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Ó ñòàòòi ïðåäñòàâëåíî ðåçóëüòàòè äîñëiäæåííÿ îïòè÷íèõ âëàñòèâîñòåé êðè-
ñòàëiâ Tl4CdI6 òà Tl4HgI6, ñèíòåçîâàíèõ â ñòðóêòóðíèõ ìàòðèöÿõ ïðèðî-
äíîãî öåîëiòó (ìîðäåíiò), áåðèëó òà ïîðóâàòîãî êðåìíiþ ïðè çìiíi ñòðóêòó-
ðè òà ïàðàìåòðiâ ìàòðèöü i ñòâîðåííi óìîâ, ïðè ÿêèõ â �êâàíòîâié òî÷öi�
êðèñòàëiçó¹òüñÿ íàïåðåä çàäàíà äèñêðåòíà êiëüêiñòü åëåìåíòàðíèõ êîìiðîê
êðèñòàëà. Ðîçãëÿíåíî îñíîâíi ïiäõîäè äî ïðîáëåìè ðîçìiðíîãî êâàíòóâàííÿ
åëåêòðîííîãî òà åêñèòîííîãî ñïåêòðó êðèñòàëiâ i ïðîàíàëiçîâàíî ãðàíè÷íi
óìîâè iñíóâàííÿ öüîãî åôåêòó çàëåæíî âiä ðîçìiðiâ �êâàíòîâî¨ òî÷êè� òà
iíøèõ ïàðàìåòðiâ êðèñòàëà, çîêðåìà òàêèõ ÿê: ñïiââiäíîøåííÿ ìiæ åôå-
êòèâíèìè ìàñàìè íîñi¨â, áîðiâñüêèé ðàäióñ åêñèòîíó òà ií.

Êëþ÷îâi ñëîâà: êâàíòîâà òî÷êà, åêñèòîí, íàíîêðèñòàë, ìiêðîêðèñòàë, ôî-
òîëþìiíåñöåíöiÿ, ñèíòåç, øèðèíà çàáîðîíåíî¨ çîíè

Âñòóï

Íà ñüîãîäíi àêòóàëüíèì çàâäàííÿì íàïiâïðîâiäíèêîâî¨ ìiêðîåëåêòðîíiêè çàëè-
øà¹òüñÿ ïðîáëåìà êåðîâàíî¨ çìiíè ôóíäàìåíòàëüíèõ õàðàêòåðèñòèê òà ñïåêòðàëüíî-
êiíåòè÷íèõ ïàðàìåòðiâ, çîêðåìà, òàêèõ ÿê: øèðèíà çàáîðîíåíî¨ çîíè íàïiâïðîâiäíè-
êà, åíåðãåòè÷íå ïîëîæåííÿ òà íàïiâøèðèíà åêñèòîííèõ ñìóã ïîãëèíàííÿ i ôîòîëþ-
ìiíåñöåíöi¨ òà iíøå, íå çìiíþþ÷è ïðè öüîìó ¨õ, êðèñòàëi÷íî¨ áóäîâè òà õiìi÷íîãî
ñêëàäó. ßê âèÿâèëîñÿ, òàêèìè îá'¹êòàìè ìîãëè á áóòè ïðèðîäíi àáî ñèíòåòè÷íi öåî-
ëiòè, � ìiíåðàëè, óòâîðåíi ïî÷åðãîâèìè òåòðàåäðè÷íèìè ïiä ðàòêàìè ñïîëóê AlO4 i
SiO4 ç ïîðîæíèííîþ ñòðóêòóðîþ, â ÿêié ¹ ëóæíi êàòiîíè òà ìîëåêóëè êðèñòàëi÷íî¨
âîäè [6, 7]. Êàíàëè, ùî iñíóþòü ó ñòðóêòóði öåîëiòiâ, ôîðìóþòüñÿ ðiçíèìè êîìáiíà-
öiÿìè çâ'ÿçàíèõ êiëåöü òåòðàåäðiâ. Çàëåæíî âiä âèäó ïðèðîäíîãî öåîëiòó äiàìåòð
âíóòðiøíiõ ïîðîæíèí çìiíþ¹òüñÿ ó ìåæàõ âiä 2,2 äî 8 �A, à ñèíòåòè÷íèõ öåîëiòàõ �
äî 13 �A.

c© Ñîëîâéîâ Ì., 2018
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1 Ìåòîäèêà åêñïåðèìåíòó

