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²ç çàñòîñóâàííÿì ìåòîä³â ðåíòãåí³âñüêî¿ ïîðîøêîâî¿ äèôðàêòîìåòð³¿ âèçíà÷åí³ óìîâè

³çîâàëåíòíîãî çàì³ùåííÿ àòîì³â Ëàíòàíó íà àòîìè Íåîäèìó ó øàðóâàò³é ïåðîâñüê-

³òîïîä³áí³é ñòðóêòóð³ ³íäàò³â SrLa1–xNdxInO4: 0x0,8. Ïîäàëüøå çá³ëüøåííÿ ñòóïå-

íÿ çàì³ùåííÿ àòîì³â Ëàíòàíó íà àòîìè Íåîäèìó â îäíîøàðîâèõ ³íäàòàõ

SrLa1–xNdxInO4 ïðèâîäèòü äî ðóéíóâàííÿ øàðóâàòî¿ ñòðóêòóðè ³ óòâîðåííÿ äðóãî¿

ôàçè ç³ ñòðóêòóðîþ òèïó CaFe2O4, ê³ëüê³ñíèé âì³ñò ÿêî¿ çðîñòàº äî ~100% ïðè õ=1.

Ìåòîäîì Ð³òâåëüäà âèçíà÷åíà ðîìá³÷íà (ïðîñòîðîâà ãðóïà Pbca) êðèñòàë³÷íà ñòðóê-

òóðà ôàç ñêëàäó SrLa1–xNdxInO4 ç³ ñòóïåíÿìè çàì³ùåííÿ àòîì³â Ëàíòàíó ð³âíèìè

0,2, 0,4, 0,6 òà 0,8. Êðèñòàë³÷íà ñòðóêòóðà SrLa1–xNdxInO4 óòâîðåíà äâîâèì³ðíèìè

ïåðîâñüê³òîïîä³áíèìè áëîêàìè, ÿê³ ñêëàäàþòüñÿ ç øàðó ñïîëó÷åíèõ âåðøèíàìè

äåôîðìîâàíèõ îêòàåäð³â InO6. Áëîêè â³äîêðåìëåí³ øàðîì ïîë³åäð³â (Sr,La,Nd)Î9.

Áåçïîñåðåäí³ çâ’ÿçêè In–O–In ì³æ îêòàåäðàìè ñóñ³äí³õ áëîê³â â³äñóòí³. Âîíè çâ’ÿ-

çàí³ ì³æ ñîáîþ çà äîïîìîãîþ –O2–(Sr,La,Nd)–O2-çâ’ÿçê³â. Àíàë³ç êðèñòàëîõ³ì³-

÷íèõ ïàðàìåòð³â ñèíòåçîâàíèõ ôàç ïîêàçàâ, ùî ïðè ³çîâàëåíòíîìó çàì³ùåíí³ àòîì³â

Ëàíòàíó íà ìåíø³ àòîìè Íåîäèìó â øàðóâàò³é ñòðóêòóð³ SrLa1–xNdxInO4 â³äáóâàºòü-

ñÿ ïîñòóïîâå çìåíøåííÿ ñòóïåíÿ äåôîðìàö³¿ ì³æáëîêîâèõ ïîë³åäð³â (Sr,La,Nd)Î9

òà ñåðåäíüî¿ â³äñòàí³ In–O â îêòàåäðàõ InO6 (çà ðàõóíîê çìåíøåííÿ àêñ³àëüíèõ â³äñòà-

íåé In–O2), à òàêîæ çíà÷íî çá³ëüøóºòüñÿ äîâæèíà ì³æáëî÷íèõ çâ’ÿçê³â (Sr,La,Nd)–Î2

(ç 0,238(2) íì ïðè õ=0 äî 0,252(2) íì ïðè õ=0,8). Çá³ëüøåííÿ â³äñòàí³ ì³æ ïåðîâñü-

ê³òîïîä³áíèìè áëîêàìè çìåíøóº ì³öí³ñòü ¿õ çâ’ÿçóâàííÿ ì³æ ñîáîþ, ùî âðåøò³

ïðèçâîäèòü äî ðóéíóâàííÿ øàðóâàòî¿ ïåðîâñüê³òîïîä³áíî¿ ñòðóêòóðè ³ äàº ï³äñòàâè

äëÿ âèñíîâêó, ùî ñàìå öåé ôàêòîð îáóìîâëþº îáìåæåí³ñòü îáëàñò³ òâåðäèõ ðîç-

÷èí³â SrLa1–xNdxInO4 ç øàðóâàòîþ ïåðîâñüê³òîïîä³áíîþ ñòðóêòóðîþ (0õ0,8) òà

â³äñóòí³ñòü ñïîëóêè SrNdInO4.

