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Ó ñòàòi îá ðóíòîâàíî ìåòîä âèçíà÷åííÿ ðîçïîäiëó çà ðîçìiðàìè ÷àñòèíîê
ñêëàäîâèõ çîëþ ìåòàëó ç îïòè÷íèõ ñïåêòðiâ ïîãëèíàííÿ. Ìåòîä âèêîðèñòà-
íî äëÿ äîñëiäæåííÿ çîëþ ñðiáëà, îòðèìàíîãî ìåòîäîì òèïó ¾çíèçó-âãîðó¿
� âiäíîâëåííÿ ñðiáëà iç ñïèðòîâîãî ðîç÷èíó AgNO3 ïiä äi¹þ óëüòðàôiîëåòî-
âîãî âèïðîìiíþâàííÿ.

Êëþ÷îâi ñëîâà: ñïåêòðè ïîãëèíàííÿ, çîëi ñðiáëà, òåîðiÿ Ìi

1 Âñòóï

Îñòàííiìè ðîêàìè iíòåíñèâíî äîñëiäæóþòüñÿ ìåòàëi÷íi íàíî÷àñòèíêè (Í×), ùî
ïîâ'ÿçàíî ç iñíóâàííÿì ó òàêèõ ñèñòåìàõ ëîêàëiçîâàíèõ ïëàçìîííèõ çáóäæåíü - êî-
ëåêòèâíèõ êîëèâàíü âiëüíèõ åëåêòðîíiâ ìåòàëó áiëÿ éîãî ïîâåðõíi [1]. Ðîçìiðè Í×,
íà ÿêèõ ôiêñóþòüñÿ ïëàçìîííi ðåçîíàíñè, ¹ çíà÷íî ìåíøèìè âiä äîâæèíè õâèëi, ùî
äà¹ çìîãó êîíöåíòðóâàòè åëåêòðîìàãíiòíó åíåðãiþ ó ìàëèõ (ïîðiâíÿíî ç λ) îá'¹ìàõ
[8,9]. Ìåòàëi÷íi Í× øèðîêî âèêîðèñòîâóþòüñÿ ó ðiçíèõ ãàëóçÿõ, ùî çóìîâëåíî, ãî-
ëîâíî, íàíîðîçìiðíèì ìàñøòàáîì Í× òà iñíóâàííÿì ó íèõ âëàñíèõ ÷àñòîò êîëèâàíü
â îïòè÷íié îáëàñòi ñïåêòðà. Âîíè ñëóæàòü áàçîþ íîâîãî íàïðÿìó ðîçâèòêó åëåêòðî-
íiêè � íàíîïëàçìîíiêè, ÿêà ïî¹äíó¹ íàíîðîçìiðíó âåëè÷èíó ïðèñòðî¨â òà îïòè÷íi
÷àñòîòè ¨õíüîãî ôóíêöiîíóâàííÿ [1-4].

Êðiì òîãî, Í× ¹ âàæëèâèì ¾áóäiâåëüíèì ìàòåðiàëîì¿ äëÿ ñòâîðåííÿ íîâîãî òèïó
íàíîñòðóêòóðîâàíèõ êîìïîçèöiéíèõ ìàòåðiàëiâ, ÿêi âîëîäiþòü óíiêàëüíèìè âëàñòè-
âîñòÿìè, êîðèñíèìè äëÿ ïðàêòè÷íîãî âèêîðèñòàííÿ ó ñîíÿ÷íié åíåðãåòèöi [6], ÿê
áiîëîãi÷íèõ ñåíñîðiâ [7,8], ó ìåäèöèíi [9] òà iíøèõ ãàëóçÿõ.

