temperature dependence 

unpolarized Raman scattering spectrum reveals phase 
transition about 100 K.  

The diffuse reflectance data and 

photoluminescence excitation (PLE) spectrum (Fig. 1d) 
edge determine the band gap of [C6H5N2]PbBr3 as 3.25 

eV. Such large value of the band gap and the broadband 
emission of self-trapped excitons in the 
photoluminescence (PL) spectrum (Fig. 1d) of the 

material are the typical features of low-dimensional lead 
bromide hybrids.  

The tilt of inorganic octahedrons along the y-axis 
creates a tight packing of organic cations in the system. It 
leads to the appearance of a weak bonding interaction 

between them and the formation of two uncuppied 
organic-related bands in the theoretical electronic band 

structure (Fig. 1e,f). It was already reported for pyridi-
nium and 3-hydroxypyridinium cations in lead trihalides 
[2]. In our case these bands are not flat, but they also do 

not participate in optical transitions. Therefore, the band 
gap is formed by inorganic-related bands, and the 

calculations show the possibility of both direct and 
indirect transitions between them. 
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Fig. 1. The photo (a) and the crystal structure 

of  [C6H5N2]PbBr3 seen in (yz) (b) and (xz) (c) 

planes. (d) PL and PLE spectra at T = 77 K. 

Calculated electronic band structure (e) and 

total density of states (f). 
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Halide perovskites are of great interest for photovoltaics and optoelectronics due to their 
high efficiency of interaction with light, tolerance to defects, and low cost of synthesis from the 
liquid phase. One of the surprising features of these semiconductor compounds is the presence of 

structural phase transitions. Thus, in the most studied compound MAPbI3 (MA = CH3NH3), at a 
temperature of about 162 K, a transition occurs between the low-temperature orthorhombic and 

high-temperature tetragonal phases, accompanied by a jump in the band gap of 100 meV [1]. 
Nanoinclusions of a new phase and defects arising near this transition can be used to create laser 
structures [2]. 

In this work, we investigated the structure of the phase transition between the tetragonal and 
orthorhombic phases upon heating and cooling of a single crystal of halide perovskite MAPbI3. The 

phase transition was visualized by studying the transmission of the sample at an excitation 
wavelength of a cw laser close to the transparency region of the given perovskite (820 nm).  
A change in temperature in the region of the phase transition entailed a change in the energy 

structure, as a result of which the transmission spectrum also changed. The use of a high-precision 
IR camera as a detector made it possible to map the phase transition in transmission (Fig. 1). As a 

result, the hysteresis of the phase transition was discovered and investigated, and a theory of its 
occurrence was proposed. 

The sample had numerous chips and cracks both inside and on the surface, which, 

presumably, were obtained during growth and sharp temperature changes during the experiments. 
For the formed micrometer regions, the thermal contact with the main part of the single crystal 

decreases, due to which their temperature could differ from the average for the sample. As a result, 
we observed a fast phase transition at microscales. 

Thus, in the course of this work, the structure 

of the phase transition between the tetragonal and 
orthorhombic phases of the MAPbI3 single crystal 

was investigated on microscales, the hysteresis of the 
phase transition was discovered and investigated, 
and a theory of its occurrence was proposed. 

 

This study was supported by the Russian 
Science Foundation (Project No. 19-72-10034) and 

carried out on the equipment of SPbSU Resource 
center “Nanophotonics" . 
 

 

 

 

 

 

 

References 
[1] F. Ruf et al., APL Mater. 2019, 7, 031113. 

[2] Y. Jia et al. Nat. Photonics 2017, 11, 784–788. 

 
 

Figure 1: The temperature dependence of the 

transmittance of a place on the sample denoted by 

(*) in the case of heating (red dots and a line) and 

cooling (blue dots and lines). The insets show the 

mapping of the sample by the phase transition 

temperature in the case of heating and cooling. 
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Dyes and pigments are very common in our daily life. A wide range of technologies has been 

developed for the removal of dyes from waters and wastewaters. Advanced oxidation processes 
(AOP) have emerged as promising water and wastewater treatment technology for the degradation 

or mineralization of a wide range of organics contaminants. A photoactivated process is a class of 
AOP. Among all semiconductors, TiO2 has been found to be the most studied material for 
photocatalytic degradation. 

One strategy to obtain TiO2 with defined particle size can be the use of various supports such 
as silica, alumina, zeolite, clay, etc., and dispersal of the catalyst particles on them [1]. High 

extensive area, high adsorption capacity, well-defined micropores have made zeolite one of the 
most suitable supports. The relatively small size of micropores limits its catalytic for the reaction of 
bulky molecules. Inclusion of the mesoporosity to the microporous zeolites is a strategy to improve 

the catalyst utilization for bulky molecules [1–2].  
Different methods have been developed to create meso-/microporous zeolites. Synthesis of 

two-dimensional (2D) layered zeolites followed by pillaring is an example of these synthesis 
methods [2]. The guest species can be intercalated between the interlayer spacing of 2D zeolites to 
preserve their ordered layered structure. 

In this work, we aim to synthesize a lamellar 
mesoporous TiO2/MFI zeolite (designated as 

MFIPTi) and prove its photocatalytic activity by MB 
photodegradation. The pillaring of 2D lamellar MFI 
zeolite was carried out using lamellar MFI and 

TEOTi. Stirring time was evaluated in order to 
observe differences in physicochemical properties. 

The physicochemical properties of MFIPTi zeolites 
were characterized. The photocatalytic degradation 
of MB due to the Ti-species in titanium pillars, 

zeolite mesoporosity, and better textural properties 
was studied to test the photocatalytic activity of 

MFIPTi materials. 
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Figure 1. XRD analysis of pillared materials  
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Lanthanide doped luminescent materials find great applications in optical and photonic applications. 
We have successfully synthesized the biocompatible rare-earth doped gadolinium molybdates for 
biomedical applications.  Gd3+ ions from MoO4 host acts as T1-contrast agent for magnetic 

resonance imaging (MRI) applications.  RE3+ (RE = Er3+) activated GdMoO4@SiO2 phosphor has 
been synthesized by solution combustion method at 900 oC using citrate (Cit3-) as chelating agent. 

The synthesized phosphor has been characterization by Transmission electron microscopy (TEM), 
Scanning electron microscopy (SEM), Powder X-ray diffraction (PXRD) and Fourier transform 
infra-red spectroscopy (FT-IR). Moreover, as shown from TEM images, as-synthesized phosphor 

exhibits irregular spherical shape morphology with submicron size. Further, the spectroscopic 
properties of GdMoO4:Er3+@SiO2 have been examined through FT-IR and Powder X-ray 

diffraction. 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

References  
[1] Gamma ray enhanced Vis-NIR photoluminescence and cytotoxicity of biocompatible silica coated Nd

3+
 doped 

GdPO4 nanophosphors, B. Vema Reddy, A.S. Dadhich, A. Saha, S.B. Mukkamala, Nuclear Inst. and Methods in 

Physics Research, B440 (2019) 11–18.  

[2] Enhanced red luminescence by gamma irradiation on GdPO4∶Er
3+

@SiO2 nanophosphor, B. Vema Reddy, A.S. 

Dadhich, A. Saha, S.B. Mukkamala, Journal of Luminescence 207 (2019) 408–415. 

 
 

Figure 1: TEM (a), EDAX analysis (b), PXRD and FT-IR analysis of 

GdMoO4:Er
3+

@SiO2 (c,d) 
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The efficiency of the plasma effect of metal nanoparticles on the emissivity of molecules 

and quantum dots (QD) depends on the geometric configuration of the system, as well as the 
external magnetic field that can change the polarization characteristics of the conducting particle 
[1–2]. 

The object of the study was a two-particle cluster formed from an exciton-activated 
semiconductor quantum dot and a two-layer plasmon nanoparticle (NP) with a "core-shell" 

structure. We considered a hybrid nanocomposite in which the core and its conjugated shell form a 
metal-dielectric combination or its inversion.  

At small distances r0 from the quantum dot and/or at relatively large radii RNP of 

nanoparticles, the dipole p field E(ω) can no longer be considered homogeneous, and often used to 
describe the response to this field of electric dipole polarizability α(ω) of nanoparticles becomes 

incorrect. We have constructed a more general model that takes into account the inhomogeneity of 
the field E(ω,r) both inside and outside the layered NP, as well as the anisotropy of the magnetized 
electron plasma of the NP. The spectral density N(ω)  of the number of photons emitted by the 

combined "QD-layered NP" system at the frequency ω, identified with the luminescence signal, is 
defined as [3]: 
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r w r U r KB B B  a function of the spectral width of the 

Lorentz line, depending on the angle θ between the vectors p and r0. The function 
0

( | , )U rB  

represents the rate of nonradiative energy transfer from the QD to the layered NP, and 

0
( | , )

sp
w rB the rate of spontaneous emission by the combined binary system "QD-layered NP".  

 

 

Figure 1 shows a graph of the spectral 
density N(ω) of the number of photons emitted by 

the combined system "QD-layered NP with a metal 
core" at a frequency of ω in the absence of an 
external magnetic field. As can be seen from the 

figure, taking into account higher-order multipoles 
contributes to the redistribution of intensity 

between the lines of the full spectrum and a 
corresponding decrease in luminescence at the 
resonant frequency ωif of the exciton transition. In 

an external magnetic field, all the spectral bands of 
radiation are split into two components. 
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Figure 1:  Luminescence spectrum of the "QD- 

layered NP" complex at different multipole order.  
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Colloidal quantum dots (QDs) are semiconductor nanocrystals that demonstrate the size 

dependence of the absorption onset (the quantum size effect). The red edge of the QD absorption 

spectrum is approximately a Gaussian function and is called an exciton peak. The dependence of the 
QD diameter on the position of this peak is called a sizing curve. 

QDs are usually luminescent. At 
room temperature, the QD emission 
spectrum usually has a Gaussian shape and 

is slightly shifted to the red relative to the 
exciton peak in the absorption spectrum. 

The current methods for producing 
QDs usually give polydisperse samples. The 
polydispersity accompanied by the quantum 

size effect leads to inhomogeneous 
broadening of the absorption, emission, and 

photoluminescence excitation spectra. 
Because of the inhomogeneous 

broadening, the optical spectra 

corresponding to particles of a certain size 
cannot be measured directly with usual 

spectrophotometers and spectrofluoro-
meters. Recently we have shown [1] how to 
overcome this problem by using the so-called excitation–emission matrix (EEM), which is the 

photoluminescence intensity as a function of the excitation and emission wavelengths. However, the 
suggested method requires a special computer program for fitting the EEM. At the same time, the 

contour plot of the EEM has some features that allow us to qualitatively assess the inhomogeneous 
broadening and the homogeneous line shapes without calculations. Moreover, by making some 
simple measurements on the contour plot, one can calculate the homogeneous line shapes and 

inhomogeneous broadening in the Gaussian approximation. Here we show how to do this in 
practice. 

For this purpose, the InP/ZnS core/shell colloidal quantum dots with the mean diameter of 
2 nm have been synthesized. The EEM of these particles along with some lines and points that are 
necessary for analysis by the suggested method are shown in the figure. From some parameters of 

these lines and points and by using some simple equations, one can calculate the inhomogeneous 
broadening and the homogeneous line shapes of the absorption and emission spectra in the Gaussian 

approximation. 
 

This work was done under the State Assignment No АААА-А19-119070790003-7 and was 
supported by the Russian Science Foundation (Project No 21-73-20245). 
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Figure 1: Excitation–emission matrix of the InP/ZnS 

core/shell colloidal quantum dots in toluene. See text for 

details. 
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The effect of Ag nanoparticles (NPs) on the transitions between electron-excited singlet 

states in the Rhodamine 6G molecule was studied.  
Ag NPs in ethanol were obtained by ablation of a silver target by the second harmonic of a 

solid-state Nd:YAG laser. According to the data of scanning electron microscopy (Mira 3MLU, 

Tescan) and dynamic light scattering (Nanosizer 90S, Malvern), the synthesized NPs have a 
spherical shape with an average diameter of 33.7±11.1 nm. The concentration of Ag NPs (CAg) in 

the dye solution was varied from 10-13 to 10-11 mol/L. The absorption spectrum exhibits a maximum 
at 405 nm. The concentration of the dye in ethanol was equal to 10-5 mol/L. Absorption and 
fluorescence spectra of prepared solutions were registered with the Cary-300 and Eclipse (Agilent) 

spectrometers. Transient absorption kinetics were recorded with the LP-980K spectrometer 
(Edinburgh Instr.) under the photoexcitation of samples by Nd:YAG laser with λgen= 532 nm.  

The measurements have shown that the addition of Ag NPs an increase in the optical density 
of the dye within 6–8% and the fluorescence intensity within 10% at CAg = 10-13 mol/L was 
registered relative to the same parameters for a pure dye solution. The fluorescence lifetime 

measured using the TCPCS system (Becker&Hickl) was equal to 4.50 ns for a dye solution without 
Ag NPs, and 4.60 ns in the presence of plasmon NPs, i.e. practically did not change. 

In the transient absorption spectrum of a Rhodamine 6G solution, an absorption band in the 

region of 400–460 nm with a maximum at 440 nm was 
recorded, associated with transitions between the S1–S4 

states, as well as a depletion band of the ground state 
with a maximum at about 530–540 nm [1]. The 
duration of the kinetics recorded at 440 nm was equal 

to 7.8 ns and kinetic is well described by the 
monoexponential expression (Fig. 1, curve 1).With the 

addition of Ag NPs, the shape of the transient 
absorption spectrum remains practically unchanged. In 
this case, a noticeable increase in the duration of the 

kinetics of non-stationary absorption is observed up to 
8.3 ns at CAg = 10-13 mol/L. The increase in the lifetime 

increases with the growth in CAg up to 17 ns; the 
second component with duration of about 57 ns also appears in the kinetics. In this case, an increase 
in the optical density ΔOD of the transient absorption of the dye by 30% was also registered in the 

presence of Ag NPs with CAg = 10-11 mol/L. Upon excitation by a laser pulse with λgen = 532 nm, the 
transition absorption spectrum of Ag NPs [2] overlaps with the S1–S4 transition band of Rhodamine 

6G. The intensity of the transient absorption of pure solutions of Ag NPs at 440 nm is almost 15 
times lower than that of a pure dye, and their lifetime was equal to 110–120 ns. An increase in the 
intensity and decay time of kinetics of the S1–S4 transition of the Rhodamine 6G is the result of 

sensitization by plasmonic silver NPs. A possible reason could be the electron energy transfer from 
silver NPs to the S1 molecules of Rhodamine 6G. 

 

This research is funded by the Science Committee of the Ministry of Education and Science of the 
Republic of Kazakhstan (Grant No. AP08856161). 
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Figure 1: Normalized transient absorption 

kinetics of Rhodamine 6G in the presence of Ag 

NPs with various concentration  
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Supramolecular hybrid nanosystems (HNSs) composed of colloidal semiconductor quantum 
dots (QDs) and bound photochromic ligands (PLs) are prospective optical materials for different 

applications (data processing, sensing, fluorescence microscopy). To bind to the QD surface, PL has 
a special anchor group (thio, amino, carboxy, etc.). In HNS, QD is usually an energy donor, while 
PL is an energy acceptor that quenches the QD luminescence due to Förster resonance energy  

transfer  (FRET). If two isomers of photochrome differ in FRET efficiency in such a way that one 
isomer quenches QD and the other does not, PL photoisomerization can be used to modulate the 

QD luminescence in HNS [1–4].  
In comparison with the "classical" organic donor–acceptor (D–A) systems, HNSs have some 

peculiarities. One of the features is associated with the application of the Stern–Volmer formalism. 

The Stern–Volmer equation determines the dependence of the donor fluorescence intensity (I) on 
the acceptor (quencher) concentration ([Q]): 

I0/I = 1+KSV[Q].  
Depending on the quenching mechanism, the constant KSV has different nature. Static quenching 
implies preassociation of D and A (complexation) in the ground S0 state; in this case, the lifetime of 

(free) D does not depend on the concentration of A. Dynamic quenching occurs due to collisions 
between molecules of (the excited) D and A and leads to a decrease in the lifetime of D. 

HNS is a preassociated system but with reduced QD lifetime. This apparent contradiction 
between the “dynamic” (collisional) nature of the donor lifetime decrease and the “static” 
(associative) nature of the quenching process indicates that the implicit assumption (in the classic 

Stern–Volmer formalism) that the preassociated (in the ground state) complex is nonemissive is not 
valid in the case of the HNSs based on the QDs and attached organic quenchers. In terms of the 

Stern–Volmer formalism, the HNS can be regarded as a ground-state donor-acceptor complex with 
incomplete static quenching, so QD in the HNS emits but with decreased lifetime, and the Stern-
Volmer plot shows an upward curvature (concave towards the y-axis) [4, 5].  

Another peculiarity of HNSs is that they usually contain several (n) PL molecules per QD, and 
the n number can be easily controlled. In a single D–A pair, the FRET efficiency (quantum yield) 

φET  is defined by the critical (Förster) quenching radius (R0), and depends on the distance (R) 
between the donor and acceptor molecules. In HNS, additional parameter n arises [2, 4]:  

)/(1

1
 

6

0

6ET
nRR

. 

Varying n, one can vary the FRET efficiency, using the same D (QD) and A (PL). HNS, being a 
multiphotochromic system, enables stepwise one-by-one photoisomerization of attached 

photochromes that can be used to fine-tune the HNS emission spectrum in a nanodevice. 
 

The work was performed in accordance with the Russian Federation state task, state 
registration No. АААА-А19-119070790003-7. 
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Conjugated polymers are an interesting macromolecular system, which combine the 
properties of polymers with electrical and optical properties of organic semiconductors. One of 

these quasi-one-dimensional molecular solids is poly(para-phenylenevinylene) (PPV) and its 
substituted derivatives – poly[2-methoxy,5-(2'-ethyl-hexoxy)-1,4-phenylenevinylene] (MEH-PPV). 

The photo-oxidation process in many PPV 
derivatives begins with the formation of singlet 
oxygen via energy transfer from long-lived triplet 

excitons [1, 2]; thus, the triplet exciton energetics 
and dynamics play a primary role in the photo-

oxidation process. Part of the luminophore polymer 
molecules excited by a laser transfer to a metastable 
triplet state (T). Molecular oxygen in the ground 

state accepts energy from T-excitons by the 
magneto-dependent reaction [3–5]: 
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and can return the energy to the remaining T- 
excitons: 
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where S0, S1 and T are the ground, the excited 

singlet and the excited triplet states of luminophore, and 
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where K  – the cross annihilation rate (
1

g -T) (2); ( )K B и ( )
T

K B  – the magneto-sensitive 

bimolecular rates of T-
3

g  – quenching (1) and T-T – annihilation of excitons, respectively; 

T
Q  – the rate of generation of T-excitons; ( )

T
n t  and 

T
 – the population and the lifetime of T-

excitons; 
ox

n  – the total concentration of O2; ( )n t  and – the population and the lifetime of the 

excited singlet state of molecular oxygen; B – the magnetic field induction. 
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The luminescence of singlet oxygen has been often used for determination the efficiency of 

its generation. In many cases the values of quantum yield of singlet oxygen  generation (QYSOG) 
approached the values near 1,0. However, several articles have argued that the quantum yield values 
were greater than 2.0 [1, 2].  

