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Äëÿ á³íàðíîãî ðîçð³çó õNa0,5Bi0,5MoO4–(1–õ)BiVO4 âñòàíîâëåíî ³ñíóâàííÿ ³äåàëü-

íîãî ³çîìîðô³çìó â ìåæàõ õ=0,1–0,9 ç ôîðìóâàííÿì òâåðäèõ ðîç÷èí³â çàãàëüíîãî

ñêëàäó Na0,5xBi1–0,5x(MoxV1–x)O4, ùî íàëåæàòü äî ñòðóêòóðíîãî òèïó øåºë³òó ³ êðèñòà-

ë³çóþòüñÿ ó òåòðàãîíàëüíèé ñèíãîí³¿, ïðîñòîðîâ³é ãðóï³ I41/a. Ìåòîäîì òâåðäîôàç-

íî¿ âçàºìîä³¿ îäåðæàíî âñ³ ïðåäñòàâíèêè òâåðäèõ ðîç÷èí³â íàâåäåíîãî ñêëàäó ç

ðîçì³ðîì çåðíà 0,5–5,0 ìêì, ïðè÷îìó ïðè çðîñòàíí³ âåëè÷èíè õ çà äàíèìè ñêàíó-

þ÷î¿ åëåêòðîííî¿ ì³êðîñêîï³¿ ðîçì³ð çåðíà çá³ëüøóºòüñÿ äî ñåðåäíüîãî çíà÷åííÿ

5 ìêì. Ìåòîäîì ²× ñïåêòðîñêîï³¿ òà ðåíòãåíîãðàô³¿ ïîðîøêó ïîêàçàíî, ùî ìîë³á-

äåí òà âàíàä³é çàéìàþòü îäíó êðèñòàëîãðàô³÷íó ïîçèö³þ ç³ ñòàòèñòè÷íèì ðîçïîä³-

ëîì ïî í³é â ìåæàõ çàì³ùåííÿ õ=0,1–0,9 ç³ çáåðåæåííÿì ñèìåòð³¿ êàðêàñó. Êîì-

ïåíñàö³ÿ çàðÿäó ðåàë³çóºòüñÿ çàâäÿêè ïðîïîðö³éíîìó çàì³ùåííþ â ïîë³åäð³ á³ñìóòó

íà çì³øàí³ (Na/Bi)O8 ïîë³åäðè. Ïðè çá³ëüøåíí³ âì³ñòó ìîë³áäåíó ó ñêëàä³ òâåðäèõ

ðîç÷èí³â â³äáóâàºòüñÿ ïðîïîðö³éíå çá³ëüøåííÿ îá’ºìó åëåìåíòàðíî¿ êîì³ðêè â³äïî-

â³äíèõ êðèñòàë³÷íèõ êàðêàñ³â ñòðóêòóðíîãî òèïó øåºë³ò, ùî ³ëþñòðóº ïðàâèëî Âå-

ãàðäà äëÿ âèïàäêó ³äåàëüíîãî ³çîìîðô³çìó. Çà äàíèìè ñïåêòðîñêîï³¿ äèôóçíîãî

â³äáèòòÿ ïîêàçàíî, ùî ïðè çðîñòàíí³ âåëè÷èíè çàì³ùåííÿ õ òàêîæ â³äáóâàºòüñÿ

ïðîïîðö³éíå çá³ëüøåííÿ øèðèíè çàáîðîíåíî¿ çîíè â³ä 2,28 äî 2,67 åÂ äëÿ îäåðæà-

íèõ íàï³âïðîâ³äíèê³â, ùî äîçâîëÿº ðîçãëÿäàòè ¿õ ÿê ïåðñïåêòèâí³ êàòàë³çàòîðè

ôîòîë³çó âîäè.
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Âñòóï

Ñòâîðåííÿ ìàòåð³àë³â ³ç çàäàíèìè âëàñòè-