Íà ñüîãîäíi ðîçðîáëåíî áàãàòî ìåòîäiâ ñèíòåçó äiåëåêòðè÷íèõ, íàïiâïðîâiäíèêî-
âèõ i ìåòàëi÷íèõ íàíî÷àñòèíîê òà íàíîñòðóêòóð, ÿêi äàþòü çìîãó îòðèìàòè íàíî÷à-
ñòèíêè ç çàäàíîþ ôîðìîþ òà ðîçìiðàìè [1,4]. Ïðè öüîìó, óñi ìåòîäè êëàñèôiêóþòü çà
äâîìà ïðèíöèïîâî ðiçíèìè øëÿõàìè îòðèìàííÿ íàíî÷àñòèíîê. Ìåòîä ¾çíèçó-âãîðó¿
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(bottom-up)  ðóíòó¹òüñÿ íà ñèíòåçi íàíî÷àñòèíîê øëÿõîì äîäàâàííÿ äî çàðîäêà îäè-
íî÷íèõ àòîìiâ. Iíøèé ìåòîä � ¾çâåðõó-âíèç¿ (top-down)  ðóíòó¹òüñÿ íà åêñòðàêöi¨
(âèäiëåííi) íàíî÷àñòèíêè ç ìàêðîñêîïi÷íîãî çðàçêà.

2 Ñèíòåç íàíî÷àñòèíîê

Ó ñòàòòi äîñëiäæóþòüñÿ ïëàçìîííi ñïåêòðè Í× ñðiáëà, ÿêi îòðèìóâàëèñÿ øëÿõîì
âiäíîâëåííÿ ñðiáëà iç ñïèðòîâîãî ðîç÷èíó AgNO3 ïðè éîãî îïðîìiíåííi ÓÔ-ñâiòëîì.
Öåé ìåòîä íàëåæèòü äî òèïó ¾çíèçó-âãîðó¿ (bottom-up). Äëÿ îòðèìàííÿ íàíî÷à-
ñòèíîê ôîðìóâàâñÿ íàñè÷åíèé ðîç÷èí AgNO3 ó åòèëîâîìó ñïèðòi C2H5OH. Ðîç÷èí
ó ïðîçîðié äëÿ ÓÔ-âèïðîìiíþâàííÿ êîëái îïðîìiíþâàâñÿ ðòóòíîþ ëàìïîþ óïðî-
äîâæ 15 õâèëèí, íàéáiëüø iíòåíñèâíà ëiíiÿ ÿêî¨ ¹ â îáëàñòi 365 íì, ïiä äi¹þ ÿêîãî
âiäíîâëþâàëîñÿ ñðiáëî. Òàê îòðèìóâàëè ñïèðòîâèé çîëü ñðiáëà.

Ñïåêòðè ïîãëèíàííÿ îòðèìóâàëèñÿ çà äîïîìîãîþ ñïåêòðîôëóîðèìåòðà ÑÌ2203
(Solar, Áiëîðóñü). Äæåðåëîì ñâiòëà ñëóãóâàëà ÓÔ-ëàìïà, à äåòåêòîðîì � ôîòîäiîä.
Ñïåêòðè ïîãëèíàííÿ âèçíà÷åíi âiäíîñíî ÷èñòîãî ñïèðòó, âèêîðèñòàíîãî äëÿ îòðèìà-
ííÿ íàñè÷åíîãî ðîç÷èíó AgNO3.

3 Ñïåêòðè ïîãëèíàííÿ

Ó ñïåêòði ïîãëèíàííÿ íàñè÷åíîãî ñïèðòîâîãî ðîç÷èíó AgNO3, îïðîìiíåíîãî ÓÔ-
ñâiòëîì, ñïîñòåðiãà¹òüñÿ iíòåíñèâíà ñìóãà ç ìàêñèìóìîì ïðè 301 íì, íà äîâãîõâè-
ëüîâîìó ñïàäi ÿêî¨ ðå¹ñòðóþòü ñëàáêi ñêëàäîâi ïðè 333 òà 420 íì (ðèñ. 1).
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Ðèñ. 1: Ñïåêòð ïîãëèíàííÿ íàñè÷åíîãî ñïèðòîâîãî ðîç÷èíó AgNO3, îïðîìiíåíîãî ÓÔ-
ñâiòëîì. Ïóíêòèðíà êðèâà âiäïîâiäà¹ ãàóñîâié àïðîêñèìàöi¨ äîâãîõâèëüîâîãî ñïàäó ñìóã
ç ìàêñèìóìîì ïðè 301 òà 333 íì, øëÿõîì ðîçêëàäàííÿ ñïåêòðà íà ñêëàäîâi (a) òà âèäiëå-
íèé îêðåìî ìàêñèìóì ïðè 420 íì (b)

