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AHAJII3 KPUCTAJITYHUX CTPYKTYP BUXITHUX PA3
KBA3IIIOTPIMHOI CACTEMHA Y,S,-LA,S, - PBS

YV cmammi npedcmasnenuii meopemuynuti ma excnepuMenmanbHuli NioXio GueUeHHs Kea3inompilHoi cucmemu
Y,S,—La,S,— PbS. Cunmes 6uxionux 3pasxie cucmemu npo6oOUECs 3 GUKOPUCTAHHAM MEEPOOPAZHUX PeaKyill y 6AKYYMO-
BAHUX KEAPYEBUX amnynax npu 3anuukosomy mucky 107 Makcumanona memnepamypa cunmesy cmanosuna 1323 K. Ana-
23 6UXiOHUX Komnonenmie keasinompitinoi cucmenmu Y,S, — La S, — PbS exasye na me, wo 6onu maiomo esmexmuynuil
Mun NAAGIEHHA, a Omdice MONCYMb GUCTHYRAMU KOMNOHEHmMamil 00CioxHCy8anoi keazinompitinoi cucmemit. Ix kpucmaniy-
Ha CMPYKmMypa onucyemocs okmaeopuunum Hanosiennsm. Tepuapni pasu Y PbS, Cmc2, (a = 7.9301 A b =28.6966 A;
c = 12.0511 A), La,PbS — 143d (a = 8.767 A) xapaxmepusylombca 6a30yenmpo6anolo ma 06 eMHOYEHMPOEAHOIO
KOMIPKOIO 8I0N0GIOHO. 30L1bUIEHHA KITbKOCMI KAMIOHHO20 CKAAOY NPU3BOOUMb 00 3DOCHAHHS NAPAMEMPIE eleMeHmap-
HOi' Komipku i eoonouaci amomu Y i Pb 3aiimaioms oxkpemi nozuyii 6 cmpykmypi, a amomu La i Pb ymeoproioms cymiw
{0.667 La + 0.333 Pb}, wo noxanizoeana y nosuyii 12a. Ha excnepumenmanvHomy emani niomeepoxiceHo iCHY68aHH:
MEPHAPHUX (pa3 mMa 3'ACOBAHO, WO 6 KEAZINOMPIUHILL cucmemi sunuKaiomo keasioinaphi pisnosacu Y,S; — La,PbS, ma
Y,PbS, — La,PbS, Llupoxa osopasna obracme Y,S; — La,PbS, obymosiena icHysanHsm meepoo20_ po3HUHY

a,,: b, S, (x = 0+0,69). 3a pesyremamamu Komniekcy npogedenux 00ciiodxicers nobyoosano i3omepmiuHuil nepepis,
SAKULL NPE3EHNYE eKCNEePUMEHMATbHUL eman npo8eodeHux 00CIiONceHs. 3UoMKa OUpparmoepam nopouKonooioOHUx 3pasKie
npogoounacs 3a kKimwamuoi memnepamypu na JJ[POH-4-13. Kpucmaniuna cmpykmypa 0yna npoananizosana 3a 00nomo2oio
naxemy npozpam WINCSD (Bepcis 2016 p.)

Knrouosi cnosa: xpucmaniuna cmpykmypa, KOOpouHayitine OMoYeHHs, i30mepMiuHuLl nepepis, K8asioiHapHy piGHOBA2U.
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ANALYSIS OF CRYSTAL STRUCTURES OF THE OUTPUT PHASES
OF THE QUASITERNARY Y,S, - LA,S, - PBS SYSTEM

