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Ó ñòàòòi íàâåäåíî ðåçóëüòàòè ëþìiíåñöåíòíî-êiíåòè÷íèõ äîñëiäæåíü ìiêðî-
êðèñòàëiâ YVO4-Bi,Eu ç ðiçíîþ êîíöåíòðàöi¹þ äîïîâàíèõ iîíiâ âiñìóòó â
iíòåðâàëi 0,1-10 ìîë.% òà ôiêñîâàíîþ êîíöåíòðàöi¹þ ¹âðîïiþ � 5 ìîë.%.
Â ñïåêòðàõ ëþìiíåñöåíöi¨ âèÿâëåíî øèðîêó ñìóãó ñâi÷åííÿ ç ìàêñèìóìîì
ïðè 540 íì, ùî âiäïîâiäà¹ âèïðîìiíþâàííþ ëîêàëiçîâàíèõ åêñèòîíiâ áiëÿ
äîìiøêîâèõ iîíiâ âiñìóòó, òà âèïðîìiíþâàëüíi ñìóãè â îáëàñòi 580-720 íì,
ùî âiäïîâiäàþòü ïåðåõîäàì ç 5D0-ðiâíÿ íà 7FJ � ðiâíi (J = 1, 2, 3, 4) â iîíi
Eu3+. Â ñïåêòðàõ çáóäæåííÿ ëþìiíåñöåíöi¨ iîíiâ ¹âðîïiþ âèÿâëåíî çìiùåííÿ
êðàþ ïîãëèíàííÿ â îáëàñòü áiëüøèõ äîâæèí õâèëü ó çâ'ÿçêó çi çáiëüøåííÿì
êîíöåíòðàöi¨ äîìiøêîâèõ iîíiâ âiñìóòó. Òàêå çìiùåííÿ ìîæå áóòè ïîÿñíåíî
ëîêàëiçàöi¹þ åêñèòîíiâ ìàòðèöi YVO4 äî åêñèòîíiâ òèïó Bi4+ − V 4+, ùî
óòâîðþþòüñÿ áiëÿ Bi3+ öåíòðiâ, òà íàñòóïíîþ åôåêòèâíîþ ïåðåäà÷åþ åíåð-
ãi¨ çáóäæåííÿ äî âèïðîìiíþâàëüíèõ öåíòðiâ Eu3+.

Êëþ÷îâi ñëîâà: ëþìiíåñöåíöiÿ, êiíåòèêà çàãàñàííÿ ëþìiíåñöåíöi¨, âàíà-
äàò iòðiþ, ëîêàëiçîâàíèé åêñèòîí

