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BruiMB KaTiOHHOTO PO3MOALTY HA KPUCTAJOXIMIYHI mMapaMeTpu
LHIMIHEeJbHUX TBEPAMX PO3YMHIB JITIH-IUHKOBUX (PepPHUTIB

Tpuxapnamcokuil HayionareHuil yHieepcumem imeni Bacuns Cmegpanuxa,
Tuemumym npupoonuyux nayx
Byn.Iamumpka, 201, IBano-®pankiscbk, 76008

Ha ocHOBI peHTIeHIBCHKUX IOCIIPKCHb, JAaHUX XIMIYHOrO (ha30BOTO aHaJi3y BCTAHOBJIEHO KPUCTAIOXIMIYHHI
CKJIaJ TBEPIUX PO3YMHIB JiTiH-IMHKOBHX (eputiB ZnyLiy s 5yFe; 5.0,5y04. [Tokazano, mo mpu BmicTi Big 7,14 10 4,44
aT.% Jlitiit crabimizye obepHEeHy IIMMiHENbHY CTPYKTYpY, a Llunk (Bix 5,43 mo 14,29 at.%) crpuse 11 HopMmami3amii.
JocnimxeHo, mo napamerp koMipku B cucreMi LijsFe, sO4 - ZnFe,0, 3miHroerses Bin 0,833 no 0,844 HM, cTymninb
obepuenocti — Bix 1 no 0, anionHuii mapamerp — B mexax 0,3788 - 0,3857. Po3paxoBaHo TeTpa- Ta OKTaeApUyHi

BiJICTaHi 3 BUKOpUCTaHHAM MeTony Ilya.

KirouoBi cioBa: ¢epur, mimiHenb, KaTIOHHUH PO3MOJiN, TeTpaeapuyHa BiACTaHb, OKTacApHYHA BiJCTaHb,

aHIOHHHI TTapaMeTp.

Cmamms nocmynuna 0o pedakyii 14.12.2007; npuiinama 0o opyky 15.02.2008

Beryn

OcCHOBHI  BIIACTHUBOCTI (DEpPHUTIB 31 CTPYKTYpPOIO
mmmiHeni OOyMOBIICHI HPUPOAOI0 MeTal-HoHIB Ta iX
posmnojinoM B TerpaenpuuHux (A) i oxraeapuynux (B)
MO3UIISAX IITiHENBHOT cTpyKkTypu. OcoOnuBuii iHTEpec
NPE/ACTAaBISIIOTE  TBEPAl  PO3YMHHM  JITIH-IMHKOBHX
(epoumineneii, 00671acTh MPAKTHYHUX 3aCTOCYBaHb SIKMX
JlaJieKo 1€ He BH3HAa4Ye€Ha Y 3B’S3Ky 3 BIACYTHICTIO
HEOOXITHMX  JaHMX, 30KpeMa 3a  XIMIYHHMH
BIACTUBOCTAMH. 71 PpO3YMIHHS TPHPOOH XIMIYHUX
B3a€EMOJIi IITI-UMHKOBUX (epUTiB HEOOXimHI 3HAHHA
HE TIMBKA iX KPHUCTANIYHOI CTPYKTYpH, aje W
KpHUCTaIOKBa3iximMiuHOTO ckiaamy [1, 2], OCKiINBKH HU3KY
Ba)KJIUBHX BJIACTUBOCTEH MOXKHa MIOSICHUTH,
BCTAHOBMBIIM  PO3MOALT  HOHIB 3a TeTpa- Ta
OKTaeJIpUYHUMH MO3UIISIMU IITIHEIbHOT pelriTku. Tomy,
METOI0 JIAHOTO  JIOCIIJDKEHHS OyJ0 BCTaHOBJICHHS
po3Moly KaTioHIB METaNiB y TBEPAUX PO3UMHAX JITiH-
IIMHKOBHUX (DEPUTIB, IKUH MOXKe OyTH BUKOPUCTaHUH NPU
po3pobui  Ta MPOrHO3YBaHHI BIIACTHBOCTEH HOBHX
(eputHHX cuCTeM 3 HEOOXiMHUMH (QYHKIISIMH 1010
NPaKTUYHOT'O 3aCTOCYBAaHHS.

