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êðèñòàëè á³ëüøîãî ðîçì³ðó, í³æ â ôîòîãðàô³÷í³é æåëàòèí³. Çðîáëåíî âèñíîâîê ïðî òå, ùî 
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Abstract 

IMPURITY INFLUENCE OF THE MATRIX SOLUTION ON THE SIZE OF CADMIUM SULFIDE 
NANOCRYSTALS, SYNTHESIZED BY SOL-GEL TECHNOLOGY 
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In this work are explored studies of the optical absorption and photoluminescence of nanocristals 
sulfide cadmium, synthesed by method sol-gel technologies in food and photographic gelatine. It is 
shown that under equal condition of the syntheses in food gelatine are formed nanocristals greater 
size, than in photographic gelatine. It is made conclusion that, factor, defining size nanocristals 
sulfide cadmium, is viscosity gelatines, which is directly connected with presence of the impurites. 
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1. Âñòóï 

Îäíèì ç âàæëèâèõ ôàêòîð³â, ÿê³ âèçíà÷àþòü 
âëàñòèâîñò³ íàíî÷àñòèíîê, îòðèìàíèõ ìåòîäîì 
çîëü-ãåëü òåõíîëîã³¿, º âèá³ð ðå÷îâèíè, ÿêà âè-
êîíóº ôóíêö³¿ ñòàá³ë³çàòîðà. Â ðîáîò³ [1] äîñë³-
äæåíî îïòè÷í³ âëàñòèâîñò³ íàíîêðèñòàë³â (ÍÊ) 
ñóëüô³äó êàäì³þ, îòðèìàíèõ öèì ìåòîäîì ïðè 
âèêîðèñòàíí³ â ÿêîñò³ ñòàá³ë³çàòîðà íàñòóïíèõ 
îðãàí³÷íèõ ðå÷îâèí: ôîòîãðàô³÷íà æåëàòèíà, 
ÏÂÑ (ïîë³â³í³ëîâèé ñïèðò), ÒÅÎÑ (òåòðàåòî-
êñèñèëàí). Ïîêàçàíî, ùî íàéìåíøèé ðîçì³ð 
÷àñòèíîê ïðè îäíàêîâèõ óìîâàõ ñèíòåçó áóâ 
îòðèìàíèé ïðè ñèíòåç³ â æåëàòèíîâîìó ðîç÷è-
í³. Ïðîòå çàëèøàºòüñÿ íå âèð³øåíèì ïèòàííÿ 
ïðî âèçíà÷íèé ôàêòîð, çàâäÿêè ÿêîìó çä³éñ-
íþºòüñÿ ñòàá³ë³çàö³ÿ ðîçì³ðà ÷àñòèíîê â æåëà-
òèí³. 

Â äàí³é ðîáîò³ ïðîâåäåíî äîñë³äæåííÿ îïòè-
÷íîãî ïîãëèíàííÿ ³ ôîòîëþì³íåñöåíö³¿ íàíî-
êðèñòàë³â CdS, âèðîùåíèõ â âîäíèõ ðîç÷èíàõ 
õàð÷îâî¿ (I òèï) òà ôîòîãðàô³÷íî¿ (II òèï) æå-
ëàòèí. 

2. Çðàçêè ³ ìåòîäèêà åêñïåðèìåíòó 

ÍÊ CdS áóëè îòðèìàí³ â âîäíèõ ðîç÷èíàõ 
(5%) äâîõ òèï³â æåëàòèíè ïðè îäíàêîâèõ óìî-
âàõ ñèíòåçó (òåìïåðàòóð³, êîíöåíòðàö³ÿõ ðåàãå-
íò³â ³ æåëàòèíîâîãî ðîç÷èíó, òðèâàëîñò³ ïðîöå-
ñó, øâèäêîñò³ äîäàâàííÿ ðåàãåíò³â â ìàòðè÷íèé 
ðîç÷èí). ×åðåç ïåâí³ ³íòåðâàëè ÷àñó (1, 4, 8 ³ 
12 õâ) ³ç ðåàêö³éíîãî ñîñóäó â³äáèðàëè ïðîáè 
ç ðîç÷èíîì îá’ºìîì 3 ìë, ÿêèé ïîëèâàëè íà 
ñêëÿí³ ï³äêëàäêè ³ âèñóøóâàëè îòðèìàí³ çðàçêè 
ïðè ê³ìíàòí³é òåìïåðàòóð³. 

