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Â äàí³é ðîáîò³ ³ç çàñòîñóâàííÿì ìåòîä³â ðåíòãåí³âñüêî¿ ïîðîøêîâî¿ äèôðàêòîìåòð³¿
âèçíà÷åí³ óìîâè ³çîâàëåíòíîãî çàì³ùåííÿ àòîì³â À- ³ Â-ïîçèö³é ó øàðóâàò³é ïå-
ðîâñüê³òîïîä³áí³é ñòðóêòóð³ òèòàíàò³â Ban–4La4Ò³n–1O3n (n=4–6) çà íàñòóïíèìè ñõå-
ìàìè: Ban–4La4–õLnxÒ³n–1O3n (Ln=Pr, Nd) òà Ban–4La4Ò³n–1–xBIV

xO3n (BIV=Sn, Zr). Àíàë³ç
îäåðæàíèõ ðåçóëüòàò³â ïîêàçàâ, ùî ïðè ³çîâàëåíòíîìó çàì³ùåíí³ àòîì³â À-ïîçèö³¿
ðîçì³ð îáëàñòåé ³ñíóâàííÿ ôàç Ban–4La4–õLnxÒ³n–1O3n (Ln=Pr, Nd) ñóòòºâî çàëåæèòü
ÿê â³ä ñï³ââ³äíîøåííÿ ðîçì³ð³â ³îí³â, òàê ³ â³ä òîâùèíè (ñòóïåíÿ äåôåêòíîñò³) ïå-
ðîâñüê³òîïîä³áíèõ áëîê³â øàðóâàòî¿ ïåðîâñüê³òîïîä³áíî¿ ñòðóêòóðè. Â³í çðîñòàº ç³
çá³ëüøåííÿì ÷èñëà îêòàåäð³â Ò³Î6 â ïåðîâñüê³òîïîä³áíîìó áëîö³ (â³ä õ=0,10,3 ïðè
n=4 äî õ=1,82,3 ïðè n=6) ³ ïðîïîðö³éíèé ðàä³óñó ³îíà Ln3+. Ïðè ïåðåâèùåíí³ ìåæ
³çîâàëåíòíîãî çàì³ùåííÿ àòîì³â ëàíòàíó â³äáóâàºòüñÿ ðîçêëàä ÷îòèðè- òà ï’ÿòèøà-
ðîâèõ òèòàíàò³â Ban–4La4–õLnxÒ³n–1O3n íà Ba(La,Ln)2Ti3O10+(La,Ln)2TiO5 ïðè n=5 òà
BaTiO3+Ba(La,Ln)2Ti3O10+(La,Ln)2TiO5 ïðè n=6. Â ñèñòåìàõ Ban–4La4Ò³n–1–xBIV

xO3n

(n=4–6, BIV=Sn, Zr) âèÿâëåíî ³ñíóâàííÿ äóæå îáìåæåíèõ (õ0,15) îáëàñòåé ôàç ³ç
øàðóâàòîþ ïåðîâñüê³òîïîä³áíîþ ñòðóêòóðîþ. Ïîäàëüøå ³çîâàëåíòíå çàì³ùåííÿ
àòîì³â òèòàíó íà àòîìè îëîâà àáî öèðêîí³þ â òèòàíàòàõ Ban–4La4Ò³n–1–xBIV

xO3n ïðè-
çâîäèòü äî ïîÿâè ôàç íà îñíîâ³ La2BIV

2O7 ç êóá³÷íîþ ñòðóêòóðîþ òèïó ï³ðîõëîðà. ¯õ
ê³ëüê³ñíèé âì³ñò çðîñòàº ç³ çá³ëüøåííÿì çíà÷åííÿ õ.

Êëþ÷îâ³ ñëîâà: ñïîëóêè òèïó AnBn–1O3n, øàðóâàòà ïåðîâñüê³òîïîä³áíà ñòðóêòóðà,
ðåíòãåí³âñüêà ïîðîøêîâà äèôðàêòîìåòð³ÿ, ³çîìîðô³çì, òâåðä³ ðîç÷èíè.

