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Ïðîâåäåíî äîñëiäæåííÿ îïòè÷íèõ âëàñòèâîñòåé ñôåðè÷íèõ íàíî÷àñòèíîê
CdSe ç ðàäióñîì (R) âiä 1 äî 100 íì. Óñi ðîçðàõóíêè, âðàõîâóþ÷è ðîçñiþ-
âàííÿ òà ïîãëèíàííÿ ñâiòëà ñôåðè÷íèìè íàíî÷àñòèíêàìè CdSe, ïðîâåäåíî
çà äîïîìîãîþ òåîði¨ Ìi. Äëÿ ðîçðàõóíêó âèêîðèñòàíî âçà¹ìîäiþ ñâiòëà ç
îäíîðiäíèìè ñôåðè÷íèìè íàíî÷àñòèíêàìè CdSe, ùî ïåðåáóâàþòü ó âàêó-
óìi, âîäi òà SiO2. Ïðîàíàëiçîâàíî êîåôiöi¹íòè åêñòèíêöi¨, ðîçñiþâàííÿ òà
ïîãëèíàííÿ. Òàêîæ îòðèìàíî ðîçïîäië àìïëiòóäè åëåêòðè÷íîãî ïîëÿ ðîçñi-
ÿíîãî ñâiòëà i êîåôiöi¹íò ïîëÿðèçàöi¨ äëÿ ñôåðè÷íèõ íàíî÷àñòèíîê CdSe.

Êëþ÷îâi ñëîâà: íàíî÷àñòèíêè CdSe, ðîçñiþâàííÿ òà ïîãëèíàííÿ ñâiòëà,
òåîðiÿ êâàíòîâèõ òî÷îê, II�VI.

Âñòóï

Îäíà ç ãîëîâíèõ óíiêàëüíèõ âëàñòèâîñòåé êâàíòîâèõ òî÷îê, àáî íàíî÷àñòèíîê
âèíèêà¹ çàâäÿêè êâàíòîâîìó îáìåæåííþ íîñi¨â çàðÿäó [1]. Ó áiëüøîñòi íàïiâïðîâiä-
íèêiâ åôåêò êâàíòîâîãî îáìåæåííÿ âèÿâëÿ¹òüñÿ, êîëè ðîçìið íàíî÷àñòèíîê ìåíøèé
çà 10 íì [1]. Íàíî÷àñòèíêè ñåëåíiäó êàäìiþ ¹ âàæëèâèì íàïiâïðîâiäíèêîâèì ìà-
òåðiàëîì ãðóïè II-VI ç âóçüêîþ øèðèíîþ çàáîðîíåíî¨ çîíè òà âåëèêèì ðàäióñîì
çáóäæåííÿ Áîðà (∼5 íì).