âîñòÿìè òà ¿õ êåðîâàíà ìîäèô³êàö³ÿ º îäíèìè ç
íàéâàæëèâ³øèõ çàâäàíü ñó÷àñíîãî ìàòåð³àëîçíàâ-
ñòâà. Îñîáëèâèé ³íòåðåñ àêàäåì³÷íî¿ ³ ïðèêëàä-
íî¿ íàóêè çîñåðåäæåíî íà òâåðäîò³ëüíèõ ôóíêö-
³îíàëüíèõ ìàòåð³àëàõ. Äî ðå÷îâèí, ùî º îñíî-
âîþ äëÿ îòðèìàííÿ òàêèõ ìàòåð³àë³â, ìîæíà
â³äíåñòè ñêëàäíîîêñèäí³ ñïîëóêè ìîë³áäåíó ³
âîëüôðàìó, ÿê³ çàâäÿêè ìîæëèâîñò³ âàð³þâàííÿ
¿õ ñêëàäó, ô³çèêî-õ³ì³÷íèõ, åëåêòðîô³çè÷íèõ ³
îïòè÷íèõ õàðàêòåðèñòèê çíàõîäÿòü çàñòîñóâàí-
íÿ â ñó÷àñí³é òåõí³ö³ òà åëåêòðîí³ö³ [1,2]. Òàê,
çíà÷íå ÷èñëî ðîá³ò ïðèñâÿ÷åíî âèâ÷åííþ ñêëàä-
íèõ îêñèä³â ìîë³áäåíó ³ âîëüôðàìó ç³ ñòðóêòó-
ðîþ, ùî ñïîð³äíåíà äî øåºë³òó CaWO4 [2,3].
Ïîõ³äí³ öüîãî ì³íåðàëó çíàéøëè øèðîêå çàñòî-
ñóâàííÿ, íàïðèêëàä, òâåðä³ ðîç÷èíè

(Na0,5xBi0,5xCa1–x)MoO4, äå õ=0,1–0,6 çàðåêîìåí-
äóâàëè ñåáå ÿê ä³åëåêòðè÷í³ ìàòåð³àëè [4], ñêëàä-
íî-çàì³ùåí³ ïî êàò³îíó Li3Ba2La3(MoO4)8:Er3+ òà
NaPbLa(MoO4)3:Er3+/Yb3+ ÿê óí³êàëüí³ àíòèñòîê-
ñîâ³ ëþì³íîôîðè [5,6]. Îäíèì ç íàéá³ëüø ïåðñ-
ïåêòèâíèõ íàïðÿì³â çàñòîñóâàííÿ çàì³ùåíèõ
ñêëàäíîîêñèäíèõ ñïîëóê íà îñíîâ³ ñòðóêòóðíî-
ãî òèïó øåºë³òó º ãåòåðîãåííèé ôîòîêàòàë³òè-
÷íèé ðîçêëàä âîäè. Ñåðåä íàéá³ëüø åôåêòèâ-
íèõ ï³äõîä³â äî ïîêðàùåííÿ êàòàë³òè÷íèõ âëàñ-
òèâîñòåé òàêèõ ìîë³áäàò³â º êîíòðîëüîâàíà ìî-
äèô³êàö³ÿ êàò³îííî¿ ï³äãðàòêè çà ïðèíöèïàìè
³çî- òà ãåòåðîâàëåíòíîãî çàì³ùåííÿ.

Ïîðÿä ç øèðîêèì äîñë³äæåííÿì êàò³îí-
çàì³ùåíèõ ñïîëóê ç³ ñòðóêòóðîþ øåºë³òó, àí³-
îíí³ çàì³ùåííÿ âñå ³ùå ëèøàþòüñÿ ïîçà óâàãîþ.
Òàê, ëèøå äëÿ äåê³ëüêîõ ïðåäñòàâíèê³â ö³º¿ ðî-
äèíè âèâ÷åíî ïðîöåñè çàì³ùåííÿ â àí³îíí³é
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ïîçèö³¿ ìîë³áäåíó(VI) íà âîëüôðàì(VI) [7] àáî
âàíàä³é(V) [8,9].