Âñòóï

Ï³äâèùåíèé ³íòåðåñ äî ïðåäñòàâíèê³â
ñ³ìåéñòâà ñïîëóê ç øàðóâàòîþ ïåðîâñüê³òîïîä³á-
íîþ ñòðóêòóðîþ (ØÏÑ) òèïó AnBn–1O3n ((n–1)
– ÷èñëî øàð³â îêòàåäð³â ÂÎ6 â ïåðîâñüê³òîïîä³á-
íîìó áëîö³) îáóìîâëåíèé íàÿâí³ñòþ ó íèõ êîì-
ïëåêñó ö³ííèõ ä³åëåêòðè÷íèõ âëàñòèâîñòåé, ùî
â³äïîâ³äàþòü âèìîãàì, ÿê³ ñòàâëÿòüñÿ ïåðåä ìà-
òåð³àëàìè ì³êðîõâèëüîâî¿ òåõí³êè [1,2] ³ îáóìîâ-
ëþþòü ïåðñïåêòèâè ¿õ ïðàêòè÷íîãî çàñòîñóâàí-
íÿ.

Îäíèì ³ç øëÿõ³â çá³ëüøåííÿ ÷èñëà ïðåä-
ñòàâíèê³â ñ³ìåéñòâà ñïîëóê òèïó AnBn–1O3n òà
ðåãóëþâàííÿ ¿õ âëàñòèâîñòåé º ³çîìîðôí³ çàì³-
ùåííÿ àòîì³â â À- ³ Â-ïîçèö³ÿõ ¿õ ØÏÑ íà àòî-
ìè ç ³íøèìè ³îííèìè ðàä³óñàìè, ïîëÿðèçàö³é-
íèìè âëàñòèâîñòÿìè òà ïîòåíö³àëàìè ³îí³çàö³¿.

Â³äîìîñò³ ïðî ³çîìîðôí³ çàì³ùåííÿ â ØÏÑ

ñïîëóê òèïó AnBn–1O3n â ë³òåðàòóð³ îáìåæåí³ ³
ñòîñóþòüñÿ â îñíîâíîìó âçàºìîçàì³ùåíü
íàéá³ëüø õàðàêòåðíèõ äëÿ ñïîëóê äàíîãî òèïó
åëåìåíò³â (À=Ba, Sr, La, Â=Ti, Nb, Ta) [1–5]. Â
òîé æå ÷àñ íàéá³ëüøîãî âïëèâó íà âëàñòèâîñò³
öèõ ñïîëóê ìîæíà î÷³êóâàòè â³ä âõîäæåííÿ â ¿õ
ØÏÑ íåòèïîâèõ äëÿ äàíîãî ñ³ìåéñòâà åëåìåíò³â,
çîêðåìà òàêèõ ÿê Pr – Lu, Sn, Zr. Íà ñüîãîäí³
ê³ëüê³ñòü â³äîìèõ òèòàíàò³â AnÒ³n–1O3n ç ØÏÑ
äóæå îáìåæåíà ³ âêëþ÷àº ëèøå ëàíòàíâì³ñí³
òèòàíàòè ñêëàäó AII

n–4La4Ò³n–1O3n (AII=Ba, Sr, Ca,
n=4–6) [1,2], à ìîæëèâ³ñòü ³çîìîðôíèõ çàì³ùåíü
àòîì³â â ¿õ ØÏÑ äîñ³ íå äîñë³äæåíà.

Ìåòîþ äàíî¿ ðîáîòè ÿâëÿëîñü âñòàíîâëåí-
íÿ ìîæëèâîñò³ òà âèçíà÷åííÿ ìåæ ³çîâàëåíòíî-
ãî çàì³ùåííÿ àòîì³â La ³ Ti â ØÏÑ òèòàíàò³â
Ban–4La4Ò³n–1O3n (n=4–6) â³äïîâ³äíî íà àòîìè
³íøèõ ÐÇÅ òà àòîìè Sn àáî Zr.
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Ìåòîäèêà åêñïåðèìåíòó

