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SPECTRAL PROPERTIES OF THOBARBITURIC ACID
DERIVATIVES WITH AIE-EFFECT

Development of efficient luminescent materials is a topic of great
current interest. Whereas light emissiorof luminophors are
normally investigated in the solution state, they are practically used
as materials commonly in the solid state. In the solid state, the
molecules are located in the immediate vicinity and thus experience
strohgstacki mg which tpremotecthei formation of
aggregates with ordered or random structures. The excited states of
the aggregates often decay via nonradiative pathways. This pheno
menon is called the aggregatioaused quenching (ACQ) of light
emission in the conderdehase. Its mechanism includes the strong
intermolecular”-" stacking interaction between aromatic rings that
are the fragments ofalmost i or ophor edés mol ecul e s

To mitigate the ACQ effect, various chemical, physical, and
engineering approaches and processes have been developed but the
attempts have metvith only limited success. It wil be nice, if a
system can be developed, in which light emission is enhanced, rather
than quenched, by aggregation because no additional effect will need
to be placed to artificially interrupt the very natural process of

luminophore aggregation.
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In 2001 by Tangand ceauthors described a novel phenomenon

of filagegmeedami seai ono (Al E) : a ser.i

organometallic molecules such as siloles and tetraphenylethylenes
are found nonluminescent in the solutistate but highly emissive as
nanoparticle suspensions in poor solvents or as thin fims in the solid
state [2].In 2002 Parket al reported aggregatieinduced enhanced
emission (AIEE) in similar materials [3]. Since then, AIE and AIEE
have attracted cort@rable attention for fundamental research and
potential applications in such fields as organic {ightitting devices,
biochemical probes and chemosensors. Several mechanisms have
been proposed to explain the AIE and AIEE effect: restriction of
intramolealar rotations, restriction of intramoleculaibrations and
restriction of intramoleculamotions [4]. The realization of the all
presented mechanisms mainly comes down to the restriction of
mobility molecules through environmental influences (solventineat
changes, change, viscosity and temperature), and as a result, the
blocking of nonradiative channels take place [5]. Based on our
recent studies, we suggested that the change in fluorescence intensity
associated with the aggregation of molecules caliyed change in
temperature and viscosity of the medium is determined by the
relative position of the energy levels of the lowest electronic excited
states [6].

Utilizing the AIE characteristics, potential applications of the AIE
luminogens as chemical s, biological probes, smart
nanomaterials, and solgtate emitters have been explored [5].
Among them the barbituric acidébs
properties in solvent mixtures and can be employed in many
applications [7, 8].

=y, 0.114 due to aggregates formation.
The fluorescence intensity of -(8-diphe

N \ 2 Nhylaminostenesbarbituric acid enhanced
@ od & 41f ol d (G :THFOto @7% 8 THFA ,f

“"ﬁ. mixture.

O So, the fluoresence quantum vyi
L) o 5-(N-carbazolstyryBbarbituric acid in THF is
O OQ"(N“ 0.054 and inTHF/ 1 »f mixture increased to
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These data demonstrate(¥-carbazolstyryhbarbituric acid and
5-(4-diphenylaminostened)arbituric acid are AlEactive molecules
[5].

In present study we investigated the absorbance and fluorescence
properties of two deratives of thiobarbituric acid, namely-(8-
dimethylaminobenzilydene)thiobarbituric acid (1) and-(45
methoxybenzilydene)thiobarbituric acid (2) related to their ability to
display the AIE behavior.

o)_@—u: q ;Cg}_o_
HN HN o
s)—nn r

2

1

UV-VIS absorption spectra were measlien an Agilent Cary 60
spectrophotometer. Photoluminescence spectra are recorded on
Perkin EImer LS 55 Fluorescent spectrometer.

The optical properties of compounds (1) and (2) have been
investigated in organic solvents (DMSO and {CN), as well as in
mixtures DMSO/water and GEN/water. Obtained results confirm
the presence of emissive aggregates in poor solvents showing a
phenomenon of aggregatiamduced emission.