Íàíî÷àñòèíêè CdSe áóëî ñèíòåçîâàíî ìåòîäîì êîíòðîëüîâàíî¨ êîëî¨äíî¨ îáðîá-
êè [2�4]. Ðîçóìiííÿ ÷èííèêiâ, ÿêi êîíòðîëþþòü îñíîâíi åíåðãåòè÷íi ïðîöåñè â íà-
íî÷àñòèíêàõ CdSe [2, 5�8], äàëî çìîãó çíàéòè òåõíîëîãi÷íå çàñòîñóâàííÿ öèõ íàíî-
÷àñòèíîê ÿê ôëóîðåñöåíòíèõ çîíäiâ [8,9], ðåãóëüîâàíèõ ïîãëèíà÷iâ i âèïðîìiíþâà÷i
ó íàíîðîçìiðíié åëåêòðîíiöi [10], à òàêîæ ÿê ëàçåðiâ íà êâàíòîâèõ òî÷êàõ [11]. Òî-
ìó êëàñòåðè òà íàíî÷àñòèíêè CdSe ¹ ïåðñïåêòèâíèìè ñèñòåìàìè äëÿ ïðîâåäåííÿ
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òåîðåòè÷íèõ äîñëiäæåíü, ïîøóêó øëÿõiâ ìîäèôiêàöi¨ ¨õíiõ âëàñòèâîñòåé. Öå íàñàì-
ïåðåä ïîâ'ÿçàíî ç ¨õíiìè îïòè÷íèìè òà åëåêòðîííèìè âëàñòèâîñòÿìè, ÿêi çàëåæàòü
âiä ðîçìiðó. Iíøîþ ïåðåâàãîþ ¹ ìîæëèâiñòü ñèíòåçó êëàñòåðiâ/íàíî÷àñòèíîê CdSe
ç âóçüêèì ðîçïîäiëîì ðîçìiðiâ, ïðî ùî ïîâiäîìëÿëîñÿ â êiëüêîõ åêñïåðèìåíòàëüíèõ
ïðàöÿõ [12�15]. Îòæå, öå äàëî çìîãó ïðîâåñòè ïîðiâíÿëüíèé àíàëiç åêñïåðèìåíòàëü-
íèõ ðåçóëüòàòiâ ç òåîðåòè÷íèìè äàíèìè.
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Ðèñ. 1: Êîåôiöi¹íò åêñòèíêöi¨ (Qext), ðîçñiþâàííÿ (Qsca) i ïîãëèíàííÿ (Qabs) ñôåðè÷íèõ
íàíî÷àñòèíîê CdSe ç R = 30, 50 i 100 íì ó âàêóóìi (ïîäðîáèöi íà ðèñ.)

Fig. 1: Extinction (Qext), scattering (Qsca), and absorption (Qabs) e�ciencies of spherical CdSe
nanoparticles with R = 30, 50, and 100 nm (details on legend to �gure) in vacuum
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Ðèñ. 2: Ñïåêòðàëüíà çàëåæíiñòü êîåôiöi¹íòiâ åêñòèíêöi¨ (Qext), ðîçñiþâàííÿ (Qsca) i ïîãëè-
íàííÿ (Qabs) ñôåðè÷íèõ íàíî÷àñòèíîê CdSe ó âàêóóìi

Fig. 2: Spectral dependence of the extinction (Qext), scattering (Qsca), and absorption (Qabs)
e�ciencies for spherical CdSe nanoparticles in vacuum

Ìàòðèöi äëÿ íàíî÷àñòèíîê CdSe ìîæóòü áóòè òâåðäèìè àáî ðiäêèìè, îðãàíi÷íè-
ìè àáî íåîðãàíi÷íèìè. Íåçàëåæíî âiä âèêîðèñòîâóâàíèõ ìàòðèöü (òâåðäèõ àáî ðiä-
êèõ), îäíèì iç îñíîâíèõ îïòè÷íèõ ïàðàìåòðiâ ¹ ðîçñiþâàííÿ ñâiòëà. ßê âiäîìî, ôî-
òîíè íàéñèëüíiøå ðîçñiþþòüñÿ òèìè ñòðóêòóðàìè, ðîçìið ÿêèõ âiäïîâiäà¹ äîâæèíi
õâèëi ôîòîíà [16]. Öå ïiäòâåðäæó¹ âàæëèâiñòü äîñëiäæåííÿ êîåôiöi¹íòiâ åêñòèíêöi¨,
ðîçñiþâàííÿ òà ïîãëèíàííÿ ñôåðè÷íèõ íàíî÷àñòèíîê.

Ó öüîìó äîñëiäæåííi îïòè÷íi âëàñòèâîñòi ñôåðè÷íèõ íàíî÷àñòèíîê CdSe ç ðàäi-
óñîì (R) âiä 1 äî 100 íì âèâ÷àëè çà äîïîìîãîþ òåîði¨ Ìi [17�19]. Ïðîàíàëiçîâàíî
âçà¹ìîäiþ ñâiòëà ç îäíîðiäíèìè ñôåðè÷íèìè íàíî÷àñòèíêàìè CdSe â ðiçíèõ ìàòðè-
öÿõ.
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Ðèñ. 3: Çàëåæíiñòü êîåôiöi¹íòiâ åêñòèíêöi¨ (Qext), ðîçñiþâàííÿ (Qsca) i ïîãëèíàííÿ (Qabs)
âiä ðîçìiðó ñôåðè÷íèõ íàíî÷àñòèíîê CdSe ó âàêóóìi