Âñòóï

Âèíèêíåííÿ àâòîëîêàëiçîâàíèõ åêñèòîíiâ (ÀËÅ) â öiëîìó ðÿäó äiåëåêòðè÷íèõ
êðèñòàëiâ çîêðåìà, ðiäêiñíîçåìåëüíèõ òà iíøèõ êðèñòàëiâ, çíà÷íîþ ìiðîþ âèçíà÷à-
þòü ¨õíi îïòè÷íi, ëþìiíåñöåíòíi âëàñòèâîñòi, ðàäiàöiéíó ñòiéêiñòü [1]. Ìîäåëü ÀËÅ
¹ íàéáiëüø çðîçóìiëîþ íà ïðèêëàäi ëóæíîãàëî¨äíèõ êðèñòàëiâ, äå âií çiñòàâëÿ¹òüñÿ
ç Vk öåíòðîì, ùî çàõîïèâ åëåêòðîí [2]. Ëþìiíåñöåíöiÿ òàêîãî åêñèòîíó ñóïðîâî-
äæó¹òüñÿ ïîÿâîþ π i σ êîìïîíåíò ëþìiíåñöåíöi¨, ÿêi ìîæóòü ñïåêòðàëüíî çáiãàòèñÿ,
íàêëàäàòèñü ÷è áóòè ñïåêòðàëüíî ðîçäiëüíèìè, âèÿâëÿþ÷è íàíîñåêóíäíi ÷è ìiêðî-
ñåêóíäíi ÷àñè çàãàñàííÿ, âiäïîâiäíî [3]. Çà íàÿâíîñòi äîìiøêîâèõ iîíiâ, êðèñòàëi÷íèõ
íåîäíîðiäíîñòåé, â êðèñòàëi ìîæóòü âèíèêàòè ëîêàëiçîâàíi åêñèòîíè. Òóò ìîæåìî
íàâåñòè ïðèêëàäè äâîõ ìåõàíiçìiâ âèíèêíåííÿ ÀËÅ áiëÿ äîìiøîê. Â ïåðøîìó âè-
ïàäêó ëîêàëiçàöiÿ åêñèòîíó âiäáóâà¹òüñÿ çà ðàõóíîê ïåðåíåñåííÿ çàðÿäó âiä ãàëî-
¨äó ìàòðèöi äî äîìiøêîâîãî öåíòðó. Ïðèêëàäîì òàêîãî ïðîöåñó ¹ óòâîðåííÿ ÀËÅ
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â êðèñòàëàõ ãàëî¨äiâ öåçiþ àêòèâîâàíèõ òàëi¹ì [4]. Â öüîìó âèïàäêó åëåêòðîí âiä
ìàòðèöi ïåðåíîñèòüñÿ äî iîíà òàëiþ óòâîðþþ÷è Tl0 öåíòð, à äiðêà, ÿêà ðåëàêñó¹,
óòâîðþ¹ Vk öåíòð áiëÿ iîíà òàëiþ. Çàõîïëåííÿ åëåêòðîíà ç Tl0 öåíòðó Vk öåíòðîì
óòâîðþ¹ ÀËÅ áiëÿ Tl+. Iíøèé âèïàäîê ÀËÅ ïîâ'ÿçàíèé ç ïåðåíåñåííÿì çàðÿäó âiä
åíåðãåòè÷íîãî ðiâíÿ äîìiøêè â çîíó ïðîâiäíîñòi. Òàêèé âèïàäîê ðåàëiçó¹òüñÿ ïðè
óòâîðåííi ëîêàëiçîâàíèõ åêñèòîíiâ ó ñïîëóêàõ àêòèâîâàíèìè iîíàìè âiñìóòó [5, 6].
Âíàñëiäîê åëåêòðîííîãî çáóäæåííÿ óòâîðþ¹òüñÿ ëîêàëiçîâàíèé åêñèòîí ç äiðêîþ íà
Bi4+ éîíi òà åëåêòðîíîì ëîêàëiçîâàíèì íà ìåòàëi÷íîìó êàòiîíi ìàòðèöi. Ïðèêëàäà-
ìè ðåàëiçàöi¨ òàêèõ åêñèòîíiâ çà ó÷àñòþ Bi3+ ìîæå áóòè YVO4, CaWO4 i PbWO4 òà
ií. Ïîðÿä ç çàãàëüíîïðèéíÿòèìè îçíàêàìè ëþìiíåñöåíöi¨ ÀËÅ [7] âåëèêà íàïiâøè-
ðèíà ñìóãè ëþìiíåñöåíöi¨, âåëèêèé Ñòîêñiâ çñóâ, ùî ïiäòâåðäæó¹ åêñèòîí-ôîíîííó
âçà¹ìîäiþ [5,6,8], íàéáiëüø ïîñëiäîâíî ïðèâîäÿòü äîäàòêîâi äîêàçè óòâîðåííÿ ëîêà-
ëiçîâàíèõ åêñèòîíiâ ó êðèñòàëàõ, àêòèâîâàíèõ âiñìóòîì. Àâòîð [5] àêöåíòó¹ óâàãó íà
ðîçðàõóíêó åíåðãi¨ ïåðåõîäó ç ïåðåíåñåííÿì çàðÿäó Bi � ìåòàëi÷íèé êàòiîí ìàòðèöi,
i ïîêàçó¹, ùî öÿ åíåðãiÿ çáiãà¹òüñÿ ç êðà¹ì çáóäæåííÿ ëþìiíåñöåíöi¨ ëîêàëiçîâàíî-
ãî åêñèòîíà. Àâòîðè [6], àíàëiçóþ÷è òåìïåðàòóðíi çàëåæíîñòi ÷àñîâèõ ïàðàìåòðiâ
ëþìiíåñöåíöi¨, çâ'ÿçàíèõ ç iîíàìè Bi, ñâiä÷àòü ïðî ¨õíþ íåâiäïîâiäíiñòü ç ÷àñîâèìè
ïàðàìåòðàìè îäèíè÷íèõ öåíòðiâ âiñìóòó, ïðèïèñóþ÷è çàäàíå ñâi÷åííÿ ëþìiíåñöåíöi¨
åêñèòîíiâ, ëîêàëiçîâàíèõ áiëÿ âiñìóòó. Ó äàíié ñòàòòi ìè õî÷åìî íàâåñòè äîêàçè ïåðå-
íåñåííÿ åíåðãi¨ çáóäæåííÿ âiä åêñèòîíiâ, ëîêàëiçîâàíèõ íà äîïîâàíèõ iîíàõ âiñìóòó
ó YVO4 äî âèïðîìiíþþ÷èõ öåíòðiâ ¹âðîïiþ íà îñíîâi ëþìiíåñöåíòíî-êiíåòè÷íèõ
äîñëiäæåíü. Äëÿ öüîãî â ðîáîòi ñèíòåçîâàíî ìiêðîêðèñòàëè YVO4:Bi,Eu iç ðiçíîþ
êîíöåíòðàöi¹þ äîïîâàíèõ éîíiâ âiñìóòó â äiàïàçîíi 0,1-10 ìîë.% ç ôiêñîâàíîþ êîí-
öåíòðàöi¹þ ¹âðîïiþ 5 ìîë.% òà ïðîâåäåíî êîìïëåêñ ëþìiíåñöåíòíî-êiíåòè÷íèõ äî-
ñëiäæåíü.