Ìàòðèöi íà îñíîâi ïðèðîäíèõ öåîëiòiâ ãîòóâàëèñÿ ó òàêîìó ïîðÿäêó. Ñïî÷àòêó
ïðîâîäèëè âiäáið öåîëiòiâ, âèõîäÿ÷è ç ìiðêóâàíü ñòiéêîñòi äî òåìïåðàòóðíèõ ðåæè-
ìiâ i äåãðàäàöi¨ (ðóéíóâàííÿ) êðèñòàëi÷íî¨ ðåøiòêè. Òîáòî, íåîáõiäíî áóëî ïiäiáðàòè
òàêi ìiíåðàëè, ÿêi á âèòðèìóâàëè òåõíîëîãi÷íi ðåæèìè óòâîðåííÿ ïîðîæíèí. Íå ðîç-
ãëÿäàþ÷è äåòàëüíiøå öåé ïðîöåñ, çàóâàæèìî, ùî âèáið áóëî çðîáëåíî íà ïðèðîäíîìó
öåîëiòi � ìîðäåíiò. Éîãî õiìi÷íà ôîðìóëà ìà¹ âèãëÿä � Na2(AlSi6O12)2·7H2O. Åëå-
ìåíòè êðèñòàëi÷íî¨ ñòðóêòóðè ìîðäåíiòó ïîêàçàíî íà ðèñ. 1. Ãîëêîïîäiáíi êðèñòàëè
ìîðäåíiòó óòðèìóþòü 7 ìîëåêóë êðèñòàëi÷íî¨ âîäè. Öi ìîëåêóëè ¹ â ïîðîæíèíàõ
ìiæ òåòðàåäðàìè AlO4 i SiO4, ùî êðèñòàëi÷íî çâ'ÿçàíi àòîìàìè íàòðiþ. Òåìïåðàòóðà
ðóéíóâàííÿ êðèñòàëi÷íî¨  ðàòêè ìîðäåíiòó 800 ◦Ñ, à òåìïåðàòóðà çíåâîäíåííÿ (âè-
äiëåííÿ âîäè ç ïîðîæíèí) � 150 ÷ 250 ◦Ñ. Ç îãëÿäó íà öå, â ïðîìiæêó 200 < Ò < 700
◦C ìîæíà áóëî îòðèìàòè ñòiéêó çíåâîäíåíó ìàòðèöþ íàíîïîðîæíèí ç åôåêòèâíèì
äiàìåòðîì d ≈ 7 �A, â ÿêié çäiéñíþâàòè ñèíòåç íàíîêðèñòàëiâ äîñëiäæóâàíèõ îá'¹êòiâ.

Ñïî÷àòêó ãîëêîïîäiáíi êðèñòàëè ìîðäåíiòó ïîäðiáíþâàëèñÿ ó öåíòðèôóçi äî ìi-
êðîííèõ ðîçìiðiâ. Ïîòiì ó êâàðöîâié àìïóëi çà òåìïåðàòóðè 200 ◦Ñ, øëÿõîì âàêóó-
ìóâàííÿ, çäiéñíþâàëîñÿ çíåâîäíåííÿ ìiêðîêðèñòàëiâ öåîëiòó. Ïiñëÿ ÷îãî, ïðîâîäè-
ëàñü éîííîîáìiííà ðåàêöiÿ çàìiùåííÿ àòîìiâ íàòðiþ íà àòîìè òàëiþ çà ñõåìîþ:

NaNO3 + Tl→ TlNO3 + Na, (1)

â ïðîöåñi ÿêî¨ ìiñöÿ íàòðiþ çàìiùóâàëèñÿ íà àòîìè òàëiþ. Äàëi, çà òåìïåðàòóðè
Ò = 200 ◦Ñ âàêóóìíî âiäáèðàëèñÿ ïðîäóêòè çàìiùåííÿ. Â ïiäãîòîâëåíi ïîðîæíèíè
ìàòðèöü ìîðäåíiòó çà âiäïîâiäíèõ òåìïåðàòóð ðîñòó ìåòîäîì âàêóóìíî¨ ñóáëiìàöi¨,
çäiéñíþâàâñÿ ðiñò íàíîêðèñòàëiâ Tl4CdI6 i Tl4HgI6.