Êîðîòêîõâèëüîâi ñìóãè ç ìàêñèìóìàìè ïðè 301 òà 333 íì ïîâ'ÿçàíi ç ìàëèìè
êëàñòåðàìè ñðiáëà, ÿêi ôîðìóþòüñÿ iç àòîìiâ òà/àáî iîíiâ ñðiáëà ïðè ðàäiàöiéíî-
õiìi÷íîìó âiäíîâëåííi iîíiâ Ag+ ïiä äi¹þ ÓÔ-âèïðîìiíþâàííÿ [10, 11]. Ðàäiàöiéíî-
õiìi÷íå âiäíîâëåííÿ iîíiâ ìåòàëó îïèñóþòü ðåàêöi¹þ Ag+ + e˘ → Ag0 [10, 11]. Àòîìè
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Ag0, òà iîíè Ag+, ÿêi ¹ ó ðîç÷èíi, ñëóãóþòü ìàòåðiàëîì äëÿ ïîäàëüøîãî ôîðìóâàííÿ
íàíî÷àñòèíîê. Âñòàíîâëåíî, ùî óòâîðåííþ íàíîðîçìiðíèõ ÷àñòèíîê ïåðåäó¹ íèçêà
ïðîìiæíèõ ñòàäié óòâîðåííÿ ñòiéêèõ ìàëèõ êëàñòåðiâ, çëèïàííÿ ÿêèõ ïðèçâîäèòü äî
óòâîðåííÿ êâàçiìåòàëi÷íèõ òà íàíîðîçìiðíèõ ÷àñòèíîê [10,11]. Çîêðåìà, íåéòðàëüíi
àòîìè Ag0 òà iîíè Ag+ ôîðìóþòü òàêå ñiìåéñòâî ¾ìàãi÷íèõ¿ êëàñòåðiâ:

Ag0 +Ag+ → Ag+
2 ;

Ag+
2 +Ag0 → Ag+

3 ;

Ag+
2 +Ag+

2 → Ag2+
4 ;

Ag2+
4 + 4Ag0 → Ag2+

8 .

(1)

Êëàñòåð Ag2+
8 ¹ ñòiéêèì, i õàðàêòåðèçó¹òüñÿ îñíîâíîþ ñìóãîþ ïîãëèíàííÿ ïðè

290 íì [10, 11] ó âîäíîìó ðîç÷èíi. Çáiã ñïåêòðàëüíîãî ïîëîæåííÿ ñìóãè êëàñòåðiâ
Ag2+

8 ó âîäi (290 íì) çi ñìóãîþ ïîãëèíàííÿ ïðè 301 íì ó ñïèðòi ìîæå ñâiä÷èòè
ïðî ¨¨ çâ'ÿçîê ç êëàñòåðàìè Ag2+

8 , ÿêi óòâîðþþòüñÿ ïðè ÓÔ-îïðîìiíåííi ñïèðòîâîãî
ðîç÷èíó AgNO3. Áiëüø äîâãîõâèëüîâà êîìïîíåíòà ïðè 333 íì ïîâ'ÿçàíà, éìîâiðíî, ç
êâàçiìåòàëi÷íèìè öåíòðàìè, ÿêi âêëþ÷àþòü áiëüøó êiëüêiñòü àòîìiâ ñðiáëà [10, 11].
Ç ðiçíèöåâîãî ñïåêòðà ïîãëèíàííÿ â îáëàñòi 365 � 525 íì âèïëèâà¹ íàÿâíiñòü ñìóãè
ïîãëèíàííÿ ïðè 420 íì (ðèñ. 1,b). Ïiâøèðèíà öi¹¨ ñìóãè ñòàíîâèòü ∆ω = 0, 387 åÂ,
à ñïåêòðàëüíå ïîëîæåííÿ ñìóãè, ç óðàõóâàííÿì óìîâè Ôðüîëiõà, ñâiä÷èòü ïðî ¨¨
çâ'ÿçîê ç ïîâåðõíåâèì ïëàçìîííèì ðåçîíàíñîì (ïîêàçíèê çàëîìëåííÿ ñïèðòó nm =
1, 353) [13].

