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Ñèíòåçîâàíî âêðàïëåíi íàíî÷àñòèíêè CsPbBr3 ðiçíèõ ðîçìiðiâ ó êðèñòà-
ëàõ KBr òà ïðîâåäåíî ¨õ ëþìiíåñöåíòíî-êiíåòè÷íi äîñëiäæåííÿ çà êiìíà-
òíî¨ òåìïåðàòóðè. Ðiçíi ðîçìiðè íàíî÷àñòèíîê CsPbBr3 êîíòðîëþâàëèñü
çìiíîþ êîíöåíòðàöi¨ CsBr òà PbBr2 ïðè âèðîùóâàííi êðèñòàëiâ. Êâàíòîâî-
ðîçìiðíèé åôåêò, ÿêèé ïðèâîäèâ äî çìiùåííÿ ìàêñèìóìó åêñèòîííî¨ ëþìi-
íåñöåíöi¨ CsPbBr3 â ñòîðîíó ìåíøèõ äîâæèí õâèëü, âèêîðèñòàíî äëÿ îöií-
êè ñåðåäíüîãî ðîçìiðó àíñàìáëþ íàíî÷àñòèíîê, ùî çìiíþâàâñÿ âiä 7 íì äëÿ
0,05 ìîë.% äî 20 íì äëÿ 1 ìîë.%. Çìåíøåííÿ ÷àñîâî¨ êîíñòàíòè çàãàñàííÿ
ëþìiíåñöåíöi¨ ïðè çìåíøåííi ðîçìiðiâ íàíî÷àñòèíîê ìîæå áóòè ïîÿñíåíà
âïëèâîì ïðîöåñiâ ïåðåíåñåííÿ åíåðãi¨ ìiæ íàíî÷àñòèíêàìè, à òàêîæ çðîñòà-
ííÿì îáìiííî¨ âçà¹ìîäi¨ ïðè çìåíøåííi ¨õ ðîçìiðiâ.

Êëþ÷îâi ñëîâà: íàíî÷àñòèíêè CsPbBr3, ïåðîâñüêiò CsPbBr3, êâàíòîâî-
ðîçìiðíèé åôåêò, åêñèòîí, ëþìiíåñöåíöiÿ.

1. Âñòóï

Ñèíòåç êîëî¨äíèõ ðîç÷èíiâ íàíî÷àñòèíîê ïåðîâñüêiòiâ ABX3 (A=Cs, MA, FA;
B=Pb; X=Cl, Br, I) äîçâîëèâ ïðîäåìîíñòðóâàòè óíiêàëüíiñòü ¨õ âëàñòèâîñòåé òà öiëó
íèçêó ïîòåíöiàëüíèõ çàñòîñóâàíü. Îäèí iç ïiäõîäiâ äî îòðèìàííÿ íàíî÷àñòèíîê ó
êîëî¨äíèõ ðîç÷èíàõ � òàê çâàíèé ìåòîä ãàðÿ÷îãî ñèíòåçó [1,2]. Ó öüîìó ìåòîäi ñèíòåç
âiäáóâà¹òüñÿ â ðåçóëüòàòi âçà¹ìîäi¨ ïðåêóðñîðiâ çà òåìïåðàòóð 120�180 ◦Ñ. Iíøà
÷àñòèíà ðîáiò ùîäî ñèíòåçó íàíî÷àñòèíîê  ðóíòó¹òüñÿ íà ¨õ îòðèìàííi çà êiìíàòíî¨
òåìïåðàòóðè íà îñíîâi âçà¹ìîäi¨ ïðåêóðñîðiâ ïîïåðåäíüî ðîç÷èíåíèõ â îðãàíi÷íèõ
ðîç÷èííèêàõ [3,4]. Íàñàìïåðåä âèêîðèñòàííÿ íàíî÷àñòèíîê îòðèìàíèõ ó êîëî¨äíîìó
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ðîç÷èíi âèìàãà¹ ¨õ ñòàáiëiçàöi¨ òà çàõèñòó âiä âïëèâó íàâêîëèøíüîãî ñåðåäîâèùà.
Îäíèì ç ñïîñîáiâ òàêîãî çàõèñòó ¹ ïîìiùåííÿ íàíî÷àñòèíîê ó ïîëiìåðíó ìàòðèöþ [5].