Ìåòîþ äàíî¿ ðîáîòè º àíàë³ç êðèñòàëîõ³ì-
³÷íèõ îñîáëèâîñòåé îäåðæàííÿ ³çîìîðôíèõ òâåð-
äèõ ðîç÷èí³â ó ñèñòåì³ Na0,5Bi0,5MoO4–BiVO4 òà
âñòàíîâëåííÿ çàêîíîì³ðíîñòåé çì³íè ìîðôîëîã³¿
îäåðæàíèõ ïîðîøê³â òà ¿õ øèðèíè çàáîðîíåíî¿
çîíè.

Åêñïåðèìåíòàëüíà ÷àñòèíà

ßê âèõ³äí³ ðåàãåíòè âèêîðèñòîâóâàëèñÿ:
Bi2O3 (õ.÷.), MoO3 (õ.÷.), V2O5 (÷.ä.à.) òà Na2CO3

(õ.÷.) áåç ïîïåðåäíüî¿ î÷èñòêè. Âèõ³äí³ ñóì³ø³
ãîòóâàëèñÿ ³ç âêàçàíèõ êîìïîíåíò³â â³äïîâ³äíî
äî íàâåäåíî¿ ñõåìè òâåðäîôàçíî¿ âçàºìîä³¿:

x/2Na2CO3+(2–õ)Bi2O3+2xMoO3+2(1–x)V2O5=
=2Na0,5xBi1–0.5x(MoxV1–x)O4+x/2ÑO2,

äå õ=0,1–0,9.
Îäåðæàíó ñóì³ø ó êîæíîìó âèïàäêó ðåòåëü-

íî ïåðåòèðàëè ç äîäàâàííÿì êðàïë³ åòèëîâîãî
ñïèðòó ó àãàòîâ³é ñòóïö³. Íà ïåðøîìó åòàï³ ïðî-
âîäèëîñü ïîïåðåäíº íàãð³âàííÿ ðåàãåíò³â äî
700 Ê çà 1 ãîä äëÿ çàáåçïå÷åííÿ ðîçêëàäó êàðáî-
íàòó. Íà íàñòóïíîìó åòàï³ çä³éñíþâàëè ïîñòà-
ä³éíå ñï³êàííÿ ïðè òåìïåðàòóð³ â³ä 775 äî 975 Ê
ç êðîêîì 50 ãðàä, âèòðèìêîþ 8 ãîä òà ðåòåëüíîþ
ïåðåøèõòîâêîþ íà êîæí³é ñòàä³¿. Ïðîöåñè ôà-
çîóòâîðåííÿ êîíòðîëþâàëè çà äîïîìîãîþ ²×-
ñïåêòðîñêîï³¿ òà ðåíòãåíîôàçîâîãî àíàë³çó.

Äèôðàêòîãðàìè çàïèñóâàëè çà äîïîìîãîþ
àâòîìàòè÷íîãî ïîðîøêîâîãî äèôðàêòîìåòðà
Shimadzu XRD 6000 ó ðåæèì³ â³äáèòòÿ â³ä ïëîñ-
êèõ çðàçê³â (CuK âèïðîì³íþâàííÿ ç =1,54178 Å;
ìåòîä 2 áåçïåðåðâíîãî ñêàíóâàííÿ ç³ øâèäê³-
ñòþ 1,20 2 íà õâèëèíó; ä³àïàçîí êóò³â 2 â³ä 5,0
äî 65,00; ãðàô³òîâèé ìîíîõðîìàòîð ïåðåä äåòåê-
òîðîì). ²×-ñïåêòðè çàïèñàíî íà ïðèëàä³ «Perkin
Elmer Spectrum BX» ó òàáëåòêàõ ÊÂr äëÿ ä³àïà-
çîíó ÷àñòîò â³ä 400 äî 4000 ñì–1. Åëåêòðîíí³ ñïåê-
òðè çàïèñàí³ íà ïðèëàä³ Thermo Scientific
Evolution 600, ó ä³àïàçîí³ 190–600 íì ç ðîçä³ëü-
íîþ çäàòí³ñòþ 0,2 íì. Ñêàíóþ÷à åëåêòðîííà
ì³êðîñêîï³ÿ âèêîíóâàëîñü íà ïðèëàä³ JEOL JSM
6060 LV ç íàïèëåííÿì çîëîòà.