It seems quite interesting to measure carefully of QYSOG for set of compounds: pyrene, Pd-
2,3,7,8,12,13,17,18-octaethyl-porphyrin (Pd-OEP), Pd-5,10,15,20-tetraphenylporphyrin (Pd-TPP), 

Mg-phtalocyanine (Mg-Pc), Zn-phtalocyanine (Zn-Pc) and Pd-phtalocyanine (Pd-Pc) in toluene and 
CCl4 at ambient temperature and atmospheric oxygen pressure as well as at different wavelength of 
photoexcitation. Luminescence spectra were recorded using Fluorolog-3 spectrofluorometer 

(HORIBA Scientific, USA), equipped with a NIR-sensitive InGaAs Symphony II CCD detector. 
Spectra were corrected for both the excitation light source intensity variation (lamp and grating) and 

the emission spectral response (detector and grating). Singlet oxygen was detected directly by 
recording 1O2 emission spectra about 1275 nm. The quantum yields of singlet oxygen generation of 
compounds were determined relative to phenalenone in toluene (QYSOG = 0.99) and in CCl4 

(QYSOG = 0.97) in the same solvents [3]. For calculations of values practically absent the 
procedures with using of set of programs (ORIGIN-9) have been used for precise determination of 
areas under the absorption and luminescence bands in the spectra corresponding compounds. The 

values of QYSOG were determined with a relative precision of about  l0% as rule. 
Based on the results of our experiments the value of QYSOG for pyrene in toluene upon 

CW excitation has the value 0.8. These data do not correlate with results [1]. The values of QYSOG 
for Mg-Pc (0.45), Zn-Pc (0.93) and Pd-Pc (more than 1.0) correlates well with quantum yield of 

fluorescence for above mentioned compounds. For example, Mg-Pc has the fluorescence quantum 
yield about 0.76, whereas Zn-Pc – 0.39. Fluorescence of Pd-Pc was practically absent. 

The values of QYSOG for Pd-OEP and Pd-TPP have been determined for solutions in 

toluene and CCl4 and showed significantly different values. Upon excitation of Pd-TPP in the range 
of the Soret band (λexc. = 405 nm) of QYSOG upon using of CCl4 achieved the value 2.3. At the 

similar excitation in the range of the Soret band of Pd-OEP (λexc. = 395 nm) the value of QYSOG 
did not exceed 0.9. 

Well known that Pd-TPP has significantly higher intensity of absorption in the range of the 

Soret band in comparison to the Pd-OEP. The excitation spectra Pd-TPP and Pd-OEP in CCl4 were 
obtained while monitoring the luminescence about 1270 nm similar as in [4]. The excitation spectra 

of singlet oxygen for Pd-TPP are well match the absorption spectral features with two bands; the 
Soret (or B) band near 410–420 nm and, the Q-band at 510–520 nm, with a certain ratio between 
the B- and Q-bands. Noticeable differences in the B/Q ratio between the absorption and the 

excitation spectra were observed: starting from nearly a factor 10 for the absorption case and the for 
the excitation spectra monitoring of singlet oxygen. 

To understanding the set of aspects of changing the values of QYSOG in different solvents 
and for compounds with variable parameters of electronic spectra will be need.  
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Organic light-emitting semiconducting devices require materials combining efficient charge 
transport and bright luminescence. The latter is easily achieved in isolated molecules, while the 

former can be realized in highly aggregated systems, which usually quench luminescence. This 
dilemma can be solved by introducing into the host matrix highly luminescent dopant molecules, 
which accept the excitation energy from the host via exciton diffusion and Forster resonant energy 

transfer. Such molecular doping approach is well-known for thick (3D) organic semiconductor 
crystals but not for 2D ones that include one or a few molecular layers.  Such 2D films are very 

promising for organic light-emitting transistors as they are intrinsically free of such drawbacks 
known for 3D organic light-emitting transistors as light waveguiding and contact effects [1–2]. Here 
we report on molecular doping in 2D organic semiconductor crystals, which significantly increases 

light-emitting possibilities of 2D films.  
We chose specific materials 

for host matrix and guest 
dopant [3]. The main 
photophysical criterion is an 

overlap of photoluminescence 
(PL) spectrum of the host with 

an absorption spectrum of a 
guest molecule. Structural 
resemblance of both 

molecules was taken into 
consideration, as well (Fig. 1, 

right bottom inset). We grew 
2D host-guest crystals on Si–
SiO2 wafers by drop casting 

and further evaporation of 
solutions from the wafer [2]. 

We measured PL spectra of 
doped and undoped films by 
confocal microscopy and 

found that the doped films 
spectra contain new peaks, 

similar in their positions to 
ones of the dopant molecules, 
and these peaks have higher intensity than those of the host (Fig. 1, right top inset). From this data 

we conclude that host-guest energy transfer operates in the 2D doped films. Then we fabricated 
organic light-emitting transistors with the doped 2D film as an active layer and observed 

electroluminescence (Fig. 1, left top inset). The electroluminescence spectrum well corresponded to 
the PL one (Fig. 1, right top inset). 
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Figure 2. Organic light-emitting transistor with active layer based on (Dec-

P)2-BTBT 2D crystalline film doped with 1% of (Hex-T)2-TTA (bottom left). 

Electroluminescence recorded is in top left inset, optical image of 2D doped 

film is in left bottom inset, spectra of PL of doped, reference undoped film 

and electroluminescence are on top right inset.  
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Academician A.N.  Terenin was distinguished by a wide scientific horizon in the field of 

spectroscopy and photonics of organic compounds.  One of his late undertakings was the study of 
photochromism of organic compounds, begun in Russia under his leadership in the middle of the 

last century. 
This review presents the analysis of the results of the development of its ideas in the field of 

organic photochromics, under which the combination of interrelated photophysical and 

photochemical processes in systems experiencing reversible phototransformations, as well as their 
functional properties.  In continuation of previously performed studies [1], this review discussed the 

recent results of its followers, taking into account the global trends in the development of this 
science line. 

A number of original results are obtained in traditional directions for the development of 

photochromic systems for light-modulating devices [2, 3] and 3D optical memory [4].  Improving 
the sunscreen photochromic systems is directed to the creation of film coatings with acceptable 

relaxation properties.  To implement 3D optical memory of the archive type, search for highly 
photosensitive non-fluorescent compounds and systems forming luminescent photoproducts 
continues. 

Recently, significant attention is paid to research in the field of negative photochromism [5, 
6].  The possibility of creating systems with negative photochromism based on dynamic proton and 

metal complexes of photochromic spirocompounds  and chromenes is not only in solutions, but also 
in polymer matrices, as well as microcapsules is shown. 

New directions include the development of photochromic nanoparticles based on 

nanoparticles of noble metals, silicon dioxide, diamond, graphene, graphene dioxide, fullerene, 
quantum dots using thermally relaxing (spirocompounds, chromenes) and thermally irreversible 

(diaryethenes) of photochromic compounds [7].  Developed systems provide effective absorption 
and fluorescence modulation. 

In conclusion, the properties of the developed multichromophoric hybrid photochromic 

compounds, providing reversible modulation of absorption, fluorescence, photoconductivity and a 
two-way photo-electrical control of properties, are considered. 
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Bisphenol A (BPA) [1] is used as a multifunctional monomer to create epoxy resins. The 

final processing conditions affect the properties of the polymer. For such systems, it is necessary to 
understand the process-structure-property relationship. An electron beam can initiate 

polymerization without the use of an initiator and harden polymer composites. UV light is widely 
used in the polymer modern coating industry, however, it has a limited application in the field of 
crosslinking of polymer constituents. Electron beams can penetrate deeper layers than UV radiation. 

The penetration depth of the electron beam depends on the beam energy, density and geometry of 
the irradiated material. The use of electron beams for bonding and curing polymer structures can 

reduce the costs of their manufacture and assembly, the release of low toxic volatiles substances.  
The purpose of this study is a comparative analysis of the decomposition of BPA after 

exposure to UV radiation and a pulsed electron beam using electron spectroscopy and fluorescence 

methods. Irradiation of aqueous solutions with BPA was carried out in a stationary and flow-
through photoreactor at room temperature under the action of UV radiation from KrCl (222 nm), 
XeBr (283 nm) and Xe2 (172 nm) exilamps [2]. The study of the loss of BPA under irradiation was 

carried out on a spectrophotofluorometer CM 2203 (Solar, Belarus). After exposure to UV 
irradiation, two BPA degradation photoproducts are formed, which fluoresce in the region with the 

maxima of 410–420 nm and 430–450 nm. Superfine polypropylene microfibers (PPM) were used to 
interpret the data obtained on photoproducts [3]. PPM was added to the samples as an adsorbent for 
BPA and its photoproducts. A nanosecond electron accelerator of the RADAN-303 type was used 

as the source of the electron beam [4]. Experimental studies were carried out in air at room 
temperature. The spectrum integrated over the glow time in the range 220-850 nm was recorded 

with a multichannel photodetector. The pulse energy was 170 keV. The absorption spectra of BPA, 
after exposure to an electron beam, were recorded on a Shimadzu UV-1700 two-beam 
spectrophotometer in the range of 200–600 nm at room temperature of the sample. The report 

discusses the mechanisms and efficiency of phototransformations of BPA in water under the action 
of UV radiation and an electron beam. Under the action of an electron beam, it was possible to 

achieve complete destruction of the initial substance without the addition of oxidizing agents. This 
was evidenced by changes in the BPA absorbance and fluorescence spectra.  

 

This work was performed within the framework of the State Assignment of the Ministry of Education 
and Science of the Russian Federation (Project No. 0721-2020-0033). 
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Figure 2: Absorbance and fluorescence spectra of sulgin in 

water 

 

Optical spectra and the nature of electronic excited states of sulgin  
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Sulfanilamide preparations are a group of chemically synthesized compounds used for the 
treatment of infectious diseases, mainly of bacterial origin [1]. One of the brightest representatives 
of sulfanilamide drugs is sulgin (Fig. 1). Sulgin is used in veterinary medicine for the treatment of 

gastrointestinal dyspepsia of young animals of all types of birds for 5–7 days, as well as for the 
treatment of cattle, horses, pigs, sheep, dairy calves, suckling pigs, chickens – 2 times a day 4†6 

days in a row. In order to then use in food products obtained from animals that have been treated 
with this drug, it is necessary to withstand a period after which it is completely removed from the 
animal's body. However, not all manufacturers follow this procedure, which is why sulgin can enter 

the human body through food [2, 3]. 
To control sulgin in livestock products, it is necessary to develop 

an express method, it was decided to choose a spectral method 
using a fluorescent probe. The purpose of this work is to study the 
spectral characteristics of sulgin in water. Up to a concentration of 

0.1 mM, a strictly linear dependence of the absorption intensity of 
sulgin remains, and all the laws of light absorption are observed. 

We can confidently conclude that sulgin is in monomeric form in water. We used this dependence 

as a calibration curve for further studies 
of the determination of sulgin residues in 

milk serum.  
The second derivative method 

was used to accurately establish the 

electronic transitions of sulgin in water: 
197, 208, and 259 nm (Fig. 2). The sulgin 

Stokes shift is 9710 cm-1. This is of great 
importance for an organic molecule, 
which indicates that the sulgin molecule 

is rather involved in intermolecular 
interactions with the environment. Since 

the values of the molar extinction 
coefficient ε indicate that the electronic 
transitions are transitions of the π → π * 

type.  
 

Acknowledgments: The reported study was funded by RFBR, project number 20-32-90116. 
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Currently, the direction of photonics, associated with the creation of new optical materials 

and functional devices based on complex organic compounds, is actively developing. Based on the 

concept of the relationship between the structure of such compounds and properties, it is possible to 
formulate the scientific foundations for creating specific optical devices: liquid and solid-state 

active media tunable in a wide spectral range of lasers, media for organic light-emitting devices, 
laser limiters, optical sensors. 

In this work, the spectroscopic and photochemical properties of dipyrromethene complexes 

of various structures were investigated. These compounds were synthesized subject to all methods 
for purity monitoring of compounds using the technique [1]. 

According to experimental data, mononuclear alkyl-substituted boron fluoride complexes of 
dipyrromethenes are characterized by high-intensity absorption and emission maxima. There is a 
slight bathochromic shift with an increase in the number of alkyl substituents. The fluorescence 

quantum yields under excitation in the long-wavelength region are close to unity, which indicates a 
low probability of nonradiative processes and photochemical transformations under such excitation. 

The results obtained on the study of the photonics of alkyl-substituted boron fluoride 
dipyrromethene complexes indicate the possibility of creating liquid and solid-state laser active 
media in the range of 470–620 nm with high lasing efficiency [2]. 

Binuclear bis (alkyl-substituted) BF2-dipyrromethenates exhibit a temperature dependence 
of the fluorescence intensity, which can be used in the development of optical sensors for 

determining temperatures in the range of 300–80K. The creation of optical sensors for temperature 
in this range is relevant, for example, in instrument engineering when developing cryostats [3]. 

The halogenated complexes of dipyrromethenes are characterized by the presence of long-

lived radiation (phosphorescence) with a high triplet quenching constant by oxygen. The presence 
of a straight-line dependence of the phosphorescence intensity on the oxygen concentration, high 

sensitivity, fast response time, low cost of compounds, due to the absence of expensive components 
– all this confirms the promise of creating an optical oxygen sensor based on halogen-substituted 
dipyrromethenes, which can be successfully introduced into industry. 

Halogen-aza-substituted BF2-complexes of dipyrromethenes are capable of increasing the 
efficiency of intersystem crossing, which allows them to efficiently generate singlet oxygen. This 

makes it possible to create singlet oxygen photosensitizers based on dipyrromethenates for medical 
(photodynamic therapy) and technological (photocatalysis) purposes [4]. 

 

This study was supported by the Russian Foundation for Basic Research (projects nos. 19-
53-51005). 
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Evaluation of the electric dipole moments1,2 of a solute in the ground (μg) and electronically 
excited (μe) states is of special interest since it provides experimental and/or theoretical information 

on molecular symmetry, electron density (electric charge) distribution in a solute molecule in the 
corresponding state, specific features of solvation in a particular medium, etc. Much remains to be 
learned about extremely rare ligand-to-metal charge transfer (LMCT) excited states and the related 

solvent effects. 
We demonstrate the associated experimental and theoretical approach to elucidate electric 

dipole moments of complex solutes both in the electronic ground and excited states. The associated 
approach, based on the Bakhshiev, Bilot-Kawski, and McRae solvatochromic models and 
theoretical calculations, is sought to be universal, promising, enough simple, and easily accessible 

for unravelling properties of complex solutes. The study was conducted with use of zirconocene(IV) 
dichlorides: sterically hindered rac-C6H10(IndH4)2ZrCl2 (1), possessing unique emissive 3LMCT 

state in organic liquids, and “structurally simple” Cp2ZrCl2 (2). Notably, such group 4 metallocenes 
are basic reagents in a myriad of perspective and instructive stoichiometric and catalytic 
transformations and possible alternatives to the widely used heavy-metal based anticancer drugs 

The overall excellent agreement between photophysical experiment and quantum chemistry for 
metal-based compounds is emphasized. 

Figure 1 is a display of the data and the 
linear regression according to the Bakhshiev 
equation. The fit is not perfect: speaking generally, 

solvatochromic shifts reflect rather complex 
phenomena, involving many different types of 

intermolecular interaction. For 1, the experimentally 
derived gas-phase values are: μg = 5.3 D and μe = 
8.7 D; the computed gas-phase values are: μg(DFT) = 

5.46 D and μe(DFT) = 8.07 D. The experimental ratio 
μe/μg(exp) is 1.64, while the theoretical ratio μe/μg(DFT) 

varies from 1.48 (in gas) to 1.55 (in CCl4) that is in 
excellent correspondence with the experimental 
result. The B3LYP/QZVP level of theory with the 

PCM formalism to model solvent effects provides 
very good consistency with the experimental results 

that is of significance for the modern development of photonics.  
Our calculations made for the both d0-complexes reveal that an increase in the solvent 

polarity parameters is accompanied by increase in the dipole moment of the solutes in S0 (µg) and T1 

(µe) states, as well as in the difference between excited-state and ground-state dipole moments Δμ. 
Respectively, the large difference between the values of µe and µg, obtained independently in the 

both experimental and theoretical studies, clearly demonstrates the charge-transfer nature of the 
emissive state based on the d0-complexes. 

We acknowledge the state contract 0089-2019-0003 (reg. АААА-А19-119070790003-7) and 

the SSC RAS state contract 01201354239. 
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Molecular electronically-excited states are of great fundamental and technological 
importance. Ligand-to-metal charge transfer (LMCT) excited states play an important role in the 

photophysics and photochemistry of metal complexes, however, knowledge on photophysical 
properties of complexes having pure LMCT excited states, unlike MLCT, metal-centered, ligand-

centered or other excited states, accounts almost silent observations. In contrast to organic 
molecules, unambiguous determination of photophysical characteristics for organometallics 
presents certain difficulties: the more complex the molecule or molecular system, the more 

complicated appears to be the problem. LMCT excited states of organometallic compounds are the 
extremely rare and much less studied type of electronically excited states. 

We have conducted a lasting study1-6 on molecular photonics of group 4 bent metallocene 
complexes, having rare 3LMCT excited states. Some recent results are shown in the Table below. 

Optical properties 

 

d
0
 Metallocenes 

Cp2МMe2 
Cp2MCl2 M(η

5
:η

1
-CpCMe2CB10H10C)2 

Ti Zr Hf Ti Zr Hf 
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S0 → S1 
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Cp, Cl → M Cp → M 

λmax /nm  517
 a
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 a
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luminescence:  

T1 → S0 

no 

(T1 S0) 
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 с
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 с

* 373
 с

* 

λmax /nm 649 
б
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 б
 424.5

 б
 602

 с, д
 441
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The observed first transition S0  S1 in the electronic excitation spectra of dicarboranyls 

M(η5:η1-CpCMe2CB10H10C)2 is originated by charge transfer from the HOMO, localized over -Cp 

ligands, while in the related dimethyl derivatives Cp2МMe2 this transition is caused by charge 

transfer from the HOMO, localized on the -Me ligands, to the metal-centered LUMO (Table). 

A good agreement of the results of theoretical (TD DFT) and photophysical studies was 
obtained (the energy and the oscillator strength, etc.), accounting for the unusual change in the 

nature of LMCT states and the dipole moment of ( 5-RCp)2MX2 when replacing -ligands. The 

electric dipole moment g increases multiple times on going from dimethyl (1.5−1.9 D) to 

dicarboranyl (10−11 D) complexes. Applying photophysical methods and the calculations, we 

demonstrate that despite the presence of metal−carbon -bonds, structurally complex d0 

metallocene dicarboranyls M(η5:η1-CpCMe2CB10H10C)2, in contrast to dimethyl counterparts 
Cp2МMe2, possess electronically-excited LMCT states with charge transfer predominantly from the 

aromatic -ligands to the metal, a high dipole moment, and photoluminescent properties, making 

them similar to the dichloride analogs Cp2MCl2 that lack the M−C -bonds.  

We acknowledge the state contract 0089-2019-0003 (reg. АААА-А19-119070790003-7) and 
the SSC RAS state contract 01201354239. 
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Recently, significant efforts have been made by researchers to study the properties of 
luminescent branched and dendritic molecules due to their unique electronic and optical properties 

[1]. In this work a preparative method for obtaining various branched luminescent materials based 
on phenyloxazole and their derivatives under mild conditions using Van Leusen reactions and 
palladium catalyzed regioselective direct C–H arylation was developed [2–5]. They show excellent 

optical properties – molar absorption coefficient up to 2.8×106 L mol-1 cm-1, photoluminescence 
quantum yield up to 96% and pseudo Stokes shift of 100 nm. Its intramolecular energy transfer 

efficiency determined from steady-state optical measurements was found to be 93%, while the 
excitation lifetime was less than 1 ns. 