Iíøèé ïiäõiä äî îòðèìàííÿ íàíî÷àñòèíîê � öå áåçïîñåðåäíié ñèíòåç íàíî÷àñòè-
íîê ó ìàòðèöi (êðèñòàëàõ, ñòåêëàõ, ïîëiìåðàõ) [5,6]. Ïðèêëàäîì òàêèõ ïiäõîäiâ ¹ ÷è
íå îäèí ç ïåðøèõ âèïàäêiâ îòðèìàííÿ íàíî÷àñòèíîê ïåðîâñüêiòiâ ó êðèñòàëi CsCl
àêòèâîâàíîãî PbCl2 (0.01 ìîë.%) [7] ó ïðîöåñi ðîñòó êðèñòàëà i ïîäàëüøîãî âiäïàëó
ç óòâîðåííÿì íàíî÷àñòèíîê CsPbCl3. Öåé æå ïiäõiä âèêîðèñòàíèé äëÿ ñèíòåçó íàíî-
÷àñòèíîê CsPbBr3 ó êðèñòàëi CsBr [8, 9]. Óñïiøíèìè òàêîæ áóëè ñïðîáè îòðèìàííÿ
ïåðîâñüêiòiâ ó ìàòðèöi RbCl [10]. Çðàçêè RbCl ç âêðàïëåíèìè CsPbCl3 ¹ çðó÷íiøi ïî-
ðiâíÿíî ç CsCl-CsPbCl3, îñêiëüêè äàþòü çìîãó âèãîòîâèòè çðàçêè äëÿ äîñëiäæåííÿ
ñêîëþâàííÿ, à íå ðîçáèòèìè ç ïîäàëüøèì ïîëiðóâàííÿì ÿê öå ¹ äëÿ CsCl.

Ó öié ðîáîòi ìè ïðåäñòàâëÿ¹ìî ðåçóëüòàòè äîñëiäæåííÿ çàëåæíîñòi ðîçìiðiâ
âêðàïëåíèõ ÷àñòèíîê CsPbBr3 ó ìàòðèöi KBr çàëåæíî âiä êîíöåíòðàöi¨ äîìiøîê
CsBr òà PbBr2. Íàíî÷àñòèíêè CsPbBr3, îòðèìàíi òàêèì ñïîñîáîì, äîçâîëÿòü óíè-
êíóòè âçà¹ìîäi¨ ìiæ åëåêòðîííèìè çáóäæåííÿìè òà ïîâåðõíåâèìè äåôåêòàìè, çîêðå-
ìà çàëèøêàìè îðãàíi÷íèõ ñïîëóê, ùî âëàñòèâi äëÿ êîëî¨äíèõ ìåòîäiâ ñèíòåçó íàíî-
÷àñòèíîê.

2. Ìåòîäèêà åêñïåðèìåíòó

Äëÿ îòðèìàííÿ êðèñòàëi÷íèõ çðàçêiâ ñóõèé ïîðîøîê êàëiþ áðîìiäó (KBr) çìiøó-
âàëè ç ñîëÿìè ïëþìáóìó (II) áðîìiäó (PbBr2) òà öåçiþ áðîìiäó (CsBr) ó íåîáõiäíèõ
ñïiââiäíîøåííÿõ. Ðîçðàõóíîê êiëüêîñòi ñîëåé ïðîâîäèëè iç çàáåçïå÷åííÿì åêâiìî-
ëÿðíîãî ñïiââiäíîøåííÿ ìiæ CsBr òà PbBr2, òà âiäïîâiäíî äî ìîëÿðíîãî ñïiââiäíî-
øåííÿ äî KBr. Îòðèìàíi çðàçêè ìàëè âìiñò äîìiøîê (CsBr òà PbBr2) 0,05, 0,075,
0,2 0,5 1 òà 2 ìîë.% ó ìàòðèöi KBr. Âèðîùóâàííÿ êðèñòàëó âiäáóâàëîñÿ ìåòîäîì
Ñòîêáàðãåðà.