Fig. 3: Extinction (Qext), scattering (Qsca), and absorption (Qabs) e�ciencies dependence on
the size of spherical CdSe nanoparticles in vacuum
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Ðèñ. 4: Ñïåêòðàëüíà çàëåæíiñòü êîåôiöi¹íòiâ åêñòèíêöi¨ (Qext), ðîçñiþâàííÿ (Qsca) i ïîãëè-
íàííÿ (Qabs) ñôåðè÷íèõ íàíî÷àñòèíîê CdSe ó SiO2

Fig. 4: Extinction (Qext), scattering (Qsca), and absorption (Qabs) e�ciencies of spherical CdSe
nanoparticles in SiO2

1. Ìåòîä ðîçðàõóíêó

Äëÿ ðîçðàõóíêó âçà¹ìîäi¨ ñâiòëà çi ñôåðè÷íèìè íàíî÷àñòèíêàìè CdSe âèêîðè-
ñòàëè òåîðiþ Ìi [17�19]. Äëÿ ìîäåëþâàííÿ âèêîðèñòîâóâàëè ñïåêòðàëüíèé äiàïàçîí
âiä 300 äî 800 íì. Ðàäióñ (R) ñôåðè÷íèõ íàíî÷àñòèíîê CdSe çìiíþâàâñÿ âiä 1 äî 100
íì. ßê ìàòðèöþ (ñåðåäîâèùà) äëÿ íàíî÷àñòèíîê CdSe âèêîðèñòîâóâàëè âàêóóì,
âîäó òà SiO2.

Êîåôiöi¹íòè åêñòèíêöi¨ (Qext), ðîçñiþâàííÿ (Qsca) òà ïîãëèíàííÿ (Qabs) ñôåðè-
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÷íî¨ íàíî÷àñòèíêè ìîæóòü áóòè ðîçðàõîâàíi çà äîïîìîãîþ ðiâíÿíü 1�3 [20]:

Qext =
2

x2
Σ∞
n=1(2n+ 1)Re(an + bn), x =

2πRnm
λ

(1)

Qsct =
2

x2
Σ∞
n=1(2n+ 1)(| an |2 + | bn |2) (2)

Qabs = Qext −Qsct (3)

Ó ðiâíÿííÿõ 1 òà 2, an i bn � öå êîåôiöi¹íòè ðîçñiþâàííÿ [19], nm � ïîêàçíèê
çàëîìëåííÿ ñåðåäîâèùà
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Ðèñ. 5: Ñïåêòðàëüíà çàëåæíiñòü êîåôiöi¹íòiâ åêñòèíêöi¨ (Qext), ðîçñiþâàííÿ (Qsca) i ïîãëè-
íàííÿ (Qabs) ñôåðè÷íèõ íàíî÷àñòèíîê CdSe ó âîäi

Fig. 5: Extinction (Qext), scattering (Qsca), and absorption (Qabs) e�ciencies of spherical CdSe
nanoparticles in water

Ó ðiâíÿííÿõ 4 i 5: x � ïàðàìåòð ðîçìiðó (äèâ. ðiâíÿííÿ 1); m � âiäíîñíèé ïî-
êàçíèê çàëîìëåííÿ; µ1 òà µ � ìàãíiòíi âëàñòèâîñòi ÷àñòèíêè òà ñåðåäîâèùà, âiä-
ïîâiäíî; jn(ρ) òà h(1)n (ρ) � ñôåðè÷íi ôóíêöi¨ Áåññåëÿ ïåðøîãî òà òðåòüîãî òèïiâ,
âiäïîâiäíî (ñôåðè÷íi ôóíêöi¨ Õàíêåëÿ ïåðøîãî òèïó). Ïîêàçíèê çàëîìëåííÿ äëÿ
CdSe áóëî âçÿòî ç [21].
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Ðèñ. 6: Ñïåêòðàëüíà çàëåæíiñòü êîåôiöi¹íòiâ åêñòèíêöi¨ (Qext), ðîçñiþâàííÿ (Qsca) i ïîãëè-
íàííÿ (Qabs) ñôåðè÷íèõ íàíî÷àñòèíîê CdSe ó ðiçíèõ ìàòðèöÿõ (äåòàëi íà ðèñ.)