Òàê, áóëî îòðèìàíî íàíîêðèñòàëè ç åôåêòèâíèì ðîçìiðîì a ≤ 7 �A, òîáòî 6-8 ìîëå-
êóë ñèíòåçîâàíî¨ ðå÷îâèíè. Òàêi îá'¹êòè çàáåçïå÷óâàëè ðåàëiçàöiþ óìîâè ai/aåêñ < 1.

Äàëi íåîáõiäíî áóëî çàáåçïå÷èòè ðåàëiçàöiþ âèïàäêó aex ≥ ai. Ç öi¹þ ìåòîþ ïðî-
âîäèëè ïîøóê ìîæëèâèõ ìàòðèöü, â ÿêèõ ìîæíà ñòâîðèòè ïîðîæíèíè ç 50 íì > ai
> 5 íì. Çàäîâiëüíèìè ìàòåðiàëàìè âèÿâèëèñÿ ïîðóâàòèé êðåìíié, ëóæíîáîðîñèëi-
êàòíå ñêëî òà ìiíåðàë Al2Be3 [Si6O18] · H2O, (áåðèë). Ïîðóâàòèé êðåìíié ãîòóâàâñÿ
çà ìåòîäèêîþ, îïèñàíîþ â [8].

Íà ðèñ. 2 ïîêàçàíî âèãëÿä ïëàñòèíêè ïîðóâàòîãî êðåìíiþ ç íàÿâíiñòþ ïîðîæíèí
äiàìåòðîì 50 íì > ai >10 íì. Çàëèøêè ñèëîêñåíó (Si5O3H6), ÿêi ïðèçâîäÿòü äî ïî-
ÿâè ÷åðâîíîãî 0,7 ìêì ñâi÷åííÿ, âiäáèðàëèñÿ òåðìi÷íî âàêóóìíèì øëÿõîì. Ó ïiä-
ãîòîâëåíi â òàêèé ñïîñiá ïîðîæíèíè ìàòðèöü ïîðóâàòîãî êðåìíiþ ïðè âiäïîâiäíèõ
òåìïåðàòóðàõ ðîñòó ìåòîäîì âàêóóìíî¨ ñóáëiìàöi¨ çäiéñíþâàâñÿ ñèíòåç íàíîêðèñòà-
ëiâ Tl4CdI6 i Tl4HgI6. Òàê áóëî îòðèìàíî íàíîêðèñòàëè ç åôåêòèâíèì ðîçìiðîì αi ≥
10 íì, òîáòî 20-30 ìîëåêóë ñèíòåçîâàíî¨ ðå÷îâèíè. Òàêi îá'¹êòè çàáåçïå÷óâàëè ðåà-
ëiçàöiþ óìîâè ai/aåêñ ≥ 3.

Íàñàìêiíåöü äëÿ ðåàëiçàöi¨ óìîâè 3 ≥ ai/aåêñ ≥ 1 íåîáõiäíî áóëî ïðîâåñòè ïî-
øóê ìàòðèöü iç ïîðîæíèíàìè 10 íì ≥ ai ≥ 5 íì. Âèÿâèëîñü, ùî íàéáiëüø ïðèäà-
òíèìè ñêëîïîäiáíèìè ìàòðèöÿìè ìîæóòü áóòè ïðîòðàâëåíi â ðîç÷èíi ñîëÿíî¨ êè-
ñëîòè ëóæíîáîðîñèëiêàòíå ñêëî Na2O-B2O3-SiO2, àáî ïðèðîäíié ìiíåðàë �áåðèë�-
Al2Be3[Si6O18]·H2O. Ó ïðîöåñi òðàâëåííÿ òðèìîëÿðíèì ðîç÷èíîì ñîëÿíî¨ êèñëîòè
(çà òåìïåðàòóðè 100-150 ◦Ñ) íà ïîâåðõíi ëóæíîáîðîñèëiêàòíîãî ñêëà óòâîðþþòüñÿ
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Ðèñ. 1: Åëåìåíòè êðèñòàëi÷íî¨ áóäîâè ïðèðîäíîãî öåîëiòó (ìîðäåíiò) [7]

Ðèñ. 2: Âèãëÿä ïëàñòèíêè ïîðóâàòîãî êðåìíiþ [8]