Êëþ÷îâ³ ñëîâà: ñïîëóêè òèïó An+1BnO3n+1, øàðóâàòà ïåðîâñüê³òîïîä³áíà ñòðóêòóðà,

ðåíòãåí³âñüêà ïîðîøêîâà äèôðàêòîìåòð³ÿ, ³çîìîðô³çì, òâåðä³ ðîç÷èíè.

DOI: 10.32434/0321-4095-2019-122-1-67-72

Âñòóï

Îñîáëèâîñò³ áóäîâè øàðóâàòî¿ ïåðîâñüê³-
òîïîä³áíî¿ ñòðóêòóðè (ØÏÑ) îêñèäíèõ ñïîëóê
çàãàëüíîãî ñêëàäó An+1BnO3n+1 (n – ÷èñëî øàð³â
îêòàåäð³â ÂÎ6 â ïåðîâñüê³òîïîä³áíîìó áëîö³)
îáóìîâëþþòü íàÿâí³ñòü ó íèõ êîìïëåêñó ïðàê-
òè÷íî âàæëèâèõ âëàñòèâîñòåé (ôîòîêàòàë³ç, ³îíî-
îáì³íí³-, ðåçèñòèâí³-, ëþì³íåñöåíòí³ âëàñòèâîñò³
òîùî) [1–7], ùî ðîáèòü çàäà÷ó ñèíòåçó íîâèõ
ïðåäñòàâíèê³â öüîãî ñ³ìåéñòâà áåçñóìí³âíî àê-
òóàëüíîþ.

Ï³äâèùåíèé ³íòåðåñ äî îäíîøàðîâèõ ³íä³º-
âì³ñíèõ ñïîëóê òèïó À2ÂÎ4 îáóìîâëåíèé íàÿâ-

í³ñòþ ó AIILaInO4 ³îííîïðîâ³äíèõ âëàñòèâîñòåé
[3] òà ïåðñïåêòèâîþ ¿õ çàñòîñóâàííÿ â ÿêîñò³
òâåðäèõ åëåêòðîë³ò³â, à òàêîæ ëþì³íåñöåíòíèìè
âëàñòèâîñòÿìè Sr1,5Ln0,5In0,5Sn0,5O4 [4]. Ïðîòå, äî
öüîãî ÷àñó äëÿ îäíîøàðîâèõ ³íäàò³â çàëèøàþòü-
ñÿ íåç’ÿñîâàíèìè âçàºìîçâ’ÿçêè ñêëàä – áóäîâà
ØÏÑ, áåç çíàííÿ ÿêèõ íåìîæëèâå ÿê îäåðæàí-
íÿ íîâèõ ìàòåð³àë³â íà ¿õ îñíîâ³, òàê ³ ðåãóëþ-
âàííÿ ¿õ âëàñòèâîñòåé

Ìåòà äàíî¿ ðîáîòè – äîñë³äæåííÿ âïëèâó
³çîâàëåíòíîãî çàì³ùåííÿ àòîì³â Ëàíòàíó àòîìà-
ìè íåîäèìó â îäíîøàðîâîìó ³íäàò³ SrLaInO4 íà
áóäîâó ØÏÑ ôàç SrLa1–xNdxInO4.
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Ìåòîäèêà åêñïåðèìåíòó

