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1. BukoHaHa po60Ta IpUCBsSYeHa CUHTEe3Y CKJIaHO3aMillleHuX KaibLiil pocdaris, o MICTITh Y CBOEMY CKJIaZli HOHU
pisHOBasnieHTHUX MeTaniB (Cu2+, Zn2+, Cs+ yu Sr2+), OCHiIKEHHIO XiMIYHUX, TEPMIYHUX, MeXaHiYHUX i 6i00TiYHNX
BJIACTMBOCTE CUHTE30BaHUX CIIOJIYK i CTBOPEHHIO KOMIIO3UTIB HAa OCHOBI (pa3 anaTUTOBOIO TUITY, OLiHIIi
IePCIEeKTUB iX MalibyTHbOrO IPAKTUYHOTO 3aCTOCYBaHHS. Brieplie i3 BUKOPUCTAHHSIM JIBOX CUHTETUYHUX MiAX0iB
(cmiBocamkeHHs 3 BOOGHUX PO3YMHIB Ta COpOIIii 3 BUKOPHUCTAHHSIM MONePeqHbO CUHTE30BaHNX HAHOYACTUHOK
CKJIaHO3aMileHUX Kasnbliil dpocdatis) gocmimkeHo ocodonusocti GopmyBanHs Cu2+, Zn2+ ta Cu2+/Zn2+-BMicHUX
KauibLlifl pocdaTiB anaTUTOBOrO Ta BiTJIOKITOBOTO CTPYKTYPHUX TUIIIB. BCTaHOBIEHO OCHOBHI 3aKOHOMIPHOCTI
YTBOPEHHSI 3a3HaueHMuX (pocdaTiB 3a MOJIBHUX CIIiBBiIHOIIEHb BUXiTHNUX KOMIIOHEHTIB (Ca/P = 1.67, CO32- /PO43- =
1, Ca/MII = 50 i 100 Ta Ca/(Cu+Zn) = 50)) npu 20 °C B ymoBax cmiBocamkeHHs cucremu Na+-Ca2+-M2+-NO3--
CO32--P0O43- (M2+ - Cu2+, Zn2+). 3rinHo pesysbTaTiB [ Ta POA 1151 1jux 3paskis, GopMyoThCs a3y arnaTuToBOrO



THUITy i BCTAaHOBJIEHO peastizanilo b-tumny 3amimenss ¢pocdaty Ha kKapbonat. Pocdatu (50 2 % Mac. TBOBAJIEHTHOTO
MeTaJly) Ofep>KaHo y BUIJIALi chepuyHMX YaCTHHOK 3 po3Mipamu B Mexxax 10-30 HM. Briepiie mocizipkeHo BILJIUB
MiKPOXBUJILOBOTO ONPOMiHIOBaHHS MPOTAroM 30 XB Ha XapaKTEPUCTUKU CUHTE30BaHuX docdaris. [TokazaHo, 1m0
Bignasn 3paskiB npu 700 oC npu3BOIUTh [0 arperauii YaCTUHOK Ta 30iJIbIIE€HHS CTyIeHs iX KpucTaaiyHOCTi. CUHTE3
KyIIpyM- Ta IMHKBMiCHMX KasbLiil pocdaTiB TaKoXK OyJI0 371iICHEHO B yMOBaX COPOLii 3 BUKOPUCTAHHSIM
nonepenHbo cuHTe3oBaHoro Na+, CO32--BmicHoro Kasnbliil pocdaTy 3 po3urHiB HITPATiB ABOBAJIEHTHUX METaJliB
pizHoi koHueHTpauii (0.002, 0.02 ta 0.1 mosb /1) 3 noganbmuM ix Bignasgom npu 700 °C. BcTaHOBIIEHO, 1110 BMICT
COp6OBAHOrO MOHY IBOBAJIEHTHOTO METaJTy 30i/bLIYETHCS 110 Mipi 3pOCTaHHS 10ro KOHLEHTpalii y BUXiZHOMY
po3umHi Ta gocsrae 1o 6 % mac. [Ipu 11boMy B 3aJ1€KHOCTI Bifl, KiJIbKOCTi COpOOBAHOI0 HOHY peai3yeThCs