ïîðîæíèíè ç ñåðåäíiì ðîçìiðîì ai = 5÷7 íì [9]. Ñòðóêòóðà áåðèëó ¹ òàêîþ, ùî âñå-
ðåäèíi ìiíåðàëó iñíóþòü íèòêîâèäíi êàíàëè äiàìåòðîì ai = 8÷ 12 íì [10], çàïîâíåíi
êðèñòàëi÷íîþ âîäîþ. Çà òåìïåðàòóðè 150 ◦Ñ øëÿõîì âàêóóìóâàííÿ çäiéñíþâàëè
çíåâîäíåííÿ êàíàëiâ ìiíåðàëó. Ó ïiäãîòîâëåíi â òàêèé ñïîñiá ïîðîæíèíè ìàòðèöü
ëóæíîáîðîñèëiêàòíîãî ñêëà òà áåðèëó ïðè âiäïîâiäíèõ òåìïåðàòóðàõ ðîñòó ìåòîäîì
âàêóóìíî¨ ñóáëiìàöi¨ çäiéñíþâàâñÿ ñèíòåç äîñëiäæóâàíèõ íàíîêðèñòàëiâ.

Òàê áóëî îòðèìàíî çðàçêè íàíîêðèñòàëiâ, ñèíòåçîâàíèõ ó ðiçíîìàíiòíèõ ñêëî-
ïîäiáíèõ ìàòðèöÿõ, ç íåîáõiäíîþ ñóêóïíiñòþ ñïiââiäíîøåíü ai/aåêñ, ÿêi ìîãëè áóòè
âèêîðèñòàíi äëÿ åêñïåðèìåíòàëüíî¨ ïåðåâiðêè åôåêòiâ ðîçìiðíîãî êâàíòóâàííÿ åêñè-
òîííèõ ñòàíiâ ó êðèñòàëàõ Tl4CdI6 i Tl4HgI6.

Äëÿ ïiäòâåðäæåííÿ âèñíîâêiâ òåîði¨ âïëèâó ðîçìiðíîãî åôåêòó íà åêñèòîííi ñòà-
íè â íàíîêðèñòàëàõ Tl4CdI6, Tl4HgI6 áóëî ïðîâåäåíî åêñïåðèìåíòàëüíi äîñëiäæåííÿ
çàëåæíîñòi ñïåêòðiâ åêñèòîííî¨ ôîòîëþìiíåñöåíöi¨ íàíîêðèñòàëiâ ñèíòåçîâàíèõ çà
ìåòîäèêîþ, îïèñàíîþ âèùå. Äîñëiäæåííÿ âèêîíóâàëè íà ñïåêòðàëüíîìó êîìïëåêñi
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ÑÄË-2 çà òåìïåðàòóðè ðiäêîãî ãåëiþ i çáóäæåííi àçîòíèì ëàçåðîì iç λ = 0, 337 ìêì
[12�14].

2 Ðåçóëüòàòè òà îáãîâîðåííÿ

Íà ðèñ. 3 ïðåäñòàâëåíî ñïåêòðè ôîòîëþìiíåñöåíöi¨ (ÔË) íàíîêðèñòàëiâ Tl4CdI6.
ßê âèäíî ç ðèñóíêà, ó ñïåêòðàõ ÔË áëî÷íîãî (à) Tl4CdI6 ñïîñòåðiãà¹òüñÿ ëiíiÿ ðå-
êîìáiíàöi¨ âiëüíîãî åêñèòîíà ç hνex = 2, 0176 eÂ òà ëiíiÿ ëîêàëiçîâàíîãî åêñèòîíó
hνex = 2, 015 eÂ [14]. Êðèâà (b) âiäîáðàæà¹ ñïåêòðàëüíèé ðîçïîäië âèïðîìiíþâàííÿ
íàíîêðèñòàëiâ Tl4CdI6, ñèíòåçîâàíèõ ó ìàòðèöÿõ ïîðóâàòîãî êðåìíiþ. Àíàëîãi÷íî
äî ïîïåðåäíüîãî â ñïåêòði ¨¨ ÔË ñïîñòåðiãà¹òüñÿ âèïðîìiíþâàííÿ âiëüíîãî òà ëîêà-
ëiçîâàíîãî åêñèòîíó, àëå çñóíóòèõ çà åíåðãi¹þ ó �ôiîëåòîâó� îáëàñòü. Iíòåíñèâíiñòü
âèïðîìiíþâàííÿ ìàéæå íà ïîðÿäîê ñëàáøà, à âåëè÷èíà çñóâó ñòàíîâèòü ∆E ≈ 80
ìåÂ.

