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CUHTE3 N UCCINTIEAOBAHME TBEPbIX PACTBOPOB B CUCTEME Las.xBaxNizO10+5

UccnedosaHo enusiHue 2emepoeasieHMHO20 usoMOdeHoeo 3ameweHus & ¢hazax PyddnecdeHa-lMonnepa (®PI) obwezo cocmasa
La,.,Ba,NizO49.5, 20e 0=x<2. [TokazaHO, Ymo npu 3amew,eHuUU La®* Ha Ba** @ ®PI ¢ n=3 (LayNi304,) npoucxodum nepexod k ®PI1 n=1 (La,NiO,) u
ebidenerue NiO u kucnopoda. Bnepebie uccnedoeaHbl pe3ucmueHblie ceolicmea nosy4eHHbIX CIOKHOOKCUOHbIX coeduHeHuUll 8 Hu3Komemmnepa-
mypHoUu obnacmu, onpedesieHa KuUcsopoOHasi Hecmexuomempusi, uccriedosaH ¢gpazoebili cocmas cucmembi LayBa,NizO1o.5 (05x<2).

Knroyeenie cnoea: ¢pasbi Pyddnecdena-lMonnepa (PPr), kucriopodHasi Hecmexuomempusi, pe3ucmueHble ceolicmea.
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SYNTESIS AND INVESTIGATION OF SOLID SOLUTIONS IN THE SYSTEM LasxBaxNi3O1o+;

Oxide samples with chemical composition La,.Ba,Ni;O.5, where 0<x<2, related to Ruddlesden-Popper phases were synthesized by
coprecipitation method of components from nitrates solutions by 0.25 M K,CO; solution with following calcination of obtained blend by 950°C
during 100 hours. X-ray phase analysis of the obtained samples show that the substitution of lanthanum on barium with 0<x< 0.5 leads to formation
of orthorombic solid solutlons space group mem At this range of substitution the mean nickel oxidation degree reduces from +2.68 to 2.29. It
was shown that when La>is substituted by Ba*'in RPP with n=3 (LayNi;04) transition to RPP n=1 (La,NiO,) takes place with separation of NiO and
oxygen. For the first time a research of resistive properties of the obtained complex oxide compounds in low-temperature areas took place;
oxygenic nonstoichiometry was determined; analyzed phase composition of the system La,,Ba,Ni3019.5 (0sx<2). Study of electrical conductivity
shows that the increasing of barium content changes the conduction type from metal (x=0) to semiconductor (x=0,25, x=0,5). This trend of
conductivity change can be explained by substitution of lanthanum that has f-electron shell on barium (with bigger ionic radius), which is p-element
and the decreasing of the mean nickel oxidation degree by the increasing of subst:tutlon degree. Therefore electrical conductivity of mixed oxides
in La-Ba-Ni-O system with Ruddlesden-Popper phase structure depends on the Ni**content and essentially depends on the conductivity electron
concentration in the unit cell. The change of conductivity may be caused by the cationic vacancy formation in obtained Ruddlesden-Popper phases
and the replacing of more conducting lanthanum-oxygen layers on less conducting barium-oxygen.

Keywords: ruddlesden popper phases, oxygen nonstoichiometry, electrical properties.
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CUHTE3 TA AOCNIAXEHHSA HAQNPOBIQHOIO KYMNPATY Y,Ba,Cu,0,;;

Memodom meepdoghasHo20 cuHmMesy odepxaHo HadnpoeidHy cnonyky Y,BasCu;O:;. CuHme3 koHmpomoeanu I4-
crekmpockKoniyHuUM aHanizom. ®a3oeuli ckiiad crnosiyku eusHavyasiu MemodoM peHmaeHieCcbKoi nopouwkoeoi dughpakyii. IHOekcyeaHHs1
PeHmaeHo2paM, 8U3Ha4YeHHs! MPOCIMOPOo.ol 2pynu ma KpucmarsnozpadgiyHux napamempie npoeodusu 3a dornomozoro npozpam INDEX
ma X-Ray. Po3paxoeaHo kpumepili opmopombiyHocmi 3pa3ka. BMicm HecmexiomempuyHO20 KUCHIO ma cepedHili cmyniHb OKUCHEHHS
KynpyMy eu3Hayanu (io0oMempuyHUM mumpyeaHHamM. [Tumomulii enekmpuyHull onip nosniKkpucmani4yHo20 Kynpamy eumiptosasnu 4o-
mupuKkoHmMakmHum memodom. 3HalideHO xapaKmepucmuku HadnpoesidHo20 nepexody: MoYyamkosy ma KiHyesy Kpumu4Hi memMmnepa-
mypu ma wupuHy HadnpoegiGHo20 repexody.