1 Åêñïåðèìåíòàëüíà ÷àñòèíà

Ìiêðîêðèñòàëè YVO4:Bi,Eu áóëè îòðèìàíi ìåòîäîì òâåðäîôàçíîãî ñèíòåçó iç
âiäïîâiäíèõ ïðåêóðñîðiâ. Äëÿ öüîãî âèõiäíi ðå÷îâèíè Y2O3, NH4VO3, Bi2O3 òà
EuCl3·6H2O, âçÿòi â ñòåõiîìåòðè÷íîìó ñïiââiäíîøåííi, áóëè ðåòåëüíî ïåðåìiøàíi â
àãàòîâié ñòóïöi. Êîíöåíòðàöiÿ éîíiâ âiñìóòó çìiíþâàëàñÿ âiä 0,1 ìîë.% äî 10 ìîë.%,
à êîíöåíòðàöiÿ äîïîâàíèõ éîíiâ ¹âðîïiþ ñòàíîâèëà ó âñiõ âèïàäêàõ 5 ìîë.%. Îòðè-
ìàíó ñóìiø âiäïàëþâàëè çà òåìïåðàòóðè 1 000◦Ñ ïðîòÿãîì äâîõ ãîäèí, ïiñëÿ ÷îãî
ïîðîøîê ïðîìèâàëè ðîç÷èíîì NaOH, ïîâòîðíî âiäïàëþâàëè ïðè 1000◦Ñ ïðîòÿãîì
äâîõ ãîäèí òà îñòàòî÷íî ïðîìèâàëè ðîç÷èíîì NaOH. Êðèñòàëi÷íó ñòðóêòóðó îòðè-
ìàíèõ ïîðîøêiâ YVO4-Bi,Eu äîñëiäæóâàëè ìåòîäàìè Õ-ïðîìåíåâî¨ äèôðàêöi¨ íà äè-
ôðàêòîìåòði ÄÐÎÍ-3. Äëÿ âèìiðþâàííÿ ñïåêòðiâ ëþìiíåñöåíöi¨ òà ñïåêòðiâ çáóäæå-
ííÿ ëþìiíåñöåíöi¨ âèêîðèñòîâóâàëè ìîíîõðîìàòîðè ÌÄÐ-2 i ÌÄÐ-12 ç äåéòåði¹âîþ
ëàìïîþ ÄÄÐ-400 ÿê äæåðåëà çáóäæåííÿ òà ôîòîïîìíîæóâà÷åì ÔÅÏ-100 â ðåæèìi
ëiêó ôîòîíiâ ÿê äåòåêòîðà. Îòðèìàíi ñïåêòðè êîðèãóâàëè íà ñïåêòðàëüíèé ðîçïî-
äië çáóäæóþ÷îãî ñâiòëà, ïðîïóñêàííÿ i äèñïåðñiþ ìîíîõðîìàòîðiâ òà ñïåêòðàëüíó
÷óòëèâiñòü äåòåêòîðà. Âèìiðþâàííÿ êiíåòè÷íèõ ïàðàìåòðiâ çàãàñàííÿ ëþìiíåñöåí-
öi¨ çäiéñíþâàëè íà òié ñàìié óñòàíîâöi, äå ÿê çáóäæóþ÷å äæåðåëî âèêîðèñòîâóâàëè
iìïóëüñíèé ñâiòëîäiîä iç ôiêñîâàíîþ äîâæèíîþ õâèëi.
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2 Ðåçóëüòàòè òà îáãîâîðåííÿ

