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HENEHTPOCUMETPUYHA CTPYKTYPA CEJIEHIIIB
M,Si, . Se, (M = 0.5Y+0.5La(Pr))

V. cmammi  eusuacmocs - npoonemamuka  KpUCMANMHOL  CMPYKMYpU  Mempaprux  XaibKoeHiois
MSi, ,Se, (M = 0.5Y+0.5La(Pr)). Cnonyxu ompumari memooom meepoopasHux pearyii 63A€MO0I€EI0 €NEMEHMAPHUX KOM-
nonenmie 3a memnepanypu 1323 K. 3iiomka oughpaxmozpam nopouikonodioHux 3pasxie npoeoounacs 3a KiMHamHoi memne-
pamypu na JIPOH-4-13. Kpucmaniyna cmpykmypa pospaxosana 3a 0onomo2oio naxemy npoepam WINCSD (Bepcis 2016p.)
i onucyemwcst cumeonom Ilipcona hP23. [pobnemamuka yux cmpykmyp noisede He auuie 8 JOKAm3ayil cymiwi amomie
pioxicnozemenvrux enemenmis (P3E), a it y nosiei amomie Cuniyito y 060x 3apsadosux cmanax +2 i +4, uwjo He eusuanocs
paniute 8 Haykosux pooomax. Taxuii nioxio 0036014€ OinbuL 2AUdIE BUSYUINU KPUCTATIYHY CIPYKINYPY OMPUMAHUX (ha3 Ha
npeomen 63aEM038 3Ky MidiC 3apsioomM amoma i tio20 KOOPOUHAYIUHUM OMOYEHHIM. 32i0H0 3 6a2ambvma 00CAiONCEHHIMU,
JIOKANI3ayis amomie, o Hecymv NPOMuIelCcHUll 3apsi0 GiOHOCHO YeHMPAIbHO2O KOOPOUHAYILIHOSO AMOMA BUSHAYAEMbCS
nonoocenusam amoma 8 I1C i tioeo 3apsdom. ¥ 6ineuocmi 00ciodicenb CHOCMEPieaemvCs apianm Onucy CIpyknypu, Ko
00 cK1ady 6X00amMb UOHU, WO MAIOMb NeGHULL Cmanull YMosHutl 3apso + abo -. YV yiil pobomi 3anponoHosanuii po3e 130K
cmpykmypu, 6 axiu Cuniyitl i3 3apsioom 2+ noxanizoeanuii 6 ICT 2a, a Cuniyiil 3 3apsadom +4 — 6 IICT 2b. Oxpim moeo, ye
npu3600UMb i 00 Pi3HO20 Koop()unauiﬁnoeo omouenns yux amomie (K4 = 6 i 4 ionogiono). Cmpykmypy npoananizoano
He npeomem ymeopenia kamion-kamionux nap mixc amomamu Cuniyiio, Ak naubinow erekmpone2amugio2o amomy. 1po-
6e0eHa NOPIGHATbHA OYIHKA 3 BIOOMUMU OOCTIONHCEHHAMIU, WO 8I000PANCaAIOMb NOOIOHY NPOONEMAMUKY | 6CMAHOBIEHO, O
MaKi napu 6 yiti CMpykmypi. HeMOXCIUGL uepes sHaumi Mixcamomni 6i00ani Si-Si, ujo npusso0ume 00 pyiHyeanHts maxoi
2eomempuunoi konghieypayii. Amomu Cuniyiio, ujo nepebysaroms ¢ mempaeopuuromy omouenni amomamu Ceneny maiomo
NOPIGHAHO KOpOMKI Midcamomui iddani Si-Se, wjo cgiouums npo ix nepeeajdcHo KosareHmHuy npupody. B oxmaedpuunomy
omouenti amomu Cuniyiro Marmv 3HAYHO 0L 3HAUEHHS, WO BKA3YE HA 30LTbUIEHHS IOHHOCTI 38 S3K).