I. ExcnepuMeHTaIbHA YaCTHHA

TBepai po3unHH JITIH-IIMHKOBUX (DEpUTIB
cuHTe3yBaM 3 Buxigaux Fe,0; (w.x.a.), Li,CO; (x.4.),
Zn0O (ua.p.a.). PeaxtuBHuit pepymy (I1I) oxcun sBisB
co0oro o-moandikarito. by npurorosieHi cymimri

cknany Zn,Ligs.5,F€; 505,04, 1€ ¥ 3MiHIOBAIH
quckpetHo Bi 0 10 1 3 kpokom 0,1. YTBOpeHHs pepuTiB
BiZ0yBaIoCh BiAMOBIHO IO peaKuii:

(1-)LiCOs + 4700 + (5-9)Fe05 —
— 4Zn,Ligs.05Fe 50504 + (1-9)COT (1)

®eputn oTpUMyBaIM TBEpAO(PA3HUM HaIiBCOJIEBUM
cuHTe3oM 1mpu Ttemmeparypi 1173 K B armocdepi.
PentreniBcekuit  (a3oBWIA  aHANMi3 TPOBENEHWA Ha
nudppakromerpi [JPOH-2.0 (Feka— BUITPOMIHIOBAHHS).

Peectpamis ciektpy mpoBommiack B iHTepBaii 20 KyTiB
Biz 20° mo 100° 3 kpoxom 0,02°. Ananiz npodisst cekTpy
13 3HAXO/KCHHSAM IIOJIOKEHHS JIiHINA Ta 1X 1HIUIIIOBaHHA
(hkl) y BimnoBigHOCTI 3 BUOpaHOIO KYOIYHOIO MOJEIIIIO

eJeMeHTapHOi KOMIpKH Oynu NpOBECHI 3
BUKOpHcTaHHsM mnporpamu PCW-2.3 [3]. Ilepiomm
elleMEHTapHOI ~ KOMIpKH  JOCTIDKYBaHUX  CIIOJYK

yTo4HIOBanucs 3a ponomororo nporpamu LATCON [4].
3MiHa 1epioy KpUCTaJIIYHOI PELIITKN TBEPANX PO3UHHIB
(hepuTiB CcayXHa KPUTEPIEM 3MiHH iX XIMIYHOTO CKIaTy
YU CTaHy, BiIoOpakato4n 3MiHy pO3TallyBaHHS KaTiOHIB,
aHIOHHOTO TapaMeTpa, MDKAaTOMHHX BifCTaHEW i T.II.
Ximigyauii (azoBuil aHami3 [5] migTBEpAMB BiICYTHICTH
HempopearoBaHoro ZnQO B JNTIH-IMHKOBUX (epHTax.
Ockinpku Ha qudpakTorpamax 3paskiB y cucremi Li,CO;
— ZnO — Fe,O; Oymu mnpucytHi JjiHil oxaHiel ¢a3u
LITIHENbHOT CTPYKTYpH 3 HaHOLIBLI 1HTEHCUBHUM
pednexcom npu 20 = 45°, To 3pa3ku KaacudiKyBaIUcs K
onHoGa3Hi 1 TBEP/i PO3UHHH.
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II. Pe3yabTaTtn Ta 00roBOpeHHs