Ðåçóëüòàòè òà îáãîâîðåííÿ

Îñíîâíîþ ìåòîþ äîñë³äæåííÿ áóëî âèâ÷åí-
íÿ óìîâ îäåðæàííÿ ì³êðîïîðîøê³â ïîäâ³éíèõ
ñîëåé â ìåæàõ ïñåâäîá³íàðíîãî ðîçð³çó
õNa0,5Bi0,5MoO4–(1–õ)BiVO4 ³ç çàãàëüíîþ ôîðìó-
ëîþ Na0,5xBi1–0,5x(MoxV1–x)O4, äå õ=0,1–0,9. Ç òî÷êè
çîðó êðèñòàëîõ³ì³÷íîãî àíàë³çó òâåðä³ ðîç÷èíè º
³çîìîðôíèìè ñóì³øàìè ì³æ NaBi(MoO4)2 òà
BiVO4, äå îáèäâ³ êðàéí³ òî÷êè ñòàíîâëÿòü

òåòðàãîíàëüíèé êàðêàñ øåºë³òó, òîáòî ãåòåðîâà-
ëåíòíå çàì³ùåííÿ ðîçãëÿäàºòüñÿ â ìåæàõ îäíî-
ãî ñòðóêòóðíîãî òèïó ³ ñèìåòð³¿. Òàê, ó ñòðóêòóð³
NaBi(MoO4)2 øåºë³òîâèé êàðêàñ ïîáóäîâàíî ç
òåòðàåäð³â MoO4 òà òðèãîíàëüíèõ àíòèïðèçì
(Na/Bi)O8, äå íàòð³é òà á³ñìóò ñòàòèñòè÷íî ðî-
çóïîðÿäêîâàí³ ïîì³æ îäí³º¿ âîñüìèêîîðäèíîâà-
íî¿ êèñíåì ïîçèö³¿ [10]. Òîáòî, ìîæëèâîñò³ çàì³-
ùåííÿ ðîçãëÿäàþòüñÿ ç òî÷êè çîðó íåäåôîðìî-
âàíîãî ñòðóêòóðíîãî òèïó øåºë³òó, ùî êðèñòàë³-
çóºòüñÿ â òåòðàãîíàëüíèé ñèíãîí³¿, ïðîñòîðîâ³é
ãðóï³ I41/a ³ îïèñóºòüñÿ îäí³ºþ ïîçèö³ºþ äëÿ
ìîë³áäåíó (àáî âàíàä³þ) â òåòðàåäðè÷íîìó îòî-
÷åíí³ ³ îäí³ºþ ïîçèö³ºþ äëÿ êàò³îíà ó âîñüìè-
êîîðäèíîâàíîìó êèñíåâîìó îòî÷åíí³. Ïîë³åäðè
(Na/Bi)O8 òà MoO4 ó ìåæàõ êàðêàñà ðîçì³ùó-
þòüñÿ ó øàõîâîìó ïîðÿäêó, ïîºäíóþ÷èñü îäèí ç
îäíèì ñï³ëüíèìè âåðøèíàìè, à (Na/Bi)O8 ùå é
ðåáðàìè. Àíàëîã³÷íèé òèï óïàêîâêè ñïîñòåð³-
ãàºòüñÿ ³ ó BiVO4 [9], äëÿ ÿêîãî çàâäÿêè çì³í³
òåìïåðàòóðè àáî òèñêó ìîæëèâå ôîðìóâàííÿ ³
³íøèõ òèï³â êàðêàñà ç ïîíèæåííÿì ñèìåòð³¿. Ç
óðàõóâàííÿì ñï³ëüíèõ êðèñòàëîãðàô³÷íèõ ðèñ òà
³äåíòè÷íîãî òèïó óïàêîâêè, ëîã³÷íî ïðèïóñòèòè
ôîðìóâàííÿ òâåðäèõ ðîç÷èí³â, äå ó àí³îíí³é
ãðàòö³ â³äáóâàòèìåòüñÿ çàì³ùåííÿ àòîì³â
ìîë³áäåíó(VI) íà âàíàä³é (V), à êîìïåíñàö³ÿ çà-
ðÿäó – çà ðàõóíîê ôîðìóâàííÿ òâåðäèõ ðîç÷èí³â
ó êàò³îíí³é ïîçèö³¿ (Na/Bi)O8, éìîâ³ðíî, çà ñòà-
òèñòè÷íèì ìåõàí³çìîì ðîçïîä³ëó êàò³îí³â. Òà-
êèì ÷èíîì, ðåàë³çóºòüñÿ ãåòåðîâàëåíòíå çàì³-
ùåííÿ ïî êàò³îíó òà àí³îíó â ìåæàõ ñèñòåìè
NaBi(MoO4)2–BiVO4 ç ôîðìóâàííÿì ³çîìîðôíèõ
òâåðäèõ ðîç÷èí³â ñêëàäó Na0,5xBi1–0,5x(MoxV1–x)O4.