(opMyBaHHS [BOX THUIIIB (a3: allaTUTOBOTO TUITy IJ1s1 3pa3KiB CUHTEe30BaHux 1pu ¢(M2+) = 0.002 mosb /11y
BYXiJJHOMY PO34MHi 44 BiTJIOKiTOBOTrO TUMy - npu ¢(M2+) = 0.1 Mosib /1. Biiepiue goCaiIKeHO «BKIIOUYEHHS» IOHIB
1e3i10 y KpUCTaJliYHy PeIiTKy Kasbliiil pocdaTiB B ymoBax ¢popmyBaHHs PpocdaTHoi maTpuli (i 4ac
CIIiBOCApKEeHHS) i copOLii Ha MaTpULISIX CKIaAHO3aMIllleHUX Kasbllill pocdaTiB anaTUTOBOTO Ta BiTJIOKITOBOTO
CTPYKTYPHUX TUIIiB. BCTaHOBJIEHO, 110 B YMOBAX CIIiBOCaKeHHs y cuctemi M+-Ca2+-Cs+-P0O43--C0O32--NO3- (M+
- Na, K) (CO32-/PO43- =1.0i 2.0 Ta Ca/P = 1.67) He3a€XHO B NIPUPOU JIy>KHOTO METay (popmyloThCs hasu
araTUTOBOTO TUITY 3 BMicTOM Lie3iio 0.2-1.5 % mac. [I71s1 BOZHUX pO34YMHIB 6e3KkapOoHaTHOI cucTteMy M+-Ca2+-Cs+-
PO43--NO3- (M+ - Na, K) npu Ca/P = 1.67, CO32- /PO43- = 0, M+/Cs+ = 1.0 Ta 2.0 Brepuie BiiMi4€HO, 110
IOJaBaHHS KaTiOHIB Le3ilo cripuse cTrabinisauii pas3u Ha ocHoBi 0-Ca3(PO4)2 y cymii 3i cki1agHUM KalbLii
¢docdarom BiTnokiToBoro Tuny. GopmyBaHHS JiMIIe CKIAAHO3AMIEeHUX KasbLii pocdaTiB BiTIOKiTOBOrO TUIY (O-
Ca3(P0O4)2) peanizyeTbCsl B IPUCYTHOCTI KaTioHiB Kalito 3a 3HaueHHs K+/Cs+ = 2.0. [JocaigkeHo copOLiiiHi
BJIACTMBOCTI CUHT€30BaHUX HAHOYACTHMHOK HaTPili- Ta Kali¥BMiCHUX KasbLill ¢pocdaTiB BiTIOKITOBOTO Ta
anaTUTOBOTO CTPYKTYPHUX TUIIIB MIO/0 MOHIB Lie3il0 3 IOro HITpaTHMX PO34YMHIB pi3HMX KOHLeHTpauiii (0.05, 0.11
0.25Mo071b /11). BCTaHOBJIEHO, L0 KiJIBKICTh COPOOBAHOTO 11e3i10 361/1bLIyEThCS IIPU 3POCTaHHI I0ro KOHIeHTpaLlii y
BUXiJHOMY po3uuHi. [TokazaHo, mo $Ha3oBuil CKIag, ofepKaHux Kasbliiil pocdatis nicsus cop6buii i Harpitux go 700
°C 3a71eXUTb Bif, TUIY Ta CKJIAAy BUXigHOI MaTpuLi. CUHTE3 CTPOHLiNBMICHUX (pocdaTiB 3ilICHIOBATIN METOLOM
criBOCaIKEHHS 3 BOGHUX PO34MHIiB cucTeMu M+-M2+-PO43--CO32--NO3- (M+ - Na, K, M2+ - Sr, Ca/Sr) npu
MOJIbHUX cHiBBigHOMmeHHsAX M2+ /P = 1.67, CO32- /PO43- = 0 ta 1.0. BcTaHOBJEHO, 1110 1OJaBaHHS KaTiOHIB KaJbllil0
y BUXIiJIHi pO3UMHU [IPY YTBOPEHHI PocaTiB CTPOHIiI0 B yMOBaX CIIiBOCAI’)KEHHSI CIIPUSsIE 301/IbIIEHHIO CTYIIE€HS