Ïîë³êðèñòàë³÷í³ çðàçêè âàëîâîãî ñêëàäó
Ban–4La4–õLnxÒ³n–1O3n òà Ban–4La4Ò³n–1–xBIV

xO3n ñèí-
òåçóâàëè øëÿõîì òåðìîîáðîáêè (1570 Ê, 3 ãîä)
ïîïåðåäíüî çíåâîäíåíî¿ (373 Ê) øèõòè ñï³ëüíî-
îñàäæåíèõ ã³äðîêñèêàðáîíàò³â (ÑÎÃÊ) (Ba-
âì³ñí³ çðàçêè), àáî ã³äðîêñèä³â (ÑÎÃ). Äîñë³-
äæåííÿ ìåòîäàìè äèôåðåíö³àëüíî¿ òåðìîãðàâ³-
ìåòð³¿ òà ïîðîøêîâî¿ ðåíòãåí³âñüêî¿ äèôðàêö³¿
ïîñë³äîâíîñòåé ôàçîâèõ ïåðåòâîðåíü ïðè ñèí-
òåç³ òèòàíàò³â Ban–4La4Ò³n–1O3n (n=4–6) ç øèõò
ÑÎÃ òà ÑÎÃÊ [6,7] ïîêàçàëî, ùî âèêîðèñòàííÿ
òàêèõ óìîâ ñèíòåçó çàáåçïå÷óº ïîâíîòó âçàºìîä³¿
êîìïîíåíò³â. ßê âèõ³äí³ ó ðîáîò³ âèêîðèñòàí³
âîäí³ ðîç÷èíè Ln(NO3)3, Ba(CH3COO)2, TiCl4,
ZrCl4, SnCl4 ìàðîê “õ.÷.” ³ “÷.ä.à.”. Äèôðàêòîã-
ðàìè ïîë³êðèñòàë³÷íèõ çðàçê³â çàïèñàí³ íà äèô-
ðàêòîìåòð³ ÄÐÎÍ-3 íà Cu K âèïðîì³íþâàíí³
ç³ øâèäê³ñòþ 1 ãðàä/õâ. ²íòåðâàë êóò³â çéîìêè
2=18–780.

Ðåçóëüòàòè òà ¿õ îáãîâîðåííÿ

Âèçíà÷åííÿ ìåæ ³çîâàëåíòíîãî çàì³ùåííÿ
àòîì³â ëàíòàíó â òðèøàðîâèõ òèòàíàòàõ çä³éñíåíî
â ñèñòåìàõ La4–xLnxTi3O12 (Ln=Pr, Nd). Ðåçóëüòà-
òè ðåíòãåíîôàçîâîãî àíàë³çó êðèñòàë³÷íèõ ïðî-
äóêò³â òåðìîîáðîáêè øèõòè ÑÎÃ ³ç ñï³ââ³äíî-
øåííÿìè La:Ln:Ti=(4–x):x:3 (Ln=Pr, Nd) ïîêà-
çàëè, ùî â îáîõ ñèñòåìàõ â³äáóâàºòüñÿ óòâîðåí-
íÿ òðüîõ òèï³â ôàçîâèõ îáëàñòåé: äóæå îáìåæå-
íî¿ îáëàñò³ òâåðäèõ ðîç÷èí³â (La,Ln)4Ti3O12 ³ç
òðèøàðîâîþ ØÏÑ ñïîëóê ñ³ìåéñòâà AnBn–1O3n

(òàáëèöÿ), øèðîêî¿ äâîôàçíî¿ îáëàñò³, ÿêà
ì³ñòèòü ôàçó íà îñíîâ³ (La,Ln)2Ti2O7 ³ç ÷îòèðè-
øàðîâîþ ØÏÑ ñïîëóê ñ³ìåéñòâà AnBnO3n+2 òà
ôàçó íà îñíîâ³ (La,Ln)2TiO5 à òàêîæ âóçüêî¿ ïå-
ðåõ³äíî¿ îáëàñò³ ì³æ íèìè, ÿêà ì³ñòèòü óñ³ çàç-
íà÷åí³ ôàçè.