Ñïåêòðè ëþìiíåñöåíöi¨ âèìiðþâàëèñÿ ç âèêîðèñòàííÿì ìîíîõðîìàòîðà ÌÄÐ-12
(ËÎÌÎ) çi ñïåêòðàëüíîþ øèðèíîþ ùiëèíè 0.5 íì. Iíòåíñèâíiñòü ëþìiíåñöåíöi¨ òà
êiíåòèêó çàãàñàííÿ ëþìiíåñöåíöi¨ âèìiðþâàëè ôîòîïîìíîæóâà÷åì HAMAMATSU
H9305-04 ìåòîäîì ñòàòèñòè÷íîãî êîðåëüîâàíîãî ëiêó îäèíè÷íèõ ôîòîíiâ ç iíñòðó-
ìåíòàëüíèì ÷àñîâèì âiäãóêîì óñòàíîâêè áiëÿ 0.4 íñ.

Ðîçìiðè âêëþ÷åíü îöiíþâàëèñÿ çà âåëè÷èíîþ åíåðãåòè÷íîãî çìiùåííÿ ∆E âíà-
ñëiäîê êâàíòîâî-ðîçìiðíîãî åôåêòó, âèêîðèñòàâøè çàëåæíiñòü ïîëîæåííÿ ìàêñèìó-
ìó ëþìiíåñöåíöi¨ âiä ðîçìiðiâ âêðàïëåíü a [11, 12]:

∆E =
~2π2

2µ2a2

,

äå µ � åôåêòèâíà ìàñà åêñèòîíà, ~ � çâåäåíà ñòàëà Ïëàíêà.

Îöiíêà ðîçìiðiâ âêðàïëåíü ïðîâîäèëàñÿ áåç âðàõóâàííÿ òèñêó çi ñòîðîíè ìàòðèöi
íà åíåðãåòè÷íi ðiâíi åëåêòðîíiâ ó âêðàïëåííÿõ CsPbBr3. Î÷iêó¹òüñÿ, ùî ãiäðîñòàòè-
÷íèé òèñê ìàòðèöi ÷àñòêîâî êîìïåíñó¹ ñïåêòðàëüíèé çñóâ âiä êâàíòîâî ðîçìiðíîãî
åôåêòó, çñóâàþ÷è ñïåêòð ó äîâãîõâèëüîâó ñòîðîíó.
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3. Ðåçóëüòàòè òà îáãîâîðåííÿ

Ñïåêòðè âèïðîìiíþâàííÿ âêðàïëåíü CsPbBr3 â KBr ïðåäñòàâëåíi íà ðèñ. 1. Ìà-
êñèìóìè ñìóã âèïðîìiíþâàííÿ ðîçòàøîâàíi â äiàïàçîíi 480�525 íì çàëåæíî âiä êîí-
öåíòðàöi¨ CsPbBr3 (0,05�2 ìîë.%). Çi çðîñòàííÿì êîíöåíòðàöi¨ ñìóãè çìiùóþòüñÿ â
äîâãîõâèëüîâó ñòîðîíó. Iíòåíñèâíiñòü âèïðîìiíþâàííÿ ÷àñòèíîê çíà÷íî ïåðåâèùó¹
iíòåíñèâíiñòü ëþìiíåñöåíöi¨ ìîíîêðèñòàëó, ùî äà¹ ïiäñòàâó ââàæàòè, ùî âêðàïëåííÿ
ìàþòü íàíîìåòðîâi ðîçìiðè. Ó òàêîìó âèïàäêó ìîæíà ââàæàòè, ùî ïiâøèðèíà ñìóã
âèïðîìiíþâàííÿ íàíî÷àñòèíîê âiäîáðàæà¹ ðîçïîäië íàíî÷àñòèíîê çà ðîçìiðàìè.
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Ðèñ. 1: Ñïåêòðè ëþìiíåñöåíöi¨ çðàçêiâ KBr-CsPbBr3 ç ðiçíîþ êîíöåíòðàöi¹þ äîìiøêè
(CsPbBr3) çà êiìíàòíî¨ òåìïåðàòóðè. Ñòðiëêà âêàçó¹ ïîëîæåííÿ ìàêñèìóìó ëþìiíåñöåí-
öi¨ ìîíîêðèñòàëó CsPbBr3. Íà âñòàâöi ïðåäñòàâëåíà òðüîõðiâíåâà ìîäåëü åêñèòîíà, äå S �
ñèíãëåòíèé ñòàí, T � òðèïëåòíèé ñòàí.

