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INTRODUCTION. The aggressive microorganisms and viruses have adverse effects on
the environment and human together with three global dangers for humanity: an energy crisis,
food crisis and ecological disasters [1]. The growing population of various aggressive micro-
organisms stimulates a series of biocorrosive processes that affects many fields of industries and
techniques [2]. At present the intensive development of technique and industry makes actual
the creation of multifunctional composite materials with antimicrobial properties by various
purposes. Hybrid inorganic-organic materials as main components comprises bioactive
compounds and polymeric matrices and will play a major role in the development of advanced
functional materials that synergistically combine and enhance their best properties [3, 4]. The
potential application fields of such hybrids can include specialty coatings, membranes, sensors,
drug delivery systems, biomaterials, catalysts etc.

GENERAL RESULTS. In order to create novel inorganic-organic hybrids with specific
combinations of properties, stable towards biocorrosion we proposed in perspective the



elaboration of non-traditional materials by combining different molecular building blocks in

various ratios by controlling their mutual arrangement.

As a bioactive components were used heterometal coordination compounds of some
biogenic elements and ligands containing bis(n’-cyclopentadienyl)iron and polyfunctional
asymmetric fragment simultaneously [5];also compounds obtained by transformation of the raw
materials of arsenic chemical plants of Georgian region. These compounds with high probability
must display completely new potential of action, typical for combined structures, the ability of
suppressing action of various aggressive microorganisms in condition of long-term consumption
[6].

The use of silicon-organic oligomers with side functional groups, characterized with a
good compatibility as modifiers of existing film-forming adhesive polyurethane matrices
(obtained based on 4,4-dimethylmethanediisocianate and oligobuthyleneglicoladipinate) leads
to the development of a principally new generation multifunctional antimicrobial coatings with
good thermal stability, hydrophobicity and mechanical properties [7]. That gives new
opportunities for expansion of their application areas. The optimal ratio of polymers, modifiers
and bioactive components were determined.

The work temperature interval of the obtained composites was established by
investigation of thermo physical properties. TGA results of PU matrices and hybrids based on
them show that up to 200°C they are quite stable and weight loss not exceeds 5-6 wt%.
Intensive destruction of all samples takes place above 300-350°C where their total weight loss
consists more than 45 wt%; the full thermal degradation of the tested composites takes place
above of 600°C.

Differential scanning calorimetric method were used to locate the phase and glass
transitions. For DSC measurements were used DSC 200 apparatus from Netzsch, Selb, Germany.
Samples of about 10 mg were enclosed in aluminum DSC capsules. All tests were conducted
under dry nitrogen in the temperature range from -100°C up to +300°C at a heating rate of
5°C/min.

The analyses of DSC curves show that endothermic picks correspond to the glass
transition temperatures of the tested samples (Tg). All obtained coatings have glass transition
regions above +50°C. It was established, that the modification of chosen matrices with silicon-
organic oligomers causes decrease of glass transition temperatures compared with non-modified
polyurethane. Besides obtained coatings are amorphous substances at room temperature (usual
temperature for using of the antimicrobial coatings as protectors of museum exhibits) what is
very important as crystallization can be worsening their optical properties.

The studies of main operational characteristics show that obtained hybrid coatings:
> are characterized by a good adhesion on surfaces of various synthetic and natural materials;

» do not violate wholeness of samples during hardening and exploiting of the coating
composites;

> are transparent and almost do not change the color during their aging (40-60°C in the air);

> have enough strength, elasticity and stable mechanical characteristics, - they do not scratch
easily and maintain surface homogeneity without of splits formation;

» are characterized with high hydrophobicity: water absorption ability (W20) does not exceed
0.03 wt%, - typical for such materials. W20 of tested composites depends on the content of
silicon-organic modifier and decreases with increasing of modifier concentration;

» are not dangerous for human; during the exploitation they do not produce harmful gases;

> are relatively cheap and available.



By preliminary investigation it was established, that the obtained antimicrobial
inorganic-organic hybrid materials may be used for effective protection of cultural heritage and
museum exhibits from the action of various aggressive microorganisms what at the same time
will provide improving of ecologically and epidemiologically dangerous situation in the
environment provoked by the growth and settling of detrimental microorganisms on surfaces of
various materials.