The particle size of naraggregates has been evaluated by using
the Nanoparticle Trackinghnalysis (NTA) method NTA is a relati
vely newly developed method for the direct and -tieaé visualiza
tion and analysis of nanopatrticles in liquids [9]. Based on a-laser
illuminated microscopic technique, Brownian motion of nano
particles is analyzedn reattime by a CCD camera, each particle
being simultaneously but separately visualized and tracked by a
dedicated particle tracking image analysis program.

It was founded that the contribution of particles with the mean
sizes below 90 nm were 33% ard 34.2% for nanoparticles of
compound 1 (DMSO:water (1:1) mixture) anthnoparticles of

compound ACHsCN:water (1:1) mixture), respectively.
References: 1. BirksJ. B. Photophysics of Aromatic Molecules, Wiley
Interscience, London, 1975. 210p. 2.LuoJ., XieZ, LamJ. W,, ChengL.,
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CHLORINE-FREE DISINFECTION OF WATER
CONTAMINATED WITH E. COLI: COMPARING
EFFICACY OF UV-TREATMENT WITH COMBINATION
OF ELECTROLYSIS, ULTRASONIC AND
PHOTOCHEMICAL TREATMENT

Sewage \ater contains numerous microorganisms. There are
various methods to reduce the number of infections components to
an acceptable level for drainage to any water pools [1]. Earlier, the
chlorination method was traditionally used; in recent years, ozone
treament, UVirradiation, and various electrochemical processes are

EE x| n{E 9



applied. Selection of the disinfection method significantly depends
upon the cost of required energy, especially in the cases, where large
quantities of water should be treated. Various etadtmprocesses

that have been proposed for disinfection and sterilization of contami
nated waters and food have included ohmic heating via the passage
of current at moderate voltage, highltage pulsing that disrupts and
otherwise destroys bacteria, ancgrolytic processes that produce
oxidants at low voltage.

It is known that the mechanism of electrolytic disinfection
depends on many parameters, including the nature of the electrolyte
[2, 3]. The mechanism of electrochemical (EC) wastewater -disin
fecton has been discussed by Li et al. [4] who investigated the
behavior of E.coli in solutions of NaCl, NaNGnd NaSQ,. In
comparison to direct chlorination, the EC process displayed a much
stronger disinfecting capabilty than that of electrochlorination
assumed for EC disinfection [B]. Study of the E.coli bacteria of
wastewater treated by different means of disinfection suggested that
the cells were likely kiled during the EC treatment by chemical
products like hydroxyl radicals with oxidizing and gmeidal powers
similar to that of ozone and much stronger that of chlorine.

The article presents the results of a study of water disinfection by
ultraviolet radiation in combination with other physicochemical
methods [7,8]. The combined use of various etls of decontami
nation is advisable in cases where one of the methods does not
possess the necessary properties. When assessing the effect of the
combined effects of chlorine and UV disinfection, no improvement
in disinfection is shown. Also, the photelg of chlorine compounds
is not accompanied by the formation of undesirablgtmducts [9,

10]. The combined use of ultrasound and W¥atmentis charae
terized by high energy consumption, which makes this method not
competitive for industrial use. Thase of highfrequency currents
entails higher costs than the traditional method, and therefore this
method is not practical for widespread use. The use of water
ozonation provides a primary barrier against microbial contamination
and reduces the amount ofagent, which allows the use of the
decomposition method of complex organic compounds. Combined

10 EE x| n{E



methods of ultraviolet radiation and other physical and chemical
methods (ultrasound, chlorination, microwaves) can solve complex
and specific problems on ablaratory scale. UV ozonation can be
used for industrial purposes [11, 12]. The effectiveness of each of the
studied methods is based on the results of bacteriological analysis
and the characteristics of the object. The proposedcaiwbined
methods of bact&idal disinfection can be used to disinfect not only
drinking water and wastewater, but also for various objects of
agriculture, food and medical industries [13, 14].