Äëÿ êîëî¨äíèõ íàíî÷àñòèíîê çi ñåðåäíiìè ðîçìiðàìè 12 íì ñïåêòð ëþìiíåñöåíöi¨
ìà¹ ìàêñèìóì ïðè 516 íì òà ïiâøèðèíó 0.08 åÂ, òîäi ÿê äëÿ íàíî÷àñòèíîê ç ñåðåäíiì
ðîçìiðîì áëèçüêî 6 íì ìàêñèìóì ëþìiíåñöåíöi¨ çíàõîäèòüñÿ â îêîëi 493 íì i ìà¹
ïiâøèðèíó 0.12 åÂ [13].

Äëÿ iíòåðïðåòàöi¨ ïðèðîäè ñìóãè âèïðîìiíþâàííÿ íàíî÷àñòèíîê òðåáà çâåðíó-
òèñÿ äî ìîäåëi åêñèòîíà (ðèñ. 1. âñòàâêà), ùî âðàõîâóþòü îáìiííó âçà¹ìîäiþ òà
iñíóâàííÿ òðèïëåòíèõ òà ñèíãëåòíèõ åêñèòîíiâ [14�17]. Ó ðàìêàõ öi¹¨ ìîäåëi çà íèçü-
êî¨ òåìïåðàòóðè âiäáóâà¹òüñÿ âèïðîìiíþâàííÿ çi ñèíãëåòíèõ ñòàíiâ iç êîíñòàíòîþ
çàãàñàííÿ áëèçüêî 0.2 íñ [16]. Ïðè çðîñòàííi òåìïåðàòóðè âíàñëiäîê òåìïåðàòóðíî
àêòèâîâàíèõ ïåðåõîäiâ çi ñèíãëåòíèõ ó òðèïëåòíi ñòàíè âèçíà÷àëüíîþ ñòà¹ ëþìi-
íåñöåíöiÿ òðèïëåòíèõ åêñèòîíiâ ç ÷àñàìè çàãàñàííÿ â íàíîñåêóíäíîìó äiàïàçîíi.
Âåëè÷èíà îáìiííî¨ âçà¹ìîäi¨ âïëèâà¹ íà çíà÷åííÿ êîíñòàíò çàãàñàííÿ òðèïëåòíîãî
åêñèòîíà ÷åðåç âåëè÷èíó áàð'¹ðà äëÿ òåìïåðàòóðíî àêòèâîâàíèõ ïåðåõîäiâ. Îñêiëü-
êè îáìiííà âçà¹ìîäiÿ âèçíà÷à¹òüñÿ âçà¹ìíèì ïåðåêðèòòÿì åëåêòðîííèõ îðáiòàëåé,
òî çi çìåíøåííÿì ðîçìiðiâ íàíî÷àñòèíîê çðîñòà¹ ïåðåêðèòòÿ õâèëüîâèõ ôóíêöié,
ùî ïðèâîäèòü äî çðîñòàííÿ âåëè÷èíè îáìiííî¨ âçà¹ìîäi¨, òà âiäïîâiäíî çìåíøåííÿ
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÷àñîâèõ êîíñòàíò âèïðîìiíþâàííÿ. Çáiëüøåííÿ îáìiííî¨ âçà¹ìîäi¨, ïîòåíöiàëüíîãî
áàð'¹ðó ìiæ ñèíãëåòíèì òà òðèïëåòíèìè ñòàíàìè ñêîðî÷óâàòèìå ÷àñîâi êîíñòàíòè
åêñèòîííî¨ ëþìiíåñöåíöi¨.