For deeper understanding the processes of intramolecular energy transfer within NOLs, 

ultrafast spectroscopy investigations of the NOL, model donor and acceptor luminophores were 
performed for the first time for this class of compounds. It was found that the time constant of the 

energy transfer from donor to acceptor luminophores within the NOL is τ1 = 105 fs, which is 
significantly faster than the vibrational relaxation within the donor (ca. 400 fs). Based on these 
findings, a kinetic scheme of the electronic excitation energy deactivation processes in the NOL 

was developed. The results obtained not only directly proved that the mechanism of energy transfer 
within the NOLs is based on Förster resonance energy transfer of the excitation energy from donor 

to acceptor luminophores, but also highlight the advantages of NOLs and NOL-based materials for 
future photonics applications – fast and efficient plastic scintillators, scintillating fibers and other 
spectral shifting optical materials. 

 

This work was supported by Foundation of President of the Russian Federation (МК-2065.2020.3). 
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Adsorption properties of the cations in zeolites dramatically differ from those of oxides of the 

same elements. To explain this effect FTIR spectra of CO adsorbed on CaO exposed to different 

gaseous acids has been carried out [1]. It was shown that transformation of the surrounding O 2- ions 
into carbonate, sulfite or sulfate ions results in the blue shift of C–O stretching band of molecules 

bound to Ca2+ cation, approaching the value characteristic of Ca zeolites. In the zeolites adsorption 
of two or even three CO molecules at the same cation is possible. In the spectra of CO adsorbed on 
Ni-USY zeolites such mono-, di-, and tricarbonyls exhibit one, two or three well resolved bands 

which shift in a certain way on 13C substitution [2]. However, for CO adsorbed on CaY zeolite [3] 
adsorption of two molecules on the same cation, manifested in a shift of CO band with coverage, 

does not lead to its splitting in two maxima as expected for the dicarbonyl. Band assignment in the 
spectra of adsorbed 12CO-13CO mixtures faced some difficulties, in particular, at elevated 
temperatures when the spectra reveal linkage isomerism – a part of molecules become bound via O 

atom.  
For better understanding the experimental results we have carried out a DFT calculation of CO 

molecules interacting with Ca cation in clusters modelling either a fragment of zeolite framework or 

the oxide, pure and modified by CO3
- ions, as well as with the free Ca2+. The calculated values of 

harmonic frequencies were multiplied by scaling coefficients different for C- or O-bonded 

molecules. Besides the frequencies, the intensity of C–O band was calculated 
Analysis of the obtained results demonstrates a good agreement with the experimental data. With 

the increasing size of anions around Ca2+ ion, CO frequency increases. It is even higher for the 

zeolite and the highest value was obtained for CO complex with a free Ca2+ cation, not available in 
the experiment.  

In accordance with [4], the increase of CO stretching frequency is accompanied by intensity 
decrease of the corresponding absorption band. 

For the Ca dicarbonyl complex in zeolite, as compared with Ni dicarbonyl, due to weaker 

interaction between the molecules, splitting of CO band is small and the second band of CO 
vibration coincides with that of monocarboonyl. 

Unlike CaO, where strong field of O2- anions prevents the formation of O-bonded complexes, for 
larger anions linkage isomerism becomes possible, and the higher are the frequencies of C-bonded 
complexes, the greater is the low-frequency shift of the O-bonded CO.  
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Most of boron β-diketonate complexes and their imino-analogues exhibit two-photon 
induced аluorescence, aggregation- and crystallization-induced emission in polymer films which are 

due to intermolecular non-covalent interactions (NCI) [1]. The aim of the present research was: 
from DFT calculations for model monomer and tetramer (crystalline fragments) of the complexes I, 

II, III  

I  II  III 
and basing on IR spectra in combination with 

visualization tools [2] – to obtain new evidence on NCI 
in these systems [3]. 

Spectra were registered by IR Fourier 

spectrometer Vertex 70. Samples of the complexes were 
formed by pressing in pellets with KBr. 

Quantum-chemical calculations were performed 
by means of a program Firefly 8.2.0 [4] DFT/B3LYP 
method in basis set 6-311G (d, p) [5].  

Figure 1 shows measured and calculated model 
IR spectrum for the complex II in the region of vBF 

marker bands that are sensitive to intermolecular 
interactions shown as NCI isosurfaces in the Figure 2.  
Blue isosurfaces between fluorine atoms of one molecule 

and imine hydrogen 
atoms of the neighbor 

molecule indicate dual H-

bonds. This interaction 
causes significant red 

shift of the related band 
vBF in reference to its 

monomer frequency that 
is shown in the Figure 1. Both vNH and δNH bands are also shifted 
in their ranges that is inherent in H-bonded systems.  

In all three tetramers there are green isosurfaces of van der 
Waals interactions and areas of red overlaps located at the center of both diketonate and phenyl 

rings that indicate steric crowding. 
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Figure 1:  Measured IR spectrum (higher), 

simulated tetramer spectrum (middle) and 

monomer model spectrum (lower) of the 

complex II in the range 1350 – 900 cm
-1

. 

Figure 2:  NCI isosurfaces of the 

complex II. 
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Unsaturated crown-containing and methoxy-substituted styrylheterocycles of the 4-

pyridine and 4-quinoline series were synthesized by condensation of methyl-substituted 
heterocycles with benzaldehydes in the presence of base. Synthesis of 18-crown-6-containing 
styrylpyridine by condensation of the reagents in Ac2O was developed.1 

 

 

Figure 1: Scheme synthesis of on crown containing unsaturated compounds . 

 

A simple and efficient method for the preparation of crown-containing and methoxy-

substituted hetarylphenylacetylenes by the bromination followed by dehydrobromination 
reactions of the corresponding styrylheterocycles.2 

 

Figure 2: Scheme synthesis of on crown containing unsaturated compounds . 

 

Complex formation of styrylheterocycles and hetarylphenylacetylenes with 

macroheterocyclic compounds (cavitands) – -cyclodextrins and cucurbit[7]uril – was studied by 
electronic and 1H NMR spectroscopy methods. It was established pseudorotaxane structure and 

stability constants of the inclusive complexes of the “host–guest” type. 
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 Cross-conjugated dienones – derivatives of cyclic ketones – attract much attention due to 

their rich synthetic chemistry, primarily for the production of heterocycles, as well as due to wide 
application, especially in biology, agriculture and the creation of a new materials [1]. The 

solvatochromic properties of dienones are the reason to use them as fluorescent probes. The 
tendency of this class of compounds to intersystem crossing to the triplet state makes it promising 
for the production of the dienones as singlet oxygen sensitizers in photodynamic therapy. Double 

bonds of dienones allow these compounds to be involved in the trans-cis-photoisomerization and 
[2 + 2]-photocycloaddition reactions (PCA) [2]. Stereoselectivity of PCA reactions can be 

controlled by supramolecular preorganization of double bonds in order to create the most suitable 
geometry as the starting dimer that makes these compounds suitable for the formation of 
supramolecular systems. 

 

 
 

 
 

2,4-bis-(4-diaminobenzylidene)cyclobutanone 

 

In the recent work, we studied spectral, luminescent and kinetic properties of oxygen-free 
solution of 2,4-bis-(4-diethylaminobenzyliden)cyclobutanone (DACB) in solvents of different 
polarity. The ns-laser excitation results in the intersystem crossing to the triplet state and the 

formation of long-lived product, which undergoes a photoinduced conversion into the initial state of 
the dienon. The photoproduct is manifested by a decrease of both the fluorescence intensity of 

DACB and its absorbance, and by the appearance of a new absorption band. In proton donating 
solvents the T-T lifetime is increased. The quenching of tetracen triplet as energy acceptor by 
dienones was shown. The formation of intermediates (radical anion and radical cation) was 

demonstrated in methanol in the presence of an electron donor (ascorbic acid) and electron 
acceptors (p-nitroacetophenone). The formation of the radical products in photoinduced redox 

reaction is characterized by short-lived changes in absorption at λmax = 460 nm for radical-anion 
with the lifetime of 3×10-4 s and at λmax = 620 nm and a lifetime of 5×10-5 s for the radical-cation. 
  

This work was supported by the Ministry of Science and Higher Education under the RF State 
Program for the “Crystallography and Photonics” Federal Scientific Research Center of the 

Russian Academy of Sciences in part of the laser pulse photolysis study and by the Russian Science 
Foundation, grant No. 19-13-00020, in part of the synthesis of dienones. 
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At the first time, we elaborated the method of synthesis of naphtho[1,2-b]benzofurans based 
on photoinduced reaction of acrylonitriles containing 2-arylbenzofuran fragment as part of 1,3,5-
hexatriene system (Scheme 1).  

 
Scheme 1. General photochemical approach for the synthesis of naphtho[1,2-b]benzofurans 2 

The considered reaction proceeds via initial 6π-electrocyclization followed by [1,9]-H-shift 
and final oxidative aromatization of central benzene ring. It was shown that 5,6-

dihydronaphtho[1,2-b]benzofurans are key intermediates of studied process.  
 

 
Scheme 2. Proposed mechanism for photoreaction of 1 

 

It should be noted that the solvent plays an important role for the studied 
phototransformation, so we carried out a screening of various organic solvents. The most efficient 
conditions for the considered photoreaction were found to be the use of chloroform as solvent for 48 

h. The structures of obtained 5,6-dihydronaphtho[1,2-b]benzofuran and one of the target 
naphtho[1,2-b]benzofurans were confirmed by X-ray diffraction. 

 

 
Figure 1. Structure of 3 and 4 
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Molecules of amino acids in water and in the crystalline state have a zwitterionic structure 
(NH3

+–CHR–COO–, where R is a radical; in the case of alanine R = –CH3), which arises as a result 
of the transfer of a proton from the carboxyl group –COOH to the amino group –NH2. Raman 

spectra of amino acids have become a subject of detailed studies relatively recently. In particular, 
we have studied the Raman spectrum of the glycine molecule [1].  

In this work, we showed that the formation of the zwitterionic state (ZW) of alanine from 
the most stable conformer of the ground state (GS) occurs with the participation of a single water 
molecule, which is responsible for the transfer of a proton from the –COOH group to the –NH2 

group through the transition state (TS) with the hydroxonium ion (H3O)+ (Fig.1). The stabilization 
of the zwitterionic state was achieved by taking into account the effects of solvation in the 

framework of the polarized continuum model (PCM). Also we calculated the internal coordinate of 

this reaction. The potential barrier of this transition is Е = E(TS) – E(GS)  13.907  kJ/mol, and 

taking into account the zero-point energy, only Е  0.809 kJ/mol.  
To test this discrete-continuum model of the zwitterionic state, the Raman spectra of alanine 

were calculated and compared with the experimental ones. The calculations showed that the 
inclusion of a single water molecule between the –COO– and –NH3

+ groups was the most 
energetically favorable and allowed a fairly good description of the experimental Raman spectrum. 

The addition of two more water molecules to the Ala + n·H2O complex improves the agreement 
with the experiment. 

All calculations were performed using the GAUSSIAN 16 package [2], installed on the 
Huawei cluster of the Computational Center at the St. Petersburg State University [3]. 

 

 

Ala + H2O (GS) 

 
Ala + H3O+ (TS) 

 
Ala + H2O (ZW) 

Fig.1. The optimized at level method B3LYP/6-311++G (3df, 2p) geometry of the molecular 
system Ala + H2O in the ground (GS), transition (TS), and zwitterionic (ZW) states. 
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Organic light-emitting diodes (OLEDs) are of considerable scientific interest. This is due to 

the advantages of OLED over alternative light emitting devices. Among these advantages are high 
contrast, unlimited space for the choice of emitting materials (which allows you to create a device 
with the emission of any color), the ability to create flexible and transparent displays for devices 

wearable electronics. 
Various approaches are used to create emitting structures. In particular, extensive studies 

have demonstrated that D–(π)–A structures are useful for developing high-efficiency emitters, 
because such push–pull systems usually show strong intramolecular charge-transfer (ICT) emission 
and their optoelectronic properties 

can be facilely modulated through 
tuning the electron donor (D) 

and/or acceptor (A) strengths.  
A series of novel pyrazine 

quinoxaline derivatives D–A and 

D–π–A structures is synthesized. 
The photo- and electroluminescent 
properties of the obtained 

compounds were studied [1]. In 
this report, we provide a 

theoretical explanation of the 

mechanisms of the processes of 

delayed luminescence occurring in 
the presented structures. 

All calculations were carried out in the quantum-chemical software package 
Orca 4.2.1 [2, 3] using stationary and time-dependent density functional theory (DFT and TD-
DFT). The geometry of the ground and first excited states was simulated; a diagram of the energy 

levels of molecules for triplet and singlet states was constructed. All compounds are characterized 
by a close to orthogonal arrangement of the donor and acceptor fragments of the molecule in the 

excited state. This leads to a low spatial overlap of the HOMO and LUMO, which favorably affects 
the quantum yield of delayed fluorescence. Analysis of Jablonski diagrams in comparison with 
experimental data has shown [1] that the test compound delayed fluorescence occurs by several 

mechanisms, including both the thermally activated delayed fluorescence (TADF) through the high 
triplet state (so-called “hot-excitons” mechanism – HE) and triplet-triplet annihilation (TTA). In the 

first case the energy gap between S1 and T2 states was close to zero, when for the TTA cases the S1 
state was approximately halfway between T1 and T2 states. The fact that delayed fluorescence 
occurs via the HE mechanism is explained by the different nature of the T1 and T2 states. This leads 

to little interaction between them. So the process of nonradiative relaxation in the T1 state is 
extremely slowed down. 
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Figure 1: Structures of the studied compounds  [1] 
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For many years a study of the photo-physical properties of thiazine dye molecules has 

attracted undiminished interest from researchers in various fields of knowledge. The compounds of 
this class are used in medicine, bacteriology, microscopy, photochemistry, textile industry, 

analytical chemistry, aquariumistics, ecology, photobiology, and other fields of science and 
industry. The studies of thiazines are often interdisciplinary in character. 

Some of the most interesting and widely used 

structures in this class is methylene blue (MB) and 
methylene green (MG). These compounds find applications 

in the medicine, textile industry, are used as ink in paper 
coping. Photophysical processes occurring in the compounds 
under study will determine the further course of 

photochemical and photobiological processes [2]. But 
nowadays there is not fully understanding of the structure-

properties dependence. 
In this work we tried to predict the vibronic absorbtion and fluorescent spectra of two 

thiazine dyes – methylene blue and methylene green and then give some explanation of the role of 

the NO2-group as a substituent in photophysical processes. 
All calculations were carried out in the quantum-chemical software package 

Orca 4.2.1 [3, 4] with using of stationary and time-dependent density functional theory (DFT and 
TD-DFT) and orca_asa (where ASA stands for “Advanced Spectral Analysis”) [5] was used for 
simulation of the vibronic spectra. All calculations were performed at BHandHLYP / aug-cc-pvdz 

level of theory.  
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It can be seen that the introduction of the NO2 group leads to the appearance of a larger 
number of bands in the absorption spectrum – transitions to higher-lying states. At the same time, 

the vibronic structure appears brighter in the fluorescence spectrum. This may be due to 
stereoscopic obstacles for the adjacent N (CH3) 2-group. 

This work was performed within the framework of the State Assignment of the Ministry of 
Education and Science of the Russian Federation (Project No. 0721-2020-0033). 
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Figure 1: Structures of methylene blue 

(R = H) and methylene green (R = NO2) 

Figure 2: Simulated spectra of methylene blue (left) and methylene green (right) 
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Incorporation of two different photochromes with different spectral properties into a single 

supramolecular system leads to the formation of a biphotochromic dyad, in which we can 
predominantly affect one or another photochrome upon changing a wavelength of the acting light. 
To test this possibility, asymmetric biphotochromic dyad SBQPQ with covalently bound 3-

styrylbenzo[f]quinoline (SBQ) and 2-[(2-(pyren-1-yl)ethenyl]quinoline (PEQ) photochromes has 
been synthesized. 

Investigation of the spectral and photochemical properties of the dyad in comparison with 
the model compounds revealed a strong energy transfer in the dyad according to the Forster model 
with efficiency (quantum yield) of φFRET  = 0.97, leading to the quenching of fluorescence and 

photoisomerization of the SBQ photochrome and sensitization of the same processes for the PEQ 
photochrome. Thus, in asymmetric dyad SBQPQ PEQ photochrome retains its photochemical 

activity, but SBQ photochrome loses its photoactivity due to FRET on PEQ photochrome. 
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Figure 1: Structures of the SBQPQ dyad and model compounds M1 and M2. 

 
 

The work was performed in accordance with the Russian Federation state task, state registration 
No. АААА-А19-119070790003-7. 
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A new type of stereoregular hybrid azobenzene-organocyclosiloxane discrete molecular 

structures with photoactive azobenzene groups unidirectionally connected to rigid cyclosiloxane 
frames through alkyl spacers of different lengths were developed for the first time. 

The kinetics and thermodynamics of nondegradative reversible trans-cis photoisomerization 

processes of the synthesized azobenzene-cyclosiloxane conjugates investigated using UV/Vis 
spectroscopy, DSC and XRD methods showed dependency on their molecular structures. 

It has been observed that room temperature UV (365 nm) irradiation of the synthesized 
hybrids leads to photoliquefaction effect consisting of a photoinduced phase transition of crystal 
solids into liquids. The photoliquefaction process was observed and confirmed with DSC, XRD and 

POM methods. Backward solidification process was generated with visible light and by heating.  
The tetra-azobenzene substituted cyclosiloxane single molecule compounds described in this 

work can be regarded as promising candidates for the development of new hybrid smart materials 
with many potential high-tech applications. 

Full text of the published article can be found through the reference [1]. 
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Figure 1: Photoliquefaction caused by the reversible trans -cis photoisomerization  

of the stereoregular azobenzene-cyclosiloxane 

 

 

 

 

 

 

 

 

Figure 1:  Photoliquefaction caused by the reversible trans-cis photoisomerization of the stereoregular 

azobenzene-cyclosiloxane  
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Fluorescence of amyloid fibrils sensor Thioflavin T (ThT) is highly sensitive to 

microviscosity due to coupling of the twisted intramolecular charge transfer (TICT) in the excited 
state of this dye to the non-radiative decay process [1]. Quantum yield of ThT emission can vary by 
~3 orders of magnitude in response to viscosity changes and this behavior is typical for the dyes 

referred to as fluorescent molecular rotors (FMR) [2]. Taking into account that viscosity is 
temperature-dependent, possible use of ThT and its derivatives as temperature sensors was assessed 

in this study. 
Fluorescent properties of ThT derivatives in 99% glycerol were investigated using steady-

state and time-resolved fluorescence spectroscopy methods. For ThT in glycerol it was 

demonstrated that temperature growth from 261 K to 353 K resulted in increase of the nonradiative 
decay rate constant knr by ~3 orders of magnitude.  