Previously [15] we were able to find the experimental conditions
where the DI water, phly contaminated with E. coli and containing
sodium sulfate as an electrolyte was treated with an alternating
current in a circulating system with use of electrochemical cell with
10 electrodes made of stainless steel. We provided the experimental
proof d formation of hydrogen peroxide which in turn participates in
Fenton reaction in the presence of cations such as Fe (ll) that leads to
generation of hydroxyl radicalsThe influence of additional water
treatment with ultrasound (20 kHz) applied duringcelgysis was
evaluated and it was shown that ultrasonic application increased the
rate of hydroxyl radical formation and the rate of kiling bacteria
[16].

In this study the effect of ultrasonic treatment performed during
electrolysis was combined with nsilltaneous generation of singlet
oxygen during irradiation of polymdrased active photolayers
containing insoluble in water form of fluorescent dyes. We have
found the experimental conditions that provide the most effective
combinations of singlet oxygergeneration and generation of
hydroxyl radicals through chloririeee electrolytic processes and
through ultrasonic treatment, superior to each applied individually.

The following conclusions can be made

1. The sanitizing effect of singlet oxygen generatgdirbadiation
of photolayer containing fluorescent dye is relatively low and the
disinfection timetyis longer than 1.5 hrs.

2. The combination of photand electrochemical treatment
allow to decrease the time of complete disinfection in22ltimes
compaed to photochemical treatment itself.

EE x| n{E 11



3. Most efficient method for eradication of bacteria includes the
combination of electrolysis, photochemical generation of singlet

oxygen and ultrasonic treatment.

References 1.Li, Y., KimJ., SlavikM. F., GriffisC.L., WalkerJ. T., and
WangH. (1994) Salmonella Typhimurium attached to chicken skin reduced using
electrical stimulation and inorganic salts. Journal of Food Science. Vol. 59:1,
pp. 23i 25, 29. 2SlavikM. F., KimJ. W., LiY, Walkerd. T, WangH. Morpho-
logical Changes of Salmonella typhimurium Caused by Electrical Stimulation in
Various Salt Solutions. J Food Prot. 1995 Apr;58(4):B380. doi: 10.4315/0362
028%58.4.375. 3Li Y., Walkerd. T., SlavikM. F. , WangH. Electrical treatment of
poultry chiller water to destroy Campylobacter jejuni. J Food Prot 58: 131384,
1995. 4.Li X.Y., DiaoH. F., FanF. X. J., GuJ.D., DingF., & Tong, A. S. F.
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THE WEAK SPIN-ORBIT COUPLING INSIDE 1} g OPEN

SHELL OF THE O, ION AND IS THE MAIN DRIVING
FORCE OF AEROBIC EVOLUTION
Molecular oxygen is a unique oxidizing agent since it possesses a
triplet ground state with two nepaired electrons in the half
occupiedp; openshell [1]. Oxygen can easily get one more electron
to one of the haib ¢ ¢ u pJiMOdFig.'1) and become the reactive
superoxide aniorO,, which is the main subject of the present work.

E
:_ T
p e o mt p
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‘H‘ .
e
e
Oy B, [Ney] _?-Fs./

Figure 17 Scheme of molecular orbitals (MO)
for diatomics and @as an example
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From the thermodynamicspoint of view the high reduction
potential of Q@ makes itto bean excellent oxidizing agefi, 3]. But
the great oxidizing power of dioxygen is hindered by the spin
selection rule; two nopaired electrons of ©molecule do not permit
dioxygen to react with organic species which all possess the even
number of electrons with all spin paired. Thus, they possess the
singlet ground state as well as the products of oxidation reactions do.
The total pin is obviously changed during such reactions and these
processes are strictly forbidden in quantum chemistry. Only magne
tic forces can induce the spin flip, but these forces are generally too
week in organic chemistry of light elements and typicaly are
neglected in nomelativistic Schrodinger equation [1]. Combustion is
a spirallowed process since it is induced by creation of initial
radicals ( of -tygehvdth nerpadell, spinGaRdArepre
sents the radicalhain reaction. Combustion of sugarthe open air
is equivalent in energetic and material balance to the oxidation
process in living matter (main products 8®,0). We can initiate
combustion by match sparking, but who can do the similar ignition
inside the cell? How can enzymes initiatg @action with organic
substrates? This question has not been solved so far in biochemistry
and we can answer it in this talk.