Â iíøié ìîäåëi åêñèòîíà âðàõîâó¹òüñÿ iñíóâàííÿ ïðÿìèõ òà íåïðÿìèõ åêñèòîíiâ.
Ïðÿìi åêñèòîíè âèíèêàþòü ó òî÷öi R çîíè Áðiëþåíà ç åíåðãi¹þ âèïðîìiíþâàííÿ
ìàéæå ðåçîíàíñíîþ äî ñìóãè ïîãëèíàííÿ åêñèòîíiâ çi ñòîêîâèì çñóâîì 9 ìåÂ [16].
Íåïðÿìi åêñèòîíè âiäïîâiäàþòü ïåðåõîäàì iç åíåðãåòè÷íèõ ìiíiìóìiâ, ùî çìiùåíi
â k -ïðîñòîði âiäíîñíî òî÷êè R [18] â ðåçóëüòàòi ïðîÿâó åôåêòó Ðàøáè. Äëÿ àíñàì-
áëþ íàíî÷àñòèíîê, à íàäòî çà êiìíàòíî¨ òåìïðàòóðè, ñìóãè ïðÿìèõ òà íåïðÿìèõ
åêñèòîíiâ ïåðåêðèâàþòüñÿ i àíàëiç ¨õ òåìïåðàòóðíèõ çàëåæíîñòåé ìîæëèâèé ïðè
âèêîðèñòàííi äàíèõ ñïåêòðàëüíîãî ïîëîæåííÿ âèñîêîåíåðãåòè÷íîãî òà íèçüêîåíåð-
ãåòè÷íîãî êðà¨â ñïåêòðó âèïðîìiíþâàííÿ [19]. Íà ïiâøèðèíó ñìóã ëþìiíåñöåíöi¨
âïëèâà¹ íå òiëüêè äèñïåðñiÿ ðîçìiðiâ ÷àñòèíîê â àíñàìáëi àëå é ïåðåêðèòòÿ ñìóã
âèïðîìiíþâàííÿ ïðÿìèõ òà íåïðÿìèõ åêñèòîíiâ.

Çìåíøåííÿ ÷àñîâèõ êîíñòàíò êiíåòèêè çàãàñàííÿ ëþìiíåñöåíöi¨ â ìåæàõ ñìóãè
âèïðîìiíþâàííÿ (ðèñ. 2) ìîæå áóòè ïîÿñíåíå áåçâèïðîìiíþâàëüíèì ïåðåíåñåííÿì
åíåðãi¨ åêñèòîíiâ âiä íàíî÷àñòèíîê ìåíøèõ ðîçìiðiâ äî ñóñiäíiõ íàíî÷àñòèíîê áiëü-
øèõ ðîçìiðiâ.
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Ðèñ. 2: Êðèâi êiíåòèêè çàãàñàííÿ ëþìiíåñöåíöi¨ äëÿ çðàçêà KBr-CsPbBr3(0.5 ìîë%), îòðè-
ìàíi äëÿ âèïðîìiíþâàíÿ ç äîâæèíîþ õâèëi (λEm) 520 (1), 510 (2), 500 (3) òà 490 íì (4).

Âiäìiííiñòü êiíåòèêè çàãàñàííÿ äëÿ ðiçíèõ ñìóã âèïðîìiíþâàííÿ (ðèñ. 3), ùî
âiäïîâiäàþòü íàíî÷àñòèíêàì ç ïåâíèì ñåðåäíiì ðîçìiðîì øâèäøå çóìîâëåíî çðî-
ñòàííÿì îáìiííî¨ âçà¹ìîäi¨ çi ñóòò¹âèì çìåíøåííÿì ðîçìiðiâ íàíî÷àñòèíîê.

