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Ìåòîäàìè ðåíòãåí³âñüêî¿ ïîðîøêîâî¿ äèôðàêòîìåòð³¿ âèçíà÷åí³ óìîâè ³çîâàëåíò-

íîãî çàì³ùåííÿ àòîì³â ñêàíä³þ íà àòîìè ³íä³þ â Â-ïîçèö³¿ äâîøàðîâî¿ ïåðîâñüê³-

òîïîä³áíî¿ ñòðóêòóð³ SrLa2Sc2O7 çà òèïîì SrLa2Sc2–xInxO7: 0x0,4. Ïðè ïîäàëüøîìó

çðîñòàíí³ âì³ñòó àòîì³â ³íä³þ â ôàçàõ SrLa2Sc2–xInxO7 ïî÷èíàºòüñÿ ðóéíóâàííÿ äâî-

øàðîâî¿ ñòðóêòóðè ç óòâîðåííÿì ³íøî¿ ôàçè ç³ ñòðóêòóðîþ ðîìá³÷íîãî LaInO3, ÿêà

ïðè õ=0,8–2,0 º äîì³íóþ÷îþ. Ìåòîäîì Ð³òâåëüäà âèçíà÷åíà ðîìá³÷íà (ïðîñòîðîâà

ãðóïà Fmmm) êðèñòàë³÷íà ñòðóêòóðà ôàç ñêëàäó SrLa2Sc2–xInxO7 ç³ ñòóïåíÿìè çàì³-

ùåííÿ àòîì³â ñêàíä³þ, ð³âíèìè 0,2 òà 0,4. Êðèñòàë³÷íà ñòðóêòóðà SrLa2Sc2–xInxO7

óòâîðåíà äâîâèì³ðíèìè (íåñê³í÷åííèìè â ïëîùèí³ XY) ïåðîâñüê³òîïîä³áíèìè áëî-

êàìè, ùî ñêëàäàþòüñÿ ç äâîõ øàð³â äåôîðìîâàíèõ îêòàåäð³â (Sc,In)O6. Îêòàåäðè

(Sñ,In)O6 çâ’ÿçàí³ ì³æ ñîáîþ ò³ëüêè âåðøèíàìè, ³ êîæíèé îêòàåäð (Sñ,In)O6 ìàº

ï’ÿòü ñï³ëüíèõ âåðøèí ç ñóñ³äí³ìè îêòàåäðàìè îäíîãî ³ òîãî æ áëîêó. Áåçïîñå-

ðåäí³é çâ’ÿçîê ì³æ îêòàåäðàìè (Sñ,In)O6 ñóñ³äí³õ ïåðîâñüê³òîïîä³áíèõ áëîê³â â

øàðóâàò³é ñòðóêòóð³ SrLa2Sc2–xInxO7 â³äñóòí³é. Ñóì³æí³ áëîêè â³äîêðåìëåí³ øàðîì

ïîë³åäð³â (Sr,La)2Î9 ³ óòðèìóþòüñÿ ðàçîì çà äîïîìîãîþ çâ’ÿçê³â –O–(Sr,La)2–O–.

Ç äåâ’ÿòè àòîì³â êèñíþ ïîë³åäðó (Sr,Là)2Î9 â³ñ³ì íàëåæàòü äî òîãî æ áëîêó, ùî ³

àòîìè (Sr,Là)2, à îäèí àòîì êèñíþ íàëåæèòü äî ñóñ³äíüîãî áëîêó. Êîîðäèíàö³éíå

÷èñëî âíóòð³øíüîáëîêîâèõ àòîì³â (Sr,Là)1 äîð³âíþº 12, à ¿õ êîîðäèíàö³éíèé ïîë³-

åäð ÿâëÿº ñîáîþ äåôîðìîâàíèé êóáîîêòàåäð. Ðîçïîä³ë àòîì³â ñòðîíö³þ òà ëàíòàíó

ïî ïîçèö³ÿì ñòðóêòóðè SrLa2Sc2–xInxO7 ìàº ÷àñòêîâî óïîðÿäêîâàíèé õàðàêòåð ³ç ïå-

ðåâàæíîþ ëîêàë³çàö³ºþ àòîì³â ñòðîíö³þ ó âíóòð³øíüîáëîêîâèõ êóáîîêòàåäðè÷íèõ

ïóñòîòàõ ïåðîâñüê³òîïîä³áíîãî áëîêó. Àíàë³ç ñòðóêòóðíèõ ïàðàìåòð³â ôàç

SrLa2Sc2–xInxO7 ïîêàçàâ, ùî ïðè ³çîâàëåíòíîìó çàì³ùåíí³ àòîì³â ñêàíä³þ íà á³ëüø³

àòîìè ³íä³þ â øàðóâàò³é ñòðóêòóð³ ôàç SrLa2Sc2–xInxO7 â³äáóâàºòüñÿ ïîñòóïîâå çìåí-

øåííÿ äîâæèíè ì³æáëîêîâèõ çâ’ÿçê³â (Sr,La)2–Î2 (â³ä 0,222(2) íì (õ=0) äî

0,213(1) íì (õ=0,4) òà çðîñòàííÿ ñòóïåíÿ äåôîðìàö³¿ ì³æáëîêîâèõ ïîë³åäð³â (Sr,La)2Î9