 Study of time-resolved fluorescence using TCSPC method showed that temperature 
measurements in the range 260-290 K can be made using fluorescence decay kinetics of ThT in 
99% glycerol (Figure 1). For 6-Me-BTA-2 cation (ThT derivative) in glycerol the range of the 

maximal sensitivity is shifted to higher temperatures (280 – 320 K).  
 The results obtained show that FMR on the base of ThT derivatives can be used as 
fluorescent temperature sensors. Fields of application of these dyes include fluorescent microscopy, 

where they can be utilized to measure temperature distribution in liquids with high spatial resolution 
limited by the resolution of an optical microscope. 
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Figure 1. Fluorescence decay kinetics of ThT (A) and average decay lifetimes for ThT and 6-Me-BTA-2 cation (B) in 

99% glycerol at different temperatures. exc= 407 nm, em= 480 nm (ThT) and 470 nm (6-Me-BTA-2 cation). IRF is 

shown with dashed line 
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 Phenol and its derivatives constitute an important class of water pollutants because of their 
stability and solubility in water. There are many conventional methods to destroy phenols, but each 
method has its shortcomings. Chemical oxidation methods are expensive and lead to the 

contamination of water with other toxic pollutants. The biodegradation can only be used for dilute 
wastewater. A study of transformations of stable toxic compounds in nature and a choice of optimal 

methods of utilization are important problems of environmental protection and rational use of 
natural resources. Ultraviolet (UV) radiation with quantum energy comparable to the energy of a 
chemical bond is the unique tool for initiating and performing many physical and chemical 

processes on the surface and in the volume of various media. UV radiation can be used not only for 
disinfection of water and air, that is, for removal of pathogenic microorganisms, but also for 

decomposition of complex organic compounds. This method can be used both independently and in 
combination with other technologies. In this regard, a study of the efficiency of new UV radiation 
sources that may influence various electronically excited states of organic molecules becomes 

relevant. Such sources are exciplex lamps that are increasingly used for toxicant photolysis.  
 The influence of UV radiation on the spectral properties of 2-amino-4-methylphenol and 4-

cyanophenol in water solutions has been studied. The unique pulsed lamp on working KrCl 
molecules with the parameters λrad ~ 222 nm, Δλ = 5–10 nm, Wpeak = 18 mW/cm2, f = 200 kHz, and 

pulse duration of 1 s developed at the Institute of High Current Electronics of the Siberian Branch 

of the Russian Academy of Sciences, Tomsk [1] was used as the UV radiation source. The choice of 
the source for irradiation was caused by the fact that radiation with λ = 222 nm is absorbed by high-

lying electronically excited states of the examined molecules. From these states, the 
photodissociative states, participating in the reaction of bond breaking, can be populated. It was 

established that the process of phototransformation of compounds occurred faster when the 
concentration decreased. The use of the flow-through photoreactor [2] leads to a more effective 
degradation of the examined compounds than irradiation in the stationary conditions. The 

substitution of a hydrogen atom in the ortho-position of the NH2 group in the 4-methylphenol 
molecule leads to an increase in the efficiency of photodecomposition. The degree of 

photodegradation depended on the exposure time. The method of ecotoxicant photodegradation 
with application of UV radiation sources can be used both independently and in combination with 
other modern technologies. Among the complex methods, technologies based on combined 

oxidizing processes [3] or advanced oxidation processes (AOP) are most promising. 
 

This work was performed within the framework of the State Assignment of the Ministry of Education 
and Science of the Russian Federation (Project No. 0721-2020-0033).                                                                                                            
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Recently, there has been a large number of publications on chemistry and physical-chemical 

studies of cyanine dyes [1]. Due to their unique and versatile spectral properties, meso-substituted 
indotricarbocyanines are widely used as fluorescent probes in biology and medicine, and as active 

media in quantum electronics [1]. 
Herein, a method of synthesis of tricarbocyanines 1-3 (Figure 1) has been developed and their 

spectral properties have been studied. It is shown, that the dimethylamino group in the meso-

position causes a hypsochromic shift of a dye absorption band, in accordance with the Fӧ rster–
Dewar–Knott rule, but the fluorescence maximum is shifted batochromically relative to that of 

unsubstituted dye 3 (Table 1). It has been found that the changes in the absorption spectrum caused 
by the meso-methoxy group do not comply with the abovementioned rule. The absorption 
maximum of the dye 2 is shifted bathochromically compared to that of dye 3. Based on the non-

empirical quantum chemical calculations, this effect can be explained by the spatial orientation of 
the methoxy group. Due to steric effect, the methoxy group is rotated out-of-plane of the 

polymethine chromophore by such an angle, that the oxygen atom mainly affects the spectral 
properties of the dye with its electron-withdrawing inductive effect, and not mesomeric. However, 
in the excited state, the conjugation of the methoxy group with the chromophore is enhanced, which 

leads to the expected from the Fӧ rster–Dewar–Knott rule effects in the fluorescence spectrum 
(Table 1). 

 

Figure 1: General structure of the studied dyes  

Table 1: Absorption and fluorescence maxima of the studied dyes  

№ 
R 

a
max, nm f

max., nm

EtOH CH2Cl2 EtOH CH2Cl2 

1 N(CH
3
)
2
 657 664 782 784 

2 OСH
3
 756 762 778 784 

3 H 748 760 774 782 

The effect of the meso-methoxy group on the spectral properties of the studied dyes depends on 
the solvent nature. Thus, in protic ethanol, the bathochtomic effect from its introduction is greater 

than in aprotic solvent (Table 1). This is due to the weakening of the electron-donating ability of the 
lone pair at the oxygen atom of the methoxy group. In the absorption spectra, these effects are more 

noticeable than in the fluorescence spectra. 
 
The work has been performed within the research program of the National Academy of Sciences of 

Ukraine "New functional substances and materials of chemical production". 
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Free Fatty Acid Receptor 1, also known as GPR40, was discovered in 2001 and has been 
implicated in diseases such as type 2 diabetes mellitus [1]. The treatment of these diseases is based 

only on supportive therapy, therefore, the search for new drugs for these diseases is an urgent task 
today. One of the approaches to solving this problem is the search for new agonists for activating 

the GPR40 receptor. 
Earlier in our laboratory, effective agonists of the receptor GPR40 have already been found 

[2]. We have proposed to radically revise the composition of these agonists by introducing a 

spiropyran fragment into the molecule. It is known that spiropyrans have a wide range of 
applications in the modern world due to their photochromic properties, including in medicine. 

Spiropyrans are used in photopharmacology, a new approach in medicine that activates and 
deactivates light-switched molecules with light for targeted drug delivery. The clinic uses the 
energy of light to change the shape and chemical properties of the medicine, which leads to 

different biological activities [3]. This is to ultimately achieve reversible control over when and 
where drugs are active. To achieve this goal, compound 3-(4-{[(1',3',3'-trimethyl-6-nitro-1',3'-

dihydrospiro[chromene-2,2'-indol]-5'-yl)methyl]amino}phenyl)propanoic acid hydrochloride (4) 
was synthesized (Fig. 1). The first stage was the preparation of the Shiff base by the interaction of 
1',3',3'-trimethyl-6-nitro-1',3'-dihydrospiro[chromene-2,2'-indole]-5'-carbaldehyde (1) and tert-butyl 

3-(4-aminophenyl)propanoate (2) and its simultaneous reduction with a STAB. Further removal of 
the tert-butyl protecting group with trifluoroacetic acid followed by conversion to HCl gave the 
desired product. 

O N

CH3
CH3

CH3

O

N
+

O
-

O +

NH2

O

OtBu
O

N

CH3 CH3

CH3

NH

N
+

O
-

O

O

OtBu

MgSO
4

STAB

CH
2
Cl

2

(1) (2) (3)

O
N

CH3 CH3

CH3

NH

N
+

O
-

O

O

OH

ClH

(4)

O
N

CH3 CH3

CH3

NH

N
+

O
-

O

O

OtBu

(3)

1) CF
3
COOH

CH
2
Cl

2

2) HCl / dioxane

 
Fig. 1. Synthesis scheme for compound 3-(4-{[(1',3',3'-t rimethyl-6-nitro -1',3'-d ihydrospiro[chromene-2,2'-indol]-5'-

yl)methyl]amino}phenyl)propanoic acid hydrochloride (4). 
 

This compound was confirmed by NMR spectroscopy. At this stage, spectral studies are carried out, 

as well as the study of the agonistic ability to the GPR40 receptor and the photopharmacological 
properties of the obtained substance (4). 
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We developed a number of new photochromic probes and labels on the basis of 5‟-
substituted spirobenzopyran scaffold. 

All the types of 
labels were prepared by 

effective synthetic 
approach which 
included the direct 

modification of 
spiropyran molecule.  

The choice of the target 
reactive group or 
“molecular address” 

was determined by type 
and nature of the target 

structure. The following 
conjugation procedure 
variants were used: a) 

for light driven proton 
pump 

(bacteriorhodopsin) –
covalent binding of the 
probe molecule with 

target binding site by 
self-recognition 

principle; b) for TxA2 
receptor – noncovalent 
binding of the probe 

molecule with target  by 
the recognition of 

“molecular address” 
part, which was 
introduced in the label 

fragment; c) for target 
proteins: proteorhodopsin (ESRh from Exiguobacterium sibiricum) and water soluble red 

fluorescent protein (mCherry) – reversible site-specific interaction of photochromic labels due to 
the formation of strong chelates with metal complexes with a hexahistidine tag site; d) covalent 
binding of the probe molecule with the target molecule by selective terminal reactive group (HS-

group for CdSe or CdTe quantum dots); e) covalent binding of the probe molecule with the target 
by anchor terminal reactive group interaction.  
  

Funding: The reported study was funded by RFBR, project number 20-03-00139, and supported by 
Ministry of Science and Higher Education within the State assignment FSRC «Crystallography and 

Photonics» RAS. 
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This year marks the 50th anniversary of the discovery by D. Oesterhelt and W. Stockenius of a 
unique biophotochrome – light-dependent proton pump – bacteriorhodopsin from the extremely 

halophilic bacterium Halobacterium salinarum [1]. This chromoprotein is one of the first successful 
examples of a biological photochromic material developed by nature itself. One of the approaches 
to studying the structure-function relationship in this protein as well as other retinal-based proteins 

is to replace the natural chromophore with its analogs and to comprehensively study the properties 
of new hybrid products.  

We are presenting our database “Properties of artificial bacteriorhodopsin analogs. Version 
2, 2020. From 1975 to 2019”, which combines information from both our own and literature data 
sources published in period of 1975–2020 [2]. It includes the structural, spectral and photochemical 

parameters listed below as well as other information on the products of the interaction of more than 
440 polyene compounds with the apoprotein – bacterioopsin [2]. The structures of all polyene 
compounds were classified based on their differences from the natural chromophore molecule (all-

E-retinal); the following series of retinal analogs (A-K) were considered, which differ in certain 
types of functionally significant structural elements from the molecule of the natural chromophore 

group (see Fig. 1). The main descriptors were: the structure of the specific isomer of the polyene 

compound tested; max of the starting compound; models (Schiff bases with n-butylamine in 

methanol, in non-protonated and protonated forms); non-covalent complex with bacterioopsin; 
pigment in an aqueous buffer (adapted to light and dark – LA and DA-forms); presence and type of 
photocycle, its main intermediates; 

efficiency of proton transport; 
isomeric composition of the 

chromophore (ratio of all-E- and 
13Z-isomers); the “opsin” shift; 
the stability of the interaction 

products to hydroxylamine and 
all-E-retinal; and other related 

data. 
The comparative analysis 

of our database showed that, by 

diversifying the nature of the 

chromophore, it is possible to directly change max in the spectra of bacteriorhodopsin analogs in a 

fairly wide range (from 412 to 830 nm), although not all of these new pigments are capable for 
cyclic photochemical reactions. 
 

Funding: The reported study was funded by RFBR, project number 20-03-00139. 
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Fig. 1. The basic directions of retinal molecule modification strategies 
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Photochromic ionophores and light-driven artificial receptors, which allow controlling 
cation- or ligand-binding process as well as the properties of generated products by the illumination 
of the sample with light of distinct wavelength, attract particular attention for the application in 

various areas.  
We selected the spirobenzopyran derivative SP1 as a scaffold for target ionophoric podand 

synthesis. Several examples of such photochromic systems which contain various types of reactive 
anchor groups with affinity to the cations are known. Among them the diverse derivatives of crown-
ethers, podands, chelates, iminodiacetates, N-heterocycles, thiols, bipyridines and dendrimers were 

described. To provide the capability of selective binding with cations or other types of charged 
ligands we introduce a “molecular address” – a fragment of iminodiacetate diethyl ester with ability 

to bind to metal cations, at the C5'-position of the podand molecule.  
 

 

 
Fig. 1. Synthetic scheme for podand molecule SP 1 (top); chemical shifts of signals in 

1
H-NMR and 

13
C-NMR spectra 

of photochromic podand SP 1 in CDCl3 (bottom). 
 

The spectral-kinetic study of photochromic behavior and fluorescence in organic solvents 

with different polarity has been carried out both in presence and in absence of metal cations.  
The photochromic behavior of the synthesized compound in solutions of ethanol or 

acetonitrile in the presence of cations of varying nature was investigated. We used nitrates of 

bivalent and trivalent cations (Ca, Co, Ni, Cu, Al, Cr, La, Fe, Eu, Ce) in a podand ratio (SP 1 – Men+ 
1:10). The complexes have varying stability in the dark, but are quickly destroyed when illuminated 

with visible light. There is a pronounced selectivity of the ionophore fragment of the podand 
molecule SP 1 towards the formation of complexes with salts of trivalent cations.  

The podand SP1 with an ionophoric iminodiacetate fragment was shown for the first time to 

possess ion-selective sensory properties. 

Funding: The reported study was funded by RFBR, project number 20-03-00139, and supported by 
the Ministry of Science and Higher Education within the State assignment FSRC «Crystallography 

and Photonics» RAS. 
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In this work, the following retinal proteins were studied: (1) bacteriorhodopsin (BRh), the 

well-known light-driven proton pump from the extremely halophilic microorganism H. salinarum, 
for which a whole arsenal of modern methods for determining structure–function relationships has 
been developed in past 30 years and (2) a new member from the retinal protein family, the unique 

proteorhodopsin, from microorganism E. sibiricum (ESRh), which was isolated from permafrost 
aged at about three million years. 

The light driven proton pump ESRh from the psychrotrophic bacterium E. sibiricum utilizes 
Lys96 as a proton donor to a Schiff base that distinguishes it from related retinal proteins –
bacteriorhodopsin (BRh) and xanthorhodopsin (XRh), wherein the donor function is performed by a 

carboxyl side chain. Similarly to other members of the proteorhodopsin family, but unlike BRh, the 
proton acceptor in ESRh, Asp85, is tightly coupled with His57, which exerts profound influence 
upon the properties of the acceptor. Light-induced changes in retinal proteins are associated with 

charge redistribution in the excited retinal chromophore and are driven by the isomerization of 
chromophore moiety around a „critical‟ double bond. Chromophoric group modifications allow one 

to tune the spectral properties and other characteristics of microbial rhodopsins, providing their 
optimization for biomedical and nanotechnological applications.  

In the present study, for the estimation of the influence of the chromophoric group structure 

on the functional properties of ESRh, expressed in E. coli, we used the following modification types 
of natural all-E-retinal: analogs, modified at the ring – 4-oxoretinal, 3,4-didehydroretinal, 5,6-

dihydro-5,6-epoxyretinal and 4-fluorophenylretinal; analog, modified at the polyenic chain – 13-
desmethylretinal, analogs with altered length of polyenic chain – C22, C25, C15; the acyclic retinal 
derivative (without the ionone ring). 

The effects of chromophoric group structures on the functional properties of 
proteorhodopsin from E. sibiricum (ESRh) were studied. ESRh retinal binding site was found as 

preserving the similar stereo- and spatial restrictions on the chromophore structure during the retinal 
protein reconstitution process (except for C25-analog). It was revealed that the structure 
peculiarities of the chromophore analog molecules affect the optical parameters of ESRh and BRh 

pigment families in similar ways. 
 

Funding: The reported study was funded by RFBR, project number 20-03-00139a. 
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Stability and wide range of fluorescence of quantum dots (QDs) make them very promising 

for application in various fields. 
We had to develop a technology for producing high quality CdTe QD samples in aqueous 

solutions, modified by various ligands, in order to develop protocols for the selective labeling of 
various recombinant target proteins containing a hexahistidine tag. The following hydrothermal 
synthesis variations of CdTe QDs are commonly described in literature: a) generating the precursor 

of Te2- – hydrogen telluride (H2Te) solution in situ from Al2Te3 / H2SO4 system, b) generating the 
precursor of Te2- – NaHTe solution in situ from Te / NaBH4 system, c) generating the precursor of 

Te2- in situ from Me2TeO3 by reduction with NaBH4. Among other methods we have chosen and 
substantially modified the hydrothermal method for obtaining preparations of water-soluble CdTe 
quantum dots stabilized with sulfur-containing ligands, as shown below: 

 

We selected the most accessible Cd and Te salts as the initial precursors. The pilot 

experiments made it possible to select and optimize the following process parameters: the order of 
reagent addition, their ratios, the temperature and the pH of the main reaction (pH values range 
from 9 to 12); the choice of sulfur-containing ligands and the reducing agent; temperature 

parameters and the duration of reflux of the reaction mixture; the solvent for size-selective 
sedimentation procedure; centrifugation speed and duration. A number of different sulfur-

containing ligands with a terminal polar carboxyl group were tested (among them, 3-
mercaptopropionic acid appeared to be the most optimal ligand). The spectral properties of 
synthesized CdTe preparations stabilized with 3-mercaptopropionic acid are presented in table 1. 

 

Table 1. Physical-chemical properties of  CdTe QDs. 

 pH 9 pH 12 

Wavelength of main fluorescence band  maximum, nm 520 642 

Full width at half maximum (FWHM) of main fluorescence band, nm 45 70 

First exciton absorption maximum, nm 488 (±3) 610 (±10) 

Particle diameter, nm 1.9 (±0.2) 3.7 (±0.2) 

Molar extinction coefficient,  (l·mol-1·cm-1) 4.3(±0.9)·104 1.6(±0.2)·105 
 

Therefore, we have developed and successfully tested a technology for preparation a range 

of CdTe QDs samples with programmed optical properties. 
 

Funding: The reported study was funded by RFBR, project number 20-03-00139. 
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In order to study the mechanism of complexation of spiropyran derivatives with salts of 
various metals and to determine the contribution of substituents‟ nature in the photochrome 
molecule, we first studied the interaction of the simplest precursor, unsubstituted spiropyran (SP1), 

with aluminum salts. The formation occurs in two stages: first, a labile π-complex of aromatic 
fragments of the spiro-form with an aluminum salt is formed (complex 1, 380 nm, Fig. 1 B, lifetime 

less than 30 s). The process was studied in solutions of the following solvents: in EtOH, in MeOH, 
and in a mixture of MeOH + H2O (up to 20% by volume). Next, complex 1 reacts with the 
merocyanine form (MC) (SP1) present in the solution in a low concentration, with the formation of 

complex 2, which consists of 2 merocyanine (MC) molecules and 1 aluminum salt cation. Complex 

2 (430-434 nm) has a pronounced negative photochromism. The mechanism of formation of 

complexes 1 and 2 was studied in details. The structure of complexes 1 and 2 was established by 
NMR methods (1H-, 13C- and 2D-NMR spectroscopy); the merocyanine form in complex 2 was 
shown to be of the trans-(TTT)-isomer configuration (see Fig. 1 A,B).  

For the first time, a unique phenomenon of stabilization of the life time of the MC-form of 
spiropyran in the dark was discovered: complexation with aluminum cations selectively completely 

suppresses the reverse thermal reaction of cyclization to the spiro-form, but at the same time, 
complex 2 easily transforms into the initial spiro-form when illuminated with light > 400 nm. 
Complex 2 is stable in the dark (life time more than 2 weeks), but quickly degrades when added 

with an HCl solution or a complexone – EDTA solution. 
A 

 

B 

 

C        D 

 
 

Fig. 1. (A) Scheme of photochemical transformations of SP1; and (B) - structures of its complexes with aluminum salts; 

chemical shifts in the NMR spectra of: (C) – spiro-form; and (D) complex 2 (SP1) in CD3OD: 
1
H-NMR (2 left figures) 

and 
13

C-NMR (2 right figures), n = 1/2. 
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The optical characteristics of thin films are closely related to the crystallite size and 
orientation, which are affected by thermal treatment of the film. It is known that heat treatment has 

a significant effect on various properties of the film, in particular on photoluminescence. 
In this work, we investigated the effect of preliminary annealing on the optical properties 

of ZnO films obtained by the sol-gel method. A solution of ZnO was obtained by a sol-gel method 

in an aqueous solution using zinc acetate dihydrate [Zn(CH3COO)·2H2O], isopropyl alcohol 
(C3H8O), and monoethanolamine (C2H7NO) (MEA). The obtained ZnO films were preliminarily 

annealed at t = 100–300 ° C for 10 minutes. Then, to obtain a polycrystalline ZnO film, the final 
annealing was carried out at T = 450 ° C for 30 minutes.  