Íà ïåðøîìó åòàï³ äîñë³äæåííÿ ñèíòåçîâà-
íèõ çðàçê³â ïðîâîäèâñÿ àíàë³ç çì³íè ìîðôîëîã³¿
ïîðîøê³â ïðè ñï³êàíí³. Íà ðèñ. 1, à-ñ íàâåäåíî
ÑÅÌ çðàçê³â Na0,5xBi1–0,5x(MoxV1–x)O4, äå õ=0,1 (à),
0,5 (á) òà 0,9 (â) ï³ñëÿ ñï³êàííÿ ïðè 975 Ê. Òâåðä³
ðîç÷èíè ôîðìóþòü ñò³éê³ ì³êðîêðèñòàë³÷í³ ïî-
ðîøêè ç ðîçì³ðîì çåðåí 0,5–5,0 ìêì, ïðè öüî-
ìó ïðè çðîñòàíí³ âì³ñòó ìîë³áäåíó ó ñèñòåì³
ñïîñòåð³ãàºòüñÿ çá³ëüøåííÿ ñåðåäíüîãî ðîçì³ðó
çåðíà â³ä 1 äî 5 ìêì. Ó êîæíîìó ç ðîçãëÿíóòèõ
âèïàäê³â ïîâåðõíÿ çåðåí ãëàäêà, ç ÷³òêî îêðåñ-
ëåíèìè ìåæàìè, âèñîêèì ñòóïåíåì êðèñòàë³-
÷íîñò³ òà àãðåãàö³¿.

Ó ²×-ñïåêòðàõ (ðèñ. 1,ã) îäåðæàíèõ òâåð-
äèõ ðîç÷èí³â ñïîñòåð³ãàºòüñÿ øèðîêà ñìóãà â
ä³àïàçîí³ 500–900 ñì–1. Äî íàéá³ëüø ³íôîðìà-
òèâíî¿ ä³ëÿíêè ó íàäàíèõ ñïåêòðàõ íàëåæèòü ä³-
àïàçîí â³ä 400 äî 1500 ñì–1. Ç ë³òåðàòóðè â³äîìî
[9], ùî âàëåíòí³ êîëèâàííÿ ³ ìîë³áäàòíî¿ ³ âàíà-
äàòíî¿ ãðóïè ðîçòàøîâóþòüñÿ ïðèáëèçíî â îä-
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íîìó ³íòåðâàë³ ³ ó âèïàäêó òåòðàåäðè÷íîãî îòî-
÷åííÿ çíàõîäÿòüñÿ ó ä³àïàçîí³ â³ä 750–950 ñì–1.
Äëÿ óñ³õ äîñë³äæåíèõ ñïîëóê ñïîñòåð³ãàºòüñÿ øè-
ðîêà ñìóãà, ùî îäíîçíà÷íî âêàçóº íà òå, ùî ³
âàíàäàòíèé ³ ìîë³áäàòíèé òåòðàåäð ñòàòèñòè÷íî
ðîçóïîðÿäêîâàí³ ïî îäí³é ïîçèö³¿. Îäíàê, ïðè
çðîñòàíí³ âì³ñòó ìîë³áäàòó â³äáóâàºòüñÿ ïîÿâà
ïëå÷à áëèçüêî 870 ñì–1, ùî äåìîíñòðóº âêëàä
ñàìå ö³º¿ ãðóïè ó íàá³ð ñìóã âàëåíòíèõ êîëè-
âàíü. Äåôîðìàö³éí³ êîëèâàííÿ º ìàëî³íòåíñèâ-
íèìè ³ ñïîñòåð³ãàþòüñÿ äëÿ óñ³õ òâåðäèõ ðîç÷èí³â
áëèçüêî 440 ñì–1.