ßê ïîêàçàíî â [7], ìåõàí³çì óòâîðåííÿ òðè-
øàðîâîãî La4Ti3O12 ³ç øèõòè ÑÎÃ âêëþ÷àº ñòàä³¿
„âèáóõîâî¿” êðèñòàë³çàö³¿ ïðè 1113 Ê äåôåêòíî-

ãî ïåðîâñüê³òó LaTi0,75    0,25O3 , éîãî ïîäàëüøîãî

ðîçêëàäó íà ïðîì³æí³ ïðîäóêòè Là2Ti2O7 ³ Là2TiO5

òà ¿õ âçàºìîä³þ ïðè Ò>1370 Ê ç óòâîðåííÿì
La4Ti3O12. Àíàëîã³÷íèé ((La,Ln)2Ti2O7+(La,Ln)2TiO5)
ñêëàä äâîôàçíî¿ îáëàñò³ â çðàçêàõ La4–xLnxTi3O12

(Ln=Pr, Nd) äàâàâ ï³äñòàâè äëÿ ïðèïóùåííÿ
ùîäî ìîæëèâîñò³ ðîçøèðåííÿ îáëàñò³ òðèøàðî-
âèõ ôàç òèïó AnBn–1O3n ïðè âèñîêèõ òåìïåðàòó-
ðàõ. Ïðîòå, ïåðåïëàâêà íåîäíîôàçíèõ çðàçê³â
âàëîâîãî ñêëàäó La4–xLnxTi3O12 (Ln=Pr, Nd) â
ïîëóì’¿ êèñíåâî-ìåòàíîâîãî ïàëüíèêà ç íàñòóï-
íèì çàãàðòóâàííÿì ðîçïëàâó íà õîëîäí³é
ï³äëîæö³ íå ïðèâåëà äî çì³íè ¿õ ôàçîâîãî ñêëà-
äó, ùî äàº ï³äñòàâè äëÿ âèñíîâêó ïðî â³äñóòí³ñòü

òðèøàðîâèõ ñïîëóê ñêëàäó Ln4Ti3O12 (Ln=Pr, Nd).
Äîñë³äæåííÿ ìîæëèâîñò³ ³çîâàëåíòíîãî çà-

ì³ùåííÿ àòîì³â ëàíòàíó â ØÏÑ Ban–4La4Ò³n–1O3n

áóëî çä³éñíåíî íà ïðèêëàä³ ôàç ñêëàäó
Ban–4La4–õLnxÒ³n–1O3n (Ln=Pr, Nd, n=5 òà 6). Ðåí-
òãåíîôàçîâèé àíàë³ç êðèñòàë³÷íèõ ïðîäóêò³â òåð-
ìîîáðîáêè øèõòè ÑÎÃÊ ³ç ñï³ââ³äíîøåííÿìè
Âà:La:Ln:Ti=(n–4):(4–x):x:(n–1) ïîêàçàâ, ùî ïî-
ÿâà â À-ïîçèö³¿ ØÏÑ òèòàíàò³â Ban–4La4Ò³n–1O3n

(ç n>4) âåëèêèõ àòîì³â áàð³þ äîñèòü ñóòòºâî ðîç-
øèðþº îáëàñòü ³ñíóâàííÿ ³çîâàëåíòíîçàì³ùåíèõ
ôàç Ban–4La4–õLnxÒ³n–1O3n (n=5 òà 6) ç ØÏÑ ó
ïîð³âíÿíí³ ³ç òàêîþ äëÿ La4–xLnxTi3O12 (n=4)
(òàáë. 1, ðèñ. 1).

Äèôðàêòîãðàìè ôàç BaLa4–õLnxÒ³4O15 ³
Ba2La4–õLnxÒ³5O18 ç ØÏÑ àíàëîã³÷í³ òàêèì äëÿ
â³äïîâ³äíèõ âèõ³äíèõ ³íäèâ³äóàëüíèõ ñïîëóê
BaLa4Ò³4O15 (ïð. ãð. P-3c1 [8]) ³ Ba2La4Ò³5O18 (ïð.
ãð. R-3 [9]) ³ ïðî³íäåêñîâàí³ ó òðèãîíàëüí³é ñèí-
ãîí³¿. Çàëåæíîñò³ îá’ºì³â åëåìåíòàðíèõ êîì³ðîê
ôàç BaLa4–õLnxÒ³4O15 ³ Ba2La4–õLnxÒ³5O18 ç ØÏÑ
â³ä ñêëàäó ìàþòü ë³í³éíèé õàðàêòåð (ðèñ. 1), ùî
äàº ï³äñòàâè ðîçãëÿäàòè ¿õ ÿê îáìåæåí³ ðÿäè òâåð-
äèõ ðîç÷èí³â ³ç ÷îòèðè- òà ï’ÿòèøàðîâîþ ØÏÑ.

