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MODERN METHODS FOR DETERMINATION OF DIURETICS IN PHARMACEUTICALS AND BIOLOGICAL OBJECTS

The excessive abuse and wrong prescription of diuretics can lead to negative side effects. Analytical control of urine samples for doping
agents demands detection of small amounts of diuretics. Thus, the use of highly sensitive and selective methods is required for the determination
of diuretics.

Gas and high-performance liquid chromatography are the most widely used methods for the determination of diuretics since they provide mul-
ticomponent, reliable, selective and highly sensitive analysis. However in most cases chromatographic separation is possible only after pre-
concentration of analytes by solid-phase or liquid-liquid extraction. Besides, long analysis time and demand of expensive instruments complicate
systematic application of methods.

Other highly selective methods are spectroscopic, in particular spectrophotometric and luminescent, methods which were proved to be effi-
cient for the determination of diuretics in aqueous solutions. Complex matrices such as urine and blood require preliminary separation of analytes.
Recently solid-phase extraction of diuretics by molecularly imprinted polymers, octadecyl disks and nylon membranes from human urine was de-
veloped. High coefficient of pre-concentration and lightness of elution of analytes from surface make the application of imprinted polymers in the
extraction of diuretics perspective.

Keywords: chromatographic methods, spectroscopic methods, diuretics.
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BNJIMB 3AMILLEHHA Pb/Bi HA BIACTUBOCTI CONYK TUNY Pb1212

TeepdoghazHum Memodom cuHme3osaHo cepito 3pa3skie BTHI kepamiku cknady (Pb..,Cuy)Srx(Y+..Ca,)Cu;0;.5 (Pb1212) 0< x < 0,3).
HocnidxeHo 3anexHicmb napamempie Kpucmasi4Hoi epamku cucmemMu 8i0 cmyneHsi 3amiujeHHs1 X. PeaucmueHi eumiprogaHHs1
3paskie daHoi cucmemu 6 iHmepeasni memnepamyp 77-300 K noka3sanu, uyo HadnpoeidHul nepexid npu memnepamypi suuie 77 K

He criocmepi2aembcsi.

Knro4yoei cnoea: eucokomemnepamypHa HadnpoegidHicms, Pb1212, meepdogha3Huli cuHmes.

BceTtyn. BigkpuTTa sBULLA BUCOKOTEMMNepaTypHOI Haanpo-
BigHocTi (BTHI) BMKNMkano Benuky KinbkiCTb AOCHIAXEHb 5K
3 MeTOo BMBYeHHS npupoau BTHI, Tak i ix npakTniHoro Bu-
KOPUCTaHHs. Baxnveo, IO MOXNUBICTb BapilOBaHHA KaTiOH-
HOro CKragy AO3BOSISIE 3MiIHIOBaTU AK eneKTpoduianyHi Bnac-
TUBOCTI, TaK i kpucTanorpadidHi ocobnmeocti BTHI maTepia-
nie. OgHieto 3 Npobnem Ha LUNsAXy CTBOPEHHS TEXHIYHMX Npu-
cTpoiB Ha ocHoBi BTHIT kepamikm € Hu3bka CTpyMoOHecy4ya
30aTHICTb 3paskiB. TOMy akTyarnbHUM € NOLLYK HOBWUX CKNagais,
LLIO MatoThb BinbLL BUCOKY KPUTUYHY IYCTUHY CTPYMY.

BaraToobiysounmmn  3anuaTbCa MOXIMBOCTI Npak-
TUYHOrO BMKOPUCTAHHSA BUCOKOTEMMEPaTYPHUX HaAMpoBia-
Hux cnonyk Pb1212, i3-3a ix Ginbll BUCOKOI CTINKOCTI A0
XiMi4yHMX chakTopiB [6,14], NOPIBHAHO 3i cnonykamu cucTe-
mMu Y123, Bi2212.