Ðèñ. 3: Ñïåêòðè ÔË íàíîêðèñòàëiâ Tl4CdI6, ñèíòåçîâàíèõ â ðiçíîìàíiòíèõ ìàòðèöÿõ: áëî-
÷íèé êðèñòàë (bulk crystal); ìàòðèöÿ ïîðóâàòîãî êðåìíiþ � (poros selicon); ïîðîæíèíè
ëóæíîáîðîñèëiêàòíîãî ñêëà � (alkaline glass); ïîðîæíèíè ïðèðîäíîãî öåîëiòó � (zeolite
(mordenit))

Â íàñòóïíîìó ñïåêòði ÔË (ðèñ. 3) íàíîêðèñòàëà Tl4CdI6, ñèíòåçîâàíîìó â ïîðàõ
ëóæíîáîðîñèëiêàòíîãî ñêëà, ÷iòêî ñïîñòåðiãà¹òüñÿ ïîäàëüøèé âèñîêîåíåðãåòè÷íèé
çñóâ ñïåêòðiâ âèïðîìiíþâàííÿ. Âåëè÷èíà öüîãî çñóâó ïîðiâíÿíî çi ñïåêòðîì áëî÷íî-
ãî êðèñòàëà ñòàíîâèòü 100 ìåÂ. Iíòåíñèâíiñòü âèïðîìiíþâàííÿ ñïiâìiðíà ç iíòåí-
ñèâíiñòþ ñìóã ÔË íàíîêðèñòàëiâ, ñèíòåçîâàíèõ ó ïîðîæíèíàõ ïîðóâàòîãî êðåìíiþ.
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Òàáë. 1: Åêñïåðèìåíòàëüíî ðîçðàõîâàíi ïàðàìåòðè íàíîêðèñòàëiâ Tl4CdI6 òà Tl4HgI6, ñèí-
òåçîâàíèõ ó ïîðîæíèíàõ ïîðóâàòîãî êðåìíiþ, ëóæíîáîðîñèëiêàòíîãî ñêëà òà ìîðäåíiòó.
∆E � âåëè÷èíà âèñîêîåíåðãåòè÷íîãî çñóâó ñìóãè ëþìiíåñöåíöi¨, Ry � åíåðãiÿ çâ'ÿçêó åêñè-
òîíà

Crystal ∆E, ìåÂ ∆E/Ry ai theor/ai exper
Tl4CdI6 40 8 2
Tl4CdI6 80 16 1,3
Tl4CdI6 250 50 0,4
Tl4HgI6 100 20 2
Tl4HgI6 200 40 0,32

Öå ñâiä÷èòü ïðî òå, ùî ãóñòèíà ðîçïîäiëó ñèíòåçîâàíèõ íàíîêðèñòàëiâ íà ïîâåðõíi
äîñëiäæóâàíèõ ìàòðèöü ïîðóâàòîãî êðåìíiþ i ëóæíîáîðîñèëiêàòíîãî ñêëà � ìàéæå
îäíàêîâà.

Äàëi íà ðèñ. 3 ïîêàçàíî ñïåêòð âèïðîìiíþâàííÿ íàíîêðèñòàëiâ Tl4CdI6, ñèíòå-
çîâàíèõ ó ïîðîæíèíàõ ìîðäåíiòó ç ai = 7 �A, ÿêi âiäïîâiäàþòü âèïàäêó àex > ai.

Ó ñïåêòði ÔË ñïîñòåðiãà¹òüñÿ ñëàáêà ñìóãà ç hνex = 2, 189 eÂ. Äëÿ íå¨ âåëè÷èíà
âèñîêîåíåðãåòè÷íîãî çñóâó ïîðiâíÿíî çi ñïåêòðîì áëî÷íîãî êðèñòàëà ñòàíîâèòü 160
ìåÂ. Ïðè÷îìó íàïiâøèðèíà öi¹¨ ñìóãè ìåíøà íàïiâøèðèíè ñìóãè ÔË âiëüíîãî åêñè-
òîíó, à ¨¨ òåìïåðàòóðíå ãàñiííÿ ìà¹ åêñïîíåíöiàëüíèé õàðàêòåð i âiäïîâiäà¹ T = 35
K, ùî äîâîëi äîáðå óçãîäæó¹òüñÿ ç ìîäåëëþ ëîêàëiçîâàíîãî åêñèòîíà. Çàóâàæèìî,
ùî âiäñóòíiñòü ó öüîìó ñïåêòði ÔË ñìóãè ðåêîìáiíàöi¨ âiëüíîãî åêñèòîíó ìîæå áóòè
ïîÿñíåíà âèêîíàííÿì óìîâè aex > ai. Òîáòî, ïðè çìåíøåííi ðîçìiðiâ íàíîêðèñòà-
ëó äî çíà÷åíü, ìåíøèõ áîðiâñüêîãî ðàäióñà âiëüíîãî åêñèòîíó â êðèñòàëi, iñíóâàííÿ
åêñèòîííèõ ðåçîíàíñiâ ìîæëèâå òiëüêè â ëîêàëiçîâàíîìó àáî àâòîëîêàëiçîâàíèõ ñòà-
íàõ.