Ñèíòåç ³íäàò³â SrLa1–xNdxInO4 çä³éñíþâàâ-
ñÿ øëÿõîì ñóì³ñíî¿ êðèñòàë³çàö³¿ (âèïàðîâóâàí-
íÿ ïðè ³íòåíñèâíîìó ïåðåì³øóâàíí³) ñóì³ø³ âîä-
íèõ ðîç÷èí³â í³òðàò³â ñòðîíö³þ, ÐÇÅ òà In ç³
ñï³ââ³äíîøåííÿì Sr:La:Nd:In=1:(1–x):x:1 ç íà-
ñòóïíèì òåðìîîáðîáëåííÿì îäåðæàíîãî ïðîäóê-
òó íà ãàçîâîìó ïàëüíèêó äëÿ âèäàëåííÿ îñíîâ-
íî¿ ìàñè îêñèä³â í³òðîãåíó. Îäåðæàíó òàêèì ñïî-
ñîáîì øèõòó ïåðåòèðàëè, ïðåñóâàëè ó âèãëÿä³
äèñê³â ³ ï³ääàâàëè òåðìîîáðîáëåííþ ïðè 1570 Ê
äî äîñÿãíåííÿ íåçì³ííîãî ôàçîâîãî ñêëàäó. ßê
âèõ³äí³ ó ðîáîò³ âèêîðèñòàíî âîäí³ ðîç÷èíè
í³òðàò³â Sr, ÐÇÅ 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,
³íòåðâàë êóò³â 2=18–820) íà ì³äíîìó ô³ëüòðî-
âàíîìó (äóãîâèé ãðàô³òîâèé ìîíîõðîìàòîð ïå-
ðåä ë³÷èëüíèêîì) CuK âèïðîì³íþâàíí³. Êðèñ-
òàë³÷íà ñòðóêòóðà îäåðæàíèõ çðàçê³â âèçíà÷åíà
ìåòîäîì Ð³òâåëüäà. Ïåðâèííå îáðîáëåííÿ äèô-
ðàêö³éíèõ ñïåêòð³â òà ñòðóêòóðí³ ðîçðàõóíêè âè-
êîíàíî ç âèêîðèñòàííÿì àïàðàòíî-ïðîãðàìíîãî
êîìïëåêñó, ÿê îïèñàíî â ðîáîò³ [8].

Ðåçóëüòàòè òà ¿õ îáãîâîðåííÿ

Ðåçóëüòàòè ðåíòãåíîôàçîâîãî àíàë³çó êðè-
ñòàë³÷íèõ ïðîäóêò³â òåðìîîáðîáêè øèõòè
ñï³ëüíîçàêðèñòàë³çîâàíèõ í³òðàò³â Sr, La, Nd òà
In ïîêàçàëè, ùî ôàçè SrLa1–xNdxInO4 ç ØÏÑ
³ñíóþòü ïðè 0õ0,8. Çðàçîê âàëîâîãî ñêëàäó
SrLa0,1Nd0,9InO4 äâîôàçíèé (ôàçà ³ç ØÏÑ + ôàçà
ç³ ñòðóêòóðîþ òèïó CaFe2O4), à äîì³íóþ÷à ôàçà
çðàçêà âàëîâîãî ñêëàäó SrNdInO4 ìàº ñòðóêòóðó
òèïó CaFe2O4,  ó Â–ïîçèö³¿ ÿêî¿ îäíî÷àñíî ðîç-
òàøîâàí³ àòîìè Nd òà In.

²íäåêñóâàííÿ äèôðàêòîãðàì äëÿ îäåðæàíèõ
òåðìîîáðîáêîþ øèõòè ñï³ëüíî çàêðèñòàë³çîâà-
íèõ í³òðàò³â ôàç SrLa1–xNdxInO4 ç ØÏÑ ïîêàçà-
ëî, ùî âîíè çàäîâ³ëüíî ³íäåêñóþòüñÿ ó ðîìá³÷í³é
ñèíãîí³¿. Ñèñòåìàòèêà ïîãàñàíü â³äáèòò³â âêà-
çóº íà íàëåæí³ñòü êðèñòàë³÷íî¿ ñòðóêòóðè
SrLa1–xNdxInO4 ç ØÏÑ äî öåíòðîñèìåòð³÷íî¿
ïðîñòîðîâî¿ ãðóïè Pbca. Õàðàêòåð çàëåæíîñò³
îá’ºì³â åëåìåíòàðíèõ êîì³ðîê ôàç SrLa1–xNdxInO4

³ç ØÏÑ â³ä ñòóïåíÿ çàì³ùåííÿ àòîì³â Ëàíòàíó
â³äïîâ³äàº çàêîíó Âåãàðäà, ùî äîçâîëÿº ðîçãëÿ-
äàòè ¿õ ÿê îáìåæåíèé ðÿä òâåðäèõ ðîç÷èí³â.