Micna ogepxaHHs cnonykn Y123 novanucsa noLyku pi-
3HMX BapiaHTiB 3aMilleHb Yy Ui BXe Bigomii cronyui
[12,10,8,2,1]. Tak npu 3amiweHHi Ba Ha Sr nerko ytsopto-
Banacs crnonyka YSr2CusOy. Ha HacTynHomy etari npunyc-
Kanocs, o npu 4actkoBomy 3amiwieHHi Cu Ha Pb moxHa
6yae ogepxatu cnonyky YSr2(CuzxPby)Oy. Ane Pb He 3a-
miwyeaB Cu B wapax CuO, a yTBOptoBaB OKpeMy KpucTari-
YHY CTPYKTYpy, Ky HasBamm (PbiyCuy)Sra(Y1xCax)Cu207.5,
(Pb1212) [11,13,7,5].

06'ekT Ta MeTa gocnimkeHHA. MeTol gaHoi poboTn €
CMHTE3 3pa3kiB i BUBYEHHsSI (©a3oBOro ckragy, Kpucrano-
rpacdiyHMX napameTpiB Ta HaAnpoBiAHWX BMACTUBOCTEMN
BTHIM-maTtepianis, cknagy (Pb1.,Cuy)Sr2(Y1.xCax)Cu207.s.

Bci 3paskm cuctem BUrOTOTOBMSNM METOAOM ABOCTa-
JiHOro TBepaodasHOro CMHTe3y 3 nonepeaHiM odepxaH-
HSIM MPEKypcopy Ta HaCTYMHUM BignantoBaHHAM B aTMOC-
depi KACHIO. FAK BUXiAHI PeYOBUHW BUKOPUCTOBYBAIUCH
oKCMaM Kynpymy, nromobymy, GicMyTy, iTpito, a Takox Kap-
6oHaTu Gapito, kanbLito i CTPOHLLtO.

Bci BUXigHi pe4oBrHU Gynu NpOMMUCIIOBOro BUPOBHULIT-
Ba i kBanidikauii He Hwxde "x.4.". [Ing cuHTe3y 3pa3skis
BMKopucTtoByBanucs bicmyT, kynpym (ll), iTpii, nnombym
okeuau, 6apin, CTPoHLIN, KanbLin KapboHaTK.

Bci peaktuBM, IO BUMKOPWUCTOBYBaNWUCb ANsl CUHTE3Y
KepamiyHux matepianisa Oynu npoaHanisoBaHi Ha BMICT
KaTioHy BignoBigHoro metany. BmicT ioHiB pigkicHo3emenb-
HUX €erneMeHTIB BU3Ha4yaBCA NPSMUM TPUIOHOMETPUYHUM
TUTPYBaHHAM 3 iHAMKATOPOM KCWIEHONMOBMM OPaHXeBUM,
kynpymy (II) — npAMUM TPUNOHOMETPUYHUM TUTPYBAHHAM 3
ioMKaTopoM Mypekcug, BicMyTy - NpSIMUM TPUMOHOMETPUY-
HUM TUTPYBaHHAM 3 iHOMKATOPOM MipoKaTexiHOBUM dione-
ToBUM, Ca?*, Sr** Ta Ba® — oGepHeHUM TUTPYBaHHSM 3
iHOMKaTOpOM epioxpom YopHuin "T" [3-4] .