Íà ðèñ. 4 ïðåäñòàâëåíà çàëåæíiñòü ðîçìiðó íàíî÷àñòèíîê âiä êîíöåíòðàöi¨
CsPbBr3 ó ìàòðèöi. Çíàéäåíi íàìè ñïiââiäíîøåííÿ ìiæ ðîçìiðàìè (ïîëîæåííÿì ìà-
êñèìóìó ñìóãè âèïðîìiíþâàííÿ) òà êîíöåíòðàöi¹þ äîìiøîê óçãîäæóþòüñÿ çi ñïiâ-
âiäíîøåííÿì, çíàéäåíèì äëÿ CsPbBr3, îñàäæåíèõ íà ïîâåðõíi ìiêðîêðèñòàëiâ KBr
[20]. Äëÿ êîíöåíòðàöié 2 òà 1 ìîë.% ïîëîæåííÿ ïiêó âiäïîâiäà¹ ðîçìiðàì 15-20 íì,
äëÿ êîíöåíòðàöié 0.075 òà 0.05 ìîë.% � 5�7 íì, ùî ¹ áëèçüêèì äî ðîçðàõîâàíèõ íà-
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Ðèñ. 3: Êðèâi çàãàñàííÿ ëþìiíåñöåíöi¨ íàíî÷àñòèíîê ó çðàçêàõ KBr çà ðiçíî¨ êîíöåíòðàöi¨
CsPbBr3, äëÿ ìàêñèìóìiâ ñìóã âèïðîìiíþâàííÿ (λ(1)=525 íì, λ(2)=520 íì, λ(3)=510 íì,
λ(4)=510 íì, λ(5)=490 íì, λ(6)=480 íì).

ìè ðåçóëüòàòiâ (ðèñ. 4). Äëÿ êîíöåíòðàöié áiëüøå 1 ìîë.% çáiëüøó¹òüñÿ iìîâiðíiñòü
óòâîðåííÿ ìiêðîêðèñòàëi÷íèõ âêðàïëåíü, ùî ìîæóòü íå ïðîÿâëÿòè çíà÷íîãî âïëèâó
íà ëþìiíåñöåíòíi âëàñòèâîñòi çà êiìíàòíî¨ òåìïåðàòóðè.
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Ðèñ. 4: Çàëåæíiñòü ðîçìiðiâ âêðàïëåíü, âèçíà÷åíèõ çà çìiùåííÿì ñìóãè ëþìiíåñöåíöi¨, âiä
êîíöåíòðàöi¨ äîìiøêè CsPbBr3 â ìàòðèöi KBr.

Ìîæíà çàïðîïîíóâàòè ìåõàíiçì óòâîðåííÿ íàíî÷àñòèíîê CsPbBr3 ó ìàòðèöi
KBr. Ó ðîçïëàâi âiäáóâà¹òüñÿ ðiâíîâàæíèé ðîçïîäië äîìiøêîâèõ iîíiâ Cs òà Pb, ñòðó-
êòóðè CsPbBr3 âîäíî÷àñ íå óòâîðþþòüñÿ, îñêiëüêè òåìïåðàòóðà ïëàâëåííÿ CsPbBr3
(567 ◦C) ¹ ìåíøîþ íiæ òåìïåðàòóðà ïëàâëåííÿ KBr (734 ◦C).
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Ïiä ÷àñ îõîëîäæåííÿ, â ïðîöåñi êðèñòàëiçàöi¨, óòâîðþþòüñÿ óìîâè äëÿ ñòàáiëi-
çàöi¨ ôàçè CsPbBr3 â ìàòðèöi. Öåé ïðîöåñ óòâîðåííÿ ôàçè CsPbBr3 ìîæíà äîäà-
òêîâî ñòèìóëþâàòè äîâãîòðèâàëèì âiäïàëîì êðèñòàëà KBr:CsPbBr3 çà òåìïåðàòóðè
200 ◦Ñ. Çà öi¹¨ òåìïåðàòóðè ùå âiäáóâàþòüñÿ ïðîöåñè äèôóçi¨ iîíiâ Cs+ òà Pb2+ ,
ùî ñòèìóëþ¹ óòâîðåííÿ ñòðóêòóðè CsPbBr3. Òåìïåðàòóðà òà òðèâàëiñòü âiäïàëó �
öå äîäàòêîâi ÷èííèêè äëÿ âïëèâó íà ðîçìiðè âêðàïëåíü CsPbBr3 â KBr.