Ñïåêòðè îïòè÷íîãî ïîãëèíàííÿ âèì³ðþ-
âàëèñü íà ñïåêòðîôîòîìåòð³ ÑÔ-26 â îáëàñò³ 
320–600 íì ç êðîêîì âèì³ðþâàííÿ 2–5 íì. Ïî-
õèáêà âèì³ðþâàííÿ îïòè÷íîãî ïðîïóñêàííÿ â 
ðîáî÷³é îáëàñò³ íå ïåðåâèùþâàëà 1%. Ëþìèíå-
ñöåíö³ÿ çáóäæóâàëàñÿ He-Cd ëàçåðîì áåçïåðå-
ðâíî¿ ä³¿ ç äîâæèíîþ õâèë³ çáóäæóþ÷îãî ñâ³òëà 
441,6 íì, ïîòóæí³ñòþ 25 ìÂò. 

3. Ðåçóëüòàòè åêñïåðèìåíòó òà ¿õ îáãîâîðåííÿ 

3.1. Îïòè÷íå ïîãëèíàííÿ íàíîêðèñòàë³â CdS 

Â³äîìî [2], ùî ð³çí³ âèäè æåëàòèíè ìàþòü 
òîé ñàìèé àì³íîêèñëîòíèé ñêëàä, ÿê ³ êîëàãåí, 
ç ÿêîãî âîíè îòðèìàí³, ³ º ëèøå ðå÷îâèíàìè, 
á³ëüø õ³ì³÷íî ÷èñòèìè. Â çàëåæíîñò³ â³ä êîí-
öåíòðàö³¿ äîì³øîê âñ³ âèäè æåëàòèíè ðîçòàøî-
âóþòüñÿ â ïîðÿäêó çìåíøåííÿ êîíöåíòðàö³¿ ó 
ñë³äóþ÷èé ïîñë³äîâíîñò³: òåõí³÷íà, õàð÷îâà, 
ôîòîãðàô³÷íà. Îñòàííÿ â³äíîñèòüñÿ äî âèùèõ 
ñîðò³â ñïåö³àëüíî îáðîáëåíî¿ æåëàòèíè. 

Ñïåêòðè ïîãëèíàííÿ íàíîêðèñòàë³â CdS 
òèïó I, II ïðåäñòàâëåí³ íà ðèñ. 1à ³ 1á, â³äïîâ³-
äíî. 

Âèäíî, ùî êðàé ïîëîñè ïîãëèíàííÿ, ÿê äëÿ 
çðàçê³â òèïó I, òàê ³ òèïó II, çì³ùóºòüñÿ â îáëàñòü 
á³ëüøèõ åíåðã³é â³äíîñíî øèðèíè çàáîðîíåíî¿ 
çîíè îá’ºìíîãî ñóëüô³äó êàäì³þ. Äî òîãî æ âå-
ëè÷èíà öüîãî çñóâó äëÿ ÍÊ òèïó II á³ëüøå, í³æ 
äëÿ ÍÊ òèïó I. Õàðàêòåðíî, ùî íà äîâãîõâèëüî-
âîìó êðàþ ñïåêòðà ïîãëèíàííÿ íå ïðîÿâëÿþòü-
ñÿ îñîáëèâîñò³ â âèãëÿä³ ï³ê³â, ÿê³ â³äïîâ³äàþòü 
îïòè÷íèì ïåðåõîäàì ç ð³çíèìè êâàíòîâèìè 
÷èñëàìè (l ³ n) [3]. Öåé ôàêò ñâ³ä÷èòü ïðî íà-
ÿâí³ñòü äèñïåðñ³¿ ðîçì³ð³â íàíî÷àñòèíîê CdS. 
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Â ðàáîòå ïðîâåäåíû èññëåäîâàíèÿ îïòè÷åñêîãî ïîãëîùåíèÿ è ôîòîëþìèíåñöåíöèè íà-
íîêðèñòàëëîâ ñóëüôèäà êàäìèÿ, âûðàùåííûõ ìåòîäîì çîëü-ãåëü òåõíîëîãèè â ïèùåâîé è 
ôîòîãðàôè÷åñêîé æåëàòèíàõ. Ïîêàçàíî, ÷òî ïðè ðàâíûõ óñëîâèÿõ ñèíòåçà â ïèùåâîé æå-
ëàòèíå ôîðìèðóþòñÿ íàíîêðèñòàëëû áîëüøåãî ðàçìåðà, ÷åì â ôîòîãðàôè÷åñêîé æåëàòè-
íå. Ñäåëàí âûâîä î òîì, ÷òî ôàêòîðîì, îïðåäåëÿþùèì ðàçìåð íàíîêðèñòàëëîâ ñóëüôèäà 
êàäìèÿ, ÿâëÿåòñÿ âÿçêîñòü æåëàòèíû, êîòîðàÿ íåïîñðåäñòâåííî ñâÿçàíà ñ íàëè÷èåì â íåé 
ïðèìåñåé. 
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Ðèñ. 1 Ñïåêòðè ïîãëèíàííÿ çðàçê³â òèïó I (à) ³ çðàç-
ê³â òèïó II (á) â çàëåæíîñò³ â³ä ÷àñó ñèíòåçó, õâ.: 1 (1), 
4 (2), 8 (3), 12 (4) 