(â³ä 6810–4 (õ=0) äî 9510–4 (õ=0,4)). Çìåíøåííÿ â³äñòàí³ ì³æ ïåðîâñüê³òîïîä³áíè-

ìè áëîêàìè íàáëèæàº áóäîâó äâîâèì³ðíî¿ øàðóâàòî¿ ñòðóêòóðè äî áóäîâè òðèâè-

ì³ðíîãî ïåðîâñüê³òó, à çá³ëüøåííÿ ñòóïåíÿ äåôîðìàö³¿ ì³æáëîêîâèõ ïîë³åäð³â

(Sr,La)2Î9 ïðèâîäèòü äî çðîñòàííÿ íàïðóæåíîñò³ â ì³æáëîêîâîìó ïðîñòîð³. Òàê³

çì³íè ïðèçâîäÿòü äî äåñòàá³ë³çàö³¿ òà ðóéíàö³¿ øàðóâàòî¿ ïåðîâñüê³òîïîä³áíî¿ ñòðóê-

òóðè ôàç SrLa2Sc2–xInxO7, îáìåæóþòü ³íòåðâàë òâåðäèõ ðîç÷èí³â òà îáóìîâëþþòü

â³äñóòí³ñòü ³íäàòó SrLa2In2O7.
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Áàãàòî÷èñëåíí³ ïðåäñòàâíèêè ñ³ìåéñòâ ñïî-
ëóê An+1BnO3n+1 ç øàðóâàòîþ ïåðîâñüê³òîïîä³á-
íîþ ñòðóêòóðîþ (ØÏÑ) âîëîä³þòü íàäçâè÷àé-

íî øèðîêèì ñïåêòðîì ô³çèêî-õ³ì³÷íèõ âëàñòè-
âîñòåé, ÿêèé âêëþ÷àº, çîêðåìà, íàäïðîâ³äí³ñòü,
êîëîñàëüíèé ìàãí³òîîï³ð, ä³åëåêòðè÷í³ òà ðåçè-
ñòèâí³ âëàñòèâîñò³, ³îííó ïðîâ³äí³ñòü, ëþì³íåñ-
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öåíòí³ âëàñòèâîñò³, ôîòîêàòàë³òè÷íó àêòèâí³ñòü,
³îíîîáì³íí³ âëàñòèâîñò³ òà íèçêà ³íøèõ [1–6].

Åôåêòèâíèì çàñîáîì âïëèâó íà êðèñòàë³-
÷íó áóäîâó òà ñòðóêòóðíî çàëåæí³ âëàñòèâîñò³ îê-
ñèäíèõ ñïîëóê º ³çîìîðôí³ çàì³ùåííÿ àòîì³â â
¿õ ñòðóêòóð³. Íà â³äì³íó â³ä ñïîëóê ³ ôàç òèïó
An+1BnO3n+1 ç îäíîøàðîâîþ ØÏÑ (Sr0,7Ca0,3LaScO4

[7], Sr1–xCaxLaInO4 [8], SrLa1–xLnI
xInO4 (LnI=Nd,

Sm)[9,10], SrNdSc1–xInxO4 [11]), äëÿ äâîøàðîâèõ
ñïîëóê öüîãî ñ³ìåéñòâà âçàºìîçâ’ÿçêè ñêëàä–
áóäîâà âñòàíîâëåí³ ëèøå ó âèïàäêó ³çîâàëåíò-
íîãî çàì³ùåííÿ àòîì³â À-ïîçèö³¿ ØÏÑ â ôàçàõ
SrLa2–xDyxSc2O7 [12] òà Ba1–xSrxLa2In2O7 [13]. Îñ-
ê³ëüêè îñíîâîþ ØÏÑ º îêñèãåíîîêòàåäðè÷íèé
êàðêàñ àòîì³â òèïó Â, áåçóìîâíèé ³íòåðåñ ñòà-
íîâèòü âèçíà÷åííÿ õàðàêòåðó âïëèâó çàì³ùåííÿ
àòîì³â òèïó Â íà áóäîâó äâîøàðîâî¿ ØÏÑ ñïî-
ëóê òèïó An+1BnO3n+1.

Ìåòà äàíî¿ ðîáîòè – âèçíà÷åííÿ áóäîâè
äâîøàðîâî¿ êðèñòàë³÷íî¿ ñòðóêòóðè ôàç
SrLa2Sñ2–xInõO7 òà âñòàíîâëåííÿ âçàºìîçâ’ÿçê³â
ñêëàä–îñîáëèâîñò³ áóäîâè ¿õ ØÏÑ.