Íà ðèñ. 1 ïîêàçàíî îòðèìàíi äèôðàêòîãðàìè çðàçêiâ çàëåæíî âiä êîíöåíòðàöi¨
äîïîâàíèõ éîíiâ âiñìóòó. Óñi çðàçêè YVO4-Bi,Eu âîëîäiþòü òåòðàãîíàëüíîþ ñèìå-
òði¹þ ç ïðîñòîðîâîþ ãðóïîþ I41/amd (JCPDS76-1649).
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Ðèñ. 1: Ðåíòãåíiâñüêi äèôðàêòîãðàìè ìiêðîïîðîøêiâ YVO4:Bi,Eu ç ðiçíîþ êîíöåíòðàöi¹þ
iîíiâ âiñìóòó: 1) åòàëîí YVO4 (JCPDS 76-1649), 2) 0,1 ìîë.%, 3) 0,5 ìîë.%, 4) 1 ìîë.%, 5) 5
ìîë.%, 6) 10 ìîë.%

Íà ðèñóíêó 2 ïðåäñòàâëåíî çîáðàæåííÿ îòðèìàíi ç äîïîìîãîþ ñêàíóþ÷îãî åëå-
êòðîííîãî ìiêðîñêîïà (ÑÅÌ). Iç îòðèìàíèõ ôîòîãðàôié ìîæíà îöiíèòè ñåðåäíié
ðîçìið çåðíà YVO4:Bi,Eu, ùî ñòàíîâèòü âåëè÷èíó ïîðÿäêó 5 ìêì.

Íà ðèñ. 3 ïîêàçàíî ñïåêòðè ëþìiíåñöåíöi¨ ìiêðîêðèñòàëiâ YVO4:Bi,Eu ç ðiçíîþ
êîíöåíòðàöi¹þ äîïîâàíèõ éîíiâ âiñìóòó â äiàïàçîíi 0,1-10 % ïðè çáóäæåííi îïòè-
÷íèìè êâàíòàìè λçáóä = 330 íì (3,75 åÂ) çà êiìíàòíî¨ òåìïåðàòóðè. Ó ñïåêòði ñïî-
ñòåðiãà¹òüñÿ øèðîêà ñìóãà ëþìiíåñöåíöi¨ ç ìàêñèìóìîì ïðè 540 íì, ùî íåçíà÷íî
çìiùà¹òüñÿ â áiê áiëüøèõ äîâæèí õâèëü iç çðîñòàííÿì êîíöåíòðàöi¨ Bi3+. Çáåðåæå-
ííÿ ñòðóêòóðè ñìóãè ëþìiíåñöåíöi¨ çà óìîâè çíà÷íî¨ çìiíè êîíöåíòðàöi¨ âiä 0,1 äî
10 ìîë.% ñâiä÷èòü ïðî çáåðåæåííÿ ëîêàëüíî¨ ñèìåòði¨ öåíòðó òà íåñóòò¹âèé âïëèâ
çìiíè ïàðàìåòðiâ  ðàòêè. Â ñïåêòði ëþìiíåñöåíöi¨ òàêîæ ñïîñòåðiãàþòüñÿ iíòåíñèâ-
íi ñìóãè ëþìiíåñöåíöi¨ iîíiâ Eu3+ ðîçòàøîâàíi ó äiàïàçîíi 580-720 íì i çóìîâëåíi
ïåðåõîäàìè ç 5D0-ðiâíÿ íà 7FJ � ðiâíi (J = 1, 2, 3, 4).

