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CuHre3a, CTpyKTypHe U MarHeTHe ocoOuHe Ca; Gd,MnQO; HaHonpaxoBa

Pe3ume

Y OKBHpY OBE JOKTOPCKE T€3€, UCIIUTUBAHE CY ONTHMAIHE METO/IE 32 J00Hjame
HaHOIpaxa — KaJIijyM MaHTaHCKOT OKCHJa JOMHPAHOT jOHMMa ragoiuHujyma. [{usb
UCTpa)KMBamba j€ HCIUTUBAKE OAroBapajyhux mpekypcopa KOju Cy MOJECHH Ja ce
N00Mjy YHMCTH HAaHO TPAaXOBHM MAHTaHWTA ca TEPOBCKUTCKOM CTPYKTYpOM, Kao U
MOHO(A3H! YBPCTH PACTBOPH Ca MEPOBCKUTCKOM CTpyKTypoMm. Kao momecan meron
kopuinthena je MoauduKoBaHa TIUIIMH HATpPATHA METOJA, a Ol IPEKypcopa HUTPATH U
arieTatu oaromapajyhux merana. Moaudukaiuja TIMIUH HUTPATHE METOAE C€ OJHOCU
Ha JETUMHUYHY 3aMEHy HUTpara aleraruMa, 4uMe je yOmakeHa OypHOCT peakiuje.
Vcnuran je pa3inuyuTd OJHOC MPEKypcopa, KOjU ajy HAaHOYECTHYHE MPaxoBe U UMajy
MaJy TyOuTaKk rmpu peakipjama. CHHTETHCAHO je YKYITHO YeTHPH HaHOIIpaxa MPUMEHOM
Moau(UKOBaHEe TJIMIMH HUTpaTHE MeToJe ca cleaehuM HOMHMHATHHUM CacTaBOM:
Cao,95Gdo,05Mn03; Cao’ngo,anOg Cao’g5Gdo,15Ml’lO3; Cao’ngo,zMnO} I[O6I/IjeHI/I
[PAaxoBH Cy Jabe KAIMHUCAHU Yy TemreparypaoM uuTepBany oa 850 °C mo 950 °C 10
min. TemreparypHu orcer y KoMe Cy NMOCMaTpaHHW KaILIWHUCAHU y30pIH, T00HjeH je
kopuithewem nudepennujanno tepmujcke aHanmmze (/ITA). ExcnepumeHTanHo cy
onpeheHe onTumanHe TemIepaType CHHTEpoBama M Hamaze ce y omcery on 1350 mo
1450 °C.

MetonoM peHAreHcKe Au(pakiMoHE aHajdu3e W PUTBENIOBOT CTPYKTYPHOT
yTaumaBamka UW3BpILIEHA J€ CTPYKTYpHa U MHUKPOCTPYKTYpHa KapaKTepu3aluja
Ca; xGdiMnO; (x = 0,05; 0,1; 0,15; 0,2) HanompaxoBa. Ha Taj HaumH je yTBpheH
MOHO(}a3aH cacTaB CBHX y30paka, INpOCTOpHA Tpymna Pnma amu U TO, Ja Cy OBHU
neposckuTH yrpagmom Gd®* medopmucany. Ananmmsom mapamerapa jemurndHe henmmje
YCTaHOBJBbEHO j€ J1a nmoBehame mapaMerapa ¥ MpoMeHa y MpoceyHuM AykuHama Mn—O
Be3a HacTaje ycmen mosehama canpikaja Gd y crpykTypu, peaykiuju Mn*™ 1o Mn®* u
300T MPUCYCTBO BaKaHIHja.

MarseTHa Meperba MoKasyjy Ja IOMHpame, Yak i MaaoM kommanaom Gd* joua,

. +
y BEJIHKO] MEpH Mema aHTH(epoMarteTHo noHamame CaMnOs. Hakon yohema Gd*™,



ycinen mBoctpyke m3MeHe m3mehy Mn’ -Mn*

JOHa, TOjaBJbyje ce€ 3HauyajHa
depomarnerna komroHeHTta. OHa je BuspbMBa kKao mwiato y FC marHeTusanuju Ha
HUCKUM TeMIlepaTypama, Kao M IOCTOjalby XUCTEPE3UCHE IMeTJbe, ca IPUIHYHO
BEJIMKOM jauyrMHOM KoepuuTuBHOT mnosba (Hc=2000 Oe) u 3aoctanom MarHeTu3alujom
(Mz=2,95 emu/g). Heypehenoct u npucycto cynapunuknx AFM u FM unTepakimja
noBozie 10 (pycTpanuje MaHTaHOBMX MAarHETHMX MOMEHAaTa, TaKO Ja Ha HUCKUM
TeMrneparypama Hactaje ctambe SG ucroa Henose temmnepatype 7y = 110 K. Marnetna
Mepema Cy Mokas3aja Jia ce ca opacToM KOHILIEHTpalyje x, nopehaBa n MarHerusanuja
30or oOpa3oBama (QepoMarHeTHUX Kiacrtepa y aHtupepomarHeTHoM CaMnOs
MaTpHUKCY.

Pesynrarn CEM ananuze cy kopumtheHu 3a yTuiaj nmoBehama caapxkaja Gd y

CTPYKTYpU Ha TeMIIEpPaTypy CUHTEPOBama, 'YyCTUHY CHHTEPOBAHUX Y30paKa, pacT 3pHa

U BbUXOBY MUKPOCTPYKTYpY.

Kbyune peum: Hanoctpykrypuu marepujanmm, Oxcuam, Tepmanna ananmsa,
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Synthesis, structural and magnetic properties of Ca;,Gd,MnO3; nanopowders

Abstract

In this thesis, examined the optimal method for obtaining nano powders -
calcium manganese oxide doped with gadolinium ions. The aim of the research is to
examine the appropriate precursors that are suitable to obtain pure nano powders of
perovskite manganite structure, as well as single-phase solid solutions with a perovskite
structure. As a suitable method used is a modified glycine nitrate method, a precursor
nitrates and acetates of the respective metals. Modification of the procedure was
performed by partial replacement of nitrates by acetates, in order to control the burn-up
reaction. Examined the relationship of various precursors, which give nanosized
powders have a small loss in reactions. Synthesized four nanopowders using modified
glycine nitrate procedure with the following nominal composition: Cag9sGdoosMnOs,
Ca.9Gdo1MnOs;, CaggsGdy1sMnOs and CagsGdy,MnOs;. The resulting powders were
further calcined in the temperature range of 850 °C to 950 °C 10 min. The temperature
range in which they were considered calcined samples, obtained using differential
thermal analysis (DTA). Experimentally determined optimal sintering temperature and
they are in the range of 1350 to 1450 °C.

Structural and microstructural characterization of Ca; xGdxMnOs (x= 0.05; 0.1;
0.15; 0.2) nanopowders were performed by XRPD diffraction tehnique and Rietveld
refinement. Monophase composition of all samples was revealed using XRPD
diffraction and Rietveld refinement, Pnma space group but this, that all
perovskitephases are deformed as a result of doping with Gd**. Unit cell parameters
analysis showed that the increase of unit cell parameters and changes in the average
length Mn—O bonds comes from the increasing content of Gd in the structure, reduction
of Mn*" to Mn”" and the presence of vacancies.

Magnetic measurements show that doping by even small amount of Gd®" ions
substantially changes CaMnO; antiferromagnetic behaviour. After Gd** introduction,
due to a double exchange interaction between Mn’" and Mn*" ions, significant

ferromagnetic component appears. This is visible as a plateau in FC magnetization and a



pronounced hysteresis loop, with relatively high coercivity (Hc = 2000 Oe) and
remanence magnetization (My = 2.95 emu/g). Randomness and presence of competing
AFM and FM interactions lead to a frustration of manganese magnetic moments so at
low temperatures a spin-glass state appears below Néel temperature 7y = 110 K.
Magnetic measurements showed that when concentration x increases, magnetization
also increases due to the formation of ferromagnetic ordered clusters in
antiferromagnetic CaMnO3 matrix.

The results of SEM analysis were used for the impact of increasing Gd content
in the structure of the sintering temperature, the density of the sintered samples, grain

growth and microstructure.

Keywords: Nanostructured materials, Oxides, Thermal analysis, X-ray methods,

Magnetic measurements.
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JHoxmopcka oucepmauuja Munena Pocuhi

1 YBoa

1.1. Hanouectuue

CHHOHMMH KOjU C€ KOpPHUCTE 3a MaTepHjajie udja je BeIMYMHA 3pHA pela HEKOIUKO
HaHOMETapa, JOK C€ KOHBEHLUHMOHAJIHO TOpHOM rpaHunom cmarpa 100 nm cy
HAaHOMETAPCKH, HAHOUECTHYHH, yITPACUTHO3PHH, HaHO(Da3HU MatepHjanu. Hano (nano;
cuM60i1 1) je mpedure y CU crcteMy jeanHuIa Koju 03Ha4daBa haxrop ox 10 u xomasu
U3 TPYKOT VOVOG, IITO 3HAYU namyswsak. Ha npumep, TUMHYHA JyKHHA Be3€ J[Ba aTOMa
yribenuka je 0,12-0,15 nm, a npeunuk aBoctpyke xenukoune JIHK je oxko 2 nm.
Hajmame henujcke xuBoTHE hopMme, 6akTepuja u3 poga Mycoplasma, cy oko 200 nm.

Tepmun ,,HaHOouecTHIa HUJE jacHO neduHUcaH. [')pybo pedeHo, CBaKy YECTHILY
HAa HAHOMETApCKOj cKaiau Tpeba Ha3BaTH HaHOYecTULIOM. MehyTum, Tako ce He Ou
M3pa3uio TMpaBO 3HAuUCHE peuu ,HaHouectura“. CBe Behe WHHTepecoBame 3a
HAaHOYECTHUIIC 3aCHMBA CE Ha IHbMXOBHM CBOjCTBMMAa 3aBUCHHM OJi BEIMYHHE, IITO HX
cBpcTaBa u3Mely mMoJiekyna u KpynmHo3pHOT MaTepujaia. Crtora, Hema CBpXe OJpeIuTH
TayaH pacloH BeJIMYMHE HaHOUYeCTHIa. 3axBajbyjyhl HUXOBUM TMOCEOHUM
KapakTepUCTHKaMa, HAHOUECTHLIE 3HAYajHO JONpHUHOCce cBe Behem 3Hauajy HaHOHayKa,
a THME W HaHOTEeXHoJoruje. Tako ce TepMHUH ,,HAHOUECTHIA* HEMHHOBHO TOBE3Yyje ca
neUHUIIMjOM HAHOHAyKe M HaHOTexHoJiorwje. HaHOoHayka W HaHOTEXHOJIOTHja CYy
HACTaJlle TEeK Kao CEerMEHT HEKaJallllbUX MCTPaXHUBama, a JaHaC Ce CBaKOJHEBHO
MOCTH)KE BEJIMKH HAPEAaK y CBETy HAHOHAYKa.

Y 3aBUCHOCTM OJf BeNIWYMHA 4YecTula wucmnobuhe ce crneuupuvne
KapaKTepUCTUKE TOJ KOJUM Ce MOoJpa3yMeBajy MarHeTHa, MEXaHWYKa, eJIEKTPUYHA,
ONTHYKA, TEPMOJMHAMUYKA U TEpMajHa CBOJCTBA, KA0 M CIIOCOOHOCT caMoclajama U
nperno3HaBama. CrnenuduyHe KapakTepUCTUKE OBHX UYECTHIA 3aBUCHHX O] BETUYHMHE
M0CTaje OUYMIIICHA KaJa

- BHIIE HE TOIITY]y KJIaCH4He 3aKoHe (pu3uke, Beh cy onmrcanu 3akOHUMa KBaHTHE

MEXaHHKE;

- YHyTap BUXOBOT CKJIONAa JOMUHUPA]y oApel)eHn yTulaju;
- TOKa3yjy CBOjCTBa YyCIJI€[ OTPaHUYEHOI Opoja KOHCTUTYEHaTa IOLITO Ce

yoOWuajeHr TEpMHUH ,MaTepujanr’ OJHOCH Ha TOTOBO HEOTPaHWYECHH OpOj
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KOHCTUTYEHaTa (HIp. aToMa, MOJIEKyJIa) KOjU TOKa3yjy MPOCEYHO CTATHCTUYKO

noHammame (Schmid et al., 2006).

OBe TpW Tayke OICEKHO OIHCYJy YCJIOBE KOJU MHOTO OO0JbE€ H3pakaBajy
3HAauYeHE ,,HaHOYeCTUle” O] OOWYHOr Tpeceka IyKHWHCKe ckane. OHM HCKIbYUY]y
orpoMaH ©Opoj OJMro ¥ MYJITHHYKJICAPHUX KIACTep jEAUIbCHA, YIIaBHOM
OpraHOMETAJIMYHE MPHUPOJIE, a KOja Cy IMOCTaja Mo3HaTa TOKOM IOCIENE JBE 10 TPU
nernenvje. BehnHa mwUX mMokasyje TUNUYHO MOJICKYJIAPHO TOHAIAKkE, OJHOCHO HE
TMIOIITY]y MPETXOIHO OMUCaHa MpaBuia.

Ouexkyje ce Aa HaHOYECTHUIle UMajy OpojHE MpHUMEHE Yy HayIH O MaTepHjaInMa.
Tpeba nma mokasyjy HH3 (U3WYKHX M XCMH]CKHX CBOjCTaBa yIHOTPEOJEMBHX 3a
MOTEHITMjaTHy MPUMEHY Y HOBOj T€HEpalldju ONTHYKHUX, €JICKTPOHCKUX, XEMU]CKUX U
ouonomkux ypehaja (Rao et al., 2007.)

Hanouectunie ce nedunumry kao yectuie mame oa 100 nm y cBe Tpu
mumensuje. [IpennocraBsba ce Ja Cy HAHOYECTHIIE T€HEPaIHO, cepHOr OOIMKa U 1A
uMajy npedHuk ox 10 nm wim Mame. Y OBOM MEPHOM OIICETy, BEJHKH IO aToMa y
YecTuIlaMa Cy Ha WiW OnmM3y TOBpIIMHE, NMpyXajyhu WM jeIMHCTBEHa CBOjCTBA. Y
Clly4ajy MarHeTHHX HaHOUYECTHUIlA, HAapYIaBamke KPHUCTATHE CHUMETPHje Ha MOBPIIMHU
uMa ayOoke mocienuiie. KoHKpeTHa MpeIHOCT HAHOMPAXOBa j€ y TOTOBO CAaBPIICHO]
XOMOTCHHU3AIMjH MHHEpPATHUX (aza W HIKO] TemrepaTypu aeHcupukamnmje. [lopen
MOCTHU3akha HAHO BEJIMYMHE YECTHUIE, KOHTPOJIA APYTHX KapaKTEPUCTHKA MPAIIKACTHX
4yecTulla, MonyT AUCTpuoOyLuje, uuctohe (aza u mopdonoruje cy mojjeqHako BaKHU Y
nobujamy ouekuBaHux gocturayha (Jortner & Rao, 2002).

HcTtpaxuBamumMa Cy pa3BHjeHE HOBHj€ METOJE CHHTE3E Marepujaia ca
KEJLEHOM CTPYKTYPOM, CacTaBOM U CBOjCTaBMMa HaHOMAaTepHjana U BUXOBUX CPOIHHUX
npuMmena. CHHTE3a W aHallM3a HAHOMpPaxoBa Cy MOJjeJHAKO BaKHU U Tpeba na Oyay
komruieMeHTapau. [locroje OpojHe MpHjaB/bEHE CHHTETHUYKE METole 3a (hOpMHUpamE
Hanouectura (Sugimoto, 2000). M3a30B je ga ce KOHTPOJIHIIE BEININHA HAHOYECTHIIA,
pacrioziesia Benmu4duHa, MOp(dooruja, KPUCTATUIHOCT, OOJMK U CBOJCTBA, (hOopMUpakhE
HAHOYECTHIIA Y 1aTe CBPXE, M OJ] pa3IMUUTUX MaTepHjaa.

YcnemHa reHepanyja HaHOUYECTHIIAa HEM30€XHO je IMOBe3aHa ca YCIHEITHOM
3alITUTOM TIOBPIIMHE THX YECTHIA, y CYNPOTHOM OM JONUIO IO HHUXOBOT CIIOHTAHOT

HaroMmiaBama ycien jake Ban gep Bancose cmie m3mely mamux uectmma, ca
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dbopMupameM MeTamHUX Tajora. Hanodectuile Mory OMTH HecTaOWIIHE JO Te Mepe Ja
ux Ban nep BascoBa cuna m3mel)y wectuna npuByde u opMupa Be3y MeTal-MeTall.
Arperatv HaHOYECTHIIA JIETY]y Kao jeJIHa YECTHUIAa M TEUIKO MX j€ PACTaBUTH 300T jake
cuiie Be3uBama (Overbeek, 1981).

XeMHjCKe CHHTE3¢ HAHOUYECTHIIa Cy 3aCHOBAaHE Ha YyMOTpeOM onaroBapajyhmx
KOMILIEKCA TPEeKypcopa. Y 3aBHCHOCTH OJf METalla, HEroBOr OKCHIAIMOHOT CTama,
KEJHEHOT THUIa HAHO-YECTHIIE, UTH., METOJIC KOje Ce NMPUMEHY]y BeoMa ce Pa3IuKyjy.
[Topen xemMjcKMX CHHTe3a, Takohe moctoje W ¢u3muku npuctynd. OHM OOMYHO
MOYHIbY OJ1 ME€Talla Y OCHOBHOM OOJIMKY M KOPUCTE pa3jIMYUTe BPCTE CHEpPIuja Kako Ou
UX MpeOaIiii y OCHOBHO CTamk€ aToMa y TacoBUTO]j a3y, TJe Ce aTOMH arJIOMEpHILY Y
HAHOYECTHIIE.

CMmameme BeIMUMHE YeCTHLA, MMa 3HA4YajHOT yTullaja Ha TBpJAohy M uBpcTohy
Mmatepujana. CynepenacTUHYHOCT je caMo jeiHa 0/l OpOjHUX CBOjCTaBa KOjy MCIIOJbaBajy
HaHOMaTepHjajii ¢ 003UPOM Ja Maja BETUYMHA YECTHIIA JOBOAM 10 BEJUKOT CTETeHa
¢bnekcuOmIHOCTH U enacTHIHOCTH. CIIOCOOHOCT CyNepeNlacTHYHOCTH ce o0jamrmaBa
mudy3njoM atoMa, OJHOCHO KpeTameM AHCIOKalWja W KIW3amkeM TpaHuma usMehy
3pHa.

MarseTHa CBOjCTBa YECTHIIA MOTY J1a Ce€ Ipare, MPEIU3HOM KOHTPOJIOM HHUXO0BE
BeMunHE W oOnumka. CyneprapaMarHeTHO TOHAIIAkE MOKa3yjy MarHeTHE YEeCTHIIE
ucriog, oxapeheHe KpUTHYHE BEIMYMHE, KaJa T1OCTajy  JeAHOJOMEHCKE, a
cyneprapaMarHeTH3aM ce HCIIoJbaBa M3HAJA ojpeleHe TemmepaType Koja ce Ha3uBa
Temmeparypa OJokupama. MarHeTHH MOMEHTH decTulla (QIyKTyHpajy y CBHUM
nmpaBOMMa HW3HAJA TeMIlepaType Olokupama TomMohy TepMmaiHe aKTHBAlHWje, CINYHO
napaMarHeTHUM MaTepujajiiMa, JOK HCIOA OBE TEeMIIepaType MarHeTHH MOMEHTH
YyecTulla TOCTajy OJIOKMpaHHM y MpaBlly Oce Jake MarHeTusanuje. Y OJHOCY Ha
yoOHuajeHH MapaMarHeTusaM, KOJl CylepliapaMarHeTu3Ma CBH MarHETHH MOMEHTH Y
OKBHPY j€JIHE YECTHIIE POTUPAjy KOXEPEHTHO CTBapajyhu Cynep-MOMEHT KOjU MOXeE Ja
Oyze 1 HEeKOIMKO Xuibaaa bop-oBux marHeroHa. TepManHa eHepruja HapylaBa TeXbY
CIIOJbALIET 110JhA JIa TMHOBCKM MarHeTHH MOMEHT YCMEPH Yy CBOM IIpaBIly, Kao KOJ
napaMarHeTHKa, Te je 0Baj ()eHOMEH M JeKIaphCcaH Kao cyneprapamMarHeTu3aM.

®du3nyka CBOjCTBAa HAHOYECTHUIIA HE 3aBHCE CaMO OJ MHAWBUAYAIHUX CBOjCTaBa

HaHovecTHIla, Beh u on muxoBux MehycoOHux wuHTepakmuja. Kon HaHOYECTHIHHMX
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cucreMa Koju Mel)ycoOHO HHTep-aryjy, KOJIGKTUBHO CTame aHcambia ce 3HavajHo
pasnuKyje o OJOKHpaHOT, ¢ 003UPOM Ja ce yClea MHTEPAKIHja HCII0JhaBajy CBOjCTBA
KapaKTepUCTUYHA 3a CTale CIMHCKOI cTakia. Jlakie, y OoBOM cilydajy TeMmIeparypa
mpenaza ce Ha3hBa TemIepaTypa 3aMp3aBalkba M OHA pacTe ca IOpacTOM jauuHe
MHTEpaKIyje.

EdexaT noBpmmHe MMa 3HauajHy yJIoOTy IpHU MpOydYaBamby MarHETHUX CBOjCTaBa
HAHOYECTUYHUX MaTepujaja. 3a ’bUXOBO ONUCHBAKE CE€ KOPUCTU MOJEI Je3rpO-OMOTay.
[Ipema oBOM MoJey, YECTHIIA CE CACTOjJH OJI MarHeTHO ypeheHor je3rpa u HeypeheHor
omortaua. OMOTa4 dYecTHIle je OJIrOBOpPAaH 3a TOjaBy HOBUX CBOjCTaBa, JOK je3rpo
JyecTulle 3aap)kaBa (pU3MUKa CBOjCTBA y30pKa. MarHeTHe MHTEPAKIHjE Y CIHOJbAIIHEM
oMOTauy Cy MOJAM(UKOBAHE TMOBPIIMHCKUM edexkTtnMa momyT nedekara, IIyIJbHHA,
Hampes3ama, HapyllaBamka XeMujcke Be3e. OBH edeKkTH [0BOJE [0 CHIDKaBama
Temmeparype (a3Hor Tmpenasa, caTypaliOHE MarHeTusaluje W  TopacTta
KOCPIUTHBHOCTH.

[Ipumena MarHeTHMX  HaHouecTHIla Jje  MHoroctpyka. ®epodayunm,
CKJIaJIMIITEeHEe MoJlaTaka U KaTalu3aTopu caMo Cy HEKH O]l MpuMepa KOju yKasyjy Ha
BaKHOCT HAaHOMarHeTa. MOHOIMCIIEP3HOCT je MMOHOBO MPEIyclIOB Aa Ou ce rapaHToBale
UJCHTUYHE KapaKTepUCTHKe. MarHeTHO MOHAIlake HAHOYECTUIA 3aBHUCH, OCHUM O]
HBbUXOBOT XEMHJCKOT cacTaBa, W OJ HMXOBE BEIMYMHE W KPUCTATHE MoauduKammje.
[lokazaHo je na ce MarHeTHE HAHOYECTHIE CIMYHE BEJIUYMHE 3pHA, PA3NUKY]y Y
MarHeTHUM KapakTepuCTUKaMa Kaja ce mpumnpeme paznuuutuMm Mmertonama (Leslie-
Pelecky & Rieke, 1996). MoHoaucnep3He MarHeTHE HAHO-YECTUIIE MOTYy Ce
OpraHU30BaTH Kako OW JIOCTUTIIE BPJIO ypeheH pacmopen y ABe, WM YaK TpU AUMEH3H]e,
IITO je YCIIOB Jla OM ce eNeKTPOHCKH CIUHOBU pehanu y oapehenom mpasiy momohy
CHOJbHET MarHeTHOT T0Jba. YHanpeheHn CHHTETHYKH MTOCTYIIIH CY 3aTO YCJIOB Ja Ou ce
Taj UUJb nocturao. OKCUAM THUIIA MEPOBCKUTA MOTY MPUMHTH BEJUKE KOHIECHTpaIuje
MOKPETHHUX, HACIEKTPUCAHUX JedeKaTa (EIeKTPOHCKUX M JOHCKHX) M HWMAjy MHOTE

moryhunoctu npumene (Bakken et al., 2004).
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1.2. Hwm pana

[IpoyuaBame cHHTE3e HOBHUX Marepujajia oO0yxBara cariieJlaBame Ipolieca 100ujama
NpaxoBa M BUXOBOT NpeBOhema y KOMIAKTHY (OpPMY JKEJbEHOT XEMH)CKOT CacTaBa U
KOHTPOJIMCAaHE  MHUKPOCTPYKType, Tnpyxkajyhm  Tpakena (¢uHamHA  CBOjCTBA
CHHTETH30BaHUX MarepHjaia. Jlocagamme CHHTE3e MEPOBCKUTA CY YIIIaBHOM Oa3upaHe
Ha TpaJWIMOHAIHUM MeEToJamMa, mosiazehu o oAroBapajyhmx okcuaa wid KapOoHaTa
MeTajla M Ipolieca CHHTepoBama y YBpcToj (a3u. 360r TakBOI MpUCTyMa, pe3ynTyjyha
JeIMIbema Cy MHUKPOMETApCKUX AMMEH3uja. MelhyTuM, omagameM BEJIWYMHE 3pHA 0
HAHO CKaJie JI0Jla3u 10 MPOMEHE MAarHeTHUX CBOjCcTaBa MepoBckuTa. M3 THX pasinora,
JlaHaC ce TMOKJIamka BEeJINKA MaKiha CHHTE3W HAHOYECTUYHHUX IPaxoBa ca MEePOBCKUTCKOM
CTpYKTypoM. McTpakuBamke y OKBUPY OBE JOKTOPCKE Te3e HMMalo je 3a LuJb
NpOHAJIAKEHE ONTUMAIIHE METO/e 3a Jo0ujarme HaHOoNpaxa — KaJlUjyM MaHTaHCKOT
OKCHJIa JIOTIMPAHOT joHMMa rafoiuHujyMa. [{usm je ga ce moOuje HaHOMpax KOjH IO
CB0jOj CTYKTYpH (KpHUCTaJTUHUTET U MOHO(A3HOCT) U BEIMYMHOM YECTHIA, UMa 00Jba
CBOjCTBa OJ] MaTepHjajia KOju c€ TPAIUIMOHATHO 100M]jajy KIACUYHUM TMOCTYILHUMA y
4YBpCTOj (azu.

Benmuka maxma je mocBeheHa mpoydaBamy W OJIHOCY u3Mel)y CTPYKTYype,
MarHeTu3Ma ¥ TpPAHCIIOPTHHX CBOjCTaBa y MAaHTaHWTHMa ca IE€POBCKHTCKOM
cTpykrypoM (Spasojevi¢ et al., 2007.). ¥V ¢yHKuMju TemmepaType MarHeTHOT I0Jba,
KOHIIGHTpAalLlKje [OoMaHTa, MPUTHCKA, pajujyca KaTjoHa y TOJ0Xajy A, pasiuke y
BeIMYMHU KaTjoHa Yy TIONIOKajy A cucTeM Tokasyje Oorare (asHe nujarpame
MarHeTHOTPAHCIIOPTHUX U CTPYKTypHHX cBojcTaBa (Pena et al., 2007, Troyanchuk et al.,
1997). 3a onpeheHe BpeAHOCTH JOHCKOT pagujyca y HOJoXkajy A OBE KOMIIOHEHTE Cy
MeTalu4He U (pepoMarHeTH Ha HUCKHM TeMIlepaTypama, a Ha BUCOKUM TeMIlepaTypama
ce TMoHamajy Kao moiynpoBomHumm. IIpernas meran-u3ojaTop je y jakoj Be3u ca
MarHeTHHUM CBOjCTBHMA, jep Ce TeMIlepaTypa mpesaza MeTal-u301atop, Ty. momynapa
ca Kupujesom temneparypom Tc. 3aro je y 6mmsunn Kupujese remneparype npucyTHa
10jaBa jakor BapHpama EJIeKTpUYHE OTIOPHOCTH, 32 HEKOJIMKO pelloBa BEJIWYHHE,
mojaBa Koja je Mmo3Hara TOJ Ha3WBOM KoJjocanHa MmarHeTHa otmopHocT (Nakajima &
Ueda 2006, Krishnamoorthy et al., 2007).

[{nsp ucTpakuBama y OBOj TE3M j€ Ja C€ MCMHTAjy ojarorapajyhu mpexkypcopu

KOjH Cy IOACCHHU na CC ,Z[06I/ij YUCTU HAHO IPAXOBU MAHIdHHUTA Ca NEPOBCKUTCKOM
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CTPYKTYPOM, Ka0 ¥ MOHO(DA3HH YBPCTH PACTBOPH Ca MEPOBCKUTCKOM CTPYKTYPOM TJie
ce BapHpa KaTjOHCKU M aHjOHCKH cacTaB y oKcHHHUTpHIy. Kao mogecan meron 6u O6mina
Moau(UKOBaHA TIMIMH HHUTpPAaTHA METO/MA, a IPEKypcopd HUTpATH M aleTaTd
onropapajyhux werana. HMcmuTtaH je pa3auuuTH OJHOC TMPEKypcopa, KOju najy
HAaHOYECTUYHE NPAaXx0OBe U UMajy MaJld TyOUTaK MpH peakiujama. M3BpiieHa je nerabHa
KapakTepHu3allyja mpaxosa oJropapajyher cacraBa, Kao U lbHX0Ba CHHTEPAOMITHOCT.

HNHTepecoBame 3a HAHO-OKCH/IC j€ BEIIMKO 300T OPOJHUX TEXHOJIOIIKUX MPUMEHA
y obJacTUMa MoImyT MUKPOEICKTPOHUKE, KaTalnn3e, IpeMasa, CKIaJUIITeHha CHeprje 1
3alTUTE KUBOTHE cpeauHe. CuHHTe3a HAHO-OKCHIA, 3ajelH0 Cca HHXOBOM
KapakTepHu3aIujoM, GU3NIKO-XEMHUjCKUM CBOjCTBHMA, M IPUMEHAMA j& O T0JIjeTHAKOT
MHTEpeca 3a CTy/IeHTEe, HACTaBHUKE, UCTPAKUBAYE U HAYUHHKE.

OBa Tema je caBpeMEHa W y IMOTIYHOCTH HOBa M y aKaJE€MCKOM IIOTJIENy je
BeoMa uHTepecanTHa. Ca apyre crpaHe 300r OYEKMBAaHHMX pe3ysiTaTa MOXeE Ja MMa U

KOMEpIMjaJHi 3Hauaj Ka0 OCHOBA 32 HOBE TEXHOJIOTH]€ 3a MarHETHE MaTepHjaJie.
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2. TEOPUJCKMU JEO

2.1. Masxranutu

HcnutuBana cepuja uBpcTHX pactBopa ommte ¢opmyie Ca;GdyMnOs wnma
MEPOBCKUTCKM THUIl CTpyKType. 3ato he y HacraBKy OWTHM ommcaHa CBOjCTBA
MIEPOBCKUTCKE CTPYKTYpE.

Manranutu ommre (opmyne A; RMnO; (0 < x < 1) npumanmajy rpymnu
nepoBcKuTa. MelyTuM OHM OZCTYyNajy Ol WJeajHe pelIeTKe EPOBCKUTA (TecepanHe) u
HIDKE ¢y cuMeTpuje. [ TaBHU pasior THX MPOMEHa Cy HEMpPaBWJIHOCTH y TAaKOBamy jOHA
KOje MpOY3pOKYjy pa3nudyhTa MarHeTHa W ONTHYKAa CBOjCTBA, a MOTy Ja HUMajy
pasnuuure npumeHe. M3 THX pasnora MaHraHUTH C€ MHTE3UMBHO IIPOYy4aBajy y 3ambHUX
nBaseceT roauHa. Yecro ce Ha3uBajy M MaHTaHUTHUMa Ca MEIIAHOM BaJIeHTHOINNY.
Hacrajy ctBapameM uBpctux pactBopa uzmehy RMnO; u AMnOj; (R: eneMeHTH PeTKIX
3emasba, A: 3emHoankanmHu Metan) (Aliaga et al.,, 2003). Hommpame RMnO; ca
JBOBAJEHTHUM KaTJOHOM HEKOI 3E€MHOAJKaJHOI MeTaja JOBOAM [0 OKCHAAlLuje
POTOPIHOHAIHOT 6poja Mn’ " joma y Mn"" (Nagabhushana et al., 2005, Wang et al.,
1997.). Karjorn R*" u A’* ce manase y mcrom crpykrypHOM monoxajy, a caapxkaj Mn®*

+
=x, a Mn’" = 1-x. Dopmyna moxke ja ce Hamuime kao A,_ R Mn' .. Mn* .0, non

YCIIOBOM J1a je npuxBaheHa MOryhHOCT OCTOjalba HECTEXHOMETPH]CKUX KUCEOHHKA.

[IpucycTBO MemiaHe jOHCKE M EJNEKTPUYHE IMPOBOJHOCTH Y OBUM OKCHIMMA
MOKa3aJo Cce TOroJAHMM 32 HUXOBY NPUMEHY 32 KaTOAHE MaTepHujaie Yy
eNEKTPOIUTUYKUM henmujamMa ca YBPCTHM ENEKTPOJIMTUMA, KOjU IMPEACTaBJbajy HOBY
TEXHOJIOTH]Jy KOja 3a/l0BOJbaBa CBe ekoiyomke yciope. [locebaH 3Haua] nMajy Kao
HETOKCUYHHU IMUTMEHTH Ca BUCOKOM TeMIiepatypHoM crabmiHomhy. Takole MaHraHUTH
MOKa3yjy BENMKY KaTaJIUTHUYKY aKTHBHOCT 3a OKCHAAIM]y JIAKIIMX YTIJbOBOIAOHHWKA W
YyIJbH MOHOKCHJA. 33 HMCIUTHBAKC MAaHTAHWUTA TOMEHYTOT THIIA IOCTOjU HAYYHH
MHTEpeC MPBEHCTBEHO U3 cienehux pasznora (Dagotto et al., 2001, Nagaev 2001, Coey
et al., 1999): (a) mocTojame KoJIOCAJIHE MarHeTHe OTHopHocTH; (0) Beoma Ooratmx
(da3Hux aujarpama; (B) MOCTOjae¢ YHYTPAIIBLUX HEXOMOTEHOCTH, OJTHOCHO TIOCTOjamhe
KOHKYPEHTCKHX (ha3a y 00JIMKYy MEeXypoBa WU TPaKa.

Hajsehu Opoj myOnukoBaHMX pajoBa ce 70 caja OJHOCHO Ha IMOJIMKPHCTAIHE

MaTepujajie, 0K je caMo Mainu Opoj mocBeheH OBUM MaTepHjajiiMa y HAHOYCCTUIHOM
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001vKy. YTBphEeHO je Ja HAHOYECTHMYHU MAHTAHUTU 300T pPEAyKOBaHHUX IUMEH3Hja
MOKa3yjy Jpyraddja CBOjCTBAa O]l CBOjUX Iapmaka y MOJIMKPUCTATHOM o0muKy. To ce
mpe cBera OJHOCH Ha II0jaBy CyleplapaMarHeTh3Ma, pPa3JIM4uTO TOHAIIAHke
MarHeTH3alMje y 3aBUCHOCTH OJf TEMIlepaType, I0jaBy XHCTEpe3nca ca MambOoM

caTypallMOHOM MarHeTu3alyje, Kao M pazInyuTa TUHAMHUYKA ¥ TPAHCIIOPTHA CBOjCTBA

(Klabunde, 2001).

2.2. llepOBCKHTCKA CTPYKTYpa

[lepoBckuTH Cy BeiHMKa MOpPOIWIIA KPUCTATHE KEepaMHKEe Koja je Ao0mia HMe TII0
MuHepany mnepoBckuty, CaTiO; koju je otkpuBeH 1830. W Ha3BaH 1O PYCKOM

muHepasiory rpody IlepoBckom. IlepoBckuTH uMajy TecepajHy HpPUMHUTHBHY P

peweTky, (mpoctopHa rpyna Pm3m), a ommra Qopmyia um je 4°B*°0; (Rao &
Raveau, 1998; Karanovi¢, 1996). Benuku kaTjoHu 4 Cy CMEIITEHH Y LEHTPY jeAUHHUYHE
henmnje m okpyxyje ux 12 kuceonuka (koopauHate: Y2 2 '5), Manu KaTjoHH B cy
CMEIITEHN Y POTJbeBUMA M OKpYyXKyje ux 6 kuceonuka (koopamnare 0 0 0), Tako ma
aHjOHH, HajuenThe KHCEOHMIH, JIeKe Ha mosioBuHama mBuie komke (0 20, 0 0 ', 2 0
0). Uneanna mepoBCKUTCKA CTPYKTypa m3rpaleHa je oa tecepaaHux, TyCTO MaKOBaHUX
AX; paBHU ca B kxaTjoHHMMa y OKTaeJapCKUM IOJ0XKajuMa y KOOPIWHALM]H ca LIeCT

aToMma KMCeoHuKa (ciuka 1.).
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Cnuka 1. CtpykTypa nepoBckuta xeMujcke popmyiie ABXs;(cnuka npeysera ca cajra
https://www.ntt-review.jp/archive/ntttechnical.php?contents=ntr200709sp 1 .html)
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Wneanny, TecepaiHy MepOBCKUTCKY CTPYKTYypy (ciinka 2.), UMa pelaTUBHO MU
Opoj mepoBckuTa. Behnna mux mma mano nedopmucany CTpyKTypy HHXKE CHMETpH]eE.
Oncryname o7 WIeadHEe NEPOBCKUTCKE CTPYKType M Ipeia3ak y HUXKY CHMETPH]Y
BEOMa Cy HHTEPECaHTHH, jep TO YTHYE HAa MarHeTHa M EJEKTPUYHA CBOjCTBA.
HenpaBunHocTn y makoBamy jOHa MPOY3POKYjy Mperia3ak y HUXKY cuMmerpujy. OBe
HETPABMWIIHOCTU Cy Pa3iIHuUTe MPH PA3IUYUTHM YCIOBHMA TEMIIEpaType M MPHUTUCKA
Tako Aa ce nmoraha na jenumermhe KPUCTAIUIIE Y BHIIE TOJIUMOPGHUX MoAubUKAIlHIja.
To je mo3Hara W pelaTMBHO dYecTa IojaBa momuMmopduaMa KOA Marepujaia ca

MIEPOBCKUTCKOM CTPYKTYPOM.

Crnuka 2. neanna, TecepanHa mepoBCcKUTCKa cTpykTypa (Rao & Raveau 1998.).

Koopaunanona ¢opmysia wuaeaqHe TEPOBCKUTCKE CTPYKTYpe C€ MOXKe

X1

_ Vi .
HaIMcaTu Kao [A*“’ g )] [B” ] O,, Oynyhu na cyma HaeleKTpucama KaTjoHa Mopa Ja

Oyne +6.

Pactojame d u3mel)y katjoHa 1 aHjoHa 1aTO je U3pa3uMma:

d, =dB-0)=a/2 (1)

d,, =d(4-0)=(a2 )2 2)

r7ie je a mapamerap jeAuHU4YHe henuje uuja AyKHMHA TUPEKTHO 3aBUCHU OJI BEIHMYHHE
KaTjOHa U aHjOHA, OJTHOCHO:

a=2-d(B-0) 3)

a=~2-d(4-0) (4)
V TecepaiHO] HEpPOBCKHTCKO] CTPYKTYpH KaTjoun A u B u amjorn O rpaze

TecepaaHo Hajrynrhe MakoBame M 33JJ0B0JhABA]y jeTHAYMHY:
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rA+r0:\/5(rB+r0):%a (5)

TJI€ CY 74, '3, ' PAIM]YCH KaTjOHA y TIOJIOKAajuMa A, B 1 KMCEOHHKA.

[TocToju Benuku OpOj jeaUBEHa KOja UMajy MEPOBCKUTCKU THUI CTPYKTYpE ajln
UM je CHUMeTpHja HWXa oj TecepanHe. [lo3HaTW cy TeTparoHaJHW, POMOWYHH,
poMmOoenapcKki, MOHOKIMHUYHH M TPUKIMHUYHH TepoBckutu. Cumerpujy ogapebhyje
OJTHOC BEJIMYMHE KaTjoHa M aHjoOHA Yy PEIIETIH, JOK Ha CTPYKTYPY NEPOBCKUTA YTUIY
Temneparypa u mnputucak. OkTaemapcka Mpexa y CTPYKTypHU MEPOBCKHUTa MOXKE,
3axBajbyjyhu cucTeMy Harummama, J1a ce MPHUIAroIy W Ja YKJIOMH KaTjoHE Pa3In4uTe
BennunHe y nojoxajuma A u B (Lufaso & Woodward, 2001), mTo 3a nmocieauily uma
BEJIMKH OpOj jeU-CHha Ca MEPOBCKUTCKUM THUIIOM CTPYKTYpE.

VY Tabenu 1 cy kaTjoHU KOju ce Mory Hahu y jqo/mekaeaapcKoM IMonoxkajy A u'y

OKTaeJapCKOM I0JI0kKajy B.

Tabena 1. Katjorn y monoxajuma 4 u B.

AXID | B(VI) |
Na” | Li" | Ru* |
K | 2t | pett |
K ‘ o2t ‘ P+ |
K ‘ cu?t ‘ Pttt |
K | 2t | pe+t |
K ‘ 2t ‘ P+ |
Ba2* ‘ Mn>" ‘
Pb2+ | F e3+ |
L a2+ ‘ C03+ ‘
P 1‘3+ ‘ N i3+ ‘
Nb3+ | Rh3+ |
Cet* ‘ Ti*" ‘
Th*" ‘ Mn** ‘

10
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2.2.1. ToammmutoB daxTop ToJepanuuje (7)

FonmgmvuTtoB  daktop Ttonepannuje (Goldschmidt, 1926) moka3yje kako ce joHH
yKIIanajy y pemetiii uMmajyhu y Buny muxose paaujyce. CTpyKTypa MepOBCKHTA MOXE
Ja IPUMH KaTjOHE Pa3IMuUTOr Pajujyca M HaeleKTpHCama, U3 TOT pasjora 3a HEKe
NEPOBCKUTE jenHaunHa (6) HHje 3a70BosbeHa. Kanma ce joH caBplIeHO yKiama, OBaj
¢baxTop nma BpegHocT 1. 3a mepoBckuTe ¢ ce neUHHIIE Kao:

o r,+ry ©6)

V2(ry +1)

[TpomeHnsbuBa t je (hakTop TONEpAHIIU]e, 7'y, 'z U F'y CY JOHCKH PaJHjyCH KaTjoHa

A, B n anjona X. Jennaumna (7) mpencTaBiba paaujyc KaTjoHa A 1maTror kKao 30up

paaujyca JOMUPAHOT KaTjoHa 74 U paaujyca nomnanra ry. (Mota, et al., 2013, Bose, et al.,

2007, Goodenough, 2004).:

ra=(1-x)ry+xry (7)

Jennaunna (8) mokasyje omHoCc m3Mel)y KOHIIEHTpaluje aomaHTa x u (akropa
TOJICpaHIIHje ¢

(l - x)rA, +xr, +r,

\/E(FB +”x)

Kanma pagujycu () A m B xarjoHa y MOTIYHOCTH 3a/10BOJhaBajy [ omammMuToB

=

(8)

¢dakTop TosepaHuuje, ¢ = 1, NEPOBCKUT je CTaOWJIaH M HUMa TECepajHy CTPYKTypy
(Mogensen et al., 2004). Unak, y mpakcu ce HIeanHa, TecepajaHa IMEePOBCKUTCKA
CTpYKTYypa jaBiba nipu BpenHoctuma 0,75 < ¢ < 1,0 u Ha BucokuM Temmeparypama (Pena
& Fierro, 2001). TlepoBckuTCKa CTPYKTypa MOXKe Aa Oynae cTabmiiHa KOJA OKCHIA KOJI
kojux je akrop Tonepanumje 0,89< ¢ < 1,02 (Coey et al., 1999.). Katjon he 3ayzeru
OHaj 10JI0Ka] y Kome he ¢ Outu Ommku 1.

VY Ttabenu 2 je mpuKazaH OmCer y KojeM ce (opMupa cTabMiIHa TMEPOBCKUTCKA
CTPYKTYpa 3a U3padyHaTe BpeIHOCTHU [ oaaImMuUTOBOr (pakTOpa ToJaepaHLHuje, £.

TaGenapue BpeaHocTH joHCKUX paaujyca je nao Shannon (1976) 3a pasne
KOOpJIMHAIIMOHE OpojeBe M OKCHAAMOHA cTama. Jla OMm Morao na ce wu3padyHa
FonpmvuToB  (pakTOp TOJNEpaHIUje, y3WMa C€ JOHCKH pamujyc KartjoHa A y
koopauHanuju XII, katjona B u aHjoHa X y koopawHanuju VI. PauyHame joHCKHX
paaujyca KaTjoHa KOjU yia3e y MoJioxkaj 4 ce BpIIU METOI0OM MHTEpIIoNalldje, jep HUCY

JOCTYITHU CBU TOJIOXKajU KaTjoHa y koopauHauuju XII. Moxe aa ce KOpUCTH U MOZAET

11
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BaJICHIIC BE3€ 3a M3padyHaBame uaealHOr pactojama A—O u B—O, momazehu ox 12
jemHakux A-O u 6 jeqHakux B—O Be3a. OBe A-O u B—O nqyxuHE Be3a ce 3aTUM 3aMCHE
ca MecToM 30Mpa JOHCKUX paaujyca (KOPUCTH ce y jemHaunHama (6 u 8) xako O ce
U3padyHao MOJIEN BaJICHIIE Be3e 3acHOBaH Ha Qakropy tonepanuuje (Lufaso &
Woodward, 2001, Lufaso & Woodward, 2004).

Tpeba nmatin Ha ymy na je Qakrop ToiepaHIje TMPUOIKHA W EMIHMPHjCKa
Mepa, Mako KOpHCHAa 3a MpeaBuljame HACTaHKAa TEPOBCKHUTCKE CTpyKType. M3mckyje
MaXJBUBO KopHIIheme, ¢ 003UpOM Ja je caM IMojaM jOHCKOT pajujyca OKBUPaH U Jia

3aBHCH y K0jOj C€ KOOPJAMHAIIM]JU HaJla3e jOHU.

Tabena 2. lomammuToB (akTop TONEpaHuHUje f, U Moryhe MEepOBCKUTCKE
cTpykrype (Schinzer, 2012).

¢ -BpEAHOCT | Edexar | Moryhe cTpykType
Katjonu xoju ynaze y
> 1 N0JI0Ka] A Cy TIPEBEUKA [TomuTHITOBH XeKCaroHaTHUX
Jia OM MOTJIH J1a 3ay3My MIEPOBCKUTA
CBOj€ TIOJIOXKaje
~0,9...1,0 ‘ Wneannu ycnosu ‘ TecepanHu nepoBCKUTH
Hexonmko moryhux crpykrypa.
Katjonu xoju ynaze y Meby wuma:
0,71 ...0,9 TOJIOKA] A Cy UCYBHIIIC = Pomboenapcku
MaJH 3a MoJIoXKaje Koje MIEPOBCKUTH
Tpeba 11a 3ay3my = Bapujante poMOHMYHIX
MIEPOBCKUTA
Moryhe cTpykType Hajrymher
MaKOBamba:
=  CrpykTypa KOpyHJa
Katjonu xoju ynase y (mopemehenu pacmopen
<071 nojioxaj 4 cy ucre KaTjoHa)
’ BEJIMYMHE Ka0 U KaTjOHU =  MMeHHUTCKa CTPYKTypa
KOjH yJa3e y moyioxaj B (ypehenu pacriopen
YHYyTap JUCTOBA)
=  Crpykrypa KNbO;
(ypehenu pacniopen)

12
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2.2.2. CHcTeMH HArMILAIHLA YV IEPOBCKUTUMA

[TocToje Tpu MexaHW3Ma KOjUM C€ OIHCYje OJCTYIAmE O] TECEpaTHE MEPOBCKUTCKE
CTpPYKTYDE:
(1) nucrop3uja UK OACTyMAKkE O] UICATHOT 00JIMKA OKTaeapa;
(2) momepame KaTjoHa y OKTaeapy u
(3) Harumame OKTaedapa, KOjU y TICPOBCKUTCKO] CTPYKTYpH JeJlie pPOTJbeBEe W
dhopmupajy paBUIIHE HU30BE Ty’K UBHIIA TECEPATHUX jeAMHUYHHUX henuja.

Kao nocrnemuiia enekTpoHCKe HECTAOMITHOCTH OKTaeapCKOT KaTjoHa jaBibajy ce
npBa 1Ba MexaHu3ma. Ycuen Jan-TenepoBor edekra ce jaBiba €IEKTPOHCKA
HECTa0MITHOCT KOja JTOBOAM JO JUCTOP3Hj€ OKTaehapa y MEPOBCKUTCKO] CTPYKTYpH.
Jlpyru THUI MeXaHu3Ma, NOMEpame KaTjoHa Yy OKTaeApy je KapaKTepUCTHYaH 3a
depoenextpuke (Glazer, 1975). Tpehu u Hajuemthu MexaHu3am JUCTOpP3Hj€, HATUHAKE
OKTaeJapa, HacTaje HarWmameM y CymTHHU KpyTux BOg-OoKTaenapa, NMpH 4yemy ce
3aJpKaBa BUX0BA Be3a MPEKo porbeBa. [loceOHO je n3pakeH, kana je A KaTjoH CyBHILE
MaJM 3a TeCepalHy MpPEKy OKTaemapa. Taja je morpeOHa HajMama eHepruja, jep ce
pacrojame A—O ckpahyje, a n1a ce mpu TOM HE MEHa KOOpAMHAIMOHA cdepa OKO
OKTaeJapCcKor KaTjoHa B.

longmMuToB (pakTop TONEpaHIMje ce JOBOAM y BE3y ca IMOMepambhMa U
nedopmarjama y CTpykTypu. Ycien pasnuke y myxkunu Bese (4A-0) u (B—O) jaipa ce
pasnvKa 4uja je Mepa:

t:—(A_O) 9)
J2(B-0)

Kana je ¢t < 1 Beze (B—0O) ce cabujajy, a (4—O) Be3e ce ucrexy (Goodenough,
2004). Crpyktrypa yOnakaBa oBa Hampe3ama portamujoM BOg, oktaeapa (Ogp
NpEeJCTaBJba KHCEOHUK Yy KOOPAMHAIMjH IIECT MPHU 4YeMy Cy JBa KHCCOHWYHA aToMa

3ajelHUYKa Ca CYCEJIHHMM IMOJMEAprUMa), IITO JOBOJIU 10 PEAYKOBama CUMETpHUjEe U
JUCTOP3HUj€ TIPOCTOPHE TPYyIIe Pm3m. Kana je porammja oko Tecepamre [001] oce,
CUMETpHja ce CHIDKaBa JI0 TeTparoHanHe (qobuja ce /4/mcm mpocTOopHA TpyMa ako cy
poranuje BaH Qasze, u P4/mbm ako cy poramuje yuyTtap daze), (cnuka 3a). Porammje
oko tecepainne oce [111] majy pomOoenapcky cumeTpujy (Rgc 3a poTalyje BaH U Im3

3a poramuje yHytap (ase), (cmuka 30). Porammje okxo Tecepamne oce [110] majy

pomOuuny cumetpujy (Pbnm wnv Pnma), (ciuka 3B).

13
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Cmuxa 3. Poramimja BOg), naje a) Terparonanny (mpojekiuja aa (001)),
6) pomboenapcky u B) pomOuuny (Pbnm) cumerpujy (Rao & Raveau 1998.).

Kana je t > 1 Bese (B—O) ce ucrexy, a Bese (4—0) ce cabujajy. [log HanmornoM
yrao B—O-B ocrtaje 180° u cTpykTypa ce mpuiarohaBa pacropeny y XeKCaroHajgHO
ABAB nymeme, IpH 4eMy Cy OKTaeIapCKU MOJI0Kaju KOOPAUHUCAHHU Ca IIECT aHjOHA U
OKTaelIpH Cy TOBE3aHM HE MpPeKo porjbeBa Beh mmajy 3ajemHnuke mibocHU. Benwku A
KaTjOHH MOTY J1a ce cMmecTte m3Mel)y HM30Ba OKTaedapa Koju jaene mybocHu. Kama ce
OKTaeJIpH MOBEXKY Ha OBakaB HauMH noBehaBa ce on0ujame n3Mely KaTtjoHa y Mmoyioxajy
B.Y 3aBHCHOCTH 0] BpPEJHOCTH #, CTPYKTYpa MOCTENEHO I'Paiy XeKCaroHaJHO HajTyhe
MaKoBame M HacTaje cepuja moymTHroBa (ciuka 4.). [IpBu Opoj y o3HAIM MOJUTHIIA
oJIHOCH ce Ha Opoj rycro makoBaHux AQO; paBHH y jequHUYHO] henuju, a 3aTUM cieau
CJIOBO KOje O3HayaBa cuMmeTpujy. Kako ce moBehaBa yneo XeKcaroHajgHOI MaKOBamba

Memajy ce u cepyje, na ugy peaom: 3C, 6H, 4H, 9R do 9H.

14
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Cnuka 4. Mpexa BOg, okTaenapa y ABO3; noIuTUIIOBUMA IEPOBCKUTA:
a) recepannom 3C, 0) xexcaronamnom 2H, B) xekcaronainaom 6H,
r) xekcaronanuom 4H u x) pomboenapckom 9R (Rao & Raveau 1998.).

YTBpheHo je Aa OKTaenapcKo Harvmbamke YTUUe Ha CUMETPH]Y TIEPOBCKUTA, TIPH
yeMy TakBa Bpcra Aedopmanuje moBoau a0 ¢aszHux Tpanchopmarnmja (Howard &
Stokes, 1998.). Harma npomeHa KpHUCTaJdHE CTPYKType, IOjaBa TeMIIEpaTypHOT
XHCTepe3nca U TMpoMeHa cuMeTpHuje Oe3 mpaBwia ( ABe ¢asze He Mopajy Ja uMajy
3ajeIHMYKE €JIEMEHTEe CHMETpPHje) je KapaKTepuCTHYHO 3a ¢aszHe TpaHchopmalimje
NpBOT pefia. 3a pa3iuky on TpaHchopMmalmja MpBOT peia, mpeiasd JAPYror peaa cy
OKapaKTepUCaHW KOHTHHYAJIHUM MpPOMEHaMa CTPYKTYpe M HEMOCTOjamba TEePMAaTHOT

XHCTEpe3uca.

15
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2.2.3. Jan-Teaepos edekar

Jan-TemepoB edekar je mpolec CHOHTAHOT HapyliaBama cuMmerpyje. Ommcyje
TCOMETPUJCKE AWCTOP3HMje MOJEKyJa | OKpyXema Yy ckiamy ca oapehenum
eNeKTPOHCKUM KoH(puryparnujama. Hactaje xao mocienuna ITUCTOpP3Uje €IEKTPOHCKOT
oblaka y HenuHeapHOM MoJsekyilny mox onpehenum ycrnoBuma. Teopema: CBaku
HEJIMHEApHU MOJIEKYJI y JeTEHEpHUCAHOM EJeKTPOHCKOM cTamy Ouhe HectaOwiaH u
npetprehe nucrop3ujy Aa Ou HaIPaBUO CUCTEM HUIKE CUMETPH]E U HIDKE CHEpryje U Ha
Taj HAYMH eIUMHUHKCa0 nereHepucanoct (Dagotto et al., 2003.).

Koopaunanuonu 6poj Mn y NmepoBCKHTCKOj CTPYKTYpH je 6. Y OKTaeaapckoM
OKpyxemy 3d opburane ciobomHor Mn Koje Cy MeTOCTPYKO JETeHEpPHCaHe ce Jiee Ha
tr, OpOMTATHM TPHUILIET (Ca HMXKOM EHEPrHjOM) M €, OpOMTanHM AyOseT (ca BUILIOM
eneprjom). Y Mn** jony, 3 enexrpona, u3 3d opGuTale, McTe CIMHCKE OpHjEHTALH]e
HONyHaBajy CHEPreTCKU HIDKE ty, opOHuTane, oK Mn’" jou mMa jenaH enexTpoH BHIIe
UCTE CIMHCKE OPHMjEHTALUje KAa0 U €JIEKTPOHU CMEIITEHU y HUXKUM th, opbuTamama u
CMEILTEH je Y €eHEPreTCKU BUIIIO) OPOUTANIN €.