Ìåòîäèêà åêñïåðèìåíòó

Ñèíòåç ñêàíäàòî³íäàò³â SrLa2Sñ2–xInõO7 ïðî-
âîäèâñÿ øëÿõîì ñóì³ñíî¿ êðèñòàë³çàö³¿ (âèïàðî-
âóâàííÿ ïðè ³íòåíñèâíîìó ïåðåì³øóâàíí³)
ñóì³ø³ âîäíèõ ðîç÷èí³â í³òðàò³â Sr, La, Sc òà In
ç³ ñï³ââ³äíîøåííÿì Sr:La:Sc:In=1:2:(2–x):x, ç
íàñòóïíèì òåðìîîáðîáëåííÿì îäåðæàíîãî ïðî-
äóêòó íà ãàçîâîìó ïàëüíèêó äëÿ âèäàëåííÿ îñ-
íîâíî¿ ìàñè îêñèä³â àçîòó. Îäåðæàíó òàêèì ñïî-
ñîáîì øèõòó ïåðåòèðàëè, ïðåñóâàëè ó âèãëÿä³
äèñê³â ³ ï³ääàâàëè ïîñë³äîâíîìó (ç ïåðåòèðàí-
íÿì òà ïåðåïðåñóâàííÿì çðàçê³â ï³ñëÿ êîæíî¿
ñòàä³¿ òåðìîîáðîáëåííÿ) ïðîæàðþâàííþ ïðè
1570 Ê äî äîñÿãíåííÿ íåçì³ííîãî ôàçîâîãî ñêëà-
äó. ßê âèõ³äí³ ó ðîáîò³ âèêîðèñòàíî í³òðàòè Sr,
La, Sc òà In ìàðîê «õ.÷.».

Ðåíòãåí³âñüê³ äèôðàêö³éí³ ñïåêòðè ïîë³êðè-
ñòàë³÷íèõ çðàçê³â çàïèñàíî íà äèôðàêòîìåòð³
Shimadzu XRD-6000 â äèñêðåòíîìó ðåæèì³ (êðîê
ñêàíóâàííÿ 0,020, åêñïîçèö³ÿ â òî÷ö³ 7 ñ, ³íòåð-
âàë êóò³â 2=20–750) íà ì³äíîìó ô³ëüòðîâàíîìó
(äóãîâèé ãðàô³òîâèé ìîíîõðîìàòîð ïåðåä ë³÷èëü-
íèêîì) CuK âèïðîì³íþâàíí³. Êðèñòàë³÷íà
ñòðóêòóðà îäåðæàíèõ çðàçê³â âèçíà÷åíà ìåòîäîì
Ð³òâåëüäà. Ïåðâèííå îáðîáëåííÿ äèôðàêö³éíèõ
ñïåêòð³â òà ñòðóêòóðí³ ðîçðàõóíêè âèêîíàíî ç
âèêîðèñòàííÿì àïàðàòíî-ïðîãðàìíîãî êîìïëåê-
ñó, ÿê îïèñàíî â [14].

Ðåçóëüòàòè òà ¿õ îáãîâîðåííÿ

Ðåçóëüòàòè ðåíòãåíîôàçîâîãî àíàë³çó êðè-
ñòàë³÷íèõ ïðîäóêò³â òåðìîîáðîáëåííÿ ñï³ëüíî-
çàêðèñòàë³çîâàíèõ í³òðàò³â Sr, La, Sc òà In ïîêà-

Ðèñ. 1. Çàëåæí³ñòü îá’ºìó åëåìåíòàðíî¿ êîì³ðêè ôàç

ñêëàäó SrLa2Sñ2–xInõO7 ç ØÏÑ â³ä ñòóïåíÿ çàì³ùåííÿ

àòîì³â ñêàíä³þ (çíà÷åííÿ õ)

çàëè, ùî ðîçì³ð ä³ëÿíîê ôàç SrLa2Sñ2–xInõO7 ç
ØÏÑ ñòàíîâèòü 0õ0,4. Ïðè õ0,5 çðàçêè âà-
ëîâîãî ñêëàäó SrLa2Sñ2–xInõO7 íå îäíîôàçí³, ïðè-
÷îìó â ³íòåðâàë³ çíà÷åíü õ=0,8–2,0 äîì³íóº ôàçà
íà îñíîâ³ ðîìá³÷íîãî LaInO3.

Äèôðàêòîãðàìè SrLa2Sñ2–xInõO7 ç ØÏÑ
ïîä³áí³ äèôðàêòîãðàìàì äâîøàðîâèõ SrLn2Sñ2O7

ç ØÏÑ (Ln=La–Tb) [15], à ¿õ ³íäåêñóâàííÿ ïî-
êàçàëî íàëåæí³ñòü ØÏÑ SrLa2Sñ2–xInõO7 äî ðîì-
á³÷íî¿ ñèíãîí³¿. Ñèñòåìàòèêà ïîãàñàíü â³äáèòò³â
íà äèôðàêòîãðàìàõ (ïðèñóòí³ â³äáèòòÿ ç hkl
h+k=2n, h+l=2n, k+l=2n, 0kl ç k+l=2n, h0l ç
h+l=2n, hk0 ç h+k=2n, h00, 0k0, 00l ç h,k,l=2n)
â³äïîâ³äàº öåíòðîñèìåòðè÷í³é ïðîñòîðîâ³é ãðóï³
Fmmm òà íåöåíòðîñèìåòðè÷íèì Fmm2 ³ F222.
Ðåçóëüòàòè òåñòó íà ãåíåðàö³þ ñèãíàëó äðóãî¿
îïòè÷íî¿ ãàðìîí³êè ëàçåðíîãî âèïðîì³íþâàííÿ
ïîêàçàëè, ùî ³íòåíñèâí³ñòü ñèãíàë³â I2w äëÿ ôàç
SrLa2Sñ2–xInõO7 ìàº òîé æå ïîðÿäîê, ùî ³ äëÿ
öåíòðîñèìåòðè÷íîãî SrLa2Sc2O7. Öå äàº ï³äñòà-
âó äëÿ îäíîçíà÷íîãî âèñíîâêó ïðî íàëåæí³ñòü
êðèñòàë³÷íî¿ ñòðóêòóðè ôàç SrLa2Sñ2–xInõO7 äî
öåíòðîñèìåòðè÷íî¿ ïðîñòîðîâî¿ ãðóïè ñèìåòð³¿
Fmmm. Ë³í³éíèé õàðàêòåð çàëåæíîñò³ V=f(x) äëÿ
ôàç SrLa2Sñ2–xInõO7 ç ØÏÑ (ðèñ. 1) âêàçóº, ùî
çà ñâîºþ ïðèðîäîþ âîíè íàëåæàòü äî îáìåæå-
íîãî ðÿäó òâåðäèõ ðîç÷èí³â.