3B'I3yBaHHS CTPOHLIO (10 90 % mac.) y popmi pocdaTiB BiTIOKITOBOrO Ta anaTUTOBOro TUIIB. JlOCTiIXEHO
aHTHMMIKPOOHY [1il0 HAHOYACTHMHOK XiMiYHO MOoaM(iKOBaHUX KaybLii HpocdaTiB anmaTuToBOro TUILY Pi3HOTO CKJIALy
(Na+,CO32--HAP, Na+, Zn2+,CO32--HAP ta Na+,Cu2+,CO32--HAP), oTpMaHiX METOJIOM CNiBOCAPKEHHS 1010
wtaMiB Staphylococcus aureus, Pseudomonas aeruginosa ta Streptococcus pyogenes. byjsi0 BCTaHOBJIEHO
iHribyrounii BIIMB 3paskiB y BUIVISLAL cycneHsiit (5-20 MM) Ha picT ZJaHUX YMOBHO NAaTOT€HHUX MiKPOOPraHi3MiB.
Tako> BUSIBJIEHO BILJIUB PO3MipiB Y4aCTUHOK Ha aHTUMIKPOOHi BiacTUBOCTi PpocdaTiB Ha mpukiani Na+,CO32--HAP i
[I0Ka3aHO BUIIMI aHTaroOHiCTUYHUI ePeKT 3pa3Ky 3 YACTMHKAaMU 3 pO3MipaMy B HaHOZiana3oHi. CUHTe30BaHi
docdaTtu npurHivyoTh 6i01IIBKOYTBOPEHHS KyabTypamu Staphylococcus aureus i Pseudomonas aeruginosa, a ixHs
aKTUBHICTb 3aJI€KUTD Bif] 3aTHOCTI [0 aaresii Ha MoBepxHi 6aKkTepiaabHUX KIITUH. CTBOPEHO riOpUIHI KOMIIO3UTHU
Ha OCHOBI cUHTe30BaHuX Cu2+, Zn2+ ta Cu2+/Zn2+-BMiCHUX KaJblliil pocdatiB anaTUTOBOrO TUILY 3 ajIbriHATOM Ta

[IOKa3aHO MOKpPAIleHHs iX MEXaHIYHMX BJIACTUBOCTEN y NOPIBHSHHI 3 BiANOBiZHMMU 1151 GOoCcPaTHOI KOMIIOHEHTH.

2. The thesis is devoted to the synthesis of complex substituted calcium phosphates containing polyvalent metal
ions (Cu2+, Zn2+, Cs+ or Sr2+) and investigation of their chemical, thermal, mechanical and biological properties.
Composites based on apatite related phases were created and future practical applications of synthesized
compounds were discussed. Particularities of formation of Cu2+, Zn2+ ta Cu2+/Zn2+-containing apatite and
whitlockite related calcium phosphates were firstly investigated using two synthetic routs (wet precipitapion and
sorption on nanosized complex calcium phosphates). The general trends of phosphates phase formation were
established at the initial molar values Ca/P = 1.67, CO32-/P043- =1, Ca/MII = 50 i 100 and Ca/(Cu+Zn) = 50) at 20
°C under wet precipitation conditions of system Na+-Ca2+-M2+-NO3--C032--P0O43- (M2+ - Cu2+, Zn2+).