Ïðè ïåðåâèùåíí³ ìåæ³ ³çîâàëåíòíîãî çàì³-
ùåííÿ ðîçêëàä ÷îòèðè- òà ï’ÿòèøàðîâî¿ ØÏÑ
òèòàíàò³â Ban–4La4–õLnxÒ³n–1O3n â³äáóâàºòüñÿ çà
íàñòóïíèìè ñõåìàìè:

BaLa4–xLnxTi4O15

Ba(La,Ln)2Ti3O10+(La,Ln)2TiO5;

Ba2La4–xLnxTi5O18

BaTiO3+ Ba(La,Ln)2Ti3O10+(La,Ln)2TiO5.

Çã³äíî ç [6], ñòàä³éí³ñòü ìåõàí³çì³â ôîðìó-
âàííÿ ØÏÑ òèòàíàò³â Ban–4La4Ò³n–1O3n (n=4–6)
³ç øèõòè ÑÎÃ òà ÑÎÃÊ íå çàëåæèòü â³ä òîâùè-
íè ïåðîâñüê³òîïîä³áíèõ áëîê³â ³ òèïó îñàäæóâà-
÷à ³ âêëþ÷àº ñòàä¿¿ óòâîðåííÿ äåôåêòíîãî ïå-
ðîâñüê³òó, éîãî ðîçêëàäó íà ïðîì³æí³ ïðîäóêòè
òà ¿õ íàñòóïíî¿ âçàºìîä³¿ ç óòâîðåííÿì
Ban–4La4Ò³n–1O3n.

Ïðèñóòí³ñòü ôàçè Ä³îíà-ßêîáñîíà
Ba(La,Ln)2Ti3O10 â ïðîäóêòàõ ðîçêëàäó ØÏÑ òè-
òàíàò³â Ban–4La4–õLnxÒ³n–1O3n (n=5–6) î÷åâèäíî
îáóìîâëåíà îñîáëèâîñòÿìè ìåõàí³çìó ñèíòåçó
Ban–4La4Ò³n–1O3n (n=5–6) [6], çîêðåìà äåùî ³íøèì
(ïîð³âíÿíî ç La4Ti3O12) ñêëàäîì ïðîì³æíèõ ïðî-
äóêò³â ðîçêëàäó äåôåêòíîãî ïåðîâñüê³òó:
(La,Ln)2Ti2O7+(La,Ln)2TiO5+(n–4)BaTiO3. Ñàìå
íàÿâí³ñòü BaTiO3 ³ ïðèçâîäèòü äî óòâîðåííÿ
Ba(La,Ln)2Ti3O10 ïðè ïåðåâèùåíí³ ìåæ³ ³çîâàëåí-
òíîãî çàì³ùåííÿ àòîì³â ëàíòàíó â òèòàíàòàõ
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Ban–4La4–õLnxÒ³n–1O3n (n=5–6):

(La,Ln)2Ti2O7+BaTiO3Ba(La,Ln)2Ti3O10.

Çá³ëüøåííÿ ð³çíèö³ ó ðîçì³ðàõ ì³æ àòîìîì
La òà àòîìàìè Ln çìåíøóº ðîçì³ðè îáëàñòåé ôàç
Ban–4La4–õLnxÒ³n–1O3n ³ç ØÏÑ (òàáëèöÿ). Â òîé
æå ÷àñ, çðîñòàííÿ âì³ñòó àòîì³â áàð³þ â ØÏÑ
Ban–4La4–õLnxÒ³n–1O3n (n=5–6), ÿêå â³äáóâàºòüñÿ
ïðè çá³ëüøåíí³ ÷èñëà (n) øàð³â îêòàåäð³â Ò³Î6 â
ïåðîâñüê³òîïîä³áíèõ áëîêàõ, ïðèçâîäèòü äî
çðîñòàííÿ ³çîìîðôíî¿ ºìíîñò³ ØÏÑ
Ban–4La4–õLnxÒ³n–1O3n (ðèñ. 2).