Ha nepwwin cragii cymiw okcuais Kynpymy Ta iTpito, Kap-
OoHarTiB Gapito, KanbLjlo i CTPOHLI0, B3ATUX Y PO3paxoBaHO-
My CTeXiOMEeTPUYHOMY CMiBBIOHOLUEHHI, peTenbHO nepeTu-
panv B araTtoBiii CcTynui i BignanoBanu y dapgopoBux Tur-
nax y mydenbHin nedi npotarom 48 rogvH npu Temneparypi
900°C [0 3HMKHEHHSI XapaKTePUCTUYHUX CMYT MOFMUHAHHSA
COs* B IY-cnekTpax (3 NMpoMikHUM nepeTupaHHam). Jdani
[ofasanv 40 MPeKypcopy po3paxoBaHy KifbKiCTb OKCUAIB
nnombymy i 6icmyTy, nepeTvpanu WuXTy, npecysanu ii B
TabneTkwn, i BignantoBanu ix B nevi 3 NOCTYNoBUM HarpiBaH-
HsAM npoTtarom 3 rod. npu Temnepatypi 800°C. ani peyosu-
Hy 3HOBY MepeTupanv i npecyBanu B Tabnetku, ski Bigna-
noBanu NpoTaroMm 72 roguH npu temnepatypi 850°C 3 npo-
MDKHUM MepeTMpaHHAM i NpecyBaHHAM B TaONeTKW, KOXHi 24
rOAVHW, Ta MOAAnbLUOK BUTPUMKOK B MOTOLi KUCHIO. Tem-
nepaTypa B Mnedi KOHTpornoBanacs 3a AOoNOMOrow TepMona-
pv Xpomenb-antiomers, Wwo byna nig'egHaHa fo perynsitopa
TemnepaTtypu (TOYHICTb perynioBaHHs + 5°C).

Mpouec posknagy WMXTn koHTpontoeanu 14-cnekTpans-
HUM MeToAoM. |Y-cnekTpy NornMHaHHA NPOAYKTIB TepMori-
3y peecTpyBanu 3a gonomMoroto cnektpocgotometpa UR-10
B o6nacti 1200-1700 cm™, BUKOPUCTOBYIOYM NPeCcyBaHHA
Tabnetok 3 KBr.

dazoBui cknag i napameTpyu KpucTaniyHuUxX rpaTtok Bu-
3Hayanu peHTreHorpadiyHMM MeEeTOAOM Ha MOpPOLLKax
(OPOH-3M; Cuk, BunpomiHtoBaHHs 3 Ni-cpinbTpom ).

Pe3ncTunBHi BUMIiptOBaHHSA NPOBOAMIM B iHTEpBani Temne-
patyp 300-78 K cTtaHOapTHMM YOTUPLOXKOHTAKTHUM 30HO0-
BMM METOAOM 3 BUKOPUCTAHHAM iHAIA-ranieBoi eBTEKTUKN.
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Mpoceidytovy enekTpoHHy Mikpockonito (MEM) nposo-
OWNW Ha enekTpoHHoMY Mikpockoni SELMI-125K.

Pe3ynbTtatn Ta ix obroBopeHHsi. ByB npoBegeHui
noLyk onTumanbHoro cknagy Pb1212, wo mictute obuasa
NyXHo-3emenbHi enemeHt — Sr i Ba. OgHovacHo 3 uum
3MiHIOBaNoCcs CNiBBiAHOLIEHHS iHLLMX KaTiOHIB, O MIiCTATbLCS

B AdaHin cuctemi, 3okpema (PbgsCugs)SrBa(YosCags)Cu207;
(Pbo2sCuo75)SrosBa1 5(Y0sCa02)Cu2O7; (Pbo7sCuo25)Bax(Yo2Cans)Cu20y;
(Pbo75Cuo25)Baz(Yo3Ca07)Cu20y.

Bci ogepxaHi 3pasku manu TeTparoHarbHy CTPYKTYpy
(npocTopoBa rpyna cumeTpii P4/mmm).

Ta6bnuuys 1

MapameTpu enemMeHTapHOI KOMipKU KpUCTanivyHoOI rpaTku ansa cnonyk y cuctemi (Pb, sCugs)SrBa(Y,5Caos)Cu,07,
(Pbg,25CUg,75)Sro,sBas,5(Y0,8Ca0,2) Cu207, (Phg,75C Uo,25)Baz(Yo,2Cao,s)Cuz07, (Pbo,75CUg,25)Bax(Yo,3Ca0,7)Cu207