ßê âèäíî ç òàáë. 1, ÿêà ìà¹ ïîðiâíÿëüíèé õàðàêòåð, òîáòî, ç îäíi¹¨ ñòîðîíè ÷iòêî
ñïîñòåðiãà¹òüñÿ ðiñò âåëè÷èíè �ôiîëåòîâîãî� çñóâó åêñèòîííî¨ ÔË ïðè çìåíøåííi
ðîçìiðó íàíîêðèñòàëiâ, ç iíøî¨ ñòîðîíè âiäíîøåííÿ ïàðàìåòðiâ ïîðîæíèí ìàòðèöü, â
ÿêèõ çäiéñíþâàâñÿ ñèíòåç, äî åêñïåðèìåíòàëüíî ðîçðàõîâàíèõ ïàðàìåòðiâ ïîðîæíèí
ìàòðèöü äà¹ äîñèòü çàäîâiëüíi çíà÷åííÿ äëÿ âñiõ âèáðàíèõ ìàòðèöü.

Ïîðiâíÿëüíèé àíàëiç îòðèìàíèõ ðåçóëüòàòiâ ïðèâîäèòü äî äóìêè, ùî â íàíî-
êðèñòàëàõ Tl4CdI6 i Tl4HgI6, òàêîæ ñïîñòåðiãà¹òüñÿ åôåêò ðîçìiðíîãî êâàíòóâàííÿ
åêñèòîííîãî ñïåêòðó, ÿêèé ïðîÿâëÿ¹òüñÿ ó âèñîêî åíåðãåòè÷íîìó çñóâi åêñèòîííîãî
ñïåêòðó êðèñòàëiâ ïðè ïîíèæåííi ðîçìiðiâ êâàíòîâèõ êðàïîê.

Âèñíîâîê

Ñèíòåçîâàíî íàíîêðèñòàëè Tl4HgI6 òà Tl4CdI6 âáóäîâàíi â ïðèðîäíèõ ïîðîæíè-
íàõ. Îòðèìàíi ñïåêòðè ôîòîëþìiíåñöåíöi¨ â íàíîêðèñòàëàõ Tl4HgI6 òà Tl4CdI6 ñèí-
òåçîâàíèõ ó ïðèðîäíèõ ìàòðèöÿõ: ïîðóâàòîãî êðåìíiþ, ëóæíîáîðèñèëiêàòíîãî ñêëà,
òà â ïîðîæíèíàõ ïðèðîäíîãî öåîëiòó. Åêñïåðèìåíòàëüíî ðîçðàõîâàíi ïàðàìåòðè ðîç-
ìiðíîãî êâàíòóâàííÿ åêñèòîííèõ ñòàíiâ â íàíîêðèñòàëàõ Tl4HgI6 òà Tl4CdI6.



76

Ì. Ñîëîâéîâ

ISSN 1024-588X. Âiñíèê Ëüâiâñüêîãî óíiâåðñèòåòó. Ñåðiÿ ôiçè÷íà. 2018. Âèï. 55

Ñïèñîê âèêîðèñòàíî¨ ëiòåðàòóðè

1. Ýôðîñ À.Ë. Ìåæçîííîå ïîãëîùåíèå ñâåòà â ïîëóïðîâîäíèêîâîì øàðå / À.Ë. Ýôðîñ // ÔÒÏ. �
1982. � Ò. 16, � 7. � Ñ. 1209�1213.

2. Kayanuma Y. Wannier exciton in microcrystals / Y. Kayanuma // Solid State Communs. � 1986. �
Vol. 59, � 6. � Ð. 405�408. DOI: 10.1016/0038-1098(86)90573-9.