Fig. 6: Extinction (Qext), scattering (Qsca), and absorption (Qabs) e�ciencies of spherical CdSe
nanoparticles (details on legend to �gure) in di�erent matrices

2. Ðåçóëüòàòè ðîçðàõóíêiâ òà îáãîâîðåííÿ

Íà ðèñ. 1 ïîêàçàíî ñïåêòðàëüíó çàëåæíiñòü êîåôiöi¹íòà åêñòèíêöi¨ (Qext), ðîçñi-
þâàííÿ (Qsca) òà ïîãëèíàííÿ (Qabs) ñôåðè÷íèõ íàíî÷àñòèíîê CdSe ç ðàäióñàìè R

= 10, 30 òà 100 íì. Ïîãëèíàííÿ ¹ îñíîâíèì ïðîöåñîì âçà¹ìîäi¨ ñâiòëà ç íàíî÷àñ-
òèíêàìè CdSe, ðîçìið ÿêèõ ìåíøèé çà 30 íì (R< 30 íì). Çi çáiëüøåííÿì ðîçìiðó
íàíî÷àñòèíîê CdSe (R −→ 100 íì), êîåôiöi¹íòè åêñòèíêöi¨ (Qext) òà ðîçñiþâàííÿ
(Qsca) ñòàþòü ïåðåâàæàëüíèìè.

Ñïåêòðàëüíà ïîâåäiíêà êîåôiöi¹íòiâ åêñòèíêöi¨ (Qext), ðîçñiþâàííÿ (Qsca) òà ïî-
ãëèíàííÿ (Qabs) äëÿ ñôåðè÷íèõ íàíî÷àñòèíîê CdSe ç ðiçíèìè ðàäióñàìè çîáðàæåíà
íà ðèñ. 2. Ñïåêòðàëüíi çàëåæíîñòi êîåôiöi¹íòiâ Qext, Qsca òà Qabst äëÿ íàíî÷àñòè-
íîê CdSe ç ðàäióñîì R ≤ 30 íì ìàþòü àíàëîãi÷íó ïîâåäiíêó. Ñåðåäíÿ iíòåíñèâíiñòü
Qext, Qsca òà Qabs çáiëüøó¹òüñÿ çi çáiëüøåííÿì ðîçìiðó íàíî÷àñòèíîê (ðàäióñó). Àá-



118

Ã. Iëü÷óê, Å. Âèñî÷àíñüêà, I. Ñåìêiâ, Ì. Ðóäèø òà ií.

ISSN 1024-588X. Âiñíèê Ëüâiâñüêîãî óíiâåðñèòåòó. Ñåðiÿ ôiçè÷íà. 2024. Âèï. 61

0 30 60 90 120 150 180 210 240 270 300 330 360
0,0

0,2

0,4

0,6

0,8

1,0

P

, deg.

 R= 1 nm
 R= 10 nm
 R= 30 nm
 R= 50 nm
 R= 70 nm
 R= 100 nm

= 632,8 nm
vacuum

0 30 60 90 120 150 180 210 240 270 300 330 360
0,0

0,2

0,4

0,6

0,8

1,0 = 632,8 nm
water

P

, deg.

 R= 1 nm
 R= 10 nm
 R= 30 nm
 R= 50 nm
 R= 70 nm
 R= 100 nm

0 30 60 90 120 150 180 210 240 270 300 330 360
0,0

0,2

0,4

0,6

0,8

1,0 = 632,8 nm
SiO2

P

, deg.