Ìåæ³ ³çîâàëåíòíîãî çàì³ùåííÿ àòîì³â À- ³ Â-ïîçèö³é â
ØÏÑ Ban–4La4Ò³n–1O3n

Ізовалентне заміщення 

атомів 

Значення  

n 
Значення х 

La4–xPrxTi3O12 4 0х(0,250,3) 

La4–xNdxTi3O12 4 0х(0,10,15) 

BaLa4–хPrxTi4O15 5 0х2,1 

BaLa4–хNdxTi4O15 5 0х1,55 

Ba2La4–xPrxTi5O18 6 0х2,3 

ти
п

 А
 

Ba2La4–xNdxTi5O18 6 0х1,8 

La4Ti3–xSnxO12  4 x0,1 

La4Ti3–xZrxO12 4 0х0,15 

BaLa4Ti4–xSnxO15 5 x0,1 

BaLa4Ti4–xZrxO15 5 0х0,15 

Ba2La4Ti5–xSnxO18 6 x0,1 

ти
п

 В
 

Ba2La4Ti5–xZrxO18 6 x(0,10,15) 

 

Ïðèì³òêè:  – ìåæà âèçíà÷åíà ³ç çàëåæíîñòåé (a, c, V)åë.êîì.=

=f(x); < – ìåæà âèçíà÷åíà çà äàíèìè ðåíòãåíîôàçîâîãî àíà-

ë³çó (ÐÔÀ); () – ³íòåðâàë çíà÷åíü õ â ÿêîìó ïî äàíèì ðåí-

òãåíîôàçîâîãî àíàë³çó çíàõîäèòüñÿ ìåæà ³çîâàëåíòíîãî çàì³-

ùåííÿ.

Ðèñ. 1. Çàëåæíîñò³ îá’ºìó åëåìåíòàðíèõ êîì³ðîê ôàç ³ç

ØÏÑ ñêëàäó BaLa4–õPrxÒ³4O15 (à) òà Ba2La4–õPrxÒ³5O18 (á)

â³ä ñòóïåíÿ çàì³ùåííÿ àòîì³â ëàíòàíó (çíà÷åííÿ õ)

Îäåðæàí³ äàí³ ñâ³ä÷àòü ùî “äîðîùóâàííÿ”
ïåðîâñüê³òîì ÂàÒ³Î3 ÷èñëà øàð³â îêòàåäð³â Ò³Î6

â ØÏÑ La4Ò³3O12 ï³äâèùóº ¿¿ ñòàá³ëüí³ñòü.
Íàéá³ëüø éìîâ³ðíèì ôàêòîðîì, ÿêèé îáóìîâ-
ëþº çðîñòàííÿ ñòàá³ëüíîñò³ ØÏÑ º çìåíøåííÿ
äåôåêòíîñò³ ØÏÑ ñïîëóê òèïó AnBn–1O3n ïðè
çá³ëüøåíí³ ÷èñëà øàð³â îêòàåäð³â ÂÎ6 â áëîö³.
Òàê, â ïåðîâñüê³òîïîä³áíèõ áëîêàõ ØÏÑ
ê³ëüê³ñòü âàêàíòíèõ îêñèãåíîîêòàåäðè÷íèõ ïî-
çèö³é ñòàíîâèòü äëÿ La4Ti3O12 (n=4) 25%, äëÿ
BaLa4Ti4O15 (n=5) 20%, a äëÿ Ba2La4Ti5O18 (n=6)
16,7%.

Äîñë³äæåííÿ óìîâ ³çîâàëåíòíîãî çàì³ùåí-
íÿ àòîì³â òèòàíó íà àòîìè öèðêîí³þ àáî îëîâà â
ØÏÑ òèòàíàò³â Ban–4La4Ò³n–1O3n (n=4–6) çà òè-
ïîì Ban–4La4Ò³n–1–xBIV

xO3n (BIV=Sn, Zr) ïîêàçàëî
³ñíóâàííÿ äóæå îáìåæåíèõ (õ £ 0,15) îáëàñòåé
ôàç ³ç ØÏÑ (òàáëèöÿ, ðèñ. 3).