[Ipema Jan-TenepoBoj Teopemm cTpykTypa he ce nedpopmucatn na Ou
OTKJIOHMJIA JIeT€Hepalnjy €, U tr, opOuTana (pasiaBajame d €HEPreTCKUX HHUBOA), IPU
4yeMy je pas/Bajame tr; HUBOA TaKo Masio Ja je Jan-Tenepos edekar y ciaydajy ty, HUBOA
3anemapspuB (Coey et al, 1999, Shannon & Prewitt, 1976, Dagotto et al., 2001).
Vknamame aereHepucaHoctH d HuBoa Mn®T joHa y3pokyje moMepame aHjoHa y
OKTaeIpuMa, MpU YeMy Ce OKTaeApH M3IyXyjy wiu ckpahyjy y oapehenom mpasity.
[Ipexnaname MaHTAHOBUX ty, OpouTana (dyy, dy., d-) ca KUCEOHUKOBUM 2p opOuTanama

je ciabo y OKTaelapcKOM OKpYy»KemY, Yy OJHOCY Ha €, opburaie dz“dxz_yz Koje cy

ycMepeHe MpeMa CyCEeHUM 2p KHCEOHWKOBHMM OpOHWTajaMa W BEJWKa je BepoBaTHOha
BUXOBOI MpEKiIanama IITO OMOoryhaBa mpena3 eleKTpoHa u3Mel)y MaHTaHOBUX U
krceoHnkoBux opoOutana (Coey et al., 1999, Shannon,1976, Dagotto et al., 2001).
YnupaBo Taj mpenas enekTpoHa u3Mel)y MaHTaHOBHX W KHCEOHHKOBUX OpOWTalIa yTHYE

Ha UCII0JbaBalkb€ MAarHETHHUX CBOjCTaBa KOa MaHIaHuTa.
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2.2.4. MexaHuszaMm JBOCTPYKE H3MeEHE

. +
Mexanu3zaM JBOCTPYKE HM3MEHE je TMpesia3 eJIeKTpoHa u3Mel)y cycemHux Mn®" u
+. :
Mn* JOHa MOCPEeACTBOM KHCeOHUKa (ciuka S.). To je cuMynTanu mpesaza eJIeKTPOHa O
. 3+ . . . 4+
JoHa Mn~~ Ha KMCEOHHKOB JOH U ca KUCEOHHKOBOT JOHAa Ha cyceqHu joH Mn . CmaTpa
ce Ja je MeXaHW3aM JBOCTPYKE H3MEHE OJrOBOPAH 3a HCTOBPEMEHO IOCTOjamhe

(bepOMaFHeTHI/IX U MCTAJIMYHUX CBOjCTaBa KOA MAaHIaHUTCKHX IICPOBCKUTA.

£ % DG ><r CRO-CX D DT
tHt TTTM,, - et 11
Crnuka 5. lllemaTcku nprka3 MexaHU3Ma JBOJHE H3MEHE.

ITpenas npoBoasbuBOr enekTpoHa u3Mely nBa cycenna katjona Mn npexo O,
a J1a ce ouyBajy HecnapeHu npasuu cinusa (Opel, 2012).

11

3enep (1951) je dopmynucao mexaHw3aM JIBOCTPYKE HM3MEHE M JIOIIA0 [0
3aKkJbyyka Ja je 3a IMojaBy QepomMarHeTu3Ma IMOTpeOHO Ja CHHHOBH aToma ca
HETONyHheHUM d opbuTanama Oyy MOBE3aHU IPEKO NMPOBOJBUBUX E€IEKTPOHA, €g. AKO
ce OBO NMPHMEHH Ha OKCHIE MEIIOBHTE BaJCHTHOCTH J0ja3u A0 (opMupama IBe
nereiepucane  Mn—O opOutane. OcCHOBHa HJEja OBOI MoOJeNa je Ja Cy B
koHpuryparmje Mn*—O-Mn*" u Mn*—~O-Mn’" nerenepucane axo je opjenraumja
CIIMHOBA JIBa d HUBOA TapaJieHa, OJTHOCHO J1a MUHUMAJIHA €HEepIyja CUCTEMa O/AroBapa
napajenHoM ypehemy crMHOBa JBa CycelHa KaTjoHa. 300T JETeHEepHCAaHOCTH, HUje
nmoTpeOHa eHepruja 3a eJEeKTPOHCKU Tperia3 W Marepujan je meranudad. [loBesaHocT
eNEeKTPUYHE TIPOBOJBUBOCTH, (hepOMarHeTH3Ma 1 CTEIeHa JIONUpPamka Y KOMIIOHEHTaMa
MEIIOBUTE BAJIEHTHOCTH MOXKE, ASTUMHYHO Ja 00jacHM JABOCTpyKa m3MeHa. bynyhu na
OBaj MEXaHM3aM YKJbydyje opOHTale, MOXKE Ja Ce 3aKJbydYd Jla Cy MarHeTHa CBOjCTBa
MaHTaHWTa MEIIOBUTE BAJICHTHOCTH, MOBE3aHE ca (DaKTOpOM TOJIEpaHIIMje KOjU WUTrpa
BaXHY ynory y mpahemy BHXOBUX cBOjcTaBa. llpu cmamemy pamujyca KaTjoHa A,
¢dakTop ToOJEpaHIMje f, MOCTaje Mamku O] jefaH, a yrao Mn—O—Mn mocrtaje MambHu 0J
180 ° ycien Harumama OKTaexapa WM EuUXoBe jaucropsuje. OBe NMpOMeEHE y yIiy
MEHajy CTENEH MpeKiamnama u3Mely opOuTasia U Tako yTU4dy Ha JBOCTPYKY H3MEHY
(Dagoto, 2002. ). Ako cIMHOBM MaHTraHa HUCY MapajielHd uin yrao Mn—O—-Mn Huje
uneano 180 °, TpaHcdep enekTpoHa MOCTaje CBE TEXHM M IMOKPETIHMBOCT UM Ce€

cMmamyje (cimka 6.).
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a) 0)

Cnuka 6. a) CHMHOBHM MaHTaHa Cy mapajientu, yrao Mn—O—Mn je uneanno 180 °
0) CiMHOBM MaHraHa HUCY mapaieids, yrao Mn—O-Mn je mamu o 180 °
(Birol et al., 2012)

Y okBUpY TeopHje NBOJHE M3MEHE C€ MOTry 00jaCHUTH MHOTH ajd HE W CBHU
KacHHje OTKPHBEHHU (PCHOMEHHU y MaHTaHHTUMA. M3 Tor pasiora ce ykasaia morpeda 3a
HaKHAJHOM (HOpMyJAIMjOM OPUTHHAJIHE TEOpHje€ y BHUIY AOINYHA M MPETHOCTaBKU 3a
onpehene mpobieme. MHOTM Hay4YHUIM Cy TOKOM TOJMHA, J1aJb€ pa3BUjaId TEOPH]Y:
Anderson u Hasegawa (1955), de Gennes (1960), Searle u Wang (1970), Kubo n Ohata
(1972)...

2.3. CBojcTBa M NpUMEHA MaTeprjaia ca MEPOBCKUTCKOM CTPYKTYPOM

[lpenmer mpoywaBama jeaHe oA OOJACTH HayKe O MarTepujaiuMa je HCIHUTHUBAHbE
KBAaHTUTATUBHOT OJHOCa u3Mel)y KpucTanHe CTpyKType U (HU3MUKHUX CBOjCTaBa.
Hanpenak Koju je MOCTUTHYT y TMO3HABaWmy Marepuja, MOCIEANIA je CHCTEMAaTCKOT
npahema BUXOBHUX CBOjcTaBa. UecTo Majia MpoMeHa Y CTPYKTYPH MM MUKPOCTPYKTYPH
JOBOJM 10 3HAYajHUX MPOMEHa y (PU3MUKHM CBOjCTBHMA. Tako je Ha MpUMep 3a MOojaBy
(bepoenekTpuuTeTa Y NEPOBCKUTY cactaBa AB03; moTpeOHO Ja 0JHOC 3alpeMHUHE OKO
KaTjoHa 4 W 3ampeMuHEe ToJHeapa OKo KaTjoHa B Oyme Tauno 5. KoopmuHarmoHu
NOJHMEApPH KaTjoHa MOTy C€ CMaTpaTd OCHOBHOM jEJUHHUIIOM CTPYKType IIpH
Npoy4YaBarmy IIPOMEHE KPUCTAITHE CTPYKTYpE ca TEMIepaTypoM, IIPUTUCKOM M CaCTaBOM
(Thomas, 1989.).

®dusnuka CBOjCTBA MEPOBCKUTA CYy PAa3HOBPCHA, Oynyhu 1a y BHXOBY CTPYKTYpPY
Mory na yhy pasnuuute joHu. HeodekmBana komOuHammja (PU3NYKHX CBOjCTaBa
CIIOKCHUX OKCHJIa MeTajla ca MePOBCKUTCKOM CTPYKTYpPOM je OCeTJbMBA YaK M Ha MaJie

CTPYKTYpHE NpPOMEHE U TI03HAaBaKkE KPUCTAIOXEMHU]JE€ OBUX KOMIIOHEHTH j€ Of
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NpecyHOr 3Hayaja y pa3BOjy HOBHX MaTepHjaja ca HEOOMYHOM KOMOHMHAIUjM

AUCICKTPUIHUX U MAarHCTHUX CBOjCTaBa.

2.3.1. CynepnpoBOIHHIIH

CynepnpoBOJBHBOCT j€ M0jaBa KOjy KapaKTEpHILE HECTAjabe eIEKTPUUHE OTIIOPHOCTH
Y Pa3IMYUTHM METAJIMMa U JIETypaMa Kajia ce 0XJia/ie Ha BeOMa HUCKUM TeMIepaTypama
Tc. OBO €BOjJCTBO 7071431 10 M3pakaja Kaja ce MaTepujall OXJaau J0 Tauyke Kbydamba
He, 4,2 K. Martepujan ce U3 CyneprpoBOJJbUBOT CTalkba MOXKE BPATUTH y CTaHIAPAHO
KaJa ce U3JI0KM jJaKOM MarHETHOM I0JbYy ofipel)eHe KpUTHYHE BPEAHOCTH WM KaJa Kpo3
mera mpohe jaka crpyja. OTkpuhe MNEPOBCKUTCKUX CYNEPIPOBOAHHUKA YHeENA je
peBonynujy y OBy obOnact u a0 1987. romuHe CynepnpoBOABMBOCT y OBHUM
MaTepHjajiuMa MorJia je Aa ce nocturae u3Hajg 77 K, tauke kibydama TeqHor N, HITO je
MHOT'0 €KOHOMCKH HUCIUIaTUBH]E.

[IpBu cynepnpoBOJBHBH MIEPOBCKUT OTKPHIHU Cy UcTpakusaun IBM-a, Bednorz
u Mueller omoBprayBmm BCS Teopujy koja je a0 Taa oOjammaBaia MPUPOIY
cynepnpoBoasbuBOCcTH (Dynes, 1994). Ha nmpumepy SrTiO; cy mokasanu jga maTepujat
MoOJKe rocTaT cyneprnpoBoaHuk (ca Tc MamoM o7 1 K) ako ce peaykyje Ha Taj HAauUuH
na My ce u3 pemerke ykioHe aromu O. Mamely 1986. m 1988. rogmne xputudHa
TeMIepaTypa 3a MEPOBCKUTCKY KepaMuKy je mopacia 3a 100 K, a 3anmux ronuHa camo
3a JOIlI Iap CTENEeHH yBOh)EeHheM pasHUX €r30THYHUX €JIEMEHATa y OCHOBY IIEPOBCKUTCKE

KEpaMuKe.

2.3.2. dDepoejeKTpUIM

depoenekTpuyHe MaTepHjaie KapaKTepHUIe CIOHTaHA PEBEP3MOMIIHA TMOJapu3alnja.
OcHoBHO oOenexje (GepoeNeKTpUYHUX MaTepujaia je XHCTepe3MCHa IeTjba Koja
NpeJCTaB/ba CIOCOOHOCT MPOMEHE CIOHTAaHE ToJapu3anuje y (depoenekTpuuumMa
(cmuka 7). MeromoM XHCTEpe3HWCHE IeThe ce oapelyjy OCHOBHE KapaKTEPHUCTHKE
(dbepoelleKTpUUHUX MaTepujajia TOmyT croHTaHe mnonapu3anuja (Ps), pemaneHTHe
nonap3anuje (P;) m xoepumtuBHor mosba (E.). Ilomapusaumjy koja 3aocraje y
MaTepHjally Kaja ce BPEIHOCT eNeKTpUu4yHor nosba Bpath Ha E = 0 (V/cm) o3HauaBa
BPEIHOCT PEMaHEHTHE OJHOCHO 3a0cTajie IMojapu3aiuje, AOK jaunHa T0Jba Koja je

notpebHa 1a O ce IOJapU3alija y Marepujany oBeia Ha BpegHocT P = 0 (C/cm?)
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O3HayaBa BPETHOCT KOCPILUTUBHOT MOJbA. Y 3aBUCHOCTHU OJ1 UHTEH3HUTETA, (PPEKBEHLIN)E
IpUMEHEHOI ToJba (ca mnoBehaweM HHTeH3UTEeTa U (pekBeHuuje pacre u Ec) u
TeMIepaType BpEeIHOCT KOEPLUTHUBHOI Mosba he pactu winm onagatd. Bpeanoct
KOCPLUTHUBHOT 1oJba he pacTu Ha padyH CMameba MOKPETBUBOCTH JOMEHA YKOJIUKO je
temneparype Hwxka on Tc. C apyre crpaHe, yKoiaumko ce moBeha Ttemmepartypa,
npubimxasajyhu ce KupujeBoj Tauku, TUENIEKTPHYHN XUCTEPE3UC TTOCTAje CBE CIAOH]jH,
CMamYyje ce BPEIHOCT CIIOHTaHE IMojapu3aliije ajim U koepuutuBHor moJba (Kingery, et

al., 1976; Mayergoyz & Berttoti, 2005).

-

Cnuka 7. Xuctepe3ucHa netjba

[Ipouec monapu3oBama (epoereKTpuka je HemoBpaTaH (UpeBep3UOUIaH).
OcHoBHa pasnuka (epoeseKTpuKka Off TNHPOETCKTpUKAa je y TOME INTO KOJ
MUPOCTICKTPUKA TIOCTOJH  CIIOHTAaHAa IIOJNIapH3alyja, ajld JIejCTBO  CIIOJHALIHET
eNEKTPUYHOT I0Jba HE JIOBOAM 0 IpoMeHe mnoiapusanuje. OepoenekTpuk Koju ce
M3JI0KH TT0JIAPU30Baby y MPOMEHIBHBOM eNeKTpuaHOM nosby (ox E¢ 1o -E.), BpenHoctn
noiapuzanuje he ce mpomenutn on P, mo -P. myx 3aTBOpeHe XHCTEpe3UCHE IETIhE.
depoeneKTpUI MOTy OUTH jeIMHO OHE KPUCTAJIHE CYTICTaHIIe KOje He TOCeayjy LeHTap

CHMETpHje.
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CrnioHTaHa moyiapu3alyja je Mmociieniia HeCTEXMOMETPH]CKOT pacropeaa joHa y
jeIMHUYHMM henmujamMa ITO TPOW3BOAM CTATHH EJICKTPUYHU IHWIIOJIHU MOMEHAT.
CycenHu QUIONM TeXe Jla Ce OPJEeHTHUIIy Y MCTOM IpaBIly M Ja CTBOPE PETHMOH T3B.
depoenexktpuynun gomeH. dDepoenekTpuyHe aoMeHe dopmupajy rpymne mehycobHo
noBe3aHux aroma y ¢epoenektpuiuma (Jona & Shirane, 1993; Pavlovic, 1994.).
OcHoBHO obenexje PpepoeneKTpruKa je JOMEHCKa CTPYKTypa. JJOMEeHH caipike yKYITHU
JTUTIOJITHM MOMEHAT KOJU j€ OpHJEHTHCAaH y jeaHoM ojapeheHoM TmpaBily. MoMeHTH
IMIOJIa CYy XaOTHYHO pacnopeleHn y MpocTopy H3BaH €JIEKTPUYHOr MOJba, U Taza
(bepoeneKTpUK HUje eneKTpUuyHo mnosiapucad. depoenekTpuk he 6uth monapucan Kajga
MOJT JISjCTBOM CIOJHAIIET EJNEKTPUYHOT T10Jha, JOMEHH OJHOCHO HHXOBH IHITOIHHU
MOMEHTH TOYHYy Ja ce opujeHTuiny. Kana ce cBM JIUNOIHM MOMEHTH Oyay
OpHMjEHTHUCAIIN Y CMEpY eNEeKTPUYHOT 10Jba, Tasa he qohu 1o notnyHe nosnapusanuje Ps.
Benuunna depoenextpuunux nomena je y omcery oa 0,1 mo 100 um. JloMmeHcku 3u10BU
Mel)ycoOHO pa3zBajajy IOMEHe, MPeACTaBJbajy TPaHUIe JOMEHA U HHXO0Ba AeOJbUHA je
3HATHO Mama O] BeJIMYUHE JToMeHa. J[Ba Hajuemrha Tuma JOMEHa Cy JIMHEApaH U JOMEH

y 007uKy pubJbe KOCTH (ciuKa §).

Cnuka 8. @epoeseKTPOYHHN JOMEHU:
a) JIMHEeapaH JI0MeH U 0) TOMeH y 00JIMKy pubibe KOCTH
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VY 3aBUCHOCTH 07 Opoja oca CIIOHAaTaHE IMoJapHu3aluje y KpucTainy, 3aBucuhe
0COOCHOCT JJOMEHCKE CTPYKType M opHjeHTaruja qoMeHa. Oca CrioHTaHEe MoJIapHu3alyje
je kpucTanorpadcka mpasa ayx Koje (1o y3ajaMHO CYIIPOTHHM CMEPOBHMA, a y CIIy4ajy
NOJIapHE OCe, Y jeJHOM CMEpy) HacTaje MM MOXKE Jla HacTaHe CIIOHTaHa MoJjlapu3aliyja
jenuHuyHe henuje kpucrana y depoenekrpuyHoj (azu. DepoenekTpuuu Koju umajy
MEPOBCKUTCKY CTPYKTypy HMajy u Behm Opoj oca crnoHaTtaHe moapu3aimje.
depoeneKTpUI KOjH KPUCTAIHIIY TETPAaroHATHO UMajy TPH, a pPOMOMYHO IIECT Oca, Ta
je IoMeHcKa cpykTypa 3HaTtHO criokenuja (Haertling, 1999; Li et al., 2012). Jlobujene
XHCTEPE3UCHE TETJ/hEe 3a UCHHUTHUBAHE (PEpPOETEKTPUKE MOTY HaM JaTH 00jallmbeme 3a
JIOMEHCKE IpoIiece KOjU c€ OJUTPaBajy y TOKY IMOJIapu3alyje.

®depoenekTpunureT je 3amaxkeH y ABOs; mepoBCKHUTCKO] cTpykTypu. M3Han
KupujeBe temmneparype Tc OBHM Marepujaiii MMajy HEHTPOCHMETPUYHY CTPYKTYpy H
3aTO HE TOKa3yjy CIOHTaHy nosapusanujy. OBa (a3za ce Ha3uBa MapaeieKTPUIHOM.
Hcnon Kupujee Tauke, mgomnasu a0 (asHe TpaHchopMmalyje U3 MapaeieKTpUIHOT Y

(depoeneKTpuIHO cTame (ciauka 9.).

DepoeneKTpUIHO

[TapaenekTpuaHO

o (a) o ()
e R* e Mn" O O
Crmuka 9. Oxroc R 1 Mn®" katjona u monoxaja Kiceonnka 3a (a) mapacieKTpHYaH 1
(0) dpepoenekrpudan ciaydaj. CTpenuiie 03Ha4aBajy KpeTame jOHa y TOKY
dbepoenekTpuyHOT cTama. Micnpekuaane TMHUje 03HAYaBajy HHTEpaKkiyje usmely joua,
Koje cirabe ycien nosehama ynammeHocTr y pepoesieKTpudHoj da3u
(cmuka mpey3sera ca cajta

http://www.hikari.uni-bonn.de/research/multiferroics/nonlinear-optical-properties-of-
ferroelectric-structures)

[leHTpanHM jOH je TOMEPEH U3 YHYTpaIIkhe IEHTPUPAHOT MOJIOXKAja U TecepaiHa

jenuHu4Ha henuja ce aedopmuiie y HEKy OJ CTPYKTypa Kao LITO Cy TeTparoHajHa,
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poMOoenapcka wiM  MOHOKIMHMYHA. Ca  ToOjayamkeM  €JIeKTPHUYHOr  [0Jba
(bepoeneKkTpuIHA JOMEHH KOjU Cy OpjEeHTHCAHU Yy TpaBIly I0Jba KOje Jelyje, pacTy Ha
padyH OCTaJMX JIOMEHA JOKJIE TOJ] C& CBH JOMCHH HE OPjEHTHUIIY Y TPABILy CIIOJbAIIIHET
noJba.

Osga mnojaBa je o3Ha4yeHa kao 3acuheHa nonapusanuja marepujana (Pg,) 1 ako ce
Ha OBOj TayKW YKJIOHH JICjCTBO €JIEKTPHUYHOT I0Jha, HEKH JOMEHH he W najee ocTtaTu
OpJEeHTHCAaHM INTO C€ Ha3uBa 3aocTtaia mnonapusanuja (P;). AToMcka CTpyKTypa
(bepoenekTpUYHNX TaHKUX (PUIMOBA je BeOMa OCET/bMBA HA NMPOMEHE y TeMIepaTypu
kpuctana. Ca npoOMEHOM TeMIepaType Memwajy ce U Kpuctajorpadcke AUMEH3Huje ycien
IMCTOp3Mje OKTaeapa M MOKe JohH 10 Beoma BENHMKE CIIOHTaHe mojapu3anuje. OBa
BEJIMKA CIIOHTAHA IoJIapH3alija yCIIOBJbaBa BUCOKY AUEIEKTPUYHY KOHCTAHTY Ca jaKOM
TEMIIEpaTypPHOM 3aBUCHOMINY.

Y 3aBUCHOCTM OJf MarHeTHE HPOMYCT/BMBOCTH, XHCTEPE3UCHOI IUKIyca,
peMaHEHTHE WHAyKLHWje, HHIyKIHje 3acuhema, KOSpUUTHBHOT I10Jba, TyOHTaKa,
ellekTpuyHe oTHopHocTH u kputuuHe (Kupwujese) Temmeparype HEKOT MarHeTHOT
Mmarepujana, 3aBucuhe W HeroBa ycremHa mpuMeHa. KibyuHa yrnora Heke O

no0pojaHuX KapaKTepUCTHKa 3aBHcHhe 0/1 KOHKPETHOT ciydaja IpUMEHe.

2.3.3. KoJaocaaua margetua ornopuoct (CMR)

OTnopHocT MeTana ce Mema y NpUCYCTBY MarHetHor mosba (Rao et al.,, 1996).
Konocanaa maraerna ornopHoct (CMR ox enrn. ,,Colossal magnetoresistance ) je
1ojaBa Jla ce OTIIOPHOCT HEKHX MaTepHjaia APACTUYHO MEHAa ca MPUMEHOM MarHeTHOT
noJsba. [IpBU MyT je 3ama)keHa y BUIIECIOJHUM CTPYKTypama ¢epoMarter/mapamMarter u
Ol TaJa je Harjo Iopacio HWHTEpECcCOBame 3a MaHraHurte. Jlo mpoMeHe OTIIOPHOCTH
J0JTa3M KaJia ce MEha OpjeHTalllja MarHeTHUX MOMEHaTa y (hepoMarHeTHUM CII0jeBUMa
Mo/ yTUIAjeM MPUMEHEHOT TT0Jha. 30BE C€ KOJIOCATHOM jep ¢y joj edextu mHoro Behn
HEero IITO je WKaJ paHuje mpumeheHo y meTanuma, a U Ja OM ce pazTuKoBaia O]l
rurantcke Maraete otnopHoctd (GMR on enrn. ,,Giant magnetoresistance ) koja je
npoHalleHa y BHINOCIOjHMM TaHKUM (uiaMoBMMa mpenazHux wMertana. Ilpeamer je
MHTEpecOoBama M (Qu3nyapa U HHXHIbEepa 300r NMpUMEHE Y MarHeTHOM 3amucy u

CCH30pHMa.
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[Ipomena ormopa MaTepujajia y OAHOCY Ha IOJa3aH, Kaja Cce Hajlazd y

MarHeTHOM TI0JbYy, Ha3uBa ce MaraeTHa oTropHocT (MR) u nedunmcana je jeHaYnHOM:

o RUD-RO)

R(H) (10)

rne cy R(H) u R(0) BpemHOCTH 3a OTIOPHOCT Ha JaToj TeMIepaTrypu Kaaa je
MIPUMEHEHO MarHeTHO MOJbE U Kaja jé OHO OJICYTHO.

VY okBHUpYy TeopHje IBOjHE M3MEHE He MoXke Aa ce objacHu edpexar CMR, jep
KaJla ce y MarHeTHOM ToJby Halje y3opak, Ha Temmeparypama mano usHaa Kupujese
temreparype Tc (mapamarHeTtHo crame), nohu he camo 10 AETUMUYHE OpjeHTAIM]E
cmHOBa. CBako ypeheme cnmHOBa mMOOOJBIIaBa MPOBOAHOCT. MelyyTuM, MaraetHa
OTIIOPHOCT MOK€ OMTH HajBule | 4ak M y jakKuM IOJbMMa KOja MOTY Jia JOBEAY 0
nornyHor ypehewma cnuHOoBa. OTHOPHOCT MMa MaKCHMallHy BpeaHocT oko Kupujee
temnepatype. W3nan KupujeBe TemmepaType OTIOPHOCT IOKasyje TepMalHO
aKTHBHpaHO NoHamame. Mcnon Kupujee Temneparype OTIIOPHOCT OIaJIa ca ONaiamkbeM
TeMIepaType , IOK MarHeTHU MOMEHAT pacTe.

CBu MeTanu 1mOKa3yjy [0 HEKOJUKO IMpolleHaTa MAarHeTHE OTIOPHOCTH.
Hemarnetnunu marepujanu, Kao 1TO je Au MoOKa3yjy Majdy MarHeTHy OTIOPHOCT Koja
Ko/ (hepomarueTHuHUX MaTepujana kao mro cy Fe u Co, moxe 6utu u 10 15%. Edekar
ce HajiaKIie BHIM Yy BHIIECIOJHAM MarHeTHHM CTPYKTypama, I7ieé Cy JiBa MareTHa
CJI0ja pa3/iBOjeHa TAHKUM CJI0jeM J1e0JbUHE HEKOJIUKO nim.

CaBpeMeHHU MHTEpEC 32 MarHeTHY OTIOPHOCT JOMUPAHUX MEPOBCKUTA MaHTaHa
je ycnennia HakOH OTKpuha rUraHTcKe MarHeTHE OTIIOPHOCTU Ha COOHOj TeMIepaTypH,
MOJT YCJIOBOM Jia cy y (opmu enurakcujanHuX TaHKuX ¢(uiamosa (Sun et al.,, 1998).
Tanku (GUIMOBM ca BEIMKOM MAarHETHOM OTIIOpHOIINY Ha COOHO] TeMIlepaTypH
0TBapajy HOBE MOTYNHOCTH 3a MPUMEHY Yy Pa3IMYUTHM 00JacTUMa TEXHOJOTHje, Kao
IITO Cy MarHeTHE MEMOpHj€ U TJIaBe 3a YuTame KoJ Xapa Aucka. Crospaiime MarHeTHO
MoJbe MMa HEOOWYHO BEIMKH yTHIAj Ha crmocooHoct CMR MaHranwrta (3aCHOBaHU Ha
ocHoBy LaMnOQ3) na TpaHCTIOPTYjy €EeKTPUYHY M TOIJIOTHY €HEPTH]Y.

WNuTepecanTHa M 4YeCTO HEOYEKHMBaHA KOMOMHanMja (U3MUKHX CBOjCTaBa
CJIO’KEHUX OKCHJIa MEeTajla ca MEePOBCKUTCKOM CTPYKTYpOM BEOMa je OCETJbHUBA YaK U Ha

Mayie CTPYKTypHE TNPOMEHE W IMO3HABame KpUCTATO(PEMHje OBHX KOMIIOHEHTH je Of
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NpecyIHOT 3Hayaja y pa3BOjy HOBHX MarepHjaja ca HEOOMYHOM KOMOWHAIIMjOM

AUCICKTPUIHUX U MAarHCTHUX CBOjCTaBa.

2.4. Meroae CUHTE3E MaTepujaia

300r MHOTOOpPOjHHUX NMPUMEHaMa, CHHTE3a MaTepHjaja KeJbEHOT CacTaBa, CTPYKType U
KapaKTEpHUCTHKA j€ M3a30B Ca KOJUM C€ JIaHac, CyouyaBajy MHOTH HaydyHui. Moryhe je
Pa3BHUTH JIOTUYAH MPHUCTYI Y CHHTE3W OKCHUAHUX MaTepHjaja aju je CIy4ajHOCT Ta, Koja
je oamrpana BaKHy YJIOTYy y CTBapamby HOBHX Marepujaia. PammonHanHa cuHTE3a
MaTepHjajia 3axTeBa, OCUM IO3HaBamka TEPMOAWHAMHUKE, (pa3HUX Ipeniaza, KHHETHKE
peakmyja W TI0O3HABamke KpHcTaloxemuje. DU3HUKO-XEMHJCKa CBOJCTBA MHOTHX
Matepujana oapelyjy ce uzdbopom oaroapajyhe merone cuutese. M360p cMHTETHYKOT
npaBlia KJbY4YaH je 3a KOHTPOJIy cacTaBa, CTPyKType H Mopdosoruje wuzadpaHor
MaTepHjaa.

[Tpumnpema okCHIHUX MaTepHjasia ce€ OOMYHO BPIITH MTOMONY peakiirja y YBpCTOM
CTamy, OJHOCHO KEpPaMHUYKUM MeToJamMa WM TPEHUIHUTAIMjOM W3 pacTBopa H
HAKHAJJHOM pa3rpamboM. MHOMITBO OKCHA METala, MPOCTUX U CIOXKEHUX, MPHUIIPEeMa
ce KOHBEHIIMOHATHOM KEPaMHUYKOM METOAOM, KOja IOApa3yMeBa MEIIamke CACTaBHHUX
OKcuaa MeTana, kKapOoHaTa M FHHUXOBO INOHOBHO 3arpeBame W MileBeme. HaBenene
METo/ie Ce KOpHUCTe, KaKko y JIabopaTOpWju, TaKO W y HHAYCTPHjU. ANTEPHATUBHU
HAYMHU CHHTE3€ OKCUIHUX MaTepHjajia cy CBE BHUIIE y yrnoTpedu, y nopehemy ca oHuUM
KOje TIpy»ajy KOHBEHIIMOHAITHE METO/IEC, jep 1ajy Oosbe pesynrare. He Tpeba 3akibyunTn
7a Cy KOHBEHI[MOHAJIHE MeTojJe Ha OWiIo Koju HaunH HecTanmapaHe. OHe ce W Jasbe
KOpUCTE Yy HHIYCTPH]CKOj TPOU3BOIBH HEKOIMKO OKCHIHHMX MaTepHjaia. Mmak,
notpeda 3a anTepHATUBHUM MOCTYIIMMA CHHTE3€ KO/ OKCHIHUX MaTepHjaia HacTaia je
300T CTBapHHUX MPOOIIEMa KOjU ce THUY:

o HexomoreHoctu npou3Boja J00HjeHUX KEPAMUIKUM METOIaMa.

o CjenumaBambe XEMHJCKUX HeuncToha TOKOM IIOHOBJBCHOT MJICBEHa U
3arpeBama. Heumctohe wumajy mTeTaH yTHIQ) HAa MEXaHUYKO TIOHAIIAHE
WHKEHEPCKEe KepaMUKe Ha BUCOKUM TeMIlepaTypamMa U Ha eJIeKTPHUYHA CBOjCTBA

€JIEKTPOKEPAMUKE.
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o Kpynnohe dectuna mo0HMjeHHX KOHBEHIIMOHATHUM METOJama, IITO WX YHHU

HETOTOJTHAM 32 JOOHjamke TAHKKUX CJI0jeBa.

Heyjennauen cactaB mpaxa oTeXxaBa CTBapame PENPOJYKTUBHUX KOMIIOHEHTH
300T XeMHjCKe HEXOMOTE€HOCTH W IIYIUbMHA y MHKPOCTPYKTypu. HoBUM MeTomama ce
nocTmwke Beha yucTtoha M XOMOTEHOCT, YMME C€ ycaBpIllaBajy W BHHXOBa (PU3NUYKa
CBOjCTBa. 3a MPHUIPEMy MHOTHX OKCHJIA, aJICKBaTHU XEMHjCKH TOCTYIILU MOCTajy CBE
BaXHUJU YKIJbYyuyjyhM M HaHOUYECTHYHE OKCUAHE Marepujane. OBU MPUCTYNU KOPHUCTE
JeTHOCTaBHE XEMHjCKEe peakidje, Kao ITO Cy KOMpPEHUIHUTAIHja, COJI-Tel METOJa,
JOHCKa W3MEHA, XWUAPOJM3a, WCIHPAKE KHCEIMHAMa, XOMOTCHO TaJ0XKEHhe, MEeTOAa
pacmplirBama, METOAa caropeBama M JApPYre ca 3HATHO HIDKMM TeMIlepaTypama y
OJHOCY Ha KepaMuuku MeTon. Mely caBpemeHnMM MeTomama cy M KopHIIheme
MpeKypcopa, peakiyje HHTEpKalaIje, eIeKTPOXEMHUjCKEe METOoJe, XHIPOTepMaIIHU
TpoIriec U camo-mponarupajyha cuare3a Ha BUCOko] Temmepatypu (SHS ox enri. ,,self-
propagating high temperature synthesis®). Tokom roguHa je 00jaBJb€HO HEKOIHKO
KIbUTa U WIaHaKa O CUHTE3W okcuaHux marepujaia (Ozin & Arsenault, 2005.; Rao et
al., 2004.; Cao, 2004.; Rao, 1994.; Hagenmuller, 1992.; Segal, 1989.; Jolivet et al.,
2000.; Vallet-Regi, 1995.; Segal, 1997.; Klabunde & Mohs, 1998.; Nersesyan &
Merzhanov, 2002.). Mehy oBum MeTozama, MeToJa caropeBama win SHS je npunndHo
jeaHocTaBHa, Op3a 1 eKOHOMHUYHA.

Merona SHS ce ycnemHo KOpPUCTH 3a TMpaBJbeHhE HEOKCHIIHUX Marepujaia.
Melhytum, oBom MeTogoM je Hemoryhe koHTponucatu yuctohy (aza m BeTUUIHHY
YeCTHIA, a IPUMEHA y CUHTE3M OKCHUIHMX MaTepHjaja je OrpaHH4YeHa M3 eKOHOMCKHUX
pasnora. Takohe, 300r mnpuMeHe BHCOKE TeMIepaType, OHa HHUje TOrojHa 3a
NpUIIpeMamke HAHOKPHUCTATHUX Marepujana. M3 tor pasmora cy Patil m xomere Ha
Nunujckom HayunoMm wHCTHTYTY y banrmopy (Patil et al., 1997; Patil et al., 2002),
pa3BHIM METOAY caropeBama Ha HHUCKO] TemmepaTypu. OBaj mpolec caropeBamba
M3a3BaH HUCKOM TEMIIEpaTypoM ce pas3iukyje on uyBeHor Pechini (1967) nporeca koju
KOPHCTH CIIOJGHO 3arpeBare Ha BHCOKHM TEMIIEpaTypama 3a caropeBambeM IOAaTHOT
yribenuka (Segal, 1997).

[Tpouec caropeBama pa3nuKyje ce O MUPOJIU3E, jep HAKOH MaJbeha He 3aXTeBa
CMOJBHO 3arpeBame. JlaHac y CMHTE3M HaHOMaTepHjaja MoCToje JABa MPUCTYIA: MPOIEC

pamuwiamaBaka W mpouec  m3rpaime. CHHTE3a  caropeBameM, — pacTBOpa
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HAaHOKPHUCTAJIHUX OKCHUIHHMX MaTepHjajia, Mako JAelyje Kao MpoIeC palrdamaBama,
3aIlpaBo je MHTETPHUCAH MPHUCTYTI, MOMITO KEJHeHH OKCUIHU TPOU3BOAM CTBAPAjy je3Trpo
M pacTy O] OCTaTaKa caropeBama.

[Tpoctn okcuam Merana ce 0OOMYHO MPHUIPEMajy TEPMATHOM pasrpaambOoM COJU
MeTajia, Kao IITO Cy KapOoHaTH, OKcajaTu, HUTparTH, aneratd, uta. Ca apyre crpase,
MEIIaHU OKCHUIM MeTaya, MomyT ¢epuTa, XpOMHTAa M MaHTaHWTa I00ujajy ce u3
MpeKypcopa KOju CaAp)Ke BHIIE O]l J€IHOT METAJTHOT jOHA Y JKEJbEHOM MOJApHOM
onanocy (Rao, 1994). Benuku Opoj TEXHOIOIIKY Ba)KHUX MEIIAHMX OKCHIA MeTala, Kao
mTo cy (epuTH, XPOMUTH, MAHTAaHUTH W THUTAHATH IPHUIPEMAHU CY pas3llarambeM
oaroapajyhux memaHux okcanara, kapOoHaTa, IUjaHWIA WIM XUIPOKCHIA METala.
Temnepatypa notpebHa 3a pasrpaamy je y pacrnony oa 700 °C mo 1000 °C.

300r BUCOKE TeMmIepaType KallMHalWje U JyroTpajHOr Ipejarma, OKCUAHU
NpOM3BOAM JOOMjEHM W3 OBUX TpeKypcopa cy KpymHo3pHH. Jla Om ce moOwmm
HAaHOYECTUYHU OKCUAM, Tpeda HMaTH TPEeKypcope KOju Cce€  er30TepPMUUYKH
pamraiamaBajy Ha HOICKUM TeMIepaTypaMa, ca OTITyIITamheM BEIUKE KOJIMYHHE TacoBa.

Cunre3a caropeBambeM u3 pactBopa (SCS ox enra. ,,Solution Combustion
Synthesis®) je Takohe mno3Hara kao W camomponarupajyha cuHTe3a Ha BHCOKO]
temnepatypu (SHS). Jla 6u ce nonuto 10 peakiyje caropeBama noTpedaH je OKCHIAHT,
ropuBo W oxaromapajyha temmeparypa. Peakmuja caropeBama ce MOXKe MPEICTaBUTH
CIIMYHO TPOKOMIOHEHTHOM (pazHom aujarpamy. (cimka 10.). Hamme, penanuja u3mely
OKCH/IaHTa, TOpUBA M Pa3BHjEeHE TOIUIOTE NMPHKA3aH je y BHUIY TPOYIJa caropeBamba.
[Iporiec KOpHUCTH €r30TepMHE, PEAYKIIMOHE XEMHjCKe peakije u3Mely OoKcuaaHTa u

ropuBa.
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INoFHEBO

Cnuka 10. Tpoyrao caropeBama

Cee camormpomnarupajyhe cuHTE3¢ Ha BHCOKOj TEMIIEpaTypH Cy peakiuje
penykuje, mehyTum He Mopajy cBe peakumje peaykuuje outu u SCS peakuuje. a ou
peaknuja Ouna camomponarupajyha, Hacrama TomioTa mopa Outu Beha om TommoTe
notpeOHE 3a 3alOYMEbAKE caropeBama. Peakiidja peAyKldje YKIbydyje Tpoliece
CUMYyJNTaHe OKcuanuje u penyknuje. Knacuuna nepuHummja oKkcuaanmje je aa je To
JI0/1aBarh¢ KMCEOHUKA WM OMJIO KOT HETaTHBHO HACJICKTPUCAHOT eJIeMEHTa (HeMeTana),
a peAyKIyja je moJaBambe BOAOHUKA HIIM HEKOT JIPYTOr €JICKTPOIIO3UTHBHOT €JIEMEHTa
(metama). Ilojam caropeBame, moapasyMeBa paciuiaMcaBambe (TacHa (aza), THHAKkE
(uBpcta (aza), ka0 U eKcruio3uBHe peaknuje. [locToju nUMHEapHO caropeBambe U
3alPEeMHHCKO caropeBame. Koj imHeapHOTr caropeBama, roprBa MOBpPIIMHA UIYE3aBa
OJI03TO HAJIOJIE Y CII0jeBHMA, a KOJ 3allPEMHHCKOI CaropeBama, YWTaBa peaKIMoHa
CMella ce Talld ¥ TOPH C TUIAMEHOM.

SCS mponec, koju je yBeo Merzhanov (1992), kopuctio ce 3a mpUIlpeMame
BEJIMKOI Opoja TEXHOJOUIKM KOPHCHUX OKCHIHMX Marepujaia (BaTpoCTallHU
MaTepHjaiyd, MarHeTHH MAaTepHjalid, MOJYIMPOBOIHUIM, TUCICKTPHIHN, KaTaIH3aTOPH,
CEH30pH, UT/.) U HEOKCUIHUX MaTepujana (KapOuau, HUTpUAHU, O0paTH), PEaKIHjOM Y
4yBpcTOM CcTamy u3Mely oaroBapajyhux merama m Hemerana. OBaj mporec 3axteBa
npeKypcope BUCOKe uucTohe, KOju ce maye Ha Temmeparypama Behum ox 1000 °C.
[Tocrymnak je erzorepmat (Toq ~ 4000 °C) u camonponarupajyhu, a kao pe3ynrar naje

KpymHO3pHe npoun3Bojie. OBaj mocTynak je ycnemnrHo kopuirheH y Pycuju 3a npunpemy
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BUIIIE CTOTMHA TEXHOJOLIKM KOpUCHUX Marepujana (Merzhanov, 1999). C o63upom na
j€ TO peakiyja y UYBpCTOM CTamy, OHA YeCTO HE Jaje XOMOTeHE MpOou3Boje, Beh Kao

pe3yaTar aaje KpymHO3pHE MPaxoBe.

2.4.1. CuHTe3a caropeBameM M3 pacTBopa

CuHTe3a caropeBamkeM H3 PacTBOpa OKCHIHHMX MaTepHjajia OTKPHBEHA je CIIyYajHO,
TOKOM peakiije uzMely anymuanjym Hutpara u ypee. Pactsop AI(NOs3); 9H,O u ypee
je 6p3o 3arpejan Ha 500 °C y mydoHckoj nehu. MemaBuHa ce neHusa, Topena jaCHUM
IUIAMEHOM U Ha Kpajy Jlaja BOJIYMHUHO3HU Oeli MPOU3BOJI, KOjU j€ UACHTU(PHKOBAH Kao
a-AlOs (Kingsley & Patil, 1988).

Jla 6u ce pazymMena mpupoja OBe H3BAHPEIHO €r30TEPMHE peakiinje, KopuirheHu
Cy TOJMOBM U3 NpOMNENIaHT XeMuje (01 eHII. ,propellant chemistry‘) (Sarner, 1966).
[Tog ropuBuma ce moxpa3yMmMeBajy OHE CYICTaHIE Koje je Mmoryhe mOIBprHYTH
KOHTPOJIMCAHO] XEMH]CKO] peaklMju y IHMJby JaoOujama M KopHihema ociaodohene
tomtore. Cneuuduynu ummyic ropua (Iy), je Mepa OTIYyLITEHE E€HEPrHje TOKOM

caropeBama, Koja ce 1001ja 0 JHOCOM TOOH]eHOT IPOyKTa U TopuBa. M3paxkaBa ce Kao:

(1)

rrne je Mg je MoJnekyJcka Maca racoBa, a 7. Hajpeha Temmeparypa Koja HacTaje Kaja je
OJHOC eKBUBAICHTHOCTH (P, = OIHOC OKCHAAHTA W TOpHBA) jeAMHCTBeH. OmHOC
CKBUBAJCHTHOCTH CMeEIIe OKCHAaHaTa W TOpuBa M3pakaBa Cc€ Kao OCHOBHHU
CTEXHOMETPH]CKH KOS(HUIIH]EHT.

3 (koeguyujenm oxcuoanma)x (sanenya)

_ (
)

< (— I)Z(Koeqbuuujeum peodyKmanma

x (6anenya) (12)

Kama je @, < 1 ropuBo je y BumKy, ako je de = 1, kaxke ce Ja je cmeria
CTEXHOMETPH])CKa, a y cilyudajy aa je @, > 1 Taga je ropuBo y MamKy. CTeXHOMETpHjCKe
CMellE J1ajy MaKCUMaJIHy €HEeprujy.

MonapHu OTHOC OKCHIaHTa U TOpHBa NOTpedaH 3a cTexuoMeTpujcky cmenry (D,
= 1) onpehyje ce cabupameM YKYITHUX BPEIHOCTH BAJICHIIM OKCHUJAHTA U PEIyKTaHTA Yy
OKCH/IOBAHOM jEAMICHY M JEJbEHEM ca 30MpPOM YKYNHUX BPEAHOCTH BaJICHIU
OKCHJAHTa U PEAYyKTaHTA y jeIUCHY TOpuBa. Y OBOj BPCTH NMpOpadyHa, KUCECOHUK je

jeI[I/IHI/I OKCHMAAlIUOHHU CJICMCHT, YIJb€HUK, BOOOHHUK U KaTjOHI/I MCTaJla Cy pCAYKIIMOHHA
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€JIEMEHTH, a a30T je HeyTpaiaH. EneMeHTH okcuaanuje umajy nmo3uTHBHE BaJICHIIE, TOK
PEAYKIIMOHU €JIEMEHTH MMajy HeratuBHe BasieHie (Jain et al., 1981).

Y mpopadyHMMa Be3aHHUM 3a CaropeBame M3 PacTBOpa, BaJCHTHOCT OKCHIAIIMOHHX
eyieMeHara je Moau(UKoBaHa U TIOCMATpajy ce Kao HETaTHBHHU, a PEIyKIIHOHU €JICMCHTH
Kao0 MO3UTHUBHH, CIIMYHO OKCHIAIIMOHOM Opojy. [Ipema Tome, ocHoBHA BajieHTHOCT 3a C,
Al u H je +4, +3 u +1, a 3a xuceonuk ce y3uma -2. CmaTpa ce Ja je BAICHTHOCT a30Ta
HyJa. Ha OCHOBY OBakBOT cXBaTama, OKCUAANMOHA BaJICHTHOCT AIyMHHHjyM HHTPATa U

pPEoyKIMOHA BaJICHTHOCT ypee U3HOCe:
AI(NO3); =—15; [Al=43;3N=0;90 = (9 x -2) =— 18],
CH4N,0O = +6; [C=+4;4H=(4 x+]1)=+4;2N=0; O=(1 x =2) =-2]

[Tpema TOMe, 32 HOTIYHO caropeBame aTyMHHHjYM HUTpaTa U MELIaBUHE ypee,
MoJlapHU onHOC moctaje 15/6 = 2,5. CrexuomeTpHjcka jeHaYMHA 3a OBY PEaKLH]y

MOKE CC 3allMCaTu Kao:
2A1(NO3)3(aq) + 5CH4N20(aq) LOC) OC-A1203(S) + 5C02(g)+8N2(g) + 10H20(g) (13)

Kana ce peakuuja namel)y anmymuHHjyM HHUTpaTa M ypee H3pasd Kao MOJIAPHU
oxHoc 1: 2,5, enepruja koja ce ocinobala je MakcuMalHa, a caropeBame je IMOTIyHO, 0e3
YTJbEHUKOBHX ocTaTaka. OBa BpCTa CTEXHOMETPHjCKE PAaBHOTEXKE PEAYKIMOHE CMeIe
KOJI peakilfje caropeBama KJby4YHa j€ 3a CHHTE3y OKCHIHUX MaTrepHujajga METOJO0M
caropeBama U3 pacTBopa.

[TpunukoM nucama jeHaYnHE caropeBama KOPUCHO je 3HAaTH Aa he KUCeoHUK
NPBO Jla C€ jeIWHH ca CBUM aTOMHMMa yribeHuka u jaa ¢opmupa CO, HakoH Tora, ca
BoJoHMKOM, U aa (popmupa H,0, a 3atum u ma ca CO dopmupa CO,. Crnenuduanu
umitysic ropusa (Iy) pacte yciex Op3or mopacta TemmepaType. AlM jeTHOM, Kaja
TeMmIepaTypa IMOYHE Ja Olaja, KOHTUHYHUPAaHU IOpPAcT Yy MOJIEKYJICKOj Macu, he
M3a3BaTH MaJ CrielupUIHOT UMIyJica. MoJeKyJicke Mace Cy 0OMYHO HEIITO HIDKe 300T
nuconyjanyje. Bucoka TemmepaTypa caropeBama H3a3MBa OJBajalkbe  IOjEAMHUX
MOJIeKyJla y jeIHOCTaBHHje KOHCTHTyeHTe. MehyTum cam edekaTr aucorujanuje je
ucyBuule ciad aa Ou yTHIIa0 Ha TeMmIepatypy UM MOJEKyJcKy macy. Cmemra atoma u
MoJIekya koja ce cacroju oxg C, CO, CO,, H, H,, H,O, HO, O u O; je y paBHOTEXH U
Ipe/CTaBIba MPOAYKT caropeBama. Y MpakcH crenu(uaHu UMITYJIC TOpUBa MOXe OUTH

ox 5-10% mamn.
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2.4.2. Yiaora ropusa

JIOKyMEeHTOBaHO je Ja ypea TpeAcTaB/ba HUACATHO TOPHBO 32  CHHTE3Y
BHUCOKOTEMIIEpAaTYpHUX OKCHJIA MOMYT aIyMHUHE U 3€MHOAJIKAIHUX allyMHUHATa METOAOM
caropeBama. 3a INPUIIPEMY OKCHAA KOju cy HecTaOwinu usHax 1000 °C xao mwTo cy
alyMMHATH TpENla3HuX MeTalla, KOPUCTE C€ alTepHaTHMBHE BpCTE€ TopuBa. Y TOM
CMHUCITy, TOTOJIHAa Cy ropvBa 0Oa3upaHa Ha XujapasuHy nomyT kapooxumpasuna (CH),
okcammn nuxuapasuaa (ODH) u muxuapasuaa manoncke kucenune (MDH), jep numajy
HUCKY TEMIlepaTypy Majbea M 3amajbuBU cy 30or mpucyctBa N-N Be3e Kkoja ce
pasznaxe erzorepMHO y Ny (N=N).

OBa ropuBa ce kopucte 300r cienehux nubena:

1. U3Bop cy C u H, caropeBamem dopmupajy jeaHoctaBHe modiekyiae CO, u H,O n
ocnobalajy TOmoTy.

2. ®opMupajy KOMILIEKCE Ca METATHUM JOHHMMA, OJIAKIIaBajy XOMOTEHO MeIllamke
KaTjOHa y pacTBOpY.

3. Pa3maxy ce Ha KOMITIOHEHTE O/ KOjUX Ce cacToje. Te KOMIIOHEHTE ce 3ay3BpaT
pasnaxy Ha 3anajbuBe racoBe kao mro cy HNCO, NHj3 koju ce, nasbe mnajne y npucycTBy
NO..

Kao moTeHuujanna ropuBa MoOry OMTH M jeTHOCTaBHA jeIMICHA Kao LITO CY
ypea W DMNOUH. Jenumema Koja caapxke N-N Be3e momMaxy O0JbeM caropeBamby.
Kpurepujymu 3a ogpehuBame nmeamHor ropusa cy:

o [a ce pacTtBapa y Boau.

o Mma Hucky Temneparypy mambema (<500 °C).

o Jla Oyme xommaTtuOWIaH ca HUTpAaTHMa MeETajNMa, OJHOCHO, pPEaKIHja
caropeBama TpeOa na Oylae KOHTpOJMCAaHa W CIIOHTaHa, a HE Ja JOBEAe [0
EKCILIOo3Hje.

o TacoBu koju ydectyjy y peakiuju Tpeba a cy MamHX MOJEKYJICKHX Maca U Ja
cy 06€30MacHA TOKOM CcaropeBama.

o [May ocrarky, MOTy J]a ©IMajy caMO OKCHJE.

o [a Oyay AocTymHa WM JaKa 3a IPUIIPEMY.

CuHTe3a caropeBama 3aBHUCH O]l BPCTE€ TOpMBAa M OJHOCA OKCHJIAHTa M TOpHBA.

TeMmepaTypa oBe peAyKIHOHe, ersotepmue peaxuuje (Tad) Bapupa ox 1000 °C mo 1500

C. V 3aBHCHOCTH Of BpCTE TOpHBA M jOHA MeTala KOjH Cy YYECTBOBAIH y PEaKIjH,
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MOXKE C€ pa3MKOBaTH MpHUpoJa Mpolleca caropeBama OJf CHHTE3€e caropeBama ca
rutaMeHoM (TracHa (asa) 10 CHHTe3e caropeBama 0e3 IraMeHa (THHhAambe U XeTEPOreHOCT
cmeme). Tumame ce MOXKe NPUIUCATU HM3/1Bajalby racoBa Kao IUTO Cy OKCHIU a30Ta
(NOx) ca nurpatuma metaina u HNCO, NH3, CO, uta. YTBpheHo je na cy Heka o]l OBUX
ropuBa oaromapajyha 3a cuHTE3y caropeBama M J00Hjame opeheHe Kiace OKCcHIa
TPaKEHUX KapaKTEpUCTHKA. Ypea je Ha mpuMep oaroBapajyha 3a amyMuHy M CpOJIHE
okcuae. Cnuuno tome, CH je oxmromapajyhu 3a mupkon u cpoane oxcuzae; ODH 3a
Fe,O; u depure, TFTA 3a TiO; u cponHe okcue, TIUIHH 32 XpOM U CIMYHE OKCHJE,
uta. Kapakrepuctuke ropuBa Koje MOTHYY O]l KOMIUIEKCA JHUraHA-MeTana (JIMFaHgu y
KOMIUIEKCY ~JUKTUPajy PEAKTUBHOCT LEHTPAJHOT aToMa) YTHYy Kako Ha
TEPMOJMHAMUKY pEaKlHje, TaK0 M Ha TEPMHUUYKY CTAOMJIHOCT >KEJbEHOI OKCHIA.
Teopercku, cBaka peJyKIMOHA CMeIla Kaja Ce jeJJHOM yIaJsld, Mpoja3d CaropeBame.
CBu HMTpaTH MeTala MUPOJIM30M Jajy onaroBapajyhe okcuae merana. Temmepartypa
pasrpaame HUTpaTa MeTaja omnajaa JojaBameM ropusa. Jlakie, u30op ropusa je on
MpecyIHOT 3Hayaja 3a PeoyKIMOHE, er30TepMHE peakuuje m3mel)y HuTpara merana u
ropuBa. Y 3aBHCHOCTH O] IIPUPOJE €r30T€pPMHE peakluje, cMema he aa THmba, ropu
jacHUM IIaMeHOM WM he mak aohu g0 exkcrio3uBHe peakuuje. Ha mpumep, cmema
allyMHUHU]yM-HATpaTa U ypee aahe Bpio ersotepMuy peakiujy (Tad ~ 1500 °C) amu ue
Y €KCIUIO3MBHY, BEPOBATHO 300T MCIOJbaBamha TEPMUYKE TIPUPOJIC H3/IBOjEHE ATyMHHE.
Hacympor Tome, peakmuja m3mel)y ypee W HuTpaTa Npela3HHX MeTana je OypHa.
ITpomenom ropusa, ypee ca CH min rimuuugHOM, CHHTE3Y CaropeBama MOXKEMO Ap)KaTH

0] KOHTPOJIOM, 300T (popMHpara KOMIUIEKCa joHa MeTana ca auragaom nomyTt CH.

2.4.3. PenenT 3a HAaHOMAaTepHjaJe

Moryhe je KOHTpOJIKMCAaTH BEIMYMHY HAHOYECTUYHUX MPOAYKTa CaropeBama y YBpCTOM
CTamy, KopHlIhemeM oJroBapajyhux ropusa Koje KOHTPOJIMIILY MPHUPOIY CaropeBama.
OBo uMa 3a MOCeANILY:

o Cnopa Op3uHa caropeBama

o CwmameHa er30TepMUYHOCT (peaklMoHa cMela THba, Toq < 1000 OC).

o IloBehame Opoja racoBa (Boma, a30T, YIJbE€H-IUOKCH[, HTJI), KOjU pacumajy

TOILIOTY.
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o 3a pa3nuKy O] 3alpPeMUHCKOT CaropeBama, I10jaBOM JIMHEAPHOT CaropeBamba
nocTmke ce Beha KoJTMYnHa HAHOYECTUIHUX OKCH/IA.

IToBogom Tora, ropuBa Oasupana Ha xuapasuny nomyt CH, ODH, raumus,
aMoHUjyM anetat (AA), Wi ameraTH MeTana CiayXe y Te cBpxe. Ha Taj HaumH cy
MPUITPEMIbEHN OpPOjHI HAHOYECTUYHM OKCHJIH, a U300poM oArosapajyhux npexypcopa y
PEOKIIMOHO] CMENIM j€ W3BpIIEHa W HUXOBa Kapakrepm3amuja. (OOpa3oBame
HAaHOYECTUCTHYHHUX OKCHIA je TOTBp)EHO PEHATEHCKOM CTPYKTOPHOM aHaJHU30M,
MEpPEHEM MOBPIIMHE U TPAHCMUCUOHUM €JICKTPOHCKHM MUKpockoroMm (TEM).
[IpenHOCTH CHHTE3€E caropeBama U3 pacTBOpa Cy:

o JexgHocTaBaH U Op3 MpoLEC KOjU KOPUCTH PEIATUBHO JETHOCTABHY OMPEMY.

o Moxe ma ce KOHTPOJIMIIE CacTaB, CTPYKTYpa, XOMOTEHOCT W CTEXHOMETPH]ja
MPOU3BOJIA.

o OBOM METOJIOM ce MOCTUXKY MPOU3BOIU BUCOKE uncTohe.

o 3axBasbyjyhm wu3pa)keHo] er3oTrepMHO] peakuuju usmely ropuBa u HHUTpara
MeTana, Moryha je yrpaama *eJbeHOT jOHa WM JIOTIaHTa Y OKCHAE, Kako Ou ce
TOOUIIM WHIYCTPHUJCKH KOPHCHH MAaTepHjadd IMOMYT MarHeTHYHHX OKCHIA
(Fe,Os momupanu Co), mMUTMEHTH (Co2+ /AL O3, Cr3+/Ale3, CexPriOy) m
dochopu (Eu’"/Y,03 — upsenn, Tb*/Y,0; — 3ei1eHH), BHCOKOTEMIIEPATyPHH
CYIIEPIIPOBOJIHM  KyTpaTd, TOpUBE henmje, MeETal-OKCHIHH KaTaau3aTopu
(Ce1«PryO;) u mpyru momyt t-ZrO,/Al,Os. IlpucyctBo 1 no 2% pnomanra, y
CTPYKTYPH HAHOYECTHYHOT OKCHa OMTHO MEHa HEroBa CBOjCTBA.

o OBoMm wmeromom je Moryha crabunmsanuja MertactadbunHux ¢asza (p-Fe,Os,
t-ZrO,, anarac TiO,, utn.).

o Moryhe je oOpa3oBame mpousBojga OWJIO KOje BETUYMHE (MHUKpOMETAp 10
HaHOMeTap) U o0auKa (cepruyHa 10 MIECTOYTa0HH).

o OBaj Meron moapa3yMeBa HIDKE TPOIIKOBE IpUIpPEME Yy OAHOCY Ha
KOHBEHIIMOHAJIHE KEPAMHUYKE METOJIE.

o ExoHOMCKH je mpuMaMJbHBA U JIAKO U3BOAJPMBA METO/IA.
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2.5. CuHTe3a marepujajia

Paznuuure merone ce xkopucte 3a mobujame HepgomupaHux U gonupanux CaMnOs; —
MEPOBCKHUTA MOMYT METOJE KOMPEIUMNHUTAINje, CON-Tell METOJIE, PEaKIlfje Y YBPCTOM
cramy uta. (Melo Jorge et al., 2001).