Âèõîäÿ÷è ç âñòàíîâëåíèõ ìåæ ä³ëÿíîê ³ñíó-
âàííÿ ôàç ç ØÏÑ â ñèñòåì³ SrLa2Sñ2–xInõO7, äëÿ
âñòàíîâëåííÿ âïëèâó ³çîâàëåíòíîãî çàì³ùåííÿ
àòîì³â ñêàíä³þ íà áóäîâó ØÏÑ íàìè áóëî ïðî-
âåäåíî âèçíà÷åííÿ ØÏÑ ôàç SrLa2Sñ1,8In0,2O7 òà
SrLa2Sñ1,6In0,4O7 ç³ ñòóïåíÿìè çàì³ùåííÿ àòîì³â
ñêàíä³þ (õ), ð³âíèìè 0,2 òà 0,4.

Ïî÷àòêîâå îö³íþâàííÿ êîîðäèíàò àòîì³â
äëÿ âèõ³äíèõ ìîäåëåé ñòðóêòóðè SrLa2Sñ2–xInõO7

ïðîâåäåíî çà â³äîìèìè ñòðóêòóðíèìè äàíèìè äëÿ
íåçàì³ùåíîãî SrLa2Sñ2O7 (ïð. ãð. Fmmm) [15].
Ñï³âñòàâëåííÿ åêñïåðèìåíòàëüíèõ ³ ðîçðàõîâà-
íèõ äëÿ òàêèõ ìîäåëåé ñòðóêòóðè ³íòåíñèâíî-
ñòåé ïîêàçàëî ¿õ çàäîâ³ëüíó çá³æí³ñòü. Ðåçóëüòà-
òè óòî÷íåííÿ ìîäåëåé íàâåäåíî ó òàáë. 1, 2 òà
íà ðèñ. 2–4. Âèçíà÷åíèé ïðè ðîçðàõóíêó ñòðóê-



120

Y.A. Titov, N.M. Belyavina, M.S. Slobodyanik, V.V. Chumak, O.I. Nakonechna

ISSN 0321-4095, Voprosy khimii i khimicheskoi tekhnologii, 2020, No. 2, pp. 118-124

òóðè ñêëàä ôàç â ìåæàõ ïîõèáêè âèçíà÷åííÿ
â³äïîâ³äàº åêñïåðèìåíòàëüíî çàäàíîìó.

ØÏÑ ôàç SrLa2Sñ2–xInõO7 ïîáóäîâàíà äâî-
âèì³ðíèìè (íåñê³í÷åííèìè â ïëîùèí³ ÕY), çñó-
íóòèìè îäèí â³äíîñíî ³íøîãî ïåðîâñüê³òîïîä³á-
íèìè áëîêàìè (ðèñ. 2,à), êîæåí ç ÿêèõ ñêëàäàºòü-
ñÿ ç äâîõ øàð³â äåôîðìîâàíèõ îêòàåäð³â (Sñ,In)O6

(äîâæèíè â³äñòàíåé (Sñ,In)–O çíàõîäÿòüñÿ â ìå-
æàõ â³ä 0,203(1) äî 0,228(2) íì) (òàáë. 2). Îêòàåäðè
(Sñ,In)O6 çâ’ÿçàí³ ì³æ ñîáîþ ò³ëüêè âåðøèíàìè
³ êîæíèé îêòàåäð (Sñ,In)O6 ìàº ï’ÿòü ñï³ëüíèõ
âåðøèí ç ñóñ³äí³ìè îêòàåäðàìè îäíîãî ³ òîãî æ
áëîêó.