Ñïåêòðè çáóäæåííÿ ëþìiíåñöåíöi¨ ìiêðîêðèñòàëiâ YVO4:Bi,Eu (λëþì = 619 íì)
iç ðiçíîþ êîíöåíòðàöi¹þ Bi3+ çà êiìíàòíî¨ òåìïåðàòóðè ïîêàçàíî íà ðèñóíêó 4. Êðàé
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Ðèñ. 2: Çîáðàæåííÿ ìiêðîêðèñòàëiâ YVO4:Bi,Eu îòðèìàíi ç äîïîìîãîþ ÑÅÌ
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Ðèñ. 3: Ñïåêòðè ëþìiíåñöåíöi¨ ìiêðîêðèñòàëiâ YVO4:Bi,Eu(5%) çà îïòè÷íîãî çáóäæåííÿ
(λçáóä = 330 íì) çàëåæíî âiä êîíöåíòðàöi¨ éîíiâ âiñìóòó. Êðèâi: 1 � 0,1 ìîë.%, 2 � 0,5 ìîë.%,
3 � 1 ìîë.%, 4 � 2 ìîë.%, 5 � 5 ìîë.%, 6 � 10 ìîë.%, çà êiìíàòíî¨ òåìïåðàòóðè



Ëþìiíåñöåíòíi âëàñòèâîñòi ìiêðîêðèñòàëiâ YVO4-Bi,Eu

ISSN 1024-588X. Âiñíèê Ëüâiâñüêîãî óíiâåðñèòåòó. Ñåðiÿ ôiçè÷íà. 2019. Âèï. 56 107

çáóäæåííÿ ëþìiíåñöåíöi¨ â ÷èñòîìó YVO4 ôîðìó¹òüñÿ çà ðàõóíîê ïåðåíåñåííÿ çà-
ðÿäó âñåðåäèíi VO3−

4 [9]. Óâåäåííÿ âiñìóòó ïðèâîäèòü äî çñóâó êðàþ çáóäæåííÿ
â äîâãîõâèëüîâó îáëàñòü. Çàëåæíiñòü çñóâó ïîêàçàíà íà ðèñ. 5. Òàêèé çñóâ âèíè-
êà¹ âíàñëiäîê ëîêàëiçàöi¨ åêñèòîíiâ, ùî âèíèêàþòü â ìàòðèöi YVO4, áiëÿ äîïîâà-
íèõ iîíiâ âiñìóòó ç óòâîðåííÿì åêñèòîíiâ òèïó Bi4+-V4+. Òàêà ìîäåëü ïiäòâåðäæåíà
íàøèìè ïîïåðåäíiìè äîñëiäæåííÿìè ëþìiíåñöåíòíî-êiíåòè÷íèõ ïàðàìåòðiâ òà òå-
îðåòè÷íèìè ðîçðàõóíêàìè äëÿ ìiêðîêðèñòàëiâ YVO4:Bi [11]. Îñêiëüêè ó âèïàäêó
ìiêðîêðèñòàëiâ YVO4:Bi,Eu ñïîñòåðiãà¹òüñÿ òàêà æ òåíäåíöiÿ ó ñïåêòðàõ çáóäæå-
ííÿ ëþìiíåñöåíöi¨, òî ìîæíà ñòâåðäæóâàòè, ùî iñíó¹ äîñèòü åôåêòèâíà ïåðåäà÷à
åíåðãi¨ âiä ëîêàëiçîâàíèõ åêñèòîííèõ çáóäæåíü íà äîïîâàíèõ iîíàõ âiñìóòó äî ëþ-
ìiíåñöåíòíèõ éîíiâ ¹âðîïiþ. Öå ñòâîðþ¹ ïåðñïåêòèâè âèêîðèñòàííÿ íàíî÷àñòèíîê
YVO4:Bi,Eu äëÿ ëþìiíåñöåíòíîãî ìàðêóâàííÿ áiîëîãi÷íèõ îá'¹êòiâ.
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, 
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Ðèñ. 4: Ñïåêòðè çáóäæåííÿ ëþìiíåñöåíöi¨ ìiêðîêðèñòàëiâ YVO4:Bi,Eu(5%) (λëþì = 619 íì)
â çàëåæíîñòi âiä êîíöåíòðàöi¨ éîíiâ âiñìóòó. Êðèâi: 1 � 0,1 ìîë.%, 2 � 0,5 ìîë.%, 3 � 1 ìîë.%,
4 � 2 ìîë.%, 5 � 5 ìîë.%, 6 � 10 ìîë.%, çà êiìíàòíî¨ òåìïåðàòóðè