3. Selvakumar V. Quantum size e�ects in spherical semiconductor microcrystals / V. Selvakumar,
S. Sucharita, K. Rustagi // Phys. Rew.(B). � 1987. � Vol. 35, � 8. � Ð. 4098�4101. DOI:
10.1103/physrevb.35.4098

4. Kayanuma Y. Kayanuma Y. Incomplete con�nement of electron and holes in microcrystals /
Y. Kayanuma, H. Momiji // Phys. Rew. (B). � 1990. � Vol. 41, � 14. � Ð. 10261�10263. DOI:
10.1103/physrevb.41.10261

5. Takeda J. Takeda J. Dynamics of free and momentarily localised excitons in HgI2 and PbI2 /
J. Takeda, T. Goto, M. Tatsuoca // J. Luminescence. � 1988. � Vol. 40/41. � Ð. 481�486. DOI:
10.1016/0022-2313(87)90060-3

6. Nozue Y. Nozue Y. Exciton in PbI2 clusters incorporated into zeolite cages / Y. Nozue, Z.K. Tang,
T. Goto // Solid State Communs. � 1990. � Vol. 73, � Ð. 531�534. DOI: 10.1016/0038-1098(90)91043-G

7. Ñåíäåðîâ Ý. Ý.Öåîëèòû, èõ ñèíòåç è óñëîâèÿ îáðàçîâàíèÿ â ïðèðîäå / Ý.Ý. Ñåíäåðîâ, Í.È. Õè-
òàðîâ. � Ì. : Íàóêà, 1970. � 283 ñ.

8. Reuben T. R.T. Collins, P.M. Fauchet and M.A. Tischler. Porous Silicon: From Luminiscence to
LEDs / T. Reuben // Physics Today. � 1997. � Vol. 1. � P.24�30. DOI: 10.1063/1.881650

9. Ðîóñîí Ã. Íåîðãàíè÷åñêèå ñòåêëîîáðàçóþùèå ñèñòåìû / Ã. Ðîóñîí. � M. : Ìèð, 1970. � 312 ñ.
10. Áåóñ À. À. Ãåîõèììèÿ áåðèëëèÿ è ãåíåòè÷åñêèå òèïû áåðèëëèåâûõ ìåñòîðîæäåíèé / À. À.

Áåóñ. � Ì. : Èçä. ÀÍ ÑÑÑÐ, 1960. � 332 ñ.
11. Piasecki M.Piasecki M. Temperature operated infrared nonlinear optical materials based on Tl4HgI6

/ M. Piasecki, G. Lakshminarayana, A.O. Fedorchuk, O.S. Kushnir, V.A. Franiv, A.V. Franiv,
G. Myronchuk, K.J. Plucinski // J. Mater Sci: Mater Electron. � 2013. � Vol. 24. � P. 1187�1193.
DOI: 10.1007/s10854-012-0903-6

12. Franiv V. A. Franiv V.A. Structural transformation in Tl4HgI6 and Tl4CdI6 crystals as evidenced
by dielectric properties and conductivity / V.A. Franiv, Z. Czapla, S. Dacko, O.S. Kushnir // Ukr.
J. Phys. � 2014. � Vol. 59, No 11. � P. 1078�1082. doi: DOI: 10.15407/ujpe59.11

13. Franiv A. V. Franiv A.V. Growth, crystal structure, thermal properties and optical anisotropy
of Tl4CdI6 single crystals / A.V. Franiv , O.S. Kushnir, I.S. Girnyk, V.A. Franiv, I. Kityk,
M. Piasecki and K.J. Plucinski // Ukr. J. Phys. Opt. � 2013. � Vol. 14, No 1. � P. 6�14. DOI:
10.3116/16091833/14/1/6/2013

14. Franiv V. Franiv V. Simulation of optical spectra of novel Tl4HgI6 and Tl4CdI6 optoelectronic
crystals / V. Franiv, O. Bovgyra, O. Kushnir, A. Franiv, K.J. Plucinski // Opt. Applicata. � 2014. �
Vol. XVIV, No 2. � P. 317�326. DOI: 10.5277/oa140212

References
1. À.L. Efros, Fyz.y tekh. poluprovod. � Semicond. Phys. of The Solid St. 16(7), 1209 (1982).
2. Y. Kayanuma, Solid State Communs 59(6), 405 (1986).
3. V. Selvakumar, S. Sucharita and K. Rustagi, Phys. Rew.(B). 35(8), 4098 (1987).
4. Y. Kayanuma and H. Momiji, Phys. Rew. (B). 41(14), 10261 (1990).
5. J. Takeda, T. Goto and M. Tatsuoca, J. Luminescence. 40/41 481 (1988).
6. Y. Nozue, Z. K. Tang and T. Goto, Solid St. Commun. 73 531 (1990).
7. E.E. Senderov and N.Y. Khytarov. Zeolites, their synthesis and conditions of formation in nature.