MapameTpu KpUCTanivHUX rpaTok

Cknan aA c, A V, A
(Pbo 5CUO 5)SrBa(Yo 5Cao 5)CU207 3,8365(1) 27,5080(7) 404,88(3)
(Pbo,25CU0 75)SrosBa1 5(Y0,8Ca0,2)Cu,07 3,8363(7) 27,50(1) 404,7(3)
(Pbg 75CUo.25)Bax(Y0.2Ca0.6) Cu,07 3,8367(4) 27,510(4) 405,0(1)
(Pbo,75CU0 25)Bay(Yo,3Ca0,7)Cu,0 3,8359(4) 27,510(3) 404,8(1)

PesuncTuBHi BUMiptOBaHHA 3paskiB AaHOI CUCTEMU B iH-
Tepani Temnepatyp 77-300 K nokasanu, wo Hagnposig-
HWIA nepexia npu TemnepaTypi Buwe 77 K He cnocTtepira-
€TbCA, NPOTE 3 BUIMAAY KPMBOI MU MOXEMO 6aunTu, Lo BiH
€ HagnposigHMM npu TemnepaTtypi Hwk4ve 77 K. B nitepa-
Typi NOBIAOMMANUCS, WO KPUTWUYHI TeMnepaTypu Ans 3pas-
KiB 3 NO4IGHUM TUMOM 3amilleHHs Hkye 72 K [9].

MeTogom MpocBivyHOYOI €NEKTPOHHOI Mikpockonii Byrno ao-
CriimKeHo MIKPOCTPYKTYpY 3paskiB (PbosCugs)SrBa(YosCags)Cu20y,
(Pbo 25Cuo75)Sro5Ba1,5(Y0gCan2)Cu207, (PbozsCuozs)Baz(YozCaos)Cuz0y,
(Pbo75Cug25)Bay(Yo3Can7)Cup0;. NokasaHo, Wo CTpykTypa 3pa-
3ka (Pbo sCuo 5)SrBa(Yo5Cao,5)Cu207 (puc.1a) € goctaTHbo
OOHOPIAHO | AN Hel XapakTepHi AOCUTb YiTKi 3epHa 3
cepegHiM po3mipom 3epHa < 1 MkM. [OpiBHAHHS OaHWUX
peHTreHoa30BOro aHamidy i MpPOCBIYYHYOI ENeKTPOHHOI
MiKpOCKOnNii JO3BOMNSE roBOPMTH NPO Te, L0 CKNag 3paskis
Bignoeigae ¢asi Pb 1212.

PeHTreHorpadpivHi  gocnigpkeHHs 3paskiB HaBedeHMX
cknapis, nokasanu, WO cepef odepXaHuxX Hamu 3paskiB
HanbinbL onTMManbHUM 3a napameTpamu €
(Pbo,sCup 5)SrBa(Yo5Cap 5)Cu07, skuii i Byno B3sTO, 5K
OCHOBY AN151 HaLIMX noganbLUnX JOCHiaXeHb.

horsttsgmnmntast

6)
Puc. 1 MEM doTorpadii 3paskie cknagy (PbosCugs)SrBa(Y,sCaos)Cu.0; (),
(Pbg,zBio,3Cuo,s)SrBa(YujCao,s)Cu207 (6) Ta (Pbo,3Bio,2Cuu,s)SrBa(Yo,scao,s)Cu207 (B)

InTencoHpHIcTE

3 nitepatypu BI,D,OMO Lo BaEI}OBaHHH KaTioHHOro ckragy,
30KpeMa 3aMilLleHHs] Pb*" Ha Bi**, Mmoxe npuBecTn 8o 36inb-
LUEHHS TYCTMHU KPUTUYHOMO Cprmy B AaHWX 3paskax, TOMY i
HaCTyMHUM eTanoM Hawoi poboTtn ByB cMHTE3 3paskiB ckragy
(Pbo5xBixCug 5)SrBa(Yo5Cao,5)Cu207, 0<x<0.3.