MasnraHatd KOjU caJp)Ke MaHTaH MEIIOBUTE BaJICHTHOCTH, HOMHUHAIHO
UJCHTUYHOT cacTaBa JOOHMjeHH pazIU4YUTUM MEeTo/laMa MOTy Ja IMOKa)xy pa3HOBPCHA
¢usznuka cBojctBa. I[lomMeHyTa cBOjcTBa Cy TMOCHeOUIla pa3ldKe Yy CacTaBy,
CTEeXHOMETPUjU MU JeeKTHuMa y CTPYKTypH okcuna. Ilpecyman ytunaj Ha ¢usnuka
CBOjCTBA MMa TapIjaTHA MPUTHCAK KUCEOHHKA. [IepOBCKUTCKA CTPYKTypa TOJEPHILE
NeUIUT KUCEOHWKA Ha BeoMa HHMCKOM MaplMjaTHOM MPUTHCKY Kao Ha MpUMEp KOJ
CaMnOs;5 (Bridttico et al., 1996), mro je BeomMa BaxXHO 300r jJOHCKE
MIPOBOIILMBOCTH,KOja je oJakiIaHa Judy3ujoM KHCEOHUYHHUX BaKaHIIM]a.

Cunre3a Tpeba J1a ce oAurpaBa Ha IITO HIDKO] TEMIIEpaTypH y MHJbY JTOOHjama
HAaHOYECTHYHHX MPaxoBa KOjU MOKa3yjy MOOOJbIIaHa €ICKTPUYHA U MarHeTHAa CBOjCTBA
y OJHOCY Ha MHKpPO MpPaxoBe HCTOr cacTaBa. [IpaxoBHM HAHOYECTUYHUX TUMEH3H]a
Takolhe ce CUHTepyjy Ha 3HATHO HIXKOj TeMIIepaTypu Aa Ou ce oHeMoryhuo pact 3pHa U
onroeapajyhu kepaMuuky mMatrepujain uMao 3a7oBasbabajyhy rycruny. Jlonatau edekar

HHUCKE TEMIIEpaType CUHTEPOBamkba je U MambHU TPOIIAaK MPOU3BOIE.

2.5.1. Ilpekypcopu

HcTtpaxuBame y OKBHPY OBE JOKTOPCKE Te€3€ HMMAaJO0 je 3a IHJb HpPOHAJAXKEHE
ONTHMAJIHE METOJE 3a J00Wjamke HaHoNpaxa — KaJlldjyM MaHTaHCKOT OKCHJIa
JOMUPAHOT jOHMMAa TaJ0JIMHUjyMa, KOjU IO CBOjOj CTYKTYpH (KPUCTAIMHUYHOCT U
MOHO(A3HOCT) W BEIUMYMHU 4YeCTHLA je OO0JpM 0 MaTepHujajia IMPOU3BEICHHUX
TPaIUIIMOHATHUM MTOCTYTIIMMA — PeaKlijaMa y YBPCTOM CTamby.

XeMHjCKe peakiiije 3aBUCe OJ] CTAPTHUX peakTaHaTa. [lojenHn peakTaHTH MOTY
na Oyay y pa3nuuuToM oONMuKy (Ha mpuMep, y BUIY XJIOpHAa, HUTparta, Kapouna...) u
MoKa3yjy pasianuuTa (PU3n4IKo-xeMujcka cBojcTBa. [loceOHO ce Te pasznmuke ofHOce y
TIOTJIETy FbHIXOBE PACTBOPIJEUBOCTH Y BOJIM, TEMIIEPATYPH JCH3UHTETpaIlHje U T/I.

[To3HaTto je na >KeJbEHO jeNUIEHhe MOXKE HACTAaTH PEaKIHjoM pPa3TUYUTHX
npekypcopa. 300T HaBeICHHX MPEIXOMHHX CBOjCTaBa pPA3IMYUTUX IPEKypcopa,

TeMmIepaTypa Of[BHjama peakije U lheHa KHHETHKa OUTHO ce Pa3iuKyjy. Y NpUHLUILY,
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peakimje Koje ce 1o0Hjajy y MpUCYCTBY BOJCHE CpeauHe (Ha MpUMEp XUAPOTEepMaIHa
CUHTE3a), 0JIBHjajy ce Op30 W mpuHOC MpoaykTa peaknuje je mornyH (100%). C npyre
CTpaHe, peakilje KOje c€ OJBUjaJy Yy UBPCTOM CTamy 3axTeBajy 3HATHO BHIIIE
TEMIEepaType U YeCTO NOHABJbAE TEPMHUUKOT TPETMaHA HEU3PEaroBaHUX peakTaHaTa v
MpoJyKaTa peaklyje y3 HaKHagHy XoMmoreHm3anujy. [IpmHOC TpoayKTa OBaKBHX
peaknyja decto HHje TOTIyH. Peakmnmje y racHoj (a3u cy TpeHyTHe MehyTuMm, OHE
3axTeBajy MoceOHy ornpemMy U TexHUKY. Takohe, BHUXOB MPUHOC je BeOMa MaJId. 3aTo je
BEOMa Ba)XKHO 0j1adpaTH ojaroBapajyhy Merony Koja y MOMJIeLy IeHe MpeKypcopa
PACTIONIOKUBUX TEPMUUYKUX arperara W KeJbEHOT MPHHOCA MPEJCTaB/ba ONTHMAIHY
BPEIIHOCT.

Haxne, y oBom pany Ca;GdMnOs (x = 0,05; 0,1; 0,15; 0,2) npaxoBu cy
npunipemand MI'HIT meromom (MoauduKoBaHa TIUIMH-HUTPATHA TpoIeaypa Koja y

OCHOBH IIPEACTaBba MCTOAY caropeBa}ba).

2.5.2. Cunrte3a HAHOYECTHYHHUX MATEPHUjaIa METOIOM CAropeBama

Ha temneparypama 10 500 °C — Koje Cy MHOTO HKXKE TEMIIEPATYPE O] OHUX MOTPEOHMX
3a KpHUCTalu3alujy eJbeHe (pase mpu yoOMYajeHUM MOCTYMIHMMa, CaropeBame ce
MOJCTHYE HA BpPEJOj MOBPIIMHM (y HAIleM EKCIEPHUMEHTY), KiIacuuHo] nehu wmu
mukpotaiacHo] niehu (Boskovi¢ et al., 2007). ¥V Bpemenckom wunTepBaimy ox 5-10
MUHyTa OAMIpaBa ce JeXujaparalyja U pasjlarame y IUIaMeHy MPEKypCOpPCKE CMelle.
OcnoGaha ce Benyka KOJIMYMHA racoBa, IJ€ Kao pe3yiTaT peaklyje, HacTaje MPOAyKT y
BUY BOJIYMHUHO3HOT, NIYIIJBUKABOT M Ba3AyIIACTOr Mpaxa. TOKOM er3oTepMHe peakiyje
n3Mel)y MeTaJlHWX HHTpaTta W OPraHCKOr ropuBa ociobalja ce eHepruja Koja Harjio
noamxke TeMneparypy cucrema (>1800 °C). Temneparypa cucTteMa OCTaje HEHapylIeHa
6e3 cnospammer u3Bopa tomnore (Hwang & Wu, 2004) . OBakBUM HOCTYIIKOM ce
n00Mjajy HYKJIEYCH KEJbeHHX KPUCTATHHX (pa3a, ca MHHHUMYMOM YyTpOIICHE €HEpruje
(Yen & Weber, 2004), a y nopehemy ca KiracndHuM TiehuMa y KojuMa ce MaTepHjaj
HEJeIHAKO 3arpeBa MITO Jajbe MPOY3pOKyje CTBapame aedekara y CTPYKTYpH, TOIIOTa
XeMHjCKe peakiuje ce ocinobaha y cBakoj Tauku y30pka. Marepujanu €KCTPEMHO
yHHU(OPMHE MHUKPOCKOIICKE CTPYKType, YHH(OpMHE pacmojene jomaHara u 0e3
nedekara (Varma, 2000; Ekambaram & Patil, 1995; Kingsley et al., 1990; Ekambaram

et al., 2005) ce ynpaBo n00ujajy Ha oBakaB HaunH. Kako Ou ce mo0no xeJbeHH (pazHu
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cacTaB M TOTIYHO YKJIOHHMJA OpPraHCKa KOMIIOHEHTA, MPHUCTyIa C¢ KaJIMHAIUjH Ha
onabpanoj remrepatypu (Yang et al., 2000; Mahata et al., 2005).

['munuH-HUTpaTHA METOAa caropeBama je NpBU MyT ynorpebsbeHa 1990-te
rogune (Chick et al., 1990) u ox Tana ce UHTE3UBHO KOPUCTH MPU CUHTE3U MEIIOBUTHX
OKCHJIa eJIeMEHATa PETKUX 3eMasba. AMUHO KHCEIHHA TIUIUH C€ KOPUCTH Kao TOPHUBO,
a HUTPATH MeTaJla Kao OKCHAAIMOHO CpeACTBO. Peakmmja Koja OmMUCyje TIIHIIMH-
HUTpaTHY METOJy caropeBama ce 3aCHHBa Ha caMomporarupajyhoj peakiyju MemaBuHe
TJTUIMHA

¥ HUTpATa ¥ MOKE ce ynpourheHo MprKa3aTu jeTHaYnHOM:
2NH,CH,COOH + ME'(NO3); - 6H,0 + ME*(NO3); - 6H,0 + 02 —

— ME'ME*Os5 + 22H,0 1 +4N, 1 4CO;, (14)
rie cy ME' u ME’ xatjoun y monoxajiuma A, 0XHOCHO B.

OBa jemHauMHa TPETIOCTaBJba N1a Cy jJEOUHH IMPOW3BOAM PEAKIHjE KEIJHCHU
OKCHJ W TIPOW3BOJAM TOTIYHOT caropeBame. JeJHauMHA peakiuje MOoXe Takohe ma
CaapXXH M MPOM3BOJAE HEMOTHYHOI caropeBama. [IpoM3BOAM HEMOTIYHOT caropeBama
nomyT NO, NO, u CO cy on moceGHOT 3Haudaja, jep Cy IITETHU MO OKoIuHy. To cy
TOKCHYHE XEMHKallje Koje (hopMHUpajy CMOT M UYHja €MHCHja je CTPOTO peryJvcaHa.
300r HUXOBE IITETHE MPUPOJE, OHU Cy IOTEHIMjaJTHO OIMACHH 3a 0CO0Jbe KOje Y
nabopatopuju MpuMermbyje OBy METOY .

YKOIUKO ce a30T Bexe 3a TOpuBO (TJIMIIMH), OKCUIU a30Ta he Mohu nako na ce
dbopMHupajy ¥ HBHUXOBO MPHUCYCTBO he OMTH HEM30EKHO. A30T je TMPUCYTaH U Kao
OKCH/IaHC M Ka0 areHc 3a KOMIUIEKCHPAE Y TIIUIKHY, 32 PA3JIHKY O] yIJbeHUKA KOjH je
NpUCYTaH caMo y rimiuHy. Ha Taj HauwH, 3a odekuBaTd je qa he ce OKcHIOM a3zora
¢dopmupaT U3 006a M3BOpa Ka0 MHTEPMEHMjapHa jeIUbCHA, MOMYT IAPYTHX jeAUECHA
a30Ta M yTJbeHUKA KOja HICY Y PaBHOTEXKH.

Cmartpa ce, 1a ce MIMIMH-HATPAaTHAa METOJIa caropeBama, OfBHja Y TPH TJIaBHA
Kopaka. [IpBu Kopak je ucmapaBame BOje, AeXHApaTanuja npekypcopa. pyru kopak je
JEKOMITO3MIIM]ja IPeKypcopa Koju popmupajy 3anaspuBe racose, kao mro cy NO, u CO.
Tpehu kopak je camoonpxuBa, Op3a peakiyja Koja JOBOAU IO 00pa3oBama raCOBUTHX
MpoJiyKaTta caropeBama TOKOM noOujama kepamuukor mpaxa (Chick, et al., 1990;

Kingsley & Patil, 1988.).
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OOpa3oBame HMHTEpPMEAMjapHUX TacOBUTUX jeaumema nomyT NO u NO; je
MOTEHIINjaTHO MOCeOHO TpodieMaTnaHo. Mehytum, mo0Opo je mo3HaTo 1a je peakiuja
NO 10 N; u O, oOMYHO KMHETHYKH OTpaHMYCHA Yy peakidjaMa caropeBama, jep je
peakuuje caropeBama Op3a, U TOKOM K€ HEMa JOBOJAHO BpEeMEHa Kako OM ce oBa
peaknuja HactaBuiaa Ha oaromapajyhoj temmeparypu (Turns, 2000.). Ympkoc oBum
npoOyieMrMa, TJWIMH-HATPAaTHA METOJa caropeBama OCTaje jelaH oJ] BeoMa
aTPaKTHBHUX HAYMHA 32 MPOM3BOAKY YHHU(POPMHHX, CIOKEHHUX OKCHIA KEPaMHUIKHX
MpaxoBa ca MPeUU3HO KOHTPOJIMCAHOM CTEXHOMETPH]OM.

Cam mo ce0u mpoliec je jeJHOCTaBaH: MPEKYPCOPCKH PACcTBOP CalpKU JKEJbEHY
KaTjOHCKY CTEXHOMETPH]jy TPAKEHOT MEIIOBUTOT OKCHJA KOja ce Jlajbe MPUIIpEeMa TaKo
mTo ce (1) pacTBope MeTaaHU HUTPATH y BOAH, (2) A0/1aje TIIMIMH, KOJH C€ TOHAIa U
Kao KOMIUIEKCAHT M Kao TOpuBO H (3) 3arpeBa pacTBOp Ja OM ce YKJIOHWIJIA BOAA, KaKo
O6u ce mpekypcopcku pacTtBop crnoHTaHo 3amanuo (Cong et al, 2003). I'muuun
pacTBOpeH y BOJIM Ca PeaKTaHTHUMa Ce IMOHaIla Kao KOMIUIEKCAHT, Be3yjyhu mertanHe
JOHE aJli ¥ Kao TOpUBO 3a peakiyjy. Ha Taj HauMH cripeyaBa MpenuIMTaIljy KaTjoHa 10
Koje Ou Moryo aa nohe HakoH WcHapaBama BOJE, a MPEe Peakije Koja TeKk Tpeba aa
ycaeau. XeMHjCKH PeakTop Ce 3arpeBa, BOJa HCHapaBa M 'y TeMIIEpaTypPHOM WHTEPBAITY
ox 150 mo 200 °C monasu 10 camomajbera TIIMIUHA. Peakiuja je Bpio er3oTepMHa,
TJIUIAH CaropeBa, ociao0olheHa TOIuIoTa y CHCTEMY JOBOJAU IO Pa3Tpaamke HUTPATa J0
OKCHJIa M 3HATaH JIeo IMpaxa ce ry0u m3banuBameM yciieq OypHOCTH caMe peakiivje.
OnHoC rIMIMHA ca HUTPATHUM JOHMMa Yy CMEUIM je OuTtaH, jep he oj Tora 3aBHCHUTH
MaKCHMaJlHa TeMIeparypa peakimje (€r30TepMHOCT), @ THME M BEJIMYMHA KPHUCTAJIUTa
nobujenux matepujana (Yan et al.,, 1999). Tpeba KOHTpoIMCATH TOK peakiuje W
TeMreparypy kKako Ou moOujeHe uectuile Owie mTo cuUTHUje M Behe cmemuduyne
MOBPILIHHE.

Jla Ou ce Taj IUJb MOCTUTAO, INIMIIMH-HUTPATHA METO/Ia jeé MOAM(UKOBaHA, TAKO
mTO je Ae0 HuTpara 3aMmemeH areratoM (Boskovi¢ et al., 2005). V mopehemy ca
HUTpaTUMa aleTaTu Cy jeTUHUjU U JIaKO PacTBOPJHMBHU y Boau. [IpomykT peakuuje je
amopdaH U caJIpku opraHcke Heuucrohe. 3aTo je morpeOHa HaKHaJHA KaJlMHAIUja
panu yKiamama OpraHcKor ocratka. KanuHamnuja ce U3BOIU Y TEMIIEPaTypPHOM OIICETY
ox 500 no 1000 °C. MoaudukoBaHa IIMIMH-HATPATHA TPOIIEaypa oTBapa MoryhHocTt

Op3or nobujama MOHO(DA3HUX, HAHOYECTUIHHX MTPaxoBa.
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IIpenHocTu 0BE METOAE CY:

O BeJHKa KOJIMYMHA Ipaxa ce MOXKe MIPOM3BECTH 32 KPaTKO BpEMeE,

o nob6mjajy ce MOHO(DA3HU HAHOUECTUYHU TPAXOBU Ca BEIUKOM cCrenuuaHoM
MOBPIIUHOM,

O ompemMa Koja ce KOPUCTH 3a U3BOheme OBE METO/IE j€ jeTHOCTaBHA,

O BeOMa Tpelu3Ha KOHTPOJa J00Mjama KEJHEHOT CTEXHMOMETPH]CKOT OJHOCA Y
MPOIYKTHUMA
METOoJla je JIaKo MpHJIarojjbuBa 3a (GopMHUpame KOMIUIEKCHHjUX MEHIOBUTUX

oKCcuaa.
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3. EKCOHEPUMEHTAJIHAU AEO

ExcniepuMeHTanHN J1€0 OBE TE3€ CacTojao ce y CHHTE3U NMEPOBCKUTA U3 CUCTEMA
Ca; xGdyMnO; (x=0,05; 0,1; 0,15; 0,2) momohy MomudukoBaHE TIUIMH HHUTPATHE
npoueaype. Ja O6u ce moOwim oNTHMaNTHM MOJAM O YCIOBMMa CHHTE3€ KOjU Ou
oMoryhunu KOHTpoJucaHo 1001jamke MOHO(A3ZHUX HAHOUYECTHUHUX MTPAaxoBa, Takohe cy
BapHpaHH TPEKYpCOPH HOCHOIM MeTaja 3a CHHTe3y. byayhw, nma mobOujame
HAHOYCCTUYHHUX IPAX0OBA y BEJIMKO] MEPH 3aBHCH OJ] HAUYMHA CHHTE3E, y NPBOM JEITy
eKCIIEPUMEHTAIHOT pajia 3a peakTaHTe cy oxapeheHu oarosapajyhm HuTpatn merana,
KOjU Cy pPacTBOpPJbMBHM Yy BOJM M Ha Taj HauuH je omoryheHa XoMoreHusanuja Ha
aTOMCKOM HUBOY.

VY HacTaBKy eKClepuMeHTa, J0OHUjeHH TPaxoBU Cy KajauHucanu. HeonxomHo je
OWwIo 1a ce yTBpAW TeMIlepaTypa W BpeMe KalllIMHAIK]e Koja OW mana MoHodasHe
MIPaxoBe CauMIbEHE O] YeCTHIa HAHOMETApCKUX IuMeH3Huja. CBU JOOMjEHU MPAXOBU Cy
KaJIIIMHACAHU Y TeMrepaTypHoM uHTepBaity on 850 °C mo 950 °C y tpajamy ox 15
MHUHyTa Ca LUJBEM Jla CE€ Carope OpPraHCKH OCTalll M Ja c€ MOCTUTHE TNOTIyHa
Tpanchopmalrja y IepoBCKUTCKY (hazy.

CBU CHHTETHCAaHM NPAaXOBU Cy Jajbe, JAETa’bHO AaHAIU3UPAHU Y MOIJIEdY
XEMHU]JCKOT U (pa3HOT cacTaBa, Kao U HHXO0Ba (PU3UYKA CBOjCTBA.

Y nopyrom genmy eKCHEpUMEHTa CHHTETHCAHM MPaxOBU CYy CHHTEPOBAHU Ha
Pa3IUUUTHM TeMIeparypama U MpH Pa3IMYUTUM BPEMEHCKHM HHTEPBAIMMA y LUJBY
olpehuBama oNTUMaIHE TEMIIEPAaType CHHTEpPOBamba M J00HMjarka TYCTHHA ca MITO
MambHUM OJICTYIIAEM OJ1 TEOPHjCKHUX I'yCTHUHA.

[ITemarcku mpuKa3 eKCriepUMEHTAIIHE MPOLIeType IpUKa3aH je Ha caunu 11.
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Hutpatu n aneratu metana “

” 070005051 ”

XoMoreHu3zayja

A 4

Cunre3a (MGNP)

\ 4

Kanmunanmja

A 4

Xemmwjcka ananuza (ICP)

\ 4

®azna ananuza (XRPD)
y ¥ v y
MukpocTpyKTypHa Marnerna CunTepoBame || JlunaromeTpujcka
KapakTepHu3almja UCIIUTHBaba Mepema
A4
v ®a3zna ananuza (XRPD)
PurBennosa
MeTOoJIa U
CTPYKTypHa A 4 A 4
KapakTepusaruja OnpehuBame || CEM ||
I'yCTUHE
4 v
CEM || Mepeme TBpaohe

Cnuxka 11. [llemaTcku nujarpaM eKCIIepUMEHTATHE MPOIIEType
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3.1. MHspauyHaBame [ oJamMUTOBOr (hakTOpa TOJIEPAHIIN]E

CrtpykTypa MaHTaHuTa je aepuHucana ['onammMuToBUM (GakTOpOM TOJIEPAHIH]E KOjH j€
npencraBibeH jenHaunHoM (6). Ha ocHoBy jeanaumne (8) mobuja ce ogHoc u3Mmely
KOHIIGHTpalLKje JOomaHTa X M (akropa TojepaHIuje f, moMohy Kora ce M3payyHaBa
TonpmvuToB dakrop Tonepannuje 3a Ca;GdyMnOs (x = 0.05; 0.1; 0.15; 0.2). Taxie,
lNongmmvuToB dakrop Tonepannuje 3a cuctem Ca;GdyMnOs (x = 0.05; 0.1; 0.15; 0.2)

MpHKa3aH je y Tabenu 3.

Tabena 3. 'onpmvmuToB (akrop Tonepannuje ¢, 3a Ca; xGdyMnO; (x = 0,05; 0,1; 0,15;

0,2) HaHOTIpaxoBe.

Ca; xGdxMnO; lonpmmvuToB hakTop TONEpaHIHje ¢
Caoa95Gdo,05M1’103 1,00637

Cao,9Gdo,1MnO3 1 ,00097
Caoag5Gdo,15M1’103 0,99557

Cao,ngo,zMnO3 0,990 18

longmMuToB (hakTop TONEpaHLHMje je M3pa3 3a HEYCKIal)eHOCT paBHOTEXE
(Ca**/Gd>")—0 u Mn—O nyxuna Bese (Topfer, et. al, 2004). Ha ocHOBy TabGemapHux
BpEIHOCTH Koje cy 3a ['omammutoB Qaktop TojepaHiuje y pacnony oxn 1,00637-
0,99018, momwmu cMo 10 3aKJbydka, Ja HAaHOMETapCKe CTPYKType KOje KEeTuMO Ja
CHUHTETHILEMO Y MOTJIey KPHCTAIOXEMHj€ Hajla3e ce Y M0Jby CTPYKTYpHE CTaOMITHOCTH.

Cmuxka 12. mokasyje ogaoc m3mely konmnentpanuje Gd kao momanra X u hakropa
tonepanmuje ¢. Kao mTo je morBpheHo ca ciauke 12, ¢ omaga y QyHKIHjU oOf

KOHIICHTpaIlMje JomaHaTa X.
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Cnuka 12. TonammutoB GakTop TojepaHiuje ¢ y GQyHKIHMjU O]
KOHIICHTpaIlj€ ToTaHaTa X
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3.2. Cunresa Ca; ,GdMnO; (x =0.,05: 0.1; 0.15: 0,2) npumenom MI'HII

[ToueTHe xemmkanuje KopumiheHe 3a cuHTe3y mnpaxa (ciuka 13.) cy Owmie: amuHO
kucenmnHa TiunuH (Fischer Scientific, USA), amerar merana Mn (Mn(CH;CO,), -
4H,0), u autpatu Mn, Ca, Gd(Mn(NOs), - H,0, Ca(NO3), - 4H,0, Gd(NO3); - 6H,0)
(Aldrich, USA).

(a) (6)

Cnuka 13. ITouetHe xemukanuje (a) u mpudop (6) kopumrheH 3a CHHTE3y Ipaxa

CacTaB peakIMOHE CMEIIC j¢ padyyHaT Ha JBa HaYMHA y 3aBUCHOCTH O]l
HOMHHAJIHOT cacTaBa (UHAIHOT MPOU3BOJA PEaKiifje, Kao W MPUMEHE Pa3THUUTHX
npekypcopa. Y MpBOM E€KCIIEPHUMEHTATHOM H3JIaramy, TJIMIMH Kao TOPHBO je JA0AaT y
pacTBop cmerie HUTpara (OKCHIAHT) y MojapHOM oaHocy 1:1. Y apyrom ciyuajy, 3a
CTEXHOMETPHUJCKY PEaKIMjy caropeBama, KOJMYWHA TOpHBa je ojpeleHa Ha OCHOBY
nponenant xemuje (Patil et al., 2008). V ckiamy ca mpHHIMIIAMA MIPOIICTIAHT XEMH]je, 3a
CTEXMOMETPHJCKE peakmuje peaykiuje wu3Mmel)ly TopuBa H  OKCHIAHTA, OIHOC
OKCHJIAIIMOHUX BAJICHIIM HHUTpATa MeTaja W PEAYKIIMOHHMX BaJICHIIM TOpHBa Tpeba na
OyJe jeIMHCTBEH.

[lonazna cmema, omabpanor cacraBa Cag9Gdo MnOs; je cuHTEeTHCaHA
KopuithemeM pa3InIuTUX MPEeKypcopa, Kako OM ce JONUIO A0 ONTHMAITHHUX YCJIOBa 3a
NPOU3BOJIKbY  HAHOYECTUYHMX  MPAXOBa  PA3UYUTOr  HOMHHAJIHOT  CacTaBa.
Excnepumentom je yTBpheHO, TPUMEHOM KOjUX NpeKypcopa ce€ MOXKe JJ0OUTH

HajIpUOIKHU)U CacTaB M HajMarka BEIMYMHA YECTHUIIA TPAXKECHOT Ipaxa.

43



JHoxmopcka oucepmauuja Munena Pocuhi

C tum y Besu mpukazahemo cnexehe mocTynmke Ha OCHOBY KOJUX CYy

npurpemsbeHn npaxou CagoGdo;MnO; nmpumenoM MoanduKoOBaHEe TIIHIUH HATPATHE

nporenype:

I moctynak 1.(y3opak a)
; 4+ 2+
['munys je memman ca HuTpatuma u aneratumMa Mn™ u Ca”™ y MoJIapHOM OJTHOCY
1:1. Uneja na ce cmemm A07ajy amneraTtd je JONpUHENa yOliakaBamy OypHOCTH
peakuuje. Y moctynky | kao mpekypcopu kopuitheHU Cy TIOUIUH (Ka0 TOPUBO H
KOMJICKCAHT), alleTaT MaHTaHa U HUTPATH KaJKjyMa U MaHTaHa, MTO j€ MPEACTaBIHLEHO

jenraunHOM (15):

CszNOz + O,SMI’I(CH3C02)2 : 4H20 + 0,9C3(NO3)2 : 4H20 + 0,5MH(NO3)2 : Hzo +
0,1Gd(NO3); - 6H,0 + 0,950, — Ca9Gdy 1MnOs + 2CH3;COOH + 4,1NO,1 + 6,7H,0
(15)

Kon mpumene oBe MeTo/ie, HajBaXKHUJH j€ MOJIAPHU OJHOC TIIMIIMHA Y OJTHOCY Ha
HUTpPATHE jOHE y CMENIH, jep ILITO je TemIepaTypa peakiuje (er3oTepMHOcCT) Beha, u
BEJIMYMHA KPUCTAJIMTa J00HMjeHOr MaTepujasia he Outu BehH, OIHOCHO CTapTHU

peakranTH he 60spe u3pearosaru (Yang et al., 2000).

I moctymaxk 2. (y3opak 0)

Onnoc rmmuHa onpehyjeMo y ckiaay ca MPUHLUMIMMA MPOMNENAHT Xemuje. A30T ce
YBEK padyHa Ja je HyJia, a MOJIEKYJM BOJE C€ He y3umajy y o03up. Bpemnoct 3a
KHCEOHHK je -2, BooHUK +1, yribenuk +4, Ca +2 u Gd +3 (Patil et al., 2008). Onatie
ciequ:  CoHsNO,=2(+4)+5(+1)+0+2(-2)=9; Mn(CH3CO;),=16; Ca(NO3),= -10;
Mn(NO3),= -10; Gd(NO;3);= -15. OBe BpenHoctu cabepeMo Ha OCHOBY jeaHauuHe (15)
¥ TIoJIeTuMO ca 9 (BpeIHOCT 32 TIIUIKH). 32 peakIMuoHy CMeNry, 1o jeaHadnau (15) ouhe

-7,5/9= 0,83 mola raununa.
II moctynax 1. (y3opaxk B)

MonapHu 0HOC TJIMIIMHA Y OJHOCY Ha HUTpATHE joHe y cMemH je 1:1, ¢ TuM mTo 0Baj

nyT HUje kopuimther Mn(NOs), - H,O. Jlakie, ka0 mpeKypcopu Cy KOpUITNEHH areTat

44



JHoxmopcka oucepmauuja Munena Pocuhi

MaHraHa ¥ HUTpaT Kaluujyma. [ JIMIUH je MOHOBO ynoTpeOJbeH He Memajyhu ra HeKum

IpyTrUM FOpUBOM Ha OCHOBY ciiefiehe xemujcke jennaunne (16):

C>HsNO, + Mn(CH;CO,), - 4H,0 + 0,9Ca(NO3), - 4H,0 + 0,1Gd(NO3); - 6H,0 +
1,202 - Caoa9Gdo,1MHO3 + 3CH3COOH + 3,1N02T + 7,7H20 (16)

II moctynak 2. (y30pak r)
Ha ocnoBy jennauune (16), a y ckiagy ca mpHHIMIKAMA Mpornenant xemuje, 0,6 1mola

TJIUIMHA j€ TpaykeHa KOJIMYMHA, 32 PeaKIIMOHY CMEIIY.

III moctynak 1. (y3opak i)
[Tpumemena je MI'HII metoga. MonapHu 0HOC TJIMIIMHA Y OJHOCY Ha HUTPATHE JOHE Y
cmem je 1:1, mana oBaj myTt Huje kopuithen Mn(CH3COs»), - 4H,0. Kao npekypcopu

KopuitheHu ¢y HUTpaTH MaHTaHa 1 Kaianujyma. Ha ocHoBy jennauune (17) cinenu:

C,HsNO; + Mn(NO3), - H,O + 0,9Ca(NOs), - 4H,0 + 0,1Gd(NO3)s - 6H,0 + 0,70,—
— Cao,ngo,an03 + CH;3COOH + 5,1N02T + 5,7H,0. (17)

III moctynak 2. (y3opax )
3a peakuMoHy cMelly, a Ha OCHOBY jeaHauwHe (17) W y ckiamy ca NPUHIUAIIAMA

MpOIeNanT Xemuje, 2,28 mola rimunuHa je morpedHa KOIUYrHa.

[TpumeHoOM [1Ba HaUMHA W3padyHaBamka U TPU MOJETA peakiija MpeaCcTaBIbeHNX
jennaunHama (15)-(17), mobujeHo je mecT pa3IuIuTUX y30paKa.

Ha y3opuuma je wu3BpumieHa TepMujcka aHanuza. JloOWjeHH pe3ynrary,
mudepeHnrjaTHo TePMHUJCKOM aHAJIM30M, Cy YKa3WId Ha TEeMIIEpaTypHH pacrloH
KaJIMHAIMje T[paxoBa NPUNPEMIJbEHHX MOIAMU(PHUKOBAHOM TJHUIMH HUTPATHOM
npouexypom og 900 °C mo 960 °C.

Metonom penarencke audpakumje mnpaxa oapehen je ¢dasHm cactas
UCIMTHBAaHUX y30paka (MOTBpheH je 3aBpIIETaK peakiyje U jeAHO(pa3HOCT y30pakKa).
Haxon xanuuHamnmje y3opaka y eKCepuMEeHTaIHO oapel)eHoM nHTepBaty, yTBpheHo je

7la je y y3oplrMa MpUCyTHa nepoBckuTcka (aza xemujcke popmyne CagoGdpiMnOs.
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Hudppaxrorpamu Cago9Gdp MnOs mpaxoBa cy NOTBPAWIM HAHOYECTUYHY MPUPOIY
npaxoBa. [Ipoceuna BenmunHa kpuctanmra D, ogpelena je kopunthemem Scherrer - oBe
jennauune (Ziegler 1978):

D= 09-1
pcosb

(18)

rze je: A kopumheHa TajgacHa Ty>KHHA pEHATCHCKOT 3padema X-3paka, @ — bparos yrao
ca xpucranue pasuu (hkl), # = (B, - f°), B je KOPHroBaHA IIMPHHA HA ITOTYBHCHHH
MvKa, [, jeé MepeHa IMHUpPUHA Ha TOJYBUCUHU THKA, f; j¢ MUpPUHA HA TTOJIYBUCHHH TTHKA
y30pka Si cranaapia.

JloOGujeHe BpeqHOCTH Cy MpHKa3zaHe y Tadenu 4.

Tabema 4. BenmnunHa KpucTanWTa y OJHOCY Ha TNMPUMEHECHE METOAC WU PA3IUYHTE

MpeKypcope.
Benuunna
Metona V3opak Paznuuutn npexypcopu KpHUCTaJIUTa
(nm)
Mn(CH3C02)2 . 4H20
a Mn(NO;), - H.0 21,0952(2)

Ca(NO3)2 -4H,0
Gd(NOs); - 6H,0

MH(CH3C02)2 : 4H20
B Ca(NO3), - 4H,0 20,458(1)
Gd(NOs); - 6H,0
Ml’l(NO3)2 -H,O
I Ca(NO3), - 4H,0 21,9267(5)
Gd(NOs); - 6H,0

Mn(CH3C02)2 : 4H20
Mn(N03)2 : Hzo
Ca(NO3)2 : 4H20
Gd(NOs); - 6H,0

Ml’l(CHgCOz)z . 4H20
r Ca(NOs), - 4H,0 19,3822(8)
Gd(NOs); - 6H,0
Ml’l(NO3)2 -H,O
b Ca(NOs), - 4H,0 18,8518(5)
Gd(NOs); - 6H,0

Homunamuu cacras

17,2337(5)

[Iponenant xemuja
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Ha ocHoBy n00MjeHuX pe3yiraTa je KOHCTaTOBaHO Jia C€ MPHUMEHOM IpPOTMEIaHT
XeMmuje no0uja HajMama BeNWYMHA dYecTuna, TayHuje ucnon 20 nm. Ilpax cacraa
CapoGdp MnO; koju je moOHjeH Ha OCHOBY MpPBOI IOCTYIIKa, a y CKJIaay ca
NPUHIUIIMMA [IPONENaHT XeMHje UMa HajMamy BelIW4YMHYy decTuna. M3 tor pasinora je
no0ujeHn Tpax, OMO OCHOBa IO MUTAaKky CHUHTE3€ U YMOTpPeOJbeHHX MpeKypcopa 3a
ucrmruBame cucreMma Ca;Gd,MnOs.

Cunresa mpaxosa cactaBa Ca; 4 GdiMnO; (x = 0,05;0,1;0,15;0,2) je u3BeneHa Ha
PaBHOj TPEjJHOj MOBPIIMHMU Yy XEMM]CKO] YAl Y KOjOj CYy CBU PEAKTAHTU PACTBOPEHU Y
JECTUIIOBAHO] BOJM JOJATHUX IO MPETXOIHO HM3pauyHATOM cacTaBy (UHAIHOT Ipaxa
(cnuka 14). Peakiuja 3anounme ciontano Ha 180 °C. Peakrantu cy 3arpeBanu 10 500
°C, 0IHOCHO J10 TeMIIEpaType Ha K0joj IIPECTajy [a Ce U3/Bajajy racoBH, IITO O3HAYABA

U Kpaj peakuuje.

(m) 4))
Crnuxka 14. ITpumena MI'HIT u no6ujame Ca;GdMnOs (x = 0,05;0,1;0,15;0,2)

Tokom peakuuje, ryOuTak mpaxa je OMO MajiM, a KOJIMYMHA IIpaxa Koja je
noOujeHa je Beoma ONM3y MpopadyHaTo] BpeAHOCTH. J[0OWjeHM TpaxoBH Cy Aajbe
KaJuHucany 15 min y teMneparyprom uutepsaiy ox 880 °C 1o 955 °C y eneKTpu4HOj

koMmopHoj niehu Elektron (bama KoBuspaua).
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3.3. CuHTepoBamE

3.3.1. IlpecoBame

[Ipax 0O6MuKOBaH MMpecoBamb-EM MPEICTaBIba UCIPEcaK. 3a TOK MPOIeca CHHTEPOBAba O]
BEJIMKE BAXHOCTH Cy BEJIIMYMHA YECTHIIA W arjoMepara, Kao M BHUXOBO ITAKOBAkE TPHU
XJIAJIHOM TpecoBamy (Mpax c€ yBOAM y YEIMYHE Kalyre W OOJUKYyje TOJ JIeJCTBOM
MEXaHWUYKHUX CHWJIa), U30CTATHUKOM IpecoBamy UTA. lIpecoBamem ce decTulle IMpaxa
O] IJCTBOM MEXaHWYKHUX CHIIa pacropelyjy y mpasHe npocrope, yuMme ce noctike 50
1o 70% TeopHjcke TyCTHHE AaTOT MaTepHujaia. Pa3nuke y BeIMUMHaMa 4ecTUIa JT0BOJIE
0 TpHUMapHE HEXOMOIeHOCTH Ipaxa U uchpecaka. J[lo HejegHakor pasBoja
MUKpPOCTPYKTYpPE CHHTEPOBAHHMX Y30paka Jojda3d KaJa je IMOJIa3HO CTame Ipaxa
OKapaKTepUCaHO IIMPOKOM PACIIONIEIOM BEJMYMHA YECTHULA U Topa, TZie MOry jaa Oyay
NPUCYTHU ariioMepatd. HeXOMOreHOCT MHUKPOCTPYKTYpE je H3paKeHHja y TOKY
nmovyeTHUX ¢aza CHHTEpOBama. JemaH ox OuTHUX (hakTopa KOju oapehyjy XOMOreHOCT
MUKPOCTPYKTYpPE CHHTEPOBAHOTI MaTepHjajia je CBaKako MpUMapHa HEXOMOTEHOCT
npaxa win ucmpecaka. Jlajbe, y HCIPEcKy MOTY Jia HaCTaHy TEKCTYpe HJIM HEXOMOTEHO
pacriopeleHe TycTHHE Kao IOCIEeAWIa MPOMEHE y paclopedy M CTEleHy IaKOBamba
YyecTHlla ycliel Tpemba u3Mel)y uecTulla 1 4ecTHiia o 3u10Be KajyTa.

[Iputncak mpecoBama W ymnoTpeba oaroBapajyhux amara (kajiyma) cy Beoma
BOXHU TpU J00Wjamy y30paka MPHUIPEMJbEHUX 3a CHHTEpOBame. Jlo pazmuuuTHX
npomMeHa y mMel)ycoOHOM KOHTakTy YeCTHIla, a TIOTOTOBO INPH BEJIMKHM IpPOMEHaMma y
Mel)ycoOOHOM KOHTakTy arjiomMepara J0Jia3d MpH IMpecoBamy. XOMOTEHOCT HCIpecKa
MOJK€ Ja C€ MOCTUTHE M30CTaTUYKUM MPECOBamEeM, KaJla ce Ipax CMEIITa y eNacTHUHe
KOHTEJHEpE U M3JIa)Ke BUCOKOM MPUTHCKY TEUHOCTH WJIM raca.

[IpecoBame Bomu ka yOp3aBamy Ipolieca CHHTEpoBama. Kama mpurnpemsbeHu
y30pIIM HUCY HMCTIPECOBAaHM Ha OATrOBapajyhw HauyWH, Taja TMOBPIIMHA TableTa HAKOH

CHUHTEpOBama Iny1a. @opMupajy ce npciauHe U MyKoTuHe (ciuka 15).
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DR . (200 um, v s Ak 4 Wi et Ly 200 iy
a) 0)
Cnuka 15. TToBpimHa cuHTepoBaHe TadIeTe HEAOBOJFHO JOOPO UCIIPECOBaHE U

XOMOI'€HHM30BaHe nocmarpase npu ysehamwy 50x 3a y3opak Cag9sGdoosMnO3

HakoH OCHOBHUX MCIIUTHBAamWa, JOOMjEHU MPAXOBU CYy YHHAKCH]aJIHO MIPECOBAHU
nop nputuckom of 50 MPa. IlouetHe auMeH3uje TabieTa cy MpeyHUKa 8mm U BHCHHE
KOja pa3jnuunTa 3a cBaky Tabnety u kpehe ce ox 2 mm mgo 6 mm. McnpecoBanu y3opuu
Cy JaJjbe, U30CTATCKHU TpecoBaHU Mo nputuckoMm on 250 MPa. Ha meranorpadckom
MuKpockomy, nipu yBehamy ox 100 u 1000x je HaKOH CHHTEpOBama aHaJIM3UpPaHA

MOBpIIKHA TabeTa.

3.3.2. Hoctynak cuHTEepoBah-a. OapehuBame rycrune u Tepaohe

CuHTepoBame je HajBaKHHJU KOopak y noOujamy (uHaiHe kepamuke. CHHTEPOBaHEM
707134 10 TIpeoOpakaja ucIpecaka y TyCTe U UYBPCTE KEpaMUUKe MaTepujaie TPaKEHUX
cBojcraBa. llpumpemMa W mpouecHpame KepaMHYKUX IIpaxoBa Cy NPEAyClIoB 3a
noOujame KepaMHKE OINTHMAaJHUX CBOJCTaBa alM C€ TEK CHHTEPOBAKEM MOTY
oOpa3zoBaTH Marepujaid oAronapajyhux (U3NUYKO-XEMHUJCKUX CBOjCTaBa. YKOJIHUKO
MOJIa3HM MaTepHjall, Mpax HHjeé XOMOTeH M YUCT Hemoryhe je CHHTEepOBambeM
MIPUTIPEMUTH BUCOKO KBAJIUTETaH MaTepHjai. M3 Tor pasnora ce ynaxy BEIUKH HAIIOPU
3a TIpUNpEeMy KBAJUTETHHUX IMOJAa3HMX IIPaxoBa KOjU MOTYy MaK, OWTH aHyJHpaHU
HeoaroBapajyhuM mponecoM CHHTEpoBama 3a WCIHUTHBAHU mpax. llo neduHmmjn
CHHTEpOBamE je Mpouec mnoBehama T'yCTMHE M MEXaHM4YKe 4YBpPCTOhE MpamrkacTor
00JIMKOBAHOT MpeAMETa 3a BpeMe ToruioTHOT Tpetupama (Tecilazi¢-Stevanovic, 1973).
Ha cunTepoBame ce MOXKe MOCMAaTpaTd M Kao Ha IPOIEC CIIOHTAHOT 3TYIIHaBamba,

I[eHCI/Iq)I/IKaI_II/Ije IMOPO3HOT', UCIIPECOBAHOT IIPpaxa Y3 BUXOBO HCTOBPEMCHO CKYIIJbakhe
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Kao TOCJICANIIE CMamhEehba MOBPIINHCKE SHEPTHje U pacTa MEeXaHW4Ke uyBpcTohe TOKOM
3arpeBama.

VY enexktpuunoj komopHoj nehu Elektron (bama KoBuibaua) cy CHHTEpOBaHE
tabnere, y arMocdepu Bazayxa, y MpOrpaMHpaHOM pEXUMY TeMIlepaTypa/BpeMe.
Bp3una 3arpeBama y30paka TOKOM CHHTEpOBama je Owiaa 5 °/min. CuHTepoBame je
BpIIEHO Ha Temmeparypama ox 1350, 1400 u 1450 °C 10 min. I'ycTuHa ucnpecaka u
CHUHTEPOBAHMX Y30PaKa je U3MepeHa METOJJOM XUIPOCTaTHUKE Bare y KCHJIONy.

Tepnoha matepujana je BaXKHO CBOJCTBO 32 MHKHEEPCKY MPUMEHY MaTepujana.
Jlepunucana je oTIopoM Npojupama CTPaHOT Tella y MaTepujan y TOKY JAejCTBA CHIIE
(O Neil, 1967). Bpeanoct mukporBaohe 3aBHUCH O] KOHIEHTpamuje aedekara u
MHUKPOCTPYKTYPHHUX CBOjCTaBa MaTepujaa.

Bukepc TexHuka je kopumheHa 3a yTBphHUBame BpEeIHOCTH TBpAohe
cuHTepoBaHux y3opaka. Ha ypehajy BUEHLER Indentament 1100 Series Semi-
Macro&Macro Vickers Indentation Hardness Tester MA 19501126 cy wmepenu
CHHTEpOBaHH y30puu. Tokom Mepema je kopumheno onrepeheme oa 1kg n HeonmxoaHO
3agpxkaBabe of 10 s kako OM ce ycHnocTaBW/a pPaBHOTEXa, y JIBAaHAeCT Tayaka,
y3uMajyhu cpeamy BpeaHOCT.

Hakon mpumpemama, noOujama, KallMHAIM]E W CHHTEpOBama IPaxoBa

MIPUCTYITUIIO CE BbUXOBO] KapaKTePHU3aIuju.
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3.4. Metoae kapakTepusalmie

3.4.1. UunvkoBano cuperuyra miaasma (ICP)

CuHTeTHCaHM MpaxoBa Cy aHAIM3HPAHU METOJIOM €MHCHOHE CIIEKTPOCKONHUje OazupaHe
Ha uaykoBaHo cnperayToj miazmu (ICP ox ewnrn. ,,/nductively Coupled Plasma*). 3a
XeMHujcka aHanmu3y KopumrheH je emucuonn crektpodoromerap (ICAP Thermo
Scientific 6300). McnutuBanu y30piu Cy MPEIXOAHO PAaCTBOPEHH y KOHIEHTPOBAHO]

HCL

3.4.2. Penarencka andpaknuoHa aHaansa

Metona penareHcke audpakiuje je KopuiiheHa 3a WACHTU(DHUKAIM]Y TPUCYTHUX
KpHUCTaIHUX (haza, TOKOM MCIUTHBama npaxosa gooujenux MI'HII meronom. IlpaxoBu
y30paka Cy CHUMaHM Ha ayToMarckoM nudpaxtomerpy 3a mnpax SIEMENS
KRISTALOFLEX D-500. [qudpaktorpamu cy caumibenn ca Cug, 3pademeMm (Ko, =
1,5405, Ko2 = 1,5433) u Ni-¢puarepom, y oncery ox 10 ° 1o 80 ° 3a 26, ca Kopakom oJ
0,02 ° 28, Bpemenckom KoHcTaHTOM 0,58 TI0 KOPaKy, a Mpu CTPYju y PEHATEHCKO] [IEBU
on 20 mA u Hamony of 35 kV. Ananuza u rpaduuku npukas audpakrorpama palheHu
cy coreepom Diffrac”™. Ha ocroBy mporpamckor makera EVA (EVA, Bruker, AXS,
Version 7.0) emumuuucan je ponpuHoc Cuge KOMIIOHEHTE PEHITEHCKOI 3paucma,
onpehenu cy uHTe3uTeTH U 26 yriosu pedrexcuja.

JudpakTorpaMu CHUMJBCHHX Yy30paka Cy KOpHIINEHH 3a TPEIUMUHAPHO
padyHame BeMYMHE KpHcTaiuta W mopehenn cy mporpamom Search/Match koju ce
Hajla3u y OKBUpY mporpamckor maketa EVA u koju caapxku 0a3y audpaknnoHUX
nojgaTaka OpOjHMX KPHUCTAJIHUX CYNCTAaHIM Ha OCHOBY KOJUX j€ W3BpIIEHA
UACHTUUKAIH]a KPUCTATTHHX (a3a y y3opiuma. 3a HAeHTU(UKAIN]Y KPUCTATHHUX (a3a
koputnthene cy PDF (Powder Diffraction File) kapture koje o6jaBibyje Joint Committee
on Powder Difraction Standards (JCPDS) — International Centre for Difraction Data
(ICDD) (Whiston 1987).

Jla 6u mobunu oxroeapajyhe cTpyKTypHE mapaMeTpe, HaKOH HICHTH(UKAIH]eE,
NPUKYIUBEHH Cy MOJALM 3a PurBenmoBy ananusy y omncery ox 10 ° mo 105 ° 3a 20, ca

kopakom o1 0,03 ° 20 u BpeMEHCKOM KOHCTAaHTOM 14S 110 KOpaxy.
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PutBengoBa ananusa je ynorpeGJbeHa y IUJbY aHAJIW3E Cajpikaja JOMaHTa y
CTPYKTYpH W YyTHIaja KOju OM Morao jJa mMa Ha mapamerpe jenuHuuHe hennje,
MelyaTroMcka pactojama M YIJIOBE, BAJICHIY Be3€, KA0 M Harumame U AcPOopMaIH]y

OKTacaapa.

3.4.3. PurBe/y1oBa aHAJIN3A

3a MoYeTHU CTPYKTYpHHU Mojien je kopuitheHa ctpykrtypa CaMnO; (Zhou & Kennedy,
2006) na OM MOTBpAWJIM MPHUCYCTBO JONaHTa y CTPYKTypu. CTpyKTypHa aHaimusza je
cupoBeneHa ymnorpebom mporpama FullProf (Rodriguez-Carvajal, 1998, Rodriguez-

Carvajal, 1993, Rodriguez-Carvajal, 2001).

3.4.3.1. PurBennoBa aHaIM3a HCOUTUBAHUX Y30paKa

Ha camoM noueTky yHeTH Cy CTPYKTYpPHM MOAALM U3 JIUTepaType, OAHOCHO MapaMeTpu
jenuHuyHe henuje, koopauHate aroma, (akropu 3ay3eha, MOYETHE BPEAHOCTHU
napameTrapa Koju ce yTaumanajy ((pakTop ckaie, HyJTa Tauka, TeMIepaTypHH (GaKTOpH,
KoeuIjeHT noJnHoOMa Oa3He JTuHU]e, TapameTpu npoduiaHe GyHKIH]jE, ACUMETPH]e).
Kopumhemem wuctor cranaapaa KojuMm je aeduHHUCAHA WHCTPyMEHTAlHA
dyukimja (CeO, xapen uHa 1300 °C/2h), oxpelena je nyna 6pojaua, udja BpEIHOCT HHjE
yTaumaBaHa, Beh je (ukcupana Ha BpeOHOCT J0OMjEHY YTaumaBamkEeM CTaHIApIA.
dakTopu ckaie 3a cBe ¢aze cy BapuUpaHH O MOYETKA J0 Kpaja yTaumaBama. 3aTUM ]
yTaumaBaHa 0a3Ha JHMHHjA A0 MOCTH3amkha KOHBEpreHuuje. Y MOUYeTKy, 332 yTaulkhaBambe
0a3He JMHUje je ynorpeOsbeHa MeToja IMOJIMHOMA alld je Y TOKY paja NpHMEHeHa
METOZIOM JIMHeapHe wuHTepronanuje kpo3 30 Tawaka 3a y3opke CagosGdoosMnOs,
Cap35Gdo 1sMnOs u CapsGdooMnOs, a 3a y3opak Capo9Gdo 1 MnOs kpo3 28 Tayaxa.
Jlasbe, cy y Impolec yTaumbaBama YBEICHHM NapaMeTpu jequHU4YHe henuje, y3 Koje cy
MOCTETNIeHO BapupaHu mpoduiaHu napameTpu. IlocTeneHo cy yTaumaBaHU MapaMeTpu
npoduiaHe QpyHKIH]je, TAaKO IITO Cy IPBO yTauylkbaBaHU apaMeTPH KOJU OMHCY]Y IHUPUHY
Ha IOJIyBHUCHHU INHKa MOYEBIIM Ca HUXOBUM JIMHEApHUM wiaHoM, W, 3atum U u Ha
Kpajy V 1o mocTuzama KOHBEpreHuuje. 3aTuM Cy YKJ/bYYeHH HapaMeTpu oO0JuKa
npoduiia, IpBo 4y, a 3aTUM U X, U30TPOITHH (PaKTOP MOMeparma aTomMa KOjH je jeJJHaK 3a

cBe aTome, By, mapameTpu acumerpuje 10 NOCTU3amka KOHBEPTeHIIH]C.
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Ha ocHOBY HOMHHAJIHOI cacTaBa Cy M3padyyHaTe MOYETHE BPEAHOCTU (PaKTopa
3ay3eha cTpykrypHOr Mojena Ha kpajy cy yraumeHe koopauHaTe U ¢akTopu 3ayseha,
0e3 1mojaBe BEJIMKE KOopeJaluje.

Kan je yraumaBame 3aBpIICHO NPUCTYIIO CE€ padyymhamby MHKPOCTPYKTYPHHUX
napameTtapa. M3 Tor pasnora je npodpmiHa GyHKIHja TpoMemeHa U3 (QyHKIHje TCey10-

®ojkt y ¢pynkuujy Tomcon-Koke-Xactunre-nceyno-@ojkr (Young, 1996).

3.4.4. [udepeHunjanHo TepMHjcKa aHATH3A

Hudepennujanno repmujcka ananusa (DTA ox enrn. ,, Differential Thermal Analysis )
3acHUBA ce Ha ynopehuBamy TEPMHUUYKHX CBOjCTaBa MCIIUTHUBAHOT Y30pKa M TEPMUUYKH
uneptHor Marepujaia. Kom JTA ce peructpyje pasnuka y Temmeparypu usmehy
UCTIMTUBAHOT Y30pKa M pe)epeHTHOT MaTepHjalia KOjU Ce 3arpeBajy M XJaje MpH UCTUM
yCIOBHMA, 2 KOHCTAHTHOM OP3HHOM.

Hudepenuujanno tepmujcky anamuzy (ATA) cmo kopuctunu 3a onpehuBame
TEMIepaTypHOT OIcera y Kome O MmocMaTpaH! HAaHOMPAXOBH — KaJIIMjyM MaHTaHCKOT
OKCHJIa JIOTIMPAHOT JOHUMA TaI0JMHUjyMa, OWIT KaJIIIMHUCAHH.

TokoMm nudepeHnnjamTHo TepMHUjCKe aHaIH3e KOpUITheHa je MOoJepHHU30BaHa reh
tuna A.JI.A.M.E.JI. (Kosti¢-Pulek et al., 1994), onpemsbeHa 3ajeqHo ca TepMOnapoBHMa
TUTATHHA-TUTATHHA/POJTUjYM M KOMIT)YTEPCKAM CHUCTEMOM 3a TPEHOIICHE IojaTaka y
murutanny (opmy. [lomohy 16-6utHOr USB-2523 AD KkoHBepTOpa ca (PpeKBEHIIN]OM
on 1 Hz, nmpukyrnsseHn cy BpemHOCT t M At. Y30piu Cy 3arpeBaHd y TeMIepaTypHOM
unrepsany ox 20 °C go 1000 °C, 6p3uHom 3arpeBama ox 10 °C/min y armochepu

Ba3Jyxa, I1ie je kao pedepeHTHr MaTepujan kopuither Al,Os.

3.4.5. Crkenupajyha ejJeKTPOHCKA MHKPOCKONHja M €Heprujcka AucIep3uoHa

CIEKTPOCKONHja

Ckenupajyhom enekTpoHckoM MukpockonujoM (SEM on enrin. ,, Scanning Electron
Microscopy ‘) HacTaje ClMKa CKCHUPAmhEM y30pKa CHOIMOM J00po (okycupaHux Op3ux
enexTpoHa. Enekrponu caapke nH(popManujy o XeMHjCKOM CacTaBy UCIIUTHBAHOT JIeNa
NOBpIIMHE, MOP(OJOTHjH U TEKCTypH. Pe3onynuja oBe BpcTe MHUKpPOCKONA je M J0
HEKOJIMKO HaHOMEeTapa, Moke 1a pamu ca ypehamuma 50 — 500000 myTa, 1 Kao Takas je

jenan ox Hajuemrhe kopumheHUX ypehaja 3a kapakTepusainjy HaHoMaTepujaa.
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CroxeHa MHKPOCTPYKTYpHA CIIMKa J00WjeHa eJIEKTPOHCKOM MHKPOCKOITH)jOM

oOyxBara:
1. BenuumHy, 0OJIUK, OPjEHTAIIN]y U PACIIOJIETY CBUX KpUCTaTHUX (a3a;
2. BenuuuHy, OOJMK M pacmnojeny ¢asza-nopa, yk/bydyjyhu wmukponope y

KpUCTaJIMTHMA U TIOpE Ha TPaHULIaMa KPUCTAIIUTA;

3. caxpikaj U pacrojeny crakiacte Qase
4. XEMHJCKH cacTaB CBUX (a3a.