The articles present a theoretical and experimental approach to the study of the quasi-ternary Y,S, — La,S, — PbS
system. The synthesis of the initial samples of the systems was carried out using solid-phase reactions in vacuum quartz
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ampoules at a residual pressure of 10. The maximum synthesis temperature is 1323 K. Analysis of the initial components
of the quasi-ternary Y,S, — La,S, — PbS system indicates may be components of the studied quasi-ternary system. Their
crystal structure is described by an octahedra Aﬁllmg The ternary Y ,PbS, phases — Cmc2, (a = 7.9301 A; b =28.6966 4;

c=12.0511 4), La,PbS,—1_3d (a = 8.767 A) are determined by the base concentratton and the volume-centered cell,
respectively. A mobile decredse in the amount of cationic composition leads to an increase in the elementary cell param-
eters and at the same time the Y and Pb atoms occupy separate positions in the structure, and the La and Pb atoms form
a mixture of {0.667 La + 0.333 Pb}, which is localized at site 12a. At the experimental stage, the existence of ternary
phases was confirmed and it was determined that quasi-binary equilibria Y,S, — La,PbS, and Y,PbS, — La,PbS, are car-
ried out in the quasi triple system. The wide two-phase region Y .S, — La,PbS is due to the existence of a solid solution
of La,,,,Pb, S, (x = 0+ 0.69). Based on the results of a set of studles an isothermal section was constructed, which
conducts experimental research activities. The diffraction pattern of powder samples was taken at room temperature on

DRON-4-13. The crystal structure was analyzed using the WINCSD sofiware package (Version 2016).
Key words: crystalline structure, coordinate setting, isothermal section, quasi-binary section.

JocmimkeHHsT KBa3iMOTPIMHUX CUCTEM — 1€
¢dyHnaMeHTanpHe  (QOPMYBAaHHS TEOPETUYHOTO
Ta eKCIIEPUMEHTAJILHOTO 0a3uCy IS TOJETTIICHHS
MOIIYKY HOBUX TIEPCIEKTUBHUX MarepiaiB.
Kpucraniuna cTpyKTypa CIOJIYK CKJIAQJa€e YUMAIy
YacTUHY YCiX (yHIAMEHTAIbHUX JIOCIHIKEHb.
Po3ymitoun mpocTOpOoBE PO3MIIICHHS aTOMIB,
CTBOPIOEMO ITICHY KapTUHY PO3MOALTY 3apsry
M0 CTPYKTYPi, 3HAXOJMMO BIATOBIIh HA TMTUTAHHSI
IIUTBHOCTI, (OpMyBaHHS pi3HOMaHITHUX J1e(DEKTiB
Ta BKJIIOYEHD, 110 B CBOIO YEPTy BHOCSITH 3HAUHUI
BILTUB Ha CYKYITHY MaJITPy XIMIYHHX Ta (Di3UIHUX
BJIACTMBOCTEW. BapTo 3a3Ha4MTH, 10 XaJbKOTe-
HigHI (pa3u B HIIOMY XapaKTepPHU3yIOThCsl KOBAJICHT-
HOIO TIPUPOJIOI0 MIKATOMHHX 3B’SI3KiB, 1 MOXYTb
OyTH OTpUMaHi i B aMOp(PHOMY, 1 B KPHCTATIIHOMY
crani. Hacammepen BOHM IIiKaBi 3 TOYKH 30Dy
HaITIBIPOBIIHOCTI, OCKITBKH IIUPUHA 3a00pOHE-
HOI 30HHU KOJIMBA€ETHCA B Mexax 1-3 eV. Bonu oco-
OnuBI 32 CBOEIO (DYHKITIOHATBHICTIO, XapaKTepU3y-
IOTHCSI ONTHYHUMHU, CIEKTPUYHUMHU Ta TETUIOBUMH
MOKA3HUKAMHU. IX HELEHTPOCHMMETPMYHI CTPYK-
TYpH ILiKaBi A iH(GpPauepBOHOI Ta HEITIHIHHOL
ontuku. [1-10].
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Puc. 1. liarpama cTany cucTeMu:
Pb-S[12]: 1-L,2-L+ PbS,
3-L+PbS,4-L, +L,,5-L+PbS,