PeHTreHoda3oBi JoCniaXeHHA CMHTe30BaHMX 3paskiB Y
cuctemi  (Pbo5xBixCup 5)SrBa(YosCap 5)Cu207, nokasanwm,
Lo obnacTb romoreHHocTi ctaHoBuTb 0 < x < 0,3 (puc. 2).
I3 36inbLUEHHSIM 3Ha4YeHHs X Y 3paskax nopsg 3 dasot Pb
1212 cnoctepiratotbea gomiwkn ¢asm CuO, BixOs, npu
LubOMY BigOyBa€eTbCsl 3MiHa NapameTpiB KpUcTanivyHoi rpaTt-
KW B NOPIBHSAHHI 3 YncToto Pb 1212 ¢asoto.

[ns Bcix ogepxaHux 3paskiB b6yno pospaxoBaHo napa-
MeTpU ernemMeHTapHoi KOMipku. 3i 30iNbLUEHHAM CTyneHs
3aMilLleHHs1 X crnocTepiraeTbCcs 30iMblUEHHST napameTpy ¢
Ta ob'eMy enemeHTapHOI KOMIPKU, MPY OQHOYACHOMY 3Me-
HLUEHHi napamepr a (Ta6n 2), WO noB'si3aHO 3 MOXITUBUM
nepexonom Pb? /Pb*" i YTBOPEHHS KaTiOHY Pb* o(r (Pb4+) =
0,94 A, K4 = 8), paaiyc sikoro MeHWMIn 3a pagiyc Bi**
(r (B|3+) = 1,17 A, K4 = 8). Pagiycn nogatoThbesa 3a cucTe-
Moto pagiycis LLleHoHa.

[

20

G0
pic)

Puc. 2. PeHTreHiBcbki andpakrorpamu 3paskiB PbysCugs)SrBa(YosCaos)Cu.0; (1) Ta
(Pbo,zBio,cho,s)srBa(Yoyscaoys)CU207 (2)
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3anexHicTb NapamMeTpiB efleMeHTapHOI KOMIPKU AnsA 3pa3KiB cknagy
(PbosxBixCug s)SrBa(Yo,sCags)Cu.07, 0<x<0,3 Big cTyneHs 3aMilleHHS

Tabnuys 2

MapameTpu enemeHTapHo'l' KOMipKu
Cxnan a,A ¢, A V, A
(Pb0|4Bi0,1CUO,5)SrBa(Yo 5C30,5)CU207 3,85(1 ) 27,37(8) 405(5)
(Pbg 3Bio ZCUU 5)SrBa(Yo 5Cao 5)CU207 3,83(1 ) 27,48(8) 405(4)
(Pbg2Bio,3Cuq 5)SrBa(Yo,5Cags)Cu,O7 3,83(1) 27,50(6) 406(3)

PesnctuBHi BuMiptoBaHHa 3paskiB  cknagy (Pbos.
xBixCug 5)SrBa(Yo5Cag 5)Cu207, 0<x<0,3 B iHTepBani Tem-
nepatyp 77-300 K nokasanwu, wWo HaanpoBigHWi nepexig
npv TemnepaTtypi Buwe 77 K, gk i y nonepegHboMy BMnaa-
Ky, HE [OCAraeTbCs.

[ns yTouyHeHHs cknagy das 3a AaHvMKU peHTreHoda-
30BOro aHanizy MeTodoM MpPOCBIYYOYOi €NEKTPOHHOI Mik-
pockonii 6yno gocnimkeHo MiKpocTpykTypy 3paskiB (Pbgs.
«BixCuUo 5)SrBa(YosCap5)Cu207 0<x<0,3. [lokasaHo, Lo
cTpykTypa 3paska ((Pbo 2Bio 3Cuo 5)SrBa(Yo,s5Cag,5)Cuz207 (6)
Ta (Pbo,3Bio2Cug5)SrBa(Yo5Cao5)Cu207 (B). (puc. 1 6,8) €
OO0CTaTHLO OAHOPIAHO i ANsl Hel XapakTepHi 4OCUTb YiTKi
3epHa 3 cepeHiM po3Mipom 3epHa < 1 MKM.