The steady rise of DQgas in the Earthds atm
about 2.4 bilion years ago as a result of photosynthesisedréa
plants and cyanobacteria. This rise led to atmospheric oxygen
accumulation up to 1a5% of the atmosphere mass and resulted in
the soecalled great oxygen revolution (or great oxygenation event)
which shook the world dramatically and destroyed aotaer life
existed before the event. Primordial bacteria and other former
anaerobicorganismsin order to survivehad evolved a strategy to
cope andget along withabundah molecular oxygen in the Earth
atmosphere; they finally transformed into aerobic fermf life.
Simple glycolysis was substituted with substrates oxidation by O
with a big gain in exothermic energy (sincéHDbond is more strong
than @ H). This new energy balance led to acceleration of biological
evolution providing the modern versatilif all kihgdoms of aerobic
life.

14 EE x| n{E



These palleontology reminiscences lead us to look carefully on
the @ molecule and its particular physical properties (Fig. De T
triplet ground state oflioxygen reallyprevents spontaneou®mbus
tion of all organic staff into puff of smoke We know that efficient
redox catalyst canin principle, overcome this kinetidbarrier and
luck of reactivity. But the uncontrolled reduction oflioxygen often
generatessometoxic products,reactive oxygen species (ROS)ych
as O,"A H,0,, HOOA, OH Aadieals that @adcthnenspeci
fically with many cellularcompoundd4]. Thus a tight control of the
reactions involving dioxygen must be enforced byspecial spin
catalysis implemented by oxygenutilizing enzymes. These
biocahlysts can also accelerate reactions with &b the active site
and control the fate of the formed activated oxygearmediatesn
such a waythat only the specific target molecule asidized and
formation of unwantedROS s prevented2, 4i 6]. A large variety of
enzyme types that utilizdioxygen as substrate have been identified
in recent decadedMany of them rely on a metabntaining cofactor
for catalysiswhere spin forbidden character of dioxygen reactons is

overcome by exchange interaction betwe®, half-occupied p;

open shell and 3dlectrons in the ligand field open shell [1]. Flavin
organic cofactor of the FAD types often assists to activate dioxygen

by electron transfer and the intermediate superofijeproduction
in numerous oxidases and oxygenases3].l A large spirorbit
coupling (SOC) inside thqz); open shell of superoxide ion provides

effective triplet- singlet nonadiabatic transition in such enzymes.
The recentdiscovery of a number of oxidasing enzymes which can
activate Q without assistance of any cofactor provided a burst in
modern enzymology [2]. The same universal SOC mechanism pro
posed 20 years ago [1] can explain this puzzle quite naturally [3], but
biochemists community does not pay attention to the-caialysis
theory based on SOC analysis in superoxide3].1,

In the present work we have shown that the similar SOC mecha
nism is responsible for reactive oxygen species generation inside the
mitohondia enzymes. The same large spibit coupling inside the
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pg open shell of theO;Aion—radical governgnany regulation and

signaling functions of ROS through the®} a n d HOOA cont
with the Fenton reacth with dissolved Fe(ll) ion it also controls the
OHA production.

Thus, the relatively weak spirbit coupling inside thep; open

shell of the O ion provides many important processes connected

with cell respiration and is the main driving force of all aerobic
evolution responsible for life on the Earth.
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