It was found that the temperature of preliminary annealing affects the surface morphology. 

Accordingly, the change in morphology affected the optical properties of thin films, such as light 
transmission and absorption, which are key factors in the use of the material in the manufacture of 

solar cells. The absorption spectra of the studied samples were recorded on an AvaSpec-
ULS2048CL-EVO spectrometer manufactured by Avantes, which records absorption spectra in the 
200–1100 nm range and has an optical resolution of 0.4 nm. The study of the optical characteristics 

of the samples showed that all the samples obtained are homogeneous, transparent with a 
transmission of 80–90%. The absorption (a) and transmission (b) spectra of ZnO layers deposited at 

different annealing temperatures on glass substrates are shown in figure 1. 

 
Figure 1. Absorption and transmission spectra of ZnO films  

ZnO layers at a pre-annealing temperature of 175–450 °С showed a light transmission 
efficiency of about 90% and insignificant absorption (Fig. 1 (a) and (b), respectively) due to a thin 
amorphous layer with low surface roughness. However, at low pre-annealing temperatures (100–

150 °C), the light transmission of the ZnO layer decreased (correspondingly, the optical density 
increased) due to the formation of wrinkled structures. These highly rough structures caused the 

phenomenon of light diffraction and internal reflection, which led to light trapping and a decrease in 
the transmission efficiency to about 50–60%, which is 30–40% less than that observed for ZnO 
layers at high temperatures. 
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Production of Nickel oxide films on the ITO surface was carried out as follows [1]: Nickel 

nitrate hexahydrate [Ni(NO3)2·6H2O] weighing m = 145 mg (LLC «Polihrom») was dissolved in a 

volume of ethylene glycol V = 1 ml. Monoethanolamine (5 µkl) was added to the resulting solution. 
The solution was mixed at room temperature for 16 hours and then kept for 24 hours at room 

temperature. NiO films were obtained by centrifugation (SPIN150i, Semiconductor Production 
System). To change the film thickness, the substrate rotation speed was changed from 1500 rpm to 
2500 rpm. After that, the film was annealed for 10 minutes at 100°C, and then annealed to a 

temperature of 350°C at a rate of 10°C/min. Ito-based substrates were prepared according to the 
method [2].  

Figure 1 shows the absorption spectra of NiO 
films obtained at different speeds of rotation of the 
substrate: 1500 rpm, 2000 rpm, 2500 rpm.  

The absorption spectrum has two peaks at 216 nm 
and 237 nm. The figure shows that the optical density 

of the absorption spectra of NiO films decreases as the 
substrate rotation speed increases. The positions of the 
maxima of the absorption spectrum do not change. 

Table 1 shows the characteristics of the absorption 
spectra of NiO films. The decrease in the optical 

density in the absorption spectra with an increase in 
the rotation speed of the substrates is associated with a 
decrease in the thickness of the NiO films. 

 
 

 
 
Table 1. Characteristics of the absorption spectra of NiO films 
 

Sample 
D1,  

at λ = 216 nm 

D2,  

at λ = 237 nm  

NiO – 1500 rpm 0.82 0.60 

NiO – 2000 rpm 0.67 0.49 

NiO – 2500 rpm 0.56 0.29 
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In our work, we have addressed the challenges of PSCs based on MPc and PSCs based on 
MoOx by combining both types of HTL. The most well-known transparent wide-band 
semiconductor is MoO3. MoO3 film is a layered oxide that is used as an anode or hole conductor 

for organic light-emitting diode devices, organic solar cells [1,2]. 
The buffer HTL of MoO3 (Born New Material Technology Co., Ltd.) was deposited on the 

CuPc film by thermal sputtering at different vacuum levels of 10-3 Pa and 10-2 Pa. Figure 1 
represents the absorption spectra of 10-2-MoO3 and 10-3-MoO3 layers. The absorption spectra show 
that the MoO3 films absorb photons in the short-wavelength region of the light spectrum, and a 

noticeable absorption is observable at wavelengths less than λ = 435 nm. The bandgap of the MoO3 
films was estimated by the Tauc Plot method (Figure 1, insert). MoO3 film deposited at a vacuum 

level of 1*10-3 Pa had a bandgap of 
approximately Eg = 3.21 eV. When the 
evaporation vacuum level was decreased 

by one order to 1*10-2 Pa, the bandgap 
of the deposited MoO3 has narrowed to 
Eg = 3.08 eV.  

PSCs were prepared for 
photovoltaic measurements. The results 

obtained showed that the PSCs without 
the MoO3 buffer layer have the worst 
photovoltaic parameters, in particular, a 

very low fill factor (FF) is noticeable. 
The introduction of MoO3 films between 

the Ag and CuPc layers led to an 
improvement in photovoltaic 
parameters: the efficiency of converting 

solar energy into electrical energy 
increased to n = 6.3% and n = 8.12% for 

PSCs based on 10-3 MoO3 and 10-2, 
respectively, compared to PSCs efficiency n = 3.51%. The efficiency improvements are largely due 
to an increase in the cell fill factor after the introduction of the MoO3 layer. 
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Figure 1: Absorption spectra of the MoO3 films deposited by the 

thermal evaporation method under various  vacuum conditions. 
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The influence of structural changes in the ZnO polymer on the morphological and optical 
parameters of films and the photovoltaic characteristics of solar cells was studied. To change the 
structure, the polymer with the electronic conductivity of ZnO was diluted with a certain 

concentration of isopropyl alcohol. The advantages of the properties of the modified film were 
determined by comparing the surface morphology. 

The preparation of substrates for photosensitive cells based on FTO was carried out 
according to the method [1,2]. We used Zn (99%, Ossila), Izopropanol (pure 99.9% Sigma Aldrich). 
ZnO films were obtained on the FTO surface by centrifugation (using a SPIN150i centrifuge 

manufactured by Semiconductor Production System) at a rotation speed of 1000, 1500, 3000, 4000, 
5000 rpm. After that, the films were annealed in an air atmosphere at a temperature of 200 °C for 15 

minutes, then annealed at a temperature of 450 °C for an hour. 
 

a)  

 
 ZnO – 1000 rpm 

(Rq = 5.5) 

b) 

 
ZnO – 1500 rpm 

(Rq = 5.1) 

c)

ZnO – 3000 rpm 

(Rq = 4.15) 

d) 

 
ZnO – 4000 rpm 

(Rq = 2.3) 

e) 

 
ZnO – 5000 rpm 

(Rq = 2.1) 
 

Figure 1. Images of the surface morphology of ZnO films  

 

When studying the structure of the synthesized samples, SEM images were obtained, which 
show that the ZnO film has a granular structure (Figure 1). The ZnO film has a uniform structure 
with a roughness of Rq = 5.5 nm at a rotation speed of 1000 rpm. When the rotation speed increases, 

the Rq value of the film roughness decreases to the range of 5.1 – 2.0 nm (figure 2 a, b, c, d, e). 
We assume that there is an optimal ZnO film thickness where there is a balance between 

transport and recombination. A cell with the optimal ZnO thickness will have the maximum charge 
carrier lifetime. 
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The addition of alcohol concentration significantly affects the resistance of the PEDOT: PSS 

(Rh) film and the resistance of charge carrier transfer at the PEDOT:PSS/electrode (Rext) interface. 
The film resistance of the original PEDOT:PSS has the highest resistance, the addition of ethyl 

alcohol leads to a 1.1-fold decrease in the Rh film resistance. Adding the concentration of ethyl and 
isopropyl alcohols to the initial solution also leads to a 1.4-fold decrease in the PEDOT:PSS 
resistance. However, the most optimal resistance is observed for PEDOT:PSS with the addition of a 

concentration of 50% isopropyl alcohol, which leads to a twofold decrease in film resistance. Lower 
PEDOT:PSS impedance should improve the fill factor of solar cells and generally increase 

photovoltaic performance [1,2]. 
A similar dynamics is observed in the change in the resistance of charge carrier transfer at 

the PEDOT:PSS/electrode (Rext) interface. The Rext value is also of greatest importance for 

PEDOT:PSS film made from stock solution. When a concentration of 50% ethyl alcohol is added, 
Rext decreases 1.7 times. As with Rh, adding a mixture of 25% ethyl and isopropyl alcohols to the 

stock solution reduces Rext by 35%. The addition of isopropyl alcohol results in a fourfold reduction 
in the Rext resistance. The value of Rext determines the efficiency of the removal of charge carriers 
from PEDOT:PSS films, and the lower the value of Rext, the greater the efficiency of accumulation 

of charge carriers and the photocurrent of the cell. 
The quantities keff and τeff characterize the 

efficiency of carrier extraction with PEDOT:PSS and 
the effective time of flight of charge carriers in 
PEDOT:PSS. The addition of alcohol concentration 

significantly affects keff and τeff, and a positive trend 
is observed. When ethanol is added to the initial 

solution, keff decreases, and τeff, respectively, 
increases by 1.5 times, and when 25% is added to 
PEDOT: PSS, the concentrations of both alcohols keff 

and τeff change by more than 2 times. However, the 
best dynamics is observed with the addition of 50% 

concentration of isopropyl alcohol. The efficiency of 
carrier extraction from PEDOT:PSS films obtained 
from a solution with alcohol increased approximately 

threefold, and the effective time of flight of charge 
carriers decreased in inverse proportion. The holes 

injected into the PEDOT:PSS diffuse to the electrode where they recombine with the electrons. The 
fast transport of the injected holes to the outer electrode is very important, since this reduces the 
likelihood of their reverse recombination. In our case, fast hole transport is provided by improving 

the PEDOT:PSS structure after adding isopropyl alcohol to the initial solution, which leads to an 
improvement in the quality of the PEDOT:PSS/electrode interface. 
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Figure 1: Light impedance spectra of films of the 

standart and modified PEDOT:PSS:  

1 – PEDOT:PSS; 2 – 50% PEDOT:PSS /  

50% ethanol; 3 – 50% PEDOT:PSS / 25% 

ethanol / 25% isopropanol; 4 –50% PEDOT:PSS 

/ 50% isopropanol 
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The effect of silver nanoparticles (NPs) on the spectral-luminescent and lasing properties of 

neutral merocyanine dyes was studied in ethanol solutions. For this purpose a vinylogous series of 

neutral merocyanine dyes 1-3 was selected (Figure 1). The choice of these dyes is due with the 
absence charge interaction between the molecules and silver NPs. 

Ag NPs in ethanol 
were obtained by ablation of 
the silver target by the 

second harmonic of a solid-
state Nd:YAG laser (λgen=532 

nm, τ= 8 ns). The average 
size of the Ag NPs was 
30±10 nm. Methods for 

preparing nanoparticles and 
determining the concentration in solution were described in detail in [1]. 

The addition of silver nanoparticles to dye solutions increases the optical density (D) and the 

fluorescence intensity (IFL) of the dye molecules. When Ag NPs dyes had added to the ethanol, the 
position of the absorption and fluorescence bands and their full width at half maximum remain 

unchanged at all used nanoparticles concentrations. The effect of silver nanoparticles on D and IIFL 
values increases with increasing a polymethine chain lengthens. The spectral overlap between silver 
NPs and merocyanines decreases with increasing the chain lengthens. An increase in the effect of 

silver NPs on the optical properties of the dye solutions may be related to an increase in the electron 
dipole moment of the transition from the ground state to the first excited state with an increase in 

the length of the polymethine chain. The quantum yields (Фf) and lifetimes of dye fluorescence in 
the presence of silver nanoparticles were measured. The nature of the effect of silver nanoparticles 
on the quantum yield of luminescence and the lifetime of dye fluorescence depends on the chemical 

nature of the dye and the concentration of nanoparticles in the solution. Changes in value Фf in the 
series of the dyes 1-2-3 correspond to changes observed in the optical density and fluorescence 

intensity of dyes in the presence of silver nanoparticles. 
The properties of stimulated emission from ethanol solutions of dyes 2, 3 in the presence of 

Ag NPs were studied. The experimental apparatus for measurements is described in detail in the 

work [1]. For dye 1, stimulated emission wasn‟t registered. The presence of silver nanoparticles in 
the solution with dyes 2 and 3 leads to a decrease in the generation threshold Ptr of stimulated 

radiation of dyes. The decrease in the value Ptr corresponds to the changes observed for the optical 
density, fluorescence intensity, and quantum yield of the luminescence of dyes 2 and 3 in presence 
of Ag NPs. 
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Figure 1: Representation of merocyanines  1-3 
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Nanosized films based on amphiphilic Eosin molecules (Fig. 1, a) and amphiphilic polymer 

poly(N,N-diallyl-N-octadecylamine-alt-maleic acid) (Fig. 1, b ) were obtained using the Langmuir-
Blodgett (LB) technology. Mixed monolayers were prepared at the water/air interface using a KSV-
NIMA trough. The transfer of monolayers to glass substrates and island films of silver (SiFs) was 

carried out according to the Z-type transfer. The distance between the lowest edge of dye LB film 
and silver surface was carried out using three monolayers of polyampholytic polymer (6 nm). SiFs 

were obtained by magnetron sputtering of a 5 nm thick silver film followed by annealing in a 
muffle furnace for 30 minutes at a temperature of 240°C. After annealing, clusters of spherical 
silver particles with a radius of ~40–50 nm are formed in the film. The diagram of the sample is 

shown in Fig. 1, c. 
The influence of the plasmon effect on the 

absorption and luminescence properties of dye LB films 
on glass and on SiFs with polymer has been 
investigated. An 10% increase in optical density is 

observed on SiFs. The fluorescence intensity of dye on 
SiFs was increased in 6 times compared to an identical 
control sample that did not contain silver nanoparticles 

(NPs). The fluorescence lifetime of dye registered with 
time-correlated single photon-counting system 

(Becker&Hickl, Germany) was equal to 0.57 ns on glass 
and 0.24 ns on SiFs. 

The delayed luminescence of LB films of dye 

was studied on a Cary Eclipse spectrofluorimeter 
(Agilent Technologies). The intensity of delayed 

fluorescence was increased by 4 times and the intensity 
of phosphorescence was increased by 5 times for the 
samples with SiFs. The phosphorescence lifetime of the 

dye on glass is τphos = 2.5 ms, and on a substrate with 
SiFs – τphos = 1.5 ms. The lifetime of delayed fluores-

cence was equal to 2.4 ms on glass and 2.2 ms on SiFs. 
The data obtained indicate an increase in the 

decay of excited singlet and triplet states of Eosin 

molecules in the near field of silver NPs. 
 

 
This work was carried out as part of the research project AP08856161 by the Science Committee of 
the Ministry of Education and Science of the Republic of Kazakhstan. 

 

a) 

 

b) 

 

c) 

Figure 1: Chemical structure of dye (a) and 

polymer (b); c) scheme of sample  
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Graphene and carbon quantum dots posses a high solubility in water, chemical inertness and 

resistance to photobleaching [1]. They are very promising for use in photocatalysis and 
photovoltaics, as well as for use in biophysics and medicine [2], due to their low toxicity and high 
biocompatibility. 

In this work, quantum dots based on reduced 
graphene oxide were obtained, and their structural 

and optical properties were studied. 
Quantum dots were obtained by laser 

ablation of reduced graphene oxide (rGO, Sigma 

Aldrich) in ethanol. The rGO concentration was 
equal to 0.3 mg/mL. The dispersions were sonicated 

for 30 minutes. Ablation was carried out by 
irradiating of the dispersions by Nd:YAG laser with 
λ = 532 nm, a pulse duration τ = 10 nm and a pulse 

energy of ~16 J/cm2. The ablation time was equal to 
20 minutes. The height of the ablated solution was 
0.5 cm, during the laser ablation liquid the 

dispersion was continuously mixed.  
Dynamic light scattering measurements 

(Zetasizer S90, Malvern) showed that the average 
particle size before ablation was equal to 250±85 
nm. After ablation, the particle size was decreased 

to 130±27 nm. SEM images (Mira 3MLU, Tescan) also identified particles with an average 
diameter of 59±7 nm. 

The optical properties of reduced graphene oxide quantum dots were studied using Cary-300 
and Eclipse spectrometers (Agilent). The absorption spectra of rGO before ablation exhibits as a 
nonlinearly decreasing curve with a maximum at 200 nm and a shoulder at ~250 nm, which are 

associated with π–π* transitions in rGO carbon bonds. Also, the band around 345 nm is weakly 
resolvable, which is the result of the n–π* orbitals transition in the C=O bonds [3]. After ablation, 

the shape of the absorption spectrum changes greatly. The spectrum of ablated rGO exhibits peaks 
caused by vibrational transitions in aromatic fragments of rGO sheets. 

Under the photoexcitation in the indicated absorption bands, the curves shown in Fig. 1 were 

registered. The highest luminescence intensity can be recorded upon photoexcitation of the sample 
with wavelengths in the range upon of 250 nm. In this case, the vibrational structure was practically 

not revealed in the fluorescence spectrum. As can be seen from Fig. 1, bands with maxima at 300, 
330, 350, and 400 nm can be distinguished in the spectra. It should be noted that, upon excitation of 
dispersions at 250 nm, vibrational peaks characteristic of aromatic compounds appear in the 

spectrum. 
 

This work was carried out as part of the research project AP08052672, funded by the Ministry of 
Education and Science of the Republic of Kazakhstan. 
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Figure 1: Fluorescence spectra of rGO dispersions 

after ablation under photoexcitation, nm: 1 – 250; 

2 – 260; 3 – 275; 4 – 320; 5 – 350; 6 – 370.  

In the inset – absorption spectra of rGO before and 

after ablation. 
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In this work we studied solid-state photoswitchable systems containing CdSe/ZnS quantum 

dots (QDs) in presence of photochromic diarylethenes (DAE), with photoswitchable absorption 
bands having good overlap with QD fluorescence spectra. 

Parameters of absorption and emission 

spectra for these objects were measured using steady 
state and kinetic methods of spectrophotometry and 

fluorescence spectroscopy. 
As solid-state photochromic systems, we 

used both polymer films based on AC or PMMA 

polymers with complexes of CdSe / ZnS QDs and 
photochromic DAE molecules, and solid-phase films 
on quartz obtained from toluene solutions of QDs in 

the presence of DAE molecules. In addition, we 
studied films based on PVA polymer containing 

hybrid nanostructures consisting of CdSe / ZnS QDs 
with rigid bonds, between which photochromic DAE 
molecules are located, and covered with a polymer 

shell. 
In the studied solid-state systems, in addition 

to photoinduced modulation of absorption, 
photoinduced modulation of fluorescence is 
observed. It can be caused both by inductive-

resonant energy transfer from QDs to the 
photoinduced cyclic form of DAE molecules (FRET), and by the effect of fluorescence reabsorption 

by photochromic molecules. 
An example of spectral manifestations demonstrating photoinduced modulation of 

absorption and fluorescence of solid-phase films on quartz containing QD-DAE systems is shown 

in Fig. 1. 
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Figure 1:  Absorption (curves 1-3) and 

fluorescence spectra at an excitation wavelength 

of 500 nm (curves 4-6) of the QD525-DAE3 

polymer composition in 10% AC on quartz glass 

before (curves 1,4), after UV irradiation (curves 

2,5) and visible (curves 3,6) light 
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In this work we studied toluene solutions of two types of CdSe/ZnS QDs in presence of 

diarylethenes (DAE), with photoswitchable absorption bands having good overlap with QD 
fluorescence spectra [1]. 