Kniouogi  cnosa: xpucmanivna cmpykmypa, Koopounayitine —OMOUeHHS, NPAGUIbHA — CUCEMAd  MOYOK,
YeHmpanbHull amom.
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NONCENTROSYMMETRIC CRYSTAL STRUCTURE OF SELENIDES
M,Si, . Se. (M = 0.5Y+0.5La(Pr))

The article studies the problems of the crystal structure of tetrar chalcogenides M Si, . Se, (M = 0.5Y + 0.5La (Pr)).
The compounds were obtained by the method of solid-phase reactions by the interaction of elementary compo-
nents at a temperature of 1323 K. The diffraction patterns of powder samples were taken at room temperature on
DRON-4-13. The problem of these structures is not only the localization of a mixture of atoms of rare earth elements
(REE), but also the appearance of silicon atoms in two charge states +2 and +4, which has not been previously studied in
scientific papers. This approach allows a deeper study of the crystal structure of the obtained phases for the relationship
between the charge of the atom and its coordination environment. According to many studies, the localization of atoms
carrying the opposite charge relative to the central coordination atom is determined by the position of the atom in the peri-
odic system and its charge. In most studies, there is a variant of the description of the structure, when the composition
includes ions with a certain constant conditional charge + or -. In this paper, we propose a solution of the structure in
which Silicon with charge 2+ is localized in a site 2a, and Silicon with charge +4 is localized in a site 2b. In addition, this
leads to a different coordination environment of these atoms (C.N. = 6 and 4, respectively)

The structure was analyzed by the formation of cation-cation pairs between silicon atoms, as the most electronegative
atom. A comparative evaluation with known studies that reflect similar issues and found that such pairs in this structure
are impossible due to the significant interatomic distances of Si-Si, which leads to the destruction of such a geometric
configuration. Silicon atoms in a tetrahedral environment with selenium atoms have relatively short interatomic Si-Se
distances, which indicates their predominantly covalent nature. In an octahedral environment, silicon atoms are much
larger, indicating an increase in the ionicity of the bond.

Key words: crystalline structure, coordinate setting, site of atom, central atom.

OTpuMaHHsT HOBHX MarepiamiB sl cydacHoi  HarpiB no Temmeparypu 1150°C i3 mBHIAKICTIO
TEXHIKH — II¢ He IPOCTO BUMOTa 4acy, a i Texno-  12°C/rom; Burpumka 3a Ttemreparypu 1150°C
JOTIYHO OOIPYHTOBaHE pillIeHHS, IO Oa3yeThCsl  MPOTSAroM 4 TOAWH; OXOJOMKEHHS 3a Temrepa-
Ha aHai3i mpoOieMaruku icHyrounx MatepianiB.  Typu 500 °C i3 mBuzakictio 12°C/rom; roMoreHi-
BnockonanenHs: TeXHONOTIM BoHOYAC] MIABUINYE  3yrouui Biaman 3a temmneparypu S00°C mpotsrom
BUMOTH IIIOJI0 BJIACTUBOCTEH BHUKOpPHCTOBYBaHUX 500 roawH; rapTyBaHHS y XOJIOJHY BOJY.
Martepiais. PeHTreniBchki MOPOIIKOTPaMHU  OTPUMYBAIH

HaykoBwii momyk cboromeHHs crpsiMoBanuii — Ha mudpakromerpi DRON-4-13 (CuKa — Bumpo-
Ha TIPOTHO30BAHMM TTiIX11 00 BiOOPY pedoBux.  MiHeHHs, 10° < 20 < 100°, kpok 3iiomku 0.05°,
[HakmIe Kakydw, 3ajada IOJISATa€ B YTPUMaHHI  CSKCIO3HMINiA Y KOxkHiH Tourti 20 ¢) 1 paxyBanu ix 3a
PEUOBUH 3 Hamepes 3aJlaHUMHU BIACTHBOCTAMHU.  Jornomororo makery mporpam WINCSD [5]. dud-
HeaOusikuii iHTEpeC € 10 HAmiBIPOBITHUKOBHX  PAKTOTPaMU IMOPOIIKIB MPEICTaBICHO Ha puc. 1-2.
BJIACTMBOCTEH XaJIbKOTEHIIIB PIIKICHO3EMEIbHUX
MetaniB. Ile 0oOyMOBIIOETBCS THUM, MO IIi elie-

MEHTH YTBOPIOIOTH JOCHTE [[IKaBe PI3HOMAHITTA S
CTPYKTYP, 1[0 KPUCTATI3YIOTHCS B HEIIEHTPOCHUME- 1 calculated

Yl.SLa Si Se7

TPUYHUX TPymax. A Ii¢ B CBOIO YEPry BiJTKpHUBae difference
I OJIH HAMPSIMOK BUKOPUCTAHHS iX K ONTHIHUAX ) I P,
enemenTis [1], [2]. 2 R =26%
3gi 5 . & R =3.46%
BiCHO, o Gasnc s JOCIIPKEeHb yxe chop- 2 e r— 226
MOBaHWH OaraTopiyHUMU HampalroBaHHIMU Kade- s
L]