6 — PbS + B-S, 7— PbS + a-S, 8 — Pb + PbS

AHaJi3 KpUCTaIIYHOI CTPYKTYpH (a3, 1110 € BUXiJI-
HUMHU JJIs1 KBa3iMOTPIHOT CHCTEMHU YZS3 — LazS3 —PbS
JI03BOJIUTH CPOPMYBaTH LLTICHY KAPTHHY EKCHEepH-
MEHTAJILHOTO Ta TEOPETHYHOTO ITiIXOY JUIsl Oalb-
IIOTO IX MPaKTUYHOTO BUKOpUCTaHHS. Jleski Harpa-
IFOBaHHS 3 TOUKHU 30pY EKCIIEPUMEHTY Y K€ IPOBEACHI
B nonepeiHboMy jociipkenHi [11]. Hapasi BaximBo
OMMCATH TEOPETHYHUI 0a3hc KPUCTAIIIUHOI CTpPYK-
Typu BuxinHux ¢a3. BuxiaHi ¢asu MaroTh eBTeKTHY-
HUI TUTI TUTaBJICHHS.

Jiarpama crany cuctemu Y — S He moOyZj0BaHa.
ExcriepuMeHTaIbHO MiATBEPKEHO, 110 332 YMOB
npoBeneHHs excriepumenty (770 K) Buxiani ¢aszu
KPUCTAJ3YIOTbC B HACTYNHHUX IPOCTOPOBUX
rpynax: PbS — Fm3m (a = 5.9297 A) [14], Y,S, -
P2 /m(a=17.5333A;h=4.0107 A; c=1.01736 A;
p = 98.601°) [15], La,S, — Pnma (a = 7.66 A,
b =422 A; c=1595 A) [16], Y,PbS, — Cmc2,
(a=7.9301 A; h=28.6966 A; c=12.0511 A) [17],
La,PbS, — 143d (a =8.767 A) [18].

[lepBuHHMII aHaI3 KPUCTAIIYHOI CTPYKTYpHU
BKa3ye Ha Te, L0 MK BUXIAHUMHU (a3aMu Majo-
HMOBIpHE YTBOPEHHS TBEpPAUX PO3UHHIB, OKPIM
dasn La,PbS,, ma ocHoBi sKoi icHye TBepami
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Puc. 2. Jliarpama crany cucremu La — S [13]: 1 -L,
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posunn La . Pb S, (x = 0+0,69). [lna OGimbimx
JIETAJILHOTO aHai3y KPUCTATIYHOI CTPYKTYpH HaBe-
J€MO TIPOEKIii X eJIeMEHTApHUX KOMIPOK, Y SIKHX
BKJTIOUYEHO KOOp/IMHAIIIHE OTOYSHHS JJIs1 KaTiOHIB.

Tepnapna dasa Y ,PbS, yreoproeTbcs Ha mepe-
pi3i Y,S, — PbS. Buxinni pasu xapakrepusyrThes
OKTaeJPUYHUM  TPOCTOPOBHM  HANIOBHEHHSM.
[Ticna mpoBesneHHs TBepAoda3HOi XiMIUHOI peak-
i1 (CHHTE3 MPOBOJUBCA y BaKyyMOBaHUX KBaplie-

BHUX aMITyJIax JI0 3aiumKkoBoro Tucky 102 I[Ta):
1323 K

Y,S,+PbS = Y PbS,
Cunre3zoBaHa (a3a Mae TaKOK OKTaeApUIHE
HAIllOBHECHHSI HABKOJIO aTOMIB KaTioHiB. B mopiB-

Puc. 3. Ykaaaka kaTioHHUX 0araTorpaHHUKiB
y cTpykrypi PbS

Puc. 5. Ykaaaka kaTioHHHX 0araTorpaHHUKIB
y crpykrypi La,S,

HSHHI 3 BHUXiZHUMH ()a3aMu KOMipKa CIIONYKH
Y,PbS, tpanchopmoBana y 0asMCHO LEHTPO-
BaHy 1 Mae 3HAYHO BHIII IapaMeTpH eJIeMeH-
TapHOi KoMmipku. Hacammepen 1€ MOSCHIOETBCS
BKIIIOUEHHSM Y (OpPMYJIbHUN CKIaa (a3u aToMiB
3 pI3HUMHU aTOMHUMH pajiilycaMu. ATOMHHUH pajiiyc
Pb = 1.47 A, r(Pb*?) = 1.26 A), r(Ge) = 1.22 A ,
1(Ge™) =0.44 A.