Íà ðèñóíêó 6 ïîêàçàíà êiíåòèêà çàãàñàííÿ ëþìiíåñöåíöi¨ éîíiâ Eu3+ (λëþì =
619 íì) ïðè çáóäæåííi îïòè÷íèìè êâàíòàìè (λçáóä = 360 íì) â îáëàñòi ñòâîðåí-
íÿ ëîêàëiçîâàíèõ åêñèòîíiâ áiëÿ éîíiâ Bi3+. ßê âèäíî ç ðèñóíêà, ïðè çáiëüøåííi
êîíöåíòðàöi¨ éîíiâ âiñìóòó ñïîñòåðiãà¹òüñÿ �çàòÿãóâàííÿ� êðèâî¨ êiíåòèêè äëÿ êîí-
öåíòðàöi¨ Ñ > 2 ìîë.%, íàòîìiñòü êîíñòàíòè çàãàñàííÿ â äiàïàçîíi 0,1-1 ìîë.% çìi-
íþ¹òüñÿ íåçíà÷íî (ðèñ. 6). Òàêà ìîäèôiêàöiÿ êðèâî¨ çàãàñàííÿ ëþìiíåñöåíöi¨ ìîæå
áóòè ñïðè÷èíåíà ìiãðàöiéíèìè ïðîöåñàìè åíåðãi¨ ïî éîíàõ âiñìóòó. Ïiä ÷àñ çðîñòà-
ííÿ êîíöåíòðàöi¨ âiñìóòó çðîñòà¹ éìîâiðíiñòü ïåðåíåñåííÿ åíåðãi¨ çáóäæåííÿ ìiæ
ñóñiäíiìè iîíàìè âiñìóòó i, ÿê íàñëiäîê, çáiëüøåííÿ ÷àñó ðåëàêñàöi¨ çáóäæåííÿ.
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Ðèñ. 5: Çàëåæíiñòü êðàþ çáóäæåííÿ â ìiêðîêðèñòàëàõ YVO4:Bi,Eu(5%) (λëþì = 619 íì)
çàëåæíî âiä êîíöåíòðàöi¨ Bi3+ çà êiìíàòíî¨ òåìïåðàòóðè
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Ðèñ. 6: Êiíåòèêà çàãàñàííÿ ëþìiíåñöåíöi¨ YVO4:Bi,Eu(5%) ó ñìóçi âèïðîìiíþâàííÿ Eu3+

λëþì = 619 íì çà çáóäæåííÿ λçáóä = 360 íì (3,44 åÂ) çàëåæíî âiä êîíöåíòðàöi¨ Bi3+ çà
êiìíàòíî¨ òåìïåðàòóðè
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Âèñíîâêè