Ìåõàíiçì ôîðìóâàííÿ íàíî÷àñòèíîê ñðiáëà ïðè ÓÔ-îïðîìiíåííi ñïèðòîâîãî ðîç-
÷èíó AgNO3 ïîâ'ÿçàíèé, éìîâiðíî, iç çëèòòÿì ìàëèõ êëàñòåðiâ, ÿêi ôîðìóþòüñÿ çãi-
äíî ç ðåàêöiÿìè (1), ç êâàçiìåòàëi÷íèìè öåíòðàìè òà/àáî iîíàìè Ag+ òà àòîìàìè
Ag0. Ìåõàíiçì óòâîðåííÿ òàêèõ ñòðóêòóð îïèñó¹òüñÿ ìîäåëëþ ¾êëàñòåð-êëàñòåð¿[15,
16].

Öiêàâèì ¹ ïèòàííÿ ïðî ðîçìiðè Í×, ÿêi ôîðìóþòüñÿ ó òàêîìó ïðîöåñi, îñêiëüêè
ðîçìiðè òà ðîçïîäiëè çà ðîçìiðàìè íàíî÷àñòèíîê ìàþòü ñóòò¹âèé âïëèâ íà ¨õíi âëà-
ñòèâîñòi. Îïòè÷íi ñïåêòðè çîëåé ç íèçüêîþ êîíöåíòðàöi¹þ Í×, çóìîâëåíi ñóìàðíèì
âïëèâîì íåâçà¹ìîäiþ÷èõ ÷àñòèíîê ðiçíèõ ðîçìiðiâ, ùî óìîæëèâëþ¹ çíàõîäæåííÿ
ðîçïîäiëó ÷àñòèíîê çà ðàäióñàìè iç ¨õíiõ îïòè÷íèõ ñïåêòðiâ[17].

4 Âèçíà÷åííÿ ðîçïîäiëó çà ðîçìiðàìè ÷àñòèíîê

Ó ðîáîòi îá ðóíòîâàíî ìåòîä âèçíà÷åííÿ ðîçïîäiëó ÷àñòèíîê çà ðàäióñàìè iç ¨õíiõ
îïòè÷íèõ ñïåêòðiâ. Ñóòü ìåòîäó ïîëÿãà¹ ó âèçíà÷åííi ñóêóïíîñòi âàãîâèõ êîåôiöi-
¹íòiâ [18], ùî âiäïîâiäàþòü âêëàäó ÷àñòèíîê ïåâíîãî ðàäióñà ó ñóìàðíèé åêñïåðè-
ìåíòàëüíèé ñïåêòð ïîãëèíàííÿ çîëþ. Âèçíà÷åííÿ êîåôiöi¹íòiâ ðåàëiçó¹òüñÿ øëÿõîì
ìiíiìiçàöi¨ ñåðåäíüîêâàäðàòè÷íîãî âiäõèëåííÿ ìiæ åêñïåðèìåíòàëüíèì òà ðîçðàõî-
âàíèì ñïåêòðàìè ïîãëèíàííÿ äîñëiäæóâàíî¨ ñèñòåìè íàíî÷àñòèíîê.