Âèñíîâêè

Ó ïðîöåñi ðîñòó êðèñòàëiâ KBr ç äîìiøêàìè CsBr òà PbBr2 ó ðåçóëüòàòi äèôó-
çi¨ êàòiîíiâ Cs+ òà Pb2+ óòâîðþþòüñÿ íàíî- òà ìiêðîêðèñòàëè CsPbBr3 . Çà êîí-
öåíòðàöi¨ ìåíøå 1 ìîë.% ïåðåâàæíîþ ôàçîþ ¹ íàíî÷àñòèíêè CsPbBr3 äëÿ áiëüøèõ
êîíöåíòðàöié çíà÷íî çðîñòà¹ iìîâiðíiñòü óòâîðåííÿ ìiêðîêðèñòàëiâ CsPbBr3. Çà êîí-
öåíòðàöié 0,05 � 1 ìîë.% CsPbBr3 ðîçìiðè íàíî÷àñòèíîê ëåæàòü â äiàïàçîíi 7�20 íì,
îöiíêà ðîçìiðiâ íàíî÷àñòèíîê ïðîâîäèëàñÿ çà ïîëîæåííÿì ìàêñèìóìó ñïåêòðó ëþ-
ìiíåñöåíöi¨ CsPbBr3.

Ñïåêòð ëþìiíåñöåíöi¨ íàíî÷àñòèíîê CsPbBr3 iç ïåâíèì ñåðåäíiì ðîçìiðîì ôîð-
ìó¹òüñÿ àíñàìáëåì íàíî÷àñòèíîê. Ôîðìà ñïåêòðà âiäòâîðþ¹ ïåâíîþ ìiðîþ ðîçïîäië
íàíî÷àñòèíîê çà ðîçìiðàìè. Çìiíà êiíåòèêè çàãàñàííÿ åêñèòîííî¨ ëþìiíåñöåíöi¨ âiä
ðîçìiðó íàíî÷àñòèíîê çóìîâëåíà âïëèâîì ïðîöåñiâ ïåðåíåñåííÿ åíåðãi¨ ìiæ íàíî÷à-
ñòèíêàìè òà çðîñòàííÿ îáìiííî¨ âçà¹ìîäi¨ ïðè çìåíøåííi ¨õ ðîçìiðiâ.
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CsPbBr3 nanoparticles embedded in KBr single crystal are obtained by addi-
ng lead (II) bromide (PbBr2) and cesium bromide (CsBr) salts in the required
ratio to KBr. The crystals were grown by the Bridgman method. During the
growth of KBr crystals with CsBr and PbBr2 impurities, CsPbBr3 nanocrystals
and microcrystals are formed as a result of di�usion of Cs+ and Pb2+ cations.
The KBr-CsPbBr3 samples had the impurity content of (CsBr and PbBr2) 0.05,
0.075, 0.2 0.5 1 and 2 mol.% in the KBr matrix. At concentrations less than
1 mol.%, the preferred phase is CsPbBr3 nanoparticles. For higher concentrati-
ons, the probability of CsPbBr3 microcrystals formation increases signi�cantly.
The ensemble of CsPbBr3 nanoparticles is formed with a certain average si-
ze and consequently the spectra shape partially reproduces some size distri-
bution of these nanoparticles. The shift of exciton emission band to the lower
wavelength region with decreasing nanoparticle concentration in KBr matrix due
to quantum con�nement was observed. The halfwidth of exciton luminescence
band was used to estimate the average nanoparticle size, which was 7 nm for
0.05 mol.% and 20 nm for 1 mol.% of CsPbBr3.
The nature of the exciton emission of nanoparticles can be explained by using
the exciton model, which takes into account the exchange interaction and the
existence of triplet and singlet excitons. According to this model the observed
decrease of the decay time constant with decreasing nanoparticle size is due to
the increase of exchange interaction parameter � the potential barrier between
singlet and triplet states. Another exciton model takes into account the existence
of direct and indirect excitons. In the ensemble of nanoparticles, especially at
room temperature, the bands corresponding to direct and indirect exciton emi-
ssion are overlapping. In addition the size distribution of nanoparticles also
e�ects the half-width of luminescence band.
The decrease of luminescence decay time constant with decreasing of nanoparti-
cle size can be explained by the in�uence of the energy transfer processes between
nanoparticles, as well as the increase of the exchange interaction with nanoparti-
cle size decreasing. The di�erence in the decay kinetics for di�erent emission
bands corresponding to nanoparticles with a certain average size is rather due
to the increase of exchange interaction with signi�cant decreasing of nanoparticle
sizes.
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