Âèõîäÿ÷è ç âñòàíîâëåíèõ óìîâ ³ñíóâàííÿ
ôàç ç ØÏÑ â ñèñòåì³ SrLa1–xNdxInO4, äëÿ âèð³-
øåííÿ ïîñòàâëåíî¿ çàäà÷³ íàìè áóëî âèêîíàíî
âèçíà÷åííÿ áóäîâè ØÏÑ äëÿ ôàç SrLa1–xNdxInO4

ç³ ñòóïåíÿìè çàì³ùåííÿ àòîì³â Ëàíòàíó (õ),

ð³âíèìè 0,2, 0,4, 0,6 òà 0,8.
Ïåðâèííå îö³íþâàííÿ êîîðäèíàò àòîì³â äëÿ

ïî÷àòêîâèõ ìîäåëåé ØÏÑ ôàç SrLa1–xNdxInO4

ïðîâåäåíî çà ñòðóêòóðíèìè äàíèìè äëÿ ³íäàòó
SrLaInO4 (ïð. ãð. Pbca) [9]. Ñï³âñòàâëåííÿ åêñ-
ïåðèìåíòàëüíèõ ³ ðîçðàõîâàíèõ äëÿ òàêèõ ìîäå-
ëåé ñòðóêòóðè ³íòåíñèâíîñòåé ïîêàçàëî ¿õ çàäî-
â³ëüíó çá³æí³ñòü. Ðåçóëüòàòè óòî÷íåííÿ ïîáóäî-
âàíèõ â ïð. ãð. Pbca ìîäåëåé ñòðóêòóðè
SrLa1–xNdxInO4 íàâåäåí³ â òàáë. 1–3. Âñòàíîâëå-
íèé ïðè ðîçðàõóíêó ñòðóêòóðè ñêëàä çàçíà÷å-
íèõ ôàç â ìåæàõ ïîõèáêè âèçíà÷åííÿ â³äïîâ³äàº
åêñïåðèìåíòàëüíî çàäàíîìó.

ØÏÑ SrLa1–xNdxInO4 ïîáóäîâàíà ç äâîâè-
ì³ðíèõ (áåçê³íå÷íèõ â íàïðÿìêàõ îñåé Y ³ Z)
ïåðîâñüê³òîïîä³áíèõ áëîê³â òîâùèíîþ â îäèí
øàð äåôîðìîâàíèõ îêòàåäð³â InO6, ÿê³ ðîçä³ëåí³
ì³æáëîêîâèì øàðîì ïîë³åäð³â (Sr,La,Nd)Î9 ³ óò-
ðèìóþòüñÿ ðàçîì çà äîïîìîãîþ çâ“ÿçê³â –O–
(Sr,La,Nd)–O– (ðèñ. 1). Ñóñ³äí³ áëîêè çñóíóò³
îäèí â³äíîñíî îäíîãî âçäîâæ ä³àãîíàë³ ïëîùè-
íè YZ íà ïîëîâèíó ðåáðà ïåðîâñüê³òîâîãî êóáà,
à îêòàåäðè InO6 â ïåðîâñüê³òîïîä³áíîìó áëîö³
ØÏÑ SrLa1–xNdxInO4 ìàþòü ÷îòèðè ñï³ëüí³ âåð-
øèíè ç îêòàåäðàìè òîãî æ îäíîøàðîâîãî áëîêó.

Ðèñ. 1. Êðèñòàë³÷íà ñòðóêòóðà SrLa0,8Nd0,2InO4 ó âèãëÿä³

îêòàåäð³â InO6 òà àòîì³â Sr, La, Nd (êðóæå÷êè)

Â îäíîøàðîâ³é ØÏÑ SrLa1–xNdxInO4 êàò³-
îíè Sr òà ÐÇÅ ñòàòèñòè÷íî ðîçïîä³ëåí³ â ïîçèö³¿
8c íà ìåæ³ ïåðîâñüê³òîïîä³áíîãî áëîêó. Â³ñ³ì
àòîì³â Îêñèãåíó ïîë³åäðó (Sr,La,Nd)Î9 (÷îòèðè
O1 òà ÷îòèðè O2 íàëåæàòü äî òîãî æ áëîêó, ùî ³
àòîìè (Sr,La,Nd), à äåâ’ÿòèé àòîì Îêñèãåíó O2
º àêñ³àëüíèì àí³îíîì îêòàåäðó InO6 ñóñ³äíüîãî
ïåðîâñüê³òîïîä³áíîãî áëîêó (ðèñ. 2 ). Äîâæèíà
öüîãî ì³æáëî÷íîãî çâ’ÿçêó (Sr,La,Nd)–O2 º íàé-
ìåíøîþ (õ=0,2 òà 0,4) àáî îäí³ºþ ç íàéìåíøèõ
(õ=0,6 òà 0,8) â ïîë³åäðàõ (Sr,La,Nd)Î9 ØÏÑ
SrLa1–xNdxInO4.