Áåçïîñåðåäí³é çâ’ÿçîê ì³æ îêòàåäðàìè
(Sñ,In)O6 ñóñ³äí³õ ïåðîâñüê³òîïîä³áíèõ áëîê³â â
ØÏÑ SrLa2Sñ2–xInõO7 â³äñóòí³é. Áëîêè ðîçä³ëåí³
øàðîì ïîë³åäð³â (Sr,La)2Î9 ³ óòðèìóþòüñÿ ðà-
çîì çà äîïîìîãîþ çâ’ÿçê³â –O–(Sr,La)2–O–. Ç
äåâ’ÿòè àòîì³â êèñíþ ïîë³åäðó (Sr,La)2Î9 â³ñ³ì
(÷îòèðè O(2) òà ÷îòèðè O(3)) íàëåæàòü äî òîãî
æ áëîêó, ùî ³ àòîìè (Sr,La)2, à îäèí àòîì êèñ-
íþ (O(2)) íàëåæèòü äî ñóñ³äíüîãî áëîêó
(ðèñ. 2,á), ïðè÷îìó äîâæèíà öüîãî ì³æáëîêîâî-
ãî çâ’ÿçêó (òàáë. 2) íàáëèæàºòüñÿ äî ì³í³ìàëüíî
â³äîìèõ â³äñòàíåé La–O. Êîîðäèíàö³éíå ÷èñëî
âíóòð³øíüîáëîêîâèõ àòîì³â (Sr,La)1 äîð³âíþº 12,

SrLa2Sc2O7 [15] SrLa2Sc1,8In0,2O7 SrLa2Sc1,6In0,4O7 
Позиція Атом 

Заповнення X Y Z Заповнення X Y Z Заповнення X Y Z 

4b Sr1 0,59(2) 0 0 0,5 0,60(2) 0 0 0,5 0,60(2) 0 0 0,5 

4b La1 0,41(2) 0 0 0,5 0,40(2) 0 0 0,5 0,40(2) 0 0 0,5 

8i Sr2 0,21(2) 0 0 0,3141(3) 0,20(2) 0 0 0,3135(4) 0,20(2) 0 0 0,3126(3) 

8i La2 0,79(2) 0 0 0,3141(3) 0,80(2) 0 0 0,3135(4) 0,80(2) 0 0 0,3126(3) 

8i Sc 1 0 0 0,1002(3) 0,90(2) 0 0 0,0985(2) 0,80(2) 0 0 0,0984(3) 

8i In – – – – 0,10(2) 0 0 0,0985(2) 0,20(2)   0,0984(3) 

4a O1 1 0 0 0 1 0 0 0 1 0 0 0 

8i O2 1 0 0 0,206(2) 1 0 0 0,207(3) 1 0 0 0,209(2) 

16j O3 1 0,25 0,25 0,107(2) 1 0,25 0,25 0,113(2) 1 0,25 0,25 0,113(2) 

Просторова 

група 
Fmmm (no 69) Fmmm (no 69) Fmmm (no 69) 

Періоди 

кристалічної 

решітки, нм 

a=0,5774(2) 

b=0,5737(2) 

c=2,0537(7) 

a=0,5779(3) 

b=0,5756(2) 

c=2,0588(9) 

a=0,5799(2) 

b=0,5781(2) 

c=2,0607(8) 

Незалежні 

відбиття 
63 62 62 

Загальний 

ізотропний B 

фактор, нм2 
0,7(1)10–2 2,48(5)10–2 2,86(4)10–2 

Фактор 

недостовірності 
RW=0,061 RW=0,054 RW=0,052 

 

Òàáëèöÿ 1

Ñòðóêòóðí³ äàí³ SrLa2Sc2–xInxO7 (x=0, 0,2, 0,4)

Ðèñ. 2. Êðèñòàë³÷íà ñòðóêòóðà SrLa2Sc1,8In0,2O7 ó âèãëÿä³ îêòàåäð³â (Sc,In)Î6 òà àòîì³â Sr ³ La (êðóæå÷êè) (à) òà áóäîâà

ì³æáëîêîâî¿ ãðàíèö³ â ØÏÑ SrLa2Sc1,6In0,4O7 ó âèãëÿä³ îêòàåäð³â (Sc,In)Î6 òà àòîì³â (Sr,La)2 (ñ³ðèé êðóæå÷îê) (á)
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à ¿õ êîîðäèíàö³éíèé ïîë³åäð ÿâëÿº ñîáîþ äå-
ôîðìîâàíèé êóáîîêòàåäð.

Ó ØÏÑ SrLa2Sñ2-xInõO7 ðîçïîä³ë àòîì³â
ñòðîíö³þ òà ÐÇÅ àíàëîã³÷íèé òàêîìó â ØÏÑ
íåçàì³ùåíîãî SrLà2Sc2O7 ³ ìàº ÷àñòêîâî óïî-
ðÿäêîâàíèé õàðàêòåð ³ç ïåðåâàæíîþ ëîêàë³çà-
ö³ºþ àòîì³â ñòðîíö³þ ó âíóòð³øíüîáëîêîâèõ êó-
áîîêòàåäðè÷íèõ ïóñòîòàõ ïåðîâñüê³òîïîä³áíî-
ãî áëîêó (òàáë. 1).