CEM ypehaj moxe na 6yne onpemibeH EJIC nogaTkoM OZHOCHO €HEPIUjCKUM
aucrnep3uoHuM penareHckuM crnektpomerpom (EDS wmmum EDX op enrn. |, Energy-
Dispersive X-Ray Spectroscopy ). Taga ce mory noOWTH TOJald O 3aCTYIJbEHOCTH
eJIeMeHaTa y Y30plMMa, aHAJIN30M EMHUTHUBAHOI KapaKTEPUCTUYHOI PEHATCHCKOT
3pauema, ¢ 003upoM na je EJIC TexHuka 3acHOBaHA Ha YMHCHHUILM J]a CBAKH E€JIEMEHT
uMa JeJUHCTBEHY aTOMCKY CTPYKTYpY.

3a MuKpoxeMujcKy aHanuzy kopuitheH je ypehaj JEOL JCM-5800 ca EJIC
neTekTopoM U aHaMTHIKUM cuctemMoMm Oxford Inca 3.2. Y3opmu y oOnuKy mpaxa cy
HPUIIPEMJbEHH JICIBEHEM IPOBOHE YIJbEHUUHE TPaKe Ha METaJIHE Hocaye y30paka, Ha
KOjU Cy 3aTHM HaHOILIEHM MpaxoBH y3opaka. HakoH Tora y3opuu cy HamapaBaHM ca Au
(umn cmecom Au/Pd) panm moGoseinama MPOBOIJBMBOCTH y30paka. MeTamHU HOCauu
y3opaka cy wm3pahennm ox mecmura (Cut+Zn) wnm ox amymuHujymMa. CHHTEpOBAHH
y30puy y oOiuKy Tabjera cy HPUIPEMIbEHM TAaKO INTO Cy HPEIXOJHO TEPMHUKU

Harpwkenu Ha Temneparypu ox 1300 °C, 15 min.

3.4.6. Squid Mmarseromerap

Mepemwe MaraeTusaiuje MaTepujaina, Ouio YHyTpallkhe WK HHIYKOBAHE TPEICTaBIbhajy
OCHOBHM IMJb MarHetoMeTpuje. [lomohy marHeTHHX (peHOMEHA, MarHeTH3aluja MOXKE
OWUTH JIETEKTOBAaHA HA BHILE PA3TUUUTHX HaunHa. CBHM MarHETOMETPH CE€ MOTY CBPCTATH
y IBE Tpymne W TO ypehaju Koju Mepe CWIy Koja Jellyje Ha y30paK y HEXOMOTSHOM
MarHeTHOM TII0JbY W OHE KOjH Mepe MarHeTHO I0Jbe KOje TPOU3BOIM y30paK. Y
MaTtepujany, ci1abo uiau jako ypeheme aTOMCKMX MarHeTHHX JAMIIONA j€ TOCTeAHIa
MarHeTHHX CBOjCTaBa MaTepHjalia IITO je MHAYe PE3yNTaT CylepHo3ulrje OpOUTATHIX
MOMEHaTa KOJMYMHE KPETama €JIeKTPOHA OKO je3rpa W CIIMHCKUX MOMEHATa COTICTBEHE

poTamje eJeKTpoHa Yy aroMy. Mar"etHa cycuentuOmiHocT (Y,) jeé jemHa of
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Haj3HAYajHUJUX MArHEeTHUX CBOjCTaBa MarTepujaja M IIOBE3aHa je ca HErOBOM
peaTHBHOM MarHETHOM IpomnycTipuBomthy (L) mpeko pemanuje W, = 1 + .

CHuMameM TeMmIepaTypcKe 3aBUCHOCTH MarHeTHe cycuentuomitHoctu (ym(7))
u3Haa kputuuHe temmneparype (Kupujese 7¢ xon ¢gepomarneruka, u Hemose 7n Ko
(depumarseTrka u aHTH(QEPOMarHeTHKa) pa3pyliemka jakor MarHeTHOT ypehema, Moxke
Ce OJIpEIUTH THUII OBOT ypehema U3 MoHamama TeMIepaTypPCKe 3aBHCHOCTH PELUTIPOYHE
cycuentTuomiHocTu. [TapamMarneTHyn MaTepujayid uMajy ciiabo MarHeTHo ypeheme (), ~
107), kao u AujamarHeTHH MatepHjanH (KO KOjuX je Y ~ 10° u Temmeparypcku
HE3aBHCHO).

Mepema MarHeTu3alyje CHHTeTHCAaHUX MpaxoBa pahena cy Ha (Squid ox eHriL.
,,Superconducting Quantum Interference Device” — CcynepnpoBOAHH KBaHTHH
uHTeppepomerap) marueromerpy MPMS-XL-5, koju npunazna npyroj rpynu ypehaja.
Vcnuran je yTunaj JAomaHTa M YCJIOBa CHHTE3€ Ha BpEIHOCTH MarHeTusaluje,
BPEIHOCTH TEMIIEpaType Mpesnasa, Kao U MPOMEHY OTIOPHOCTH.

VYpehaj komeprujamaor umena MPMS-XL-5 maraeromerap je CIOXKEH CHCTEM
HaMEbEH NPEUU3HUM UCTpaXXMBamkbUMa MarHeTU3Ma y orcery Temmeparypa on 2 K go
400 K n maraetHuMm nossuma 710 5 T. OBum ypehajem je moryhe mpeuusHo Mepeme
IPOMEHa y TI0Jby U CTBAparhe¢ BETMKHX U CTAaOMIHUX mojba. Fherosa ocerspusoct je 107

emu, a Mopydje Meperba MarHeTHOT JUMONHOT MOMeHTa £2 emu (£2-107° Am?).

3.4.7. JAnjgaToMeTrpHjcKka Mepemnha

JIMIaTOMETPHjCKUM MeEpemeM ce J100Mjajy BakHU IOJAlld O BPCTH M CBOJCTBHMA
WCTIUTUBAHOT HEKAIIWHUCAHOT MaTepujana, ¢ 003MpOM J1a ce OBOM METOJIOM OeJeKu
MpoMeHa JMMEH3Wja WM 3alpeMUHE HCIUTUBAHOT Yy30pKa MaTepujayia y (yHKIUjH
MPOMEHE Temrieparype. Y 3aBHCHOCTH O] CTPYKTYPHHUX CBOjCTaBa MarepHjajia KOju ce
UCTHTYyje, MpOMEHe MOry Jnaa OyAy IIHMpeme WIM CKyIlUbame. BpenHoctu
JTIATOMETPH]CKE aHAJIM3E Ce MPEACTABIbA]Y TIPEKO CPEIHET JIMHEAPHOT KOoe(HIIHjeHTa
TEPMUYKOT IMHAPEHHA 0 WK 3aITPEMUHCKOT KOShHUIIN]EHTa TEPMUYKOT MUPEHa 3.
[TpuHIMN pajga AUIaTOMETpa Ce 3aCHUBA Ha MEPEHY Pa3jIMKe IMUPEHA MPOOHOT
TeNa M CTaHaapla y 3aBHCHOCTH oj TemmnepaType. C TMM y Be3u Ha OCHOBY METOJIE
Mepema moctoju: (1) amcolyTHO Mepeme - MEpH ce caMo IIMpeme y3opka u (2)

mudepeHIjaTHO MEPEHE - MEPH CE pa3IMKa IHPeHha y30pKa U pedepeHTHOT Tea.
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Hunatomerap Bdhr Gerdtebau GmbH Typ 802 je xkopumhen 3a

IUIIATOMETPUCKY AaHaJM3y WCIUTHBAHUX Yy30paka. TeMIepaTypcKd mporpam je

CacTaBJbEH U3 TPH CTYIIHbA:
1. 1450 °C 10K/min 02:20:00;
2. 1450 °C 0K/min 00:10:00;
3. 400 °C -10 K/min 01:40:00.

JlumaTtoMeTpoM Cce€ HCTOBPEMEHO OelieH TMpoMeHa IUMEH3Hje Y30paka,

TeMIepaType U BpeMeHa.
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4. PE3YJITATU U JTUCKYCHUJA

4.1. Pe3yiaratu XeMU]CKE aHAJIN3E

Ha ocnoBy ICP emucuone cnekrpockonuje oapehen je caapxkaj (y mas.%) Kaiuujyma,
raJoJMHUjyMa U MaHraHa. [Ipenu3HocT Mepema 3a cBa TpH €JlIeMeHTa je Mama o1 5%.
WzpauyHart je 6poj atoma Ca, Gd u Mn (y at.%, npepauyHar Ha | arom Kaiamujyma u
MaHraHa yHyTtap jeamHuuHux hemuja Ca;GdiMnO; (x=0,05; 0,1; 0,15; 0,2)) y
jemuHMuHMM henmjama y3opaka Ha OCHOBY uera cy ojapeheHe crexuomerpuje

aHaJTM3UpPaHUX IpaxoBa (Tademna 5).

Tabema 5. Homuuanmuu cactaB W caapxaj jenuHuuHuX henuja noouwjenux ICP nu

PutBenmoBoM aHaIHU30M.

Homunannu cactas ICP ananuza PutBenmoBa anammnza
Cag.95Gd.0sMnO; Cag.96Gdo.04Mng 9903 Ca.928Gdo.072MnO;
Cay9Gdo.1MnO; Cay.97Gdo.07Mng 9503 Cay.584Gdo.116MnO;
Cag.35Gdo.1sMnO; Cay 35Gdo.12MnOs Cay.362Gdo.133MnO;
Ca3Gdo2MnO; Cag.50Gdo23Mng 9703 Cay.582Gdo.11sMnO;

Kako 6u ce noOunu mpaxoBu y kojuMa he raJoauHujyM 3aMEHUTH KallUujyM ca
5, 10, 15 1 20 at.%. Toxom cunrese Ca; GdxMnO; (x=0,05; 0,1; 0,15; 0,2) je mogemeHa
KonmynHa peakraHata. [CP ananm3a mokasyje 1a KalluHAIN]jOM CHHTETHCAaHUX y30paKa
cajZiprkaj TaJ0JMHY]YMOBHX jOHA KOjU 3aMemyje Kanuujym uayhu pemom 4, 7, 12, 23
at.%. Jlakie, MOXe ce 3aKJbYUYHTH Jia MOPACT KOHIICHTPAIIN]je raJ0JIMHUjyMOBUX jOHA Y
MOYETHO] CYCIEH3UjU JOBOAM 10 TOpacTa raJoJIMHUjYMOBHX jOHA Y KaJILUHHCAHUM
npaxoBuMa. ['pemka koja ce jaBjba U OBOj aHAJN3H j& AUPEKTHA MOCIEANIIA yIoTpeode
Majie KOJUYHMHE y30paka. ¥ Tabenu 5 je J1aT U MpuKa3 CTEXHOMETPHja, KAIIMHUCAHUX
NpaxoBa, KOJjU Cy U3pauyyHaTH Ha OCHOBY OKYyMAaIMOHHX (akTopa 100WjeHHX

PutBenmoBom aHanu3oMm (neTasbHUje y orasiby 4.3.3.).
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4.2. Pesyaratu nudepeHIH]ATHO TEPMU]CKE AHATNU3E

Hakon cuHTe3e, CBM [0 caja NOMHUIAHM IIPAXOBU Yy OBOME paay, Cy TEPMHUUYKHU
aHanusupanu. Ha ciukama 16. u 17. npukaszanu cy pesynraru JITA ananusa.

Ha cnumm 16. npukasane cy JITA kpuBe y30paka HCTOT cacTaBa aj J0OHjeHUX
y3 moMoh pa3mMUUTHX MpeKypcopa HCTOM MOJM(PHUKOBAHOM TJIMIUH HUTPATHOM
merogom (MHITI), nox cy nHa cmmmm 17. mpukazane JITA xpuBe y3opaka ca
Pa3IMYUTUM CafipikKajeM TaJIoIMHUjyMa alld JOOMjeHHX y3 MmoMoh UCTHX IpeKypcopa U
ncrom MHI'TI meTonom.

3a cBe OBe KpWBE j€ KapaKTEPHCTHUYHO INTO OMHUCYjy TPW TJIaBHA CTaadjyma
pasnarama (Rosi¢ et al., 2011, Rosi¢ et al., 2013). Ha ciumm 16, npBu cTanujyMm movunmme
on 84 °C no 210 °C, a ma cimuum 17. ox 87 °C go 144 °C. YV TuM TemmeparypHUM
MHTEpBAJIMMA JIOJIa3U JI0 eJIMMUHHCama arncopOoBaHe Bojae y mnpaxoBuma. OBaj
CTaaujyM je o3HaueH BeoMa criabum enporepmMHuMm edekroMm (~140 °C), koju monazu

ycJea ucrapaBama Boje, a paheH je Op3uM M MHTE3UBHUM €r30TEPMHHUM IPOIECOM

(Zpyru craanjym), KOju ce cacToju y UcToBpeMeHoM yuemthy NO,; aHjoHa M 3a0CTalor,

HEM3pearoBaHOI MIMIUHA Yy @paxoBuMma. VICTOBpeMeHO, TJMLIMH C€ OKCHIyje A0
HUTpaTHUX aHjoHa (Yan et al., 1999). Omrpu er3oTrepMHM NUKOBH KOjU CE€ BUIE Ha
ciuiy 16. Ha kpuBama a) U 0) yka3yjy Ha peakilMjy caropeBama, OJJHOCHO caropeBamba
3a0CTaNor TMIMHa. Er3oTepMHy MUKOBU y TeMiepaTypHoM uHTepBainy ox 206 °C no
285 °C (cmuka 16.) u ox 262 °C mo 285 °C (cinmka 17.) ykasyjy Ha pasiarame H

pacmaiame ocTaTaka OpraHCKUX jequmbema y mpaxosuma (Yang et al., 2000).
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HOTA curnan
€HJIO er3o0
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Temneparypa (°C)

Cnuka 16. ITA nujarpamu cunretucanux CagoGdo 1 MnO;3 mpaxosa. CumOoinu o7 a) 110
1)) o3HauaBajy y3opke nodujere y3 momoh pazmmaurux npekypcopa (Rosi¢ et al., 2011).

EnporepMun nukoBH y TemiiepatypHoM untepainy ox 478 °C mo 514 °C mory
ce mpumnucati okcumanuju Mn ox MnO; no Mn,O; (Philip & Kutty, 2000). /lake,
JIPYTH CTaAWjyM pasiiarama, npaheH er3oTepMHUM e(EeKTOM Cpeamer WHTE3UTETa,
Mpe/iCTaB/ba MHTEPAKIIM]y CaropeBama 3a0CTajor OPraHCKOT OCTaTKa M JBOCTPYKE
msmene mmehy Mn® -Mn*" jona. Enmorepmun ITA edextn Ha 675+ 3 °C motBphyjy
pasnarame HUTpPATHHUX aHjoHa W muXxoBO cramame (Ettarh & Galwey, 1995). Tpehu
CTaAWjyM C€ cacTOju W3 peJaTUBHO CJa0or eHAOTepMHOT edeKTa y 4YHhjeM
temneparypuom uHTepBany (910 °C ~ 960 °C), momasu 10 KpHCTaaM3aluje

MOCMaTpPaHUX MPaxoBa.
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I'A curHan
EHJI0 er3o

"

T T T T T ]

T
0 200 400 600 800 1000

Temneparypa (°C)

Cmuxka 17. ATA mujarpamu cuntetucanux Ca; GdiMnO; (x=0,05; 0,1; 0,15; 0,2)
npaxoBa, uayhu penom ox a) 1o r) Cag9sGdo 0sMnOs3; Cag9Gdo 1 MnOs;
Cao,g5Gd0715M1’103; Cao,ng072MnO3 (ROSié et al., 2013)

Ha ocHoBy pesynrtata noOujeHUX AMQEpPEHIUjaTHO TEPMHUJCKOM aHAITU30M
NPaxoBH MNPUIPEMIbEHH MOIU(PHKOBAHOM TJUIMH HUTPATHOM MPOLEAYPOM CY
KaJ[MHUCAHH y TeMneparypHoM pacrony ox 900 °C go 960 °C 10 min. Pesynratu
MOKa3yjy Jia je 32 MHTUMHO MeIIamke Ha aTOMCKOM HUBOY OKCHJaHCA M TOPUBA Y OOJIUKY

cTaOMIHOT Tena HCOIIXOJHa peaKque caropeBamba.
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4.3. Pesyaratu peHArescke nudpakimie mpaxa

4.3.1. Anaam3a gudpaxkrorpama CayoGdoMnO; nmpaxoBa, 700HjeHHX y3 nmomoh
pazanuutux npexkypcopa MI'HII meTogom

Metonom penarencke audpakumje mnpaxa oapehen je ¢dasHum cactas
UCIUTHBAaHUX y30pakKa (MOTBpheH je 3aBpIIeTak peakuyje u jeqHodasHoct yzopaka). Ha
OCHOBY pe3yJiTaTa peHJAreHCKE aHanu3e y3opaka xemujcke ¢opmyne CagoGdoiMnO;
KOju Cy NoOWjeHH HAaKOH peakilfje caropeBama (HHje MPUKa3aHO), YTBpHEHO je na cy
npucyTHe ¢a3e amopdHe, IMITO jé BEPOBATHO MOCIEAMIIA HEAOBOJbHE TOIUIOTE TOKOM
CIIOHTAHOT TaJbea. HakoH KanmuHammje y3opaka y eKCIEePHUMEHTaTHO ojapeheHOM
WHTEPBATy, YTBPHEHO je Ja je y y3opIuMa IpHCyTHa TEPOBCKHUTCKE (a3za XEeMHjCKe
bopmyne CagoGdy 1 MnO; (Rosi¢ et al., 2011). PenpesentatuBHu nudpakrorpamu 3a
y3opke Cap9Gdo 1 MnOs gatu cy Ha cnumu 18, a TabenapHO MpencTaB/beHU MOl 32

untesutete [, d u hkl Bpennoctu cy nare y npunory 1.
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Cnuxa 18. Penarencku nudpakrorpamu npaxosa xemujcke gpopmyie CagoGdp1MnOs
HAaKOH KaJluHaiuje yzopaka. Cum6omu ox a) 10 1)) o3HavaBajy y3opke q00HjeHE Y3
noMoh pa3nmuuuTHX TpeKkypcopa onucanux y noriassby 3.2 (Rosi¢ et al., 2011).
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CBU MMPOKM MUKOBH cIabOT WMHTEH3MTETa HaM yKa3yjy Ha HAaHOKPUCTAIHY
nmpupo Iy npaxosa, ciauka 18. JlooujeHo je 1o0po ciiarame (Ha OCHOBY TojlaTaka u3 0ase
noaaraka, 6poj kapruma 03-0830,24-0508, 24-0430) mopehemeM ekcriepuMEHTATHUX U
u3pavyHaTux audpakrorpama.

Bpennoctu 3a mapamerpe jemunuude hemuwje (A) y ommocy Ha mpuMemeHe

METOJIC U pa3IMuuTe NMPEKypcope Cy NprKa3ane y tabenu 6.

Ta6ena 6. Ilapamerpu jenunuune henumje (A) y omHocy Ha npHMemeHe MeTOfe U

pasu4yrTe IpeKypcope.

[TapameTpu
Paznuuntn .
Metona V3opak HDEKYDCODH JEIUHUYHE
peKypeop henuje (A)
MH(CH3C02)2 -4H,0 a=5,283(5)
a Mn(NO3)2 : H20 b:7,461(6)
Ca(NO3)2 : 4H20 C:5,320(3)
Gd(NOs); - 6H,O V=209,73(6)
) a=5,292(7)
Homunanuu Mn(CH;CO,), - 4H,0 b=7,471(6)
B Ca(N03)2 : 4H20 _ ’
cacTaB GA(NOs); - 6H,0 ¢=5,305(0)
33 P2 V=209,78(2)
Mn(NO), - H,O ai5,287(9)
b=7.473(1)
Pl Ca(N03)2 . 4H20 c=5 305(7)
Gd(NO3); - 6H,0 P
V=209,66(7)
Mn(CH3CO,); - 4H,0 a=5,286(7)
6 MH(NO3)2 . HzO b=7,473(1)
Ca(NO;3); - 4H,0 c=5,306(4)
Gd(NOs); - 6H,0O V=209,64(5)
) a=5,299(5)
[Tpomenant Mn(CH5COy), - 4H,0 b=7,466(8)
. T Ca(N03)2 : 4H20 _
Xemuja GA(NO»); - 6H,0 c=5,305(4)
33 P V=209,93(7)
w0 0 50
b Ca(NO;), - 4H,0 c=5.368(4)
Gd(NOs); - 6H,0 Al
V=211,68(4)

Ha ocHoBy mapamerapa jeaunuude henuje (A) wucnutuBamux mpaxosa
nobujennx nomohy paznmuutux mnpekypcopa MI'HIT mertonom, motBpheHo je na

oladpaHy Mpax KOju WMa MajMamy BEIIMYUHY YECTHIA MMa W, Y OJHOCY Ha OCTaje
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IpaxoBe W HajMamy 3alpeMHHYy jeAMHHWYHE henuje Koja je mHaue Beoma OiHcKa 3a

HUCIIMTUBAHEC IMPAXOBC.

4.3.2. Apaamsa qudpaxkrorpama Ca;,Gd,MnO; (x = 0,05; 0.1; 0,15; 0.2) npaxoBa,
npunpemannx MI'HII meToaom

®da3HM cacTaB HCOUTHUBAHUX Yy30paka je oxapeheH MEeTOJAOM PEHITEHCKE
mudpaknuje mpaxa. Ha OCHOBY pesynTaTta pEeHATCHCKE aHAIM3€ y30paka XEMHjCKe
¢dopmyne Ca;xGdyMnOs (x = 0,05; 0,1; 0,15; 0,2), koju cy 10OHjeHU HAKOH peaklyje
caropeBama (HHMje TpuUKazaHO), yTBpheHO je na cy mpucyTHe ¢asze amopdue ycien
HE/IOBOJbHE TOIUIOTE TOKOM CIIOHTAHOT TMajbemha. HakoH KaimuHaiuje y3opaka y
EKCIIEPUMEHTAJIHO OJIpeheHOM HMHTEpBaly, YTBPHEHO je€ N1a Cy Yy y30pIuMa MPHUCYTHE
nepoBckuTcke ¢aze xemujcke Gopmyne Ca;GdxMnO; (x = 0,05; 0,1; 0,15; 0,2) (Rosié¢
et al., 2013). Penpe3enratuBau audpaxrtorpamu 3a yzopke Ca;xGdiMnOs (x = 0,05;
0,1; 0,15; 0,2) natu cy Ha cnuuu 19.
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Crnuka 19. Penarencku audgpakrorpamu mpaxosa xemujcke popmyie Ca; xGdMnO;
(X = 0,05; 0,1; 0,15; 0,2), a) Cao,95Gd0505MnO3; 6) Cao,9Gdo,1MIlO3;
B) Ca(),gsGdo,15MIlO3; F) Cao,ngO,zMnO3 (ROSié et al., 2013)
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Ycnen noBehama caapikaja raoivHUjyMa y MIpaxoBuMa, ciimka 19, npumehyje
ce MaJla pa3jiiKa y IIUPUHU MTUKOBA, KA0 M FHHXOBO MOMEpame Ka MambUM yriioBUMa
(mpustor 2). IMopehemeM ekcriepuMEHTATHUX U U3padyyHaTHX AudpakTorpama, ao0uja
ce 10o0po ciarame (Ha OCHOBY IojaTaka U3 Oas3e mojartaka, 6poj kapruua 03-0830,24-

0508, 24-0430).

4.3.3. PurBe/10Ba aHAJIN3A

3a yraumaBame KPUCTAIHE CTPYKType PUTBEnI0BOM METOAOM, KOpHIIheHH Cy
nmojany Mo0WjeHH PEHATSHCKOM AM(PPAKIHMjOM Ipaxa. YCTAaHOBJHCHO j€ J1a Cy CBU
MoCMaTpaHu y30puu MOHO(DA3HU, Ja WMajy POMOMYHY TEPOBCKUTCKY CTPYKTYPY H

npunaaajy Pnma (62) npocTopHOj TPyIH, IITO je MpHuka3aHo caukama 20 u 21.

Crnuxka 20. Kpucranna crpykrypa Ca; GdMnOs (nnaBe nonte o3HauaBajy arome Ca,
upsene O, a Behe npBeHe yHyTap okTaeapa Mn) (Rosic¢ et al., 2013).

VY Tabemama 7. u 8. cy mpHKazaHU pe3ydTaTd PuTBenmoBe aHanu3e, mapameTpu

jenuHUYHMX henuja, 3anpeMHuHe jeIMHUYHUX henuja, ¥ MoJIoXKaju aToma.
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Crnmka 21. PutBennoB nujarpam 3a a) CagosGdo 0sMnOs; 6) CagoGdp 1 MnOs;
B) Ca35Gdo 1sMnO; u 1) CagsGdo ,MnOs. BepTukanue nptuiie 03HauaBajy moiaoxaje
pednekcuja 3a npucyTHy ¢asy, * mpeacTaBiba HeHMIeHTUPUKOBaHY a3y, a Ha THY
CBaKe CITUKE Cy pe3uyaln pa3iiuka u3mel)y uaMepeHux u u3padyHaTHX HHTE3UTETa
(Rosi¢ et al., 2013).
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VY mocmarpaHoj mepoBCKUTCKO] cTpykTypu aromu Ca u Gd 3ay3umajy mosoxaj
4c, atomu Mn monoxaj 4b, m aToMH KHUCCOHWKA C€ Hayia3e y moJjiokajuma 4b u 8d.
Pesynratn nmobujeHn PuTBengoBoM aHaIM30M HaM jacHO yKasyjy Ja cy katjoHu, Ca u
Gd 3ay3enu nonoxaj 4, ¥ 1a ce Haja3e y KOOpAuHaIuju ca 12 aToma KMCEOHHKa, 0K Ce
atomu Mn u O Hanaze y koopaunanuju 6. [lonamu u3 paga (Zhou & Kennedy, 2006) cy
KOpuITheHn Kao TOYEeTHH MOJEN 3a yTaumaBame CTpykType. [IpucycTtBo Gd** y
CTPYKTYpH, Y3poKyje peaykuujy Mn*" y Mn®", na 6u ce ouyBana enekTpoHeyTpaIHOCT
jenumema. PeqyKimja je mocaeanna cyncTuTymje aBosanentHor Ca’” TpoBaleHTHHM
Gd*". Joucku pagujyc Mn®* (0,645 A 3a KB=6, (Shannon, 1976)) je Beliu ox joHckor
pammjyca Mn*" (0,530 A 3a KB=6 (Shannon, 1976)). Pasimka y joHCKHM pammjycnma
Mn he npeBaruyti Hax pasiukom mmehy Ca®™ (1,34 A 3a KA=12 (Shannon, 1976)) u
Gd®" (1,053 A 3a KA=8 (Shannon, 1976)) u moBects mo mnosehama FHHXOBHX
3alpeMuHa jeIWHUYHMX henwja W TopeA Tora INTO je Aonupajyhul KaTjoH Mamer
paujyca. C 063upom 1a je jorckn pammjyc Gd** mamu ox Ca®*, oBa mpomena joHCKHX
panujyca y TMoyiokajy A je TpuBHjajHa y OJHOCY Ha PasiUKy Yy BEJIMYMHHU KATjOHA Y
nooxajy Mn (mosoxaj B), mTo Ham kao pesyartaT naje moBehame 3ampeMuHe
jenunnune henuje (Wang, et al., 2008).

[TapameTpu jenuunune henuje u 3anpemuna jenuauuHe henuje cy gatu y Tabenu

TaGena 7. Pesyntatu PutBenmoBe ananuse 3a MCIIUTUBAHE Y30pKE Y IPOCTOPHO] TPyTH
Pnma (62).

y30paK CaoﬂgsGd0,05MnO3 CaOWQGdOWIMnO:; Ca(),85Gd07 1 5Mn03 CaO,ngosznO3
a 5,2834(5) 5,304(1) 5,3152(9) 5,3186(5)
IMapamerpu
jeJUHAYHE
! hesmje b 7,4665(6) 7,475(1) 7,4795(8) 7,4792(7)
(A)
c 5,2994(4) 5,293(1) 5,303(1) 5,3003(7)
3anpeMuHa
JeMHUYIHE
hemmje 14 209,03(3) 209,84(7) 210,81(6) 210,84(7)
(A
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Ha coumm 22. je mpukasaHa TOpoMeHa mapameTapa jeIUHHMYHHX henmja
WCTIUTHBAaHUX TPaxoBa JOMHPAHUX TAIO0JIMHHjyMOM, TI/I€ BPEIHOCTH Ha AarCIUCH
OJroBapajy OYEKHBAHOM HOMHMHAIIHOM  cajapkajy TagoinuHujyma. TabemapHo
npezacTaBbeHn moxany 3a uHTesurere I, d m hkl BpemHocT cy nmare y mpuiory 2.
[Tapametpu pemetrke Ca;xGdiMnOs a u b OGnaro pacty ca moBehameMm caapikaja
raJlOIMHAjyMa KOJH yJIa3d YMECTO KajlHjyMa y TOJ0Xa] A y CTPYKTypu HEpOBCKHTA.
3a pa3nuKy ox mapaMmerapa a W b, mapamerap c¢ 0maro pacte, rma omaja, IITO HpaTH
JMHEapaH HopacT 3anpeMuHe jeauHuuHe hemuje. Y ciyuajy Henonupanor CaMnOs;-s
(omHOCHO, X = 1), 3ampemuHa jenuHu4He henmje ce mHade, moBehaBa ca moBehamem
HECTEXHOMETPHJKOT J 3a JaTu cactaB x (Zeng et al., 1999). Tymademe oBOr TpeHIA je
jenHocTaBHO: nmoBehaBameM KUCEOHMKA Y ACPUIIUTY O 3a IaTH cacTaB X, oBehaBa ce u
KOHIeHTparmja Mn®™ (Topfer, et. al, 2004). 360r Behe Bemmuunue Mn’" joua, jenuuuumHa
hemmja ce mmpu. [lopen Tora, ¢GopMmupame KHCEOHMYHUX BaKaHIHWja JOBOAM IO
NpoMeHe y KoopauHamuju atomMa Mn: nenoBu Mn okTaenpa cy TpaHchopMUCaHU y
Mn’**—0 momuenpe Onbojroct u3mely mBa Mn®" y GIM3HHE KHCEOHHYHHMX BaKaHIM]a
(6azanHe paBHu mupamuga MnQOs OKpeHyTe Cy jelHa mpeMa JApyroj), Kao u u3mehy
cycennux Ca’’/Gd® joma (jomm kuceonmka cy y neduuury) mosehaBa BenHUHHY
jemuanyHe henuje. Ilopact 3ampemuue jenunuuyne henmje naje moparak na je Gd
NPUCYTaH y CTPYKTYpU TEPOBCKUTA, KAaO W MPHCYCTBO KHCEOHWYHHUX BaKaHIMja Y
CTpPYKTypH. 3anpeMuHa jenuHuuyHe henmuje ce moehaBa ca moBehamem campxkaja Gd,

IOTO CE€ MOXKEC MTPUITUCATH CMALCHY IMPOCCUHC BAJICHIIC MdHI'dAHA Y OBUM je,Z[PII—beH:»PIMa.
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Cnuka 22. [Ipomena nmapamerapa jeauHu4Hux henuja neposckuta Ca;xGdyMnOs
(x=0,05;0,1; 0,15; 0,2)

VY Ttabenu 8 Cy mpeAcCTaBJbEHH TOJOXKAjH aToMa y CTPYKTYPH U MPOMEHE Y
nmpoceyHuM nykuHama Mn—O Be3a, kKao (QYHKIMJU MPOCEUHOT JOHCKOT pajujyca y
nonoxkajy A. Takxohe, y Tabenu ce ykaszyje m Ha mopemehaje koju HacTajy ycien
MPUCYCTBA Gd*" u Mn** y CTPYKTYpH.

Benmka pasnuka msMel)y @ u ¢ mapamerapa pelieTke ykasyje na je y CHCTeMY
Ca; xGdyMnO; (x = 0,05; 0,1; 0,15; 0,2) mouwio mo mucrop3uje cTpykrype. To je
MAaKpOCKOIICKH 3Hak crhpere Jau-TemepoBux mucTopsuja 30or mpucycta Mn’' y
OKTaeZapcKoM OKpyxemwy. Jan-TenepoB edekar ce MoXe OmasuTH mnopehemem
pe3ynrata JoOUjeHUX 3a TojeIMHaYHe TyKuHEe Be3a Mn—O, koju ymyhyjy Ha 3aKJbydak
Ja je JOIIIO N0 TPOMEHE BAJCHTHOT CTamka Mn** OJIHOCHO pEayKIHje a0 Mn°.
PomOoenapcke u okTaenapcke AucTop3uje ce nosehasajy ca nosehamwem caapxaja Gd.
TMosehame konuenTparuje Mn®* ca canpkajem Gd nosehasa mpoceuny ayxuny Mn—O
Besa y pemerky (3a Mn®'—O msuocu 2,21A u 2,04A, a 3a Mn*"—O 1,88A (Sherman
(1984)). Ocum Tora, 3a cBaku y3opak Mn—O pactojame ce cucTeMaTcky moBehaBa o1
npoceuyne ayxxuHe Mn—QO Bese, jacHO yka3yjyhu 1a je OKTaemapcko HIMpEHEe Y

. +
CYIITHHE pe3yiTar noseharma a - ¢ Ga3aNHIX PaBHM Kao MOCHeHa yiacka jona Gd’
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Ha Mecto Ca’’. Oj CYIITHHCKOr 3HadYaja je OXHOC jOHCKOT Pamdjyca M KOBAJCHTHE
npupone Mn—O Bese. JacHo cy BumbuBe paziauke usMmehy BpmHux (Mn—Ol) un
exBaTopujanaux (Mn—02) Beza y MnOg okTaenpy 3a cBa 4eTupH y3opka. Paznmka y
nyxuHaMa Beza Mn—O ykasyje Ha 1ojaBy KUCEOHHYHHMX BakaHIUja. Jlabe, mopehemem
BPIIHUX U €KBAaTOPHWjAIHUX Be3a ca pesyinratuMa He fonupanux CaMnOs (Silveira et
al., 2010; Matos et al., 2011) MoxemMo0 J1a KOHCTAaTyjeMO Ja je JOILIO A0 OKTaeJapCcKor
Harumama. [loehamem Gd y cTpykTypH, oAcTymama cy cBe Beha mro ykasyje Ha
3HATHHjC HAarWmbame okTaenapa. Ha ocHOBy mpenxonaHo HaBeaeHor, 3a Ca;xGdiMnOs;
(x =0,05; 0,1; 0,15; 0,2) y3opke, MnOg OKTaeapu ce HE MOTY OINUCATU KAa0 MPABUIHH,
jep mect Mn—QO pacTojama HHCY HU NPUOIMKHO jemHaka. OKTaeapu IOMMPaHHUX
y30paka cy UCKPHUBJbEHU U MIMPEHE HHje TOJjeTHaKo y cBa Tpu npasna. Kao mro ce n
OYCKHUBAJIO, TIPOMEHA y JyXKHHama Be3a ca canapxajeM Gd je Beoma CIMYHA MPOMEHU
napametapa henuje. OBM pe3yiTaTH jacHO MOKa3yjy JAa MOCTOju Oiucka Be3a u3Mehy
napameTapa jequHM4YHe henuje W mpucyctBa Jan-TenmepoBux aucTtop3wja 300r
npucyctsa Mn® Og OkTae1apa OpjeHTHCAHNX Y @ — ¢ PABHIL

Canpxaj ragonmuaujyma y Ca; xGdyMnO;3 (x = 0,05; 0,1; 0,15; 0,2) mpaxoBuma,
U3pauyyHaT Ha OCHOBY yTa4khCHUX BPETHOCTH OKYMAIMOHUX (akTopa aroma je 7,2;
11,6; 13,8 u 11,8% at.% 3a y3opke peaom CagosGdoosMnOs3, Capo9Gdy, 1 MnO:s,
Caps5Gdp1sMnO3;, n CapgGdpooMnO;. Ako ce y3me y o03up Ha je caapxkaj
raJOJIMHAjyMa PEJIaTUBHO Malld, a CTENeH KPUCTAIMHUTETa HMCIUTHBAHUX IPaxoBa
HU3aK, MOxe ce pehu na ce 1oOHMjeHe BPEAHOCTH CIIaXy Y OKBHPY E€KCIEPUMEHTATHHX
rpemaka ca pesyiraTuma A00MjeHuM XeMHjckoM aHanmu3oM (4; 7; 12 u 23). Hajsehe
OJICTYTIabe j€ CBUACHTHO KOJ y3opka ca 20% ramoluHWjymMa IITO je IMOCIeIuIa
HE/IOBOJbHE TMpenu3HocTH PurBenmoBe Mmetone. Ilopen Tora, HU XEMHjCKOM, a HHU
PuTBENI0BOM METOJIOM HHjE padyHAT AC(PUIUT KHCEOHHKA, YNME je CKCIICPUMCHTAIHA

rpelika jour Buiie nmosehaxa.
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Tabena 8. Pesynratu PurBengoBe anammse 3a Ca;xGd,MnOs (x = 0,05; 0,1; 0,15; 0,2)

IpaxoBa.
Y30paK C30595Gdo,05Ml’lO3 Caongdo’lMl’lO3 Cao,85Gdo,15MnO3 Cao,ngonMnO3
Ca (Gd)

X 0,0305(7) 0,0253(9) 0,0300(8) 0,0298(7)

y 0,25 0,25 0,25 0,25

z -0,01(1) -0,01(2) -0,011(1) -0,01(1)

Occ (%)
Ca 0,464(1) 0,442(2) 0,431(2) 0,441(2)
Gd 0,036(1) 0,058(2) 0,069(2) 0,059(2)
7.2 % 11.6 % 13.8 % 11.8 %
Mn
OJI0KA]

X 0,5 0,5 O,S 075

y 0 0 0 0

z 0 0 0 0

0l
MOJI0XKaj

X 0,490(3) 0,482(4) 0,488(4) 0,493(3)

y 0,25 0,25 0,25 0,25

z 0,061(2) 0,076(3) 0,071(4) 0,054(3)

02
ToMoXaj X 0,298(3) 0,304(2) 0,295(3) 0,305(3)

y 0,028(2) 0,025(2) 0,017(3) 0,021(3)

z -0,289(2) -0,286(3) -0,289(3) -0,295(3)
Mn-O2 1,8978(10) 1,84859(5) 1,90684(3) 1,88364(4)
Mn-O1 1,9335(9) 1,97726(6) 1,91820(3) 1,96677(4)
Mn-O2 1,8978(10) 1,84859(5) 1,90684(3) 1,88364(4)
Mn-O1 1,9335(9) 1,97726(6) 1,91820(3) 1,96677(4)
Mn-O2 1,8994(7) 1,91378(5) 1,90151(2) 1,91264(3)
Mn-O2 1,8994(7) 1,91378(5) 1,90151(2) 1,91264(3)

Ry | 3,23 | 2,78 | 2,47 | 1,98 |
Ry | 4,37 | 3,98 | 2,94 | 3,28 |
R, | 10,65 | 11,3 | 11,31 | 11,23 |
R, | 27,4 | 27,3 | 26,0 | 26,0 |
R,, | 14,3 | 14,4 | 13,7 | 13,9 |
GofF | 1,3 | 1,3 | 1,2 | 1,2 |
Chi’ | 1,79 | 1,62 | 1,48 | 1,54 |
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Benuunna kpuctanmmta W BpPEAHOCTH 3a MHKpoOHampesame (Tabema 9), cy
u3pauyHaTu npuMmeHoM TomcoH-Kokc-Xacturrc-niceyao-dojrore npodumHe GyHKIH]S
(Young, 1996). I'paduuxku mpuka3 3aBUCHOCTH MHUKPOCTPYKTYPHHX Iapamerapa Oj

HOMMHAJIHOT CaCTaBa IIpaxoBa je IMMpUKa3aH Ha CJIMOA 23.

TaGena 9. BennunHa KprcTannTa 1 MUKpPOHAIIPE3amhe.

VY3opak BenuunHa kpucranura MukpoHarpe3ame
(nm)
Cao,95Gd0,05MnO3 25,93(2) 0,01538
Cag,9Gdy,1MnO3 30,36(1) 0,03431
Cao,85Gd0’15MnO3 25,42(5) 0,03 129
Ca(),ngo’zMn03 35,40(5) 0,04157

Bennuuna kpucranura ce kpehe y pacnony ox 25,0 — 35,0 nm mTo ykasyje Ha
HAaHOMETAPCKY BEIMYMHY 4YeCTHIa ITIOCMAaTpaHWX TpaxoBa. MUKpOHaAmpe3ame je
HajMame 3a MEPOBCKUT Ca HajMamUM MIPOLECHTYATHUM caapikajeM ragoiuHujyma. Ca
MopacToM cajprkaja TaJoJIMHUjyMa Yy CTPYKTYPH, PacTe M MUKpPOHAIPE3ame alu U
BeIMYMHA KpucTanuTa. KibydHu napamerap Koju o0jamimaBa MHOT€ HEJOCTATKE, MOMYT
HE3HATHO PA3IMYUTOT XEMH]CKOT cacTaBa je MUKpoHarpe3ame. 1lTo je pume nedekara
NPUCYTHO Yy CTPYKTYpH, TO cy M Beha MukpoHampesama. 3a mocMmarpaHe CTPYKType
MUKpOHAIpe3ama HUCY 3aHeMapsbhBa. To Ham moOTBphyje Ja Cy jOHHM TraJoJIMHUjyMa
3aMCTa 3ay3eNIM CBOj€ MO3UIMje HA MECTO KallHjymMa y CTPYKTYpPH, IITO j€ MaK JOBEJIO
710 penyKIHje joHa MaHTaHa ajH | JI0 10jaBe KUCEOHMYHUX BakaHIja. M3 mpuioxxeHor
ClIeIn J1a TICPOBCKHUT Ca HAjMAaFOM KOJMYMHOM TaJlOJMHHjyMa TOKa3yje MHHHMAIHO

MHUKPOHAIIPE3akhb¢ 1 MUHUMAJIHY BCIIMUUHY KPUCTAJIATA.
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Cnuka 23. Benmuunna kpuctanurta (V') 1 MUKpoHarnpesame () 3a CagosGdo osMnOs;

Cao’ngo,anOg Ca(),g5Gdo’15Ml’lO3; u Cao’ngo,zMnO}
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4.4, HcnutuBame MUKPOCTPYKTYPE

Ckenupajyha enextponcka wmukpockonuja (CEM) je kopumhena 3a aHamuzy
MUKPOCTPYKTYPE KaNIIMHUCAHUX U CHHTEPOBAHUX y30paKa.

CEM o¢ororpaduje KalnuMHUCAHUX y30paka Cy TOKaszajge Ja CBU JOOHjeHH
MPaxoOBH WMajy BEJHKY TEXIbY Ka ariioMepanuju, 300T CBOjUX TUMEH3HMja M BEIHKE
cnenuduune moBpmmHe. [lojaBa arjmomepanmje je yoOuWyajeHa 3a YECTHIE Majux
numensuja (ucrox 100 nm), ycnesn Benuke crieluuyHe MOBPIIMHE U aKIUje jeIHe O]l
cnabujux uHTeppearyjyhux cuna n3mely dectuna. Yobuuajene cinabe cuie cy Ban aep
BascoBo mpuBnaueme, cuie eIeKTPOCTATHUKOT HAEIEKTPHCAma, CTBAPAIE XEMHjCKE
Be3e, CHJIe KanmujapHoTr KBamewa nin MmaraetHe cuie (Fedors & Landel, 1979). Takobe,
omaxa ce cyHhepacta mopdosoruja ca BeTuKuM OpojeM mopa U IIymbhHa (crnuka 24.).
[Topo3HOCT ce MOXKe MPUIHCATH BEIUKO] KOJIMYMHU TacoBa KOjH Cy C€ OCI000IMIN U3
peaknmone cmenre TokoM caropeBama (Rosi¢ et al., 2011). Tokom massema ce y
pa3IMYUTO] KOJWYUHH, ociobaha TOIIOoTa M pa3BUjajy raCOBUTH MPOU3BOJAM, KOJU Ha
Kpajy JOBOJE 1O OrpaHHYaBama TOIUIOTE W (QopMHUpama BEIMKHX arjoMepara.
ITopo3HoCT HacTaje Kao nmocneanna Op3or ocnobdalhama racosa.

Bpojan daxTopu cy OArOBOpPHM 3a HAHO BEIWYHMHY HACTAJIUX IPaxoBa, MOIYT
penatuBHO HUCKe Temriepatype (~900 °C) Ha kojoj ce popmupa cuctem Ca;GdxMnOs
(x=0,05; 0,1; 0,15; 0,2) xkao u Bpcre cuHTe3e. C 003uUpOM, Ja ce TOKOM CHHTE3E,
peaKkTaHTH YHH(OPMHO MeEIIajy Y pacTBOpY Ha aTOMCKOM WJIM MOJIEKYJApHOM HHBOY,
caropeBamkeM Ce€ JIelllaBa IIpoIeC HyKJealdje TOKOM KOora MOXe Ja ce JIeCH
npepacnojiena u qudys3nja OONMKIBUX aToMa W MOJIeKysia. Bennka xolMynHa racoBa
KOJjU Cy OcloOOheHH TOKOM peakilfje caropeBama OrpaHWYaBajy KOHTakKT u3Mehy
gectuna (Silveira et al., 2010.). C mpyre cTpaHe, mpolec caropeBama Ce OJIUTrpaBa
Beoma Op30, HEMa JOBOJHHO €HEpruje W BpeMeHa 3a MocTerneHy audys3ujy aroma wiu
MoJIeKyJla IITO OM JONpHUHeNo pacTy Kpuctaiuta. CXOIHO TOMe, MOYETHa HAHO

BCJIMYHHA ITpaxoBa CC 3a/ipiKaBa U IMOCJIC peaKque caropeBamba.
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SkuU 180

=14 18 0mm

(r)
Cnuxka 24. CEM ¢ororpaduje Ca; GdiMnO; (x=0,05; 0,1; 0,15; 0,2) xanuuHucaHuX
npaxosa, uxyhu pexom ox a) o ) Cag9sGdoosMnOs; CagoGdy 1MnOs;
Cag 35Gdp,1sMnO3; CasGdy,MnOs.
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XEeMHjCKHU cacTaB MOXKE jacHO Jia ce moTBpau Ha ocHoBy EJIC ananmse crnekrpa,

Koju je Takohe mpukazan kao mpwior y3 CEM dororpaduje. Tume je morBpheH

enemenTapau cactaB Ca, Gd, Mn u O u 1a npax Hema aApyrux HeducToha (cimka 25).

Full scale = 2.02 k cps
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Full zcale = 1.26 k cps

Curzor: 7. 4075 ke¥Y

at. %

Cag 35Gdo,1sMnO3

Ca

10,07

2,54

13,10

74,29

Full zcale = 1.61 k cps

(B)

Curzor: 2 4475 ke¥Y
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at. % 11,83 3.89 1653 | 6777
(r)

Cnuka 25. EJIC ananmmza cnekrapa Ca; . Gd,MnO; (x=0,05; 0,1; 0,15; 0,2)

KaJIIMHUCAHUX MpaxoBa, uayhu peaom of a) 1o r) CagosGdyosMnOs; CagoGdo 1 MnOs;
Cao’g5Gd0,15MnO3; Cao’ngO,zMnO}
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4.5. Pesyiarati MarHeTHUX MEPEHA

IIpBo cy pahena marnetrHa mepemwa Ha CagoGdy MnOs npaxy, jep cMO ImpeaTuMUHapHa
UCIMTHBAaKka U3BPILIMIIM 33 Ta] HOMUHANHU cacTaB. Jlasbe y Tekcty he OMTH mpukaszaHa
MarHeTHa Mepema 3a Taj Mpax, a y HaCTaBKy CII€Jé MarHeTHa Mepema 3a CBE
WCTIUTUBAHE Y30pKe.

C o03upom ga MarHeTHa CBOJCTBAa MaTepujajia 3aBUCE O HErOBE NPEIXOJHE
UCTOpHje, OAHOCHO OJ HauuHa xyahemwa, OOMYHO ce MarHeTHa Mepema BpLIe Ha JBa
HauuHa. [IpBu HauMH je na ce marepujai ca coOHe Temreparype xiamu 10 5 K 6e3
npucycTBa crniojpammer nosba (ZFC ox enri. ,,zero field cooled) a kama ce nocTurHe ta
TeMIiepaTypa BpIIIE€ C€ MEpema MarHeTusanuje y (QyHKIUjU of Temmeparype T, mpu
yeMmy ce TeMIlepaTypa MOJaKo JIDKe, a Mepemha MarHeTH3aldje ce BplIe Ha CBAKUX
HEKOJIMKO KeNBUHA. [Ipyru HauuH ce pas3iuKyje oJ] MPBOT y TOME Jia c€ y30pakK ca coOHe
TEeMIIepaType XJIaJH y CIOJballllbeM MarHeTHOM moJby onpehene jaumne (FC ox eHri.
»field cooled) a kama ce IOCTUTHE HajHIDKA >KEJbEHA TEMIlepaTypa MeEpH ce
MarHeTu3aluja, a TeMIepaTypa ce Memba HUCTO Kao y IIPBOM CIy4ajy.

3aBHCHOCT MarHeTH3alMje OJl jaunHe MarHeTHor mnoJsba M(H) mepeHa je Ha
TeMIlepaTypaMa HWKUM WU BUIIMM of TeMmmeparypa ¢asHor mpenaza. AC MarseTrHa
CYCIENTHOMIIHOCT j€ MepeHa Y TPOMEHHUBOM MAarHETHOM MOJbY ca (ppekBeHmiama ox 10
u 1000 Hz, u ammmurygom oxn 4 Oe, y pacnoHy TemmepaType Koju oOyxBara
TeMIepaTypy mnpenaza cnuHckor crakia (SG ox eHri. ,,spin-glasses™) u mpenas u3

anTr(epomarueTHe y napamaraetny ¢asy (AF-P).

4.5.1. HcnuruBame MarLeTHUX cBojcraBa CapoGdy1MnO; HaHONpaxa

TemmneparypHa 3aBUcHOCT Maraetu3zanyje je mepera oa 5 K no 300 K, y nBa paznuuuta
Mar"eTHa IoJba, Mpukas3aHa je Ha ciuiy 26. [locrenen mopact MarHeTu3amuje mokasyje
ZFC rpana xanga temmnepatypa naga ca 300 K na 130 K, a 3aTtum je nmpumeTaH Harim
nopact marHetusanuje. OBaj mopact ce Moke npunucata AF-P ¢a3znom npenasy, koju
je kapakTepucTHuaH 3a Manranute rae je Ca’’ momapua ¢paxumja x>0,5 (Dagotto et
al.,2003; Markovi¢ et al., 2008). TemmepaTypa Ha K0joj ce nemaBa ¢a3znu npena3 AF-P
(HenoBa TtemmepaTypa) He 3aBUCH O] jauWHE MAarHeTHOT IOJba, a cama Hemosa
temnepatypa Ty = 110 K je nHahena xao mpBM W3BOJ MEpEHE MarHeTH3alHje IO

temneparypu (dM/dT) cnuka 26, nogatax 0).
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Cnuka 26. Temneparypna 3aBucHoct ZFC (mpa3au kpyrosu u kBajapatu) u FC

Marserusaiuje (myHu KpyroBu U kBajapatu) 3a CagoGdo1MnOs y paznuuutum

MarHeTHuM nospuMa. Jletass a: ZFC marnetu3zanuja; SG npenasu cy o3Ha4eHU
cTpenuiama, 3abenexxena maraerusanuja o1 1000 Oe ce nemum ca 5. Jlerasb 6: IpBU U3BOJT
MepeHe MarHetu3anuje mo remmepatypu dM/dT Ha kojoj ce nemana da3uu npemna3 AF-P.

Ucnox Ty, npumehyje ce uspaszuto rpaname udmehy ZFC u FC rpana (npa3Hu u myHu
KpYTOBH).

3a o6a nmpumemena MaraetHa nosba FC rpane ce HenmpekuaHo nosehaBajy nmpu
yemy 3a H=100 Oe Ha HHCKUM TemIeparypama ce jaBjba IiaTto, A0k ce 3a 1000 Oe,
MOXe YO4HTH nojaTtHo noehame marHetusanmje. OBaj mopactT MarHeTU3alMje UCION
Ty, npaheH mojaBOM IUIaTOa Ha HUCKUM TeMIepaTypama, KapaKTepUCTHYaH je 3a
MaTepHjalie Koju uMajy HeKy (epomarHeTHy komroHeHTy. lllupoko je mpuxBaheHno na
FM kommoHeHTa y MaHTraHWTHMa MeEIIIaHE BAJICHTHOCTH, HacTaje 300T TOoCTOjama
nBocTpyke m3meHe m3mehy Mn’" - Mn*" joma (Coey, et al., 1999). Iomro cy kox
apcror CaMnO; npucyTan camo Mn** jorn, Mn®* jouu ce mojaBsbyjy HakoH ommupama
Gd*" (eneKkTpoHCKO TOmMparbe), Kako OH ce OfpIKala elIeKTpoHeyTpatHoct. Jorn Gd

. 24 . . . .
3amemyjy Ca” joHe Ha MO3HWIHjH A, amu je BUXoBa (pakiyja cyBuiie ciada ga ou ce
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YCIOCTABHO TYTOIOMETHO MarHeTHo ypeljeme. Ymecto Tora, 3axsasbyjyhu Mn® - Mn**
W3MECHH, jaBJba C€ KPATaKOJOMETHO ()epOMAarHeTHO ypeheme, OTHOCHO HacTajy o0acTu
y KOjuUMa TMOCTOju (pepoMarHeTHo ypeheme u Te obsactu ce HazuBajy FM kimactepuma
Koju cy cmemirenu y AF matpukcy. Y kinacrepuma FM ypelhewe MarHeTHUX MOMeHaTa
u AF ypehemwe maTpukca M3a3uBajy I0jaBy MarHeTHe QpycTpanuje Koja ce jaBjba y
OBOM CHCTEMY.

Cnoxenuje moHamame mnokazyjy ZFC marnerusammone rpane. Ucmon Ty ce
jaBiba clabJpeme MarHeTusanuje koje je TunuvHo 3a AF ypeheme, anu ce Ha HIDKUM
TeMmrepaTypaMa Takol)e MOXXKE YOUMTH JOJAaTHH MaKCUMyM (ciuka 26, nojatak a).
[Tonoxaj 1 0O6JMK OBOT MaKCHMyMa 3aBHCH O] jaYlHE MarHeTHOT 1oJba M, Tako mTo ce
OH TIOMepa Ka HWXHUM TemIlepaTypaMa M MOCTaje Mambe U3PaKEeH Y BUILIUM MAarHETHUM
nosbuMa. OBakBO TMOHAIllake TUIOUYHO je 3a SG, Koje KapakTepulle HelpaBWJIaH
pacrope; MarHeTHUX MOMEHaTa joHa. YBEK Kaja IOCTOjU HeKa BpcTa (pycTpauuje
MarHeTHUX HWHTEpakiyja npucytHo je SG crame, a jaBjba Ce€ Kao IOCIEAHLA
MelycoOHnx wuHTepaknmja u3mel)y MarHeTHHX MomeHata. llopen Tora, T0IaTHO
noBehame Marnetusanuje, koje je nmpumetHo u koa ZFC, u kox FC rpana 3a 7<10 K,

N
MOXe ce mpurucary BenmkoM yuemhy Gd®™ mapamarnernux Momenara ( 4 o = 1,94 us

(Petia, et al., 2002)), mTo je moceOHO U3pakeHO Ha HUCKUM TeMIIepaTypama.

HonatHu noka3 nocrojama SG mpenaza Ha HUCKO] TeMIIEpPAaTypu 1ajy Mepema
AC cycrnenTuOMIHOCTH KOja je M3MEpeHa 3a JBE pa3nuunTe (HPEKBEHIHje MarHETHOT
nosba (cauka 27). Moxke ce MPUMETHUTH Ja CE TOJI0XKa] BpXa (O3HAUCH CTPEITUIIOM)
roMepa Ka BUIIIOj TeMIepaTypH Kaja je ¢ppekBeHuuja Beha. To je kapakrepuctuka SG
nonamama (Mydosh, 1993), nox AF-P ¢a3uu npenas, o3HaueH ca Ty HE 3aBUCH O]l

¢bpekBeHnyje (BUIH CIHUKY 26).
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Crnuxka 27. Peannu neo AC cycuenTHOMIHOCTH y OJHOCY Ha TEMIIEPATYPY 3a JIBE
paznuuute GpPEKBEHITH]j€ MAarHETHOT T0Jba.