Ðèñ. 2. Çàëåæíîñò³ âåëè÷èíè ìàêñèìàëüíîãî ñòóïåíÿ

çàì³ùåííÿ (õìàêñ.) àòîì³â ëàíòàíó â ØÏÑ òèòàíàò³â

Ban–4La4–õLnxÒ³n–1O3n â³ä ÷èñëà (n=4–6) øàð³â îêòàåäð³â

Ò³Î6 â ïåðîâñüê³òîïîä³áíîìó áëîö³ ØÏÑ

(1 – Ln=Pr, 2 – Ln=Nd)

Äèôðàêòîãðàìè çðàçê³â ôàç La4Ti3–xZrxO12 òà
BaLa4Ti4–xZrxO15 ç ØÏÑ ïîä³áí³ â³äïîâ³äíî äî
äèôðàêòîãðàì òðèøàðîâîãî La4Ti3O12 (ïð. ãð. R-
3 [10]) òà ÷îòèðèøàðîâîãî BaLa4Ti4O15 (ïð.
ãð. P-3c1 [8]) ³ ïðî³íäåêñîâàí³ â òðèãîíàëüí³é
ñèíãîí³¿. Ë³í³éíèé õ³ä çàëåæíîñòåé îá’ºì³â
åëåìåíòàðíèõ êîì³ðîê ôàç La4Ti3–xZrxO12 òà
BaLa4Ti4–xZrxO15 â³ä ñòóïåíÿ çàì³ùåííÿ àòîì³â
òèòàíó â ¿õ ØÏÑ â³äïîâ³äàº çàêîíó Âåãàðäà
(ðèñ. 3), ùî äîçâîëÿº ðîçãëÿäàòè ¿õ ÿê îáìåæåí³
ðÿäè òâåðäèõ ðîç÷èí³â ç òðè- ³ ÷îòèðèøàðîâîþ
ØÏÑ.

Ïîäàëüøå ³çîâàëåíòíå çàì³ùåííÿ àòîì³â
òèòàíó â òèòàíàòàõ Ban–4La4Ò³n–1–xBIV

xO3n ïðèçâî-
äèòü äî ïîÿâè äðóãî¿ ôàçè íà îñíîâ³ La2BIV

2O7

(BIV=Sn, Zr) ç êóá³÷íîþ ñòðóêòóðîþ òèïó ï³ðîõ-
ëîðà. ¯¿ ê³ëüê³ñíèé âì³ñò â äâîôàçíèõ çðàçêàõ
çðîñòàº ç³ çá³ëüøåííÿì çíà÷åííÿ õ. Ñë³ä â³äçíà-
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÷èòè, ùî íà â³äì³íó â³ä âóçüêî¿ îáëàñò³ ç ØÏÑ â
òèòàíàòàõ Ban–4La4Ò³n–1–xBIV

xO3n (BIV=Sn, Zr), â³äî-
ìèé ö³ëà íèçêà ñïîëóê ñêëàäó AII

n(BV,BIV)n–1O3n

(AII=Ba, Sr [1,2,11–13]), à òàêîæ Ba4LaSnNb3O15

[14], â ÿêèõ 20–25% Â-ïîçèö³é ØÏÑ çàéíÿò³
àòîìàìè Sn àáî Zr, à ðåøòà àòîìàìè Nb àáî Ta.
Â³ðîã³äíèìè ïðè÷èíàìè ¿õ ³ñíóâàííÿ º,
ñï³ââ³äíîøåííÿ ðîçì³ð³â àòîì³â ó Â-ïîçèö³¿
ØÏÑ, çîêðåìà çíà÷íî ìåíøà (â³ä 30 äî 40%
[15]) ð³çíèöÿ ó ðîçì³ðàõ ì³æ àòîìàìè Sn ³ Zr òà
Nb ³ Ta, í³æ ì³æ Sn ³ Zr òà T³.

Ðèñ. 3. Çàëåæíîñò³ îá’ºìó åëåìåíòàðíèõ êîì³ðîê ôàç

³ç ØÏÑ ñêëàäó La4Ti3–xZrxO12 (à) òà BaLa4Ti4–xZrxO15 (á)

â³ä ñòóïåíÿ çàì³ùåííÿ àòîì³â òèòàíó (çíà÷åííÿ õ)