Çà äàíèìè ðåíòãåíîôàçîâîãî àíàë³çó, íàá³ð
ðåôëåêñ³â, ùî áóëî îòðèìàíî â ä³àïàçîí³ 10–70
ãðàäóñ³â 2 º îäíàêîâèìè äëÿ âñüîãî ðÿäó ³
ñâ³ä÷èòü ïðî óòâîðåííÿ ³çîñòðóêòóðíèõ òâåðäèõ
ðîç÷èí³â (ðèñ. 2,à). Òàê, õàðàêòåðèñòè÷íèì º
äèôðàêö³éíèé ðåôëåêñ ïðè êóò³ 2=190, ³íäåê-
ñîâàíèé ÿê (101). Ïðè ïîíèæåíí³ ñèìåòð³¿ øå-
ºë³òîâîãî êàðêàñà öåé ðåôëåêñ ðîçùåïëþºòüñÿ
íà äâà: (101) òà (110) [9]. Òàêîæ õàðàêòåðèñòè-
÷íèì º ðåôëåêñ ïðè 2350, ïðî³íäåêñîâàíèé ÿê
(200), ÿêèé ó âèïàäêó ìîíîêë³ííî¿ äåôîðìàö³¿

øåºë³òó ïðèâîäèòü äî ðîçùåïëåííÿ íà (202) òà
(022) [9]. Óñ³ ³íø³ äèôðàêö³éí³ ðåôëåêñè ïîâ-
í³ñòþ ñï³âïàäàþòü ÿê çà ïîëîæåííÿì òàê ³ çà
³íòåíñèâí³ñòþ ³ç òàêèì äëÿ íåäåôîðìîâàíîãî òåò-
ðàãîíàëüíîãî øåºë³òó. Ïàðàìåòðè åëåìåíòàðíî¿
êîì³ðêè îäåðæàíèõ òâåðäèõ ðîç÷èí³â íàâåäåíî
íà ðèñ. 2,á, ùî ³ëþñòðóº çàêîí Âåãàðäà äëÿ ³äå-
àëüíîãî ³çîìîðô³çìó.

Åêñïåðèìåíòàëüí³ ñïåêòðè äèôóçíîãî
â³äáèòòÿ áóëî âèêîðèñòàíî äëÿ îö³íþâàííÿ øè-
ðèíè çàáîðîíåíî¿ çîíè äîñë³äæóâàíèõ çðàçê³â
(ðèñ. 3). Äëÿ öüîãî áóëî âèêîðèñòàíî çàãàëüíî-
ïðèéíÿòèé ìåòîä, çàïðîïîíîâàíèé Òàóöîì äëÿ
çíàõîäæåííÿ îïòè÷íî¿ øèðèíè çàáîðîíåíî¿ çîíè
íàï³âïðîâ³äíèê³â [11]. Â³äïîâ³äíî äî öüîãî ìå-
òîäó, ïîáóäîâàíî çàëåæíîñò³ (h)1/r=f(h), äå
 – ïîêàçíèê ïîãëèíàííÿ, r – êîíñòàíòà, ÿêà
çàëåæèòü â³ä õàðàêòåðèñòèê ïîãëèíàëüíîãî ïå-
ðåõîäó òà åëåêòðîííî¿ áóäîâè êðèñòàëó, h –
åíåðã³ÿ ôîòîíà, ùî ïîãëèíàºòüñÿ. Âåëè÷èíà, ùî
ïðîïîðö³éíà ïîêàçíèêó ïîãëèíàííÿ, áóëà çíàé-