Àíàë³ç îäåðæàíèõ â äàí³é ðîáîò³ äàíèõ ïðî
ñòðóêòóðó ôàç SrLa2Sñ2–xInõO7 (õ=0,2 ³ 0,4) òà
ñêàíäàòó SrLà2Sc2O7 [15] ïîêàçàâ, ùî ïîñòóïî-
âå âõîäæåííÿ ó Â-ïîçèö³þ ¿õ ØÏÑ âåëèêèõ
àòîì³â ³íä³þ ïðèçâîäèòü äî ïîñë³äîâíèõ çì³í â
áóäîâ³ ØÏÑ, îñíîâíèìè ç ÿêèõ º íàñòóïí³:

– çìåíøåííÿ äîâæèíè ì³æáëîêîâèõ
çâ’ÿçê³â (Sr,La)2–Î2 (â³ä 0,222(2) íì (õ=0) äî
0,213(1) íì (õ=0,4) ³ç îäíî÷àñíèì çðîñòàííÿì
â³äñòàí³ (Sc,In)–O2 â îêòàåäðàõ (Sc,In)Î6 (â³ä
0,217(3) íì (õ=0) äî 0,228(2) íì (õ=0,4))
(ðèñ. 3);

– çðîñòàííÿ ñòóïåíÿ äåôîðìàö³¿ ì³æáëî-
êîâèõ ïîë³åäð³â (Sr,La)Î9 (â³ä 6810–4 (õ=0) äî
9510–4 (õ=0,4)) (ðèñ. 4);

– çá³ëüøåííÿ ñåðåäíüî¿ â³äñòàí³ (Sc,In)–
O (ç 0,207 íì (õ=0) äî 0,210 íì (õ=0,4)) (ðèñ.
3);

– çðîñòàííÿ ñòóïåíÿ äåôîðìàö³¿ îêòàåäð³â
(Sc,In)O6 ((â³ä 510–4 (õ=0) äî 1510–4 (õ=0,4))
(ðèñ. 4).

Çìåíøåííÿ â³äñòàí³ ì³æ äâîøàðîâèìè ïå-
ðîâñüê³òîïîä³áíèìè áëîêàìè íàáëèæàº áóäîâó
äâîâèì³ðíî¿ ØÏÑ äî áóäîâè òðèâèì³ðíîãî, òåð-
ìîäèíàì³÷íî á³ëüø ñòàá³ëüíîãî ïåðîâñüê³òó, à
çá³ëüøåííÿ ñòóïåíÿ äåôîðìàö³¿ ì³æáëîêîâèõ
ïîë³åäð³â (Sr,La)Î9 ïðèçâîäèòü äî çðîñòàííÿ
íàïðóæåíîñò³ â ì³æáëîêîâîìó ïðîñòîð³ ØÏÑ.
Òàêèé õàðàêòåð ñòðóêòóðíèõ çì³í â áóäîâ³ ØÏÑ
ôàç SrLa2Sñ2–xInõO7 ïðè çá³ëüøåíí³ ñòóïåíÿ ³çî-
âàëåíòíîãî çàì³ùåííÿ àòîì³â ñêàíä³þ ïðèçâî-
äèòü äî äåñòàá³ë³çàö³¿ ØÏÑ ³ äàº ï³äñòàâè äëÿ
âèñíîâêó, ùî ö³ ôàêòîðè îáóìîâëþþòü îáìå-
æåí³ñòü ä³ëÿíêè òâåðäèõ ðîç÷èí³â SrLa2Sñ2–xInõO7

ç ØÏÑ òà â³äñóòí³ñòü ñïîëóêè SrLa2In2O7 ç
ØÏÑ.

Çá³ëüøåííÿ â ØÏÑ SrLa2Sñ2–xInõO7 ñåðåä-
íüî¿ â³äñòàí³ (Sc,In)–O îáóìîâëåíî äåùî
á³ëüøèì ðîçì³ðîì êàò³îíà In3+ (0,094 íì) ïî-
ð³âíÿíî ç êàò³îíîì Sc3+ (0,0885 íì). Ð³çí³ ðîç-
ì³ðè öèõ êàò³îí³â º òàêîæ, î÷åâèäíî, ïðè÷è-
íîþ íàðîñòàííÿ ñòóïåíÿ äåôîðìàö³¿ îêòàåäð³â
(Sc,In)O6 â ØÏÑ SrLa2Sñ2–xInõO7 ïðè çá³ëüøåíí³
çíà÷åííÿ õ.

Ñï³âñòàâëåííÿ õàðàêòåðó çì³í â áóäîâ³
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ØÏÑ ôàç íà îñíîâ³ ñêàíäàòó SrLa2SñO7 ïðè ³çî-
âàëåíòíîìó çàì³ùåíí³ àòîì³â Â-ïîçèö³¿ (ôàçè
SrLa2Sñ2-xInõO7) òà àòîì³â À-ïîçèö³¿ (ôàçè
SrLa2–xDyxSc2O7 [12] ïîêàçàëî ÿê àíàëîã³÷íèé õà-
ðàêòåð ïîâåä³íêè â îáîõ ñèñòåìàõ äîâæèí
ì³æáëîêîâèõ â³äñòàíåé (Sr,Ln)2–O2 òà ñòóïåí³â
äåôîðìàö³¿ ì³æáëîêîâèõ ïîë³åäð³â (SrLn)O9 ïðè
çá³ëüøåíí³ çíà÷åíü õ, òàê ³ îäíîòèïíèé (òðèâè-
ì³ðíèé) õàðàêòåð ñòðóêòóðè ê³íöåâîãî ïðîäóêòó
çàì³ùåííÿ (ôàçà íà îñíîâ³ ðîìá³÷íîãî ïåðîâ-
ñüê³òó LaInO3, àáî ôàçà íà îñíîâ³ êóá³÷íî¿ ìî-
äèô³êàö³¿ Dy2O3). Ïðîòå, ñë³ä â³äçíà÷èòè, ùî äëÿ
SrLa2–xDyxSc207 âèùåâ³äçíà÷åí³ çì³íè áóäîâè
ØÏÑ çíà÷íî ñóòòºâ³ø³, îñê³ëüêè âîíè áåçïîñå-
ðåäíüî çâ’ÿçàí³ ç³ çì³íîþ ñêëàäó ³ ðîçì³ð³â àòîì³â
â À-ïîçèö³¿ ØÏÑ.