Äëÿ ðåàëiçàöi¨ çàïðîïîíîâàíîãî ìåòîäó âèáèðàþòü ïðîãíîçîâàíó ñóêóïíiñòü ç n
ðàäióñiâ ÷àñòèíîê, íàïðèêëàä, âiä 1 äî 20 íì ç êðîêîì â 1 íì. Äëÿ âñiõ ÷àñòèíîê ç
âèáðàíèìè ðàäióñàìè íà îñíîâi òåîði¨ Ìi ðîçðàõîâóþòü ñïåêòðè ïîãëèíàííÿ ó äià-
ïàçîíi äîâæèí õâèëü, äå âèìiðþâàëèñÿ åêñïåðèìåíòàëüíi ñïåêòðè.
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Åêñïåðèìåíòàëüíèé ñïåêòð El ó ¾ïðîñòîði¿ äîâæèí õâèëü ìîæíà çîáðàçèòè âå-
êòîðîì, ùî ìiñòèòü m ¾êîìïîíåíò¿ äëÿ ðiçíèõ äîâæèí õâèëü λi(I = 1, . . .m). Ðîçðà-
õîâàíi ñïåêòðè Cji(j = 1, . . . n; i = 1, . . .m) ó öüîìó æ ¾ïðîñòîði¿ ôîðìóþòü ìàòðèöþ
C ç n ñòîâïöÿìè òà m ñòði÷êàìè, êîæåí åëåìåíò Cji ÿêî¨ çàäà¹ çíà÷åííÿ ïîãëèíàííÿ
êóëüêè ç ðàäióñîì ri íà äîâæèíi õâèëi Cj .

Ïðè òàêîìó çîáðàæåííi êîæíó òî÷êó åêñïåðèìåíòàëüíî¨ êðèâî¨ El ìîæíà àïðî-
êñèìóâàòè ëiíiéíîþ êîìáiíàöi¹þ ðîçðàõîâàíèõ çíà÷åíü ïîãëèíàííÿ Cjl(j = 1, . . . n)
íà âèáðàíié äîâæèíi õâèëi λl:

El =

n∑
j=1

Cjlωj , (2)

äå ωj � âàãà âêëàäó j-òî¨ ÷àñòèíêè ó ñóìàðíèé ñïåêòð. Òîäi àïðîêñèìàöiÿ åêñïåðè-
ìåíòàëüíîãî ñïåêòðà E äîñÿãà¹òüñÿ ìiíiìiçàöi¹þ ñåðåäíüîêâàäðàòè÷íîãî âiäõèëåííÿ
(ÑÊÂ) çà äîïîìîãîþ ìåòîäó Ìîíòå-Êàðëî:

S =

m∑
i=1

Ei − n∑
j=1

Cjiωj

2

. (3)

Òî÷íiñòü àïðîêñèìàöi¨ âèçíà÷àëàñÿ ç ñåðåäíüîêâàäðàòè÷íîãî âiäõèëåííÿ çà ôîð-
ìóëîþ:

δ =

√
S

m∑
i=1

|Ei|
. (4)

Äëÿ öüîãî ñïî÷àòêó çàäàþòü ïî÷àòêîâi çíà÷åííÿ âåêòîðà W , íàïðèêëàä, W =
W0 = 1, äëÿ ÿêèõ ðîçðàõîâóþòüñÿ ñïåêòð òà ñåðåäíüîêâàäðàòè÷íå âiäõèëåííÿ äëÿ
åêñïåðèìåíòàëüíî¨ òà ðîçðàõîâàíî¨ êðèâèõ. Â íàñòóïíîìó öèêëi çìiíþþòüñÿ óñi âà-
ãîâi êîåôiöi¹íòè íà âèïàäêîâó âåëè÷èíó â äiàïàçîíi (0, 2wi], äëÿ ÿêèõ çíîâó ðîçðà-
õîâó¹òüñÿ ñïåêòð òà íîâå ÑÊÂ.

Ó çàïðîïîíîâàíîìó ìåòîäi ÑÊÂ âiäiãðà¹ ðîëü åíåðãi¨ â êëàñè÷íîìó ìåòîäi Ìîíòå-
Êàðëî[19]. Òîìó, ÿêùî ÑÊÂ äëÿ íîâîãî íàáîðó âàã çìåíøó¹òüñÿ, òî éîãî ïðèéìàþòü.
Ó ïðîòèëåæíîìó âèïàäêó, òîáòî êîëè ÑÊÂ çðîñòà¹, çìiíåíèé íàáið âàã âiäêèäà¹òüñÿ.
Äëÿ ðåàëiçàöi¨ ìåòîäó ðîçðàõóâàëèñÿ â ðàìêàõ òåîði¨ Ìi ñïåêòðè ïîãëèíàííÿ íàíî-
÷àñòèíîê ðiçíèõ ðàäióñiâ ç óðàõóâàííÿì ðîçìiðíîãî åôåêòó [19,20].