JpH XiMii Ta TEXHOJIOTIH 1 111 poOoTa € JIHIIe mpo-
JIOBXKEHHSIM peatizallii MIaHOBUX E€KCIIEPUMEHTIB

soborloebel ORI KPR
o t

y BUBYCHHI [TOBE/IIHKU XIMIYHUX SJICMEHTIB y KBa3i- T R
norpiiaux cucremax D'VX —R X —R" X (D" -Si, S A A A A A
Ge, Sn; R, R"—P3M; X -8, Se) [3], [4] i in.). 2 6[deg]
Hapaxxku 3pa3kiB Jyuisl TOCITiHKCHHS Oy TIij-
TOTOBJICHI 3 BUCOKOYMCTUX KOMIIOHEHTIB y KBapIie- Puc. 1. ludppakrorpama cTpyKTypH
BUX amiysiaXx. CHHTE3 CIIJIaBiB MTPOBOIMIIN Y BaKyy- M;Si, . Se (M - (0.5Y+0.5La)
MOBaHHMX KOHTECHHEPAxX B €ICKTPUUYHIN MydenbHii
Teyi 3 IpOrpaMHUM yIPaBIiHHAM TeXHOJIOTTUHUMHU Kpucramiuna crpykrypa 3 cuMBOjJOM Ilip-

npouecamu MII-30 3riIHO HACTYIHOIO PEXHMMY:  cona hP23 BKasye Ha Te, IO B Hill peai3yeThes
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NPUMITHBHA KOMIpKa 3 TapamMeTpaMu TeKcaro-
HaJIbHOT CHHTOHII Ta KIJbKICTIO aTOMIB, IO TPH-
MaJar0Th Ha OJJHY KOMIpKY, piBHO 23. V 11i#i rpymi
€ TP THUIU NO3ULIH — 2a, 2b 1 6¢.

Y1.5Pr Si Se_’
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Puc. 2. ludpakrorpama cTpykTYypH
MSi, . Se. (M - (0.5Y+0.5Pr)

VY By3nmax KOMIpKM JIOKaji30BaHi aromMu Si
3 OKTaeIpUYHUM OTOYeHHsIM aromamu Se. [lo3u-
IIis1, 10 3HaXOAMThCS Ha 1/3 Bij BUXiAHOIO ITOJIO-
KCHHSI B HANpsIMKYy X 3allOBHEHa aToMaMHu Si Ha
(0.75 yacTku, 110 BIANOBIAA€ MPOCTOPOBOMY 3arlo-
BHEHHIO IIi€i Tpymnw, i oTodyeHa 4 aromamu Se,
10 YTBOPIOIOTH TETPaeAp HABKOJO LEHTAJIbHOTO

aroMa Si. HaiiBaxkui atomu 3aiiMaroTh MO3ULIIO 6C.
Ha puc. 3 npoinmtocTpoBaHO MPOEKIIiIo eIeMeHTap-
HOI KOMIpKH Ha IUIOIIKHY bc.

Si (1) é
Ga

M {0.5Y+0. SLa(Pr)}
b @@ Se
Q

@ 9«
»

Puc. 3. Ilpoekuisi eJieMeHTapPHOI KOMipKHU
HA Wiomuny be

OCKiNbKH TpUpONa aTOMIB € CIIOpiAHEHA, TO
BOHM MOXYTh YTBOPIOBATH CTAaTHCTHYHY CYyMIlll,
110 ¥ peasizoBaHo B il CTpyKTypi. [OBOpsumM mpo
BEJINYMHU JIOBXKHH 3B’A3KY y Takill cucremi, 3a3Ha-
YaTUMO IX SIK aTUTHBHI BennunHu. [IpoBiBIIM po3-
MOJIIT aTOMHUX TO3UIIiH, 3’ICOBYEMO IO KiHIIEBA
dopmyna, skmo Opatd 10 yBaru Si 3 3apsioM
+4 He BIINOBIJa€ NPUHIMITY E€JIEKTPOHEHTpalib-
HocTi. [IpoBonsTYM aHai3 MiXKATOMHUX BiJICTaHEH,
AKI MOXXYTh JaTH BIANOBIAh HAa MUTAHHS IIOIO
NPOIIEHTY WOHHOCTI YU KOBAJEHTHOCTI 3B’SI3KY,
a TaKOX SIKMH YMOBHMH 3apsl 30CEpEIKCHUN Ha
aToMi, CTa€e 3pO3yMiJo, IO B IEHTPI OKTaeIpiB