Àíàë³ç êðèñòàëîãðàô³÷íèõ õàðàêòåðèñòèê
ôàç SrLa1–xNdxInO4 òà íåçàì³ùåíîãî ³íäàòó
SrLaInO4 [9] ïîêàçàâ, ùî âõîäæåííÿ â À-ïîçè-
ö³þ ØÏÑ SrLaInO4 ìåíøèõ, í³æ àòîì Ëàíòàíó,
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àòîì³â Íåîäèìó ïðèâîäèòü äî íàñòóïíèõ çì³í â
¿¿ áóäîâ³ (òàáë. 2, 3, ðèñ. 3, 4):

– çíà÷íî çá³ëüøóºòüñÿ äîâæèíà ì³æáëîâî-
âèõ çâ’ÿçê³â (Sr,La,Nd)–Î2;

– çìåíøóºòüñÿ ñòóï³íü äåôîðìàö³¿ ì³æáëî-
êîâèõ ïîë³åäð³â (Sr,La,Nd)Î9;

– çìåíøóºòüñÿ ñåðåäíÿ â³äñòàíü In–O â
îêòàåäðàõ InO6;

– çìåíøóþòüñÿ àêñ³àëüí³ â³äñòàí³ In–O2 â
îêòàåäðàõ InO6.

Ðèñ. 2. Áóäîâà ì³æáëîêîâî¿ ãðàíèö³ â ØÏÑ

SrLa0,2Nd0,8InO4 ó âèãëÿä³ îêòàåäð³â InÎ6 òà àòîì³â Sr, La,

Nd (êðóæå÷îê)

Ðèñ. 4. Çàëåæíîñò³ äîâæèíè ñåðåäíüî¿ â³äñòàí³ In–O â

îêòàåäðàõ InO6 (à) òà â³äñòàí³ In–O2 â îêòàåäðàõ InO6 (á) â

ØÏÑ ôàç SrLa1–xNdxInO4 â³ä ñòóïåíÿ çàì³ùåííÿ àòîì³â

Ëàíòàíó

Ðèñ. 3. Çàëåæíîñò³ äîâæèíè ì³æáëî÷íî¿ â³äñòàí³ –O–

(Sr,La,Nd)–O– (à) òà ñòóïåíÿ äåôîðìàö³¿ ì³æáëîêîâèõ

ïîë³åäð³â (Sr,La,Nd)O9 â ØÏÑ ôàç SrLa1–xNdxInO4 (á) â³ä

ñòóïåíÿ çàì³ùåííÿ àòîì³â Ëàíòàíó
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Çá³ëüøåííÿ â³äñòàí³ ì³æ ïåðîâñüê³òîïîä³á-
íèìè áëîêàìè ïðè çðîñòàíí³ âì³ñòó ìåíøèõ çà
ðîçì³ðàìè àòîì³â Nd â ñêëàä³ ôàç SrLa1–xNdxInO4

ç ØÏÑ çìåíøóº ì³öí³ñòü çâ’ÿçóâàííÿ áëîê³â ì³æ
ñîáîþ, ùî âðåøò³ ïðèçâîäèòü äî ðóéíóâàííÿ
ØÏÑ ³ äàº ï³äñòàâè äëÿ âèñíîâêó, ùî ñàìå öåé
ôàêòîð îáóìîâëþº îáìåæåí³ñòü îáëàñò³ òâåðäèõ
ðîç÷èí³â SrLa1–xNdxInO4 ç ØÏÑ (0õ0,8) òà
â³äñóòí³ñòü ñïîëóêè SrNdInO4. Çìåíøåííÿ ñå-
ðåäíüî¿ â³äñòàí³ In–O â îêòàåäðàõ InO6 ôàç
SrLa1–xNdxInO4 ç ØÏÑ îáóìîâëåíî çìåíøåííÿì
àêñ³àëüíî¿ â³äñòàí³ In–O2 â åêâàòîð³àëüí³é ïëî-
ùèí³ îêòàåäð³â InO6. Îñê³ëüêè ì³æáëîêîâ³ çâ’ÿç-
êè –O2–(Sr,La,Nd)–O2– ðåàë³çóþòüñÿ ÷åðåç àòî-
ìè Î2, òî ¿õ çñóâ äî àòîì³â ²íä³þ ³ ïðèâîäèòü äî
çá³ëüøåííÿ äîâæèíè ì³æáëîêîâèõ çâ’ÿçê³â
(Sr,La,Nd)–Î2. Ìîæíà î÷³êóâàòè, ùî àíàëîã³÷íèé
ìåõàí³çì ðóéíóâàííÿ ØÏÑ ôàç ñêëàäó
SrLa1–xLnI

xInO4 áóäå ðåàë³çîâóâàòèñü ³ äëÿ ³íøèõ LnI.