Íà ðèñ. 2,à íàâåäåíî åêñïåðèìåíòàëüíèé i ðîçðàõîâàíèé çà ôîðìóëîþ (2) ñïå-
êòðè ïîãëèíàííÿ íàíî÷àñòèíîê ñðiáëà, îòðèìàíèõ ç íàñè÷åíîãî ñïèðòîâîãî ðîç÷èíó
AgNO3. Ðîçðàõîâàíèé çi ñïåêòðà åêñòèíöi¨ ðîçïîäië íàíî÷àñòèíîê ñðiáëà çà ðîçìi-
ðàìè ïîêàçàíî íà ðèñ. 2,á.

Çàäîâiëüíèé çáiã åêñïåðèìåíòàëüíîãî òà ðîçðàõîâàíîãî ñïåêòðiâ ïîãëèíàííÿ
(ðèñ. 2,à) ñâiä÷èòü ïðî òå, ùî âèçíà÷åíèé iç ñïåêòðiâ ðîçïîäië íàíî÷àñòèíîê çà
ðîçìiðàìè (ðèñ. 2,b) äîáðå âiäòâîðþ¹ ðåàëüíèé ðîçïîäië. Öå ñâiä÷èòü, ùî ïðè
ÓÔ�îïðîìiíåííi íàñè÷åíîãî ñïèðòîâîãî ðîç÷èíó AgNO3. óïðîäîâæ ∼ 15 õâèëèí
ôîðìóþòüñÿ, ãîëîâíî, íàíî÷àñòèíêè ñðiáëà ç ðàäióñàìè âiä 22 äî 30 íì. Ïðè òà-
êèõ óìîâàõ ôîðìóþòüñÿ òàêîæ íàíî÷àñòèíêè ìåíøèõ ðîçìiðiâ (5-20 íì), îäíàê,
¨õí¹ ÷èñëî ¹ ïðèíàéìíi íà ïîðÿäîê ìåíøèì.
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Ðèñ. 2: Åêñïåðèìåíòàëüíèé i ðîçðàõîâàíèé çà ôîðìóëîþ (2) ñïåêòðè ïîãëèíàííÿ íàíî÷à-
ñòèíîê ñðiáëà, îòðèìàíèõ ç íàñè÷åíîãî ñïèðòîâîãî ðîç÷èíó AgNO3 (à), òà ðîçðàõîâàíèé iç
ñïåêòðà ðîçïîäië íàíî÷àñòèíîê ñðiáëà çà ðîçìiðàìè (á).

Êîðåêòíiñòü îöiíêè îòðèìàíèõ ðîçìiðiâ ïiäòâåðäæó¹òüñÿ çíà÷åííÿì, îòðèìàíèì
iç ïàðàìåòðiâ ñìóãè ïîãëèíàííÿ. Â ðàìêàõ òåîði¨ âiëüíîãî ãàçó ïiâøèðèíà ñìóãè ∆ω

ïîâ'ÿçàíà ç ïðîâiäíiñòþ σ ìåòàëó ñïiââiäíîøåííÿì [22] σ = ne2

m∆ω . Îñêiëüêè σ = ne2τ
m ,

òî ç ïîðiâíÿííÿ îñòàííiõ âèðàçiâ îòðèìó¹ìî, ùî ÷àñ ðåëàêñàöi¨ τ = 1/∆ω. Ç iíøîãî
áîêó τ = l/vF , äå l � äîâæèíà âiëüíîãî ïðîáiãó. Ïðèðiâíÿâøè äîâæèíó âiëüíîãî
ïðîáiãó ç ðàäióñîì íàíî÷àñòèíêè l = R, [22], îòðèìó¹ìî òàêèé âèðàç äëÿ ðàäióñà
íàíî÷àñòèíîê:

R =
vF
∆ω

. (5)

Îñêiëüêè øâèäêiñòü Ôåðìi äëÿ ñðiáëà vF = 1.4 ·106 ì/ñ, òî, âèêîðèñòîâóþ÷è åêñ-
ïåðèìåíòàëüíå çíà÷åííÿ ∆ω, çíà÷åííÿ ðàäióñà íàíî÷àñòèíîê ñòàíîâèòü R ≈ 15 íì.

Âèñíîâêè

Îòðèìàíi ðåçóëüòàòè ñâiä÷àòü ïðî ìîæëèâiñòü âèêîðèñòàííÿ âiäíîñíî ïðîñòèõ
ìåòîäiâ ñèíòåçó ó ïëàçìîíiöi. Òàêîæ ïîêàçàíà ìîæëèâiñòü i äîöiëüíiñòü âèêîðèñòà-
ííÿ ÷èñåëüíèõ ìåòîäiâ i ìîäåëþâàííÿ äëÿ íåïðÿìî¨ îöiíêè ïàðàìåòðiâ ìàòåðiàëó iç
îïòè÷íèõ ñïåêòðiâ. Ïðåäñòàâëåíèé ìåòîä âèçíà÷åííÿ ðîçïîäiëó çà ðîçìiðàìè ìîæå
ñòàòè ïîòóæíèì iíñòðóìåíòîì äëÿ øâèäêîãî îöiíþâàííÿ ïàðàìåòðiâ áåç âèêîðèñòà-
ííÿ òî÷íèõ ìiêðîñêîïi÷íèõ ìåòîäiâ.
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Plasmonic spectra of silver nanoparticles

I. Bolesta1, A. Vaskiv2, S. Velgosh1, O. Kushnir1, Ya.

Shmygelskyy1

1 Ivan Franko National University of Lviv

hen. Tarnavskoho str., 107, 79017 Lviv, Ukraine
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2 Ivan Franko National University of Lviv

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

The article deals with silver colloid, obtained by one of the methods of "bottom-
up" type. Namely, the method of restoring silver from an alcoholic solution
AgNO3 under the action of ultraviolet radiation. In the absorption spectra of
the resulting colloids three bands at 301, 330 and 420 nm were detected. Two
short-wave bands are probably related to the formation of small clusters of si-
lver, which are formed from atoms and/or metal ions in the radiation-chemical
restoration of ions Ag+ under the action of UV-radiation. The article analyzes
the possible mechanisms for the formation of such small clusters. The authors
consider the longwave band at 420 nm as associated with plasmon resonance
in silver nanoparticles of larger sizes. To estimate the distribution by size of
these nanoparticles, the authors used their own technique for processing opti-
cal absorption spectra. For this, a set of spectra for particles of di�erent sizes is
calculated in the Mi theory. By changing the contribution of each of the spectra,
the deviation of the superposition of the calculated spectra and the experi-
mental absorption spectrum is minimized. The resulting adjustment coe�cients
correspond to the particle size distribution. Thus it was found that nanoparti-
cles with radii of 22 nm to 30 nm have the greatest contribution. It is shown
that the result obtained is commensurate with the other estimates of the size of
silver nanoparticles in the experimental colloid.

Key words: absorbance spectra, silver colloids, Mi theory
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Ïëàçìîííîå ïîãëîùåíèå íàíî÷àñòèö ñåðåáðà

È. Áîëåñòà1, À. Âàñüêèâ2, Ñ. Âåëüãîø1, À. Êóøíèð1, ß.