Parameters of absorption and emission spectra for these objects were measured using (steady 
state and kinetic) methods of spectrophotometry and fluorescence spectroscopy. Photoinduced 
modulation of QD fluorescence intensity was demonstrated for toluene solutions of photochromic 

DAE molecules with QDs of two sizes, having fluorescence bands at 525 nm (QD525) and 600 nm 
(QD600). Change of QD emission intensity was synchronous with the changes in the photoinduced 

absorption of DAE molecules during their photochromic transformations. The observed modulation 
of fluorescence intensity was mainly associated with fluorescence reabsorption due to the inner 
filter effect and partially with Förster resonant energy transfer from QD to the photoinduced cyclic 

form B of DAE molecules. Förster radii for donor-acceptor pairs QD525-DAE1 and QD600-DAE2 
were calculated to be 4.65 nm and 4.85 nm correspondingly. According to our estimations the 
changes in fluorescence intensity related to the reabsorption were equal to 4% and 37% for QD525-

DAE1 and QD600-DAE2 systems respectively. 
It was found that fluorescence decay lifetime of QD was sensitive to chemical properties and 

concentration of DAE derivatives in solution. Decrease of fluorescence decay lifetime in presence 
of DAE was interpreted as evidence of specific interactions of photochromic molecules with QD 
surface. Using fluorescence decay data the effective dissociation constants were evaluated to be ~40 

μM for both types of QD-DAE complexes. Taking into account different surface areas for QD525 
and QD600 (~3 times), the higher affinity of DAE1 to QD surface is supposed to be related to 

presence of chemically active thiol groups in DAE1 molecule. 
 

This work was supported by BRFFR (Pr. F18R-074), RFBR (Pr. 18-33-00010 Bel_a), Ministry of 
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In this work, we experimentally developed a new method to produce photoactive nanospheres 

containing luminescence inorganic CdSe/ZnS quantum dots capped with the amphiphilic polymeric 
shell, which provides good stability to the nanospheres in aqueous colloidal solutions and the ability 
to incorporate hydrophobic photochromic diarylethene [1]. 

Parameters of absorption and emission spectra for these objects were measured using 
spectrophotometry and fluorescence spectroscopy (stationary and kinetic) methods. The UV-

induced open−closed isomerization of the photochromic DAE molecule produces conditions for 
efficient resonance energy transfer from the quantum dot and the quenching of its 
photoluminescence. This is a partially reversible process, and the subsequent illumination with 

visible light results in the back isomerization of the photochromic molecules, restoring the initial 
photoluminescence signal from quantum dots. We believe that our method is universal and can be 
applied to variety of hydrophobic dyes and luminescent nanoparticles, including nanorods, 

nanoplates, etc. Further optimization of our method will include the variation in the hydrophobic 
bilayer thickness and structure using different surface ligands (aliphatic and aromatic thiols) and 

chemical modifications of the amphiphilic polymer to increase the amount of incorporated 
photochromic molecules and adjust their average distance to the surface of the emitting QDots. 
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 An unsymmetrical bis-styrylbenzoquinoline dyad (1) has been synthesized and studied. 
Structure 1 prevents the reaction of [2+2] photocycloaddition, which is achieved by using an 
oxymethylene bridging group, two different SBQ photochromes and their longitudinal shift relative 

to each other. In neutral form of 1 under the action of light a photoisomerization reaction (PI) and 
energy transfer (ET) between two 3-styrylbenzo[f]quinoline (SBQ) photochromes with an 

efficiency of 99% have been detected, leading to quenching of the SBQ donor and sensitization of 
the SBQ acceptor. Long-wavelength fluorescence, which could be attributed to an exciplex, has not 
been observed. With prolonged irradiation of the dyad, a side reaction, photocyclization of the SBQ 

acceptor, was observed.  
 Upon protonation of 1 bathochromic shifts of the 

absorption and fluorescence spectra are observed. In the 
protonated form of 1, as in the neutral form of 1, ET 
between SBQ photochromes was recorded, the efficiency of 

which decreased from 99% in the neutral form to 92% in 
the protonated form. Under the action of light, the 
hydrochloride 1 underwent PI of SBQ photochromes. In 

addition, during prolonged irradiation with the protonated 
form of 1, side reactions were recorded, mainly associated 

with heterolytic cleavage of the CH2-O bridge bond 
between two SBQ photochromes, which causes destruction 
of the supramolecular structure of the dyad, and the addition 

of an ethanol molecule to SBQ1-photochrome, leading to 
the destruction of π- photochrome systems. 

 
Figure 2. The main pathways of photoinitiated destruction of protonated form of 1. 

 

The work was performed in accordance with the Russian Federation state task, state registration 

No. АААА-А19-119070790003-7. 

N
O

N

ET

 
Figure 1. Energy transfer in 1 



67 

 

Exciton properties of the MAPbI3  single crystal 

Mamaeva M.P*1,   Murzin A.O.2,  Kapitonov Yu.V.3, Emeline A.V.4, Selivanov N.I.5 

Saint-Petersburg State University 

*hedonistant@gmail.com 
 

In recent years, research on halide perovskites has been more and more active. Halide 
perovskites are direct-gap semiconductors with extremely efficient luminescence and significant 
long diffusion of charge carriers. These properties, as well as the ease of synthesis, lead to increased 

attention to these materials.  
The temperature dependence of the broadening of exciton spectral lines is a source of 

information on the exciton-phonon interaction. Broadening in the spectra is divided into 
homogeneous – characteristic of the entire sample and inhomogeneous – due to defects.  

In the present work, we studied a single crystal MAPbI3. Especially we paid attention to the 

consideration of the temperature dependence of the spectral lines broadening. A lower bound was 
also given for the exciton binding energy. 

As a result, we revealed a slight inhomogeneous broadening Г~2.8 meV, which indicates 
good optical properties for the class of halide perovskites. Using the Arrhenius model, the 
diminishing non-radiation recombination energy was approximated as the lower bound for the 

exciton binding energy Eb~14.8 meV.  
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The main goal of this work was development of the material with high absorption band at the 
Nd:YAG lasing wavelength λl = 1064 nm and at the same time with extremely low absorption at the 

wavelength of the laser diode pump radiation λp = 808 nm.  Such material enables a fabrication of 
the nonlinear/bleaching structures as well as the special coatings for Nd–containing active elements 
offering a possibility of an improvement of their energy and spatial characteristics [1].   

The two-absorption band (1064 and 
808 nm) thiopyrylo-4-tricarbocyanine dye 1 

has been proposed and synthesized in the 
Institute of Organic Chemistry, National 
Academy of Sciences of Ukraine [2], see 

Fig.1.  
The dye developed has the highest 

value of the absorption cross-section at λl 
among the organic dyes and it is quite 
transparent within the spectral interval 800–

900 nm. The dye 1 has considerable 
solubility in a number of known polar 

solvents. This allows formation of highly 
concentrated solutions and solid films with 
optical parameters suitable for the 

application in the Nd:YAG diode-pumped 
laser systems.  

It is important that the electronic and 
steric structure of the dye 1 minimizes the 
formation of aggregates at high 

concentrations in thin films. As a result, the 
absorption spectrum of dye 1 in the polyvinyl butyral film has the same band profile as in 

dichloromethane. Therefore, a highly efficient polymer passive Q-switch elements based on it have 
been created. 

Nonlinear optical properties of the dye 1 polymer thin films were examined in the 

experiments with the nanosecond Nd:YAG (transversal diode pump, passive Q–switch unit based 
on the dye 1 film) and picosecond Nd:YVO4 (longitudinal diode pump, the dye 1 film in the form of 

the saturable absorber mirror structure) laser systems. The monopulse regimes with the laser pulse 
duration of 30 ns in first case and 10 ps (the pulse train with the pulse repetition rate of ~ 100 MHz) 
in the second one were realized. 
 

The work was carried out within the framework of the joint scientific research project of the 
National Academy of Sciences of Belarus (the project No. F20UKA-010) and National Academy of 

Sciences of Ukraine (the project No. 02-03-20).  
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Figure 1: Spectra of absorption (1), fluorescence (2,5) and 

the fluorescence excitation (3,4) for the developed 

polymethine day in the methylene chloride at 293 (1–3) and 

77 К (4,5). The insert shows the molecular structure of the 

dye.  
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Magnesium fluoride is widely used in the optical and catalytic industries. In this regard, it is 
important to study the surface properties of MgF2 and to search new effective photosorbents and 

photocatalysts. The purpose of this work was to study the photo- and X-ray sorption, photocatalytic 
properties of magnesium fluoride [1]. 

In this paper powders of magnesium fluoride being of kind “pure for optical ceramics”  
obtained from basic magnesium carbonate – (MgF2-1) and samples of kind “pure for thermal 
pressuring” formed from MgCl2 – (MgF2-2) have been studied. The neutral surface in connection 

with acid-basic properties is typical for the samples of (MgF2-1), while that for (MgF2-2) is the acid 
one. 

Photo- and X-ray sorption of oxygen nave been examined on the samples mentioned above. 
Illumination of the samples has been carried out with the help of full light of PRK-lamp. The 
portative apparatus REIS-I (a tube with copper anode) has been used as a source of X-ray radiation. 

The ions of contaminated oxygen as well as F- and  M- centers are considered to be possible 
centers of photostimulated oxygen adsorption on the samples studied. It has been suggested that 

high temperature forms of (560 and 635 К) can be a result of dissociative adsorption of oxygen 
while low temperature forms (380 and 450 К) can be referred to the molecular forms of О2

–t  types 
[2]. Photosorption capacity of the samples obtained by different ways is similar. 

Kinetics of oxygen photosorption for all the samples has a power-law character. Kinetics of 
oxygen X-ray sorption on magnesium fluoride can be easily described with an equation of “local” 

kinetics.  Spectra of X-ray-sorbed oxygen thermodesorption sharply differ from TD-spectra of 
oxygen photosorbed on these samples. This fact also confirms the different mechanism of these 
processes development [3]. 

As a result of an experimental study of the photocatalytic properties on the surface of 
magnesium fluoride, the reactions of dark hydrogen oxidation, photooxidation of H2, CO, and CO2 
photolysis were found [2]. It is proposed a probable mechanism of the hydrogen photooxidation 

reaction on the basis of the performed kinetic studies. A required stage of the process is oxygen 
photosorption. In the limiting stage of the reaction, electronically excited states of photosorption 

oxygen interact with molecular hydrogen in the gas phase and are deactivated by oxygen in the gas 
phase.  
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After the experimental discovery of the exciton by E.F. Gross in 1951, A.N. Terenin 
suggested to use it to activate photocatalytic reactions on ZnO, which is one of the most efficient 

redox photocatalyst for the conversion of solar energy into the chemical one and for cleaning the 
environment. The use of ZnO is the most effective in the UV region, where its absorption 

coefficients reach the values of ~105 cm−1, while for ZnO sensitized in the VIS region they are much 
lower. However, despite a high generation efficiency of e−–h+ pairs in the UV region, their 
concentration sharply decreases due to their recombination (either a direct e−–h+ recombination, or 

via the recombination centers) and due to overcoming the surface potential barriers. 
In order to reduce the loss of photo-generated e−–h+ pairs we used the photo-generated 

excitons as neutral energy carriers. The high binding energy of excitons in ZnO (60 meV) ensures 
their integrity during the transport at room 
temperature (kT = 27 meV). However, until 

now, it was not possible to use excitons because 
of their radiative decay on the surface. For the 

first time, we succeeded to exclude the 
radiative decay of an exciton. For this purpose 
we created directly in the reactor chamber a 

surface 2D-structure ZnO/ZnO1−x/O−. In this 
structure the exciton decays non-radiatively 

into a pair of long-lived (103 s) electron-donor 
and hole active centers [1,2]. 

We stated the effect of a specific photo-

activation of the redox reactions of the photo-
stimulated oxygen isotope exchange (POIE) by 

the ZnO/ZnO1−x/O− system in the spectral 
region of the exciton resonant excitation. The 
reaction efficiency (the number of reaction acts 

per incident quantum) was found to be 5–7  
times higher than in case of the interband 

absorption [3]. 
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Fig. 1 Radiationless decay of exciton into a pair of long-

lived centers in 2D structure ZnO/ZnO1-x/O
–
. VB – 

valence band, CB – conduction band, EF – Fermi level, 

VL1,VL2, VL3  – vacuum levels before, after O2 desorption 

and after subsequent adsorption  of O
–
; Δδ – dipole 

component, φT – thermoelectric work function, VS – band 

bending, A/A
–
, D

–
/D – acceptor and donor reagent levels . 
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Thin films of titanium dioxide and zinc oxide on the glass surface demonstrate 

superhydrophilicity under ultraviolet radiation. The effect of a Cu2O substrate on the photoinduced 
change in the hydrophilicity of the surface of polycrystalline TiO2 and ZnO films was studied in this 

work. In this work, layered heterosystem glass–Cu2O–TiO2, glass–Cu2O–ZnO were synthesized. It 
was shown that the formation of heterostructures affects the direction of the photoinduced change in 
the hydrophilic state. Both heterostructures do not transform into a superhydrophilic state under the 

action of ultraviolet radiation. A decrease in hydrophilicity is observed both under the influence of 
ultraviolet radiation and under visible light. The kinetics of changes in the contact angles of single-

component films and heterostructures are shown in Figure 1. 
The data of impedance spectroscopy and changes in the work function indicate the 

formation of a heterojunction between the layers and electron transfer. Thus, the change in the 

hydrophilic state of the surface in the composition of heterostructures is explained by an increase in 
the concentration of electrons in the TiO2 and ZnO layer. 

 
 

Funding source. The reported study was funded by RFBR, project number 19-32-90111 

 
Figure 1:  a. The value of the contact angle with water of the TiO2 surface, 

b. the value of the contact angle with water of the ZnO surface. 

1 – SiO2 substrate, UV; 2 – Cu2O substrate, UV; 

3 – SiO2 substrate, Vis; 4 – Cu2O substrate, Vis. 
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Carbazole derivatives (CBz) possessing excellent luminescence characteristics and high hole 
conductivity [1] are widely used as photo- and electroluminophores, cell probes and sensors [2–4]. 
In combination with other chromophores, they can serve as effective energy donors. Therefore, 

excitation of the CBz unit in CBz containing bichomophoric systems allows for the energy transfer 
to and localization at the second chromophore (acceptor).  

In comparison with the model luminophore MeCBz, a strong fluorescence quenching of the 
CBz fragment in the covalently bound carbazole-styrylquinoline (SQ) dyad SQ3CBz was observed 
due to singlet-singlet energy transfer to the SQ unit with efficiency (quantum yield) of φFRET  = 0.95. 

Upon UV irradiation (  = 316 and 371 nm), both model photochrome MeOSQ and dyad 
SQ3CBz underwent reversible E-Z photoisomerization with the same quantum yields of φEZ = 0.46 

– 0.48 and φZE = 0.45 – 0.50.  
 

 
 

The work was performed in accordance with the Russian Federation state task, state registration 
No. АААА-А19-119070790003-7. 
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One of the most important problems facing science is the problem of creating a normal 

ecological environment for living organisms and the environment. The subject of our research is the 
spectral-luminescent properties and photolysis of the bisphenol A (BPA) molecule. BPA has 
received wide practical application in the manufacture of polycarbonate plastic, as it was used (in 

aquatic environments: drinking or waste water), its high toxicity was revealed, which is expressed 
in a negative effect on the endocrine system of living organisms. In this regard, the tasks of the 

transformation of BPA in order to reduce toxicity, or the search for ways to destroy it, are 
indisputably urgent. The search for more efficient disposal methods requires a detailed knowledge 
of the BPA physical and chemical properties and the reasons for their change depending on external 

conditions.  
Spectral methods and quantum-chemical calculations are some of the ways to solve this 

problem. The former make it possible not only to identify the compound, its transformation 
products and their properties, but also to confirm or refute the conclusions of the theoretical 
approach to the problem. In this case, the peculiarities of water as a solvent should be taken into 

account. No doubt, charged fragments are formed there, and this actually allows the formation of 
ionic forms of BPA due to intermolecular interactions. In our study, the absorption and fluorescence 
spectra of charged forms were obtained experimentally and by quantum-chemical methods. 

Comparison of the calculated and experimental results for the investigated structures was 
satisfactory. A theoretical study was carried out for the spectral-luminescent properties of molecules 

and their photolysis under the action of solar radiation. Quantum-chemical calculations of charged 
forms of BPA, confirmed experimentally, showed that the absorption spectra of these forms do not 
differ too much from the spectrum of the neutral form. The largest long-wavelength shift of the 

absorption spectrum bands is characteristic of the anion and is accompanied by an increase in the 
intensity of the absorption bands. Both of these factors contribute to an increase in the amount of 

sunlight energy absorbed by the molecule and play an important role in the photolysis of BPA by 
sunlight. Calculations have shown that the neutral form of BPA fluoresces weakly (the quantum 
yield of fluorescence is 10-3). The fluorescence of ionic forms is even less. The reason for the weak 

fluorescence in all forms is an effective channel in the migration of excitation energy – intersystems 
crossing. A theoretical study of photolysis of neutral and ionic forms of BPA showed that it occurs 

by breaking one of the single bonds of the central molecule BPA fragment through the direct 
photodissociation channel. However, photolysis occurs with a noticeable potential barrier, which is 
the smallest for the BPA anion. Analysis of the results obtained allows us to assume that the 

photolysis of the BPA anion is the most efficient in comparison with others for two reasons: 1) due 
to the lower potential barrier of the reaction; 2) greater overlap of its absorption spectrum with the 

spectrum of sunlight. The formation of molecular fragments obtained from the calculation data was 
confirmed by scientists [1] by the chromatography method.  
 

This work was performed within the framework of the State Assignment of the Ministry of Education 
and Science of the Russian Federation (Project No. 0721-2020-0033). 
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Several past years especial attention was paid to protonated merocyanine forms (MCH) of 

spiropyrans which recommended themselves as effective reversible photoacids – molecules capable 

of generating protons upon irradiation. As proton transfer is one of the most fundamental processes 
in nature, a lot of applications have been reported in recent years, in which photoacids are used to 

protonate materials for switching of their properties, to catalyze bond formation and breaking, and 
to control ion-exchange processes [1–2]. 

In the case of 

spiropyrans the photoacidity 
becomes possible due to the 

isomerization of trans-
merocyanine MCH to the 
meta-stable cis-merocyanine 

form which undergoes 
cyclization to the SP isomer 
with proton release. This 

process is usually activated by 
visible-light irradiation and 

some studies showed that 
there can be used a light 
source of low intensity which 

is very important for potential 
applications concerned to 

photonics and biomedicine. 
This work was aimed 

at study of the photoinduced 

transformations of protonated 
(deuterated) unsymmetrical 

bis-spiropyrans with 
conjugated indoline and 1,3-benzoxazine hetarene moieties. The studies performed using in-situ 
irradiation NMR spectroscopy revealed not only formation of several isomers after protonation and 

irradiation but also an unexpected competition between two processes under light irradiation – cis-
trans isomerization of indoline MCH fragment and photocyclization of benzoxazine MCH part with 

proton release (Figure 1). These unique results were found only for unsymmetrical bis-
spirocompounds which makes them prospective multistate molecular switches for using in 
molecular electronics and photonics.  
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Figure 1:  Photoinduced transformations of deuterated (protonated) forms of 

bis-spiropyran in a mixture of CDCl3 and CF3COOD. 
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Spiropyrans are well-known representatives of the class of dynamic organic compounds [1]. 
Photochromic spiropyrans can be used as easily tunable molecular switches in various advanced 
branches of science and technology [2]. However, for most indoline spiropyrans only unidirectional 

photochromism is observed. 
Contrary to this trend, we have 

synthesized and investigated a new indoline 
spiropyran with both fluorine and formyl 
substituents in the 2H-chromene moiety of the 

molecule demonstrating bidirectional 
photochromism (Figure 1). 