IIpn orpumanHi 0araTOKOMIOHEHTHHX TBEPIUX
PpO3UHMHIB IITIiHEeH HEOOXiTHO BPaxOBYBaTH TCHIICHIIIIO
KaTiOHIB JI0 PO3TAIIyBaHHA B OKTACIPUIHUX MO3UIISAX. Y
poborax [6—8] noBedeHa HEMOXKIHMBICTD iCHYBaHHS
OMHKOBOI IIITiHENI 3MIINIAHOTO THIy y BHIAAKY
MOBUIFHOTO OXOJIOMDKCHHS (epury Bix TeMmmepaTypu
cuHTe3y. ToMy, B HaIoMy JOCHIHKEHHI 3 po3risiny OyB
BUKJIIOYEHUH OOEpHEHMH LMHKOBHHA (epuT 1 BBaxaiw,
1o TBEp AU po34uH YTBOPIOIOTH (beputn
Fea[LigsFe; s]gO4 Ta Zna[Fe,]g0s4. IIpu npomy 1o yBaru
Opamiicss  eHeprii  CHOpPIAHEHOCTI  KaTioOHIB 10
OKTaeOpUYHUX  mo3umiid  [9], OCKUTBKH  Teopis
kpuctramigaoro mnons (TKII) [10], sxa 3a3Buyaii
BHUKOPHCTOBY€ThCSA MJISI TOSCHEHHS TOTO YH IHIIOTO
KaTIOHHOTO PO3TallyBaHHS, B JAHOMY BHIAAKy HE Ja€
HeobXinHOT iHpopMmamii. B pamxax TKIT itonu Zn*" Ta
Fe*" (3aBmsiku enexrpoHHiit OyzoBi BaJIGHTHHUX OpOiTaei
d’ Ta d°) He MaroTH IIEpEBary 0 MEBHOIO TUITY OTOUYEHHS
HoHaMu 0"2, TOOTO 10 JHWCIOKamii B TeTpa- dYH
OKTaBy3JIax IIITiHEIBFHOT PELITKH.

Ha puc. 1 nmokaszana 3miHa napamerpa ejleMeHTapHOi
KOMIPKH ILIITiHeJIeH B 3aJIeKHOCTI Bijl XIMIYHOTO CKIIay.

a, HM
0,844 —
7_/’—/-’/
—— ~
- e
///- -
0,840 |[C_ — -
e
2 B
7 =T
0,836 _ Pt
AT
0,832 : : : : Y
00 02 04 06 08 1,0

Puc. 1. [lepiox penriTku mimmiHenen B cCHCTEMI
Zn,Ligs.05,F€55.05,04.

Jlinii AB i CJ] — TeopeTHuHO po3paxoBaHi 3HAUYEHHS
a 3a yMmMoBM abo TiNbKM O00epHEHOi, abo TiIbKU
HOPMaJIbHOT CTPYKTYpH (0€3 3MiHU CTyIeHsS 0OCpHEHHS)
Impyu  3MiHI TUIBKM XiMiyHOro ckiangy. Jlimizs AJ]
(xpuckoBaHa) pO3paxoBaHi 3HAYEHHsS Iapamerpa
KOMIpKM TIpH  iJeaJbHOMY pO3MIOALI KaTioHIB B
KpUCTATIUHIN pemmiTii, KoM 3MiHA XiMIYHOTO CKJIamy
TATHE 3a CO0OK TPOMOPIiHY 3MiHYy CTYHEHA
obepreHocti. [IpoTe ekcrepuMeHTanbHI [aHi He
CHIBIAJAIOTh 3 TEOPETHYHO PO3paxoBaHUMHU. BuaHo, mo
cyuitbHa KpuBa AJ] mepetmHaetrbes 3 mpsimoio AJl B
touni K, B #AKiff KaTiOHM y UINMHENBbHIA CTPYKTYpi

JIOKAJi30BaHi y MigPENNTKaXx 3TiIHO  171eaJlbHOro
po3moziny, a g0 1 michad HEl CIOCTepirarThCs
BiAXWJIEeHHS B OiKk oOOepHEHOCTI Ta HOpMaizamil

CTPYKTYPH ILUIIHENbHUX JITIH-IIMHKOBUX (DEPHTIB.