Tepnapna dasa La PbS, yroproeThcs Ha mepe-
pisi La,S, — PbS. Buxinna ¢asza PbS omucyernes
OKTaeJApUYHUM HamoBHEHHsM. lLle 3po3ymino
3 TUX MIpPKyBaHb, 110 Ui atomiB Pb xapakrep-
HUM € KOOpIWHAIIfHE YHUCIIO, MO0 € pPiBHUM 6.
A or xoopauHaliiiHe oToueHHs aroMiB JlaHTtany

Puc. 4. Ykaaaka kaTioHHHX 0araTorpaHHUKIB
y cTpyKTypi Y,S,

Puc. 6. Ykiaaaka kaTioHHHX 0araTorpaHHHUKiB
y crpykrypi La PbS,

Puc. 7. Ykiaaka kaTioHHAX 0ararorpanHukiB y crpykrypi Y,PbS,
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Puc. 8. [3oTepmiunmii mepepis
KBasinorpiiinoi cucremun Y,S, — La,S, — PbS:
1-PbS+Y,PbS,2-YS, +YPbS,;3-Y,S, +LaS,;

4- La2S3 + La2,57pb0,14S4"
Pb, S,(x=0-0,86);, 6 - PbS + La,PbS,,

5-La

2+2/3x

7-Y,PbS,+ La,PbS,; 8- Y,S, + La

Pb, S, (x=0-0,86);

2+2/3x

9 — PbS + Y,PbS, + La,PhS, 10— Y,S, + Y PbS, + La,PbS,;

11 - Y2S3 + La2S3 + La2’57Pb

y CTpykTypi cnonyku La S, 3pocrae g0 8 1 onu-
CY€TBHCSl TPUTOHAIBLHOKO MIPU3MOIO 3 JIBOMaA J0AaT-
koBumu aroMamu. Cnonyka La,PbS, orpumyerscs
MIPOBEIEHHSIM TBEpO (a3HOrO CHHTE3Y 3a TeMIIe-
parypu 1323 K:

1323 K
LaS, +PbS — LaPbS,
Crpyktypa TepHapHoi (a3  ONUCYETHCS
00’ €MHOILIEHTPOBAHOIO €JIEMEHTAPHOI KOMIPKOIO
B KyOiuHiii cuHrOHii. OKpiM Toro, y mo3utii 12a
nokanizoBaHa cymim aromiB Pb 1 La {0.667 La
+ 0.333 Pb}. KoopaunariiiHe 9ucio 3pocTae 1o

0,1 4S4

9 1 OMUCYETHCS TPUTOHAIBHOKO MTPU3MOIO 3 TPhOMa
JOJATKOBIMH aTOMaMH.

Komruiekec TpoBEIeHUX EKCIIePHUMEHTAIbHUX
JOCITI/DKEHb JTO3BOJIUB MOOYIyBaTH 130T€PMIUHUI
nepepi3 KBasinorpiinoi cucremu Y,S, — La S, —
PbS 3a remmeparypu 770 K.

IcuyBanHs TETPapHUX CIIOJIYK HE
BUSIBJICHO. Bcranogieno, 10 CUCTEMH
Y,S, — La,PbS, ta Y,PbS, — LaPbS, € xBasi-
Oinapuumu. Ilupoka neodasna obmacts Y,S, —
La PbS, (mosne 12) 0OymoBieHa iCHyBaHHAM TBEP-
noro posunny La, . Pb, S, (x = 0+0,69; mone 5).

2+2/3x
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