Âèñíîâêè

Òàêèì ÷èíîì, â äàí³é ðîáîò³ âñòàíîâëåíà
îáëàñòü ³ñíóâàííÿ ³ ïðèðîäà ôàç SrLa1–xNdxInO4

ç ØÏÑ òà âèçíà÷åíà áóäîâà ØÏÑ ôàç
SrLa1–xNdxInO4 ç³ ñòóïåíÿìè çàì³ùåííÿ àòîì³â
Ëàíòàíó, ð³âíèìè 0,2, 0,4, 0,6 òà 0,8. Àíàë³ç îäåð-
æàíèõ ðåçóëüòàò³â äîçâîëèâ âèÿâèòè õàðàêòåð
âïëèâó ³çîâàëåíòíîãî çàì³ùåííÿ àòîì³â Ëàíòà-
íó íà àòîìè Íåîäèìó â ³íäàò³ SrLaInO4 íà áóäî-
âó ØÏÑ ôàç SrLa1–xNdxInO4 òà âèçíà÷èòè ñòðóê-
òóðí³ ôàêòîðè, ÿê³ îáóìîâëþþòü ðóéíàö³þ ¿õ
ØÏÑ.

Çíàííÿ çàëåæíîñòåé êðèñòàëîõ³ì³÷íèõ ïà-
ðàìåòð³â ôàç SrLa1–xNdxInO4 â³ä ñêëàäó äàº ìîæ-
ëèâ³ñòü ¿õ êîíòðîëüîâàíîãî ðåãóëþâàííÿ øëÿ-
õîì ïîñë³äîâíîãî ³çîâàëåíòíîãî çàì³ùåííÿ
àòîì³â À-ïîçèö³¿ ØÏÑ, ùî áåçñóìí³âíî äîçâî-
ëèòü âïëèâàòè íà âëàñòèâîñò³ ôàç SrLa1–xNdxInO4,
îñê³ëüêè äëÿ çíà÷íî¿ ÷àñòèíè îêñèäíèõ ìàòåð³-

Òàáëèöÿ 2

Ì³æàòîìí³ â³äñòàí³ (íì), òà ñòóïåí³ äåôîðìàö³¿ () ïîë³åäð³â (Sr,Ln)O9 â ØÏÑ SrLa1–xNdxInO4

Ïðèì³òêà: ðîçðàõóíîê ñòóïåíÿ äåôîðìàö³¿ ïîë³åäð³â MeÎn âèêîíàíî çà ôîðìóëîþ:  
2

i1 n R R R     ,

äå Ri – â³äñòàí³ Ìå–Î; R  – ñåðåäíÿ â³äñòàíü Ìå–Î; n – êîîðäèíàö³éíå ÷èñëî [10]; * – ì³æáëîêîâà â³äñòàíü.

Òàáëèöÿ 3

Ì³æàòîìí³ â³äñòàí³ (íì), òà ñòóïåí³ äåôîðìàö³¿ () îêòàåäð³â InO6 â ØÏÑ SrLa1–xNdxInO4

SrLaInO4 [9] SrLa0,8Nd0,2InO4 SrLa0,6Nd0,4InO4 SrLa0,4Nd0,6InO4 SrLa0,2Nd0,8InO4 Відстані 
d, нм d, нм d, нм d, нм d, нм 

Sr,Ln–О2 0,238(2)* 0,239(2)* 0,242(2)* 0,243(2) 0,246(3) 

–O2 0,252(1) 0,251(1) 0,250(2) 0,250(2)* 0,252(2)* 

–O2 0,252(2) 0,256(2) 0,266(2) 0,277(3) 0,282(2) 

–O1 0,254(2) 0,256(1) 0,245(2) 0,243(2) 0,243(1) 

–O1 0,262(1) 0,265(2) 0,257(2) 0,264(1) 0,263(2) 