I[pu y < 0,38 towniB Jlitito Garato, TOMy BOHH,
Maroud OUIbIIy CHOpIZHEHICTh JIO OKTaeIpUYHHUX
MTO3UIIIH, OYIyTh 3HAXOAUTUCH B B-TIONOKEHHSX, a MiCs
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y = 0,38 moumHae 3pocTaTH KinbKicth Zn®', TOMY BiH,
3aiimMatoun A-mo3umii, Oyxe CIpHATH Mepexomy AesKoi
yactuau Li° B Terpaempu. Asie OCKiIbKM CTYTIiHB
okucHeHHsS atoMiB JIiTito ctaHOBUTH +1, pa3oM 3 HUM B
TeTpaeApu Oylne MEPEeXOJUTH TaKa XK KIJIbKICTh HOHIB
Fe’’. V nanomy Bumagky Mae wmicue i3oMopdHe
3aMillleHHs] THUITY 2Me*" = Me" + Me®" 3 YTBOPEHHAM
CTEXIOMETPUYHMX CHONyK. Sk BHAHO 3 puc. 1, s
TBEpAUX  pO3uuHiB, Omu3bkux 10  LipsFe; 504,
BinOyBaeThcs crabinizarist obepHeHoi cTpykTypu. HaBiTh
fionn Zn®', mud  SKMX XapakTepHe TeTpaeApHuHe
po3TanryBaHHs, OyIyTh 3HAXOAWTHCH B OKTACIPUIHUX
MO3MMIAX. 3a PaxyHOK 3MIiHH XIMIYHOTO CKJaxy IIpH
nepexomi y=0 — y=1 mapamerp pemitku Oyze
36impmryBatuck Ha 0,0046 M (0,8376 — 0,8330 = 0,0046
HM), a 32 paxyHOK 3MiHHM CTyneHsi oOepHeHHs (mepexin
BiZl 0OepHEHOI 10 HOPMAIBHOI CTPYKTYpH) HapameTp
pemnitku Oyne 30umbinyBatucs Ha 0,0064 M (0,8394 —
0,8330 = 0,0064 uHM™M). BpaxoByroun OJHOYAcHy 3MiHY
XIMIYHOTO CKJIaay i 00EpHEHOCTI, OTPUMAEMO PiBHIHHS:

a = 10,8330 + 0,0046y + 0,0064(1 - 1), 2)

e a — mapameTp eleMEeHTapHOI KOMIpKH IIITiHEeN,
HM; y — MONbHHUI BMicT HoniB LluHKY; / — CTymiHB
oOepHEeHHs MIHEIBHOI CTPYKTYPH.

CryniHb OOepHEHHs LIMiHell BU3HAYAEThCS BMICTOM
jionis Fe' y TeTpaBy3/axX KPUCTATIYHOI permnTKu (Ciixg
3ayBaxkuTH, o iforn Fe’', siki mos’ssami 3 iomamn Li*
crisBigHomennam Fe** + Li* = 2Me?', npu pospaxynky /
HE BPaXxOBYIOThCS). 32 €KCIIEPUMEHTANIBHO BU3HAYCHUM d
Ta 33 XIMIYHAM CKJIaJIOM 3HaXOMUMO /, TOOTO PO3IMOJILT
KaTIOHIB 32 TETpaeIpUYHHUMU Ta OKTaeApHYHUMH
MDKBY3JISIMH OKCHI'€HOBOI IJpEIiTKH (Talyuns), a 1e
Ja€  MOXJIMBICTH  pO3paxyBaTH TakKi IapameTpH
IIITiHeNeH: TeTpacApHYHy Ta OKTaeOpHIHy MIKATOMHI
BifgcTaHi (TOOTO BiACTaHI KaTiOH-aHIOH Y BIAMIOBITHUX
MO3HUIISIX ), aHIOHHHU TTApaMETP, KyTH XIMIYHOTO 3B SI3KY.