Tabmus 1

ATOMHI KOOPIWHATH Ta i30TPonHi mapamerpu cTpykrypu M Si _Se (M —0.5Y+0.5La)

Artomu x/a /b e U(eq) N 3aiiHsATicTh

M 0.1296(1) 0.3591(1) 0.0357(4) 1.47(5) 6 0.5Y +0.5La
Sel 0.2573(2) 0.1645(2) 0.0193(5) 2.01(8) 6 1.0
Se2 0.5215(2) 0.1080(2) 0.2714(4) 1.40(7) 6 1.0
Se3 1/3 2/3 0.2525(06) 1.19(8) 2 1.0
Sil 1/3 2/3 0.6182(15) 1.8(3) 2 0.75
Si2 0 0 ~0.204(3) 0.5(2) 2 1.0

U(eq) =4/3[U11 a*2 a2 + ... 2U23 b* ¢* b ¢ cos(a)]
Tabmuig 2

ATOMHi KoOpIWHATH Ta i30TPonHi mapamerpu cTpykrypu M.Si . Se (M - 0.5Y+0.5Pr)

Atomu x/a »/b V24 U(eq) N 3aiinsATicTh

M 0.1297(1) 0.3591(1) 0.0336(4) 0.58(2) 6 0.5Y +0.5La
Sel 0.2583(2) 0.1649(2) 0.0183(5) 1.17(4) 6 1.0
Se2 0.5210(2) 0.1072(2) 0.2686(4) 0.56(4) 6 1.0
Se3 1/3 2/3 0.2505(6) 0.72(7) 2 1.0
Sil 1/3 2/3 0.614(2) 0.3(4) 2 0.75
Si2 0 0 -0.204(3) 0.7(2) 2 1.0

U(eq) =4/3[U11 a*2 a2 + ... 2U23 b* c¢* b ¢ cos(a)]

17



[Ipobnemu ximii Ta cTanoro po3ButKy, Bum. 2, 2021

nepeOyBarote atomu Cuimimito 3 3apsigom  +2, TakuM  YMHOM,  OTPUMYEMO  KapTHHY
a B no3uuii 2b — Si (+4). Okpim TOrO, MEPEBIPIEMO  KPUCTANIUHOI CTPYKTypu ceneninis M,Si _Se.
rimore3y iCHyBaHHs KaTioH-kKaTioHHHX map. Skmo (M —0.5Y+0.5La(Pr)), B sikiii cTpyKTypHI Tapame-
Oparu 110 yBary, 1o HaiOUTbII €IEKTPOHETATUBHIM ~ TPHU CIOJNYK, aHali3 MDKaTOMHHX BiAjajel i Haii-
cepen KarioHiB € CHilii, OTXKe BIH Ma€ TCHICHINI0  OJFDKYOr0 KOOPJAMHAIIMHOTO OTOYSHHS aTOMIB
JI0 YTBOPEHHS KaTiOH-KaTIOHHKX map. 3TiHO BiO-  BKa3ylOTh HA Te, IO B iX ckiaai Cumimiit nepeldy-
MHUX HayKOBHUX JOCHikeHb i CWITIi0 Takuii  Bae B JBOX BAJIGHTHUX CTaHax: +2 (B OKTaeapax)
BapiaHT MO)ke OyTH peali3oBaHUM 3a YMOBH, KO 1 +4 (B TeTpaeapax). Y terpaenpax atom Si yTBO-
8(Si-Si) > 0.280 um. [TopaxoBaHa BifcTaHb IOCTI-  PIOE MOPIBHSIHO KOPOTKI, MEPEBaKHO KOBAJICHTHI,
JUKyBaHUX HaMu CTpyKTyp € O(Si-Si) > 0.300 um, 3B’sa3ku Si — Se, a B OKTaeApax 3B S3KH € OUIbII
a OT’Ke TaKi Tapu He YTBOPIOIOTHCA. JIOBT1 Ta ICTOTHO 10HHI.
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