TemmeparypHa 3aBHCHOCT MHBEp3HE MAarHETHE CYCHENTHOMITHOCTH Ha BUCOKHUM
TeMmrneparypama, uaMepeHa je y pacrnony 140-300 K, u nmosey ox 100 Oe je mpuka3zaHa
Ha ciunu 28 (kpyxwuhu). Ha oBe ekcrneprMeHTallHe MmojmaTke je mojemaBaH Kupwu-
BajcoB 3akon (Curie-Weiss) ITO je MpUKa3aHO MyHOM JIMHUjOM. MOe ce BUJIETH J1a ce
Yy OBOM TEMIIEpaTypHOM pPAacCIOHy, MarHeTHa CyCHENTHOMIHOCT MOke omnmcatd Kupwu-
BajcoBum 3akoHOM. W3 nobujere ' (T) 3aBucHOCTH onpeljeHr cy ed)eKTHH MAarHeTHH
MOMEHT e = (4,68 +0,01) up n Kupu-BajcoBa temmeparypa Op = (21,5+0,4) K.
[TosutuBHa Bpennoct Kupu-BajcoBe TemmnepaType roBopu y KOPUCT MPHUCYCTBa ciabde
¢depomarHeTHe uHTepakuuje mehy joHuma manrana. Ciavuad pesyiaTar je noOujeH 3a
Ca; x\NdyMnOs (Fan, et al., 2003), rne HeraTuBHU fp Tmpena3u y NMO3UTHBAH 3HAK 3a
0,05<x<0,1, a 3a Behm HHBO mommpama, Bpaha ce HeraTuBHa BPEAHOCT 6p.
[IpernocTaBiba ce ma y 0BOj 00JacTH AOoNMMpama HacTajy ¢epoMarHeTHE Kopenaiwje,
KOje oBOZIC 10 cemapanuje MarHeTHuX (aza. OBa cemapaiuja ce orjena y ToMe Ja
(epomarseTHa MHTEpaKiMja JOBOJIU 10 HacTajama (pepoMarHeTHUX KiacTepa KOju cy

pacnopehenu y epoMarHeTHOM MaTpPUKCY.
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Crnuka 28. Bucoka temreparypHa 3aBUCHOCT HHBEP3HE CYCLENTHOMIHOCTH 3a0erekeHa
Ha H =100 Oe 3a T> 140 K.

JloOHjeHa BPEIHOCT Ue; yKIbyUyje yuelrhe ¥ MaHTaHOBUX M I'aJ0JIMHU]jYMOBHX

Jona. IIpema Tome, yuewhe Mn joHa g, ;... y €peKTHOM MarHETHOM MOMEHTY MOJKe Ce

U3pavyyHaTH U3:

2 2 2
Hyppras = Hep — 0,1 g,

(19)

TJI€ Uy TPENCTABIbA EKCIIEPUMEHTAIHO JOOMjEHH CBEYKyINaH €(EeKTUBAaH MarHeTHU

MOMEHT (4,685), @ UGs O3HAYABA MArHETHH MOMEHT rajonunujyma (4, .. = 7,94up).

JloOujeHr MaHraHOB MarHeTHH MOMEHT 4, ... = 3,96 up je u3Mehy CHMHCKHX

BpPEIHOCTH Mn** (4,90 Up) 1 Mn** (3,87 [B). AKO 3alUIIEMO XeMH]jCKy (HOpMyITy OBOT

. 4 .
jemumema xao Ca,,Gd, Mn)* Mn'*O;, ouna yuemhe o6a Mn joHa ca pasmuuuTHM

BAJICHTHUM CTalEM Y o7 MOKE J1a C€ OAPEIU H3:

2 2 2
/’an3+,4+ = X,Lan3+ + (1 - x)/fanAH

©

0)
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Bpennoct x=0,08, nobujena u3 mspasa (20), mokasyje xa je ommoc Mn*/Mn®" Gy
onoca Ca’’/Gd®". OBo ykasyje Ha mOOPY CTEXHOMETPHjy, Ca MAalUM BHIIKOM
kuceoHnka o;1 0=0,02, Koju y OKBHPY €KCIIEPUMEHTATHE TPEIIIKE.

M(H) xpuBe, MepeHe Ha JIBe TemIieparype, MpukKazaHe cy Ha ciuiu 29. Y
nonaTtky cy natu netassu M(H) mepema Ha 7=5 K. Moxe ce yountu na kana je 7=5 K,
MarfeTm3anpja He JocTike 3acuheme, wak HH 3a 50 kOe, 300r mnpucycrsa
anTu(depoMarHeTHUX MHTEpakinja. Benuka jaunna koeprutuBHoOr nosba (H.= 2000 Oe)
U 3aoctana (peMaHeHTHa) MarHetmszanuja oa Mz= 2,95 emu/g notBphyjy Hamry
NpeTnocTaBKy, u3BeneHy u3 FC mepema, 0 mocrojamy (epoMarHeTHUX KiacTepa Ha
HUCKHM Temneparypama. Ha temmeparypu ox 7=200 K, mro je m3nax Ty, y30pak je y

napaMarHeTHOM cTamy (cnuka 29.).

' ! k I ! 2 T T T T
30 - 5K
Ca, Gd MnO, O’G#u o
20 - ol 200K
O - 4
4 =
./"U ’j.\..—-’ir"A
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Marseru3zanuja (kOe)

Cnuka 29. XucrepesucHa netjba CapoGdy,MnOs 3a6enexena Ha SK.
Herams: M (H) 3aBucHOCTH.

. + .
MarseTHa Meperba MoKasyjy Ja JOMHparse, Yak i ManoM Kommauaom Gd** joma,

. +
y BEJIHKO] MEpH Mema aHTHdepoMarteTHo noHamame CaMnOs. Hakon yBohema Gd*™,

4+

3+ . . . .
yclien JABOCTpyke u3MeHe wu3Melly Mn’ -Mn" joHa, mojaBibyje ce€ 3HayajHa
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¢depomarnetHa kommnoHeHta. OHa je Bum/bMBa Kao rwiaro y FC marmetwsauuju Ha
HUCKUM TeMIlepaTypaMma, Kao M IIOCTOjalby XHCTEPE3UCHE IIeTJhe, Ca TMPHINIHO
BEJIMKOM jauyuHOM KoepuuTuBHOT moJba (Hc=2000 Oe) m 3a0cTajioM MarHeTHU3aIlHjOoM
(My=2,95 emu/g). Heypehenoct u mpucyctBo cynapanukux AFM u FM unrepaxiuja
7oBoze 710 (pycTpanyje MaHraHOBMX MAarHEeTHHX MOMEHAaTa, TaKo Ja Ha HUCKUM
TemmneparypamMa Hactaje crame SG. MarHerHa CyCHENTHOMIHOCT Ha BHCOKO)]
TeMreparypu ce Moxke onucatu Kupu-BajcoBum 3akoHOM onakiie je oapehen edekTHr
MarHeTHU MOMEHT MaHraHa U.=3,96 up, kao u Kupu-BajcoBa Temmneparypa Op=
(21,5+0,4) K. TTozutuBHE @p BpPEIHOCTH, KAa0 U y APYTUM CIUYHUM CUCTEMHMA, TOBOpE

y npuJior nocrojamba FM knactepa y anTu(epoMarHeTHOM MaTpUKCy.

4.5.2. HcnuruBame margeruux csojcrasa Ca;,Gd,MnQO; (x=0.05: 0.1; 0.15: 0.2)

HaHOIIpaxoBa

TemmnepaTypHa 3aBUCHOCT MarHeTusalje 3a cBe koHmeHTpamuje Gd, koja je MepeHa y
MarseTHoM nosey oz 100 Oe y TemneparypHoM pacniony oa 5 K no 300 K, je npukazana
je Ha cmumu 30. Ce M(7T) xpuBe mNoOKa3yjy JaraHud HOpacT MarHeTHU3aluje Kana
temmeparypa omnazna on 300 K xa 130 K, na 6u ucnon oBuX TemrepaTypa HacTao
MpUMETaH Harjau nopact MarHetusamnuje. Hemoa temmepatypa Ty, je oko 110 K nu
CKOpo je He3aBHcHa o koHueHTpaunuje Gd. Bpennocr Ty je onpehena je u3 usBoga
dM/dT (auje mpukaszano). Mcmox Ty je mpuMeTHa BHUCOKa HUpeBep3uOUITHOCT u3Mely
ZFC u FC rpana (npa3Hy 1 IyHU KPYTOBU U KBaApPaTH).

3a cBe konneHTtpamuje Gd, FC rpane HempectaHo pacTy, mokasyjyhu rmiaTo
ucnog 30 K, a xkox remneparypa ucnon 10 K, npumehyje ce nogatau pact FC u ZFC
KpHUBE IITO je€ KAapaKTepUCTHYHO 3a (epomarHeTuke. M3 ABocTpyke m3MeHe uizMehy
Mn’*-Mn*" jona (Cullity & Stock, 2001) mactaje FM KOMIIOHEHTa y MaHTaHHTY ca
MEIIaHOM BaJeHTHouhy, Kao MocieAula OJpXama €JIEKTPOHEYTPATHOCTH HAaKOH
nomuparma ca Gd®*. Takohe ce MoXe TPHMETHTH Ja Ce HA HHCKHM TeMIepaTypaMma
MarHeTusanuja nosehasa ca mopactoM KoHueHTpauuje Gd ¥ JOCTHXKE MaKCHUMyM 3a

x=0,15, a 3atum ce cmamyje 3a x=0,20.
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Cnuka 30. Temnepartypna 3aBucHoct ZFC (mpa3au kpyrosu u kBaapatu) u FC marnerusanuje
(myHu kpyroBu u kBajpath) 3a Ca; GdyMnO; y maraetHom nosby o 100 Oe. Jletam: ZFC
marnetuszanuja; SG tpansunuja u 7y Cy 03HaUCHH CTPEIHIIaMa.

Ca gpyre crpane, ZFC rpaHe mokasyjy MajJ MarHeTusaldje ca JOJaTHUM
Makcumymuma Ha Tsg = 55K (cnmuka 30, nogarak). OBu nukoBu Ha 55K cy TunugHM 3a
SG ¢a3y u jaBipajy ce kao mocieamma ¢pycrpanuje m3mely KpaTKOZOMETHUX —
(hepoMarHeTHUX M AYyTrOAOMETHHX — aHTH(EepoMarHeTHUX uHTepakija. Ca nmoBehamem
KOHIIEHTpAIlMje X, OBU MAKCUMyMH IOCTa]y HU3PXKEHUJU U JOCTIXKY MaKCHMAaTHY
BHUCHHY, Kao koJ FC rpana, 3a x=0,15.

[ToBehana marneTu3amnyja, koja je sumibuBa kox ZFC u FC rpana 3a 7<10 K,

npummcyje ce BenukoM yuenthy Gd®* mapamarsetsix Momenara ( u o = 1,94 us (Zhou

& Kennedy, (2006)), Hapo4nTO M3paKEHOM HAa HUCKUM Temrmeparypama. OBo yuenrhe
ce MOK€ M3pauyyHaTH npeMa JIaHTeBMHOBO] TEOPHjH, TJe CE MarHeTusalyja Mo MOy

Ca; xGdyMnOs3, Mmoxe OUTH U3paXkeHa Kao:
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M=x NAJgJ,uB BJ(]’])
B(n)= (2J+1)/2J coth[(2J+1)n/2J] -1/2J coth(y/2J) 21)
n= JgJﬂBB/kBT

Bj(n) je Brillouin-oBa ¢ynkuuja, N4 je ABoraapos 0poj, g/=2 je Landé-oB dakrop u
J=7/2 je kBamTHH 6poj yraoHor MomenTta. Yuemhe Gd® joHa y MarseTmsammju
Cap3Gdp,MnO; mpukazano je Ha caunu 31 (TIpa3HU KBaapaTH), TAe Cy KOPUTOBaHE
Bpeamoctn M(T) (Hakon omysumama Gd’ mapamarmersor yuemha) mpeicTaBibeHe
nyHoM mHHjoM. Bmmm ce ma je yuemhe Gd®" moceGHO M3pakeHO Ha HHCKHM

TeMIleparypama, rie Moxe aa usmenu Tok M(7T) kpuse.
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Cmuka 31. Temnepatypna 3aBucHocT CagsGdo2MnOs marneTnszanuje (pa3Hu
KPYrOBH), H3padyHaTH mapamaraetsu gonpuaoc Gd** jona (npasuu ksaapatu), M (T)
nocie m3Bajamsa gonpuaoca Gd® (nyna munnja). Jerass: M (T) npu BUmmM
TeMIlepaTypama.

M(T) mnnato Ha HHCKHM TeMIlepaTypama KapakTepuctudaH je 3a FM

UHTEpaKIHjy, ajld CMambelkhe MarHeTusalnuje, KoOje HacTaje HAaKOH OJy3HMama
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+ . . .
napamarsetsor ygemha Gd**, mokasyje na je u mame npucytHa AF nHTepakumje, mro
je TJIaBHU y3pOK 3a (ppycTpanujy MarHeTHUX HHTepakinja u Hactanak SG dase.

3+ .
[Tapamarnetno ydemhe Gd° Ha BumuM TemmepaTypamMa NpPHKa3aHoO je Y
JOJATKy UCTE CIUKe (Mpa3HH KBaJApaTH), TJC CYy KOPUTOBAHE BPEIHOCTH MAarHETHU3AaIlNje
npuKa3aHe myHoM JuHHjoM. OBO ydemihe je BaXXHO y3€TH y 003Up Kaja ce MoJalu o
MarHeTHO] OCETJPMBOCTH Ha BHCOKO] TemmepaTypu yHecy mnomohy Kwupu-BajcoBor
3akoHa. Ha Taj HaumH cy no6ujeHN e()eKTHH MarHeTHM MOMEHTH U U TIapaMarHeTHa

Kupu-BajcoBa remnepatypa 6, npukazanu Ha cinunu 32.

42~ /——» — 100
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T T TSNS 0
4.1 w _
] / 1 -100
B 40- | X
<3 {-200
5
=] ]
39 / -{ -300
7
I 4 -400
3-8 T I T I T I T I T
0.00 0.05 0.10 0.15 0.20 0.25
XGd

Cnuka 32. 3aBUCHOCT KOHIIEHTpaLuje oJ] €()eKTUBHOI MarHETHOT MOMEHTA o5 ¥ Kupu-
Bajcose Temneparype 6 3a Ca; xGdyMnO; (8 Bpenroct 3a x = 0 cy npey3etu ox Cullity
& Stock, 2001).

Mo:xe ce yountu 1a ce uo; noehasa ca KOHLIEHTpALUjOM Gd*" joma x, u na ce
MOX€ MPEeACTaBUTH JIMHEApHOM 3aBHCHoOmNY uqp (x) = 0,82x + 3,88 (myHa nuHUMja Ha
ciuii 31.). Bpennoctu 3,88 u 4,70u 5, nobujene excrpanonanujom 3a x=0 u 1, y ckinany

4+ +
Cy ca CIUHCKUM BpeAHocTHUMa MarHeTHor MoMeHta 3,87 u 4,90 up 3a Mn™ u Mn’
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joHa. Yuenthe Mn joHa ca pa3IM4UTHM BaJEHTHUM CTABEM Y U MOXKE Ja C€ U3padyHa

U3 Ha OCHOBY U3pa3a:
s = Vs (L= y)es (22)

Kaja je xemujcka Gopmyna 3a oBo jemumeme Ca,_ Gd Mn; +yMn;”03 :

Bpexroctr x, goGujeHe u3 m3pasa (22), mokasyjy ma je ommoc Mn*/Mn’*
npubmkan oxgsocy Ca’’/Gd®*, mro roBopm y KkopucT 106pe crexmomerpmje, ca
MoOryhuM BHIITKOM KHMCEOHHKa, He Behum ox 0=0,04.

Hcra cnuka nokasyje na Kupu-BajcoBa Temneparypa mounsme o HeraTuBHE 6
BPEIIHOCTH, KOja je KapakTepucTuyHa 3a antudepomaruneTan CaMnOs (x=0) u gocTimke
nmo3uTuBHY BpeaHocT 3a x>0,05. Couuna 6(x) 3aBucHoCT je Hahena y Yy Ca;xMnOs u
LayCa,; xMnOQj, riae napamaraetHa Kupu-BajcoBa Temneparypa Mema HeraTuBaH 3HaK y
MO3UTHUBAaH W3HAA oxapeheHe koHueHTpanuje x. TakBo mnonamame Kupu-Bajcoe
TeMIepaType MOXXKe Ja ce 00jacHH eBOJYLHjOM MarHeTHe CTPYKType ycien
€JIEKTPOHCKOT Jonupama. ExcriepumeHTH aupakiyje HEyTpOHAa Ha EIEKTPOHCKHU
JOMUPaHUM MaHTaHUTUMA MTOKAa3aJIu Cy €BOJIYIHjy MarHeTHe cTpykType. Yuct CaMnOs
UMa MarHeTHy CTpyKTypy aHTH(depomaraneTHor G Tuma, rlie Cy MarHeTHH MOMEHTH Ha
cakoM cyceasHoM Mn*" karjory mopeljanu jeman Hacnpam apyror. Kako 6u ce oapikana
elleKTpoHeyTpanHocT, normpame Gd’'Ha A kprcTamorpadcKiM MecTHMa, JOBOIH O
cTBapama Mn’" jona Ha B MecTnMa, cTBapajylin MaHraHuTE ca MeImaHOM BaneHTHOIhy.
[ToBehaBameM KOHLIEHTpAIMje X, MarHeTHa CTpyKTypa G THIa ce MOCTENEeHO MEma y
antudepomaruetHy (asy C tuna. OBaj TUN MarHeTHE CTPYKType KapaKTEpHILy
JeTHOAMMEH3NOHAHY JIaHIIA TapasieaHo nopehannx Mn momenara (FM) untepakmmja,
JIOK Cy CyCeOHHM JIaHIIM aHTHmapaiesHo opujeHtucanu (AF wnHTepakiuja). U3
MexaHH3Ma IBOCTpyke m3mene m3mehy Mn®" - Mn*" macraje FM m3mena nysx naHama
Koja je kparkor nqomera. Ca apyre crpane, AF cynep-usMmena, koja ce aemiasa usmehy
naHama, je gyror goMera. YeehaBameM KoHIEHTparmje X, 6poj Mn® ™ joHa ce moBehasa
u camuM THUM yBehaBa Moryhuoct popmupama FM kimacrepa, Koju cy AUCIIEProBaHU Yy
AF marpukcy. ITocnenuiie oBor mporieca cy nopacT €(peKTHOT MarHeTHOT MOMEHTA o

u no3uTuBHE BpenHoctu Kupu-Bajcose Temmneparype 6.
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XuctepesucHe kpue Ca;.xGdiMnO; na 7=5K, cy HakoH oxy3umama yuerrha
MapaMarHeTHOT Gd*, npema jeqHaunau (22), mpukaszane Ha ciuii 33. Moxe ce BUAeTH
na 3a 7= 5K, marnmermsanmja Huje 3acuhena dak Hu 3a 50 kOe 300r moctojama
aHTH(epoMarHeTHUX MHTepakiuja. ayhu o mame KOHIIEHTpallfje X, MarHeTH3aIuja
on 5K nHario pacre, ZOCTHXyhu MakCUMyM 3a Xn,,=0,15, a 3aTum mano omaxa 3a 0,20
(momarak tope). Ca apyre cTpaHe, jaunHa KOCPIIMTHBHOT TI10Jba JIOCTIDKE HAjBHIIY
Bpennoct H.= 2300 Oe 3a x=0,10, a 3atum mama Ha 750 Oe 3a x=0,20. CnuunHo
noHamamwe M(x) u H.(x) 3aBucHocTd mpuMeheHo je y HeKUM APYTUM MaHTaHUTHMA.
Hnp., cucremarcko npoyyaBame MoJIMKpucTanHuxX y3opaka LnyCa; «MnOj; (Ln=La, Nd,
Gd, Y), y mmpokom pacrony x=0,02-0,25, mokaszano je Aa cBe CYICTaHIIEC IOKa3yjy
CIIMYHY 3aBHCHOCT MAarHETHUX MOMEHAaTa MpeMa KOHIICHTPALUJH X, TNIE J€ Xnmq—0,08 3a
La u Nd, 0,10 3a Gd, u 0,15 3a Y (Pena, et al., 2002). 3Han KOHUEHTPALIU]E Xpmay, J€
npuMmeheHo Harjmo cmameme MarHeTHUX MomeHara. Konmumko HaM je mMo3HaTo, KOJ
HAaHOYECTUYHUX MAHTAaHUTA, CIMYHO MOHAIIAKE j€ OMUCAHO CaMO 332 HAHOKPHCTAIWHU
LayCa; xMnQO3, Tie yMeCTo OMmMTPOT MaKCUMyMa Ha oJpeheHo] KOHICHTPAIUJU Xmax,
MarHeTu3aiuja rmokasyje mmpoK MakCUMyM y pacriony konuenrtparuje ox 0,10 go 0,18
(Mydosh, 1993).

Xuctepe3ucHe KpuBe cy Takohe mepeHe 3a noiukpuctanuiu La,Ca; xMnOs, y
pacniony konneHtpanuja x<0,10 (Pena, et al., 2002). Kao u y HameMm cnyu4ajy,
OTKPHUBEHO j€ J1a Cy Y30pIlM ca MamOM KOHIIEHTpanujoM jaHTaHa (x<0,06) mokazaim
3HaTHO Behy jaunHy KOEpPIMTHBHOT MOJba HEro y3opak rae je x=0,08.

OBa M(x) u H.(x) 3aBHCHOCT MOTBphyje MHUPOKO NpuxBaheHy MPETHOCTaBKYy O
nocrojamy (pepoMarHeTHUX Kiactepa y aHTHdepoMarneTHoj Matpuii. [Ipermocrasipa
ce Jla Kajga je CUCTEM H3JI0KeH OOpPHYTOM MpOIleCy MarHeTu3alyje, Ja MarHeTHH
MOMeHTH Koju ce Hamaze udMehy AFM u FM peruja potupajy anu ca nmoBehanum
oTIopoM, 300r uHTepaknuje ca AF Marpuiiom, ITO AOBOJIM N0 IIMPEHA XUCTEPE3HE
netsbe (Pena, et al., 2002), 1j. moBehama H,. Kaga ce koHneHTpanuja x moehasa, 6poj u
BennunHa FM kiactepa pacte, mro 1oBoau 10 Behe Maruetusanuje, ajam, y UCTO BpeMe
ce poTaija JeliaBa y3 Mambe OTIOopa, IITO JOBOJH J0 CMamhEHha jaulnHe KOSPIUTHBHOT

MarHeTHor mnoJba H, (cauka 33, qoxarm).
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Cmuxka 33. Xucrepesuche kpuBe Ca; GdyMnOs Ha 5K. Jlerassu: goxe 3a x = 0,05 u 0,20;
rope- KOePIMTUBHOCT Tj. KOHIICHTpAIHja.

MarHeTHa Mepema 1moKasaja Cy Ja ce ca opacToM KOHIIEHTpaIyje X, moBehapa

U MarHeTusaiyja 300or oOpasoBama (epoMarHeTHUX KiacTepa y aHTH(epOMarHETHOM

CaMnO3 MaTpuKcy.
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4.6. HcnuruBame 'yCTHHE U CKYIUbAHKHA TOKOM CHUHTEDOBAA

Ucnuruanu y3opuu Ca;GdiMnO; (x = 0,05; 0,1; 0,15; 0,2) cactaBa cy Ounu y
OOJINKY KaJIIMHUCAHUX HAHOYECTHMYHHMX IPAaxoBa KaJa Cy IMOJ CKCIIEPUMECHTAIHUM
yCI0BMMa KOMIIAKTUPAHU. Y IUIbY IOCTU3ama LITO HUXKE TEMIIEpaType CUHTEPOBamaA,
Behe PCIIaTUBHC I'YCTUHEC Y30pPaKa, a TUMC U CMalkbClha TPOIIKOBA BbMXOBE ITPOU3BOALE,
Y30pIM Cy YHUAKCHjaJIHO M M30CTaTCKH TpecoBaHu. Jla Ou ce ymammia moryhHocT
paciojaBama ucrpecaka U jaeGopMucama TOKOM CHHTEPOBaWba, y30PIH Cy MPECOBaHU
Tako Ja UM HHUje J0JaBaHO BE3WBO. EKcmepuMeHTanHo cy ojapeheHe onrumanae

TeMIIEpaType CHHTEpOBama 1 Haase ce y omncery o 1350 no 1450 °C (cnuka 34.).
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Crnuka 34.0nTuManie TemrnepaType CHHTEpOBama UCIIPEcaKa cacTaBa
Ca; xGdyMnO; (x = 0,05; 0,1; 0,15; 0,2)

TemmepaTtypa cuHTEpOBama Ha K0jOj je MOCTUTHYTA HajBeha TycTHHA ce Ha3uBa
ONITHMAJIHOM M TH IOJany ce Hajasze y tabemnu 10.

[NagonuHMjyM MOKasyje 3HayajaH YTHUIQ] HA CBOjCTBA MaHTAaHUTA, MPBEHCTBEHO
Ha MOpQOJOTHjy W BEIWYMHY KPUCTAIHWTA, JOK OBH (aKTOpPH TaK, YTUYy Ha
cuntepabunnoct. Hanme, HajBepoBaTHHje joHCKa nudys3uja mma HajBeher yaema y
NpoLecy 3rylikaBakba TOKOM CHHTEpOBama. [lomTo Ha WY HajBHIIE yTHYE

MopdoJIorHja MOYETHOT Mpaxa, pa3iuKa y JOHCKHUM paaujycuMa U JeeKTH y camoj
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CTPYKTYpH, MOXE C€ IMOBe3aTH ca THM Ja JO0JIa3u J0 CMamHBama Op3uHe audysuje

raJloIMHAjyMa ca oBehameM HberoBe KOHIICHTpAIH]e.

TabGena 10. I'yctuHe wucmpecaka npe U IOCJIE€ CHHTEPOBama Ha ONTUMAIHUM
TeMIlepaTrypama.

r [TpubmkaBame
Teopujcka I'yctuna Temmneparypa yeruna TEOPH]jCKO]j
CacraB T'yCTHHA HCTIpecKa CHHTEPOBaba Hakon T'YCTHHHU HaKOH
3 3 o CHHTEPOBamba
[g/cm’] [g/cm’] [°C] [g/em’] CHHTEpOBama
s [%]

Cag,95Gdo,0sMnO; 4,758 2,14 1400 4,53 95,208
CaosGdo MnO; 4,945 2,42 1350 4,44 89,788
Cap35Gdo,1sMnO; 5,132 2,49 1400 4,84 94,310
Cay3Gd,MnO; 5,319 2,60 1400 4,88 91,747

Pasiuka y jorckum pamujycuma Ca’™ (1,34 A 3a KA=12 (Shannon, 1976)) u
Gd** (1,053 A 3a KA=8 (Shannon, 1976)) yTiue Ha mpolec 3ryimbaBarba, jep Op3uHa
nudys3uje joHa y YBPCTOM PACTBOPY 3aBHCHU OJI BETMYHMHE jJOHCKOT pamujyca. JOHCKH
pamujyc Gd®" je mamu o Ca’” anu je meroBa MOKPET/HHBOCT Y CHCTEMY HajMarba yCIIes
Behe pemaruBHe aromcke mace. [la Tako, mako joH ca MamUM paaujycoM Hehe ce
Kperatu Opske, nudysuja jona he Outu oTekaHa, a KpuBa CHHTEpOBama he ce momeparu
Ka BUIIIAM TeMIIepaTypama.

AHanusupas je yTulaj MpoMeHe cajpikaja TaJoJuHUjyMa Ha JCHCU(PHUKAIH]Y U
pact yectrna kog CaMnOj; (cimka 35), jep A0 caja HUCY OWIIM MPEIMET MPOyvaBama.
YTBpheHO je Ha OCHOBY Mepema T'YyCTHHE HCIpecaka HAaKOH CHHTEpOBama, 1na ce
noBehaBa TyCTHHa y30paka HaKOH CHHTEpoBama (ciuka 36.) alu Ja TEeHEpaaHO
rlieJ]aHo, TYCTHHA Oomnaja ca noBehameM canapikaja raonuHUjyMa y CMEINIH, a Takohe ce
cMamyje U pacT 3pHa. J[oOujeHe BpeIHOCTH TYCTHHA HAaKOH CHHTEPOBamka HaM yKazyjy

Jla IPUCYCTBO TaI0JMHUjyMa YTHUYE HA TTOpacT TeMIlepaType cuHTepoBama 3a CaMnOs.
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Cnuka 35.PenaTuBHE TYCTHHE UCIIPECAKa HAKOH ONTUMAJIHE TEMIIEpaType
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Cnuka 36. I'ycTuHE Hcnipecaka HAKOH CHHTEPOBambA.

TokoM cuHTepoBama LWIMHAPUYHUX HCIIpecaka, JOLUIO je J0 CKyIbama U y

akcujaigHoM (h) u y paaujananom () npasiyy. M3 ekcnepruMeHTaIHUX ToJjaTaka 3a /1 u 7,

M3pavyHar je MpoleHaT CKyIUbalba CBAKOT O] y30paka 1o paaujycy (ciuka 37.), BACUHU
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(cmuka 38) u 3anpemunu (cnuka 39). Te BpemHOCTH CKyIUbama Cy Jajbe KopulrheHe

panu npahema noHamama y30paka TOKOM CHHTepoBama (Tadena 11).

24 -

22
O
A

& 204 u [
)
=

18
E. ] o)
= 164 A A
g
o .
= 144 A
[}
£ -

12 4
5
=
)
M 10 o
U -

8 T T T T T I . T T |

0 5 10 15 20 25

Canp:xaj Gd (at. %)

Cnuxka 37.Ckynbame UCIpecaka 1o UPUHA HAKOH CUHTEpOBamba.
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Crnuka 38. CkyIubame HCTIpecaka 1o BUCMHU HAKOH CHHTEPOBambha.
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Cnuxka 39. 3anpeMHHCKO CKYIIJbak€ UCIpecaka HAakKOH CHHTEPOBambA.

AHU30TpOIMja KOHTPAKIMje j€ TPBEHCTBEHO YCJIOBJbEHA UHEHCHUILIOM Ja
MPax0OBU MPHIMKOM TPECOBama HE MOMyHhaBajy IpocTop epukacHo. JlokamHu pacmopen
YecTHUIla TIpaxa y OJM3WHM 3uJa CyJa W3a3uBa CyJ KOjU JApKU Mpax u Ouhe apyradnju
OJl OHOT' Y YHYTpPAlIkhOCTH Hcrpecka. [lopen Tora, JenoBU OJNMKHM TIOBPIIUHH CyJa
MMajy Mame TyCTHHE, TaKO Jia 3HJ CyJa yTH4Ye M Ha Mepeme rycture. O reomeTpuje
CyJla ¥ HaYMHa MPECcoBarma 3aBUCH pacrojiena rycruHa y ucnpecky (Gotoh, et al., 1978).

MelyuecTnaHO Tpeme KOje TOTHYE OJ1 HEY]eTHAUYECHOCTH MOBPIIMHE YECTHUIIE CE
noBehaBa ca cMameHEM BEIMYMHA YECTHIA. AKO je MOBpIIMHA XparaBa, YeCTUIE Ce
texe nakyjy. [lopen tora cmaba cuna Ban nep BancoBo mpuBnademe he gomnpuHeTn
arJioMeparyju. AriioMepaijoM je MakoBamke YECTHIA OHEMOTYNeHO W Mame YeCTHUIIe
he nmaT Mamby TYCTHHY MTaKOBamba.

TokoMm cuHTEpoBama Ce OJWrpaBa MPEHOC Mace MUPY3MOHHUM MEXaHH3MHMA.
Tom mnpuwinkoM gfonazu 10 TmoBehama 3alpPEeMUHCKE TEXHHE Kao IOCIEIUIE
aHUXWJIAIMje BaKaHIMja, TIPU 4eMy BakaHIMje MU(YHAYjy Ol YHYTpAIIHBUX IMOpa Ka
rpanunama 3pHa. CKymsbame U noBehame 3ampeMHHCKE TEKWHE MaTepujajia HacTaje
yclie]l yKilamama BaKaHIMja Ha TpaHunama 3pHa. C TUM y Be3H je mpuMmeheHo Ja Ha
noBehame Op3WHE CHHTEPOBAMA MO3UTUBHO YTHYE Maia KOJIWYMHA JOAATKA y BUAY

raJIOJIMHAjyMa.
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Ha ontumanHoj  TemmepaTypu — CHHTEpOBama  Koja  je  JoOujeHa
eKCTIEpUMEHTATHAM IyTEM C€ OMaka HajU3paKEHHje CKYIUbamhe CBAKOT O/ Y30pKa IO
paaujycy, BUCHHM W 3allpeEMUHU Takohe, TYCTHHa omaaa ca mnoBehameMm caapxkaja
raloIvHMjyMa y CMEIIW, a U pPacT 3pHa je CMameH. AHU30TPONHja KOHTpPAKIHje je
€BHJICHTHA U jaBJba C€ Kao IMOCIEAMLA arjoMepalyje YeCTUla, ’hUXOBEe HAHOYECTHUHE
MPUPOJIC ¥ HAUYMHA MIPECOBAhA.

Ha cuHTepoBame OKcHIa ABOBaJCHTHHX KaTjOHA HE YTHUYY IO3UTHBHO CBHU
BUIIICBAJICHTHU KaTjoHW. [lakie, HE MOXXE Ce TOBOPUTH O jEIHO3HAYHOM JICjCTBY
onpeheHor THa KaTjoHa Ha CHHTEPOBakE OKCH/IA TBOBAJICHTHOT KaTjOHA.

CuHTEepOBamke MAaHTAaHUTA j€ CIOXKEH, TCIIKO O0jalllbuB MPOoIec ¢ 003upoM aa

Ha ’kera yTuuy MHOTHY TlapaMeTpH, Ha IITa HaM YKa3yjy J0OHjeHU PEe3yTaTH.
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TaGena 11. JlumeH3uje wucmpecaka Ipe, M CKyIUbalke II0CIE CHHTEpOBama Ha

eKCIIEpUMEHTATHO ofipeh)eHnM Temreparypama.

CacraB
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(Teopmjcka ' ; 3 ’ 3 ’ Y 3 ’ ( 3
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— —
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ryctuHa (y — 00 o~ < < n 00 N o @ ) —
o N N o o ™ < S < b < N
ooy | F T E|F | F | T || d)F | ¥4
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o 28| 22|82 |8|2|2|8]¢%
CMHTCpOBamba o < <t on < <t o < < o < <
0 — — — — — — — — — — — —
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— < N = 2 ™ <. M ™ 2 N ™
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TexuHa y3opka
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HaKOH <t — (= o~ N — N < — [sa) — <
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CHHTCPOBAA s | S| | S| || S| S| S| S| S|
2]
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MUPUHA — e S S — <t S oS el o~ o~ ©
[(y [\l o o o o — o — — — — —
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CKyIbamerno — < — T N . ) N o o0 o~ o
N o N ™ N I — N ) — ™ <
BUCHHH e % o6 oo o P oo < N o6 S v
0 o — — — (@] — — — — on o
[%]
3anpeMuHCKO — ) o~ o >~ o < N e — o~ o
< x ™~ < & ) N < N ) — A
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4.6.1. InaaToMerpHjcka Mepemha

JlunatromeTpujcka Mepema cy paljeHa y Iuiby MOTBpJAE ONTHMAIIHE TEMIIepaType
CHUHTEpOBama. TOKOM CHHTEpOBakba, CHUMAHO j€ CKyIUbakhe LWIMHIPUYHUX UCIpecaKa
y akcuanHoM (/) u panujanHoM mpaBiy (d). MelhyTum, TOKOM caMor CHUMama TI0YHIIa
o7 anyMuHeE je Ha Temmeparypu mnpeko 1400 °C mouena ja pearyje ca MCIMTHBAHHM
y30opkoM. M3 Tor pasziora je goOujeHa muiaromMeTpujcka Kpusa (ciauka 40) anm He |

pe3ynTaTd BE3aHM 3a NpPOIEHAT CKYIUbalkha MCIUTUBAHOT Yy30pKa IO BHCHHU H

IjameTpy
T T T v T J T T T T 1600
0.0 4 L
| L 1400
-0.1 5
- 1200
G - 1000
-0.3 - 800
_o o B
- o
< .04 - - 600
05 - - 400
1 - 200
-06 -
T -0
0.7 —— : :

v | 2 | T T
0 50 100 150 200 250

Bpeme t [min]

Ciuka 40. PenatuBHa aunarandja y GyHKIHju BpeMeHa 3a 6p3uny rpejama 10 °C/min
(upHa KpuBa) 1 ipoMeHa Temmepatype 10 1450 °C ca BpemeHoM (T1aBa KpHBa)
IIMHAPUYHOT Heripecka cactaBa CagosGdy osMnO;,

[Tomohy munaTomeTpujcke KpuBe ojapeheHe cy TpH TemIeparype Ha KOjuMa
HCIIMTHBAHHU Y30pakK Mmokasyje 3Ha4yajue npomene. Ha 990 °C monasu 10 KpucTanusaiije
nocMaTpasor ysopka (mro je morspheno u JITA amamusom), Ha 1360 °C 3amounme

cakyIubame, a Ha 1410 °C y3opak je cuHTepoBaH U Tokasyje Hajsehy rycruny (Tabena

12).
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Tabena 12. I'yctune ucnpecaka cacraBa CagosGdoosMnO; npe u mocie cHHTEpOBama

Ha JIMJIATOMETPH]CKHU opeheHrM TeMiieparypama.

[IpubmmxaBame
. I'yctuna .
Teopujcka | I'yctuna | Temmneparypa AKOH TEOPH]CKO]
Cacras TyCTUHA | HWCHpPECKa | CHHTEpOBamba i TYCTUHHU HaKOH
3 3 o CHUHTEpOBambha
[g/cm’] [g/cm’] [°C] [g/em’] CHHTEpOBama
¢ [%]
2,14 990 2,56 53,804
Cao,95Gdo,0sMnO3 4,758 2,42 1360 4,23 88,903
2,49 1410 4,38 92,055

Ha ocHoBy pe3synTara JO0OHMjeHUX €KCIEPUMEHTAIHUM IyTeM, a MPUKa3aHUM Y

tabenu 13, Moxke ce 3akbydnT na g0 Ttemreparype ox 990 °C ysopak He Tpru

3HaYajHEe MMPOMEHE y CMUCITY CKYIUUbama aJli Jja My Ce T'ycTHHa nosehasa ¢ 003upom na

y TOM TeMIepaTypHOM HMHTEpBally Kpucraiuiie. ['yctuHa y3opka he naspe yTunaTi Ha

Op3uHY CKyIUbama. 3HauYajHe IMPOMEHE Yy IMOINIeNy CKyIJbakha UCIUTUBAHOI Y30pKa IO

BHCHHH W JIHjaMETPY, OJJHOCHO FErOBOj 3allpEMUHH, Ce OUrpaBajy Tek HakoM 1360 °C

Kama ce y3opak ckynu dak 50% opn cBoje YKymHE 3ampeMuHe, a nobchamem

temneparype 10 1410 °C monasu 10 MUpeEmHa y30pKa y BUCUHY U 3aII0YME-E PACT 3pHA.

HaBenenu pesynaTatu ykaszyjy Ha CIOXKEHO IOHAIlake Y30pKa TOKOM

CHHTEpOBama yCle] MPUCYCTBA Majie KOHLEHTpaluje rajoiuHujyma. KoMmmaktupanu

y30pIK HECY MyIATU WIK CE PACIIOjaBald TOKOM TPOIIECa CHHTEPOBaba.
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Tabena 13. [lumensuje wucnpecaka CagosGdoosMnOs mpe, U CKymJbame MocCie

CHHTEpOBamkba Ha eKCIIEPUMEHTAIHO o/ipel)eHnM Temreparypama.

CacraB
(eopcs s gens
I'yCTHHA) ’
[peunuk 8.0 8.0 8,0
[mn] ’ : :
Bucuna 26 2.7 2,4
[mm] : : ’
Te)KI/IH[ag yiopss 0,3098 0,3147 0,2959
I'ycruna y3opka 214 242 2,49
[g/cm’] ’ ’ ,

PenatuBHa ryctuna (y
OJIHOCY Ha TEOPHU]CKY 4498 50,86 52,33
ryctuny) [%]

Temneparypa

CHHTEPOBaba 990 1360 1410
[°C]

[Ipeunux
HAKOH CHHTEPOBAHha 7,7 6,4 6,3
[mm]

Bucuna
HAaKOH CUHTEpPOBakba 2,6 2,1 2,0
[mm]

TexuHa y30pKka HAKOH

CHUHTEPOBAMA 0,3232 0,3077 0,2881
[g]

T'yctuna y30pka HaKOH
CHUHTEpOBAHA 2,56 4,23 4,38
[g/cm’]

PenarusHa ryctuna (y
OIHOCY HA TEOPH]CKY 53,80 88,90 92,06
ryctuny) [%]

Ckympame 1o

IIHPHMHU 3,75 20,00 21,25
[%0]
Ckymbame 1o
BHCHHU 0,00 22,22 16,67
[%]
3anpeMuHCKO
CKYILbAEhe 7,36 50,22 48,32

[%]
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4.7. Penaredcka qudpakiiMoHa aHAIW3a CHHTEPOBAHUX V30DaKa

Ha ocHOBy pe3ynrara peHAreHCKE aHajmW3e Mpaxa y3opaka xemujcke ¢opmyne Caj.
«GdxMnOs (x = 0,05; 0,1; 0,15; 0,2), koju cy 10OMjeHN HAKOH CHHTEPOBamba, MOTBpPheH
j€ 3aBplIETaK peaknuje M jeqHo(pazHOCT y30paka. MeToloM peHAreHcke nudpakiuje
mpaxa ojapeheH je Ga3Hu cacTaB UCITUTHBAHUX y30paka. YTBpHEHO je 1a Cy y y30piuumMa
MpUCYTHE mepoBckuTcKe (aze xemujcke popmyne Ca;GdyMnOs (x = 0,05; 0,1; 0,15;
0,2).

PenpesentatuBHn mudpakrorpamu 3a y3opke Ca;GdiMnO; (x = 0,05; 0,1;

0,15; 0,2) natu cy Ha ciunu 41.

(121)

4 (101) 123
(202) (123) 242
2 r)
G
[_.
L Z
= 4 oo m . vl - A
(g
]
[_.
::I 7 0)
|
| | ¥
.'| | Il
I S SRRy \\—*'.-M\M\'f—V'\ﬂv.-‘r.\/‘\_r‘.',\'*’\'l.‘-‘.v" PSR o W A T 1)
T T 1
20 40 60 80
26

Cnuxka 41. Perarencku qudpakrorpaMu CHHTEPOBAHHX TPAaxoBa XeMHjCKe hopMyIie
Ca; xGdxMnO; (x = 0,05; 0,1; 0,15; 0,2), a) Cag95Gdy0sMnOs; 6) Cap9Gdy 1MnOs;
B) Ca(),gsGd(),15MnO3; F) Cao,ngo,zMnO}
[Topehemem peHareHcKuX AujarpaMa rnpaxa UCIMTHBAaHHUX (a3a MOXKe ce yOUUTH
Maja pasiuKa y IMUPUHUA JUGPAKIUOHUX JIMHU]A, KA0 U MOMEpame MUKOBA Ka MambUM
yriaopuma. [IpomeHa mmpuHe AUQPPAKIUOHUX JWHUja U yriaoBa 20 je BepOBATHO
nocienuia nosehama cajpxaja ragonuHujyMa y y3opauma. Ha ocHoBy mogaraka 3a d-

BPEIHOCTH U yrioBe 26 u3 6a3e momaraka JIIT/IC, 6poj xaptuma 03-0830,24-0508, 24-
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0430, nobujeHo je MOOpO clarame Kaja ce yrnopeae eKCIepUMEHTATHN U U3padyHaTH
Ir(paKkTOrpaMu KaIMHICAHUX U CHHTEPOBAHHUX Y30paKa.
VY Tabemu 14. cy mnpeAcCTaB/beHE BPEAHOCTH 3a IMapaMeTpe M 3almpeMHUHY

jenuHn4uHe henuje KaalMHUCAHUX U CHHTEpOBaHUX y3opaka cactaBa Ca;.xGdxMnOs;.

Tabema 14. Ilapamerpu w© 3ampeMuHa jeAMHUYHE helnje KallMHUCAHUX W
CHUHTEpPOBAaHMX  Yy3opaka jaobOujeHn kopuinheweM mporpama Powder  Cell

(http://www.ccpl4.ac.uk/ccp/web-mirrors/powdcell/a_v/v_1/powder/e_cell.html)

Y3opal< | Cao’95Gd0,05MnO3 | Cao’ngo’anOZ, | Ca() 85Gd0 15Mn03 | Ca() ng() 2MHO3 |
e} e} oo e} oo e} ool ool
Haunnn S 2 S 2 S 2 S 2
npumnpeme £ & £ & £ & £ &
y30pKa g = g = g = g =
S 5 g 5 g 5 g 5
a | 52839 | 52797 | 53216 | 52998 | 53200 | 52928 | 53175 | 5,3009
ITapameTpu
Jeg‘;ﬁﬁj‘:{e b | 7.4625 | 7.4646 | 74683 | 74765 | 7.4343 | 74817 | 74446 | 7.4607
(A)
c | 52967 | 53088 | 52904 | 53073 | 52637 | 53356 | 52755 | 52281
3anpeMuHa
Je%‘gi;;“" V| 207,67 | 20922 | 21026 | 21030 | 208,18 | 211,29 | 208,84 | 206,76
(A%

[Topehewmem mapameTapa pemIeTKe KaJIIMHUCAHUX M CHHTEPOBAHHX Y30paka
cacraBa Ca;GdyMnO;, youaBa ce Ja ce BpEIHOCTH 3a MapaMeTap d CHHTEPOBAHUX
y30paka CMamyjy y OJTHOCY Ha BPEIHOCTH 3a MapaMeTap a KaIIWHUCAHUX Y30paKa, JOK
ce ca moBehameM cajpkaja TaJoJIMHIjyMa, BpeTHOCTH 3a apameTpe b u ¢ mosehanajy.
Bpennoctu 3a 3anpemuny jenunuune henmje ce moBehaBajy ca moBehamem campikaja
Gd, mro ce MOXXe NPUIIUCATH CMambelky NPOCEYHE BAJICHIIE MaHTaHa y OBUM
jemumemuma. [IpuMeran je Omaru mopacT 3alpeMHUHE jeIUHHYHHX henmja y3opaka
HAKOH CHHTepoBama. OAcTyname jeé KOHCTAHTOBAHO JeMHO KOoJ jeaumema ca 20% Gd,
TauyHMje TMapaMeTap ¢ CHHTEPOBAHOT y30pKa je MamU O] KaJIIMHUCAHOT, a THME je U

3alpeMrHa jeTuHInYHe henrje CHHTEpOBaHOT y30pKa Mamba O] KAJIUHUCAHOT.
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Jlakne, MoxkemMO Jla KOHCTaTyjeMo Ja je Jgonuio A0 aedopMmandja y
MIEPOBCKUTCKO] CTPYKTYpH ycien neduiuTa KaTjoHa y Tojoxkajuma A wm B wim
aHjOHAa KHUCEOHMKA IIITO je YecTa I0jaBa Kaja Cy y IMUTamky MEPOBCKUTH Ca MEIIAaHOM
BajieHTHOIThy. Mane mpoMeHe y BelIHYMHHU MapameTapa jeAuHuyHe henuje Ou mopen

MPUCYCTBA KUCEOHWYHUX BaKaHIIMja MOTJIe Aa Oyay W pe3yiTaT HaHOUECTHUYHE MPUPOJIe

HUCIIMTUBAHUX IIpaxoBa.
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4.8. MuUkpoCTpyKTYypa CHHTEPOBAHUX V30DaKa

CEM ananuza je paheHa Ha y30pIMMa KOju Cy CHHTEPOBAaHM Ha TeMIIeparypama Oj
1300 °C u 1400 °C u BpemeHcKoM 3aapaBarmby ox 15 min. Tama cy dopmupana
3200Jb€Ha, MOJIMeIapcKa 3pHa arJIOMepUCaHOT Ipaxa.

Ha rtemneparypu on 1300 °C mope cy HempaBuilHE, U3IyXKEHE, KaHaJacTe,
MehycoOHO crojeHe, a moHeKaa W u3ojoBaHe. EnumnconaHor cy o0nmka y TpaHuIiama
3pHa U chepHe WM noarenapcke yHyrap 3pHa. Bennuune nopa cy 0,2-2 pm, a 3pHa o1

0,3 1o 2 um (cnuka 42.).

Cnuxka 42. CEM ¢ororpaduje Ca; GdiMnO; (x = 0,05; 0,1; 0,15; 0,2) cuaTepoBaHUX
npaxoBa Ha Temrepatypu o 1300 °C, uayhu pemom ox a) 10 1) Cago5Gdg osMnOs;
Cao,ngo’anOy Cao’ngd(),lsMnO3; Cao’ngo’le’lO}

Ha temneparypu on 1400 °C jacHo ce youaBajy 3pHa CHHTEPOBAaHUX y30paka
Koja cy Beha o1 3pHa HacTalIMX MPUIMKOM CHHTEPOBama Ha Temmeparypu o 1300 °C.

[Topact 3pHa je wu3pakeHwju. Mukporpaduje TOKa3yjy pEIaTUBHO TYCTY
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MUKPOCTPYKTYpPY Malile MOpo3HOCTH (crmuka 43.), 3a pasnuky oja MHKporpaduja
IOOMjeHNX y30paKka Ha HW)KOj TeMIIepaTypu CHHTEpoBama (cimka 42.) KOx KOjux je
MOPO3HOCT 3aCTyIUbEHHUja. Y ouaBa ce HEXOMOT'€Ha M IIMPOKa pacroesia BeITUINHE 3pHa
ca U3MEPEHUM BpenHocTMa y oncery of 0,15 - 6,74 pm. Xucrorpamu KOHCTpyHUCaHU
Ha OCHOBY BPEIHOCTH BEJIMYMHE 3pHA MOKa3yjy Aa Cy Haj3acTyIubeHHuja 3pHa o1 1-2 um
U Ja ce ca moBehameM yjena raoiuHujyma, mosehaBa 0poj CriopaguyHO U HACYMUTHO
pacriopeheHnx moaueaapcKux, BEIMKUX 3pHA, BEIWYUHE 01 5 10 mpexo 6um. Tlope cy
MPETEKHO MOJIEAAPCKOT 00JIUKA, PETKO U3AYKEHE, HEIIPaBUIIHE U CJ1ab0 3aCTyIJbEHE.
[Momu3amem TemmepaType IMpH HCTOM BpEMEHY CHHTEpOBama Hampenyje u
XOMOTEHOCT MHUKPOCTPYKTYpE YIIOPEIO ca 3aBpHIETKOM JeHcHu(puKanuje. YTHIR]

JIOTIaHTa Ha BEJIMYUHY YECTHIA TOTOBO J1a HHjE YOUEH.

0.08
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Cnuka 43. CEM ¢otorpaduje Ca; xGdxMnOs (x = 0,05; 0,1; 0,15; 0,2) cuaTepOoBaHUX
npaxosa Ha Temmeparypu o 1400 °C u pacrnoiena BeJIMUMHa YECTUIIA HA BbUMa, Hayhu
pE€aoM oa a) o F) Ca0,95Gd0,05MnO3; Cao,ngo,anO3; Cao,gsGdO,15Ml’lO3; Cao,ngO,zMnO}

MelhyTiuMm, OHO MTO ce MOCEeOHO Oma)ka Ha MPUKa3aHUM MUKporpadujama je
jemaH oJ TUIIOBAa JOMEHCKe KoHpurypamuje. I[lapanenne nuHHMje 1O 3pHHUMA
npezcraBibajy 90° JIOMEHCKEe 3UI0BE, KOjU pas3iBajajy o0nacTu Koje Cy pasjiduuTo
nonapucane. M3paxene, youwbruBe JOMEHCKE CTPYKTYpE MOTY Jla Ce carjie/iajy Ha CIUIU
Opoj 43a. OBuM MuKporpadujama ce J0Kazyje pepoeIeKTpUIHA MPUPOIa UCTTATHBAHUX
y30paxa.

Hanpesamwa koja ce jaBibajy y yHyTpammoctu Ca;GdMnO; (x = 0,05; 0,1;
0,15; 0,2) 3pHa Kao mocjeaMiia Ipoleca CHHTEPOBaa Cy CMarmbeHa nprcyctBoM 90°

noMmeHa. Ha rpanumnama Hekux 3pHa HM30CTajy aAoMeHu. OOpa3oBaHa je crenugpuvHa
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CTPYKTypa 3pHa cacTaBJbeHa OJl je3rpa Koje YWMHHU (QepoereKTpuuyHa o0nacT ca
JOMEHHMMAa 1 OMOTadeM (TpaHMIIa 3pHa) KOJU MpecTaBiba NapaeiekTpuany oosact (Oh,
et al.,, 1994). V mnojenuHNM 3pHUMa HM30CTajy JOMEHH YyKa3zyjyhu Ham Ha MOryhHOCT
oOpa3zoBama JIpyrux (haza TOKOM Mpolleca CHHTEPOBamka alHu je Ta MoryhHocT onbayueHa,
J€p PEHATEeHCKOM CTPYKTYPHOM aHAJIM30M CHHTEPOBAaHHX y30paka HHUje HOTBpheHO
MIPUCYCTBO HHU Je€JHE JIpyre a3ze OCUM UCIUTHBAHE.

JHabposcku (Dabrowski et al., 2003) TBpau na ce ycien CTpyKTYpHOT Tpesiaza
ol poMOHMuHe y TecepayiHy cuMmeTpHjy koj SrixCayMnOs cuctema, TupeKTHO 00pasyjy
KuceoHW4YHe BakaHuuje. Ha ocHoBy oBe xwumotese, boxep (Bocher et al., 2009)
npeJyIake MexaHu3aM KOjH Ce OJJHOCH Ha CTPYKTYpPHE Ipelia3e U TePMAaJHy PEAyKIH]y.
C jemne ctpase, rpaHHIE JIOMEHA HECTajy YCJIeA CTPYKTYPHOT Tpeliasa y TecepaiHy
cumetrpujy. C 1pyre cTpaHe, Ha rpaHUIlaMa JOMEHa MOXe Jia 1oh)e 10 oamymiTama Maje
KOJIMYMHE KHCeOHMKa. Jlakie, mojaBa KNCCOHNYHUX BAaKaHIMja HA TpaHUIIaMa IOMEHa U
o0pa3oBame pOMOMYHE CTPYKTYype MCIIUTUBAHOI CUCTEMa MOTY OMTH y Mel)y3aBUCHOM
MOJIOKA]y.

MUKpOCTPYKTYpHOM U MOP(OJIONTKOM aHAJM30M j€ TIOTBp)EH MOpacT BETHUUHE
YeCTHIla HAaKOH CHHTEpOBama, Kao IOCIEAWIA TEXHE HAHOUYECTHYHUX IpaxoBa 3a
¢dopmupamem arnomepara (Ferkel & Hellmig, 1999.) u depoenextpuuna mpupoga

HWCIIUTUBAHUX Y30paKa.
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4.9. Mexannuka cBojctBa: TBpoha

Marepujanu Tpeba a 3a710B0JbE OroBapajyhe yciioBe U CBOjCTBa Kako OM Omin

MPUMEHJbUBH. Y JIUTEpAaTypu HUje MpoHal)eH HU jedaH, Yak HU MPUOIMKAH, pe3yiTar
BE€3aH 3a TBPAONy OBOTra cucremMa, IITO HaC je MOJACTAKIIO J1a HCTE M MPUKaKEMO.
Ha ocHOBYy mnpoMeHe MOBpIIMHE OTHCaKa JAWjaMaHTCKE NHpamuie TO0O0HjeHe Cy
BpenHocTH TBprohe mo Bukepcy mpukaszane y Ttabemu 15. Bpemnoctu TBpaohe mo
Bukepcy cy y oncery on 731,04m0 772,74 MPa. Ilokazano ce ga HajBehy TBpaohy
MoKasyje jenumemne nonupano ca 10% ragonwHMjyMa, TOK HAJHMXKY BPEAHOCT HMMa
jemumermne nonupano ca 15% ragonuHujyma.

Pesynraru ykasyjy na tBpaoha cucrema Ca; GdyMnOs (x = 0,05; 0,1; 0,15; 0,2)
HUjEe YCIOBJbCHA KOJMYMHOM JOMUPAHOT TaJoiuHMjyMa. HenpaBumaH oTucak
IMjaMaHTCKe MHpaMUje YyKazyje Ha XETepOreHOCT Marepujaja W aHU30TPONHjy
cpenune. Takole, Moxxe OWUTH Y3pOK TpemIke INMPH Mepemy € 003MpoM Ja HUje

YCTaHOBJbEHA OMJIO KaKBa 3aBUCHOCT, 03 003upa Ha Opoj Mepema.

TabGema 15. TBpmoha mno Bukepcy cuHTepOBaHUX HCIIpecaka Ha ONTUMAIHUM
temneparypama (1400 °C/15min).

CacraB | TBpnoha no Bukepcy (Hy [MPal]) ‘
Cag95Gdp 0sMnO; 733,06
Ca9Gdy,1MnO3 772,74
Cap 35Gdp,1sMnO; 731,04
Cap3Gdp2MnOs 763,04
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Ha coumum 44, OpHUKa3aHEe Cy IPOMCHC TIIOBpIIMHA OTHUCAKa I[I/IjaMaHTCKC

nupamuie Ha ucnpeciuma cacraa Ca; xGdyMnO; (x = 0,05; 0,1; 0,15; 0,2).