JUis  po3paxyHKy KPHCTAIOXIMIYHHX MapaMeTpiB
BUKOPHCTOBYIOTh cmiBBimHomeHHa Ilya [11] mma
BEJIMUMHM TapaMerpa KpUCTAIIYHOI pelniTKH a Ta
e(EeKTUBHHUX BIJICTAaHEW KaTIOH-aHIOH y TeTpaeIpUuHHX
Ta OKTaCAPUYHMX MIIPEIIiTKaX OKCUIHOI IITIHEIi:

a=2,0995a+ (5,8182p — 1,41070%)"%,  (3)

JIe 0. — BIJICTaHb TETPACIAPUYHUI KaTiOH-aHIOH; [ —
BiJICTaHb OKTaCAPUYHUM KaTiOH-aHIOH.

Benmuuan o Ta f po3paxoBYIOTh Y BiIIOBITHOCTI 3
METOAMKOI0 PO3PaxXyHKy WHOHHO-aTOMHHUX BiICTaHEH 3
ypaxyBaHHSIM KOOpAWHAIl KaTiOHiB Ta aHioHiB [12].
Terpaenpuyna BigctaHb 3pocTae (puc. 2, a), OCKUIbKH
BiZIOYBaETHCSl 3aMillleHHs] TETPaeIpUYHUX HOHIB Fe*'
fionamu lluHKY, BIOMOBIAHO CTymiHP OOCpPHEHHSA
3MEHILYETHCS; AHIOHHUH Mapamerp U, SIKMH BpaxoBye
3MinieHHs aroMiB OKCUTEHY 31 CBOIX i/IcalIbHIX MO3HIIIH,
36inpmyerhest (puc. 2, 6). OmmouacHo mepexin Fe'' B
OKTae[pW4Hi IMO3MLII NPU3BOJUTH 1O 3MEHIICHHS
OKTaeAPUIHOI BiAcCTaHi B, Xxoua B TOUIll y 0,1
3’ ABNISIOTHCA Honu Zn®' B OKTaeJpax i Ie MPU3BOANUTE JI0
TI0YaTKOBOT'O 3pOCTAHHS 3.

AmHani3you 1i AaHi, MOKHa 3pOOMTH BUCHOBOK, IO
napaMeTp eJeMEHTapHOi KOMIPKH TOJIOBHUM YHHOM
3aJIOKHTH BiJl TETPaeIPUIHOI BiICTaHI.
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Taoauus

KpucranoximMiyHuii po3no/iia KaTioHiB B TBEPAUX po3dnHax Zn,Ligs.q5,Fess5.0,5,04

3HaqyeHH" TeopeTwmui po3NON KATIOHIR EXCTICDHMEHTATLHO OTPHMAHHH POSTOL KATIOHiB

000 Fey [Li; et ], (07 ), Fe} [Li; Fels], (07 ),

0,10 (ZnéioFeégo ) [Lig,ztsFei;s ]B (04217 )0 (antnFe?;w ) [Zno ooLigasFelss ]B (Oi— )o
0,20 (zn2 Fel, ), [Lic o Felt, | (02), (zn2,Fels, ), [Zn2oLis wFel | (02),
030 (zny'oFeyo), i Felic ], (07 ), (ZnysFeys, ), [2ndsLis 1 Fel |, (07 ),
0,40 (Zno wFeg ) [Lig 30 FeISJ;O] (O ‘ )o (Zno oLy, osFe(3)+57) [Lig i ]B (Oi_ )o
0,50 (Zno oFeso ) R [Llo sFerns ] (Oi‘ )O Zng Li; o F e(3)+41) [Llo oF ef§4]B(Oi‘ )O
0,60 ( ZnggFeqsy, )A [Llo zoFefgo] (04217 )o (Zn§+60L10 1oFe(3)+30) [ i010F €750 ]B (Oii )o
0,70 (Zno oFes, )A [Llo sFelts ]B (Of[ )0 (Zno 2oLy o Fess ) N [Ll0 owFe ;2] (Of( )o
0,80 (zn2,Fedsy), [Lis oFels | (02), (ZnZ Lig osFets ), [Lig osFelss | (02),
0,90 ( n; 90Fe(3)+10) [ Lig osFe;ss ] (Oi' )O (Zn0 oLy OzFeffos) [L1O,O3Fei;7 ]B(Oi' )0
100 znj [Fe} | (07), i [rer [ (07),