This phenomen was observed due to 
the fact, that the compound exists in the 
equilibrium of spiropyran (SP) and 

merocyanine (MC) isomers in acetonitrile 
solution. It was also confirmed by the results 
of NMR spectroscopy. The relation of MC:SP 

isomers is 95%:5%. It is important to note, 
that in chloroform solution this compound 

exists only as spiropyran isomer. 
The results of spectral-kinetic study 

shown that SP isomer is characterized by 

absorption maxima at 203, 253, 297 and 327 
nm. As for MC isomer, it has characterized by 

absorption maximum at 552 nm. When an acetonitrile solution of the compound is irradiated with 
UV-light (λirr = 365 nm) the equilibrium shifts in the direction of MC isomer. However, under the 
influence of visible light, the equilibrium shifts towards the SP isomer. After the termination of 

irradiation, in both cases a return of the system to a thermally equilibrium state is observed. The 
kinetic curves of thermal processes of coloring and bleaching are satisfactorily described by mono-

exponential functions, while the constants of both relaxation processes correlate well with each 
other (kSP-MC = 0.0112, kMC-SP = 0.0106). 

Such photochromic compounds are of a great interest for appliyng as markers for 

bioimaging, as well as molecular switches for electronics and photonics. 
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Figure 1: Bidirectional photochromic transformations of 

spiopyran between SP and MC forms  
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We designed bis-styrylbenzoquinoline (SBQ) dyad SBQ1-NA-SBQ2 (Scheme 1). It 

comprises two different SBQ photochromes, SBQ1 and SBQ2, and a residue of the 3-oxy-2-
naphthoic acid (NA), which serves as the "pre-organizing" framework. The SBQ1 and SBQ2 
photochromes are linked to NA through one and four methylene groups, respectively. We 

supposed that the difference in length (three methylene groups) between the two spacers is 
sufficient to provide a longitudinal displacement between the photochromes.  

The SBQ derivatives M1 and M2 (Scheme 1) were used as the models of the SBQ1 
and SBQ2 photochromic subunits of SBQ1-NA-SBQ2; methyl 3-methoxy-2-naphthoate 
(M3) was used as the model of the NA framework subunit.  
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Scheme 1: Chemical structure of dyad SBQ1-NA-SBQ2 and model compounds M1, M2 and M3; 

the SBQ photochromes are shown as s -cis rotamers. 

 
Both model SBQs M1 and M2 underwent reversible photoisomerization with quantum yields 

of trans-cis (φtc) and cis-trans (φct) photoisomerization φtc = 0.32 and φct = 0.66 for M1, and φtc = 
0.52 φct = 0.43 for M2.  

Under light irradiation, the dyad also underwent intra-photochrome photoisomerization of the 
SBQ2 subunit, and additionally inter-photochrome [2+2]-cross-photocycloaddition giving rise to a 
cyclobutane derivative (CB) bearing two benzo[f]quinoline (BQ) substituents. The luminescence 

and photoactivity of the SBQ1 subunit proved to be quenched because of energy transfer (ET) to the 
SBQ2 subunit.  

In cyclobutane, the ET process was also observed from the BQ substituents to the NA 
framework and led to the quenching of the retro-PCA reaction (the CB ring opening). 

Due to unique ratio between the local excited states of NA, SBQs, and BQ, the NA subunit 

serves as a 'hidden quencher'; it has little influence on the properties of the dyad, but after the 
formation of CB it turns on and quenches both the BQ fluorescence and the cyclobutane ring-

opening reaction because of fast ET from BQ to NA.  
Thus, the photochemical properties of both the dyad and CB are managed by intramolecular 

ET. 
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The 9,9,9',9'-tetramethyl-2,2'-bifluorene (hereinafter referred to as bifluorene) is the 
promising material for organic light-emitting diodes (OLEDs) technology. The substance possess 
high thermal and chemical photostability, good film-forming, hole-transport and radiation 

properties. The introduction of luminescent acceptors into the main chain of these oligo (9,9-
dimethylfluorene) allows to change the radiation range of copolymers, thereby expanding the use of 

such materials for white OLEDs fabrication. For this purpose, it is important to study the 
luminescent properties of bifluorene molecules. 

The theoretical study of radiation properties of bifluorene molecule was carried out using the 

density functional method (DFT/B3LYP/6-31G(d, p)). The structure of this molecule was optimized 
at ground (S0) and excited (S1) electronic states. The analysis of the optimized structures shows that 

at the S0 state the bifluorene molecule has a non-planar structure. The torsion angles between the 
monomeric fluorene units are 36°, which breaks the conjugation between the fragments. At the 
same time, in the S1 state, the structure of bifluorene molecule is practically flat. 

The vibrational analysis and modeling of absorption and emission spectra including vibronic 
effects has shown that the position of the bands of vibronic spectra is in agreement with 
experimental spectra [1]. The analysis showed that several low-frequency modes and their 

combinations form the first band in the vibronic emission spectra. The composite combinations of 
excited low-frequency vibrations with a high-frequency mode of 1692 cm-1 form the second band. 

The third band is formed by the combination of the same low-frequency modes and the overtone of 
the high-frequency mode of 1692 cm-1. The similar description of the spectral curve takes place for 
the case of absorption. 

It was shown that taking into account the Dushinsky effect [2] is important to explain 
experimental absorption and emission spectra because for this molecule the geometries of the 

ground (S0) and excited (S1) electronic states are greatly varied. 
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Among the different classes of organic dyes an important role belongs to cyanine 
(polymethine) dyes which are promising for the creation of energy-efficient luminescent and 

photochemically active materials. A feature of cyanine dyes is their ability to self-assembling with 
the formation of multichromorphic aggregates of various compositions [1, 2] and, in particular, the 

dimers. One of the factors contributing to dimerization is the presence of cavitand molecules – 
cucurbit[7,8]urils which are involved in the formation of monomeric and dimeric complexes with 
polymethine dyes [3,4]. The intersystem crossing to the triplet state (T) of cyanine dye monomers 

has an extremely low quantum yield (φT), while the dimers and dimeric complexes have a higher φT  
value, as well as longer lifetime of triplet dimers compared with that of the monomers, that allows 

the usage of the dimers as the triplet energy donors. 
This paper presents the results of the study of the triplet states of dimers of cyanine dyes and 

their complexes with cucurbit[7,8]urils in water by spectral-luminescence methods and by the 

method of laser flash photolysis. An 
important result is the discovery of two 

bands in the difference spectra of 
triplet-triplet absorption of dimers and 
their complexes. The shortwave band 

was assigned to the T1–T3 transition, 
while the longwave band was assigned 
to the T1–T2 transition (Figure 1). The 

triplet-triplet energy transfer from 
dimeric complexes of 

thiacarbocyanines with cucurbit[8]uril 
of 2:2 composition (energy donor) to 
the indodicarbocyanine monomer, as 

well as to the dimeric complexes of 
thiadicarbocyanin with cucurbit[8]uril 

of 2:2 composition (energy acceptor) 
was found. The energy transfer was 
confirmed by the recording of the 

triplet-triplet absorption of the 
acceptor. The energy transfer rate 

constant was found to be in the range 

3.4×107  5.0×109 L mol-1 s-1. 
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Figure 1. Diagram of the excited singlet and triplet states of 

monomers and dimers of the polymethine dye. Solid lines – 

radiative transitions, wavy lines – radiationless decay. 
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Hybrid compounds containing in the molecule a pyran fragment capable of photochromic 
transformations and another fragment with luminescent properties allows influencing fluorescence 

through photochromic transformations in the molecule. Such photoinduced modulation of 
fluorescence could lead to the creation of high-sensitivity optical switches. 

The spectral and kinetic properties of compounds depend on the nature of the substituents 

and configurations of parts of a molecule relative to each other. 
We have previously synthesized four hybrid compounds with luminescent properties starting 

from 3-methyl-6-hydroxyperinaphthenone as a substrate and various 1,1-diaryl-2-propyn-1-ols. [1]. 
Now we are currently synthesizing 4-trifluoromethyl-8,8-diphenylchromeno[6,5-f]chromen-

2H(8H)-one (I) through the condensation 4-trifluoromethylhydroxyberzocoumarin (II) with 1,1-

diphenyl-2-propyn-1-ol (III) which was carried out in presence of catalytic pyridinium 
trifluoromethansulfonat (PTMS) and trimethyl orthoformate (TMF) as frequently used method [2] 

(Scheme 1). 
The mechanistic details of the photochromism of the pyran (I) are shown in Scheme 2. It is 

well-known that the original state is closed pyran (in our case luminescent form A). Upon exposure 

to UV irradiation the generated colored quinoid form B is the unluminescent.  
In the process of photochromic transformations, modulation of the fluorescence intensity is 

observed (Fig. 1, curves 5, 6, 7). The luminescence intensity decreases after the appearance of the 
photoinduced colored form and is restored when the activating UV radiation is turned off.  
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Figure 1: Absorption spectrum (1–3), fluorescence 

spectrum (5–7) and fluorescence excitation 

spectrum at 501 nm (4) before (1,4,5), under (2,6) 

UV-irradiation and under dark relaxation (3,7) in 

toluene 
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Vitiligo is a dermatological disease 

characterized by the formation of depigmented skin 

patches due to disturbance of melanin biosynthesis. 
The incidence of vitiligo by country ranges from 

0.1% to 4.0%. There is an increase in the incidence 
of this disease, which determines the relevance of 
this study. The starting point of melanogenesis 

disorders in melanocytes is apparently associated 
with metabolic reactions of tetrahydrobiopterin 

(H4Bip), a coenzyme of phenylalanine hydroxylase, 
the first enzyme in the metabolic chain of melanin 
biosynthesis. During vitiligo, H4Bip is present in a 3-

5-fold excess and inhibits tyrosinase (a key enzyme 
of melanogenesis). 

UVB phototherapy is used to treat vitiligo, 
but the mechanism of the therapeutic effect remains 
unclear. We have previously proposed a hypothesis 

according to which H4Bip is the main target of UVB 
radiation. The formation of dimers of the azocyclobutane type during UVB photooxidation of 

H4Bip was shown for the first time. Photoproduction of dihydropterin dimers ((H2Ptr)2) from H4Bip 
has been proven [1]. 

In the present work, the mechanism of H4Bip photooxidation was studied and the spectrum 

of action of UV radiation was constructed in order to optimize UVB vitiligo phototherapy. The 
kinetics of H4Bip photooxidation was studied (Fig. 1), the reaction products were identified, and the 

quantum yields of the dimers formation were calculated. It was shown with HPLC and HPLC-
MS/MS that the main product of H4Bip photooxidation is (H2Ptr)2 with a yield of more than 90%. 
Based on the quantum yields data, the action spectrum of UV radiation was designated, 

demonstrating that the effective spectral range for the phototherapy of vitiligo lies in the range of 
300–325 nm. The obtained data and the action spectrum will expand the range of UV light sources 

for the treatment of vitiligo. 
 

The research was supported by the Russian Science Foundation grant 20-73-10029. 
 

References  
[1] Telegina T.A., Lyudnikova T.A., Buglak A.A., Vechtomova Y.L., Biryukov M.V., Demin V.V., Kritsky M.S., J. 

Photochem. Photobiol. A. (2018) 354:155–162. 

200 250 300 350 400
0

1

2

3

200 300 400

-2

-1

0

1

2

 

0 min

20 min

nm

А А

nm

245

275

 
Figure 1: Changes in the absorption spectra 

monitored upon irradiation at 320±10 nm (11.5 

mW cm
-2

) H4Bip (1.77×10
-4 

M) in 0.1 M 

phosphate buffer, pH 7.2. Arrows indicate the 

changes observed at different wavelengths. Insets 

show the difference spectrum between the last 

spectrum (20 min) and the initial one (0 min). 
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Human hemoglobin (Hb) is an allosteric protein that carries molecular oxygen (O2). Human 
Hb is a tetramer consisting of two α and two β subunits. Each subunit carries one identical heme 

group, which can reversibly bind one diatomic ligand such as O2. As tetrameric Hb is liganded, its 
quaternary structure changes and the ligand affinity increases. The aim of this study was to 
determine how ligand‐induced conformational changes influence the individual O2 rebinding 

properties of the α and β subunits in the oxygenated R-state Hb. Picosecond to millisecond laser 

time-resolved transient absorption spectroscopy was used to study molecular oxygen (O2) rebinding 

and conformational relaxation following O2 photodissociation in the  and  subunits within human 

Hb in the quaternary R-like structure. Time-resolved spectra were measured on the ULTRA 
apparatus in the Time-Resolved Multiple Probe Spectroscopy mode [1] at the Central Laser Facility 
(STFC Rutherford Appleton Laboratories, Harwell, UK). The time-resolved spectrometer used here 

allows to detect transient absorption spectra in the Soret region (from about 430 to 460 nm) in the 

time range from 1 ps up to 800 s after the laser photoexcitation with a sensitivity of 10 5 

absorbance units. Oxy-cyanomet valency hybrids, 2(Fe2+-O2) 2(Fe3+-CN) and 2(Fe3+-

CN) 2(Fe2+-O2), were used as models for oxygenated R-state Hb [2]. An extended kinetic model for 

geminate O2 rebinding in the ferrous hemoglobin subunits, ligand migration between the primary 
and secondary docking site(s), and nonexponential tertiary relaxation within the R quaternary 

structure, was introduced and discussed. Significant functional non-equivalence of the  and  
subunits in both the geminate O2 rebinding and concomitant structural relaxation was revealed. For 

the  subunits, the rate constant for the geminate O2 rebinding to the unrelaxed tertiary structure and 

the tertiary transition rate were found to be greater than the corresponding values for the  subunits. 

The conformational relaxation following the O2 photodissociation in the  and  subunits was 

found to decrease the rate constant for the geminate O2 rebinding, this effect being more than one 

order of magnitude greater for the  subunits than for the  subunits. Evidence was provided for the 

modulation of the O2 rebinding to the individual  and  subunits within human Hb in the R-state 
structure by the intrinsic heme reactivity through a change in proximal constraints upon the 

relaxation of the tertiary structure on a picosecond to microsecond time scale. Our results 
demonstrate that, for native R-state oxyhemoglobin, O2 rebinding properties and spectral changes 

following the O2 photodissociation can be adequately described as the sum of those for the  and  

subunits within the valency hybrids. The isolated  chains (hemoglobin H) show similar behavior to 

the  subunits within the valency hybrids and can be used as a model for the  subunits within the 

R-state oxyhemoglobin. At the same time, the isolated  chains behave differently to the  subunits 

within the valency hybrids. 
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New hybrid interfaces with unexpected spin functionality, called after the seminal paper of 
Sanvito “spinterfaces” [1] act as key element at molecular level for engineering the properties and 
the performance of spin-devices. Among the plethora of spinterfaces, those including half metallic 

ferromagnetic oxides like La0.7Sr0.3MnO3(LSMO), are of special interest. LSMO has been coupled 
to a variety of organic molecules and successfully used in spintronic devices [2, 3], showing even 

the inversion of the sign of the polarization upon the deposition of an organic molecule [4]. 
Nonetheless, the variability of the composition of the termination layer of LSMO [5] hindered a 
reliable investigation of its interface with organic molecules  

All electronic structure calculations were performed using Vienna Ab-initio Simulation 
Package (VASP) within the DFT framework. A plane wave basis set with the projector augmented 

wave (PAW) method and the GGA-PBE functional taking into account Hubbard corrections (GGA 
+U) and the Grimme correction for van der Waals interactions were used. Monkhorst-Pack 
Brillouin zone k-point sampling was implemented, and the k-point mesh contained 2×2×1 k-points 

for the corresponding supercells. A vacuum interval of 20 Å was set normal to the plane to avoid 
artificial interactions between adjacent images. The cutoff energy was equal to 400 eV. A maximum 

force acting on atoms less than 0.001 eV/Å was used as a stopping criterion for structural 
optimizations. The U = 2 and J = 0.7 eV parameters of GGA + U approach were adopted from 
earlier calculations of LSMO. 

In agreement with experimental LSMO surface investigations and following previous 
theoretical studies, both Mn–O and Sr–O terminated LSMO(001) surfaces were considered in 

possible 6T/LSMO heterostructures. LSMO slabs of six atomic layer thickness with both Mn–O  
and Sr–O termination layers were produced by cutting the LSMO crystal along the (001) 
crystallographic plane as depicted in Figure 6.  The 4×2 supercell of the LSMO surface was used to 

calculate the electronic structure of the 6T/LSMO interface with each supercell containing a single 
6T molecule coordinated either to the MnO or the SrO surface. After structural optimization, the 

orientation of 6T molecules relative to LSMO/MnO and LSMO/SrO surfaces is determined as ~600 
inclined with the molecular plane perpendicular to the LSMO(001) surface. Such molecule 
orientation is consistent with the upright orientation of molecules deduced by AFM and PL 

spectroscopy. The 6T molecule is coordinated to both MnO and SrO surfaces by a thiol atom with 
S–Mn and S–Sr bond lengths equal to 2.85 Å and 3.15 Å which may be characterized as complex 

and weak dispersion types, respectively. In the case of Sr–O termination, an H–O bond (2.02 Å) can 
be realized due to a change in the rotational angle with the surface. 
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Organic light-emitting diodes (OLEDs) have attracted increasing interest in both the scientific 

and commercial fields due to their applications in high-resolution, multicolor displays and solid-

state lighting. Extensive studies have demonstrated that D–(π)–A structures are useful for 
developing high-efficiency emitters, because such push–pull systems usually show strong 

intramolecular charge-transfer (ICT) emission and their optoelectronic properties can be facilely 
modulated through tuning the electron donor (D) and/or acceptor (A) strengths. During recent years, 
pyrazine and quinoxaline derivatives have been intensively studied because as building blocks of π-

conjugated compounds for use in multiple optoelectronic and photovoltaic applications . 
Pyrazine and quinoxaline themselves are commonly used as an electron-acceptor unit (A) 

which, being combined with different electron-donor blocks, make up for donor-acceptor type  
systems. Such push-pull structures are promising materials for different photovoltaics and 
optoelectronics applications like dye-sensitized solar cells (DSSCs), organic field-effect transistors, 

and emitting material for OLEDs. 
A series of novel D–A and D–π–A push-pull systems based on a pyrazine and quinoxaline 

acceptor, bearing various electron-donating triphenylamine and carbazole moieties, are compared 
(Fig.1). A significant difference in electrochemical and photophysical properties was found 
depending on molecular structure. The compounds have strong solvatochromic properties. The 

dipole moment in the ground and excited states was estimated. The fluorescence quantum yield in 
solutions and films of thermal vacuum deposition is measured. The fluorescence and 

phosphorescence spectra in ethanol and thermovacuum deposited films were studied at a range of 
296 – 77 K. Quinoxaline-containing systems exhibit delayed fluorescence (DF) in thermal vacuum 
deposition films. Despite the low quantum yield of fluorescence in the solid state (less than 10%), 

organic light-emitting diodes with sufficiently high efficiency (4.2 cd/A) have been fabricated on 
the basis of this push-pull systems. The best results were obtained for compounds exhibiting DF. 

The possible channel for increasing the efficiency of OLED can be associated with the “hot 
excitons” mechanism. 