Ìåòîäîì òâåðäîôàçíîãî ñèíòåçó îòðèìàíî ðÿä ìiêðîêðèñòàëiâ YVO4:Bi,Eu ç êîí-
öåíòðàöiþ âiñìóòó â äiàïàçîíi 0,1-10 ìîë.% òà êîíöåíòðàöi¹þ ¹âðîïiþ 5 ìîë.%. Ïðî-
âåäåíî ñòðóêòóðíi äîñëiäæåííÿ ìåòîäîì Õ-ïðîìåíåâî¨ äèôðàêöi¨ òà ïiäòâåðäæåíî
òåòðàãîíàëüíó êðèñòàëi÷íó ñòðóêòóðó îòðèìàíèõ çðàçêiâ. Çà äîïîìîãîþ CÅÌ îöi-
íåíî ñåðåäíié ðîçìið ìiêðîêðèñòàëiâ YVO4:Bi,Eu, ùî ñòàíîâèòü 5 ìêì. Â ñïåêòðàõ
ëþìiíåñöåíöi¨ âèÿâëåíî øèðîêó ñìóãó ëþìiíåñöåíöi¨ ç ìàêñèìóìîì ïðè 540 íì, ùî
âiäïîâiäà¹ ñâi÷åííþ ëîêàëiçîâàíèõ åêñèòîíiâ òèïó Bi4+-V4+ áiëÿ äîìiøêîâèõ iîíiâ
âiñìóòó òà iíòåíñèâíi ñìóãè ëþìiíåñöåíöi¨ â îáëàñòi 580�720 íì, ùî çóìîâëåíi ïåðå-
õîäàìè ç 5D0-ðiâíÿ íà 7FJ � ðiâíi (J = 1, 2, 3, 4) â iîíi Eu3+. Â ñïåêòðàõ çáóäæå-
ííÿ ëþìiíåñöåíöi¨ ¹âðîïiþ (λëþì = 619 íì) âèÿâëåíî çìiùåííÿ êðàþ ïîãëèíàííÿ
â îáëàñòü áiëüøèõ äîâæèí õâèëü iç çáiëüøåííÿì êîíöåíòðàöi¨ äîìiøêîâèõ iîíiâ âi-
ñìóòó. Òàêå çìiùåííÿ âèíèêà¹ ÷åðåç ëîêàëiçàöiþ ìàòðè÷íîãî åêñèòîíà íà äîïîâàíèõ
iîíàõ âiñìóòó iç óòâîðåííÿ åêñèòîíà òèïó Bi4+-V4+ [11] òà ïîäàëüøié åôåêòèâíié
ïåðåäà÷i åíåðãi¨ çáóäæåííÿ äî ëþìiíåñöåíòíèõ öåíòðiâ ¹âðîïiþ. Àíàëiç êðèâèõ êi-
íåòèêè çàãàñàííÿ ëþìiíåñöåíöi¨ ñâiä÷èòü ïðî íàÿâíiñòü ìiãðàöiéíèõ ïðîöåñiâ åíåðãi¨
ïî éîíàõ âiñìóòó i ìiêðîêðèñòàëàõ YVO4:Bi,Eu iç êîíöåíòðàöi¹þ Ñ > 2 ìîë.%.
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Luminescent properties of microcrystals YVO4-Bi,Eu

T. Malyi, V. Tsiumra, A. Zhyshkovych, V. Vistovskyy,

A. Vas'kiv, A. Voloshinovskii
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YVO4:Bi,Eu microcrystals with di�erent concentration of bismuth in the range
0.1-10 mol.% and �xed europium concentration of 5 mol.% were prepared by
solid-state reaction. The obtained powders were characterized by X-ray di�racti-
on and reveal single phase samples with tetragonal symmetry and I41/amd
space group. The average grain size of samples was estimated as 5 µm by
scanning electron microscopy measurements. Spectral luminescence parameters
of Bi-doped YVO4:Eu microcrystals with di�erent bismuth content (from 0.1
to 10 mol.%) were studied. The luminescence spectra reveals broad emission
band with maximum at 540 nm. The emission maximum slightly shifts to the
higher wavelength region with increasing Bi3+ concentration in YVO4:Bi,Eu.
This broad luminescence band corresponds to the emission of localized exciton
near impurity Bi3+ ions [11]. The luminescence peaks in the range 580-720 nm
correspond to the emission transitions from 5D0-state to slitted by spin-orbit
interaction 7FJ�states (J = 1, 2, 3, 4) in Eu3+ ions. In the luminescence exci-
tation spectra of Eu3+ ions (λem = 619 nm) the shift of absorption edge to the
higher wavelength region within the increase of bismuth ions concentration is
revealed. This shift is caused by the fact that the YVO4 lattice excitons are
localized to Bi4+ − V 4+ type exciton in the vicinity of Bi3+ center [11]. This
also indicates that there is an e�ective energy transfer from localized excitons
to the luminescent centers of Eu3+. The modi�cation of luminescence decay
curves with the increase of bismuth ions concentration can be caused by the
migration processes of excitation energy on Bi3+ ions in samples with Ñ > 2
mol.%. YVO4:Bi,Eu have potential use for biological imaging as red luminescent
marker.

Key words: luminescence, luminescence decay kinetics, yttrium vanadate,
localized exciton

Ñòàòòþ îòðèìàíî: 30.09.2019
Ïðèéíÿòî äî äðóêó: 15.10.2019