 R= 1 nm
 R= 10 nm
 R= 30 nm
 R= 50 nm
 R= 70 nm
 R= 100 nm

Ðèñ. 7: Êîåôiöi¹íò ïîëÿðèçàöi¨ ñôåðè÷íèõ íàíî÷àñòèíîê CdSe â ðiçíèõ ìàòðèöÿõ (äåòàëi
íà ðèñ.)

Fig. 7: The polarization ratio of spherical CdSe nanoparticles in di�erent matrices (details on
legend to �gure)

ñîëþòíi çíà÷åííÿ Qext, Qsca òà Qabs âèÿâëÿþòü ðiçíó ïîâåäiíêó â öèõ ñïåêòðàëüíèõ
äiàïàçîíàõ (ïðèêëàä, íà ðèñ. 3 çîáðàæåíà çàëåæíiñòü Qext, Qsca òà Qabst âiä ðàäióñó
íàíî÷àñòèíîê CdSe äëÿ λ= 300, 632,8 òà 800 íì). Àáñîëþòíi çíà÷åííÿ Qext, Qsca òà
Qabst äëÿ λ= 632,8 òà 800 íì ïiäòâåðäæóþòü àíàëîãi÷íó ïîâåäiíêó, à ñàìå çðîñòà-
þòü çi çáiëüøåííÿì ðîçìiðó íàíî÷àñòèíîê. Îäíàê äëÿ λ= 300 íì ñïîñòåðiãà¹òüñÿ
ñêëàäíiøà ïîâåäiíêà, à ñàìå, àáñîëþòíi çíà÷åííÿ Qext, Qsca òà Qabst çáiëüøóþòüñÿ
çi çáiëüøåííÿì ðîçìiðó íàíî÷àñòèíîê äëÿ R < 45 íì i çìåíøóþòüñÿ äëÿ R > 45 íì.

Íàñòóïíèé åòàï äîñëiäæåííÿ � ç'ÿñóâàííÿ âïëèâó ñåðåäîâèùà (ðiäêi òà òâåðäi
ìàòðèöi) íà ïðîöåñè ðîçñiþâàííÿ òà ïîãëèíàííÿ ñâiòëà íà îäíîðiäíèõ ñôåðè÷íèõ
íàíî÷àñòèíêàõ CdSe. ßê ðiäêó òà òâåðäó ìàòðèöi äëÿ íàíî÷àñòèíîê CdSe âèêîðè-
ñòîâóâàëè âîäó òà SiO2, âiäïîâiäíî. Íà ðèñ. 4 i 5 çîáðàæåíî êîåôiöi¹íòè åêñòèíêöi¨
(Qext), ðîçñiþâàííÿ (Qsca) òà ïîãëèíàííÿ (Qabs) ñôåðè÷íèõ íàíî÷àñòèíîê CdSe (R
= 10, 30 òà 100 íì) ó âîäi òà SiO2, âiäïîâiäíî.

Îäíîðiäíi ñôåðè÷íi íàíî÷àñòèíêè CdSe, ïîìiùåíi â ðiäêi òà òâåðäi ìàòðèöi (â
íàøîìó âèïàäêó ó âîäó òà SiO2, âiäïîâiäíî), äåìîíñòðóþòü ïîäiáíó ñïåêòðàëüíó
ïîâåäiíêó, ÿê i ó âàêóóìi (äèâ. ðèñ. 6). Îäíàê ñïîñòåðiãà¹ìî çìiíè â àáñîëþòíié ií-
òåíñèâíîñòi êîåôiöi¹íòiâ åêñòèíêöi¨ (Qext), ðîçñiþâàííÿ (Qsca) òà ïîãëèíàííÿ (Qabs),
êîëè íàíî÷àñòèíêè CdSe ïåðåáóâàþòü ó âîäi àáî SiO2 (äèâ. ðèñ. 6). Âèÿâëåíî, ùî
äëÿ íàíî÷àñòèíîê CdSe, ç ðàäióñîì ìåíøå 45 íì, êîåôiöi¹íòè Qsca, Qext òà Qabs äå-
ìîíñòðóþòü àíàëîãi÷íó ïîâåäiíêó. À ñàìå, âîíè çðîñòàþòü iç çáiëüøåííÿì ïîêàçíèêà
çàëîìëåííÿ ìàòðèöi (nwater ≃1,39λ=200íì ≃ 1,33λ=1000íì [22], nSiO2 ≃ 1,54λ=210íì ≃
1,45λ=1000íì [23]), â ÿêó ïîìiùåíî íàíî÷àñòèíêè. Íàòîìiñòü äëÿ íàíî÷àñòèíîê âå-
ëèêèõ ðîçìiðiâ (R −→ 100 íì) ñïîñòåðiãà¹òüñÿ çâîðîòíà çàêîíîìiðíiñòü (çìåíøåííÿ
êîåôiöi¹íòiâ Qsca, Qext òà Qabs çi çðîñòàííÿì ïîêàçíèêà çàëîìëåííÿ ìàòðèöi).