 

Figure 1. Electron donating and acceptor blocs for pull-push molecules. 
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Polymethine dyes have the greatest variety of photophysical and photochemical properties 

among organic dyes [1]. New fluorescent probes SL1 – SL7 based on polymethine dyes have been 
synthesized. It was shown that they have high absorption intensity and fluorescence brightness in 
the near-IR spectral range. This made it possible to create on their basis highly efficient fluorescent 

probes for bioimaging. The spectral and fluorescent properties of new probes in media of different 
polarity and viscosity have been investigated. 

Fluorescent dyes SL1 – SL7 were initially dissolved in DMSO for initial screening 
purposes. Solutions were inserted polyethylene capillaries which were inserted in PTFE phantom to 
mimic in vivo light scattering. For imaging purposes Insyte FLECT/CT 3D imaging system from 

Trifoil Imaging Inc. was used. For excitation 730 nm laser was used and 803/813nm filter was 
selected. 

Based on initial screening results compounds SL3 and SL6 were dissolved from DMSO 
stock in Wistar rat plasma (0.5% end DMSO concentrations) at compound end concentrations 1 and 
10 µg/ml. Compound SL6 was selected as the one to be optimized further. After optimization and 

evaluation of physicochemical properties compound SL7 was selected and imaging performed 
using compound end concentration of 100 µM. It was determined that compound has good stability 

for long-term use as the fluorescent signal intensity was depleted by only 23% over the period of 2 
months. Compound SL7 has been selected as the lead to be used also for in vivo imaging and 
subsequent studies. 

.  
Figure 1:  

 

 
Figure 2:  

 

Figure 1 and 2. Fluorescent signal intensity for compound SL7 in phantom.  

TIRF image was acquired using 705 nm laser and 813 nm filter combination. 
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We present a comparative light-

induced EPR (LEPR) study of photoinitiation, 
relaxation, and recombination of charge 
carriers initiated by achromatic/white and 

monochromatic (with a photon energy of 
1.34–3.41 eV) light in the PBDB-T-based 

photovoltaic systems with IT-M counterions. 
Charge carriers, polarons on polymer chains 
and respective radical anions excited in a 

disordered composite matrix first fill spin 
traps, the number, energy depth and spatial 

distribution of which are determined by the 
morphology and crystallinity of bulk 
heterojunctions. By deconvolution of the 

effective LEPR spectra, the contributions of 
immobilized and mobile charge carriers 
(Fig.1a), as well as their main magnetic 

resonance parameters, were determined separately at the wide variation of the experimental 
conditions [1].  

The interaction of spins occupying different energy levels in the bandgap of the polymer 
semiconductor provokes the extremal photon-energy sensitivity of the spin-assisted processes 
carrying out in the polymer composites. Predominant non-geminate recombination of charge 

carriers follows multistep trapping-detrapping spin hopping between polymer sites and is strongly 
governed by the number, energy depth, and spatial distribution of spin traps. It was shown that all 

processes in composites involving spin are spin-assisted and, therefore, are determined by the main 
magnetic resonance properties of both the spin charge carriers. The introduction of microadditives 
of the photoactivator 2,5-diphenyloxazole into the system improves the morphology of the 

composite due to a more intense π–π-interaction between the components. A further at least double 
improvement in the functionality of the composite is realized when it is modified with small 2,5-

diphenyloxazole molecules (Fig.1b). The interactions between different spin carriers contribute to 
the growth of the exchange interaction between them and stabilize the number of spin charge 
carriers, mainly localized in the energy traps of the polymer matrix.  
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Many factors influence to the catalytic properties of zeolites, which depend on the method of 

preparation and the initial form of zeolite [1–2]. The proton form of mordenite, which has stronger 

acid sites, is usually obtained from the ammonia form by calcination at 300°C. It is well known that 
this procedure leads to significant degradation of the mordenite framework [3]. The nuclear 

magnetic resonance with magic angle spinning (MAS NMR) is a powerful tool to study the local 
structure of solids and to probe H-containing species in zeolites. 

In this contribution, we report on the results of our 1H MAS NMR study of the protonated 

mordenite with different Si/Al ratio, namely 9.9, 15.0, 15.2, 15.7, 15.8, 18.7, 19.8, supplied by 
TOSOH Co., Japan. It should be noted, that according to the inductively coupled plasma optical 

emission spectroscopy the real ratios were about 10% less the declared ones. 
The X-ray diffraction analysis confirms the mordetite structure for all the studied samples, 

the changes in lattice parameters correlate with Si/A ratio. However, the linewidth of individual 

lines for different samples is different that correlates with morphology of the samples observed by 
scanning electron microscopy. The 27Al NMR confirms the drop out of Al from the zeolitic 

framework that is typical for protonated zeolites. 
1H MAS NMR experiments were done using a Bruker Avance IIITM 400 MHz solid-state 

NMR spectrometer (operating with Topspin version 3.2) using a double-resonance 3mm magic 

angle spinning (MAS) probe. In MAS experiment the rotation frequency was varied from 0 to 19 
kHz. 

For all the studied samples the 1H NMR signal can be decomposed on four individual lines 
of different linewidth and intensity with situated at about 1.5, 5.0, 7 and 9 ppm. The line position 
slightly depends on the Si/Al ratio and wetness of the sample (in our experiment we studied both 

the fully hydrated and dried at 100 oC for 4 hours samples). The positions of these lines can be 
traditionally assigned to the silanols, bulk water and water protons hydrogen bounded with bridge 

Al–O–Si oxygen and corresponding OH groups, respectively. However, a rather strong dependence 
of the chemical shift of the line at 9 ppm in hydrated samples on the rotor frequency indicates the 
presence of the charge carrier in the studied protonated mordenites. Moreover, 7–10 ppm is a 

characteristic chemical shift for [H…n(H2O)]+ species. Altogether it suggests formation of 
[H…n(H2O)]+ species in hydrated samples. Interestingly, the quantity of these species does not 

depend on the Si/Al ratio, but correlate with OH group signal intensity. The latter, in its turn, 
depends on the sample morphology. 
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The idea to use resonance laser excitation for selective initiation of different processes in 

molecular systems attracted the attention of specialists for more than half a century [1]. Surface 

chemistry of halogenated hydrocarbons plays important role in stratospheric ozone destruction. The 
aim of this work was to study influence of IR-laser irradiation on surface reaction of chloroethene 

(cis-C2H2Cl2) with ozone at 77–300 K on silica and titania considered as model atmospheric 
aerosols. 

Ozonolysis of chloroethene on SiO2 was not observed at 77 K. Only temperature increase up 

to 170–180 K starts the ozonolysis reaction. TiO2 exhibits high activity towards ozonolysis of 
chloroethene. Weak bands of products start to grow already at 77 K. Preliminary water adsorption 

inhibits the activity of titania. The reaction in this case starts only at 100–140 K. These results 
enable us to think about the possibility of initiating ozonolysis by IR laser radiation at 77 K. 

Adsorption of ozone isotopic mixture with the predominance of on TiO2 diminish the 

intensity of the band 1590 cm-1 of preliminarily adsorbed chloroethylene (Fig. 1). At the same time, 
the growth of the bands of CO2 at 2324 and 2306 cm-1 as well asthose at 1694, 1656, 1604, and 
1539 cm-1 due to the products of ozonolysis occurs. IR laser pulses (100000Hz 980ns) at 1991 cm-1, 

the frequency ν1+ ν3 band of adsorbed 18O3  for 30 minutes accelerate the growth of all these bands 
with the preferential increase of that one at 2306 cm-1, which starts to dominate in spectrum over the 

band at 2324 cm-1. For SiO2 laser radiation does not initiate the ozonolysis process. 
 

 

Figure 1. FTIR spectrum of cis-C2H2Cl2 ozonolysis products on TiO2 at 77 K. Both spectra are 

registered after 80 minutes after ozone adsorption, but for the dashed line the sample was exposed 

to laser irradiation at 1991cm
-1

 for 30 minutes. The area of CO2 vibration is shown in the insert. 

Thus, IR laser radiation can accelerate the ozonolysis process, it seems even possible to 
carry it out the process selectively with specific isotopologues, if we irradiate at the frequency of its 

combination mode. 
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Natalya Aleksandrovna Prilezhaeva's father (1876–1934) was a well-known professor in Leningrad 
in the Department of Practical Mechanics and Precision Instrumentation at the Educational Plant of 

Precision Mechanics and Optics. Mother Marianna Sergeevna (1880–1949) came from the nobility, 
graduated from 3 courses of the Higher Courses for Women. Natalya Alexandrovna began her 

scientific career as a third-year student at the University in 1928 under the guidance of Professor 
Terenin.  
 

Alexander Nikolaevich Terenin is a colorful figure in all respects, was in those 20–30s of the last 
century a model of Jules-Vernes' scientist eccentric. He was a talented experimenter, deep theorist, 
brilliant humorist and ... a convinced misogynist. And this celebrity, who did not let a single woman 

enter the threshold of her laboratory, was a learned girl with glasses on a long nose and with a 
referral to industrial practice in her pocket. At the time of the appearance of the violator of the 

prohibition, the professor was photographing the spectrum of the arc discharge. Having found out 
that the girl considered herself competent in the technique of this experiment, the professor sat the 
impudent woman in his place, gave the proper strict instructions and ... fled. Perhaps he went to 

complain to his superiors. He was absent for a long time. Photographing spectra is a time 
consuming task, but not too burdensome. Miss Natasha combined her duties with the study of an 

English article found on the professor's desk. She took care to learn English in her junior years. 
When the professor finally returned, he found in the laboratory almost idyllic. The spectrum was 
safely photographed, and the learned girl diligently absorbed scientific information. The iron taboo 

had to be broken – Natasha was admitted to the holy of holies. "Do you know how to photograph?" 
– "I do" – Natasha lied. "Come back tomorrow". Father's resources were mobilized at home, 

something was purchased on Nevsky. And in the evening Natasha personally photographed three 
small chamber pots that were solemnly placed on the table: father's, mother's and her own. With her 
own hand, she carried out all the stages of processing up to obtaining a photograph, which 

unfortunately did not survive ...  
 

Pretty soon Natasha became her own person in Terenin's laboratory. She took part in all humorous 

escapades and out-of-town tours, where bloodthirsty mosquitoes showed preferential attention to 
Alexander Nikolaevich, neglecting the merits of accompanying sapiens. They were blissful and 

sarcastically accused the stubborn mosquitoes of Terenin's mischief. The professor laughed it off. 
He was a witty man, he did not go into his pocket for a word. Practice in Terenin's laboratory served 
as the beginning of the beginnings of a further path in science. SOI (The State Optical Institute) in 

those years gathered the cream of young talents. Naturally, Natasha also entered this elite. After 
graduation, she became a research assistant at Terenin's laboratory. Soon the first scientific 

publications appeared in the most famous foreign journals in collaboration with Alexander 
Nikolaevich. A persistent breach was made in Terenin's misfortune. Alexander Nikolaevich became 
Natasha Prilezhaeva's adored teacher and good friend. Under his leadership, first as a student, and 

then as an equal employee of the Photochemistry Laboratory of the Optics and Spectroscopy 
Department of the State Optical Institute, she completed twenty scientific works. Then several 

fruitful joint years of work in the SOI laboratory passed. The teacher and the student became friends 
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with each other to such an extent that the future academician gave her a photograph of himself with 
a handwritten signature in English “To a dear and true friend”, which she kept for the rest of her life 
separate from her album. 
 

 
 
In 1934, Prilezhaeva's father suddenly died of an apoplectic stroke. Leading optics scientists, whom 

you can see in the photographs of that time, came to see him off on his last journey. You can 
recognize A.N. Terenin on this photo. 
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Who knows what else their joint work could have resulted in and what brilliant results this 
harmonious cooperation of two such consonant talents could have led, if not for the ridiculous 
reference of Prilezhaeva. After Kirov's assassination, all "noblemen" were evicted from Leningrad 

without exception. The SOI protection letter, which the Prilezhaevs had, did not help either, and her 
mother was evicted from Leningrad and sent into exile in Tomsk for her noble origin. From 

Leningrad, the Prilezhaevs had to get out, it seems, in 36 hours. True, they were not evicted to 
Kolyma, but given the opportunity to choose a city. Prilezhaeva chose Tomsk, since there was a 
person she knew from conferences, Tartakovsky. Of course, some of the things were shoved into 

their relatives, some were taken with them. It is unlikely that the choice was very sensible. The most 
overwhelming thing – the library – had to be left. From the books they took with them only Italian 

stories in French. Uncle Kolya, possibly the brother of Marianna Sergeevna, also went with them. 
He disappeared soon after. Where and how is not known. It is unlikely that Uncle Kolya left, taking 
advantage of the gracious permission. Most likely hit by the broom of the thirty-seventh.  
 

Her leaders, first of all Terenin, tried to help her by organizing two letters to the then head of the 
NKVD, Commissar Yagoda, with a request to return a valuable employee back. Letters signed by 

Academicians A.F. Ioffe, I.V. Grebenshchikov, S.I. Vavilov and Professor A.N. Terenin are 
published in an article by V.A. Goncharov, V.V. Nehotin, Academicians in defense of repressed 

colleagues, Bulletin of the Russian Academy of Sciences, 2002, N6, p.530. Here is their content. 
 

# 1.   To The People's Commissioner of the Internal Affairs G.G. Yagoda 
 

The laboratory of photochemistry of the State Optical Institute, which 

develops fundamental issues of photochemistry under the leadership of 

Corresponding Member of the USSR Academy of Sciences A.N. Terenin, is of 

leading importance in the Union in this area, which was noted in the 

resolutions of the 11th All-Union Physico-Chemical Conference in February 

of this year and the last session of the Academy of Sciences in May of 

this year. The indicated laboratory, which consisted of 4 employees, is 

currently in an extremely difficult situation due to the departure from 

Leningrad at the suggestion of the NKVD in March of this year. two highly 

qualified employees (N.A. Prilezhaeva and B.V. Popov, who have worked in 

the laboratory for over 5 years). N.A. Prilezhaeva has 14 publications, 

B.V. Popov has 5. Both were preparing to defend a thesis for a doctorate; 

possessing also high pedagogical qualifications (both had the title of 

associate professor), they were the most suitable leaders for training 

young specialists in photochemistry who could conduct independent research 

work in other institutes of the Union. Their departure caused a sharp 

reduction in the volume of work of the laboratory (1 researcher and 1 

laboratory assistant remained), and also made it difficult for the 

laboratory to train new personnel in a specialty of great theoretical and 

practical importance. There is no other similar laboratory in the Union. 

It is not possible to get highly skilled workers as indicated in the near 

future. Taking into account that at the May session of the Academy of 

Sciences a resolution was passed on the all-round development of the work 

of the above laboratory, we ask you not to refuse to clarify the issue of 

the possibility of returning the main laboratory worker N.A. Prilezhaeva 

to Leningrad at the State Optical Institute. It should be noted that N.A. 

Prilezhaeva moved to Tomsk, accompanying her mother, and that there was a 

favorable decision of the prosecutor in favor of her leaving in Leningrad, 

which could not be used due to the short time allowed for departure. 
   

Chairman of the Physical Group of the USSR Academy of Sciences, 

Academician Ioffe. 

  Head of the Chemical Sector of the State Optical Institute, 

Academician Grebenshchikov.  

Head of the Photochemistry Laboratory of the State Optical Institute, 

Corresponding Member of the USSR Academy of Sciences, Professor Terenin.  

June 25, 1935 
 

CA FSB RF. F. 3. Op. 2. D. 897. L. 98, 98 rev. Script. Typescript. 
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# 2.   To The People's Commissioner of the Internal Affairs G.G. Yagoda 
 

In a petition dated June 25 of this year, sent to you personally, a copy 

of which is attached, we drew attention to the plight of a laboratory of 

great scientific importance in the Union and widely known abroad, namely 

the laboratory of photochemistry of the State Optical Institute, headed by 

a corresponding member Academy of Sciences of the USSR, Professor A.N. 

Terenin. This situation was created as a result of the departure of the 

main researcher of the laboratory, Natalia Aleksandrovna Prilezhaeva, who 

left with her mother, at the suggestion of the NKVD, from Leningrad to 

Tomsk in March of this year. The absence of such a highly qualified worker 

and the impossibility of replacing him in the coming years makes it 

extremely difficult for the laboratory to develop the leading problems of 

photochemistry, damaging its importance both in our Union and abroad. In 

view of the above, we again appeal to you with a request to reconsider the 

case concerning Natalia Aleksandrovna Prilezhaeva in order to clarify the 

possibility of her returning to Leningrad to the State Optical Institute. 
 

Academician (A.F. Ioffe)  

Academician (I.V. Grebenshchikov) 

   Academician (S.I. Vavilov).  

Corresp. Member of the Academy of Sciences, Professor (A.N. Terenin)  

December 29, 1935 
 

CA FSB RF, F. 3, Op. 2, D. 897, L. 97. Typescript.  Publication after: V.A. Goncharov, V.V. Nehotin. 

Academicians in defense of repressed colleagues // Bulletin of the Russian Academy of Sciences. 2002, No.6, p.530 

 

Having thundered to Tomsk by mistake, Prilezhaeva lost real hope of marriage. Her idol and chief 
at SOI, Professor Terenin, who had a reputation as an ardent misogynist, not only allowed 

Prilezhaeva into his laboratory as an exception, but also clearly favored his ward. Departure to 
Tomsk canceled plans and illusions. But fate wanted to compensate for lost hopes to make her the 
head and ancestor of all optical-spectroscopic schools in the Trans-Urals. So she excelled in 

science. Perhaps, if she remained in Leningrad, she would only be an echo of the dear Terenin. It 
seems that a year later they apologized to the Prilezhaevs, the mistake, they say, came out of 

excessive zeal. They offered to return. Where to? In the ashes? Natasha refused. In Tomsk science, 
it has already taken root, has taken root. Presumably, she was afraid of a repetition of sanctions.  
 

Nevertheless, Terenin also found an opportunity here to help his student. He first initiated the 
defense of her Ph.D. thesis, and then her doctorate for two years! In 1938, Natalya Aleksandrovna 
defended her doctoral dissertation "Transformations of Electronic Energy in Elementary Processes". 

At the same time, Vera Mikhailovna Kudryavtseva becomes a doctor of sciences. The inseparable 
"Curies" experimented together, discussed the results together, completed the work together, using 

another vacation for this, rested together and rode bicycles to the dacha and to pick mushrooms. 
Even opponents from other cities they had in common – Grigory Samuilovich Landsberg (Moscow) 
and (of course!) Alexander Nikolaevich Terenin (Leningrad). Only the locals, Tomsk, were 

different: Ivan Fedorovich Ponomarev opposed Kudryavtseva, and Boris Vladimirovich Tronov 
opposed Prilezhaeva. And they were the first women – doctors of science physicists in the USSR. 

Natalya Alexandrovna had just turned thirty at that time. 
 

Not without punctures. For some reason, highly educated opponents did not get off the train in 

Tomsk Perviy, where a cab was waiting for them, but moved to Tomsk II. And there they blinked in 
confusion, looking for the greeters. In the end, a man with a cart was contracted. So, sitting on a 

lumbering cart, and arrived at the indicated address, without losing either optimism or favor for the 
nervous dissertators. To Terenin, in general, mosquitoes and absurdities stuck. After his election to 
the Academy of Sciences, Kudryavtseva and Prilezhaeva sent a congratulatory telegram signed: 

"Happy dissertators" . A telegram came to the indicated address to a certain academician Terekhin 
from "happy disserans" .  
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In 1961 Terenin sent his second photograph to Prilezhaeva with the dedication "To dear Natalya 
Aleksandrovna Prilezhaeva in memory of past adventures in science and nature to the croaking of 
spring frogs. Leningrad, June 5, 1961". 

 

 
 
60 years have passed since that time, but the past is still remembered. 
 

The article uses materials from the archive of the Museum of the History of Physics of TSU  

and unpublished memoirs of N.V. Kudryavtseva. 

 