0,193

0,189

0,203

0,185

0,201

u

} 0,386
0,384
0,382

0,38

0 02 04

0,378

0,6 08 1

Puc. 2. Terpaeapuuni Ta oKTaeApu4Hi HOHHO-aTOMHI BijicTaHi (a), cTyniHb o0epHeHHs (/) Ta aHIOHHUI
napametp (u) mrminenei (0) B cucremi
Zn,Ligs.05F€25.0504.
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Marounn aHIOHHWH mapaMeTp, OyiH po3paxoBaHi
3Ha4deHHs KyTiB AOB ta BOB (me A — TeTpaeapudaHuii
KatioH, B — okraegpuunuii xation, O — OkcureH) amus
cepii CHHTE30BaHUX JITIH-TMHKOBUX (eputiB (puc. 3).
Buano, 1m0 i3 3MiHOKO XIMIYHOTO ckiany (epuTiB npu
30ublIeHHI BMicTy HOHIB LlMHKY KyT TeTpaeapuyHHiA
KaTiOH-OKCHI'€H-OKTaCPUYHUNA  KaTiOH 3MEHIIYEThCS
(£ AOB = 123,77° — 121,33%, a KyT OKTaeJpuUyHHii
KaTioH-OKCUTEeH-OKTaeIPHIHINA KaTiOH — 30LIBITYEThCS

0, rpan
124

123
122

AOB

121~
96~

94

92

y
1,0

90 s s s s

0,0 0,2 0,4 0,6 0,8

Puc. 3. Kyrn XiMiuHOTO 3B’S3Ky B INIIHEIBHHX

TBEpAMX po3unHax (A — TeTpaeapuuHMN KaTioH, B —
OKTaenpuuHui kaTioH, O — OKCUreH).

(£BOB = 91,79° — 95,09°). Kyru ximiuHoro
3B’S3Ky B 3HA4YHIA Mipi BH3HA4alOTh MAarHiTHI
BJIACTUBOCTI HITiHeneH, BILUIMBAIOYH Ha

[1]

anTH(depoMarHiTHU HenmpsAMui oOMiH. UYuMm Oimbimid
KyT XIMIYHOTO 3B’S3Ky B OJHIM WiApemTIi, THM
CUJIbHIIIIE TIPOSIBIISIETHCSA aHTU(EPOMArHiTHA B3AEMOJIiS.
IIpupoano, mo e BIUTMBATHME HE TITbKA HA MAarHiTHI,
aje 1 Ha XIMIYHI BIacTUBOCTI QepuTiB (peakuiiiny
3/IaTHICTb, KATAIITHYHY aKTUBHICTb).
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T.R.Tatarchuk, N.B.Gamanyuk, D.V.Protskiy

The Influence of Cation Distribution on the Crystallochemical Parameters
in Solid Solutions of Lithium-Zinc Ferrites

Vasyl Stefanyk Precarpathian National University
Institute of Natural Sciences
Galitska str., 201, Ivano-Frankivsk, 76008, Ukraine

On the basis of X-ray investigation, dates of chemical phase analysis it is determined crystallochemical
composition of lithium-zinc ferrites ZnyLigs.osyF€5.05y04. Lithium (from 7,14 to 4,44 at.%) stabilize inverse spinel
structure, but zinc (from 5,43 to 14,29 at.%) amplify there normalization. It was found, that cell constants in the
LigsFe,sO4 - ZnFe,O4 system are change from 0,833 to 0,844 nm, degree of reverse — from 1 to 0, anion parametr —
from 0,3788 to 0,3857. With the use of Poix method the tetra- and octahedral spase have been studied.
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