CONCLUSION. Based on various bioactive compounds, containing bis(n’-cyclo-
pentadienyl)iron, polyfunctional organic fragment and some of transition metals
simultaneously, also macro dispersed bioactive inorganic compounds and polymeric matrices
modified with silicon-organic oligomers the photo-, thermal aging and moisture resistant, with
"Short-time" antimicrobial active inorganic-organic hybrid multifunctional materials, stable
towards the action of various aggressive microorganisms have been created. The obtained
composites are optically transparent, smooth and visually homogenous and are characterized
with good adhesion on various surfaces. The main thermo physical and operational properties
of the obtained composites have been studied by TGA and DSC analyses methods. It has been
shown that the proper combination of the structure, bioactivity, ratio of basic components of
antimicrobial composites and materials could improve their mechanical, thermal and
operational properties. The potential application spheres of obtained bioactive coatings have
been established.
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XATYHA BAPFAKAZI3E !, THOPI'HHE JIEKHIIIBHJIH !, BAJIPH AP3HAHH ',
HOJ/[AP JIEKHIIIBHJTH ?
TTPOU3BOJICTBO AHTUMUKPOBHBIX TMBPUTHBIX IIOKPHITUM
HA OCHOBE HOBBIX COEIMHEHUM C YAEJIBPHON BUOAKTUBHOCTBIO
! Kaempa MmegunmHCKO#H XuMuu papMaleBTUIecKoro (akyabrera TOMIHICCKOTO
TOCYJapCTBEHHOTO MeIUIIMHCKOTO yHUBepcuTeTa,? Kadenpa xumun daxyipreTa TOUHBIX U
€CTeCTBEHHBIX HayK TOMIMCCKOrO TOCYZApPCTBEHHOTO YHUBEPCUTETA,

PE3IOME
Hosgie I‘I/I6PI/I,Z];HBIE aHTI/IMI/IKPO6HBIe IIOKPBITHA Hd OCHOBE HEKOTOPBIX I'€TE€pOLEITHBIX
IIOJINYPETAHOB, MO,II;I/I(I)I/I]_LI/IPOBHHHBIX KPeMHHﬁOPFaHquCKHMH IIOJII/I(i)YHKI];I/IOHa]IBHBIMI/I
OJINTOMEpPaMM u KOOpAMHAIMOHHBIMHA COeIUHEHNAMU, COoAepKallUMM 6uc (T]S—
HI/IKHOHQHTH,Z];I/IﬂHI/IJI) JKeJe3o, HOJIH(bYHKHHOHHJILHBIfI aCHMMETpHLIHBIfI (1)PaI'MeHT u
OJHOBPEMEHHO OBLIN IIOJTy9€Hbl 1 HCCIE€A0BAHBI HEKOTOPhIE OHMOreHHBIe DJIEMEHTBI, 4 TadKXKe



MaKpOJUCIIEPCHbIe OMOAKTHUBHBIE HEOpPTraHWYeCKHe COeJUHEHHSA C IeJIbI0 3alIUTHl 3J0POBBI
4yeJOBeKa, KYJbBTypPHOTO HacjaeAus U My3eHHBIX OKCIIOHAaTOB. V3yueHBI OCHOBHEIE
Telopu3NIeCcKre U DKCIUTyaTallMOHHBIe XapaKTEePUCTHUKHU IIOJTyYeHHBIX Marepuasuos. [lyrem
TepPMOI'PaBUMETPUYECKOr0 aHaimusa ycTaHoBiaeHO, 4To Ao 200°C mosydueHHBIe HeOPraHUKO-
OpraHMYecKue THOPHABI NOCTATOYHO CTAOMIBHBL; C IOMOILIBIO MeTofa nuddepeHIMaIbHOMN
ckanupytomeit xamopumerpuu (JCK) ycraHoBieHO, 4TO 06JacTM CTEKJIOBAaHMA IJII BCeX
HCIIBITAaHHBIX NMOKphITUN Haxogarca Beime + 50°C. Ilokaszano, uTo MoAgubUKanua IOJIUMEPHBIX
MaTpul, KpeMHUHOpPraHNYeCKUMHU OJIMTOMepaMM BhHI3bIBaeT B HEKOTOPOIl CTelleHU CHIDKeHHe
TeMIIepaTyp CTeKJIOBaHMA. DBIIM M3ydueHBI HEKOTOpble SKCILTyaTallMOHHBIE XapaKTePUCTHUKHU
(u30TepMUUeCKOe ~ CTapeHMe, IOTOAHBIE  YCIOBHUA, (OTOXMMHUYECKas  CTaOMIBHOCTS,
BOJIOIIOTJIONEeHYEe) Pa3pabOTaHHbIX THOPUAHBIX TOKPBITHH.
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SUMMARY

Novel hybrid antimicrobial coatings based on some heterochain polyurethanes modified
by silicon organic polyfunctional oligomers and coordination compounds containing bis(n*-cyc-
lopentadienyl)iron, polyfunctional asymmetric fragment and some biogenic elements
simultaneously, also macro dispersed bioactive inorganic compounds have been obtained and
studied for purpose of protection of human’s health, cultural heritage and museum exhibits. The
main thermo physical and operational characteristics of the obtained materials have been
studied. By thermogravimetric analysis has been established that up to 200°C obtained
inorganic-organic hybrids are quite stable; by using of differential scanning calorimetric (DSC)
method have been determined that glass transitions regions for all tested coatings are located
above +50°C. It has been shown that the modification of polymeric matrices with silicon-
organic oligomers causes decrease of glass transition temperatures to some extent. Some
operational characteristics (isothermal aging, weatherability, photochemical stability, water
absorption ability) of elaborated hybrid coatings have been studied.
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