TakvuM 4MHOM, ofepxaHi AaHi cBig4aTb MPO iCHYBaHHA
3B'A3KY MK CTyNmeHeMm 3aMilleHHs X Ta napameTpamu
erneMeHTapHOi KOMIpKW, 3oKkpema 3i 36iMnblUEHHAM CTyneHs
3aMilleHHst X cnocTepiraetbcsl  30inblueHHs  ob'emMy
enemMeHTapHOI KOMIpKM Ta Noka3aHo, WO OAHUM 3 FONOBHMX
(bakTopiB, SIKUIA BNMBaE Ha kpucTanorpadgivyHi ocobnmeocTi
y OaHin cuctemi, € cniBBigHOLWEHHS kaTioHiB Pb:Cu:Bi.
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Hapinwna no peakonerii 30.12.13

HauunoHanbHbIM MeauUMHCKUA yHUBepcuTeT MeHn A.A. Boromonbua, Kues,

M. 3eneHbKo, KaHA. XUM. Hayk,
KHY nmenu Tapaca LLleB4eHko, Kue

BIUAHUE 3AMELLEEHUS Pb/Bi HA CBONCTBA COEAUHEHUIA TUMNA Pb1212

TeepdoghasHbiM Memodom cuHmesupoeaHa cepusi o6pasyoe BTCI1 kepamuku cocmaea Pb,.,Cu,)Sr,(Y1..Ca,)Cu;07.5, (Pb1212) 0< x <0,3). Ucc-
nedoeaHa 3asUCUMOCMb NapaMempos Kpucmasniuyeckol pewemkKu cucmeMbl Om cmerneHu 3ameujeHus X. PeaucmueHbie usmepeHusi o6pasyoe
daHHoU cucmembl 8 uHmMepsasne memnepamyp 77-300 K nokasanu, ¥mo ceepxnpogodsiujuli nepexod npu memnepamype ebiwe 77 K He Habnroda-

emcs.

Knrouesnie croea: ebicokomemnepamypHasi ceepxnpogodumocms, Pb1212 , meepdogpasHbili cunmes.
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INFLUENCE OF Pb/Bi SUBSTITUTIONS ON THE PROPERTIES OF Pb1212 COMPOUNDS

Polycrystalline samples of (Pb,.,Cu,)Sr,(Y1.xCa,)Cu;0;.5 (Pb1212) 0< x < 0,3) were prepared to study the influence of Pb/Bi substitution on its
physical properties. Ceramic HTSC samples of (Pb4.,Cuy)Sr(YxCa,)Cu;0;.5, (Pb1212) 0< x < 0,3) were synthesized by standart solid-state reaction
from the starting materials Bi,0s;, PbO, SrCO;, Y,0;3; CaCO; and CuO. In the first stage a mixture of powders taken in stoichiometric ratio calculated
carefully grinded in the agate mortar and annealed in porcelain crucibles in a muffle furnace for 48 hours at 900°C in the disappearance of the char-
acteristic absorption bands of COs™- in IR spectra ( with intermediate grinding ). After that the powder was properly mixed in agate mortars and
pressed into pellets. The pellets were sintered for 72 hour at temperatures 850-900°C in air. A second annealing was performed at 750°C in flowing
O, for 8 h. The X-Ray diffraction patterns reveals that all the compounds are crystallized in space group P4/mmm R123 structure and show mainly
the formation of the tetragonal Pb1212 phase. Dependence of lattice parameters from the displacement degree x was studied. Change of lattice
parameters related to a possible transition Pb*/Pb™. It's adjusted that for solid solutions (Pb,.,Cu,)Sr,(Y:xCa,)Cu;0;.5, (Pb1212) 0< x < 0,3) have
superconductivity properties in temperature interval bellow 77-300 K. Our study reveals that superconductivity and structure stabilization in Pb-
based are more critical to sintering conditions that other cuprates. The SEM images of the objects under investigation show particles of different
shape which have diameter 1 um. Therefore, findings suggest that with increasing degree of substitution x an increase in the volume of the unit cell
is shown that one of the main factors that affect the crystallographic features of this system is the ratio of cations Pb: Cu: Bi.

Key words: high temperature superconductors, Pb1212 , solid-state synthesis.