Àíàë³ç îñîáëèâîñòåé áóäîâè ØÏÑ äâîøà-
ðîâèõ ñêàíäàò³â SrLa2Sñ2–xInõO7 òà îäíîøàðîâèõ
ñêàíäàò³â SrNdSc1–xInxO4 ïîêàçàâ, ùî õàðàêòåð
çì³í äîâæèí ì³æáëîêîâèõ â³äñòàíåé â äâîøà-

ðîâ³é ØÏÑ ñêàíäàòó SrLa2SñO7 âèÿâèâñÿ ïðî-
òèëåæíèì â³ä òàêîãî ïðè àíàëîã³÷íîìó òèï³ çà-
ì³ùåííÿ â îäíîøàðîâ³é ØÏÑ ñêàíäàòó
SrNdScO4 [11]. Öå, î÷åâèäíî, îáóìîâëþº
â³äì³ííîñò³ ôàçîâîãî ñêëàäó çðàçê³â, ÿê³ óòâî-
ðþþòüñÿ âíàñë³äîê ðóéíàö³¿ ØÏÑ ç ð³çíèì ÷èñ-
ëîì øàð³â îêòàåäð³â â ïåðîâñüê³òîïîä³áíîìó
áëîö³.

Çîêðåìà, â ØÏÑ SrLa2Sñ2–xInõO7 çáëèæåí-
íÿ äâîøàðîâèõ áëîê³â îêòàåäð³â (Sc,In)O6 ïðè-
çâîäèòü äî ç’ºäíàííÿ âåðøèíàìè îêòàåäð³â
ñóñ³äí³õ áëîê³â ç óòâîðåííÿì çàì³ñòü äâîâèì³ð-
íèõ áëîê³â ç äâîõ øàð³â îêòàåäð³â (Sc,In)O6 òðè-
âèì³ðíîãî êàðêàñà ïåðîâñüê³òó íà îñíîâ³ ðîìá³-
÷íîãî LaInO3. Â ðåçóëüòàò³ ö³º¿ òðàíñôîðìàö³¿
ì³æáëîêîâ³ ïîë³åäðè ØÏÑ (La,Sr)O9 ïåðåòâî-
ðþþòüñÿ â ñòðóêòóð³ ïåðîâñüê³òó â êóáîîêòàåä-
ðè (La,Sr)O12, à âíóòð³øíüîáëîêîâ³ ïîë³åäðè
(La,Sr)Î12 ØÏÑ çàëèøàþòüñÿ â çàêðèòèõ êóáî-
îêòàåäðè÷íèõ ïóñòîòàõ óòâîðåíèõ ÷îòèðìà
ç’ºäíàíèìè âåðøèíàìè îêòàåäðàìè (Sc,In)O6.

Ó âèïàäêó îäíîøàðîâî¿ ØÏÑ
SrNdSc1–xInxO4 çá³ëüøåííÿ ì³æáëîêîâî¿ â³äñòàí³
ì³æ ñóñ³äí³ìè îäíîøàðîâèìè áëîêàìè îêòàåäð³â
(Sc,In)O6 çìåíøóº ì³öí³ñòü çâ’ÿçóâàííÿ ñóñ³äí³õ
áëîê³â. Öå ïðèçâîäèòü äî ðîçðèâó çâ’ÿçêó ì³æ
áëîêàìè ³ ïåðåáóäîâ³ â³äîêðåìëåíèõ îäèí â³ä
³íøîãî îäíîøàðîâèõ äâîâèì³ðíèõ ôðàãìåíò³â
ØÏÑ â ëàíöþæêîâó ñòðóêòóðó òèïó CaFe2O4,
ñêëàä ÿêî¿ â³äïîâ³äàº ôîðìóë³ Sr(NdSc1–xInx)O4

[11]. Âîíà óòâîðåíà ëàíöþæêàìè ñïîëó÷åíèõ
âåðøèíàìè ³ ðåáðàìè îêòàåäðiâ (Nd,Sc1–xInx)O6 ³
ì³ñòèòü â³äêðèò³ êàíàëè, â ÿêèõ ðîçìiùåíi âåëèêi
àòîìè Sr, êîîðäèíàö³éíå ÷èñëî ÿêèõ äîð³âíþº
8.