(a) (0)
Ca()’gsGd(),()le’lOQ; Ca(),ng(),lMIlOg

(8) (r)
Cao,gsGdOJ 5M1’103 CaongdongnO3

Cnuka 44. [IpomeHa NOBpIIMHE OTHCAKA AMjaMaHTCKE MUPaMU/IEe Ha HCIPecMa
cacraBa
Ca;.xGdyMnO; (x = 0,05; 0,1; 0,15; 0,2)
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5.3AK/bYYAK

Y oBOM paay Cy MNpUKa3aHW OPUTHHAIHU pE3yJITaTH HCIHUTHBAKA CTPYKTYPHUX,
MHUKPOCTPYKTYPHHX ¥ MarHeTHMX  CBOjCTaBa  HAHOYECTHYHUX  y30paka
Ca,05Gdo 0sMnOs; CapoGdo1MnOs; CagssGdo1sMnOs u CapsGdooMnOs. JlerarsHom

aHaJIM30M U KapaKTepU3alnjoM Moke ciezaehe Ja ce 3aKk/byyu:

1. YcTaHoBJbEHO je KOjU cy oAronapajyhu mpekypcopu MOAECHU 3a A00Hjame
YUCTUX HAHO IPaxoBa MAaHTAHUTA Ca MEPOBCKUTCKOM CTPYKTYpOM, Kao U
MOHO(a3HUX UYBPCTHX pACTBOpa Ca MEPOBCKUTCKOM CTPYKTYpPOM T/E je
BapupaH KaTjOHCKM W aHJOHCKM cacTaB y OKcHUHUTpuay. HWcmmran je
Pa3IMYUTH OJTHOC MPEKypcopa, KOjU Aajy HAaHOYECTHYHE IMPaxoBe W UMajy

MaJy ryOuTaK mpH peaxiyjama.

2. YtBpheno je nma momohy Momm¢pukoBaHE TIMIMH HUTpPATHE MPOLEAYpPE
(MGNP), mory nma ce ¢dopmupajy HaHOCTPYKTYpPHH UYBPCTH PacTBOPH ca
HomuHaaHUM cMemama Ca; xGdyMnOs, (x =0,05; 0,1; 0,15; 0,2).

3. XeMHjCKOM aHAJIM30M je TMOTB)EH HOMHHAIHHM CacTaB ca Mperu3HoIhy

Mepema 3a cBa Tpu enemenTa Ca, Gd u Mn mamoMm o1 5%.

4. MetonoM peHAreHcke nudpakinuje npaxa je yTBpheHo na cy y y3opiuma
MpHUCyTHE MepoBckUTCKe (aze xemujcke Gopmyne Ca; xGdMnO; (x = 0,05;
0,1; 0,15; 0,2) m nma cy cBM mocMaTpaHW y30piu MoHO(a3HU, Aa HMajy
POMOWYHY MEPOBCKUTCKY CTPYKTYPY U Ja npunanajy Pnma (62) mpocTopHO]j

rpyIu.
5. PurtBengoBoM MeTONIOM je yTBphEeHO Ja ce YecTHIle CHHTETHCAHUX IpaxoBa

Ca;xGdxMnO; (x = 0,05; 0,1; 0,15; 0,2) Hanmaze y HAHOMETAPCKOM OIICETy ca

CpeamOM BeIMYMHOM 0J1 24 110 35 nm.
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6.

10.

11.

12.

YTaumaBambeM CTpyKType PurBenmoBoMm MeTtofoM je yTBpheHo ma ca
noBehameMm caapxkaja Gd momasu 1o mopacra mapaMmerpa jeIuHuYHe henuje
u 1o 209,03(3) 3a y3opak CagosGdoosMnOs, 209,84(7) 3a y3opak
Cap0Gdp MnO3, 210,81(6) 3a y3opak CapgsGdo1sMnO; u 210,84(7) 3a
y3opak CapsGdy>,MnOs.

VY cucremy Ca; GdiMnOs (x = 0,05; 0,1; 0,15; 0,2) je momwo 10 AUCTOp3H]je
cTpyktype. KoHcraToBamu cMmo oOkTaemapcko Harumame. OxTaenpu
JOMUPAaHUX Y30paKa Cy UCKPUBJCHU U IIMPEHE HUjE MOAjeTHAKO Y CBA TPU

mpaBIa mTo je pe3yarat nmosehama Gd y cTpykTypH.

Bennunue — kpucraivura = MCOMTHBAaHUX  YBPCTHUX  pacTBopa  Cy
HAHOJIMMEH3MOHE Ca MPOCEYHOM BEIMYMHOM JI0 35 nm, IITO je MoKazaia
MHUKPOCTPYKTYpHa aHanu3a. [lepoBCKUT ca HajMambOM  KOJIMYHMHOM
raJoONMHAjyMa TIOKa3yje MHUHHMAJIHO MHUKpOHANpe3amhe W MHUHUMAIHY

BEJIMUMHY KPUCTAJIUTA.

Ha ocHoBy pe3ynraTta 1o0ujeHHX Au(EpeHIINjaIHO TEPMUJCKOM aHAIHU30M je
3akspyueHo na ce Ca;xGdMnO; (x = 0,05; 0,1; 0,15; 0,2) y3opum mory
omycaT Kpo3 TPU TJIaBHA CTajdjyma pas3jarama W jJa Tpeba ma ce

KaJILUHKIIY Y TeMreparypHoM pactiony o 900 °C xo 960 °C 10 min.

Ckenupajyhom enexrpoHckoMm mukpockonujoM (CEM) je mokazaHo na cBU
KJIIIMHUCAHN HAHOMPAXOBH MMAajy BEJIUKY TEXKIbY Ka ariioMepardju, 300r

CBOjUX AMMEH3Hja U BeNUKEe Crielu(UIHE MOBPILIUHE.

CeMukBaHTHTaTHBHA XemHjcka aHanmm3a EJIC wmeTomom je moTBpamia

enemenTapuau cactaB Ca, Gd, Mn u O u 1a npax Hema Apyrux HeducToha.
VYTBpheHo je 1a ce Ha HUCKUM TeMIlepaTypama MarHeTusanuja nosehasa ca

nopactoMm koHneHTpanuje Gd u moctmwke Mmakcumym 3a x=0,15, a 3aTum ce

cmamyje 3a x=0,20, 300r oOpa3oBama (epoMarHeTHHX KiacTepa y
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13.

14.

15.

16.

17.

18.

19.

antudepomarnetHom CaMnO; wmarpukcy. IloBehaBameM KOHIEHTpaluje
raJloNMHAjyMa, MarHeTHa CcTpykTtypa G THIAa ce€ TIOCTENIEHO Mema Yy

antudepomaraetny ¢azy C tumna.

Onpelhene cy onTumanHe TeMIlepaType CUHTEpOBamba U Haja3e ce Yy OICery
on 1350 no 1450 °C. TIpucycTBO TajOJMHHjyMa yTHYE HA TIOPACT

TeMmmepaTtype cuHTepoBama 32 CaMnOs.

JIMIaTOMETPHjCKOM aHaJM30M Cy ofpeleHe Tpu Temieparype Ha KojuMa
. . 0

UCIUTHBAHU Y30paK Mokasyje 3HayajHe npomeHe. Ha 990 "C nonaszu no

KpHCTaIU3alMje MoCMaTpaHor y3opka, Ha 1360 °C 3amounme CKyIUbame, a

Ha 1410 °C y30pax je CMHTEpOBaH U T0Ka3yje Hajsehy TyCTUHY.

YTBpheHo je na cy y30pIH HAaKOH CHHTEPOBaMbAa 3apKall UCTY 3alPEMUHY

jenuHUYHE hemnuje u UCTH CHCTEM Y KOME KPHCTAIIUILY .

MHUKpPOCTPYKTYpHOM M MOP(}OJIOIIKOM aHaJu30M je MNoTBpheH mopact
BEJIMYMHE YECTUIA HAKOH CHHTEpOBama, Kao MOCIEIULA TEKHE
HAaHOYECTUYHUX MpaxoBa 3a (GopMmupameM ariomepaTta U (pepoereKTpudHa

MPHUPO/Ia UCTUTUBAHKUX y30paKa.

Tepmoha cucrema Ca; GdiMnOs (x = 0,05; 0,1; 0,15; 0,2) HUje ycloBbEHA

KOJIMYHMHOM JIOTIMPAHOT T 0JIMHUjyMa.

[Ipecynan ytuiaj Ha cTBapame mepoBckuTa cuctema Ca;GdiMnOs (x =
0,05; 0,1; 0,15; 0,2) u ucrospaBame HUXOBUX CHEMUPUIHIX CBOjCTaBa UMa
KOHIIEHTpalja qonupajyher katjoHa-raoinHAjyMa, peayKIFja MaHraHa u

MPUCYCTBO BaKaHIIH]a.

JlobujeH je HaHOMpaxX KOJU IO CBOjOj CTYKTYpHU (KPUCTAJIMHUYHOCT U

MOHO(}A3HOCT) W BEJIMYMHM YECTUIA, MOXXE€ OUTH KOHKYypEHTaH
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MaTepHjajiuMa KOju c€ TPaJUIMOHAIHO 100HUjajy KIAaCHYHUM MOCTYMIUMA Y

9BPCTOj (hasu.

20. ma xoMepuMjaIHM 3HAyaj Ka0 OCHOBA 3a HOBE TEXHOJIOTHj€ 32 MarHeTHe

MaTepujae.

113



JHoxmopcka oucepmauuja Munena Pocuhi

6. INTEPATYPA

Aliaga, H., Causa, M. T., Tovar, M., Butera, A., Alascio, B., Vega, D., Leyva, G., Polla,
G., Konig, P. (2003): High temperature susceptibility in electron doped Ca;..Y MnO3:
double exchange versus superexchange. J. Phys.: Condens. Matter 15, 249-258.

Anderson, P. W., Hasegawa, H. (1955): Considerations on Double Exchange. Phys.
Rev. Vol. 100, No. 2, 675-681.

Bakken, E., Norby, T., Stolen, S. (2004): Nonstoichiometry and reducive decomposition
of CaMnQj;.s. Solid State Tonics 176, 217-223.

Birol, T., Benedek, N. A., Das, H., Wysocki, A. L., Mulder, A. T., Abbett, B. M.,
Smith, E. H., Ghosh, S., Fennie, C. J. (2012): The magnetoelectric effect in transition
metal oxides: Insights and the rational design of new materials from first principles.
Current Opinion in Solid State and Materials Science Vol. 16, No. 5, 227-242

Bocher L., Aguirre M. H., Robert R., Logvinovich D., Bakardjieva S., Hejtmanek J.,
Weidenkaff A. (2009): High-temperature stability, structure and thermoelectric
properties of CaMn; .Nb,O3 phases, Acta Materialia 57, 5667—-5680.

Bose, E., Karmakar, S., Chaudhuri, B. K., Pal, S., Martin, C., Hébert, S., Maignan, A.
(2007): Correlation of structural, magnetic and transport properties with the tolerance
factor in a low-doped Lay s75570,125-xCaxMnQO;3, (0 <x < 0.125) system: cross-over from

Mott to Shklovskii—Efros variable range hopping conduction, Journal Of Physics:
Condensed Matter 19, 266218 (13pp).

Boskovi¢, S.B., Matovi¢, B. Z., Vlaji¢, M. D., Krsti¢, V. D. (2007): Modified glycine
nitrate procedure (MGNP) for the synthesis of SOFC nanopowders, Ceramics
International, 33, 89-93.

Boskovi¢, S., Durovi¢, D., Dohéevi¢-Mitrovi¢, Z., Popovi¢, Z., Zinkevich, M.,
Aldinger, F. (2005): Self-propagating room temperature synthesis of nanopowders for
solid oxide fuel cells (SOFC), Journal of Power Sources, 145, 237-242.

Briattico, J., Alascio, B., Allub, R., Butera, A., Caneiro, A., Causa, M. T., Tovar, M.
(1996): Double-exchange interaction in electron-doped CaMnQOs.s perovskites. Phys.
Rev. B, 53, No. 21, 14020-14023.

Cao, G. (2004): Nanostructures and Nanomaterials, Synthesis, Properties and
Applications, Imperial College Press, London

Chick, L.A., Pederson, L.R., Maupin, G.D., Bates, J.L., Thomas, L.E., Exarhos, G. J.

(1990): Glycine-nitrate combustion synthesis of oxide ceramic powders, Mater. Lett. 10
[1-2], 6-12.

114



JHoxmopcka oucepmauuja Munena Pocuhi

Coey, J.M.D., Viret, M., Von Molnar, S. (1999): Mixed-valence manganites. Advances
in Physics, Vol. 48, No. 2, 167-293.

Cong, L., He, T., Ji, Y., Guan, P., Huang, Y., Su, W. (2003): Synthesis and
characterization of IT-electrolyte with perovskite structure Lag sSroGagssMgo.1503.5 by
glycine—nitrate combustion method, Journal Of Alloys And Compounds, 348 [1-2], 325-
331.

Cullity, B.D., Stock, S.R. (2001): Elements of X-ray Diffraction, 31 ed., Prentice-Hall
Inc., pp.167-171.

Dagotto, E. (2002): Nanoscale Phase Separation and Colossal Magnetoresistance: the
physics of manganites and related compounds, ed. by M. Cardona, P. Fulde, K. von
Klitzing and H.-J. Queisser in Springer series in solid-state sciences 136; Springer-
Verlag, Berlin.

Dagotto, E., Burgy, J., Moreo, A. (2003): Nanoscale phase separation in colossal
magnetoresistance materials: Lessons for the cuprates? Solid State Commun., 126, 9-
22.

Dagotto, E., Hotta, T., Moreo, A. (2001): Colossal Magnetoresistant Materials: The
Key Role of Phase Separation, Physics Reports 344, 1-153.

de Gennes, P.G. (1960): Effects of Double Exchange in Magnetic Crystals. Phys. Rev.
Vol. 118, No. 1, 141-154.

Dabrowski, B., Chmaissem, O., Mais, J., Kolesnik, S., Jorgensen, J.D., Short, S. (2003):
Tolerance factor rules for Sri..,Ca.Ba,MnOs perovskites, Journal of Solid State
Chemistry 170, 154-164.

Dynes, R.C. (1994): The Order Parameter Of High Tc Superconductors; Experimental
Probes, Solid State Communications, Vol. 92, Nos I-2, pp. 53-62.

Ekambaram, S., Patil, KC (1995): Rapid Synthesis And Properties Of FeVO, AlVO,,
YVO,, And Ev’"-Doped YVO,, Journal Of Alloys And Compounds, 217 (1). 104-107.

Ekambaram, S., Patil, K. C., Maaza, M. (2005): Synthesis of lamp phosphors: facile
combustion approach, Journal Of Alloys And Compounds, 393, 81-92.

Ettarh, C., Galwey, A.K. (1995): Thermal analysis of anhydrous mixtures of calcium
nitrate and selected metal oxides, Thermochimica Acta, 261, 125-139.

Fan, X.J., Koinuma, H., Hasegawa, T. (2003): Ferromagnetic correlation and metallic
behaviour in slightly electron-doped antiferromagnetic CaMnQOj3, Physica B 329, 723-
724.

Fedors, R.F., Landel, R.F. (1979): Effect of Surface Adsorption on the Packing of
Particles, Powder. Technology, Vol. 23, pp. 219-223.

115



JHoxmopcka oucepmauuja Munena Pocuhi

Ferkel H., Hellmig R.J. (1999): Effects of nanopowders deagglomeration on the

densities of nanocrystalline ceramics green body and their sintering behavior,
NanoStructured Materials, Vol. 11, No. 5, pp. 617-622.

Glazer, A. M. (1975): Simple Ways of Determining Perovskite Structures. Acta Cryst.
A31, 756-762.

Goldschmidt, V. M. (1926): Die Gesetze der Krystallochemie. Naturwissenschaften, 14,
477+485.

Goodenough, J. B. (2004): Electronic and ionic transport properties and other physical
aspects of perovskites. Rep. Prog. Phys. 67, 1915-1993.

Gotoh, K., Jodrey, W. S., Tory, E. M. (1978): Variation in the Local Packing Density
Near the Wall of a Randomly Packed Bed of Equal Spheres, Powder Technology, 20,
257-260.

Hagenmuller, P. (ed.) (1992): Preparative Methods in Solid State Chemistry, Academic
Press, New York, 7.

Haertling, G. H. (1999): Ferroelectric ceramics: History and Technology, Journal of the
American Ceramic Society, Volume 82, Issue (4), pp. 797-818.

Howard, C. J., Stokes, H. T. (1998): Group-Theoretical Analysis of Octahedral Tilting
in Perovskites. Acta Cryst. B54, 782-789.

Hwang, C.C., Wu, T.Y. (2004): Combustion synthesis of nanocrystalline ZnO powders
using zinc nitrate and glycine as reactants—influence of reactant composition, Journal

of Materials Science 39, 6111- 6115.

Jain, S.R., Adiga, K.C,, Pai V.R. (1981): A mnew approach to thermochemical
calculations of condensed fuel-oxidiser mixtures, Combust Flame 40, 71-79.

Jolivet, J.P., Henry,M., Livage, J. (2000): Metal Oxide Chemistry and Synthesis: From
Solution to Solid State, Wiley, New York

Jona, F., Shirane, G. (1993): Ferroelectric crystal, Dover Publications, INC., New York

Jortner J., Rao C.N.R. (2002): Nanostructured advanced materials. Per- spectives and
directions, Pure and Applied Chemistry, 74, 1491-1506.

Kingery, W. D., Bowen, H. K., Ulhmann, D. R. (1976): Introduction to Ceramics.
Second Edition, John Wiley & Sons, New York.

Kingsley, J.J., Patil, K.C. (1988): A novel combustion process for the synthesis of fine
particle a-alumina and related oxide materials, Mater Lett 6, 427-432.

116



JHoxmopcka oucepmauuja Munena Pocuhi

Kingsley, J.J., Suresh, K., Patil, K.C. (1990): Combustion synthesis of fine-particle
metal aluminates, J. Mat. Sci. 25, 1305-1312.

Klabunde, K. J. (2001): Nanoscale Materials in Chemistry, Wiley-Interscience,
NewYork.

Klabunde, K.J., Mohs, C. (1998): Nanoparticles and Nanostructured Materials, In
Chemistry of AdVanced Materials. An OverView; Interrante, L. V., Hampden-Smith,
M.J., Eds.; Wiley — VCH: New York, 7, 271-327.

Kosti¢-Pulek, A., Marinkovi¢, S., Tomanec, R.., Logar, M. (1994): The influence of
magnesium chloride concentration in the liquid phase on the hydrothermal dehydration
of gypsum, Ceram.-Silik. 38, 173-177.

Krishnamoorthy, C., Sethupathi, K., Sankaranarayanan, V., Nirmala, R., Malik, S.K.
(2007): Magnetic and magnetotransport properties of Ce doped nanocrystalline
LaMnQO3, Journal of Alloys and Compounds 438, 1-7.

Kubo, K., Ohata, N. (1972): 4 Quantum Theory of Double Exchange. 1. Journal of The
Physical Society of Japan, Vol. 33, No.1, 21-32

Leslie-Pelecky, D. L. and Rieke, R. D. (1996): Magnetic Properties of Nanostructured
Materials, Chem. Mater., 8 (8), 1770-1783.

Li, K., Zhu, X.L., Liu, X.Q., Chen, X.M. (2012): Relaxor ferroelectric characteristics of
BasLaTi;Nb;Oj3 tungsten bronze ceramics, Applied Physics Letters, Vol. 100, Issue 1,
p. 012902-012905.

Lufaso, M. W., Woodward, P. M. (2001): Prediction of the crystal structures of
perovskites using the software program SpuDS. Acta Cryst. B57, 725-738.

Lufaso, M. W., Woodward, P. M. (2004): Jahn-Teller distortions, cation ordering and
octahedral tilting in perovskites. Acta Cryst. B60, 10-20.

Mahata, T., Das, G., Mishra, R.K., Sharma, B.P. (2005): Combustion synthesis of
gadolinia doped ceria powder, Journal of Alloys and Compounds 391, 129-135.

Markovi¢, D., Kusigerski, V., Tadi¢, M., Blanusa, J., Antisari, V., Spasojevi¢, V.
(2008): Magnetic properties of nanoparticle Lay;Cap;MnO; prepared by glycine-
nitrate method without additional heat treatment, Scr. Mater. 59, 35-38.

Matos, 1., Serio S., Lopes, M.E., Nunes, M.R., Melo Jorge, M.E. (2011): Effect of the
sintering temperature on the properties of nanocrystalline Ca;-.Sm.MnO; (0<x<0.4)

powders, Journal of Alloys and Compounds, 509, 9617— 9626.

Mayergoyz, 1., Berttoti, G. (2005): The science of hysteresis, vol 3, Elsevier.

117



JHoxmopcka oucepmauuja Munena Pocuhi

Melo Jorge, M. E., Correia dos Santos, A., Nunes, M. R. (2001): Effects of synthesis
method on stoichiometry, structure and electrical conductivity of CaMnQOjs.s. Int. .
Inorg. Mater. 3, 915-921.

Merzhanov, A. G. (1992): Combustion: New manifestation of an ancient process. In:
Chemistry of Advanced Materials / Ed. C.N.R. Rao. Blackwell Sci. Publ., 19-39.

Merzhanov AG (ed.), (1999): SHS Research and Development;, Handbook, Institute of
Structural Macrokinetics and Materials Science, Russian Academy of Sciences,
Chernogolovka, Russia

Mogensen, M., Lybye, D., Bonanos, N., Hendriksen, P. V., Poulsen, F. W. (2004):
Factors controlling the oxide ion conductivity of fluorite and perovskite
structuredoxides. Solid State Ionics 174, 279-286.

Mota, D. A., Barcelay, Y. R., Tavares, P. B., Chaves, M. R., Almeida, A., Oliveira, J.,
Ferreira, W. S., Moreira, J. A. (2013): Competing exchanges and spin—phonon coupling
in Eu; xR:MnOj3; (R=Y, Lu), Journal Of Physics: Condensed Matter 25, 235602 (7pp).

Mydosh, J.A. (1993): Spin Glasses: An Experimental Introduction, Taylor and Francis,
London.

Nagabhushana, B. M., Chandrappa, G. T., Sreekanth Chakradhar, R. P., Ramesh, K. P.,
Shivakumura, C. (2005): Synthesis, structural and transport properties of
nanocrystalline La;Ba,MnO; (0.0 < x < (0.3). Solis State Communications 136, 427-
432.

Nagaev, E.L. (2001): Colossal-magnetoresistance  materials: ~ manganites
andconventional ferromagnetic semiconductors. Physics Reports 346, 387-531.

Nakajima T., Ueda Y. (2006): Correlation between A-site cation randomness and
colossal magnetoresistance effect in perovskite manganite, Physica B 378-380, 520—
521.

Nersesyan, M.D., Merzhanov, A.G. (2002): SHS of complex oxides, in Borisov AA ,De
Luca L., Merzhanov, A.G. (eds.), Self-propagating High-temperature Synthesis of
Materials, Taylor and Francis, New York, 176—-187.

Oh, KCi-Y., Uchino K., Cross, L.E. (1994): Optical Study of Domains in Ba(Ti,Sn)O3
Ceramics, Journal of the American Ceramic Society, Volume 77, Issue (11), pp. 2809-
2816.

O Neil, H. (1967): Hardness Mesurement of Metals, Chapman-Hall, London.

Opel, M. (2012): Spintronic oxides grown by laser-MBE. J. Phys. D: Appl. Phys. 45,
033001, (31pp).

Overbeek, J.T.G. (1981): Colloidal Dispersions, Royal Society of Chemistry, London.

118



JHoxmopcka oucepmauuja Munena Pocuhi

Ozin, G.A., Arsenault, A.C. (2005): Nanochemistry: A Chemical Approach to
Nanomaterials, Royal Society of Chemistry, London

Patil, K.C., Aruna, S.T., Ekambaram, S. (1997): Combustion synthesis, Curr Opin Solid
State Mater Sci 2: 158—165.

Patil, K.C., Aruna, S.T., Mimani, T. (2002): Combustion synthesis: An update, Curr
Opin Solid State Mater Sci 6: 507-512.

Patil, K. C., Hegde, M. S., Rattan, T., Aruna, S.T. (2008): Chemistry of Nanocrystalline
Oxide Materials, Combustion Synthesis, Properties and Aplications, World Scientific
Publishing Co. Pte. Ltd. 42-61.

Pavlovic, B. (1994): Fizika predavanje-II deo, TehnoloSko-Metalurski fakultet,
Beograd.

Pechini, M. P. (1967), U.S. Patent No. 3. 330. 697.

Pena, M.A., Fierro, J. L. G. (2001): Chemical Structures and Performance of Perovskite
Oxides. Chem. Rev. 101, 1981-2017.

Pena, O., Bahout, M., Ghanimi, K., Duran, P., Gutierrez, D., Moure, C. (2002): Spin
reversal and ferrimagnetism in (Gd, Ca)MnQO3, J. Math. Chem. 12, 2480-2485.

Pena, O., Antunes, A.B., Martinez, G., Gil, V., Moure, C. (2007): Inter-network
magnetic interactions in GdMeMn,..Os perovskites (Me Y transition metal), Journal of
Magnetism and Magnetic Materials 310, 159-168.

Philip, J., Kutty, T.R.N. (2000): Preparation of manganite perovskites by a wet-
chemical method involving a redox reaction and their characterisation, Materials
Chemistry and Physics, 63, 218-225.

Rao, C. N. R. (1994): Chemical Approaches to the Synthesis of Inorganic Materials,
Wiley Eastern Ltd., New Age International Ltd., New Delhi

Rao, C. N. R., Cheetham, A. K., Mahesh, R. (1996): Giant magnetoresistance and
related properties of rare-earth manganates and other oxide systems. Chem. Mater. 8,
2421-2432.

Rao, C. N. R., Raveau, B. (1998): Transition Metal Oxides: Structure, Properties, and
Synthesis of Ceramic Oxides, John Wiley & Sons,Inc., NewY ork.

Rao C. N. R., Muller, A., Cheetham, A.K., (eds.) (2004): The Chemistry of
Nanomaterial Synthesis, Properties and Applications, 2 Vol, Wiley-VCH, Weinheim,
Germany.

Rao C.N.R., Thomas P.J., Kulkarni G.U., (2007): Nanocrystals Synthesis, Properties
and Applications, Springer Series in Materials Science, 95, 1-25.

119



JHoxmopcka oucepmauuja Munena Pocuhi

Rodriguez-Carvajal, J. (1993): Recent advances in magnetic structure determination by
neutron powder diffraction, Physica B, 192, 55-69.

Rodriguez -Carvajal, J. (1998): FullProf computer program,
ftp://charybde.saclay.cea.fr/pub/divers/fullprof.98/windows/winfp98.zip.

Rodriguez-Carvajal J, (2001): Recent Developments of the Program FULLPROF, in
Commission on Powder Diffraction (IUCr), Newsletter, 26:12,
(http://journals.iucr.org/iucr-top/comm/cpd/Newsletters/).

Rosi¢, M., Logar, M., Devecerski, A., Prekajski, M., Radosavljevi¢-Mihajlovié, A.,
Kusigerski, V., Spasojevi¢, V., Matovi¢, B. (2011): Synthesis, structural and magnetic

properties of nanostructured CapoGdy ;MnQO;s obtained by modified glycine nitrate
procedure (MGNP), Ceramics International, 37,4 1313-1319.

Rosi¢, M., Logar, M., Zagorac, J., Devecerski, A., Egelja, A., Kusigerski, V.,
Spasojevi¢, V., Matovi¢, B. (2013): Investigation of the structure and the magnetic
behaviour of nanostructured Ca;.Gd.MnO; (x=0.05; 01; 0.15; 0.2) obtained by
modified glycine nitrate procedure, Ceramics International, 39, 2 1853—-1861.

Sarner, S.F. (1966): Propellant Chemistry, Reinhold Publishing Corporation, New York

Schinzer, C., (2012): Distortion of Perovskites, Retrieved 17 May.
http://www.ccpl4.ac.uk/ccp/web
mirrors/pki/uni/pki/members/schinzer/stru_chem/perov/di_gold.html.

Schmid, G., Brune, H., Ernst, H., Grunwald, A., Griinwald, W., Hofmann, H., Krug, H.,
Janich, P., Mayor, M., Rathgeber, W., Simon, U., Vogel, V., Wyrwa, D. (2006):
Nanotechnology  Assessment  and  Perspectives, =~ Wissenschaftsethik  und
Technikfolgenbeurteilung, Band 27, Springer-Verlag Berlin Heidelberg, 62-63.

Searle, C.W., Wang, S. T. (1970): Studies of the ionic ferromagnet (LaPb)MnOs. V.
Electric transport and ferromagnetic properties. Can. J. Phys. 48, 2023-2031.

Segal, D. (1989): Chemical Synthesis of Advanced CeramicMaterials, Cambridge Univ.
Press, Cambridge

Segal, D. (1997): Chemical synthesis of ceramic material, ] Mater Chem, 7, 1297—-1305.

Shannon, R.D. (1976): Revised effective ionic radii and systematic studies of
interatomic distances in halides and chalcogenides, Acta Cryst. A32, 751-767.

Sherman D.M. (1984): The electronic structures of manganese oxide minerals,
American Mineralogist, Vol. 69, 788-799.

Silveira, C., Lopes, M.E., Nunes, M.R., Melo Jorge, M.E. (2010): Synthesis and

electrical properties of nanocrystalline Ca;—.EuMnQOj3.;s (0.1<x<0.4) powders prepared
at low temperature using citrate gel method, Solid State lonics, 180, 1702—1709.

120



JHoxmopcka oucepmauuja Munena Pocuhi

Spasojevic, V., Markovic, D., Kusigerski, V., Antic, B., Boskovic, S., Mitric, M.,
Vlajic, M., Krstic, V., Matovic, B. (2007): Magnetic properties of nanosized mixed
valent manganites CaMnQO; and Cag;Lag:;Mn;-Ce,O3 (x = 0; 0.2), Journal of Alloys
and Compounds 442, 197-199.

Sugimoto T. (2000): Fine Particles, Synthesis, Characterization, and Mechanisms of
Growth, Marcel Dekker, New York.

Sun, J. Z., Krusin-Elbaum, L., Gupta, A., Xiao, G., Duncombe, P. R., Parkin, S. S. P.
(1998): Magnetotransport in doped manganate perovskites. IBM Journal of Research
and Development, 8§9-102.

Tecilazi¢-Stevanovi¢, M. (1973): Osnovi tehnologije keramike, TehnoloSko-metalurski
fakultet, Beograd.

Thomas, N. W. (1989): Crystal Structure-Physical Property Relationships in
Perovskites. Acta Cryst. B45, 337-344.

Topfer, J., Pippardt, U., Voigt, 1., Kriegel, R. (2004): Structure, nonstoichiometry and
magnetic properties of the perovskites Sr;—.CaxMnQOs-s, Solid State Sciences, 6, 647—
654.

Troyanchuk, 1.0., Kolesova, [.M., Szymczak, H., Nabialek, A. (1997): Preparation,
magnetic and transport properties of AgpesBap;«MnQOs. (A = Pr, Nd, Sm, Eu, Gd)
perovskites, Journal of Magnetism and Magnetic Materials 176, 267-271.

Turns, S. R., (2000): An Introduction to Combustion: Concepts and Applications, 2nd
Edition, McGraw-Hill, New York.

Vallet-Regi, M. (1995): Preparative strategies for controlling structure and
morphology of metal oxides, in Rao, K.J. (ed.), Perspectives of Solid State Chemistry,
Narosa, Publishing House, New Delhi, 37-65.

Varma, A. (2000): Form from Fire, Scientific American 282, 58-61.

Wang, Z. L., Yin, J. S., Jiang, Y. D. (1997): Studies of Mn valence conversion and
oxzgen vacancies in La;..CaMnOjs., using electron energy-loss spectroscopy. Appl.
Phys. Lett. 70, 3362-3364.

Wang, Y., Sui, Y., Su W. (2008): High temperature thermoelectric characteristics of
Cap Ry MnO;s (R=La,Pr, . .., Yb); Journal of Applied Physics 104, 093703-1- 093703-
7.

Whiston C. (1987): X-ray methods. John Wiley & Sons, New York, pp. 81.

Yan, C.H., Xu, Z.G., Cheng, F.X., Wang, Z.M., Sun, L.D., Liao, C.S., Jia, J.T. (1999):

Nanophased CoFe;04 prepared by combustion method, Solid State Commun, 111, 287-
291.

121



JHoxmopcka oucepmauuja Munena Pocuhi

Yang, Y.J., Wen, T.L., Tu, H.,, Wang, D.Q., Yang, J. (2000): Characteristics of
lanthanum strontium chromite prepared by glycine nitrate process, Solid State Ionics
135, 475-479.

Yen, W.M., Weber, M.J. (2004): Inorganic phosphors. Compositions, Preparation and
Optical Properties, CRC Press LLC, Boca Raton, Florida, Section 6, 333-345.

Young, R.A. (1996): The Rietveld Method, IUCr Monographs on Crystallography,
Oxford, UK, vol. 5, 132-166.

Zener, C. (1951): Interaction Between the d Shells in the Transition Metals. Phys. Rev.
81, 440-444.

Zeng, Z. Greenblatt, M. Croft, M. (1999): Large magnetoresistance in
antiferromagnetic CaMnQj;._5, Physical Review B, Vol.59, No 13, 8784-8788.

Ziegler G. (1978): Structural and morphological investigation of ceramic powders and
compacts. Powder Metall. Int. 10, 70-73.

Zhou, Q., Kennedy, B. J. (2006): Thermal expansion and structure of orthorhombic
CaMnQs, J. Phys. Chem. Solids, 67, 1595-1598.

https://www.ntt-review.jp/archive/ntttechnical.php?contents=ntr200709sp1.html

http://www.hikari.uni-bonn.de/research/multiferroics/nonlinear-optical-properties-of-
ferroelectric-structures

http://fazil.rajabalee.free.fr/delphi_an.htm.

http://www.ccpl4.ac.uk/ccp/web-mirrors/powdcell/a_v/v_1/powder/e cell.html

122


http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%235597%232006%23999329992%23627802%23FLA%23&_cdi=5597&_pubType=J&view=c&_auth=y&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=ac858c1ff55d5ba9a891a056c1bc68d1�

Iloxmopcka Oucepmauuia

Munena Pocuh

7. Illpuaor
[Tpuior 1.
®daza | hkl | 20(deg) | D (A) | I (rel) |
121 | 33,88 | 2,644 | 487,95 |
202 | 48,60 | 1,872 | 13941 |
a 123 | 60,54 | 1,528 | 13941 |
242 | 71,32 | 1,321 | 53,07 |
204 | 81,160 | 1,184 | 44,97 |
121 | 33,80 | 2,650 | 416,07 |
202 | 48,52 | 1,875 | 141,84 |
6 123 | 60,45 | 1,530 | 11820 |
242 | 71,33 | 1,321 | 53,58 |
204 | 81,05 | 1,185 | 34,67 |
121 | 33,80 | 2,650 | 54959 |
202 | 48,62 | 1,871 | 180,88 |
B 123 | 60,55 | 1,528 | 146,09 |
242 | 71,14 | 1,324 | 69,57 |
204 | 81,05 | 1,185 | 44,06 |
121 | 33,89 | 2,643 | 489,73 |
202 | 48,62 | 1,871 | 169,44 |
r 123 | 60,45 | 1,530 | 117,78 |
242 | 71,23 | 1,323 | 61,99 |
204 | 81,24 | 1,183 | 43,39 |
121 | 33,89 | 2,643 | 362,88 |
202 | 48,62 | 1,871 | 123,77 |
i 123 | 60,45 | 1,530 | 116,74 |
242 | 71,04 | 1,326 | 46,42 |
204 | 81,15 | 1,184 | 43,60 |
121 | 33,89 | 2,643 | 292,02 |
202 | 48,62 | 1,871 | 82,93 |
b 123 | 60,704 | 1,52441 | 16,10 |
242 | 70,94 | 1,327 | 39,71 |
204 | 81,53 | 1,180 | 33,87 |

Bpennoctu 3a hkl, 26, d u I cy mpey3ete u3 6aze nporpamckor nakera EVA, Bruker,

AXS, Version 7.0.
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ITpwuior 2.

Kpucranorpadcku napamerpu 3a yraumbeHo jeaumemhe CagosGdopsMnO;

>Phase no.: 1 CaMnO3

reflections may be lower)

! SPGR: Pnma; CELL:

90.00000

Codeh k 1 Mult
11

D(A)
4 3.741592
3.732783
3.741592
3.732783
3.345001
3.345001
2.649709
2.649709
2.642585
2.641719
2.642585
2.641719
2.490402
2.490402
2.368538
2.364250
2.368538
2.364250
2.257640
2.253926
2.252532
2.257640
2.253926
2.252532
2.160683
2.156344
2.160683
2.156344
2.072075
2.072075
1.999909
1.997326
1.999909
1.997326
1.870796
1.866392
1.870796
1.866392

[N NS NS T O R e A S (O NS TR \O T O I (O R WO B NS T NS T NS 2 NS I NS B NS TR NS I NS I
SN O~ N, R R NNONOOND O FINFEF NN FRENN—R, OO RO —O
AR O PR ONDNPRDNPODNDNWWNPDNRODNODNDNWEFR R WA L, OOOOO— R, ONDNODNODO—~,~,)NDONO
SN O~ NN =N R R ONONNFE RN SN RFINDRNOOORO—=NNNEFEEREO—O -
NP PPRooOOOPR, DB PP, PRANONONDDNOWOGDNPRADN

474 reflections, N&T:

5.28344  7.46557 5.29942 90.00000 90.00000
2T HW Iobs Icalc io-ic

23.761 0.318979 302.8 300.2 2.6
23.818 0.319002 136.0 132.8 3.3
23.820 0.319003 153.2 1494 38
23.877 0.319027 69.0 66.1 2.9
26.627 0.320250 111.6 106.6 5.0
26.693 0.320282 63.7 53.0 10.7
33.800 0.324372 12422 1219.6 22.7
33.885 0.324429 613.8 606.5 7.3
33.894 0.324435 4468.2 4417.1 51.1
33.905 0.324443 13314 1317.1 143
33.979 0.324493 22084 2196.5 11.8
33.991 0.324500 657.8 6550 2.8
36.034 0.325944 43.6 459 -2.3
36.125 0.326011 19.7 22.8 -3.1
37.957 0.327413 39.0 434 -45
38.028 0.327469 47.1 532 -6.0
38.053 0.327489 192 216 -2.4
38.125 0.327546 239 264 -2.5
39.899 0.329007 146.6 139.1 7.5
39.967 0.329065 26.2 238 2.3
39.993 0.329087 71.2 639 74
40.000 0.329094 77.5 69.2 84
40.069 0.329152 140 119 2.1
40.095 0.329175 383 31.8 6.5
41.771 0.330653 147.2 170.8 -23.6
41.859 0.330733 149.2 167.2 -18.0
41.878 0.330751 76.5 849 -84
41.966 0.330831 78.0 83.1 -52
43.646 0.332413 86.5 55.0 31.5
43.759 0.332522 446 274 173
45.307 0.334067 388 375 14
45369 0.334130 71.1 67.5 3.7
45424 0.334187 200 18.6 1.3
45.486 0.334250 37.1 335 3.6
48.628 0.337652 1727.5 17499 -22.4
48.750 0.337791 1001.1 996.9 4.2
48.755 0.337796 874.1 869.9 4.2
48.878 0.337936 503.7 495.6 8.1

0 0.00 (The# of eff.
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RPN = N = = O NN == =N =N =N =N = NN =N == =N = =DNDDN = -

O WOOMNDWOMNDNDFP WD, WD ND WO, WO WRFR W~ WP, P WD~ PRP,NDO— O

N— WUnNnrE LWL RRARBBODOPR,PRODODWWEREARNDNPERARNODNDNPAEANDNP, P, P, BRONPREOONOWWWRFRWRWRFWR—

— R W) o LR W W NN WME NN WNNO = INO WM N WM Wk Wk =MW NNWRNMFWRNWONO N

EENe o PN AN e < - Nie oo olie e JiF S NN FNe o lie oINS L e e <IN SN o SN SN e <IN S Nie oo oo clie clie o B o N S NIe elie e SN FNiNe Ol D NS SO ce <l SN e RN SN SN I S e o)

1.814687
1.811389
1.814687
1.811389
1.719007
1.715659
1.719007
1.714027
1.715659
1.714027
1.675316
1.672501
1.671273
1.675316
1.670137
1.672501
1.671273
1.670137
1.634662
1.630906
1.634662
1.630906
1.528436
1.525864
1.525364
1.528436
1.524334
1.525864
1.525364
1.524334
1.495366
1.495366
1.468426
1.466722
1.465953
1.464935
1.468426
1.466722
1.465953
1.464935
1.440819
1.440455
1.439209
1.440819
1.437159
1.440455
1.439209
1.437159

50.234 0.339524
50.332 0.339641
50.366 0.339681
50.464 0.339799
53.243 0.343286
53.355 0.343432
53.384 0.343470
53.410 0.343504
53.496 0.343618
53.551 0.343690
54.746 0.345294
54.846 0.345431
54.890 0.345491
54.891 0.345493
54.930 0.345546
54.992 0.345630
55.035 0.345691
55.076 0.345747
56.227 0.347360
56.368 0.347562
56.376 0.347574
56.518 0.347777
60.526 0.353877
60.638 0.354059
60.660 0.354094
60.689 0.354141
60.706 0.354168
60.802 0.354324
60.824 0.354360
60.870 0.354434
62.010 0.356316
62.178 0.356599
63.277 0.358479
63.360 0.358622
63.397 0.358686
63.446 0.358772
63.450 0.358780
63.533 0.358924
63.570 0.358989
63.619 0.359075
64.635 0.360881
64.654 0.360914
64.716 0.361027
64.813 0.361202
64.820 0.361215
64.831 0.361235
64.894 0.361349
64.998 0.361538

65.9
47.7
30.9
23.1
4.7
32.1
23
6.6
16.7
3.4
27.1
34.7
70.5
12.4
54.1
16.5
34.1
26.5
18.5
109.7
9.0
53.1
978.0
476.5
727.1
481.5
488.3
234.9
357.9
239.0
12.4
6.3
13.4
3.9
6.1
6.6
6.9
2.0
3.1
33
0.7
0.9
20.2
0.3
8.0
0.4
8.9
3.6

65.8
49.9
32.7
24.8
4.7
32.2
23
6.5
16.0
32
25.6
34.8
72.3
12.7
56.3
17.3
36.0
28.0
17.8
108.1
8.8
53.7
980.3
481.4
735.1
487.2
494.3
2393
365.4
245.7
12.0
6.0
7.1
2.0
3.2
34
3.5
1.0
1.6
1.7
0.4
0.5
12.6
0.2
5.5
0.3
6.3
2.7

0.1
-2.1
-1.8
-1.7
0.0
-0.1
0.0
0.1
0.7
0.2
1.5
-0.2
-1.8
-0.3
-2.1
-0.8
-1.8
-1.4
0.7
1.6
0.1
-0.7
2.2
-4.9
-8.0
-5.7
-6.0
-4.4
-7.5
-6.7
0.4
0.4
6.3
1.9
3.0
3.2
3.3
1.0
1.5
1.6
0.3
0.4
7.6
0.1
2.6
0.1
2.6
0.9
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RPN N NN /= === = O NN = =N =N =N NODN R =N =N =N =N DN == -

CWArR L LWOWRAROR,WONRRRWNNR,RARR,WNR,RRERR,RRRNRANNRERNNBRANOOSO WNWN — WP — WW—

NPV PO PRPNONDNNDNPRAPID VNN LWL = WWLOOOOODWN, NEFEF OPROODPRERODONDNDNDNDWLMEWLWWLWLIWW

SR OWWO R OPRWWLWEREARLNDNP,PNDNWRFR D, BRARNDNWREARR, P, BREARRODODODODONODNDPEPRARNDWNDWRFRR~WRRR—FW

[\S R ol PN o I SN\ Je O DN S T2l S N SN e ol olie oo clie cliv cJie olie oo olie clie clie o QN S NN PN SN S T T = T S T A S e el \S Be <l \O I \O Jie olie elio clie cJiv clie olie oo clio el o

1.389731
1.387421
1.386771
1.389731
1.387421
1.386771
1.366494
1.365120
1.366494
1.365120
1.324855
1.324855
1.321293
1.320860
1.321293
1.320860
1.300659
1.299856
1.300659
1.299856
1.285069
1.285069
1.281649
1.281649
1.266444
1.264666
1.263577
1.266444
1.263170
1.263086
1.262434
1.264666
1.263577
1.263170
1.263086
1.262434
1.248546
1.247197
1.246725
1.248546
1.245201
1.245056
1.244261
1.247197
1.246725
1.245201
1.245056
1.244261

67.320
67.447
67.483
67.507
67.635
67.671
68.623
68.702
68.814
68.893
71.099
71.300
71.320
71.347
71.521
71.548
72.630
72.682
72.836
72.888
73.655
73.865
73.884
74.095
74.922
75.046
75.122
75.137
75.150
75.156
75.201
75.261
75.337
75.366
75.372
75.417
76.186
76.283
76.318
76.406
76.428
76.438
76.496
76.504
76.538
76.649
76.659
76.717

0.365900
0.366147
0.366216
0.366263
0.366512
0.366582
0.368469
0.368627
0.368854
0.369014
0.373608
0.374039
0.374083
0.374141
0.374519
0.374578
0.376959
0.377076
0.377421
0.377539
0.379281
0.379765
0.379809
0.380298
0.382241
0.382535
0.382716
0.382754
0.382784
0.382798
0.382907
0.383050
0.383233
0.383301
0.383316
0.383426
0.385295
0.385534
0.385618
0.385837
0.385890
0.385916
0.386059
0.386078
0.386163
0.386438
0.386464
0.386609

0.6
30.0
1.8
0.3
11.5
0.7
0.3
0.8
0.2
0.6
182.7
87.5
771.9
161.7
369.7
77.3
243
1.8
10.7
0.9
3.9
2.0
6.3
2.8
20.7
2.7
11.1
11.3
0.1
10.9
59
1.5
6.2
0.1
6.1
3.2
7.8
4.9
15.0
3.6
5.7
39.2
0.4
23
7.0
2.7
19.0
0.2

0.9
47.7
3.0
0.4
23.7
1.5
0.3
0.7
0.2
0.4
172.6
85.8
759.8
159.9
377.9
79.5
26.5
2.1
13.2
1.1
4.9
24
7.7
3.8
24.4
3.0
12.0
12.1
0.1
11.6
6.0
1.5
6.0
0.0
5.8
3.0
7.2
4.6
14.3
3.6
5.6
38.9
0.4
23
7.1
2.8
19.4
0.2

-0.2
-17.7
-1.2
-0.2
-12.3
-0.8
-0.1
0.1
0.1
0.3
10.1
1.7
12.1
1.8
-8.2
2.2
-2.3
-0.3
-2.5
-0.2
-1.0
-0.5
-1.3
-1.0
-3.7
-0.3
-0.9
-0.8
0.0
-0.6
-0.1
0.0
0.3
0.0
0.3
0.2
0.6
0.3
0.7
0.1
0.1
0.3
0.0
0.0
-0.1
-0.1
-0.4
0.0

126




Jloxmopcka Oucepmauuia

Munena Pocuhi

1.230149
1.230149
1.215080
1.212188
1.215080
1.212188
1.184269
1.182916
1.182125
1.184269
1.180687
1.182916
1.182125
1.180687
1.169644
1.167578
1.166997
1.169644
1.166699
1.167578
1.166997
1.166699
1.154057
1.153229
1.154057
1.153229
1.141813
1.140330
1.139412
1.141813
1.140330
1.139412
1.128820
1.126963
1.126266
1.128820
1.125650
1.126963
1.126266
1.125650
1.115000
1.114663
1.113470
1.115000
1.114663
1.113470
1.101517
1.101085

—_ = N NN —= = = N NN =N == = NN == = NN ) NN RN === DN =N === = =N -
N — W WW— WD PRNODNDODOODPRARNDNPRPRO—, RO RP,WNODWNDPREARNDNPEPRODNDPENDNRP,RW—RLNDPR,WNDDPRE—B—WW
AN N UNWLWLUNUNWLWAAANDAIADDVDANDNDWUNLWWUNWEERERRERUWLWUNFWRONFEFP,PASDNDAANDDOODNDDNDDODNDNDFF—
— N = W W= WWONDNDNOOD PR, WEREARRL,WRARARNDWNDWONDNDDPRERNDNDPREPRP,PNDW—RL,RNDWERER—R,BR—~PBWW
OOV PR, PP, DO PR, PSSP OCOOCWONWOOO

77.536
77.761
78.682
78.906
78.912
79.137
81.148
81.260
81.326
81.388
81.446
81.501
81.567
81.687
82.380
82.558
82.608
82.626
82.634
82.804
82.854
82.880
83.742
83.816
83.993
84.067
84.848
84.984
85.069
85.104
85.241
85.326
86.059
86.236
86.302
86.321
86.361
86.498
86.565
86.624
87.392
87.425
87.543
87.661
87.694
87.812
88.740
88.784

0.388671
0.389247
0.391635
0.392226
0.392241
0.392838
0.398327
0.398643
0.398828
0.399004
0.399167
0.399323
0.399510
0.399852
0.401843
0.402359
0.402505
0.402557
0.402580
0.403079
0.403227
0.403303
0.405863
0.406085
0.406623
0.406847
0.409240
0.409663
0.409927
0.410038
0.410466
0.410732
0.413056
0.413622
0.413836
0.413898
0.414026
0.414471
0.414687
0.414879
0.417403
0.417513
0.417904
0.418297
0.418408
0.418804
0.421962
0.422113

30.6
15.2
6.4
6.8
3.6
3.2
154.6
245.5
153.2
75.0
288.0
121.5
76.4
144.2
9.8
31.3
18.7
53
10.9
17.8
10.6
6.2
3.8
1.0
2.1
0.6
13.7
1.2
0.4
6.5
0.4
0.1
3.1
3.9
0.5
1.1
0.6
2.2
0.3
0.3
214
6.1
204
8.9
2.5
8.8
0.3
0.5

25.8
12.8
3.7
3.5
1.8
1.7
153.3
248.4
155.8
76.4
2933
123.6
77.6
146.0
8.9
26.8
15.7
4.4
9.1
13.3
7.8
4.5
2.6
0.7
1.3
0.3
18.7
1.5
0.6
9.3
0.7
0.3
2.6
4.6
0.7
1.3
0.7
23
0.3
0.3
234
6.7
23.9
11.6
33
11.9
0.3
0.7

4.8
24
2.8
3.4
1.8
1.5
1.3
-2.9
-2.6
-1.4
-5.3
-2.1
-1.1
-1.8
0.9
4.5
3.0
0.9
1.9
4.4
2.8
1.6
1.2
0.3
0.8
0.2
-5.0
-0.3
-0.2
-2.8
-0.3
-0.2
0.5
-0.7
-0.1
-0.2
-0.1
-0.1
0.0
0.0
-2.0
-0.6
-3.5
-2.8
-0.8
-3.1
-0.1
-0.2
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1.101517
1.101085
1.080341
1.078172
1.080341
1.078172
1.069353
1.067774
1.069353
1.067774
1.058730
1.058441
1.057835
1.056527
1.058730
1.058441
1.057835
1.056527
1.049361
1.048241
1.047373
1.046953
1.049361
1.046335
1.048241
1.045546
1.047373
1.046953
1.046335
1.045546
1.039181
1.036977
1.039181
1.036288
1.036038
1.036977
1.036288
1.036038
1.029257
1.029257
1.026446
1.025656
1.026446
1.025656
1.018553
1.017756
1.018553
1.017756

89.015
89.059
90.959
91.193
91.244
91.480
92.162
92.338
92.454
92.631
93.363
93.396
93.466
93.617
93.661
93.694
93.764
93.916
94.453
94.586
94.689
94.739
94.757
94.812
94.890
94.906
94.994
95.044
95.118
95.212
95.674
95.943
95.984
96.028
96.059
96.255
96.340
96.371
96.901
97.218
97.256
97.356
97.575
97.676
98.269
98.373
98.594
98.698

0.422911
0.423065
0.429842
0.430704
0.430892
0.431765
0.434325
0.434994
0.435434
0.436111
0.438949
0.439079
0.439352
0.439945
0.440120
0.440252
0.440529
0.441130
0.443285
0.443821
0.444239
0.444442
0.444516
0.444742
0.445059
0.445126
0.445483
0.445689
0.445993
0.446383
0.448300
0.449429
0.449602
0.449786
0.449916
0.450748
0.451110
0.451241
0.453521
0.454899
0.455064
0.455503
0.456465
0.456910
0.459561
0.460029
0.461030
0.461505

0.1
0.2
172.4
149.7
78.4
66.8
7.1
233
3.2
11.6
0.1
2.0
0.0
3.8
0.0
1.1
0.0
1.3
0.2
9.4
0.3
0.2
0.1
1.6
4.7
1.4
0.2
0.1
1.0
0.8
0.9
10.2
0.5
19.7
3.3
4.4
8.8
1.5
1.2
0.6
44.0
3.4
18.3
1.4
1.8
5.1
0.9
23

02 -0.1
04 -0.2
150.0 22.4
140.1 9.6
74.8 3.6
69.9 -3.1
88 -1.7
305 -7.2
44 -1.2
152 -3.6
0.1 0.0
1.8 0.2
0.0 0.0
30 0.8
0.0 0.0
09 03
0.0 0.0
1.5 -02
03 -0.1
11.2 -1.8
04 -0.1
03 -0.1
02 0.0
20 -03
56 -0.8
1.6 -0.2
02 0.0
02 0.0
1.0 0.0
0.8 0.0
0.7 0.2
7.8 2.5
04 0.1
155 4.1
27 0.7
39 05
7.8 1.0
1.3 02
1.0 0.2
0.5 0.1
383 5.6
32 02
19.2  -0.8
1.6 -0.2
1.9 -0.1
53 -02
1.0 -0.1
27 -04
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1.001110
0.999955
0.998897
1.001110
0.998663
0.998523
0.998038
0.999955
0.998897
0.998663
0.998523
0.998038
0.989310
0.988956
0.989310
0.988956
0.983666
0.981518
0.983666
0.981518
0.975237
0.975124
0.974226
0.974000
0.973528
0.973143
0.975237
0.975124
0.972509
0.972470
0.972173
0.974226
0.974000
0.973528
0.973143
0.972509
0.972470
0.972173
0.958929
0.957197
0.956654
0.958929
0.957197
0.956654
0.951194
0.949295
0.949250
0.951194

100.605
100.764
100.911
100.943
100.944
100.963
101.031
101.104
101.251
101.284
101.304
101.372
102.266
102.317
102.614
102.666
103.085
103.402
103.439
103.757
104.341
104.358
104.494
104.528
104.600
104.659
104.703
104.720
104.756
104.762
104.807
104.857
104.892
104.964
105.023
105.120
105.126
105.172
106.887
107.167
107.255
107.266
107.548
107.637
108.153
108.470
108.478
108.541

0.470442
0.471213
0.471925
0.472081
0.472084
0.472179
0.472508
0.472865
0.473589
0.473749
0.473846
0.474180
0.478648
0.478906
0.480422
0.480684
0.482848
0.484497
0.484693
0.486371
0.489487
0.489579
0.490316
0.490501
0.490891
0.491210
0.491448
0.491542
0.491738
0.491770
0.492018
0.492291
0.492480
0.492877
0.493201
0.493738
0.493771
0.494024
0.503756
0.505395
0.505914
0.505977
0.507647
0.508176
0.511280
0.513211
0.513257
0.513646

219.8
194.1
204.9
108.7
190.6
110.0
161.1
97.0
102.8
95.6
55.1
80.5
15.0
52
8.4
2.8
0.2
0.0
0.1
0.0
0.2
0.1
54
7.8
0.1
2.5
0.1
0.1
0.0
2.7
0.7
2.6
3.6
0.0
1.1
0.0
1.2
0.3
4.3
12.4
39.9
1.8
4.6
14.0
1.4
0.1
0.2
0.8

218.0
193.8
205.5
109.0
191.1
110.2
161.3
97.0
102.8
95.6
552
80.7
14.0
4.8
7.0
24
0.2
0.0
0.1
0.0
0.3
0.1
5.6
8.0
0.1
2.5
0.1
0.1
0.0
2.7
0.8
2.8
4.0
0.1
1.2
0.0
1.4
0.4
3.1
10.2
33.4
1.5
5.1
16.7
1.3
0.1
0.1
0.7

1.8
0.3
-0.6
-0.3
-0.5
-0.3
-0.2
0.0
0.0
-0.1
0.0
-0.2
0.9
0.4
1.4
0.5
0.0
0.0
0.0
0.0
0.0
0.0
-0.3
-0.2
0.0
0.0
0.0
0.0
0.0
0.0
0.0
-0.2
-0.4
0.0
-0.1
0.0
-0.2
-0.1
1.3
23
6.6
0.3
-0.5
-2.7
0.0
0.0
0.0
0.1
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0.948834
0.949295
0.949250
0.948834
0.935398
0.933196
0.935398
0.933196
0.928141
0.927849
0.926817
0.926526
0.928141
0.927849
0.926817
0.926526
0.920884
0.920295
0.920884
0.920295
0.914792
0.913063
0.913010
0.914792
0.913063
0.913010
0.908115
0.907933
0.907343
0.906980
0.906825
0.906001
0.908115
0.907933
0.905695
0.905458
0.907343
0.906980
0.906825
0.906001
0.905695
0.905458
0.901470
0.900209
0.899676
0.901470
0.899048
0.900209

108.548
108.861
108.868
108.939
110.869
111.263
111.277
111.674
112.180
112.234
112.424
112.478
112.599
112.653
112.845
112.899
113.536
113.648
113.965
114.078
114.710
115.049
115.060
115.149
115.491
115.502
116.037
116.074
116.193
116.267
116.298
116.466
116.487
116.525
116.529
116.577
116.645
116.720
116.751
116.921
116.984
117.033
117.403
117.667
117.780
117.865
117.912
118.133

0.513685
0.515615
0.515661
0.516098
0.528467
0.531083
0.531181
0.533853
0.537318
0.537689
0.539007
0.539381
0.540222
0.540601
0.541948
0.542330
0.546875
0.547684
0.549992
0.550819
0.555506
0.558067
0.558146
0.558823
0.561444
0.561525
0.565686
0.565975
0.566914
0.567498
0.567746
0.569079
0.569247
0.569543
0.569578
0.569965
0.570506
0.571104
0.571358
0.572724
0.573236
0.573632
0.576655
0.578841
0.579774
0.580491
0.580883
0.582733