Âèñíîâêè

Âèçíà÷åííÿ óìîâ ³çîâàëåíòíîãî çàì³ùåííÿ
àòîì³â À- ³ Â-ïîçèö³é ó ØÏÑ òèòàíàò³â
Ban–4La4Ò³n–1O3n (n=4–6) ïîêàçàëî, ùî â ñèñòå-
ìàõ Ban–4La4–õLnxÒ³n–1O3n (Ln=Pr, Nd) âåëè÷èíà
îáëàñò³ ôàç ç ØÏÑ ñóòòºâî çàëåæèòü, êð³ì ðîç-
ì³ðíîãî ôàêòîðà, òàêîæ â³ä òîâùèíè (ñòóïåíÿ
äåôåêòíîñò³) ïåðîâñüê³òîïîä³áíèõ áëîê³â. ¯¿
ðîçì³ð çðîñòàº ç³ çá³ëüøåííÿì òîâùèíè ïåðîâ-
ñüê³òîïîä³áíîãî áëîêà (â³ä õ=0,10,3 ïðè n=4 äî
õ=1,82,3 ïðè n=6) ³ ïðîïîðö³éíèé ðàä³óñà àòî-
ìà Ln. Â ñèñòåìàõ Ban–4La4Ò³n–1–xBIV

xO3n (BIV=Sn,
Zr) ³ñíóþòü äóæå îáìåæåí³ (õ0,15) îáëàñò³ ôàç
³ç ØÏÑ. Îäåðæàí³ ðåçóëüòàòè ìîæóòü áóòè âè-
êîðèñòàí³ äëÿ íàñòóïíîãî âèÿâëåííÿ âçàºìîçâ’-
ÿçê³â ì³æ ñêëàäîì òà ì³êðîõâèëüîâèìè âëàñòè-
âîñòÿìè ìàòåð³àë³â íà îñíîâ³ òèòàíàò³â
Ban–4La4Ò³n–1O3n (n=4–6) ç ØÏÑ.
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ISOVALENT SUBSTITUTION OF ATOMS IN LAYERED
STRUCTURE OF TITANATES Ban–4La4Ò³n–1O3n (n=4–6)

Y.A. Titov a, M.S. Slobodyanik a, V.V. Chumak b,
V.V. Polybinskii c

a Taras Shevchenko National University of Kyiv, Kyiv, Ukraine
b Zhytomyr Ivan Franko State University, Zhytomyr, Ukraine
c Lutsk Branch of the Medical College «Monada» LLC, Lutsk,
Ukraine

In this work, the conditions of isovalent substitution of atoms
in A- and Â-positions in slab perovskite-like structure of
Ban–4La4Ò³n–1O3n (n=4–6) titanates with the formation of Ban–4La4–

õLnxÒ³n–1O3n (Ln=Pr, Nd) and Ban–4La4Ò³n–1–xB
IV

xO3n (B
IV=Sn, Zr)

types have determined using the X-ray powder diffraction methods.
The analysis of the obtained results revelaed that in case of the
isovalent substitution of atoms in A-positions the extent of existence
domains of Ban–4La4–õLnxÒ³n–1O3n (Ln=Pr, Nd) phases considerably
depends on both the ratio of ions sizes and the thickness (degree of
imperfection) of perovskite-like blocks of slab perovskite-like structure.
It increases with an increase in the number of TiO6 octahedra in
perovskite-like block (from õ=0.10.3 at n=4 up to õ=1.82.3 at
n=6) and is proportional to the radius of Ln3+ ion. Outside the limits
of isovalent substitution of lanthanum atoms, the decomposition of
four- and five-slab Ban–4La4–õLnxÒ³n–1O3n titanates occurs with the
formation of Ba(La,Ln)2Ti3O10+(La,Ln)2TiO5 at n=5 or BaTiO3+
+Ba(La,Ln)2Ti3O10+(La,Ln)2TiO5 at n=6. The existence of very
limited (õ£0.15) areas of phases with slab perovskite-like structure
has been revealed in Ban–4La4Tin–1–xB

IV
xO3n (n=4–6, BIV=Sn, Zr)

systems. A further isovalent substitution of titanium atoms with atoms
of tin or zirconium in Ban–4La4Ò³n–1–xB

IV
xO3n titanates results in the

occurrence of phases based on La2B
IV

2O7 with cubic structure of
chalcolamprite type. Their quantitative content grows with an increase
in value of õ.

Keywords: compounds of AnBn–1O3n type; slab perovskite-
like structure; X-ray powder diffraction; isomorphism; solid so-
lutions.
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