Øìûãåëüñêèé1

1 Ëüâîâñêèé íàöèîíàëüíûé óíèâåðñèòåò èìåíè Èâàíà Ôðàíêî

ãåí. Òàðíàâñêîãî, 107, 79017 Ëüâîâ, Óêðàèíà

e-mail: bolesta@lnu.edu.ua

2 Ëüâîâñêèé íàöèîíàëüíûé óíèâåðñèòåò èìåíè Èâàíà Ôðàíêî

óë. Êèðèëëà è Ìåôîäèÿ 8, 79005 Ëüâîâ, Óêðàèíà

Â ñòàòüå èññëåäóþòñÿ çîëè ñåðåáðà, ïîëó÷åííûå îäíèì èç ìåòîäîâ òèïà
¾ñíèçó-ââåðõ¿. Èñïîëüçîâàí ìåòîäîì âîññòàíîâëåíèÿ ñåðåáðà èç ñïèðòîâîãî
ðàñòâîðà AgNO3 ïîä äåéñòâèåì óëüòðàôèîëåòîâîãî èçëó÷åíèÿ. Â ñïåêòðàõ
ïîãëîùåíèÿ ïîëó÷åííûõ çîëåé îáíàðóæåíû òðè ïîëîñû ïîãëîùåíèÿ ïðè
301, 330 è 420 íì. Äâå êîðîòêîâîëíîâûå ïîëîñû, âåðîÿòíî, ñâÿçàíû ñ îáðà-
çîâàíèåì ìàëûõ êëàñòåðîâ ñåðåáðà, êîòîðûå ôîðìèðóþòñÿ èç àòîìîâ è/èëè
èîíîâ ìåòàëëà ïðè ðàäèàöèîííî-õèìè÷åñêîì âîññòàíîâëåíèè èîíîâ Ag+ ïîä
äåéñòâèåì ÓÔ-èçëó÷åíèÿ. Â ñòàòüå ïðîàíàëèçèðîâàíû âîçìîæíûå ìåõàíèç-
ìû îáðàçîâàíèÿ òàêèõ ìàëûõ êëàñòåðîâ. àâòîðû ñ÷èòàþò, ÷òî äëèííîâîë-
íîâàÿ ïîëîñà ïðè 420 íì ñâÿçàíà ñ ïëàçìîííîãî ðåçîíàíñà â íàíî÷àñòèöàõ
ñåðåáðà áîëüøèõ ðàçìåðîâ. ×òîáû îöåíèòü ðàñïðåäåëåíèå ïî ðàçìåðàì ýòèõ
íàíî÷àñòèö, àâòîðàìè èñïîëüçîâàíà ñîáñòâåííàÿ ìåòîäèêà îáðàáîòêè îï-
òè÷åñêèõ ñïåêòðîâ ïîãëîùåíèÿ. Äëÿ ýòîãî ðàññ÷èòûâàåòñÿ íàáîð ñïåêòðîâ
äëÿ ÷àñòèö ðàçíîãî ðàçìåðà â òåîðèè Ìè. Ïóòåì èçìåíåíèÿ âêëàäà êàæ-
äîãî èç ñïåêòðîâ, ìèíèìèçèðóåòñÿ îòêëîíåíèå ñóïåðïîçèöèè ðàññ÷èòàííûõ
ñïåêòðîâ îò ýêñïåðèìåíòàëüíîãî ñïåêòðà ïîãëîùåíèÿ. Ïîëó÷åííûå ïîäãî-
íî÷íûå êîýôôèöèåíòû ñîîòâåòñòâóþò ðàñïðåäåëåíèþ ÷àñòèö ïî ðàçìåðàì.
Òàêèì îáðàçîì ïîêàçàíî, ÷òî íàèáîëüøèé âêëàä äàþò íàíî÷àñòèöû ñ ðàäè-
óñàìè îò 22 íì äî 30 íì. Ïîêàçàíî, ÷òî ïîëó÷åííûé ðåçóëüòàò ñîðàçìåðåí
ñ äðóãèì îöåíêàì ðàçìåðà íàíî÷àñòèö ñåðåáðà â ýêñïåðèìåíòàëüíîì çîëå.

Êëþ÷åâûå ñëîâà: ñïåêòði ïîãëîùåíèÿ, çîëè ñåðåáðà, òåîðèÿ Ìè