–O1 0,282(1) 0,273(1) 0,291(2) 0,292(2) 0,293(2) 

–O1 0,320(3) 0,319(2) 0,328(3) 0,316(2) 0,318(2) 

–O2 0,339(2) 0,343(3) 0,329(3) 0,320(2) 0,314(2) 

–O2 0,347(3) 0,343(3) 0,339(2) 0,344(3) 0,341(2) 

Середня відстань (Sr,Ln)–O 0,283 0,283 0,283 0,283 0,284 

(Sr,Ln)О9 19210–4 18510–4 17310–4 15210–4 13710–4 

 

SrLaInO4 [9] SrLa0,8Nd0,2InO4 SrLa0,6Nd0,4InO4 SrLa0,4Nd0,6InO4 SrLa0,2Nd0,8InO4 Відстані 
d, нм d, нм d, нм d, нм d, нм 

In–O1 0,208(1) 0,209(1) 0,208(1) 0,213(1) 0,210(1) 

–O1 0,208(1) 0,209(1) 0,208(1) 0,213(1) 0,210(1) 

–O1 0,208(1) 0,209(1) 0,208(1) 0,213(1) 0,210(1) 

–O1 0,216(2) 0,214(2) 0,220(2) 0,213(2) 0,215(2) 

–O1 0,216(2) 0,214(2) 0,220(2) 0,213(2) 0,215(2) 

–O2 0,223(2) 0,222(2) 0,210(2) 0,203(2) 0,198(2) 

–O2 0,223(2) 0,222(2) 0,210(2) 0,203(2) 0,198(2) 

Середня відстань In–O 0,216 0,215 0,213 0,210 0,208 

InО6 810–4 610–4 610–4 510–4 1210–4 
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àë³â ¿õ ôóíêö³îíàëüí³ âëàñòèâîñò³ â çíà÷í³é ì³ð³
îáóìîâëåí³ ñàìå áóäîâîþ êðèñòàë³÷íî¿ ñòðóêòó-
ðè.
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EFFECT OF ISOVALENT SUBSTITUTION OF
LANTHANUM ATOMS ON THE SLAB STRUCTURE OF
INDATES SrLa

1–x
Nd

x
InO

4

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

a Taras Shevchenko National University of Kyiv, Kyiv, Ukraine
b Zhytomyr Ivan Franko State University, Zhytomyr, Ukraine
* e-mail: tit@univ.kiev.ua

The conditions of isovalent substitution of lanthanum atoms
with neodymium ones in slab perovskite-like structure of
SrLa1–xNdxInO4 (0x0.8) indates have been specified using X-ray
powder diffraction methods. A further increase in a degree of
substitution of lanthanum atoms with neodymium atoms in mono-
slab SrLa1–xNdxInO4 indates results in a destruction of slab structure
and formation of a second phase with CaFe2O4 structure type, the
content of the second phase being increased up to ~100% at õ=1.
Orthorhombic (space group Pbca) crystal structure of SrLa1–xNdxInO4

phases with the degree of lanthanum atoms substitution of 0.2, 0.4,
0.6 and 0.8 have been determined using X-ray powder diffraction
methods. The crystal structure of SrLa1–xNdxInO4 is formed by the
two-dimensional perovskite-like blocks consisting of a slab of distorted
InO6 octahedra joined by vertices. Blocks are separated by the slab
of (Sr,La,Nd)Î9 polyhedra. There are no direct In–O–In bonds
between the octahedra of adjacent blocks. They are connected through
–O2–(Sr,La,Nd)–O2-bonds. Analysis of the crystal-chemical
parameters of the synthesized phases showed that a gradual reduction
of the deformation degree of interblock (Sr,La,Nd)Î9 polyhedra
and a decrease in the average In–O distance in InO6 octahedra
(due to reduction of axial In–O2 distances) occur in the case of the
isovalent substitution of lanthanum atoms with smaller neodymium
atoms in a slab structure of SrLa1–xNdxInO4. Also, the length of
(Sr,La,Nd)–Î2 interblock bonds significantly increases (from
0.238(2) nm at õ=0 up to 0.252(2) nm at õ=0.8). An increase in the
distance between perovskite-like blocks reduces a durability of their
bonding which finally results in destruction of slab perovskite-like
structure and allows drawing a conclusion that it is the factor that
causes the limitation of area of SrLa1–xNdxInO4 (0õ0.8) solid
solutions with slab perovskite-like structure and the absence of
SrNdInO4 compound.

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