Knroyoei cnoea: HadnpoegidHul Kynpam, meepdogha3Huli cuHmes, IY-cnekmpockonisi, peHmaeHiecbka Aughpakyisi, HadnpPoeioHi
eslacmusocmi.

Betyn. 3 MOMEHTY BIigKpUTTS BMCOKOTEMMEpaTypHUX
HaANpPOBIAHWKIB B NEPOBCKITHUX OKCMAHWMX Crofykax Ha
OCHOBI Mifi YMCneHHi 3ycunns gocnigHukie 6yno cnpsimo-

BaHO Ha NOLUYK HOBMX CMONYK 3 GinbLU BUCOKMMK Temnepa-
Typamu nepexody y HaanpoBigHui ctad (Tc). Yum Buwa
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Tc Ta Byx4a WKMpMHA HagnposigHoro nepexony (AT), TMM
KpaLLMMUN BBaXalOTbCsl HAANPOBIAHI BACTUBOCTI CMOMYK.

Y poguHi kynpatiB Y-Ba-Cu-O 6yno Bigomo 4otvpwu
HapnposigHi dasn YBaxCuzOy (Y123), YBa:CusO,(Y124),
Y2BasCuzsOq (Y247), YsBasCusOy (Y358), npoTe Hewonas-
HO 3'BUMMCb NepLUi NOBIAOMIEHHS NPO HOBY HaAMPOBIAHY
dasy Y2BasCursO«(Y257) [1, 2]. Bigomo, wo HavBuLi Kpu-
TWYHI TemnepaTypu cepen HaAnpoBIOHWX KynpaTiB, WO
MicTaTb Gapin Ta iTpin, maTe Y123 (6nmsbko 90K) Ta
Y358 (90-100K). Lle uinkom BMNpaBAaHO 3Baxakoyn Ha Te,
wo OaraTto BYEHUX BBaXalTb igeanbHUMW HaAMpPOBIOHW-
kKamu Ti cpasu, B Akux cyma atomiB Y Ta Gapilo gopisHIoe
KiNbKOCTi aToMiB Migi B cTexiomeTpiyHoMy cknagi. Kpim
TOro, Kinbkictb CuO; nNnowmH AOPiBHIOE YMcny atomiB 6a-
pito, a kinbkictb CuO naHutoriB JOPIBHIOE YMCny aToMiB
iTpito [3, 4]. Mpn uboMy nNoBMHHaA OYyTK HecTaya aTtoMmiB Y,
AK Hanpuknag, Y Y123 Ha koxHuiA TpeTin atom Oapito Big-
CyTHin atoM Y, a anga Y358 atom iTpito BiACYTHIN Ha KOX-
HUM N'ATUR aTom Ba, WO MOSICHIOETLCSA MOSIBOKO AipOK 3a
paxyHOK HecTadi aToMmiB. TakvuM YMHOM, iCHYE NPUNYLLEHHS,
LLIO NpY HecTaui NeBHOI KifNbKOCTi aTOMIB iTpit0 HAQNPOBIAHI
BNacTUBOCTI nokpaiiaTbes. [pu BiACYTHOCTI ABOX aToMiB
Y, Ta BpaxoBylo4n yMOBM, HaBeAeHi BuLLe, 3aranbHa ¢op-
Myna mae 6ytn Yn3BanCuzn30x [4]. O4eBugHo, Wwo cknag
Ta cTexiomeTpis HagnposigHoro kynpaty Y257 signosigae
AaHin dopmyni. Hesaxatoun Ha iHTepec 40 AaHOi crnony-
KW, 3YMOBIIEHWI MOXIMBICTIO MOKpaLLeHHs HaanpoBigHMX
BMNacTUBOCTEN, BOHA i AOCI 3anullaeTbCA BMBYEHOK HEe
poctatHbo. MeTa Hawoi po6oTu nonsirana B CUHTE3i Ta
OOCNIAXEHHI BracTUBOCTEN CKMagHOro HaanposigHOro
kynpaty Y2BasCu7Ox.

Martepiann Ta metoau. CuHTe3 nonikpucrtaniyHoro
3paska Y:BasCu;Ox npoBoavnu 3a cTtaHOapTHOK TBEPAO-
ha3Ho MEeTOAMKO. FAK BUXIOHI CNONYKU BUKOPUCTOBYBA-
nu kapboHat 6apito, okeuam kynpymy (Il) Ta iTpito. YuctoTa
BCiX peareHTiB Bignosigana ksanidikauii "x4". B3aTi y Bia-
NOBIAHWX CTEXIOMETPUYHUX CMiBBIAHOLUEHHSAX OKCuMau Ta
kapboHaT peTenbHO MepeTvMpany B araToBiil CTYMLi MOKK
CyMilll He cTaBana pPiBHOMIPHO KOPUYHEBOIO KOMNbOPY.