� M.: Nauka 283 (1970).
8. R.T. Collins, P.M. Fauchet and M.A. Tischler, Physics Today, 1 24 (1997).
9. H.Rawson. Inorganic glass-forming systems � M. : Myr 312 (1970).
10. À À. Áåóñ. Ãåîõèììèÿ áåðèëëèÿ è ãåíåòè÷åñêèå òèïû áåðèëëèåâûõ ìåñòîðîæäåíèé -� Ì. : Èçä.

ÀÍ ÑÑÑÐ, 1960. � 332 ñ.
11. M. Piasecki, G. Lakshminarayana, A.O. Fedorchuk, O.S. Kushnir, V.A. Franiv, A.V. Franiv,

G. Myronchuk, K.J. Plucinski, J. Mater Sci: Mater Electron. 24 1187 (2013).
doi.org/10.1007/s10854-012-0903-6.

12. V.A. Franiv, Z. Czapla, S. Dacko and O.S. Kushnir, Ukr. J. Phys. 59(11) 1078 (2014). doi:
13. A.V. Franiv, O.S. Kushnir, I.S. Girnyk, V.A. Franiv, I. Kityk, M. Piasecki and K.J. Plucinski, Ukr.

J. Phys. Opt. 14(1) 6 (2013).



Ñèíòåç òà ôîòîëþìiíåñöåíöiÿ íàíîêðèñòàëiâ ...

ISSN 1024-588X. Âiñíèê Ëüâiâñüêîãî óíiâåðñèòåòó. Ñåðiÿ ôiçè÷íà. 2018. Âèï. 55 77

14. V. Franiv, O. Bovgyra, O. Kushnir, A. Franiv , K.J. Plucinski, Opt. Applicata XVIV(2) 317
(2014).

Synthesis and photoluminescence of Tl4CdI6 and Tl4HgI6
nanocrystals embedded in natural cavities

M. Solovyov

Ivan Franko National University of Lviv

Kyrylo and Mefodiy St., 8, 79005 Lviv, Ukraine

e-mail: Solov_Nik@ukr.net

At present, of an actual problem of semiconductor microelectronics is the
controlled change in the fundamental characteristics and spectral-kinetic
parameters of semiconductors, in particular, such as: band gap, energy posi-
tion and half-width of excitonic absorption bands and photoluminescence, etc.,
without changing the crystalline structure and chemical composition of materi-
als. It is known that the above tasks can be practically realized by means
of gradual reduction of dimensionality and volume of an object during the
transition from a block three-dimensional to quasizero-dimensional crystal of
a quantum dot type. Periodic lattices of microcrystals of various compounds
synthesized in cavities of various matrices as well as those grown by epitaxi-
al methods are the perspective model objects of quasizero-dimensional media
whose properties are being actively studied. The main scienti�c interest in such
objects is concentrated around the following questions: possibility of formati-
on of a three-dimensional superlattice, regularities of renormalization of the
energy spectrum of charge carriers, general problems of the theory of the electron
energy spectrum at transforming the latter from purely three-dimensional, block
monocrystalline types to quasithree-dimensional, two-dimensional, and zero-
dimensional structures. In this connection, the present paper presents the results
of studying the optical properties of Tl4CdI6 and Tl4HgI6 crystals synthesized
in structural matrices of natural zeolite (mordenite), beryl and porous silicon at
changing the structure and parameters of a matrix and realizing the conditions
under which the predetermined discrete number of elementary cells of a crystal
is formed in the quantum dot. In this paper, we consider the main approaches to
the problem of dimensional quantization of the electron and exciton spectra of
crystals and analyze the boundary conditions for existence of this e�ect dependi-
ng on the size of quantum dot and other parameters of the crystal, in particular,
such as: the ratio between the e�ective masses of carriers, the Bohr radius of
exciton, etc.

Key words: quantum dot, exciton, photoluminescence, nanocrystals, synthes,
bandgap
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