Âèñíîâêè

Òàêèì ÷èíîì, â äàí³é ðîáîò³ âñòàíîâëåí³
óìîâè ³çîâàëåíòíîãî çàì³ùåííÿ àòîì³â ñêàíä³þ
íà àòîìè ³íä³þ â äâîøàðîâ³é ØÏÑ SrLa2Sñ2O7

ïî òèïó SrLa2Sñ2-xInõO7 (0õ0,4) òà âèçíà÷åíà
áóäîâà ØÏÑ ôàç SrLa2Sc1,8In 0,2O7 ³
SrLa2Sc1,6In0,4O7. Àíàë³ç îòðèìàíèõ äàíèõ äîçâî-
ëèâ âèÿâèòè õàðàêòåð âïëèâó ³çîâàëåíòíîãî çà-
ì³ùåííÿ àòîì³â ñêàíä³þ íà áóäîâó ØÏÑ ôàç
SrLa2Sñ2-xInõO7 òà âñòàíîâèòè ñòðóêòóðí³ ôàêòî-
ðè, ÿê³ îáìåæóþòü ³íòåðâàë ¿õ ³ñíóâàííÿ. Çíàí-
íÿ çàëåæíîñòåé ñêëàä–áóäîâà ØÏÑ äëÿ ³çîâà-
ëåíòíîçàì³ùåíèõ ôàç SrLa2Sñ2-xInõO7 çàêëàäàº
îñíîâè äëÿ ïîäàëüøîãî ðåãóëþâàííÿ ïàðàìåòð³â
¿õ ñòðóêòóðíî çàëåæíèõ ôóíêö³îíàëüíèõ âëàñ-
òèâîñòåé.

Ðèñ. 3. Çàëåæíîñò³ äîâæèíè ì³æáëîêîâîãî çâ’ÿçêó

(Sr,La)2–O2 (1) òà äîâæèíè çâ’ÿçêó (Sc,In)–O2 (2) ³

ñåðåäíüî¿ äîâæèíè çâ’ÿçêó (Sc,In)–O (3) â îêòàåäðàõ

(Sc,In)O6 ØÏÑ SrLa2Sc2–xInxO7 â³ä ñòóïåíÿ çàì³ùåííÿ

àòîì³â ñêàíä³þ (çíà÷åííÿ õ)

Ðèñ. 4. Çàëåæíîñò³ ñòóïåíÿ äåôîðìàö³¿ () ïîë³åäð³â

(Sr,La)2Î9 (1) òà îêòàåäð³â (Sc,In)O6 (2) â ØÏÑ

SrLa2Sc2–xInxO7 â³ä ñòóïåíÿ çàì³ùåííÿ àòîì³â ñêàíä³þ

(çíà÷åííÿ õ)
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The conditions of isovalent substitution of scandium atoms
for indium atoms in B position of the SrLa2Sc2O7 two-slab perovskite
structure of the SrLa2Sc2-xInxO7 type (0x0.4) are determined by
X-ray powder diffraction methods. A destruction of the two-slab
structure and formation of the second phase with the rhombic LaInO3

structure, which is dominant at x=0.8–2.0, are observed at a further
increase of the indium atoms content in the SrLa2Sc2–xInxO7 phases.
Orthorhombic crystal structure (Fmmm space group) of the
SrLa2Sc2–xInxO7 phases with the scandium atoms substitution degrees
of 0.2 and 0.4 is determined by the Rietveld procedure. The
SrLa2Sc2-xInxO7 crystal structure is formed by two-dimensional
(infinite in the XY plane) perovskite-like blocks, which consists of
two slabs of (Sc,In)O6 deformed octahedra. The (Sc,In)O6 octahedra
are connected only by vertices, and each (Sc,In)O6 octahedron has
five common vertices with the adjacent octahedra of the same block.
There is no direct connection between the (Sc,In)O6 octahedra of
adjacent perovskite-like blocks in the SrLa2Sc2–xInxO7 slab structure.
Adjacent blocks are separated by a slab of (Sr,La)2O9 polyhedra
and are held together by means of –O–(Sr, La)2–O– bonds. The
eight oxygen atoms of the (Sr,La)2O9 polyhedron belong to the same
block as the (Sr,La)2 atoms and the one oxygen atom belongs to the
neighboring block. Coordination number of the (Sr,La)1 intrablock
atoms is equal to 12, and their coordination polyhedron is a deformed
cuboctahedron. The distribution of strontium and lanthanum atoms
over the SrLa2Sc2–xInxO7 structure positions has a partially ordered
character with the predominant localization of strontium atoms in
the intrablock cuboctahedral voids of the perovskite-like block.
Analysis of the structural parameters of the SrLa2Sc2–xInxO7 phases
shows that a gradual decrease in the length of the(Sr,La)2–O2
interblock bonds (from 0.222(2) nm (x=0) to 0.213(1) nm (x=0.4))
and an increase in the degree of deformation of the (Sr,La)2O9

interblock polyhedra (from 6810–4 (õ=0) to 9510–4 (õ=0.4)) take
place with the isovalent substitution of scandium atoms for large
indium atoms in the slab structure of the SrLa2Sc2–xInxO7. Reducing
the perovskite-like blocks interval makes a two-dimensional slab
structure closer to the structure of a three-dimensional perovskite,
and an increase in the deformation degree of the (Sr,La)2Î9 interblock
polyhedra leads to an increase in the tension of the interblock space.
These changes result in destabilization and destruction of the slab
perovskite-like structure of the SrLa2Sc2–xInxO7 phases, limit the
solid solutions range and cause the absence of SrLa2In2O7 indate.

Keywords: compounds of An+1BnO3n+1 type; slab perovskite-
like structure; X-ray powder diffraction; isomorphism; solid
solutions.
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