OpepxaHy WmnxTy nomiwanu y dapdoposi Tvrmi Ta
npoxaptoBanu npu temnepatypi 950°C Bnponosx 24 ro-
OWH B MyenbHin nedvi. lNicna uboro NopoLoK NOBTOPHO
nepetvpanu, npecysanu y tabnetku npu tucky 100 Mlla
Ta niggaBanu Tepmoobpobui BnpogoBX 24 roavH npu
950°C. KiHueBe npoxaptoBaHHA NPOBOAUNN NpU TeMnepa-
Typi 500°C npoTtarom 24 roguH.

Mpouec posknagy WnXTn KoHTporoBanu |Y-cnekTpo-
CKOMiYHMM MeTofoM. |Y-cnekTpu nornvHaHHA NPOAYKTIB
BianamioBaHHa B obnacti 400—-4000 cm™ peecTpyBanu 3a
gornomorow  cnektpodotomeTpa Spectrum BX FT-IR
(Perkin Elmer) B Tabnetkax 3 KBr. ®a3oBuii cknag crnonyku
BW3HA4YanM MeTOAOM PEHTIEHIBCbKOI NOPOLLKOBOI Andpak-
uii Ha pudppaktomeTpi APOH-3 3 reomeTtpieto bperra-
BpeHTaHo (CuKa — BunpomiHioBaHHA 3 Ni-pinbTpom, A =
1,54178 A, fianasoH kyTiB 11<26<72°) npu KiMHaTHIN TeM-
nepatypi. 3nomky nposogunu 3i weugkicTio 1°/xs. Ons
ineHTudikauii ¢as BukopucTtoByBanu 6asy gaHux MixHa-
POLHOro KOMITETY MOPOLUKOBUX AUMPAKLiNHUX CTaHOapTiB
(JCPDS PDF-2) [5]. IHOekcyBaHHsI peHTreHorpam, BU3Ha-
YeHHs1 NPOCTOPOBOI rPynNM Ta po3paxyHOK KpucTtanorpadi-
YHMX NapameTpiB MpPOBOAWMAM 3a [JOMOMOroK nporpam
INDEX T1a X-Ray. BmicT HecTexioMeTpu4HOro KuCHKO Ta
CcepefHii CTyniHb OKUCHEHHSI Kynpymy Bu3Hadanu 3a Jo-
NMOMOroK MOOOMETPUYHOIO TUTPYBaHHSA. MuTOMWMI enekT-
pWYHWMIA oMip P NOMIKPUCTaNIYHOro KynpaTy BWMIptoBanu
YOTUPM3OHAOBMM METOAOM 3 BUKOPWUCTaHHAM Mpunagy
Pillar-1UM B iHTepBani Temnepatyp 300-77 K.

Pe3ynbTaTtu Ta ix o6roBopeHHs. Ha puc. 1 HaBeaeHo
I4-cnekTpu 3paska Y2BasCu;Oy. o npouecy Tepmoobpob-
K/ LUMXTa MiCTUIa BENUKY KinbKkicTb kapboHaTiB (v=1430

cm™) Ta Bogn (v=3400, 2400 cm™' Ta 5=1640 cm™), cmyrun
NOrMMHAaHHA SKMX MOXHa nobaunT Ha cnekTpi (kpuea a).
MMicna npoxaptoBaHHA CMOMykn NPOTAroM 24 roguvH npu
Temnepatypi 950°C Boga i kapboHaTK NMOCTYNOBO BUAaAnNs-
toTbCs, TOMy Ha |Y-cnekTpi B gianasoHi 400-4000 cvm ™ Bia-
CyTHi Byab-aki cMyru nornuHaHHst (kpuBa b). 3pasok npe-
cyBanu y TabneTku nicnsa Toro, sk Ha |Y-cnektpax He 6yno
CMYT MOIMNHAHHS, XapakTepHUxX Ans Boan Ta kapboHarTis.