Êîåôiöi¹íò ïîëÿðèçàöi¨ ðîçðàõîâóâàëè çà äîïîìîãîþ ðiâíÿííÿ 6. Âiäíîñíó iíòåí-
ñèâíiñòü ðîçñiÿíîãî ñâiòëà ìîæíà ðîçðàõóâàòè çà äîïîìîãîþ ðiâíÿíü 7 i 8, ÿêùî
ïàäàþ÷å ñâiòëî ïîâíiñòþ ïîëÿðèçîâàíå ïàðàëåëüíî äî ïëîùèíè ðîçñiþâàííÿ (Ipar)
òà ïåðïåíäèêóëÿðíî äî ïëîùèíè ðîçñiþâàííÿ (Iper), âiäïîâiäíî. Â ðiâíÿííi 7 òà 8,
πn i τn � öå ôóíêöi¨, ùî çàëåæàòü âiä êóòà
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Ðèñ. 8: Ðîçïîäië àìïëiòóäè ðîçñiÿíîãî åëåêòðè÷íîãî ïîëÿ (λ = 632,8 íì) íà ñôåðè÷íèõ
íàíî÷àñòèíêàõ CdSe ç R = 10 íì

Fig. 8: The distribution of the amplitude of scattering electric �eld (λ = 632.8 nm) of spherical
CdSe nanoparticles with R = 10 nm in vacuum (top), water (center), and SiO2 (bottom)

P =
Iper − Ipar

Iper + Ipar
(6)

Ipar =| Σn
2n+ 1

n(n+ 1)
(anτn + bnπn) |2 (7)

Iper =| Σn
2n+ 1

n(n+ 1)
(anπn + bnτn) |2 . (8)

Íåçàëåæíî âiä ðîçìiðó òà ñêëàäó ñôåðè÷íî¨ íàíî÷àñòèíêè, âèêîíó¹òüñÿ ðiâíiñòü
P(0o)=P(180o)= 0 [20].

Íà ðèñ. 7 çîáðàæåíî êîåôiöi¹íò ïîëÿðèçàöi¨ ñôåðè÷íèõ íàíî÷àñòèíîê CdSe â ði-
çíèõ ìàòðèöÿõ äëÿ λ= 632,8 íì. Çãiäíî ç êðèòåðiÿìè, íàâåäåíèìè â [20], ÿêùî P > 0,
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Ðèñ. 9: Ðîçïîäië àìïëiòóäè ðîçñiÿíîãî åëåêòðè÷íîãî ïîëÿ (λ = 632,8 íì) íà ñôåðè÷íèõ
íàíî÷àñòèíêàõ CdSe ç R = 50 íì

Fig. 9: The distribution of the amplitude of scattering electric �eld (λ = 632.8 nm) of spherical
CdSe nanoparticles with R = 50 nm in vacuum (top), water (center), and SiO2 (bottom)