Ðèñ. 1. ÑÅÌ çîáðàæåííÿ òâåðäèõ ðîç÷èí³â

Na0,5xBi1–0,5x(MoxV1–x)O4, äå õ=0,1 (à), 0,5 (á), 0,9 (â) òà

²× ñïåêòðè: õ=0,1 (êðèâà 1); õ=0,2 (êðèâà 2);

õ=0,3 (êðèâà 3); õ=0,5 (êðèâà 4); õ=0,7 (êðèâà 5);

õ=0,8 (êðèâà 6); õ=0,9 (êðèâà 7)

Ðèñ. 2. à – Ðåíòãåíîãðàìàìè òâåðäèõ ðîç÷èí³â

Na0,5xBi1–0,5x(MoxV1–x)O4, äå õ=0,1 ( êðèâà 1),

õ=0,2 (êðèâà 2), õ=0,3 (êðèâà 3), õ=0,5 (êðèâà 4),

õ=0,7 (êðèâà 5), õ=0,8 (êðèâà 6), õ=0,9 (êðèâà 7);

(á) – çàëåæíîñò³ ïàðàìåòð³â êîì³ðêè â³ä ñòóïåíÿ çàì³ùåííÿ
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äåíà ç³ ñïåêòð³â äèôóçíîãî â³äáèâàííÿ çã³äíî ç
ïåðåòâîðåííÿì Êóáåëêè-Ìóíêà. Ó â³äïîâ³äíîñò³
ç îñíîâàìè çîííî¿ áóäîâè òâåðäîãî ò³ëà, êðèñòà-
ëè Â³VO4 º ïðÿìîçîííèìè íàï³âïðîâ³äíèêîì ç
äîçâîëåíèìè ïîãëèíàëüíèìè ïåðåõîäàìè [9]. Íà
ðèñ. 3 íàâåäåíî ïîáóäîâó Òàóöà çàëåæíîñò³
(h) 1/r=f(h) äëÿ òâåðäèõ ðîç÷èí³â
Na0,5xBi1–0,5x(MoxV1–x)O4, äå õ=0,1 (êðèâà 1), 0,5
(êðèâà 2), 0,9 (êðèâà 3). Øòðèõîâ³ ë³í³¿ íà ðè-
ñóíêó º ïðîäîâæåííÿìè ïðÿìîë³í³éíî¿ ä³ëÿíêè
êîæíî¿ çàëåæíîñò³ äî ïåðåòèíó ç â³ññþ åíåðã³é.
ßê âèäíî ç ðèñ. 3, ïðè çá³ëüøåíí³ âì³ñòó ìîë³á-
äåíó â³ä 0,1 äî 0,5 òà äàë³ äî 0,9 øèðèíà çàáîðî-
íåíî¿ çîíè, Eg, çðîñòàº â³ä 2,28 åÂ äî 2,43 åÂ òà
äî 2,67 åÂ, â³äïîâ³äíî. Îäåðæàí³ çíà÷åííÿ º ïðî-
ì³æíèìè ì³æ âåëè÷èíàìè çàáîðîíåíèõ çîí êðè-
ñòàë³â BiVO4 (Eg=2,3 åÂ) òà NaBi(MoO4)2

(Eg=3,40 åÂ) [11].

Ðèñ. 3. Ñïåêòðè äèôóçíîãî â³äáèòòÿ ó êîîðäèíàòàõ

Òàóöà äëÿ Na0,5xBi1–0,5x(MoxV1–x)O4, äå õ=0,1 (êðèâà 1),

0,5 (êðèâà 2), 0,9 (êðèâà 3)