100

80 | a)

60 |-
ol \

0 1 1 L L L
800 1600 2400 3200 4000

Yacrora, 1/cm

Puc. 1. I4-cnekTpu 3paska Y,BasCu;O,:
a) WuxTa, Wo He nigaasanacs TepmoobpobLL;
b) nicns npoxaptoBaHHs NPOTSAroM 24 rogvH Npy TemnepaTypi
950°C. CTpinkoto BiAMIYEHO CMYry 3 4acTOTOO MOrTIMHAHHS
kapboHaTHOI rpynu v=1430 cm”

MornvHaHHs, %

3a pesynbTatamu peHTreHodpasoBoro aHanisy (PPA)
3pa3ka Y2BasCu7Ox BCTAHOBMEHO HasiBHICTb [OMILLKOBOT
dasu BaCuOz 25 B kinbkocTi = 5-10%. 3pa3ok kpucTtaniay-
I0TbCS B OPTOPOMBIYHI CUHroHii (np. rp. Pmm?2) 3 napame-
Tpamu, HaBegeHumu B Tabnuui 1. Kputepin optopombivHO-
CTi po3paxoBaHo 3a cpopmyrnot 0=100(b — a)/(b + a) [6], Ta
popisHioe 0=0,574. BMIiCT HeCTeXioMeTPUYHOro KUCHIO Ta
CepefHiii CTyniHb OKWCHEHHS KyNpyMy Bu3Hadanu 3a [o-
NMOMOroK MOAOMETPUYHOIO TUTPYBAHHA 3a MeToauKoto [6],
pe3ynbTaTn HaBedeHo B Tabn. 1.

IHTeHCUBHICTL

1 i 1 " 1

20° 40° 60° 80"
206

Puc. 2. OQudpakTorpama 3paska Y,BasCu-;O,.
3ipoykamu nokasaHa gomiwkoBa asza BaCuO, s

Ha puc. 3 HaBegeHo rpadik 3anexHoOCTi MMTOMOro ornopy
3paska Big Temnepatypu. Kpim Toro, Ha rpacpiky nosHaveHo
OCHOBHIi XapaKkTepuCTVKM HaAnpoBiAHOro nepexody: noyaTko-
BY Ta KiHLEBY KPUTWUYHI TemnepaTypu nepexoay B HaAnNpoBif-
HW cTaH, Wwo ctaHoBnaTb 85K Ta 80K, BignosigHo. B Hopma-
NbHOMY CTaHi MMTOMUIA ONip 3pa3ka NPaKTUYHO HE 3MIHIOETLCS
3 TemnepaTypoto, NpoTe AeMOHCTpye cnabky HaniBnpoBiaHW-
KOBY 3anexHICTb i3 3Ha4YeHHAM Mpu KIMHATHIN TemnepaTypi
4,6 mQcm. WupwHa HagnposigHoro nepexogy ATc = Tc(on)-
Tc(off) nocuTb Bysbka Ta craHoBuTb 5K. He amBnsuuck Ha
BiJHOCHY HEBUCOKY TC CMHTE30BaHWIN 3pasoK Mae BY3bKy LUM-
pVHY nepexogy B HagmpOBiAHWIA CTaH, L0 € rapHo BnacTu-
BiCTIO HAAMPOBIAHNX CMOSYK.
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Ta6bnuuys 1

®a30BuI cKNaf, NapaMmeTpu efieMeHTapHOI KOMIPKM Ta pe3ynbTaTu HOAOMETPUYHOTO TUTPYBAHHSA

®daszoBuin

MNapameTpu eneMeHTapHOI KOMipKM

cknag

a, A

b, A

c,A

vV, A

MpocTopoBa
rpyna

KucHeBuin
iHOeKkc

cun+

90-95% -

3,811(6)

3,855(3)

26,532(1)

389,79(2)

Pmm2

15,7

2,20

YQBa5CU7O15 7

5-10% -
BaCuOnas 18,299(7) 18,299(7) 18,299(7)

6128, 1(7) Im-3m 2,5 3

Y Te(on)=85 K

Onip, Om-cm

Te(off)= 80 K
L

Il " 1 " 1 " 1 " 1 "
100 150 200 250 300 350

Temnepatypa, K
Puc. 3. TemnepaTtypHa 3anexHicTb MUTOMOro
enekTpuyHoro onopy Y,BasCu;0;s7

|

5i

BucHoBku. B pesynbTaTti npoBeaeHoOro AOCRISKEHHS
Oyno cuMHTe30BaHO 3a TBepAoda3HO METOAMKOK Haanpo-
BigHy cnonyky Y2BasCuzO1s57. pouec CUHTe3y KOHTPOrto-
Banu I4-cnekTpockoniyH1M aHanisom. MlogomeTpuuHuM TuT-
pyBaHHsIM BM3HAYEHO BMICT HECTEXIOMETPUYHOIO KUCHIO Ta
cepefHilii CTyniHb OKUCHEHHS Kyrnpymy. 3a gornomoro POA