0.0
0.1
0.1
0.0
84.2
62.6
39.7
28.8
16.4
3.6
11.1
2.8
10.4
23
7.3
1.8
0.0
0.4
0.0
0.2
0.1
0.5
0.1
0.2
0.7
0.2
6.5
24
17.1
2.6
20.6
343
3.2
1.2
3.1
10.0
7.6
1.1
8.8
15.1
1.4
4.5
10.5
24.4
0.2
3.8
8.2
7.2

0.0
0.1
0.1
0.0
80.9
63.8
40.6
32.0
19.5
4.1
11.6
2.9
9.8
2.1
5.8
1.4
0.0
0.3
0.0
0.1
0.5
1.2
0.3
0.3
0.6
0.1
5.0
1.8
12.8
2.0
15.4
27.0
2.5
0.9
2.5
8.2
6.5
1.0
7.8
13.6
1.3
4.1
11.2
28.6
0.3
5.6
12.8
14.4

0.0
0.0
0.0
0.0
33
-1.1
-0.9
-3.2
-3.1
-0.5
-0.5
-0.1
0.6
0.2
1.5
0.4
0.0
0.1
0.0
0.0
-0.5
-0.7
-0.2
-0.1
0.1
0.0
1.5
0.6
4.2
0.7
52
7.3
0.7
0.2
0.6
1.7
1.2
0.1
1.1
1.5
0.1
0.4
-0.7
-4.2
-0.1
-1.8
-4.6
-7.2
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0.899676
0.899048
0.893904
0.892751
0.893904
0.892751
0.883236
0.882378
0.881195
0.883236
0.880862
0.880573
0.882378
0.880203
0.879908
0.881195
0.880862
0.880573
0.880203
0.879908
0.875585
0.874511
0.875585
0.874511
0.871148
0.870204
0.871148
0.868715
0.868663
0.868236
0.870204
0.868025
0.868715
0.868663
0.868236
0.868025
0.865277
0.864273
0.863647
0.865277
0.863161
0.862926
0.862841
0.862580
0.864273
0.863647
0.863161
0.862926

118.246
118.380
119.017
119.269
119.495
119.749
121.410
121.609
121.885
121.911
121.963
122.030
122.112
122.118
122.187
122.391
122.470
122.539
122.627
122.697
123.220
123.481
123.741
124.005
124.310
124.545
124.843
124.920
124.933
125.041
125.081
125.095
125.460
125.474
125.583
125.637
125.800
126.060
126.224
126.350
126.351
126.413
126.435
126.504
126.614
126.780
126.909
126.971

0.583691
0.584828
0.590309
0.592511
0.594504
0.596766
0.612056
0.613951
0.616602
0.616861
0.617357
0.618014
0.618812
0.618861
0.619537
0.621541
0.622319
0.622995
0.623868
0.624564
0.629822
0.632485
0.635162
0.637909
0.641113
0.643618
0.646811
0.647648
0.647791
0.648965
0.649398
0.649550
0.653560
0.653709
0.654921
0.655526
0.657340
0.660276
0.662132
0.663578
0.663588
0.664296
0.664552
0.665344
0.666614
0.668535
0.670041
0.670774

0.1
2.2
0.0
0.0
0.0
0.0
43.0
212.1
146.1
223
164.1
38.9
108.9
121.6
120.6
71.9
79.7
18.7
57.5
56.5
13.6
10.4
59
4.7
0.2
0.4
0.1
0.1
0.1
0.0
0.2
0.0
0.0
0.0
0.0
0.0
9.0
0.4
8.2
4.1
0.3
0.5
0.1
2.5
0.1
2.9
0.1
0.2

0.2
6.4
0.1
0.0
0.0
0.0
41.8

204.8
138.3

21.1

155.0

36.8

103.3
115.3
114.8

69.7
78.2
18.6
58.2
57.9
16.5
13.5
8.3
6.8
0.2
0.6
0.1
0.1
0.1
0.0
0.3
0.0
0.1
0.1
0.0
0.0
11.8
0.5
10.7
6.0
0.4
0.7
0.1
4.0
0.2
54
0.2
0.4

-0.1
-4.2
0.0
0.0
0.0
0.0
1.1
7.3
7.8
1.2
9.0
2.1
5.6
6.2
5.8
2.2
1.5
0.1
-0.6
-1.4
-2.9
-3.2
-2.4
-2.1
-0.1
-0.1
0.0
0.0
0.0
0.0
-0.1
0.0
0.0
0.0
0.0
0.0
-2.7
-0.1
-2.4
-1.9
-0.1
-0.2
0.0
-1.6
-0.1
-2.5
-0.1
-0.2
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0.862841
0.862580
0.859504
0.857829
0.859504
0.857049
0.857013
0.857829
0.857049
0.857013
0.853088
0.852937
0.852018
0.851335
0.853088
0.852937
0.852018
0.851335
0.848351
0.848351
0.846056
0.846056
0.837658
0.836250
0.835637
0.837658
0.835069
0.836250
0.835637
0.835069
0.832434
0.830451
0.832434
0.830134
0.829786
0.830451
0.830134
0.829786
0.826654
0.826106
0.826654
0.826106
0.822223
0.821632
0.821429
0.821094
0.820690
0.822223

126.994
127.063
127.324
127.777
127.893
127.991
128.000
128.352
128.569
128.578
129.092
129.135
129.395
129.590
129.685
129.728
129.992
130.189
130.453
131.065
131.132
131.752
133.725
134.178
134.378
134.386
134.564
134.846
135.049
135.238
135.438
136.111
136.127
136.219
136.339
136.812
136.922
137.044
137.436
137.631
138.162
138.361
139.050
139.272
139.348
139.474
139.628
139.808

0.671039
0.671859
0.674945
0.680395
0.681801
0.682994
0.683111
0.687450
0.690145
0.690268
0.696774
0.697321
0.700677
0.703214
0.704449
0.705017
0.708503
0.711140
0.714697
0.723086
0.724018
0.732794
0.762309
0.769470
0.772669
0.772792
0.775672
0.780295
0.783648
0.786796
0.790154
0.801713
0.802002
0.803614
0.805722
0.814159
0.816160
0.818379
0.825591
0.829245
0.839332
0.843190
0.856840
0.861325
0.862880
0.865476
0.868642
0.872402

0.0
1.2
24
2.7
1.5
7.4
4.5
2.0
5.1
3.1
94
0.2
29.8
31.4
4.3
0.1
13.6
14.7
1.6
1.0
2.5
1.2
93.4
193.6
77.3
49.5
271.6
97.4
38.2
133.1
6.5
323
2.9
17.2
5.5
14.9
7.8
24
1.6
0.3
0.8
0.2
6.3
0.1
0.1
2.7
6.2
3.1

0.0
2.0
4.1
4.1
2.1
10.0
6.0
2.1
5.0
3.0
9.2
0.2
30.2
33.9
4.7
0.1
15.3
17.2
1.8
0.9
23
1.2
89.6
178.0
70.7
453
249.4
90.0
35.8
126.1
6.2
34.9
3.1
18.9
6.0
17.6
9.5
3.0
2.2
0.5
1.1
0.2
9.9
0.1
0.2
3.7
8.1
3.8

0.0
-0.9
-1.7
-1.4
-0.6

-2.6
-1.5
-0.1

0.0

0.0

0.2

0.0

-0.4
-2.6
-0.4
0.0
-1.7
-2.5
-0.2

0.1

0.2

0.0

3.8
15.6
6.6
4.2
222
7.4
2.5
7.1
0.3
-2.6
-0.2
-1.7
-0.6
-2.7
-1.7
-0.6
-0.6
-0.1
-0.2
-0.1
-3.6

0.0
-0.1
-1.1
-1.9
-0.7
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[ W —y

552
6 3 1
4 7 1

8 0.820177 139.823 0.872715
8 0.820133 139.840 0.873069
8 0.819797 139.969 0.875774

1.7
0.1
0.1

2.1
0.1
0.2

0.4

0.0
0.0

Kpucranorpadcku napamerpu 3a yraumbeHo jeaumemhe CagoGdyi1MnOs

>Phase no.: 1 CaMnO3
reflections may be lower)
! SPGR: Pnma; CELL:
90.00000

Codeh k 1 Mult
11 4 3.746486
3.737439
3.746486
3.737439
3.349336
3.349336
2.651831
2.646507
2.645961
2.651831
2.646507
2.645961
2.499217
2.499217
2.370915
2.368058
2.370915
2.368058
2.259957
2.257482
2.259957
2.254339
2.257482
2.254339
2.162736
2.159845
2.162736
2.159845
2.074698
2.074698
2.002057
2.000335
2.002057
2.000335
1.873243

— NN = = N = NN = = NN E N =N =N R NN === =N N
N =N~ ONONORONFLNRLFN LR —R,ON R, ON——,O—O
SO NN NN WWNDNODNNDNWEWER == OO0 = NOONOO = =DNODNO
DO PL, N, P P NNONNOO R, NP, PR, NP, NP OO R,INNOOR, NP, PRO O
o000, pbrpr,rppoopbrxoxoxcoopr,rpr,pb,pbpphrpPpoodDNDONDNDOWWOWDNDERIDN

D(A)

462 reflections, N&T:

0 0.00 (The# ofeff.

5.30367 7.47487 5.29301 90.00000 90.00000
2T HW Iobs Icalc io-ic
23.729 0.393091 1149 1116 3.3
23.788 0.393221 853 833 2.0
23.788 0.393222 569 556 14
23.847 0.393353 424 415 09
26.592 0.399897 87.0 89.7 -2.7
26.658 0.400065 448 446 0.2
33.772 0.420738 1250.3 1240.0 10.3
33.842 0.420967 1038.6 1031.2 7.3
33.849 0.420991 4459.7 4428.6 31.0
33.857 0.421017 620.8 6166 4.2
33.928 0.421248 515.6 5128 2.8
33.935 0.421272 2213.9 22022 11.7
35903 0427953 22.7 245 -1.8
35993 0.428271 11.0 122 ~-1.2
37917 0435212 57.3 53.7 3.6
37.965 0.435388 36.0 355 0.5
38.014 0.435569 26.1 26.7 -0.6
38.061 0.435746 16.7 176 -0.9
39.856 0.442594 169 174 -0.5
39.901 0.442772 120.2 1232 -3.0
39.958 0.442992 85 87 -0.2
39.959 0.443000 47.8 487 -0.9
40.003 0.443171 604 612 -0.8
40.061 0.443400 240 242 -0.2
41.729 0.450102 167.1 163.6 3.5
41.788 0.450342 163.7 1613 24
41.836 0.450541 822 814 0.8
41.895 0.450783 80.5 80.2 0.3
43.588 0.457918 464 409 5.5
43,700 0.458401 213 203 1.0
45256 0.465238 837 743 93
45.297 0.465423 287 253 34
45373 0.465763 428 37.0 59
45414 0.465948 148 126 22
48.561 0.480627 1488.8 1503.8 -15.1
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—_— N = = = NN NN = = = = N~ NN NN = === NN = NN RN === DN === =N DN =

O WOMNWMPRLNNWARNDNDWNDNON R, WONPFR WA WA WA RN R,WRARRNWARARDDNN~R,OoONDNDNDNDNDOONDO

N— WP, BRARBBODOPRLRPRPRODODWWEREARPRARNDNNDPERNDNNP, PP, P, BRONPEPOOONODWRFRWWRFRWWRFRWRFRRAROPR

=N W WRNNFE WNODN R WD NDODWARNDNOWRFAE WA WEAE R WNDRFE = WRNFRFNDWARNDWARODNDODNOOD DO

EENNe o PN cle cliv cRie SR SN Mo o cJIF ENEN DS Sl e el SN SNe o B o R NI S e e cliv < Bl o liie oo oo cJiN S Nile o Jile o RN E N S e SN S Ne SIS S Nile olie oI SNo CBE Nl <IN SN Ol \O N SN \O)

1.868719
1.873243
1.868719
1.817053
1.815842
1.817053
1.815842
1.717579
1.717153
1.716492
1.717579
1.717153
1.716492
1.676828
1.674668
1.674134
1.676828
1.672240
1.674668
1.674134
1.672240
1.636165
1.633662
1.636165
1.633662
1.529903
1.527857
1.527541
1.526522
1.529903
1.527857
1.527541
1.526522
1.497288
1.497288
1.470061
1.468925
1.467645
1.466967
1.470061
1.468925
1.467645
1.466967
1.442430
1.441357
1.439897
1.442430
1.438691

48.686
48.687
48.813
50.164
50.200
50.296
50.331
53.291
53.305
53.327
53.432
53.446
53.468
54.693
54.769
54.788
54.838
54.855
54914
54.933
55.001
56.170
56.264
56.320
56.414
60.461
60.551
60.565
60.609
60.625
60.715
60.728
60.773
61.921
62.090
63.199
63.253
63.315
63.348
63.372
63.426
63.488
63.521
64.554
64.608
64.682
64.732
64.743

0.481233
0.481239
0.481849
0.488520
0.488699
0.489178
0.489359
0.504724
0.504801
0.504920
0.505480
0.505557
0.505676
0.512345
0.512767
0.512872
0.513147
0.513244
0.513571
0.513677
0.514051
0.520623
0.521157
0.521476
0.522013
0.546115
0.546670
0.546756
0.547033
0.547130
0.547689
0.547775
0.548054
0.555297
0.556372
0.563550
0.563907
0.564310
0.564525
0.564681
0.565040
0.565446
0.565662
0.572534
0.572896
0.573391
0.573726
0.573800

879.0
749.1
441.7
51.6
38.3
253
18.9
2.8
0.8
15.4
2.0
0.6
10.8
31.7
23.9
53
15.1
13.5
11.3
2.5
6.2
73.4
10.5
37.5
5.5
797.3
988.5
431.9
402.4
394.3
489.5
213.9
199.2
8.9
4.4
1.2
10.4
5.8
4.1
0.7
5.5
3.1
2.2
10.3
0.6
2.1
4.8
5.5

877.3
747.5
436.1
48.4
36.1
24.0
17.9
5.0
1.4
25.2
2.5
0.7
12.5
24.1
18.6
4.2
12.0
10.8
9.2
2.1
54
85.7
12.1
42.6
6.0
797.8
992.4
433.8
404.6
396.6
493.3
215.6
201.1
8.4
4.2
0.9
7.4
4.0
2.8
0.4
3.7
2.0
1.4
8.8
0.5
1.9
4.4
4.9

1.7
1.5
5.5
3.3
2.2
1.3
0.9
2.2
-0.6
-9.8
-0.5
-0.1
-1.8
7.6
53
1.2
3.2
2.8
2.1
0.4
0.9
-12.3
-1.6
-5.1
-0.5
-0.5
-3.9
-1.9
2.2
-2.3
-3.8
-1.8
-1.9
0.6
0.3
0.4
3.0
1.8
1.3
0.2
1.8
1.1
0.8
1.5
0.1
0.2
0.5
0.6
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2 2 1 3 8 1.441357
2 0 3 3 41439897
2 051 4 1.438691
1 331 81391135
I 1 3 3 8 1.389596
1 151 81388512
2 33 1 81391135
2 1 3 3 8 1389596
2 1 51 8 1.388512
1 3 22 81368039
1 22 3 81367124
2 3 22 81368039
2 22 3 81367124
1 400 21325916
1 0 0 4 2 1.323254
1 2 4 2 8 1322981
240 0 21325916
2 0 0 4 21.323254
2 2 4 2 8 1322981
1 41 0 4 1.305536
241 0 41305536
1 25 0 4 1.302287
2250 41302287
1 4 01 4 1.286175
1 104 4 1.28389%
2401 4 1.286175
21 0 4 4 1.28389%
1 4 1 1 8 1.267548
1 3 3 2 81266118
1 2 3 3 8 1.265392
I 114 8 1.265366
1 251 8 1.264574
2411 81267548
I 15 2 8 1.264140
2 3 32 81266118
2 2 3 3 8 1.265392
2 1 1 4 8 1.265366
2 25 1 8 1.264574
2 1 5 2 8 1.264140
1 4 20 4 1.249609
1 303 4 1248829
1 3 4 1 8 1.248042
1 0 2 4 4 1.247379
1 1 4 3 8 1.246930
2 42 0 4 1.249609
1 0 6 0 2 1.245813
2 3 0 3 41248829
2 3 4 1 8 1.248042

64.786 0.574091
64.859 0.574589
64.920 0.575001
67.243 0.591072
67.328 0.591670
67.387 0.592092
67.430 0.592395
67.515 0.592997
67.574 0.593422
68.535 0.600322
68.587 0.600702
68.726 0.601712
68.778 0.602094
71.034 0.618893
71.198 0.620148
71.215 0.620277
71.234 0.620420
71.399 0.621685
71.416 0.621815
72.316 0.628771

72.521
72.525
72.730
73.581
73.733
73.791

0.630374
0.630406
0.632021
0.638768
0.639986
0.640449

73.944 0.641677
74.846 0.649003
74.945 0.649816
74.995 0.650230
74.997 0.650244
75.052 0.650697
75.061 0.650766
75.082 0.650946
75.160 0.651585
75.211 0.652003
75.212 0.652017
75.268 0.652474
75.298 0.652725
76.110 0.659490
76.166 0.659960
76.223 0.660437
76.270 0.660839
76.303 0.661112
76.330 0.661339
76.383 0.661793
76.386 0.661813
76.443 0.662293

0.3
1.1
2.9
30.3
0.6
1.8
13.7
0.3
0.8
0.4
0.4
0.3
0.3
144.1
156.1
674.8
70.2
75.8
327.7
19.9
9.9
1.3
0.6
4.0
2.1
2.1
1.3
0.0
8.4
0.4
14.7
3.1
0.0
7.7
3.9
0.2
6.9
1.5
3.7
1.6
0.2
11.7
4.8
1.8
0.9
0.1
0.1
6.5

0.2
0.9
24
38.8
0.8
2.5
19.3
0.4
1.2
0.6
0.6
0.3
0.3
138.2
152.1
659.0
68.7
75.7
327.7
21.4
10.6
1.4
0.7
7.3
3.6
3.6
1.8
0.0
7.8
0.3
14.0
3.0
0.0
7.6
3.9
0.2
6.9
1.5
3.8
1.2
0.1
8.4
33
1.3
0.6
0.1
0.1
4.2

0.0
0.2
0.5
-8.5
-0.2
-0.7
-5.5
-0.1
-0.4
-0.2
-0.2
0.0
0.0
5.9
3.9
15.9
1.5
0.2
0.0
-1.4
-0.8
-0.1
-0.1
-3.3
-1.6
-1.5
-0.5
0.0
0.7
0.0
0.8
0.1
0.0
0.1
0.0
0.0
-0.1
0.0
-0.1
0.4
0.0
33
1.4
0.6
0.3
0.0
0.0
23
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1.247379
1.246930
1.245813
1.231756
1.231756
1.216175
1.214248
1.216175
1.214248
1.185458
1.184456
1.184029
1.185458
1.182167
1.184456
1.184029
1.182167
1.170825
1.170501
1.169449
1.168480
1.170825
1.170501
1.169449
1.168480
1.155401
1.154849
1.155401
1.154849
1.142889
1.141289
1.140582
1.142889
1.141289
1.140582
1.129978
1.128741
1.127580
1.129978
1.127170
1.128741
1.127580
1.127170
1.116445
1.115883
1.115088
1.116445
1.115883

(NI NS T NS 2 (O I NS T (O R NS B NS T NS I O O R i S I \O T O I (O I WO T O O R O R e S B NS Rl NS R \O T O I \S)
W W= WWONDNDNOOPRARNDNNPRPOO—~,PRPROO—=PRPRDWNDWNODNDRERPRODNNMNPREAER—,NODWRLRNDNWRARRL,R~,DNWWOO—~O
NWUNUUNUWLWDATAND AN ANDNDUNWUWUANWWERERDEDRERNOVNF WA OUNFRFW~ARAODNOADODODNDODNNDNDNDN~R,~,O AN
— W W WNNOPRNDNNOPRNONDNWEAR,WERRLWNWNODNDPREAROOONND RPN, PRUWRRNDPRERWNDRERR,PRAR—=,WWOO WS
00 00 0 0 OO0 N N OO N OO N OO OO N OO OO N OO0 0O OO OO0 CO OO OO0 OO0 N OO0 INOCOOCO PN OO0 RN NOO PN OCOOCOOOO O N o N

76.491
76.523
76.604
77.416
77.641
78.597
78.746
78.827
78.977
81.049
81.132
81.167
81.289
81.322
81.372
81.408
81.563
82.279
82.307
82.397
82.480
82.524
82.552
82.643
82.726
83.622
83.671
83.873
83.923
84.749
84.896
84.961
85.005
85.153
85.218
85.950
86.067
86.177
86.211
86.216
86.329
86.440
86.479
87.251
87.306
87.384
87.518
87.574

0.662699
0.662974
0.663661
0.670598
0.672540
0.680895
0.682210
0.682925
0.684251
0.703047
0.703814
0.704142
0.705273
0.705580
0.706048
0.706378
0.707829
0.714572
0.714835
0.715692
0.716483
0.716904
0.717170
0.718034
0.718833
0.727490
0.727968
0.729944
0.730426
0.738604
0.740068
0.740719
0.741165
0.742644
0.743300
0.750724
0.751922
0.753053
0.753405
0.753454
0.754615
0.755757
0.756162
0.764205
0.764784
0.765604
0.767023
0.767608

2.6
1.0
0.0
21.2
9.7
4.4
3.4
2.0
1.6
143.0
259.6
135.0
71.6
304.0
130.5
68.0
154.0
26.3
8.9
8.7
16.0
14.3
4.8
4.7
8.5
0.5
3.1
0.2
1.5
0.1
11.6
0.3
0.0
5.8
0.1
0.7
0.1
0.8
0.4
1.0
0.1
0.5
0.6
16.1
17.0
4.2
7.1
7.2

1.6
0.6
0.0
19.9
9.9
3.4
2.8
1.7
1.4
146.0
264.9
137.7
72.7
308.1
131.9
68.5
153.4
23.2
7.8
7.4
13.2
11.6
3.9
3.7
6.6
0.4
2.6
0.2
1.3
0.0
10.6
0.2
0.0
53
0.1
1.0
0.1
1.1
0.5
1.3
0.1
0.6
0.6
17.3
18.6
4.7
8.6
9.2

0.9
0.4
0.0
1.3
-0.2
0.9
0.6
0.3
0.2
-3.0
-5.3
-2.6
-1.1
-4.1
-1.4
-0.6
0.6
3.1
1.1
1.3
2.8
2.7
0.9
1.0
2.0
0.1
0.5
0.0
0.2
0.0
1.0
0.0
0.0
0.5
0.0
-0.3
0.0
-0.3
-0.1
-0.3
0.0
0.0
0.0
-1.2
-1.6
-0.5
-1.6
-2.0
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[l NI NS NS T O NSRS B NS i NS T NS I NS I \S B NS Rl NS R e ST NS I NS B (S R O T NS Rl AR S B e B SRl N

AP, U0, AN, WD, LLUNOODNDODWWOOPRNDNODWWEARLRWRARRERL,WEAEARRNDMAEAENDPESDPRODPREA—~,ND—~DNDR—

NI — = OO, OPRRDOoONWUNMF NEFEF J—NFHF AN RNOPRROPRRODPRPRODWLWWLWWWLWPREARRAMARRARPMNOODODOO O

Wm,k N, , AR NUNWNR—,AWAFR—,WANRER L, WWANDERWERER—~,WRAR—,WRANRANMNAORAON—~ N~ W

o oliv e clie clle oo clie clie oM "NINo e Jie oI SN SNio ( JIN SN S0 Sl "SI0 O e SN "o Cle <IN SNNe O le oo e Jie e JEN SNINe N SN0 SN “ N0 C N S Ne O le < Jie e Be OIS SN SN SN S SR e e Bie oo o lie o)

1.115088
1.102833
1.102545
1.102833
1.102545
1.081368
1.079923
1.081368
1.079923
1.070475
1.069422
1.070475
1.069422
1.059964
1.059483
1.059368
1.058208
1.059964
1.059483
1.059368
1.058208
1.049465
1.048887
1.048188
1.048144
1.047776
1.049465
1.046750
1.048887
1.048188
1.048144
1.047776
1.046750
1.040053
1.038314
1.038126
1.040053
1.037349
1.038314
1.038126
1.037349
1.030130
1.028256
1.030130
1.026940
1.028256
1.026940
1.019747

87.652
88.606
88.636
88.880
88.910
90.848
91.004
91.133
91.289
92.038
92.155
92.329
92.446
93.222
93.277
93.290
93.423
93.519
93.574
93.587
93.721
94.441
94.509
94.592
94.597
94.641
94.745
94.763
94.813
94.896
94.902
94.946
95.068
95.568
95.780
95.803
95.877
95.898
96.090
96.113
96.209
96.792
97.027
97.108
97.193
97.345
97.512
98.114

0.768437
0.778648
0.778964
0.781618
0.781937
0.803454
0.805222
0.806693
0.808481
0.817112
0.818473
0.820507
0.821883
0.831057
0.831715
0.831873
0.833466
0.834614
0.835279
0.835439
0.837051
0.845810
0.846649
0.847665
0.847729
0.848267
0.849544
0.849769
0.850392
0.851422
0.851486
0.852030
0.853551
0.859800
0.862469
0.862760
0.863706
0.863962
0.866408
0.866703
0.867920
0.875406
0.878457
0.879510
0.880621
0.882600
0.884793
0.892767

1.7
0.6
0.2
0.3
0.1
131.4
145.2
64.5
70.5
23.5
6.5
11.0
3.1
0.0
2.2
0.0
1.1
0.0
1.1
0.0
0.6
0.2
5.6
0.9
1.7
1.7
0.1
0.9
3.2
0.5
1.0
1.0
0.5
3.5
0.3
0.3
1.8
0.5
0.2
0.2
0.2
33.5
0.8
16.5
24
0.4
1.2
4.4

24
0.8
0.3
0.4
0.1
121.1
135.0
60.4
67.4
26.7
7.6
13.3
3.8
0.0
2.9
0.0
1.5
0.0
1.5
0.0
0.7
0.2
6.1
0.9
1.8
1.7
0.1
0.8
3.0
0.5
0.9
0.9
0.4
2.9
0.2
0.3
1.5
0.4
0.1
0.1
0.2
32.6
0.8
16.3
24
0.4
1.2
4.6

-0.7
-0.2
-0.1
-0.1
-0.1
10.4
10.2
4.1
3.2
-3.2
-1.1
-2.4
-0.7
0.0
-0.8
0.0
-0.4
0.0
-0.3
0.0
-0.2
0.0
-0.4
0.0
-0.1
-0.1
0.0
0.0
0.2
0.1
0.1
0.1
0.1
0.6
0.1
0.1
0.4
0.1
0.0
0.0
0.0
0.9
0.0
0.2
0.0
0.0
0.0
-0.2
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— N NN/ = = NN NN DD O = =N NN =N NN =N === —NDN—

N — WWNFEWUNFINDRPONWERERRRLPNDUVMUFRONWEREROUONDUVNDUNNDEARNDPRER, WL, R, ONVOWND~BBOVEWRW

DWW LWWULMLWLW I JUNW~ALLWULLII—,UNWFWLWUNMWROOOOOOODODJTWUMJUAOORDPEAAANDARNDPRERDDNDDNDDND

NN W — DNW LN ~R,BRROUWUMPE L, WNDNRLFNNDNPRONOOANDRRL,WQWNOUNNDUNNODOODODODODW R, PR WUVMNDNWRFARF~RDNOND — BN WS

0 OO0 CO 0 OO OO XNV PR NVVDVXVOVXOXOPR,XXOXOPR,PR,PEPR,PRE,PRE, D PDROCOOCODODOGC KOO OO L OO OO O O O

1.019216
1.019747
1.019216
1.001980
1.001028
1.000256
1.000168
1.000020
1.001980
0.999448
1.001028
1.000256
1.000168
1.000020
0.999448
0.991974
0.990546
0.991974
0.990546
0.984592
0.983160
0.984592
0.983160
0.976160
0.975374
0.974999
0.974909
0.974765
0.974313
0.974005
0.976160
0.973643
0.973445
0.975374
0.974999
0.974909
0.974765
0.974313
0.974005
0.973643
0.973445
0.959792
0.958425
0.958277
0.959792
0.958425
0.958277
0.952108

98.183 0.893685
98.438 0.897099
98.507 0.898029
100.485 0.925257
100.616 0.927107
100.723 0.928617
100.735 0.928790
100.755 0.929079
100.823 0.930035
100.835 0.930205
100.954 0.931912
101.062 0.933443
101.074 0.933619
101.095 0.933912
101.174 0.935054
101.885 0.945320
102.088 0.948298
102.231 0.950389
102.436 0.953410
102.950 0.961046
103.159 0.964194
103.302 0.966349
103.514 0.969544
104.201 0.980069
104.320 0.981904
104.377 0.982783
104.391 0.982994
104.412 0.983333
104.481 0.984399
104.528 0.985125
104.562 0.985665
104.583 0.985982
104.613 0.986452
104.682 0.987529
104.739 0.988422
104.753 0.988636
104.775 0.988981
104.844 0.990063
104.891 0.990801
104.946 0.991671
104.977 0.992149
106.748 1.020671
106.969 1.024308
106.992 1.024705
107.126 1.026928
107.348 1.030626
107.372 1.031030
108.002 1.041654

1.4
2.1
0.7
136.8
175.9
202.8
177.5
180.0
68.1
209.2
87.6
101.0
88.4
89.6
103.8
12.1
4.1
6.2
2.1
0.1
0.1
0.1
0.0
1.2
0.4
0.1
2.7
2.5
1.1
3.9
0.6
1.0
1.3
0.2
0.0
1.3
1.2
0.5
1.9
0.5
0.6
30.7
8.8
23
13.5
3.8
1.0
0.1

1.4

23

0.7
135.2
174.2
201.2
176.2
178.7
67.6
207.8
87.1
100.7
88.1
89.4
104.0
12.5
4.2
6.2
2.1
0.1
0.1
0.0
0.0
1.2
0.4
0.1
2.7
2.6
1.2
4.0
0.6
1.1
1.3
0.2
0.0
1.4
1.3
0.6
2.0
0.5
0.7
28.1
8.7
23
14.1
4.3
1.1
0.1

-0.1
-0.2
-0.1
1.6
1.7
1.6
1.4
1.4
0.5
1.4
0.5
0.3
0.2
0.2
-0.1
-0.3
-0.1
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
-0.1
0.0
0.0
-0.1
0.0
0.0
-0.1
-0.1
0.0
-0.1
0.0
0.0
2.6
0.2
0.0
-0.6
-0.6
-0.2
0.0
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— = = NN DD NN O /=N == = DD NN /= = = NN = NN === NN == DN /== -

W WUNrFE O~ P WPROUFWVMO~,PRWPROUNMUUODND NN UNWERWERNDNODPEPRNDNDPEPROODPRDPRNDWDND OVDND WDN

N, 0O AN PR, ANV PLAPOCOOAANPRLP NNV PRAP O NAWULWAWWLWERERPREPR,RPREIJUVUNFL, JUNNUNEF OO DIDDND

— N WL RN, P, WERAROVOWUVPE—L,LWWLWOUNNDWLWNNODPEWERWNDDERNDPENDPRENDPREOOPRO PR WD VD WD WD

V00RO, PO, RO, PO PR COOO PR COOCOOCOOCOOCO OO OO OO OO0 OO0 ONIRDNPSOCOOCOCOCK O O

0.950813
0.950426
0.950118
0.952108
0.950813
0.950426
0.950118
0.936621
0.934360
0.936621
0.934360
0.929354
0.928868
0.928180
0.927695
0.929354
0.928868
0.928180
0.927695
0.921976
0.921583
0.921976
0.921583
0.915691
0.914539
0.913548
0.915691
0.914539
0.913548
0.909086
0.908783
0.908527
0.908227
0.907921
0.907496
0.907065
0.909086
0.906591
0.908783
0.908527
0.908227
0.907921
0.907496
0.907065
0.906591
0.902437
0.901596
0.900708

108.217
108.281
108.333
108.389
108.605
108.670
108.722
110.652
111.054
111.059
111.464
111.958
112.047
112.173
112.262
112.375
112.464
112.592
112.681
113.329
113.403
113.756
113.831
114.534
114.759
114.954
114.972
115.199
115.395
115.841
115.902
115.954
116.014
116.076
116.162
116.250
116.290
116.346
116.352
116.404
116.465
116.527
116.614
116.702
116.799
117.201
117.376
117.562

1.045325
1.046430
1.047309
1.048271
1.052006
1.053131
1.054026
1.088389
1.095775
1.095857
1.103384
1.112692
1.114380
1.116779
1.118479
1.120631
1.122351
1.124798
1.126532
1.139170
1.140633
1.147642
1.149135
1.163326
1.167928
1.171930
1.172306
1.177007
1.181095
1.190492
1.191788
1.192883
1.194171
1.195489
1.197329
1.199203
1.200066
1.201275
1.201391
1.202512
1.203829
1.205176
1.207058
1.208974
1.211092
1.219908
1.223788
1.227925

0.9
0.0
0.0
0.0
0.5
0.0
0.0
76.8
57.2
40.6
293
18.9
11.8
3.7
2.7
9.9
6.3
2.0
1.5
0.1
0.1
0.1
0.1
0.6
3.9
1.4
0.3
2.1
0.8
4.5
52
3.1
1.1
0.5
0.4
0.2
2.2
0.1
2.5
1.5
0.5
0.2
0.2
0.1
0.1
22.1
8.0
8.6

1.1
0.0
0.0
0.1
0.5
0.0
0.0
76.2
54.0
38.2
27.1
17.8
11.1
3.5
24
8.9
5.6
1.7
1.2
0.1
0.1
0.1
0.0
0.5
3.3
1.2
0.2
1.7
0.6
3.5
4.2
2.5
0.9
0.4
0.4
0.1
1.8
0.1
2.1
1.3
0.5
0.2
0.2
0.1
0.1
24.3
9.2
10.4

-0.2
0.0
0.0
0.0

-0.1
0.0
0.0

0.6
33
24
2.2
1.1
0.7
0.3
0.2
1.0
0.7
0.3
0.3
0.0
0.0
0.0
0.0
0.1
0.6
0.2
0.0
0.4
0.2
0.9
1.1
0.6
0.2
0.1
0.1
0.0
0.4
0.0
0.4
0.2
0.1
0.0
0.0
0.0
0.0
-2.2

-1.2

-1.7
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DN — N = = = = = = NN NN = = N === = NN = = NN NN RN =N =N == NN DN DN —

AN ODWWLWRLPREAARPNDNDFP AN, UV, PRPAIODNNLWIODUWLODUNINDNANWODWLWUNNA—~ R~ B~ WWun—

N — N-JWN— N— 00RO,V PLPDODPRPRIDWE WL OOADNNDNONODODADNVDNNODAADN NI~ =

W W~ NN PR, WRL DR, AN, P, O, RO ROV ODWLAANNDWOODWLWANUNWOODPRPERBR—WRFRWLVWW

000K OOV PR, PR, PRONOCOPRLOPRERDNDOODNOCOOCNDNOCOOCOCOCO OO O O

0.900290
0.902437
0.901596
0.900708
0.900290
0.894852
0.894083
0.894852
0.894083
0.883944
0.883331
0.882542
0.882169
0.881987
0.883944
0.881257
0.883331
0.881061
0.882542
0.882169
0.881987
0.881257
0.881061
0.877827
0.876724
0.877827
0.876724
0.871869
0.871081
0.870213
0.870089
0.871869
0.869291
0.869150
0.871081
0.870213
0.870089
0.869291
0.869150
0.865998
0.864678
0.864376
0.864354
0.863962
0.863938
0.865998
0.863732
0.864678

117.650
117.662
117.839
118.026
118.115
118.811
118.978
119.287
119.455
121.246
121.388
121.571
121.657
121.700
121.747
121.870
121.889
121.916
122.074
122.162
122.204
122.377
122.423
122.681
122.945
123.196
123.463
124.130
124.326
124.543
124.574
124.662
124.775
124.810
124.860
125.079
125.110
125.313
125.349
125.614
125.955
126.034
126.039
126.141
126.148
126.162
126.202
126.508

1.229889
1.230156
1.234127
1.238361
1.240372
1.256341
1.260221
1.267466
1.271442
1.315087
1.318642
1.323257
1.325459
1.326537
1.327731
1.330887
1.331382
1.332062
1.336123
1.338385
1.339493
1.343963
1.345170
1.351920
1.358903
1.365586
1.372768
1.390985
1.396418
1.402465
1.403342
1.405793
1.408987
1.409992
1.411390
1.417621
1.418525
1.424343
1.425379
1.433031
1.443031
1.445347
1.445514
1.448534
1.448723
1.449140
1.450323
1.459460

0.3
10.0
3.7
4.1
0.1
0.0
0.0
0.0
0.0
333
148.3
193.0
41.7
162.5
17.5
96.7
77.2
98.2
99.2
21.3
82.8
48.7
49.4
14.7
15.2
7.3
7.7
0.1
0.3
0.2
0.3
0.0
0.0
0.0
0.1
0.1
0.2
0.0
0.0
0.0
0.4
8.2
6.3
23
2.6
0.0
0.2
0.2

0.3
12.2
4.6
52
0.2
0.1
0.1
0.0
0.0
333
145.9
186.6
40.1
155.7
16.7
91.8
73.3
93.2
93.8
20.2
78.2
46.1
46.8
14.0
14.6
7.0
7.3
0.1
0.2
0.1
0.3
0.0
0.0
0.0
0.1
0.1
0.1
0.0
0.0
0.0
0.3
6.6
5.1
1.8
2.1
0.0
0.1
0.1

-0.1
-2.2
-0.9
-1.2
0.0
0.0
0.0
0.0
0.0
0.0
24
6.4
1.6
6.8
0.8
4.8
3.9
5.0
54
1.2
4.5
2.6
2.5
0.7
0.6
0.3
0.4
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.1
1.6
1.2
0.4
0.5
0.0
0.0
0.0
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(el VS 2 NS I NS I NS RSN NS I (O I \O I \G I \ O]
NN AANDPEREAADNDOWW—
LN WANDIIDDAAIDAND NN~
— W A AN PRI NDDDW LMD RN

0.864376
0.864354
0.863962
0.863938
0.863732
0.860212
0.858790
0.858576
0.858246
0.860212
0.858790
0.858576
0.858246
0.854018
0.853766

0 000 KOO KOOSO PSOCPDOOWOKWOX®

126.587
126.593
126.696
126.703
126.757
127.133
127.517
127.574
127.664
127.700
128.088
128.147
128.238
128.831
128.901

1.461851
1.462024
1.465142
1.465337
1.466989
1.478470
1.490324
1.492126
1.494930
1.496071
1.508328
1.510193
1.513094
1.532285
1.534598

3.8
3.0
1.1
1.2
0.1
4.1
0.9
0.1
0.1
2.0
0.4
0.1
0.1
19.9
20.7

3.2
2.5
0.9
1.0
0.1
3.3
0.7
0.1
0.1
1.6
0.3
0.0
0.1
14.9
15.6

0.6
0.5
0.2
0.2
0.0
0.8
0.2
0.0
0.0
0.4
0.1
0.0
0.0
5.0
5.1

Kpucranorpadcku napamerpu 3a yraumbeHo jequmbene CaggsGdy,sMnO;

>Phase no.:

1 CaMnO3

reflections may be lower)
! SPGR: Pnma; CELL:

90.00000

Codeh k 1 Mult

I 1

— N = = NN = =N = NN =N =N =N =N
O RN RN NONNNN—R,O—RNONF,—OO —
W= = = OO =P NONODODO = ~MNDNOO
— =N =R, D, OO~ NN, ONO—,— OO~

D(A)
4 3.754013
3.754013
3.739782
3.739782
3.355134
3.355134
2.657702
2.651285
2.657702
2.649442
2.651285
2.649442
2.504306
2.504306
2.375970
2.372526
2.375970
2.372526
2.264463
2.261482
2.264463
2.256234

OO, PR, PR, RONONNDDNOONDN A

504 reflections, N&T:

5.31541

2T
23.681
23.740
23.772
23.832
26.545
26.611
33.695
33.779
33.780
33.804
33.865
33.889
35.827
35918
37.834
37.891
37.930
37.987
39.773
39.828
39.875
39.924

HW
0.343571
0.343725
0.343811
0.343967
0.351587
0.351784
0.375964
0.376287
0.376290
0.376380
0.376614
0.376708
0.384404
0.384774
0.392829
0.393075
0.393244
0.393492
0.401413
0.401661
0.401873
0.402100

7.47956

Tobs

84.1
43.4
75.5
38.8
146.3
76.0
1256.1
1146.9
620.5
4788.1
566.3
2364.8
71.4
36.4
31.5
30.4
15.8
15.1
10.2
138.9
5.0
24.8

0 0.00 (The# ofeff.

Icalc 1o-ic
88.5 -44
44.1 -0.7
752 03
374 13
129.1 17.2
642 11.8
1237.7 18.4
1137.5 94
6155 5.0
47584 29.7
565.7 0.7
2366.3 -1.6
663 5.1
330 34
382 -6.6
36.7 -6.3
19.0 -3.2
182 -3.1
9.1 1.1
1244 14.5
45 0.5
225 23

5.30257 90.00000 90.00000
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2.261482
2.256234
2.166373
2.162894
2.166373
2.162894
2.076877
2.076877
2.005459
2.003387
2.005459
2.003387
1.877007
1.877007
1.869891
1.869891
1.820556
1.818330
1.820556
1.818330
1.720146
1.720011
1.718704
1.720146
1.720011
1.718704
1.680471
1.677567
1.677225
1.680471
1.673748
1.677567
1.677225
1.673748
1.639598
1.636582
1.639598
1.636582
1.532831
1.530365
1.529302
1.532831
1.528076
1.530365
1.529302
1.528076
1.499548
1.499548

(NI NS I NS T NS I | R VO B NS I CO T O O Bl NS Il NS NS I WO T NS T O R e\ S NS T (O O I NS RN NS NS R T NS I \S)
NN O, OWN W WHFR WA LN~ WARRNWAARIRNNORINONNDNDNOODNNDAA, IR N—R, L, ONONO—
W W EAPRANODNPEPRNDNPRNODNER = = = RO NPERODONO W W WWM W W ARAMOONDNDNDNWWNDNDNDNW—
NN OWN R, OWMFR WFR WE = WRNR)FRWNFRRNR,WNR,WODNODNODODNNDNDNDR,NDR= = ~)NDONDOD ~DN
[0l Jio NN NN NI o" I "o N "I o oIl s Bl o_c o< Jilo_Bio o lilo o JIN “Nio"< B o N "N "Il o o I NI 0" < 0" N "o ol o o I NN "o I "o o T N Tl N T S NN o” Bl e Jio o i o s Bio~ < Jio” BN "N AN AN NG S o7)

39.930
40.026
41.656
41.726
41.762
41.833
43.540
43.652
45.175
45.224
45.291
45.341
48.457
48.583
48.653
48.780
50.061
50.127
50.192
50.258
53.205
53.210
53.253
53.346
53.350
53.394
54.564
54.666
54.679
54.709
54.802
54.811
54.824
54.947
56.042
56.155
56.192
56.304
60.334
60.441
60.488
60.497
60.541
60.605
60.651
60.705
61.818
61.986

0.402123
0.402564
0.410155
0.410488
0.410662
0.410997
0.419309
0.419866
0.427575
0.427829
0.428177
0.428432
0.445092
0.445790
0.446178
0.446882
0.454100
0.454474
0.454848
0.455224
0.472616
0.472643
0.472908
0.473470
0.473497
0.473764
0.480976
0.481615
0.481690
0.481879
0.482460
0.482522
0.482597
0.483372
0.490319
0.491040
0.491277
0.492002
0.518941
0.519686
0.520009
0.520073
0.520382
0.520823
0.521148
0.521523
0.529371
0.530569

68.0
12.1
191.3
183.4
93.8
89.7
69.5
33.8
534
35.5
30.7
20.6
1546.4
786.7
952.5
483.6
75.3
46.2
36.3
22.0
0.2
2.7
21.8
0.1
1.3
10.2
24.6
19.4
2.5
13.6
5.6
10.8
1.4
3.0
123.6
16.4
60.0
7.9
825.7
1037.1
428.9
407.2
424.4
513.1
212.0
209.3
21.7
11.2

61.9
11.2
197.4
190.9
98.1
94.9
47.9
23.8
58.3
36.4
29.0
18.1
1587.5
789.1
943.3
468.9
71.8
44.7
35.7
22.2
0.3
3.5
28.6
0.1
1.8
14.2
22.0
16.1
2.0
10.9
4.2
8.0
1.0
2.1
119.3
16.1
59.3
8.0
823.5
1040.7
430.9
409.3
427.0
517.3
214.2
2123
23.1
11.5

6.2
0.9
-6.1
-7.5
-4.3
-5.2
21.5
9.9
-4.9
-1.0
1.7
2.5
-41.1
-2.4
9.2
14.7
3.6
1.6
0.6
-0.2

-0.1
-0.8

-6.8
0.0

-0.5

-4.1
2.6
33

0.4
2.7
1.4
2.8
0.4
0.9
4.4
0.3
0.7

-0.1

2.2
-3.6
-2.1
-2.1
-2.7
-4.2
2.2
-2.9
-1.3
-0.2

142




Jloxmopcka Oucepmauuia

Munena Pocuhi

1.473130
1.471761
1.473130
1.469411
1.468595
1.471761
1.469411
1.468595
1.445363
1.444070
1.441929
1.445363
1.444070
1.439718
1.441929
1.439718
1.393486
1.391633
1.393486
1.389646
1.391633
1.389646
1.370627
1.369524
1.370627
1.369524
1.328851
1.325643
1.328851
1.324721
1.325643
1.324721
1.308363
1.308363
1.303601
1.303601
1.288991
1.286245
1.288991
1.286245
1.270266
1.268283
1.267637
1.267409
1.270266
1.265907
1.265385
1.268283

N — = N === = DN = = N =N~ NN RN PR = NN ERE =N ERE N R = NN R NN == NN =N -
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o olv e clie clle oo clie clie oM ENIN SN G E QN SN S I S SN e oI \S Be ol \O I \O I \O e Bie e Jie ol oo cJie e Be oo <o e Bie o QN SN SN SNIe Ol e <IN SN0 e e lie e Bl I "NIe  Jlo G IR ENN PN >N

63.052
63.118
63.224
63.230
63.269
63.290
63.403
63.442
64.408
64.472
64.579
64.584
64.649
64.691
64.757
64.868
67.115
67.216
67.301
67.325
67.402
67.512
68.387
68.450
68.578
68.641
70.853
71.050
71.053
71.107
71.251
71.308
72.135
72.339
72.440
72.645
73.394
73.577
73.603
73.786
74.658
74.795
74.840
74.855
74.872
74.959
74.996
75.009

0.538261
0.538738
0.539517
0.539560
0.539846
0.539996
0.540823
0.541112
0.548252
0.548735
0.549538
0.549573
0.550059
0.550371
0.550867
0.551705
0.568947
0.569741
0.570407
0.570596
0.571206
0.572067
0.579024
0.579526
0.580553
0.581059
0.599214
0.600869
0.600887
0.601347
0.602555
0.603036
0.610064
0.611817
0.612684
0.614457
0.620971
0.622572
0.622806
0.624419
0.632171
0.633398
0.633799
0.633941
0.634092
0.634878
0.635204
0.635329

3.7
8.9
2.1
5.4
5.2
4.8
2.7
2.6
13.3
2.0
3.1
6.4
1.0
3.9
1.5
1.9
49.5
2.2
19.4
3.2
0.9
1.3
0.1
0.1
0.1
0.0
152.4
167.4
73.5
722.0
80.7
347.9
27.3
12.6
4.2
2.1
3.6
2.5
1.7
1.3
0.0
4.9
12.6
0.2
0.0
0.8
53
2.5

2.7
6.1
1.3
3.4
33
3.0
1.7
1.6
9.6
1.5
23
4.8
0.7
3.1
1.2
1.5
57.1
3.0
28.4
4.9
1.5
24
0.3
0.1
0.2
0.1
143.7
162.6
71.4
707.6
80.9
351.9
344
17.1
5.7
2.8
6.2
4.6
3.1
23
0.0
6.9
17.7
0.3
0.0
1.2
7.4
3.4

1.1
2.9
0.7
1.9
1.9
1.8
1.0
0.9
3.6
0.5
0.8
1.6
0.2
0.9
0.3
0.4
-7.6
-0.7
9.1
-1.6
-0.6
-1.2
-0.2
-0.1
0.0
0.0
8.7
4.8
2.1
14.4
-0.2
-4.0
-7.1
-4.5
-1.5
-0.7
-2.6
-2.1
-1.4
-1.0
0.0
-2.0
-5.2
-0.1
0.0
-0.3
-2.0
-0.9
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W h WL BRAR L, WNDWNODNDDPRERODODNDN PPN, P, RWLWNODPRERLWNODPREARP, R, ULWWOWLWROOR,WWOR~,WOND—WR

ENe SN SNe Cle oo Jie e Jie olie oo cJie o Jiv o JiN SN e Bie o lie oIS SNINe o le oo cJIN SNENe SN SN SN0 O "o s Jle cIe o lie <lie e Bie oI \© Jio N SNIN \O Jio o I SNENe SN SN SN0 N PN SNLe SIe o le <l e)

1.267637
1.267409
1.265907
1.265385
1.252153
1.251338
1.249892
1.249467
1.252153
1.248554
1.251338
1.249892
1.246594
1.249467
1.248554
1.246594
1.234185
1.234185
1.218637
1.216315
1.218637
1.216315
1.187985
1.186671
1.186263
1.187985
1.186671
1.186263
1.183071
1.183071
1.173278
1.172682
1.171619
1.173278
1.169840
1.172682
1.171619
1.169840
1.157167
1.156503
1.157167
1.156503
1.145015
1.143089
1.145015
1.141859
1.143089
1.141859

75.054
75.070
75.175
75.211
75.928
75.986
76.090
76.120
76.147
76.186
76.205
76.309
76.327
76.340
76.406
76.548
77.235
77.459
78.408
78.587
78.637
78.816
80.841
80.949
80.983
81.080
81.189
81.222
81.247
81.488
82.070
82.121
82.211
82.314
82.363
82.365
82.456
82.609
83.466
83.525
83.716
83.775
84.555
84.731
84.811
84.844
84.987
85.100

0.635733
0.635876
0.636820
0.637149
0.643679
0.644214
0.645165
0.645445
0.645691
0.646050
0.646230
0.647189
0.647353
0.647471
0.648081
0.649395
0.655813
0.657923
0.666946
0.668662
0.669147
0.670878
0.690827
0.691914
0.692252
0.693232
0.694329
0.694670
0.694919
0.697361
0.703310
0.703832
0.704764
0.705826
0.706333
0.706352
0.707293
0.708877
0.717847
0.718467
0.720495
0.721121
0.729463
0.731360
0.732220
0.732579
0.734135
0.735365

6.5
0.1
0.5
2.9
3.0
0.1
8.1
1.4
1.9
0.3
0.0
4.8
0.0
0.8
0.1
0.0
43.5
19.6
3.1
3.0
1.6
1.6
140.9
2717.5
151.4
68.7
137.0
75.0
340.3
169.9
42.3
18.1
12.7
21.5
17.5
9.2
6.4
8.9
1.4
2.7
0.6
1.2
0.0
16.8
0.0
0.2
9.3
0.1

8.8
0.2
0.6
3.7
2.8
0.1
6.4
1.1
1.4
0.2
0.0
32
0.0
0.5
0.1
0.0
324
16.1
2.6
2.5
1.3
1.2
137.9
275.1
150.5
68.6
137.0
74.9
340.0
169.3
41.5
17.7
12.3
20.7
16.8
8.8
6.1
8.4
1.4
2.7
0.7
1.3
0.0
12.3
0.0
0.1
6.1
0.1

-2.3
0.0
-0.1
-0.8
0.3
0.0
1.7
0.3
0.5
0.1
0.0
1.7
0.0
0.3
0.1
0.0
11.2
3.5
0.5
0.5
0.3
0.3
3.0
24
0.9
0.1
0.0
0.0
0.3
0.6
0.8
0.4
0.3
0.8
0.7
0.4
0.3
0.6
0.1
0.0
0.0
-0.1
0.0
4.5
0.0
0.1
3.2
0.0
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1 4 2 2 8 1.132232
1 22 4 8 1.130741
2 4 2 2 8 1.132232
1 26 0 4 1.128610
1 0 6 2 4 1.128117
2 22 4 8 1.130741
226 0 41.128610
2 0 6 2 4 1.128117
1 3 3 3 8 1.118378
1 351 81.117346
I 153 81.116390
2 3 33 81.118378
2 35 1 81.117346
215 3 8111639
1 2 6 1 8 1.103883
1 1 6 2 8 1.103537
226 1 8 1.103883
21 6 2 8 1.103537
1 4 40 41.083187
1 0 4 4 4 1.081447
2 440 4 1.083187
2 0 4 4 4 1.081447
1 4 3 2 8 1.072459
1 23 4 81.071192
2 4 3 2 8 1.072459
223 4 81.071192
1 4 03 41.062155
1 304 41.061436
1 4 41 81.061270
1 1 4 4 81.059736
2 40 3 41.062155
2 304 41.061436
2 441 81.061270
21 4 4 8 1.059736
1 41 3 81051604
1 3 1 4 8 1.050907
1 01 5 41.050012
1 3 5 2 8 1.049623
1 25 3 8 1.049127
2 41 3 8 1.051604
2 3 1 4 8 1.050907
1 07 1 4 1.047455
201 5 41.050012
2 3 5 2 8 1.049623
2 25 3 8 1.049127
2 0 7 1 4 1.047455
I 50 1 4 1.042340
1 1 05 4 1.040016

85.737
85.878
85.998
86.079
86.126
86.139
86.341
86.388
87.062
87.163
87.256
87.329
87.430
87.524
88.500
88.535
88.774
88.809
90.653
90.840
90.937
91.124
91.818
91.958
92.108
92.249
92.972
93.054
93.072
93.248
93.268
93.350
93.369
93.545
94.190
94.271
94.377
94.423
94.481
94.492
94.574
94.679
94.680
94.726
94.785
94.984
95.291
95.572

0.742346
0.743895
0.745226
0.746127
0.746646
0.746790
0.749044
0.749569
0.757143
0.758283
0.759343
0.760169
0.761320
0.762391
0.773651
0.774059
0.776845
0.777257
0.799272
0.801546
0.802737
0.805036
0.813619
0.815367
0.817242
0.819008
0.828167
0.829211
0.829453
0.831698
0.831954
0.833010
0.833255
0.835526
0.843912
0.844985
0.846368
0.846972
0.847743
0.847882
0.848968
0.850358
0.850367
0.850979
0.851758
0.854405
0.858512
0.862295

0.8
0.4
0.4
3.0
3.9
0.2
1.3
1.7
23.6
24.4
4.8
11.8
12.0
23
0.3
0.2
0.3
0.2
136.5
159.5
66.1
77.0
353
9.4
16.3
4.3
0.1
0.0
2.1
1.8
0.0
0.0
1.2
1.0
0.5
6.8
3.2
1.4
2.6
0.3
3.9
0.3
1.8
0.8
1.5
0.2
5.4
0.7

0.6
0.3
0.3
2.5
33
0.2
1.3
1.6
26.8
27.7
5.5
13.3
13.8
2.7
1.1
0.7
0.5
0.4
124.0
148.0
61.9
73.8
38.7
10.7
19.3
53
0.1
0.1
3.0
23
0.0
0.0
1.5
1.2
0.5
6.8
3.1
1.3
24
0.2
3.4
0.3
1.5
0.7
1.2
0.1
3.8
0.5

0.2
0.1
0.1
0.5
0.6
0.0
0.1
0.0
-3.2
-3.3
-0.6
-1.5
-1.8
-0.5
-0.8
-0.5
-0.2
-0.1
12.5
11.5
4.2
3.2
-3.4
-1.2
-3.0
-1.1
0.0
0.0
-1.0
-0.6
0.0
0.0
-0.3
-0.2
0.0
0.0
0.2
0.1
0.2
0.0
0.5
0.1
0.3
0.2
0.3
0.1
1.6
0.2
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1.039957
1.042340
1.038439
1.040016
1.039957
1.038439
1.032363
1.030106
1.032363
1.027691
1.030106
1.027691
1.021745
1.021105
1.021745
1.021105
1.004069
1.002730
1.001992
1.001693
1.004069
1.001196
1.000508
1.002730
1.001992
1.001693
1.001196
1.000508
0.993476
0.991386
0.993476
0.991386
0.986716
0.984990
0.986716
0.984990
0.978241
0.977174
0.976614
0.976559
0.976485
0.975896
0.978241
0.975289
0977174
0.974500
0.974262
0.976614

95.580
95.599
95.764
95.882
95.889
96.075
96.513
96.795
96.828
97.099
97.111
97.417
97.856
97.939
98.179
98.262
100.199
100.382
100.483
100.524
100.535
100.593
100.688
100.719
100.821
100.862
100.931
101.027
101.671
101.968
102.016
102.315
102.640
102.891
102.991
103.244
103.889
104.049
104.133
104.141
104.153
104.241
104.248
104.333
104.409
104.453
104.489
104.494

0.862392
0.862657
0.864892
0.866486
0.866585
0.869115
0.875118
0.879012
0.879468
0.883235
0.883410
0.887687
0.893898
0.895069
0.898488
0.899674
0.928026
0.930774
0.932297
0.932916
0.933072
0.933949
0.935384
0.935858
0.937402
0.938030
0.939077
0.940532
0.950440
0.955055
0.955802
0.960483
0.965613
0.969603
0.971195
0.975245
0.985692
0.988308
0.989689
0.989825
0.990008
0.991469
0.991576
0.992979
0.994232
0.994954
0.995553
0.995634