According to IR and XRD data, these samples belonged to apatite type phase. B-type substitution of phosphate by



carbonate was observed. Phosphates (2 % wt. bivalent metals) were obtained as spherical particles with sizes in the
range 10-30 nm. The influence of microwave radiation (during 30 minutes) on phosphates characterizations was
firstly investigated. Annealing at 700 oC resulted in the formation of crystalline products (apatite related calcium
phosphates) and aggregation of particles. Copper- and zinc-containing calcium phosphates were also obtained via
sorption of bivalent metals nitrate solutions with different concentrations (0.002, 0.02 and 0.1 mol /1) and feather
annealing at 700 °C. The pre-synthesized Na+, CO32--containing calcium phosphate was used as a matrix for
sorption. It was found that content of sorbed bivalent metal ion increased (max to 6 % wt) with growt of its
concentration in the initial solution. Formation of two phases realized depending on amount of precipitated
bivaled ion. Apatite related phosphates were obtained at initial concentration ¢(M2+) = 0.002 mol /1 while
whitlockite related phosphates formed at c¢(M2+) = 0.1 mol /1. For the first time, cesium ions incorporation in
calcium phosphates framework was investigated during formation of phosphate matrix (wet precipitaton) and
sorption on crystal matrixes of apatite and whitlockite related calcium phosphates. Apatite phases containing 0.2-
1.5 % wt Cs+ were obtained by precipitation in system M+-Ca2+-Cs+-P0O43--C0O32--NO3- (M+ - Na, K) (molar
values CO32-/P0O43- = 1.0 and 2.0, Ca/P = 1.67). It was found for carbonate free system M+-Ca2+-Cs+-P0O43--
NO3- (M+ - Na, K, molar ratio Ca/P = 1.67, CO32- /PO43- = 0, M+/Cs+ = 1.0 and 2.0) that addition of Cs+ cations
stabilized the phase based on 0-Ca3(P0O4)2 in mixture with whitlockite related calcium phosphate. Formation of
single phase calcium phosphate of whitlockite type (o-Ca3(PO4)2) was observed only in the presence of potassium
cations at K+/Cs+ = 2.0. Sorption properties of synthesized nanosized Na+- and K+-containing calcium phosphates
(apatite and whitlockite types) were investigates relative to Cs+ ions for its nitrate solution of different
concentrations (0.05, 0.1 and 0.25 mol/1). It was demonstrated that the amount of sorbed cesium increased with
growth of its concentration in initial solution. The phase composition of calcium phosphates after sorption and
heating to 700 °C depended on type and chemical composition of initial crystal matrix. Strontium containing
phosphates were synthesized by wet precipitation method in the solutions of system M+-M2+-P043--C0O32--
NO3- (M+ - Na, K, M2+ - Sr, Ca/Sr) at molar values M2+/P = 1.67, CO32- /PO43- = 0 and 1.0. It was established that
adition of Ca2+ ions in initial solutions caused an increase of degree of Sr2+ binding (to 90 % wt.) in the form of
whitlockite and apatite type phosphates. Antimicrobial properties of nanosized chemically modified apatite-
related calcium phosphates (Na+,CO32--HAP, Na+,Zn2+,CO32--HAP and Na+,Cu2+,CO32--HAP) against strains
Staphylococcus aureus, Pseudomonas aeruginosa and Streptococcus pyogenes were investigated. Inhibitory effect
of samples in the form of slurries (5-20 mM) on growth of conditionally pathogenic microorganisms was
established. Influence of particles sizes on antimicrobial properties of phosphates was found on the example of
Na+,CO32--HAP. The higher antagonistic effect was observed for sample with nanosized particles. Synthesized
phosphates inhibit the biofilm formation by Staphylococcus aureus and Pseudomonas aeruginosa, and their
activity depends on the ability to adhere to the surface of bacteria cells. Hybrid composites on the base of
synthesized Cu2+, Zn2+ and Cu2+/Zn2+-containing apatite type calcium phosphates and alginate were created.
Improvement of their mechanical properties comparing with those for phosphate component was shown.
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