0=0,574. 3HaliigeHo XapaKTepUCTMKN HaAnpoBIgHOro nepe-
XO4y: Mo4YaTKoBY KpUTUYHY TemnepaTypy Tc(on)= 85K Ta
KiHueBy KpuTuuHy Temnepatypy Tc(off)=80K. 3HaigeHo wu-
pVHY HaanpoBiAHOro nepexody, KM BUSIBUBCS BiQHOCHO
By3bkuM ATc = 5K, wo gyxe gobpe xapaktepuaye Hagnpo-
BiAHI BNACTMBOCTI 4aHOT CMONYKK.
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CUHTE3 N UCCINNEOQOBAHME CBEPXNPOBOAALLEIO KYMNPATA Y.BasCu701s57

Memodom meepdoghazHo2o0 cuHmMesa mnosy4eHo ceepxnposodsiujee coeduHeHue Y,BasCu;0:5;. CuHmes koHmponuposanu WK-
CreKmpocKonu4eckum aHanu3om. Pa3oebili cocmae coeduHeHUs1 onpedesnsiiu MemodoM peHmaeHo8ckKol nopowkoseol ougpakyuu. UHdekcupo-
s8aHue peHmaeHozpamMm, onpedesieHuUe NPOCMPaHCMeeHHOU 2pynnbl U Kpucmasniozpaguyeckux napamempos npoeoousiu ¢ MOMOWbIo MPo2pamm
INDEX u X-Ray. PaccyumaH kpumepuli opmopomM6uyHocmu obpa3sya. CodepxaHue HecmexuoMempu4ecKo2o Kucsiopoda u cpedHIo cmerneHb
okucsieHusi medu onpedensiiu uodoMempu4ecKuUM mumpoegaHueM. YOesibHoe 3/1IeKmpuYyecKoe conpomussieHue rnoslukpucmasniu4eckozo Kynpama
usmepsIu Yemblpex-KOHMaKkmHbIM memodom. HalideHbl xapakmepucmuKku ceepxnpoeodsiuje2o nepexoda: HayaslbHy U KOHeYHYH Kpumu4yeckue
memMnepamypbl U WUPUHY ceepxnpoeodsiujezo nepexooa.

Knroyeenie cnoea: ceepxnpoeodsiwjuli Kynpam, meepdoghasHbili cuHmes, UK-cnekmpockonusi, peHmeaeHoeckasi dughpakyusi, ceepxnpoeoosi-

wue ceolicmea.

A. Pilipenko, PhD-student.
pilipenko.anastasiya@yandex.ua;

S. Nedilko, Dr. Sci.;

A. Dzyazko, PhD;

I. Fesych, PhD

Taras Shevchenko National University of Kyiv, Kyiv

SYNTHESIS AND INVESTIGATION OF SUPERCONDUCTING CUPRATE Y;BasCu701s7

The results from investigations into the structure, electrical and crystallographic properties of new high-temperature superconducting phase of
Y,BasCu;04s;. The superconducting sample was synthesized by means of solid state reaction. The synthesis has been controlled by infrared spec-
troscopic analysis. Established that the compound gradually removed water and carbonates after calcination for 24 hours at a temperature of 950
°C. The phase composition of the compound was determined by X-ray powder diffraction. Indexing X-ray, determination of spatial and crystallo-
graphic parameters were set by INDEX and X-Ray. The sample consist of superconducting phase and non-superconducting phase. The supercon-
ducting phase Y,BasCu;045; was orthorhombic structure and Pmm2 space group symmetry. The criterion of orthorhombicity equal 0=0,574. The
Pmm2 space group was fit well on superconducting phase with the lattice parameters as a=3,811A, b=3,855A and c=26,532A. The non-
superconducting phase corresponds to BaCuO,; with Im-3m space group. Nonstoichiometric oxygen and the average oxidation state of copper
content were determined of iodometric titration. Accordingly, the nonstoichiometric oxygen and the average oxidation state of copper equal 15.7
and 2.20 respectively. Specific electric resistance of the sample were measured by the method of four-contact. . In the normal state resistivity of the
sample varies little with temperature. However, resistance shows a weak dependence of the semiconductor value at room temperature 4,6mQcm.
Beside this, were found the superconducting transition: start and end critical temperature that are 85K and 80K respectively and width supercon-
ducting transition which is ATc = Tc (on) -Tc (off) = 5K.

Keywords: superconducting cuprate, solid-phase synthesis, IR spectroscopy, x-ray diffraction, superconducting properties.