Âèñíîâêè

Òàêèì ÷èíîì, òâåðä³ ðîç÷èíè
Na0,5xBi1–0,5x(MoxV1–x)O4, äå õ=0,1–0,9 º íàï³âïðî-
â³äíèêàìè ç øèðèíîþ çàáîðîíåíî¿ çîíè â ìå-
æàõ 2,28–2,67 åÂ, ùî âèÿâëÿþòü çíà÷íèé ³íòå-
ðåñ äëÿ ïðîöåñ³â ôîòîêàòàë³òè÷íîãî ðîçêëàäó
âîäè. Òàê, íàéá³ëüø â³äîìèé íà ñüîãîäí³ ôîòî-
êàòàë³çàòîð BiVO4:Mo ìàº Eg â ³íòåðâàë³ 2,3–
2,4 åÂ [9] ³ õàðàêòåðèçóºòüñÿ çíà÷íîþ éìîâ³ðí³-
ñòþ åëåêòðîí-ä³ðêîâî¿ ðåêîìá³íàö³¿, ùî çíèæóº
åôåêòèâí³ñòü êàòàë³òè÷íîãî ðîçêëàäó âîäè. Ó âè-
ïàäêó ãåòåðîâàëåíòíîãî çàì³ùåííÿ â ìåæàõ
NaBi(MoO4)2 òà BiVO4 ñïîñòåð³ãàºòüñÿ ³äåàëüíèé
³çîìîðô³çì, ùî ñóïðîâîäæóºòüñÿ çðîñòàííÿì
îá’ºìó åëåìåíòàðíî¿ êîì³ðêè ç³ çá³ëüøåííÿì

ñòóïåíÿ çàì³ùåííÿ õ, òîáòî, ñë³ä î÷³êóâàòè ïðî-
ïîðö³éíîãî çá³ëüøåííÿ îá’ºìó êîîðäèíàö³éíèõ
ïîë³åäð³â (Na/Bi)O8, à îòæå, ³ ñåðåäíüîñòàòèñ-
òè÷íî¿ â³äñòàí³ (Na/Bi)–O. Ïðè öüîìó ðîçïîä³ë
íàòð³þ òà á³ñìóòó â ïîçèö³¿ âïëèâàº ÿê íà ñòóï³íü
³îííîñò³ çâ’ÿçê³â (Na/Bi)–O, òàê ³ íà ê³ëüê³ñòü
òî÷êîâèõ äåôåêò³â, ïîâ’ÿçàíèõ ç íèìè. Òàêèé
âèñíîâîê äîçâîëÿº ïðèïóñòèòè ìîæëèâ³ñòü á³ëüø
ñêëàäíîãî çàì³ùåííÿ â öèõ ïîë³åäðàõ íà ³íø³
êàòàë³òè÷íî-àêòèâí³ êàò³îíè ìåòàë³÷íèõ åëå-
ìåíò³â ç³ çáåðåæåííÿì àáî äåôîðìóâàííÿì êðè-
ñòàë³÷íîãî êàðêàñà øåºë³òó, à îòæå êîíòðîëüî-
âàíîãî âïëèâó íà åôåêòèâí³ñòü òàêèõ êàòàë³çà-
òîð³â.
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For the binary system õNa0.5Bi0.5MoO4–(1–õ)BiVO4, an ideal
isomorphism was established within x=0.1–0.9 leading to the
formation of solid solutions of the total composition Na0.5xBi1–

0.5x(MoxV1–x)O4, which belongs to the structural type of scheelite and
crystallizes in a tetragonal system, space group I41/a. The use of the
solid-state approach allowed producing powdered samples of all the
representatives of solid solutions with a grain size of 0.5 to 5.0 mm.
An increase in x value leads to an increase in the grain size up to the
average value of 5 mm according to the data of scanning electron
microscopy. The results of ²R spectroscopy and powder X-ray
diffraction method revealed that molybdenum and vanadium occupy
a single crystallographic position with a statistical distribution for
x=0.1–0.9, while the symmetry of the framework does not change.
The charge compensation is realized due to the proportional
substitution of bismuth in the polyhedra with the mixed (Na/Bi)O8

polyhedra. As the molybdenum content in the solid solutions increases,
there is a proportional increase in the volume of the unit cell of the
scheelite framework illustrating the Vegard rule for the ideal
isomorphism. According to the data of diffuse reflection spectroscopy,
it was shown that there is an increase in the band gap values from
2.28 to 2.67 eV for the semiconductors obtained when the value of
substitution (x) increases. This allows considering them as promising
photocatalysts for water splitting reaction.

Keywords: scheelite; molybdenum; vanadium; bismuth;
isomorphism; solid solution; semiconductor.
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