0.1
2.5
0.1
0.3
0.0
0.1
46.9
1.5
21.1
2.9
0.7
1.3
3.6
24
1.8
1.3
132.1
171.5
219.6
194.3
64.7
192.8
228.9
84.2
107.9
95.6
94.8
112.6
16.4
5.1
8.0
2.5
0.2
0.3
0.1
0.2
1.1
0.9
4.5
5.0
0.2
2.8
0.6
6.5
0.5
1.1
1.9
23

0.1
1.9
0.1
0.3
0.0
0.0
47.8
1.7
23.9
3.3
0.9
1.6
4.9
3.3
24
1.7
127.2
167.0
215.2
190.9
63.6
190.1
226.8
83.5
107.6
95.5
95.1
113.5
17.7
5.6
8.9
2.8
0.2
0.3
0.1
0.2
1.0
0.8
4.0
4.5
0.2
2.5
0.5
5.8
0.4
1.0
1.7
2.0

0.0
0.6
0.0
0.1
0.0
0.0
-0.9
-0.2
-2.8
-0.4
-0.1
-0.3
-1.3
-0.9
-0.6
-0.4
5.0
4.5
4.4
34
1.1
2.7
2.1
0.6
0.3
0.1
-0.3
-0.9
-1.4
-0.5
-0.9
-0.3
0.0
0.0
0.0
0.0
0.1
0.1
0.5
0.5
0.0
0.3
0.1
0.8
0.1
0.1
0.3
0.3
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0.976559
0.976485
0.975896
0.975289
0.974500
0.974262
0.961678
0.959853
0.959806
0.961678
0.959853
0.959806
0.954067
0.952507
0.954067
0.951601
0.951232
0.952507
0.951601
0.951232
0.938503
0.938503
0.934946
0.934946
0.931201
0.930308
0.929480
0.931201
0.928591
0.930308
0.929480
0.928591
0.923558
0.923085
0.923558
0.923085
0.917477
0.916089
0.917477
0.914409
0.916089
0.914409
0.911000
0.910442
0.910278
0.909964
0.909165
0.908893

104.502
104.513
104.603
104.695
104.815
104.851
106.447
106.739
106.746
106.823
107.117
107.124
107.678
107.936
108.063
108.086
108.147
108.322
108.473
108.535
110.321
110.725
110.950
111.358
111.622
111.784
111.935
112.036
112.098
112.200
112.352
112.515
113.031
113.120
113.456
113.546
114.188
114.457
114.623
114.785
114.894
115.224
115.458
115.569
115.602
115.665
115.825
115.880

0.995773
0.995959
0.997442
0.998976
1.000981
1.001589
1.028778
1.033875
1.034006
1.035346
1.040527
1.040661
1.050532
1.055162
1.057465
1.057876
1.058989
1.062174
1.064935
1.066068
1.099588
1.107393
1.111779
1.119812
1.125046
1.128283
1.131304
1.133332
1.134576
1.136631
1.139711
1.143047
1.153641
1.155479
1.162490
1.164366
1.177974
1.183742
1.187324
1.190834
1.193213
1.200455
1.205620
1.208093
1.208823
1.210220
1.213806
1.215035

2.6
0.1
1.4
3.3
0.6
1.0
40.9
2.8
14.6
20.4
1.3
7.0
0.7
1.3
0.3
0.1
0.1
0.7
0.0
0.0
80.2
40.9
63.8
30.9
27.2
23.0
6.9
13.8
6.3
11.9
3.5
3.2
0.4
0.3
0.2
0.2
0.5
5.1
0.3
1.5
2.6
0.8
5.1
6.0
2.9
0.6
0.7
1.2

23
0.1
1.2
2.9
0.5
0.8
42.6
2.9
15.2
21.3
1.4
7.6
0.7
1.5
0.3
0.1
0.1
0.7
0.0
0.1
77.6
39.0
61.3
30.8
27.4
23.2
6.9
13.8
6.2
11.7
3.5
3.1
0.4
0.3
0.2
0.2
0.5
5.2
0.3
1.6
2.6
0.8
4.4
5.0
24
0.5
0.5
1.0

0.3
0.0
0.2
0.4
0.1
0.1
-1.7
-0.1
-0.6
-1.0
-0.1
-0.6
0.0
-0.2
0.0
0.0
0.0
-0.1
0.0
0.0
2.6
1.9
2.5
0.2
-0.2
-0.2
0.0
0.0
0.1
0.2
0.1
0.0
0.0
0.0
0.0
0.0
0.0
-0.1
0.0
0.0
0.0
0.1
0.7
1.0
0.5
0.1
0.1
0.2
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[l N 2N NS I NS I (O R NS I NS I NS T NS I NS I (O R NS e NS 2 NS I NS B NS T O I NS R i \O B NS I (O I \O Tl (O (O Il O I \S)

— DN AN LW AN PR PRARDODANNDVNWOONNWLWUNMWLWAANDODWLWUON— AR, A= WWFARWLWOBMWOnN—OFRANFEWRNO WL W,

XX, PR OOPRPROWRL LWL OOV NDNANDDONNNVNOODTATTTATAANI IR, A IR, P, PO PO RO

N —L NN, AN, RO PRARARNOODODWLWOANLVMDUNMWLWWDODONUNMWDOD PR, PRARFFRP WA WOMWWRARWUOMWWRARPREOMO— OSSR~ e—e= W

000X, PO PRROPRL,OPR, PR PRONDPE PR OCOCOGCODNDNOCOOCDNOCOOC KOO OO0 OO0 L0000 RO~ OOPS

0.911000
0.910442
0.908135
0.910278
0.909964
0.907232
0.909165
0.908893
0.908135
0.907232
0.904317
0.903304
0.904317
0.901674
0.901172
0.903304
0.901674
0.901172
0.896089
0.895165
0.896089
0.895165
0.885901
0.885117
0.884167
0.883762
0.885901
0.883147
0.885117
0.884167
0.881964
0.881728
0.883762
0.883147
0.881964
0.879751
0.881728
0.878335
0.879751
0.878335
0.873790
0.872670
0.871794
0.873790
0.871475
0.872670
0.870011
0.869842

115.903
116.016
116.033
116.049
116.112
116.216
116.274
116.329
116.483
116.668
116.812
117.021
117.269
117.360
117.465
117.480
117.822
117.928
118.544
118.743
119.017
119.219
120.798
120.977
121.195
121.288
121.294
121.430
121.474
121.695
121.705
121.760
121.789
121.932
122.210
122.224
122.265
122.560
122.734
123.074
123.657
123.932
124.149
124.183
124.228
124.461
124.594
124.636

1.215560
1.218087
1.218470
1.218833
1.220261
1.222604
1.223926
1.225182
1.228693
1.232920
1.236235
1.241078
1.246860
1.248987
1.251455
1.251814
1.259905
1.262432
1.277251
1.282111
1.288841
1.293820
1.334010
1.338685
1.344421
1.346891
1.347036
1.350658
1.351835
1.357722
1.358006
1.359481
1.360259
1.364128
1.371674
1.372055
1.373188
1.381275
1.386109
1.395586
1.412138
1.420060
1.426342
1.427334
1.428651
1.435489
1.439389
1.440647

2.7
3.1
0.1
1.5
0.3
0.6
0.3
0.6
0.0
0.3
42.7
16.3
18.8
16.1
1.0
7.1
7.2
0.4
0.1
0.1
0.0
0.0
27.6
140.9
194.8
474
14.2
169.4
72.1
99.8
100.3
105.5
242
86.1
49.8
24.6
52.2
25.8
11.8
12.2
0.1
0.5
0.0
0.0
0.7
0.2
0.0
0.0

2.2
2.5
0.1
1.2
0.2
0.5
0.3
0.5
0.0
0.2
39.1
15.8
19.7
17.3
1.1
8.0
8.7
0.5
0.1
0.1
0.0
0.0
27.6
139.6
191.9
46.6
13.9
165.6
70.4
96.7
97.3
102.2
23.5
83.5
49.0
242
51.5
26.2
12.2
13.2
0.1
0.6
0.1
0.0
0.8
0.3
0.0
0.0

0.5
0.6
0.0
0.3
0.1
0.1
0.1
0.1
0.0
0.0
3.6
0.4
-0.9
-1.3
-0.1
-0.9
-1.5
-0.1
0.0
0.0
0.0
0.0
0.0
1.2
2.9
0.8
0.2
3.8
1.7
3.0
3.1
33
0.8
2.6
0.8
0.4
0.6
-0.4
-0.4
-1.0
0.0
-0.1
0.0
0.0
-0.1
0.0
0.0
0.0
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[l S A NS T NS I NS I NS T NS I WO T O (O B N R S O 2 NS I \O T O R NS I \O T O I (O I \O I O I NS R N NS Il O I \S)

AN AAINN PRI PPN, O, A, LN, WLWONANNDDPRERODOVOAANPRL,RODANDNWOWRLBRARNDWODWLWAAR,R~L,DNDODND—

WO O PR PRL,IDODDNDDIDDINVDUNWLWLLLVOULMLMLVWLULLLOAADAIDAANDANDID I JTUVUNF NIV NFE =W~ S=~O

SNV DD ARV PRNDNIAR, AR, UNNFR, WL, WERARNNARODNDNAADDWNDUNRERANANWLWWLWNDOURE =L, ONWN R~ —= WU

B 00O 00O K OO0 PR B OO PSS OO0 OO OO0 OO OO0 OO0 OO0 O0C0 KOO POCO PR BOCOOCO PR COOCOOCOOC K COCOOK OO0 0 0 0 K~

0.871794
0.871475
0.867888
0.870011
0.869842
0.866047
0.865932
0.867888
0.865658
0.865157
0.864940
0.864662
0.866047
0.865932
0.865658
0.865157
0.864940
0.864662
0.862044
0.860073
0.860006
0.862044
0.859352
0.860073
0.860006
0.859352
0.855668
0.855205
0.854809
0.853920
0.855668
0.855205
0.854809
0.853920
0.850874
0.849030
0.850874
0.849030
0.840236
0.838784
0.838612
0.840236
0.836874
0.838784
0.838612
0.834984
0.836874
0.834769

124.680
124.760
125.130
125.130
125.173
125.601
125.631
125.673
125.701
125.831
125.887
125.959
126.149
126.179
126.251
126.382
126.439
126.512
126.646
127.171
127.189
127.207
127.365
127.738
127.756
127.935
128.371
128.500
128.610
128.858
128.954
129.084
129.196
129.447
129.722
130.255
130.323
130.864
132.909
133.366
133.421
133.557
133.977
134.021
134.076
134.591
134.641
134.662

1.441958
1.444336
1.455396
1.455398
1.456694
1.469696
1.470607
1.471895
1.472777
1.476761
1.478506
1.480736
1.486642
1.487583
1.489822
1.493932
1.495733
1.498034
1.502278
1.519118
1.519703
1.520276
1.525419
1.537676
1.538281
1.544190
1.558842
1.563192
1.566942
1.575460
1.578770
1.583274
1.587158
1.595981
1.605721
1.624876
1.627354
1.647234
1.726462
1.745093
1.747329
1.752952
1.770510
1.772394
1.774728
1.796778
1.798945
1.799838

0.0
0.3
0.0
0.0
0.0
0.5
8.6
0.0
4.5
2.7
1.5
0.6
0.2
4.2
2.2
1.3
0.7
0.3
3.9
0.1
0.3
2.1
0.4
0.0
0.2
0.2
30.1
32.0
11.0
0.8
15.3
16.3
5.6
0.4
1.3
1.5
0.7
0.9
61.6
186.7
107.7
31.1
253.3
91.9
52.9
58.5
120.8
30.7

0.0
0.4
0.0
0.0
0.0
0.6
11.0
0.0
5.8
3.5
1.9
0.8
0.3
5.6
2.9
1.7
1.0
0.4
53
0.1
0.4
2.7
0.5
0.0
0.2
0.3
41.5
44.3
15.2
1.1
21.0
22.4
7.7
0.5
1.9
2.0
0.9
1.0
54.8
165.2
95.3
27.6
228.5
83.2
48.0
55.4
114.9
29.2

0.0
-0.1
0.0
0.0
0.0
-0.1
-2.5
0.0
-1.3
-0.8
-0.4
-0.2
-0.1
-1.4
-0.8
-0.5
-0.3
-0.1
-1.3
0.0
-0.1
-0.6
-0.1
0.0
-0.1
-0.1
-11.4
-12.2
-4.2
-0.3
-5.7
-6.1
-2.1
-0.2
-0.5
-0.4
-0.2
-0.1
6.9
21.5
12.4
3.5
24.8
8.8
4.9
3.1
59
1.5
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0.833390
0.834984
0.834769
0.832704
0.833390
0.832704
0.829343
0.828903
0.829343
0.828903
0.824613
0.824291
0.823859
0.823671
0.822935
0.822666
0.822622
0.824613
0.824291
0.821907
0.823859
0.823671
0.821040
0.822935
0.822666
0.822622
0.821907
0.819799

— NN NN NN =R NN === NN == DNDDN =N DN —
(o) NN SN NS I =V, I SNV, B o) W SN O ISRV, I SNV, B o) NN SR V) TN SR T SN S i S N @) N \S)
NI NWOWNFE I~ WJQUMWLWOneMECELWOOOO D= Wk —
NPhr—, U0~ NN, P, O0AANONE—L,OUNRONEREOOANODOND
OO0V PO OXXOXOOXXOCOCXO PSP PPOOPS P

135.118
135.266
135.338
135.347
135.802
136.035
136.492
136.645
137.200
137.356
138.170
138.287
138.445
138.514
138.786
138.885
138.902
138.910
139.030
139.169
139.191
139.261
139.495
139.538
139.640
139.656
139.929
139.968

1.819824
1.826420
1.829623
1.830029
1.850553
1.861249
1.882509
1.889711
1.916336
1.923908
1.964459
1.970419
1.978508
1.982062
1.996152
2.001361
2.002223
2.002659
2.008951
2.016321
2.017495
2.021251
2.033808
2.036144
2.041653
2.042565
2.057484
2.059628

8.1
27.4
14.3
12.7

3.7

5.7

1.3

1.9

0.6

0.9

0.0

1.5

23

0.7

6.8

3.2

0.0

0.0

0.6

3.8

1.0

0.3

0.3

2.8

1.3

0.0

1.5

4.4

81 0.0
27.8 -0.4
147 -0.3
13.0 -0.3
40 -03
6.5 -0.8
1.6 -03
24 -05
0.8 -0.2
1.2 -0.2
0.0 0.0
19 -04
3.0 -0.6
09 -02
9.1 -23
43 -1.1
0.0 0.0
0.0 0.0
09 -02
52 -14
1.3 -04
04 -0.1
04 -0.1
39 -1.1
1.8 -0.5
0.0 0.0
21 -0.6
6.1 -1.7

Kpucranorpadcku napamerpu 3a yraumbeHo jeaumemne CagsGdy,MnOs

>Phase no.: 1 CaMnO3
reflections may be lower)
! SPGR: Pnma; CELL:
90.00000

Codeh k 1 Mult D(A)
1 1 01 43754570
2 1 01 4 3.754570
1 020 23739139
2 02 0 23739139
I 1 1 1 8 3.355415
2 1 1 1 8 3.355415
1 200 2265931
2200 2265931
1 002 22650752
1 1 2 1 8 2.649409

504 reflections, N&T:

5.31806 7.47828

2T
23.677
23.736
23.777
23.836
26.543
26.609
33.678
33.763
33.786
33.804

HW
0.321029
0.321173
0.321273
0.321418
0.328622
0.328811
0.352319
0.352641
0.352730
0.352797

0 0.00 (The# ofeff.

5.30151
Iobs Icalc io-ic
1204 128.6 -8.2
643 640 0.3
52.0 488 3.2
284 243 4.1
129.3 105.1 242
683 523 16.0
1416.3 1401.5 149
702.4 696.9 5.5
1325.6 13164 9.2
4271.8 4245.0 26.8

90.00000 90.00000
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1.818589
1.820791
1.818589
1.720194
1.719803
1.718508
1.720194
1.719803
1.718508
1.681193
1.677708
1.681193
1.677004
1.677708
1.673567
1.677004
1.673567
1.640255
1.636364

2 00 2 22650752
2 1 2 1 8 2.649409
1 210 4 2505369
2210 42505369
1 201 42376823
1 102 42372380
2201 42376823
210 2 42372380
1 211 82265166
1 112 82261319
2211 82265166
1 0 3 1 42255834
2 112 82261319
2 0 3 1 42255834
1 220 42166967
1 0 22 42162480
2220 4216697
2 0 2 2 42162480
1 131 82076724
21 3 1 82076724
1 22 1 82005872
112 2 82003200
2 221 82005872
2 1 2 2 8 2.003200
1 20 2 4 1.877285
220 2 4 1.877285
1 040 21869570
2040 21.869570
1 212 8 1.820791
1 230 4
2212 8
2230 4
1231 8
1 013 4
1132 8
2231 8
2013 4
2132 8
1301 4
1 222 8
2301 4
1103 4
2222 8
1141 8
2103 4
2141 8
1311 8
1113 8

33.872 0.353054
33.889 0.353121
35.811 0.360684
35.902 0.361052
37.820 0.369082
37.893 0.369399
37.916 0.369496
37.989 0.369815
39.760 0.377672
39.831 0.377992
39.862 0.378133
39.932 0.378453
39.932 0.378456
40.034 0.378919
41.644 0.386449
41.734 0.386882
41.750 0.386959
41.841 0.387394
43.544 0.395740
43.656 0.396301

45.165
45.228
45.282
45.345

0.404012
0.404343
0.404620
0.404953

48.449 0.421740
48.576 0.422447
48.662 0.422934
48.789 0.423648
50.054 0.430873
50.119 0.431249
50.185 0.431632
50.250 0.432010
53.204 0.449700
53.217 0.449780
53.260 0.450047
53.344 0.450567
53.357 0.450648
53.401 0.450917
54.539 0.458045
54.662 0.458824
54.683 0.458962
54.686 0.458981
54.806 0.459745

54.808
54.831
54.954
56.018
56.163

0.459755
0.459904
0.460682
0.467547
0.468493

657.2
2117.3
68.5
342
37.3
28.0
18.8
14.7
9.5
126.1
4.7
25.8
62.5
12.7
180.5
189.0
86.5
88.9
75.8
37.7
43.6
28.8
24.0
15.7
1547.1
782.2
936.1
471.3
78.8
51.1
37.4
24.4
0.8
0.5
14.8
0.5
0.3
9.3
37.2
0.1
19.6
7.7
0.1
13.9
4.1
7.3
126.5
16.4

654.6 2.5
21109 6.3
654 3.1
325 1.7
454 -8.1
340 -6.0
226 -3.8
169 -2.2
86 1.0
1144 118
43 04
235 23
569 5.6
11.7 1.1
1829 -24
197.1 -8.2
90.9 -4.4
98.0 -9.1
473 285
235 141
52.6  -9.0
328 -4.0
262 -2.1
16.3 -0.6
1577.7 -30.6
7843 2.1
9277 84
461.1 10.2
73.1 5.7
486 2.5
36.3 1.1
241 03
1.7 -1.0
1.0 -0.5
29.7 -14.9
09 -04
05 -0.2
148 -55
313 5.9
0.1 0.0
15.6 4.0
6.1 1.6
0.1 0.0
103 3.6
30 1.1
5.1 22
118.7 7.8
17.0 -0.6
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2 3 1 1 8 1.640255
211 3 81636364
1 3 2 1 8 1.533334
1 12 3 81530154
2 3 2 1 8 1.533334
1 240 4 1.529379
1 0 4 2 4 1.527799
2 1 2 3 81530154
2240 4 1.529379
2 04 2 4152779
1 2 3 2 8 1.499597
2 2 3 2 8 1499597
1 3 0 2 4 1473547
1 20 3 41471781
2 30 2 41473547
1 2 4 1 8 1.469456
1 1 4 2 8 1.468404
220 3 41471781
2 2 4 1 8 1.469456
2 1 4 2 8 1.468404
1 3 1 2 8 1.445748
1 21 3 8 1.444080
2 3 1 2 8 1.445748
1 0 3 3 4 1.441653
2 21 3 8 1.444080
1 05 1 4 1.439468
2 0 3 3 41441653
2 0 51 4 1.439468
1 331 81393823
1 1 3 3 8 1.391433
2 3 3 1 81393823
I 1 5 1 8 1.389468
2 1 3 3 81391433
2 1 5 1 8 1.389468
1 322 81370932
1 22 3 8 1.369509
2 3 2 2 81370932
2 22 3 8 1369509
1 400 21329515
2400 21329515
1 0 04 21325376
1 2 4 2 8 1.324705
2 00 4 21325376
2 2 4 2 8 1.324705
1 410 41308990
241 0 4 1.308990
1 250 41303587
2 25 0 4 1303587

56.167
56.313
60.312
60.450
60.475
60.484
60.553
60.614
60.648
60.717
61.816
61.984
63.032
63.117
63.204
63.228
63.279
63.289
63.401
63.451
64.388
64.472
64.565
64.593
64.649
64.703
64.771
64.881
67.096
67.227
67.282
67.335
67.413
67.522
68.370
68.451
68.560
68.642
70.812
71.012
71.067
71.108
71.267
71.309
72.095
72.299
72.441
72.646

0.468520
0.469472
0.496681
0.497659
0.497833
0.497899
0.498388
0.498818
0.499059
0.499551
0.507441
0.508661
0.516365
0.516991
0.517642
0.517819
0.518195
0.518272
0.519106
0.519485
0.526544
0.527178
0.527889
0.528105
0.528527
0.528945
0.529460
0.530305
0.547629
0.548672
0.549116
0.549534
0.550165
0.551034
0.557902
0.558562
0.559460
0.560125
0.578269
0.579972
0.580444
0.580799
0.582162
0.582520
0.589323
0.591107
0.592349
0.594156

56.8
7.6
754.5
953.2
369.4
523.2
517.0
469.4
257.8
254.5
23.5
12.2
24
6.4
1.2
3.6
29
33
1.9
1.5
16.8
0.3
7.3
0.5
0.1
1.7
0.2
0.7
52.0
2.9
23.8
4.1
1.3
1.8
0.0
0.0
0.0
0.0
158.4
76.7
171.6
749.7
84.0
367.6
30.8
14.3
4.8
24

59.0
8.4
748.1
957.8
371.8
527.0
522.7
476.1
261.9
259.8
24.0
11.9
1.6
4.2
0.8
23
1.8
2.1
1.1
0.9
12.6
0.2
6.2
0.4
0.1
1.6
0.2
0.8
61.3
3.6
30.5
53
1.8
2.6
0.0
0.0
0.0
0.0
150.9
75.0
168.9
741.0
84.0
368.5
36.9
18.4
6.5
3.2

-2.1
-0.8
6.4
-4.7
-2.4
-3.7
-5.8
-6.7
-4.1
-5.3
-0.5
0.3
0.8
2.2
0.4
1.3
1.1
1.2
0.7
0.6
4.2
0.1
1.1
0.1
0.0
0.1
0.0
-0.1
9.3
-0.7
-6.6
-1.2
-0.5
-0.8
0.0
0.0
0.0
0.0
7.6
1.7
2.7
8.7
0.0
-0.9
-6.1
-4.1
-1.6
-0.8
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1 4 01 4 1.289582
2401 4 1.289582
1 1 04 4 1.286039
21 0 4 4 1.286039
1 411 8 1.270825
1 3 3 2 81268493
2 411 8 1.270825
I 114 81.267434
1 2 3 3 8 1.267365
1 251 81265880
2 3 3 2 8 1.268493
1 15 2 8 1.265207
2 11 4 8 1.267434
2 2 3 3 8 1267365
225 1 8 1.265880
2 1 5 2 8 1.265207
1 420 4 1.252684
1 303 41.251523
1 341 81250093
242 0 4 1.252684
1 0 2 4 4 1.249220
2 30 3 4 1.251523
1 1 4 3 8 1.248368
2 3 41 8 1.250093
1 06 0 2 1246380
2 0 2 4 4 1.249220
2 1 4 3 8 1.248368
2 0 6 0 2 1.246380
1 3 1 3 8 1234357
2 3 1 3 8 1.234357
1 421 81219114
2421 81219114
1 12 4 81216119
212 4 81216119
1 4 02 41.188411
1 3 2 3 8 1.186809
1 20 4 41.186190
240 2 4 1.188411
2 3 2 3 8 1.186809
220 4 41.186190
1 1 6 1 8 1.182905
21 6 1 8 1.182905
1 41 2 81.173684
1 43 0 41.173093
1 21 4 8 1.171544
2 41 2 81.173684
2 430 41.173093
1 252 8 1.169785

73.355
73.564
73.590
73.800
74.620
74.780
74.834
74.854
74.858
74.961
74.995
75.008
75.068
75.073
75.177
75.223
75.890
75.973
76.075
76.109
76.138
76.192
76.199
76.295
76.342
76.358
76.419
76.563
77.223
77.447
78.371
78.600
78.602
78.831
80.806
80.938
80.989
81.045
81.177
81.228
81.261
81.502
82.035
82.086
82.218
82.280
82.330
82.368

0.600436
0.602303
0.602539
0.604422
0.611845
0.613313
0.613800
0.613983
0.614026
0.614971
0.615279
0.615400
0.615954
0.615998
0.616950
0.617382
0.623566
0.624340
0.625299
0.625612
0.625886
0.626393
0.626461
0.627359
0.627809
0.627951
0.628531
0.629889
0.636159
0.638307
0.647263
0.649502
0.649516
0.651774
0.671584
0.672932
0.673454
0.674030
0.675390
0.675917
0.676250
0.678738
0.684292
0.684817
0.686200
0.686850
0.687380
0.687781

3.7
1.9
2.7
1.3
0.0
8.6
0.0
24.5
0.3
0.9
4.5
9.5
12.8
0.1
0.5
4.8
0.2
0.2
11.1
0.1
0.5
0.1
0.4
59
23
0.3
0.2
1.1
40.3
19.7
1.0
0.5
1.1
0.5
178.7
272.7
184.1
86.8
134.2
90.9
320.6
159.5
46.5
20.7
13.8
23.5
10.6
18.0

3.7
1.8
2.6
1.3
0.1
9.9
0.0
27.5
0.3
1.0
4.9
10.3
13.7
0.2
0.5
5.1
0.2
0.2
8.6
0.1
0.4
0.1
0.3
4.3
1.6
0.2
0.2
0.8
37.7
18.8
0.9
0.4
0.9
0.5
174.1
270.6
183.4
86.7
134.7
91.3
3223
160.5
46.9
20.9
13.8
233
10.4
17.6

0.1
0.1
0.1
0.0
0.0
-1.3
0.0
-3.0
0.0
-0.1
-0.4
-0.8
-0.9
0.0
0.0
-0.3
0.0
0.0
2.5
0.0
0.1
0.0
0.1
1.7
0.7
0.1
0.1
0.3
2.6
0.9
0.2
0.1
0.1
0.0
4.5
2.1
0.7
0.1
-0.5
-0.4
-1.7
-1.0
-0.4
-0.2
0.0
0.2
0.2
0.4
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1.171544
1.169785
1.157293
1.156436
1.157293
1.156436
1.145388
1.142903
1.145388
1.141648
1.142903
1.141648
1.132583
1.130660
1.132583
1.128552
1.127917
1.130660
1.128552
1.127917
1.118472
1.117450
1.116218
1.118472
1.117450
1.116218
1.103819
1.103373
1.103819
1.103373
1.083484
1.081240
1.083484
1.081240
1.072739
1.071104
1.072739
1.071104
1.062417
1.061541
1.061489
1.062417
1.059562
1.061541
1.061489
1.059562
1.051855
1.050955

82.463
82.614
83.455
83.531
83.705
83.781
84.522
84.748
84.777
84.863
85.004
85.120
85.704
85.885
85.965
86.085
86.145
86.147
86.347
86.407
87.053
87.152
87.273
87.320
87.420
87.541
88.507
88.552
88.780
88.825
90.621
90.862
90.905
91.147
91.787
91.968
92.077
92.259
92.942
93.042
93.047
93.238
93.268
93.338
93.344
93.565
94.160
94.266

0.688776
0.690371
0.699333
0.700147
0.702028
0.702849
0.710907
0.713396
0.713710
0.714662
0.716222
0.717501
0.724021
0.726054
0.726949
0.728301
0.728983
0.729001
0.731270
0.731959
0.739345
0.740492
0.741884
0.742424
0.743582
0.744987
0.756324
0.756859
0.759574
0.760115
0.781921
0.784904
0.785441
0.788456
0.796517
0.798808
0.800197
0.802514
0.811317
0.812609
0.812686
0.815163
0.815553
0.816471
0.816548
0.819449
0.827323
0.828729

7.1
9.2
0.7
1.8
0.4
0.9
0.1
25.5
0.0
0.1
14.4
0.1
0.6
3.0
0.3
8.4
9.7
1.5
4.1
4.7
353
34.8
5.7
15.3
15.1
2.5
0.3
0.2
0.2
0.1
140.2
157.4
68.4
75.7
343
9.2
16.7
4.9
0.4
1.5
0.2
0.2
1.1
0.8
0.1
0.5
0.1
15.1

6.9
8.8
0.7
1.8
0.4
0.9
0.1
20.1
0.0
0.1
10.0
0.0
0.5
2.1
0.2
5.9
6.9
1.0
2.9
34
30.6
31.7
5.5
15.2
15.8
2.7
0.5
0.3
0.3
0.2
140.7
160.9
70.2
80.3
42.7
11.8
21.3
5.9
0.4
1.5
0.2
0.2
1.0
0.7
0.1
0.5
0.1
12.6

0.3
0.5
0.0
0.0
0.0
0.0
0.0
5.4
0.0
0.0
4.4
0.0
0.2
0.9
0.1
2.5
2.8
0.4
1.1
1.3
4.7
3.1
0.2
0.0
-0.7
-0.2
-0.2
-0.1
-0.1
-0.1
-0.4
-3.5
-1.7
-4.6
-8.4
-2.6
-4.6
-1.0
0.0
0.0
0.0
0.0
0.1
0.0
0.0
0.0
0.0
2.5
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1.049801
1.049684
1.051855
1.049045
1.050955
1.047273
1.049801
1.049684
1.049045
1.047273
1.042832
1.042832
1.040008
1.039835
1.038362
1.040008
1.039835
1.038362
1.032838
1.032838
1.029926
1.027539
1.029926
1.027539
1.021965
1.021139
1.021965
1.021139
1.004497
1.002936
1.004497
1.001818
1.001600
1.001238
1.002936
1.000351
1.001818
1.001600
1.001238
1.000351
0.993678
0.991308
0.993678
0.991308
0.987113
0.984887
0.987113
0.984887

94.402
94.415
94.462
94.491
94.568
94.701
94.705
94.719
94.794
95.006
95.232
95.539
95.573
95.594
95.774
95.883
95.904
96.084
96.454
96.768
96.817
97.118
97.134
97.436
97.828
97.934
98.150
98.257
100.140
100.354
100.476
100.507
100.537
100.587
100.691
100.710
100.845
100.875
100.925
101.049
101.643
101.980
101.988
102.326
102.583
102.906
102.933
103.259

0.830543
0.830727
0.831355
0.831737
0.832778
0.834557
0.834613
0.834799
0.835822
0.838675
0.841749
0.845953
0.846417
0.846705
0.849173
0.850678
0.850970
0.853467
0.858613
0.863024
0.863714
0.867962
0.868189
0.872491
0.878120
0.879654
0.882779
0.884333
0.912322
0.915568
0.917437
0.917915
0.918374
0.919139
0.920728
0.921019
0.923108
0.923572
0.924348
0.926255
0.935532
0.940845
0.940972
0.946362
0.950468
0.955691
0.956125
0.961425

1.2
3.6
0.1
0.5
8.5
0.3
0.7
2.1
0.3
0.1
7.8
3.5
0.0
1.9
5.1
0.0
0.9
24
66.7
30.9
24
3.7
1.2
1.8
3.1
1.7
1.4
0.8
124.2
218.0
60.9
241.3
237.4
183.8
108.1
231.2
120.4
118.5
91.7
115.2
19.4
6.2
10.0
3.2
0.3
0.6
0.2
0.3

1.0
2.9
0.0
0.4
6.3
0.2
0.5
1.5
0.2
0.1
5.0
2.5
0.0
1.4
3.8
0.0
0.7
1.9
59.3
29.6
23
3.7
1.2
1.8
3.4
1.8
1.7
0.9
120.7
214.8
60.4
239.4
235.7
182.6
107.5
229.9
119.7
117.9
91.4
115.0
19.7
6.1
9.9
3.1
0.3
0.6
0.2
0.3

0.2
0.7
0.0
0.1
2.2
0.1
0.2
0.7
0.1
0.1
2.8
1.0
0.0
0.5
1.2
0.0
0.2
0.5
7.4
1.3
0.1
0.0
0.0
-0.1
-0.3
-0.2
-0.3
-0.2
3.5
3.2
0.6
2.0
1.8
1.2
0.6
1.3
0.6
0.6
0.4
0.2
-0.3
0.1
0.1
0.2
0.0
0.1
0.0
0.0
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0.978625
0.977352
0.976670
0.976630
0.976455
0.978625
0.975704
0.975128
0.977352
0.974420
0.976670
0.976630
0.974113
0.976455
0.975704
0.975128
0.974420
0.974113
0.962040
0.959821
0.962040
0.959686
0.959821
0.959686
0.954415
0.952402
0.954415
0.951618
0.951142
0.952402
0.951618
0.951142
0.938642
0.938642
0.934785
0.934785
0.931335
0.930450
0.929383
0.931335
0.928504
0.930450
0.929383
0.928504
0.923691
0.923081
0.923691
0.923081

103.831
104.022
104.125
104.131
104.157
104.190
104.270
104.357
104.382
104.465
104.485
104.491
104.511
104.518
104.632
104.719
104.827
104.874
106.389
106.744
106.764
106.765
107.122
107.144
107.621
107.953
108.005
108.083
108.162
108.340
108.470
108.550
110.296
110.700
110.978
111.387
111.598
111.758
111.953
112.012
112.114
112.173
112.369
112.532
113.006
113.121
113.431
113.546

0.970836
0.974000
0.975706
0.975807
0.976246
0.976798
0.978140
0.979598
0.980010
0.981400
0.981743
0.981845
0.982184
0.982291
0.984213
0.985694
0.987525
0.988320
1.014522
1.020804
1.021174
1.021192
1.027559
1.027954
1.036586
1.042643
1.043606
1.045030
1.046488
1.049767
1.052195
1.053678
1.086945
1.094857
1.100361
1.108523
1.112768
1.116014
1.119967
1.121166
1.123252
1.124475
1.128504
1.131853
1.141745
1.144149
1.150713
1.153165

2.9
0.1
0.0
10.9
1.8
1.4
1.1
13.2
0.0
0.2
0.0
5.1
3.9
0.9
0.6
6.4
0.1
1.9
50.4
19.5
25.2
2.9
9.6
1.4
0.4
1.2
0.2
0.1
0.3
0.6
0.1
0.2
97.8
47.5
74.9
34.5
31.3
28.5
8.4
15.4
7.7
14.0
4.1
3.8
0.9
0.6
0.4
0.3

24
0.1
0.0
9.1
1.6
1.2
1.0
11.5
0.0
0.2
0.0
4.6
3.5
0.8
0.5
5.8
0.1
1.7
54.8
21.3
27.5
3.1
10.7
1.6
0.5
1.3
0.2
0.2
0.3
0.7
0.1
0.1
89.0
44.7
73.4
36.9
34.4
31.6
9.4
17.3
8.7
15.8
4.7
4.4
1.1
0.7
0.6
0.4

0.5
0.0
0.0
1.8
0.3
0.2
0.2
1.6
0.0
0.0
0.0
0.6
0.4
0.1
0.1
0.6
0.0
0.2
-4.4
-1.8
-2.3
-0.3
-1.0
-0.2
-0.1
-0.2
0.0
0.0
0.0
-0.1
0.0
0.0
8.8
2.8
1.4
-2.4
-3.0
-3.1
-1.0
-1.9
-1.0
-1.9
-0.6
-0.6
-0.2
-0.1
-0.1
-0.1
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0.917775
0.915984
0.917775
0.914245
0.915984
0.914245
0.911286
0.910733
0.910396
0.909950
0.909294
0.911286
0.908735
0.910733
0.910396
0.907967
0.909950
0.907093
0.909294
0.908735
0.907967
0.907093
0.904594
0.903287
0.904594
0.901675
0.903287
0.901027
0.901675
0.901027
0.896208
0.895016
0.896208
0.895016
0.886344
0.885371
0.886344
0.884145
0.883584
0.885371
0.883136
0.884145
0.881877
0.881574
0.883584
0.883136
0.880183
0.881877

114.131 1.165712
114.477 1.173252
114.565 1.175170
114.817 1.180714
114.914 1.182868
115.257 1.190488
115.401 1.193723
115.511 1.196199
115.579 1.197718
115.668 1.199734
115.799 1.202713
115.846 1.203778
115.912 1.205275
115.957 1.206308
116.025 1.207860
116.067 1.208814
116.115 1.209920
116.244 1.212877
116.248 1.212965
116.361 1.215583
116.518 1.219201
116.696 1.223354
116.755 1.224720
117.025 1.231047
117.212 1.235465
117.360 1.238981
117.484 1.241937
117.495 1.242211
117.822 1.250053
117.959 1.253359
118.518 1.267018
118.775 1.273374
118.992 1.278756
119.251 1.285266
120.698 1.322538
120.919 1.328398
121.192 1.335674
121.200 1.335888
121.329 1.339357
121.416 1.341688
121.433 1.342143
121.700 1.349376
121.725 1.350072
121.796 1.352001
121.830 1.352938
121.935 1.355799
122.122 1.360953
122.230 1.363942

1.7
1.9
0.9
0.4
1.0
0.2
3.2
6.4
0.1
0.1
1.0
1.7
5.2
3.4
0.1
3.1
0.1
1.3
0.5
2.6
1.5
0.6
60.4
22.6
27.5
242
10.5
2.1
11.5
1.0
0.0
0.0
0.0
0.0
36.2
136.6
18.5
2143
55.3
69.6
185.4
108.6
136.2
140.9
27.8
92.8
32.2
67.5

1.8
1.9
0.9
0.4
0.9
0.2
2.8
5.6
0.1
0.1
0.8
1.4
4.4
2.8
0.1
2.6
0.0
1.1
0.4
2.2
1.3
0.6
53.1
21.1
26.7
242
10.6
2.1
12.2
1.1
0.0
0.0
0.0
0.0
36.1
135.1
18.2
210.6
54.2
68.1
181.3
106.1
133.2
138.0
27.3
91.3
31.9
67.2

-0.1
0.0
0.0
0.0
0.0
0.0
0.3
0.8
0.0
0.0
0.2
0.3
0.8
0.5
0.0
0.5
0.0
0.2
0.1
0.4
0.2
0.1

7.4
1.5
0.7
0.0
-0.2
0.0
-0.7

-0.1
0.0
0.0
0.0
0.0

0.1
1.4
0.3
3.6
1.1
1.5
4.1
24
3.0
2.9
0.5
1.5
0.3
0.3
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0.881574
0.878431
0.880183
0.878431
0.874210
0.872912
0.874210
0.871635
0.871371
0.872912
0.869924
0.869705
0.871635
0.871371
0.868297
0.869924
0.869705
0.868297
0.866139
0.865774
0.865637
0.864992
0.864926
0.864569
0.866139
0.865774
0.865637
0.864992
0.864926
0.864569
0.862444
0.862444
0.860097
0.859901
0.859254
0.860097
0.859901
0.859254
0.855887
0.855429
0.854779
0.855887
0.853772
0.855429
0.854779
0.853772
0.851254
0.851254

122.302
122.537
122.631
123.051
123.554
123.873
124.079
124.188
124.254
124.401
124.616
124.670
124.720
124.787
125.026
125.152
125.208
125.567
125.577
125.671
125.707
125.874
125.891
125.984
126.125
126.220
126.256
126.425
126.442
126.536
126.540
127.100
127.164
127.217
127.391
127.732
127.785
127.961
128.311
128.437
128.618
128.893
128.900
129.021
129.204
129.489
129.613
130.213

1.365924
1.372475
1.375120
1.386963
1.401416
1.410676
1.416730
1.419953
1.421896
1.426262
1.432672
1.434318
1.435814
1.437815
1.445064
1.448915
1.450611
1.461686
1.461991
1.464913
1.466016
1.471228
1.471759
1.474675
1.479141
1.482155
1.483293
1.488670
1.489218
1.492227
1.492346
1.510471
1.512594
1.514317
1.520062
1.531390
1.533172
1.539110
1.550976
1.555322
1.561545
1.571092
1.571341
1.575591
1.582035
1.592183
1.596624
1.618392

69.7
35.8
15.9
17.4
0.0
0.6
0.0
0.0
1.2
0.3
0.0
0.0
0.0
0.6
0.0
0.0
0.0
0.0
0.1
19.0
10.5
1.4
3.4
0.3
0.1
10.1
5.6
0.7
1.8
0.1
1.3
0.6
1.6
1.1
4.7
0.8
0.5
23
53.9
57.1
20.6
27.5
2.0
293
10.7
1.1
0.8
0.4

69.5
36.1
16.1
18.2
0.0
0.6
0.0
0.0
1.3
0.3
0.0
0.0
0.0
0.6
0.0
0.0
0.0
0.0
0.1
20.7
11.5
1.5
3.7
0.3
0.1
10.5
5.8
0.7
1.9
0.1
1.4
0.7
1.8
1.2
52
0.9
0.6
2.6
59.8
63.3
22.8
30.2
23
32.0
11.5
1.1
0.9
0.4

0.2
-0.3
-0.2
-0.8

0.0
0.0
0.0
0.0
-0.1
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
-1.7
-0.9
-0.1
-0.3
0.0
0.0
-0.4
-0.2
0.0
-0.1
0.0
0.0
0.0
-0.1
-0.1
-0.5
-0.1
-0.1
-0.3
-5.9
-6.3
-2.3
-2.7
-0.2
-2.7
-0.8
-0.1
0.0
0.0
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0.848876
0.848876
0.840596
0.838854
0.840596
0.838502
0.838854
0.836784
0.838502
0.835336
0.835123
0.836784
0.835336
0.833280
0.835123
0.832780
0.833280
0.832780
0.829530
0.828962
0.829530
0.828962
0.824950
0.824473
0.823916
0.823859
0.824950
0.822786
0.822692
0.822563
0.824473
0.823916
0.823859
0.821770
0.820898
0.822786
0.822692
0.822563
0.820127
0.821770

130.300
130.909
132.796
133.344
133.442
133.456
133.999
134.006
134.112
134.476
134.546
134.671
135.149
135.154
135.220
135.322
135.839
136.009
136.427
136.624
137.134
137.335
138.048
138.221
138.424
138.445
138.785
138.841
138.876
138.924
138.962
139.170
139.191
139.220
139.549
139.595
139.630
139.679
139.842
139.981

1.621603
1.644315
1.718246
1.740784
1.744876
1.745437
1.768391
1.768701
1.773249
1.789008
1.792053
1.797552
1.818790
1.819032
1.821976
1.826566
1.850227
1.858122
1.877789
1.887167
1.911883
1.921741
1.957558
1.966450
1.976980
1.978057
1.995883
1.998843
2.000690
2.003226
2.005268
2.016388
2.017527
2.019110
2.036974
2.039496
2.041449
2.044132
2.053165
2.060942

0.9
0.5
73.2
207.6
36.9
113.6
103.4
299.0
56.6
76.3
38.8
148.1
36.8
11.4
18.6
19.2
5.5
9.3
1.3
24
0.6
1.2
0.0
5.5
0.9
2.0
0.0
17.0
0.0
2.0
2.7
0.4
1.0
10.6
0.1
7.6
0.0
0.9
1.5
4.0

0.9
0.4
69.9
198.0
35.2
108.6
99.7

288.3
54.6
74.1
37.7
144.8
37.1
11.5
18.9
19.6
5.8
9.8
1.4
2.6
0.7
1.3
0.0
6.1
1.0
2.2
0.0
17.7
0.0
2.1
2.8
0.4
1.0
10.5
0.1
7.6
0.0
0.9
1.5
4.2

0.0
0.0
3.2
9.6
1.6
5.1
3.7
10.7
2.0
2.2
1.0
3.3
-0.3
-0.1
-0.3
-0.4
-0.2
-0.5
-0.1
-0.2
-0.1
-0.1
0.0
-0.6
-0.1
-0.2
0.0
-0.6
0.0
0.0
0.0
0.0
0.0
0.0
0.0
-0.1
0.0
0.0
0.0
-0.2
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BUOI'PA®UIJA AYTOPA

Mujena M. Pocuh polhena je y beorpany 07.03.1978 roausne, rae je 3aBpiimia
ocHOBHY Koy u XI -Ty OeorpaicKy THMHa3Wjy NPHPOTHO-MATEMaTHUKOT CMepa.
Pynapcko-reonomku daxkynrer YuuBepsurera y beorpany ynucana je 1996. ronusne.
Jumnnomupana je 06.07.2007. rogune Ha ['eonomkom oncexy (CMep 3a MUHEPAJIOTHjy U
kpucranorpadujy, Kareapa 3a kpucranorpadujy) ca TeMoM ,,Y TUIla] IpUIpeMe y30pKa
Ha jamjarpam mpaxa (reometpuja bpar-bBpenrtan)“, mox MeHTOpPCTBOM 1p AJeKcaHIpa
KpemenoBuha, BanpemHor mpodecopa Ha karenpu 3a kKpucrajorpadujy. IlIkomncke
2007/2008 ymwucana je MOOKTOpCKe cTyawje Ha Pymapcko-reonmomkoM QaxkynTeTy
YHusep3urera y beorpany.

On 1.12.2008. rox. 3amocnena je y Jlaboparopuju 3a matepujane Mucturyra 3a
HyKJIeapHe Hayke ,,BuHua“ rae je anraxoBana Ha mpojexty MIIH-a 6p. MU 45012,
moa pykoBojgicTBOM np bpanka MartoBuha, HaydHOT caBeTHHKA. 3Bam€ HMCTPAKUBAU-
capagHuk ctekna je 2010. rogune.

HayuHo-uctpaxxuBauku pag Munene Pocuh, 3 o01actu cuHTe3e, CTpPYKTypHUX
M MarHeTHUX ocoOuHa oxBuja ce y Jlaboparopuju 3a matepujane 170 u Jlaboparopuju
3a TeopHjcKy pu3uky u ¢usznky KoHzaezoBane marepuje 020 MHCTHTYTA 32 HyKJICapHE
Hayke ,,Bunua®“. ®okyc MCTpakMBaukor paja je Ha MpoyyaBawky U OAHOCY H3Mehy
CTPYKType, MarHeTu3Ma M TPAaHCIOPTHUX OCOOMHAa y MaHraHaTHMa ca IEPOBHUTCKOM
CTPYKTYPOM.

AyTop je u Ko-ayTop LIECT pajoBa y BPXYHCKHUM uacolucuma mel)yHapomHor
3Hauaja. Pesynrar gokropcke mucepranuje Munene Pocuh cy aBa pana o0jaBibeHa y
BPXYHCKHM Mel)yHapOJHUM 4acomucuma.

Unan je Cprickor KepaMH4KOT IPYIITBA.



OBJAB/BEHU PAJIOBU U CAOIIIITEIBA ITPOUCTEKJIA
N3 TOKTOPCKE JUCEPTAIIUJE

PanoBu o0jaBbenu y BpxyHckum Melhynapoanum yaconucuma (M21)

1.

Rosié, M., Logar, M., Zagorac, J., Devecerski, A., Egelja, A., Kusigerski, V.,
Spasojevi¢, V., Matovi¢, B. (2013): Investigation of the structure and the
magnetic behaviour of nanostructured Ca;.Gd.MnQO; (x=0.05; 01; 0.15; 0.2)
obtained by modified glycine nitrate procedure, Ceramics International, 39, 2,
1853-1861, IF=1.751, ISSN: 0272-8842.

Rosié, M., Logar, M., Devecerski, A., Prekajski, M., Radosavljevi¢-Mihajlovi¢,
A., Kusigerski, V., Spasojevi¢, V., Matovi¢, B. (2011): Synthesis, structural and
magnetic properties of nanostructured Cap9GdyMnO;s obtained by modified
glycine nitrate procedure (MGNP), Ceramics International, 37, 4, 1313-1319,
IF=1.751, ISSN: 0272-8842.

Caonmrema ca mel)ynapoauux ckynosa mrammnana y ussoay (M34)

I.

Rosié, M., Zagorac, J., Devecerski, A., Egelja, A., Saponjié, A., Spasojevic, V.,
Matovi¢, B. (2013): Examination of nanostructured Ca;..Gd:MnQO; (x=0.05;
0.1; 0.15; 0.2) obtained by modified glycine nitrate procedure, The Second
Conference of The Serbian Ceramic Society, June 5-7, Belgrade, Serbia.

Spasojevi¢, V., Kusigerski, V., Rosi¢, M., Blanusa, J., Perovi¢, M. Mrakovi¢,
A., Anti¢, B., Matovi¢, B. (2012): Magnetic properties of nanostructured Ca;.
GdMnO;3 obtained by glycine-nitrate procedure, 13™ edition of Trends in
Nanotechnology International Conference (TNT2012), Escuela Técnica Superior
de Ingenieros Industriales (ETSII Madrid - UPM) — Madrid, September 10-14,
Spain.

Caonurema ca CKyna HallHOHAJIHOT 3HaYaja mramMnada y ussoay (Me64)

1.

Rosié, M., Matovi¢, B., Babi¢, B., Egelja, A., Devecerski, A., Radosavljevi¢ —
Mihajlovi€, A. (2009): Synthesis and crystal structure of Cag;.xGdMnO3, VIII
Student's Meeteing, Processing and Application of Ceramics, December 2-5,
Novi Sad, Serbia, Book of Abstracts, p.46.


http://www.sciencedirect.com/science/journal/02728842
http://www.sciencedirect.com/science/journal/02728842

Mpunor 1.

U3jaBa o ayTopcTBY

lNoTnuncaHm-a Mwunena Pocuh
Opoj nHaekca 810/2007
UsjaBrbyjem

0a je QOKTOpCKa gucepTaumja nod HacnoBom

CuHTe3a, CTPYKTypHe U MarHeTtHe ocobuHe Ca..GdMnO; HaHONpaxoBa

* pes3yntat COnCTBEHOr UCTpaKnBadkor pana,

« [a npennioxeHa gucepTauuja y UENVMHN HU Yy AenoBuMa Huje buna npeanoxeHa
3a pobujatbe OWMNO koje AMNIoMe NpemMa CTYAMjCKUM nporpamuma apyrux
BMCOKOLLIKOJICKMX YCTaHOBa,

« [acy pe3ynTati KOPEeKTHO HaBedeHN U

+ [a HMCaM Kpwmo/na ayTtopcka npaeBa W KOPUCTMO WHTENEeKTyarHy CBOjUHY
Apyrux — nuua.

MoTnuc gokTopaHaa
Y beorpagy, 28. 08. 2014.

) gp,
C Luuu Hea Ec Clin,




Mpwnor 2.

U3jaBa 0 MICTOBETHOCTM LUTAMMaHe U eNeKTPOHCKe
Bep3uje AOKTOPCKOr paaa

Mme n npesnme aytopa MwuneHa Pocuh

Bpoj uHaekca 810/2007

CTtyamjcku nporpam [okTopcke akagemcke ctyguje

Hacnoe paga CuHTe3a, CTPYKTYpPHEe U MarHeTHe ocobuHe

Ca;xGdxMnO; HaHONpaxoBa

MeHTOpP Mpod. op. BecHa Moxapuy Norap

MotnucaHwu/a Munena Pocuh

‘ o P,
L.-LLLA\MI«\ }t‘i‘uﬁ

MsjaBrbyjeM ga je wtamnaHa Bep3uja MOr AOKTOPCKOr paja MCTOBETHA eneKTPOHCKO)
BEp3nju Kojy cam npegao/na 3a ob6jaBrbmBawe Ha noptany OurutanHor
peno3utopujyma YHuBep3uTeta y beorpany.

[osBorbaBam ga ce objaBe MOjM NMYHKM Nodaun Be3aHM 3a OoOuvjarbe akageMcKor
3Baba AOKTOpAa Hayka, Kao LTO Cy UMEe U Npe3nme, rognHa u MecTo poherwa u gatym
oabGpaHe paga.

OB/ nMYHM nogaun Mory ce 006jaBUTM Ha MpPEXHWM CTpaHuuamMa gurntanHe
ombnunoTteke, y enekTpoHCKOM KaTanory ny nybnukauvjama YHusepauteta y beorpagy.

MoTnuc gokTopaHaa
Y Beorpaay, 28. 08. 2014.

) qp,
C Luuu Hea Ec Clin,




Mpwvnor 3.

UsjaBa o kopuwhemwy

Osnawhyjem YHuepauteTcky 6ubnuoteky ,CBetodap Mapkosuh® ga y AurutanHu
penosutopunjym YHuBep3uTeTa y beorpagy yHece MOjy OOKTOPCKY AucepTauujy noa
HaCcnoBoOM:

CuHTe3a, CTPYKTYpHe M marHeTHe ocobuHe Ca;.GdMnO; HaHonpaxoBa

Koja je Moje ayTopcKo gerno.

OucepTaumjy ca cBum npunosmMma npegao/na cam y enekTpoHCcKoMm chopmMaty norogHom
3a TpajHO apxmBuparE.

Mojy ookTtopcky avcepTauujy noxpaweHy y OQurntanHu penosntopujym YHuBepsuteTa
y Beorpagy mory ga kopucTte cBu koju nowTyjy oapenbe cagpxaHe y ogabpaHom Tuny
nnueHue KpeatusHe 3ajegHuue (Creative Commons) 3a Kojy cam ce ogny4dmo/na.
1. AytopcTBO
2. AyTOpCTBO — HEKOMEpPLUUjanHo
@ AyTOpCTBO — HEKOMEpLMjanHo — 6e3 npepage
4. AyTOpCTBO — HEKOMepuujanHo — AenuTn nog UCTUM ycrnosmuma
5. AytopcTBo — 6e3 npepage

6. AyTOpCTBO — enuTu nog UCTUM yCrioBumMa

(Monumo ga 3aoKpyXute camo jegHy o WeCT NoHyhHeHUX nuueHun, KpaTtak onumc
nuueHun oat je Ha nonehuHn nucta).

MoTnuc gokrTopaHaa
Y beorpagy, 28. 08. 2014.
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1. AyTtopcTBO - [Jo3BOSbaBaTe yMHOXaBake, OMCTPMOYLMjy M jaBHO cCaomnluTaBawe
Aena, n npepaje, ako ce HaBe[e MMe ayTopa Ha HauyuH odpefneH of cTpaHe ayTtopa
unun gasaoua nuueHue, Yak 1 y komepumjanHe cepxe. OBo je HajcnobogHuja og cBux
nuueHumn.

2. AytopcTBO — HekomepumjanHo. [lo3BorbaBaTe yMHOXaBake, AUCTpnbyuunjy 1 jaBHo
caonwTaBawe fena, u npepage, ako ce HaBefe MMe ayTtopa Ha HauuH ogpefeH o
CTpaHe aytopa unu gasaoua nuueHue. OBa nuueHua He J03BOSfbaBa KoMepuujarnHy
ynotpeby gena.

3. AyTtopcTBO - HekomepumjanHo — ©e3 npepage. [lo3BorbaBaTte YMHOXaBaE,
ancTpnbyumjy n jaBHO caonwTaBakwe Aena, 6e3 npomeHa, npeobnukoBaka WM
ynotpebe gena y CBOM Aeny, ako Ce HaBede ume ayTopa Ha HauvH oapeheH o
CTpaHe aytopa unu gasaoua nuueHue. OBa nuueHua He A03BOSfbaBa KomepuujarnHy
ynoTpeby Aena. Y ogHOCy Ha CBe ocTarne nuueHue, OBOM JIMLEHLOM Ce orpaHu4aBa
Hajsehn o6um npaea kopuwhewa gena.

4. AyTOpCTBO - HekomepumjarHo — AenuTtyu nog uctum ycnosuma. [o3BorbaBaTte
YMHOXaBare, AMCTPMOyLMjy 1 jaBHO caoniwiTaBakwe Aena, U npepage, ako ce Hasege
nvme ayTtopa Ha HauvH ogpehieH of cTpaHe ayTopa unu gasaoua nuLUeHLEe U ako ce
npepaga Auctpubyvmpa nog UCTOM wMnM cnvyHOM nuvueHuom. OBa nuvueHua He
[03BOrbasa komepuujanHy ynotpeby fena v npepaja.

5. AytopctBo — 6e3 npepage. [Jo3BorbaBaTe yMHOXaBawe, OUCTPMOYLUMjy M jaBHO
caonwTaBare gena, 6e3 npomeHa, npeobnukoBaka unm ynotpebe gena y csom geny,
ako ce HaBede MMe ayTopa Ha HauuMH ogpeheH o cTpaHe ayTopa unv gasaoua
nuueHue. OBa nuueHUa A03BOSbaBa KoMepLmjanHy ynotpeby aena.

6. AyTopcTBO - pgenutu nog ucTMMm ycnosuma. [lo3BorbaBaTe YMHOXaBak€,
AncTpmnbyumjy 1 jaBHO caonwiTaBake Aena, u npepage, ako ce HaBege uMme aytopa Ha
HauuH oapeheH of cTpaHe ayTopa WnM JaBaoua nuueHue W ako ce npepaga
auctpubympa nog WUCToM WM civyHoMm nuudeHuoMm. OBa nuueHua [03BoSbaBa
KomepuumjanHy ynoTpeby fgena v npepaga. CnvyHa je codTBepckUM nuLeHuama,
OLHOCHO Nnu1LeHuama OTBOPEHOr Koaa.