òî ðîçñiÿíå ñâiòëî ÷àñòêîâî ïîëÿðèçîâàíå ïåðïåíäèêóëÿðíî äî ïëîùèíè ðîçñiþâàí-
íÿ, à ÿêùî P < 0 � ÷àñòêîâî ïîëÿðèçîâàíå ïàðàëåëüíî äî ïëîùèíè ðîçñiþâàííÿ.
Ìîæíà ïðèïóñòèòè, ùî ðîçñiÿíå ñâiòëî ÷àñòêîâî ïîëÿðèçîâàíå ïåðïåíäèêóëÿðíî äî
ïëîùèíè ðîçñiþâàííÿ äëÿ íàíî÷àñòèíîê CdSe. Òàêîæ áóëî ïîìi÷åíî çìåíøåííÿ ìà-
êñèìàëüíîãî çíà÷åííÿ êîåôiöi¹íòà ïîëÿðèçàöi¨ çi çáiëüøåííÿì ðîçìiðó íàíî÷àñòè-
íîê CdSe.

Ç ìåòîþ ïiäòâåðäæåííÿ îòðèìàíèõ ðåçóëüòàòiâ, áóëî ïðîâåäåíî ðîçðàõóíîê ðîç-
ïîäiëó àìïëiòóäè ðîçñiÿíîãî åëåêòðè÷íîãî ïîëÿ (λ= 632,8 íì) äëÿ ñôåðè÷íèõ íàíî-
÷àñòèíîê CdSe ðiçíèõ ðîçìiðiâ ó âàêóóìi, âîäi òà SiO2 (äèâ. ðèñ. 8 i 9). Öåé ðîçðà-
õóíîê áóëî âèêîíàíî ç âèêîðèñòàííÿì ïðîãðàìíîãî ïàêåòà PyMiåLàb-V1.0 [20]. ßê
çàçíà÷àëîñü ðàíiøå, àìïëiòóäà ðîçñiÿíîãî åëåêòðè÷íîãî ïîëÿ çðîñòà¹ çi çáiëüøåí-
íÿì ðîçìiðó ÷àñòèíîê. Òàêîæ áóëî ïiäòâåðäæåíî, ùî ðîçñiþâàííÿ ñâiòëà çáiëüøó-
¹òüñÿ çi çìiíîþ ìàòðèöi. ßê âèäíî ç ðèñ. 8 i 9, àìïëiòóäà ðîçñiÿíîãî åëåêòðè÷íî-
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ãî ïîëÿ çáiëüøó¹òüñÿ çi çáiëüøåííÿì ïîêàçíèêà çàëîìëåííÿ ìàòðèöi (nvacuum = 1,
nwater ∼1,33 [22], nSiO2 ∼1,46 (λ = 632,8 íì) [23]).

Âèñíîâêè

Îïòè÷íi âëàñòèâîñòi ñôåðè÷íèõ íàíî÷àñòèíîê CdSe ç ðîçìiðîì (R) âiä 1 äî
100 íì âèâ÷àëè â ðàìêàõ òåîði¨ Ìi. Äîñëiäæåíî âçà¹ìîäiþ ñâiòëà ç îäíîðiäíèìè
ñôåðè÷íèìè íàíî÷àñòèíêàìè CdSe, ïîìiùåíèìè â ðiçíi ìàòðèöi (âàêóóì, âîäà òà
SiO2).

Ðîçðàõîâàíî ñïåêòðàëüíó ïîâåäiíêó (300�800 íì) êîåôiöi¹íòiâ åêñòèíêöi¨ (Qext),
ðîçñiþâàííÿ (Qsca) òà ïîãëèíàííÿ (Qabs) äëÿ îäíîðiäíèõ ñôåðè÷íèõ íàíî÷àñòèíîê
CdSe. Ïiäòâåðäæåíî, ùî ïîãëèíàííÿ ¹ îñíîâíèì ïðîöåñîì, ÿêèé âiäïîâiäà¹ çà âçà¹-
ìîäiþ ñâiòëà ç íàíî÷àñòèíêàìè CdSe, ðîçìið ÿêèõ ìåíøå 30 íì (R < 30 íì).

Äîñëiäæåíî âçà¹ìîäiþ ñâiòëà ç îäíîðiäíèìè ñôåðè÷íèìè íàíî÷àñòèíêàìè CdSe,
ïîìiùåíèìè â ðiäêi òà òâåðäi ìàòðèöi (âîäà òà SiO2, âiäïîâiäíî). Êîåôiöi¹íòè åêñòèí-
êöi¨ (Qext), ðîçñiþâàííÿ (Qsca) òà ïîãëèíàííÿ (Qabs) äåìîíñòðóþòü ïîäiáíó ñïåêò-
ðàëüíó ïîâåäiíêó äëÿ óñiõ äîñëiäæóâàíèõ ìàòðèöü (âàêóóì, âîäà òà SiO2). Ç'ÿñîâàíî,
ùî iíòåíñèâíiñòü êîåôiöi¹íòiâ åêñòèíêöi¨ (Qext), ðîçñiþâàííÿ (Qsca) òà ïîãëèíàííÿ
(Qabs) çàëåæèòü âiä ïîêàçíèêà çàëîìëåííÿ ìàòðèöi i çðîñòà¹ ç éîãî çáiëüøåííÿì.

Ðîçðàõîâàíî êîåôiöi¹íò ïîëÿðèçàöi¨ ñôåðè÷íèõ íàíî÷àñòèíîê CdSe â ðiçíèõ ìàò-
ðèöÿõ äëÿ λ = 632,8 íì. Ïiäòâåðäæåíî âèçíà÷åíi ðåçóëüòàòè, âèêîðèñòîâóþ÷è ðîç-
ïîäië àìïëiòóäè ðîçñiÿíîãî åëåêòðè÷íîãî ïîëÿ (λ = 632,8 íì) äëÿ ñôåðè÷íèõ íàíî-
÷àñòèíîê CdSe ðiçíèõ ðîçìiðiâ ó ðiçíèõ ìàòðèöÿõ (âàêóóì, âîäà òà SiO2).
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CdSe nanoparticles are critical II-VI group semiconducting material with a
narrow bulk band gap and a high excitation Bohr radius. This parameter makes
studying quantum con�nement e�ects on the higher particle size possible. Opti-
cal properties of the spherical CdSe nanoparticles with a size (R) between
1 and 100 nm have been studied in the framework of Mie theory. The li-
ght interaction with the homogeneous spherical CdSe nanoparticles maintai-
ned in di�erent matrices (vacuum, water, and SiO2) is studied. Regardless of
the matrices used (solid or liquid), one of the leading optical parameters is the
scattering of light. As known, the photons are most strongly scattered by those
structures whose size matches the photon wavelength. This allows pointing out
the importance of research extinction, scattering, and absorption e�ciencies of
spherical nanoparticles. The spectral behavior (200-800 nm) of the extinction
(Qext), scattering (Qsca), and absorption (Qabst) e�ciencies for homogeneous
spherical CdSe nanoparticles were calculated. It was obtained that absorption
is the primary process corresponding to light interaction with the small CdSe
nanoparticles (R< 30 nm). The light interaction with the homogeneous spheri-
cal CdSe nanoparticles maintained in liquid and solid matrices (water and SiO2,
respectively) was studied. The extinction (Qext), scattering (Qsca), and absorpti-
on (Qabst) e�ciencies show similar spectral behavior for CdSe nanoparticles in
the water and SiO2 as in a vacuum. The polarization ratio of spherical CdSe
nanoparticles in di�erent matrices for λ= 632.8 nm was calculated. The scattered
light was obtained as partially polarized perpendicular to the scattering plane
for CdSe nanoparticles. Finally, we con�rm the above results by using near-�eld
distribution at λ= 632.8 nm of spherical CdSe nanoparticles with di�erent sizes
and in various matrices (vacuum, water, and SiO2).

Key words: CdSe nanoparticles, light scattering and absorption, theory of
quantum dots, II�VI.