Â öüîìó âèïàäêó øèðèíà “åôåêòèâíî¿” øè-
ðèíè çàáîðîíåíî¿ çîíè (ïåðøèé îïòè÷íèé 
ïåðåõ³ä, ÿêèé â³äïîâ³äàº ïåðåõîäó ç êâàíòî-
âèìè ÷èñëàìè l=0, n=1), âèçíà÷àëàñü ïî çíà-
÷åííþ åíåðã³¿, ÿêà â³äïîâ³äàº òî÷ö³ ïåðåãèíó 
íà êðèâèõ ïîãëèíàííÿ (äèâ. ðèñ. 1à, 1á). Îö³-
íåíà òàêèì ìåòîäîì øèðèíà çàáîðîíåíî¿ çîíè 
íàíîêðèñòàë³â CdS òèïó I äëÿ ³íòåðâàë³â ñèí-
òåçó (1, 4, 8 ³ 12 õâ) äîð³âíþâàëà, â³äïîâ³äíî: 
3,24 åÂ, 3,05 åÂ, 2,83 åÂ, 2,78 åÂ. Äëÿ çðàçê³â 
òèïó II, äëÿ òèõ æå ³íòåðâàë³â ñèíòåçó, øèðè-
íà çàáîðîíåíî¿ çîíè äîð³âíþâàëà, â³äïîâ³ä-
íî: 3,37 åÂ, 3,37 åÂ, 3,25 åÂ, 3,15 åÂ, òîáòî, ç³ 
çá³ëüøåííÿì êîíöåíòðàö³¿ ðåàãåíò³â øèðèíà 
çàáîðîíåíî¿ çîíè â íàíîêðèñòàëàõ îáîõ òèï³â 
çìåíøóºòüñÿ. Äî òîãî æ øèðèíà çàáîðîíåíî¿ 
çîíè ÍÊ, ÿê³ áóëè ñèíòåçîâàí³ ó ôîòîãðàô³÷-
í³é æåëàòèí³ (òèï II) ìàº íàéá³ëüøó âåëè÷èíó 
äëÿ âñ³õ ³íòåðâàë³â ñèíòåçó. 

Âèêîðèñòîâóþ÷è âèðàç äëÿ çàëåæíîñò³ åôå-
êòèâíî¿ øèðèíè çàáîðîíåíî¿ çîíè â³ä ñåðåä-
íüîãî ðàä³óñó íàíîêðèñòàë³â [3, 4], îòðèìàíî 
çíà÷åííÿ ñåðåäí³õ ðàä³óñ³â íàíîêðèñòàë³â CdS, 
ÿê³ ñóòòåâî çàëåæàòü â³ä òèïó æåëàòèíè. Òàê, 
äëÿ ³íòåðâàë³â ñèíòåçó (1, 4, 8, 12 õâ) â õàð÷îâ³é 
æåëàòèí³ ðîçì³ð íàíîêðèñòàë³â, â³äïîâ³äíî, äî-
ð³âíþâàâ: 1.40, 1.65, 2.10, 2.30 íì. Â òîé æå ÷àñ â 
ôîòîãðàô³÷í³é æåëàòèí³ ðîçì³ð ñèíòåçèðóºìèõ 
íàíîêðèñòàë³â äëÿ öèõ æå ³íòåðâàë³â äîð³âíþ-
âàâ: 1.30, 1.30, 1.40, 1.50 íì. 

Òàêèì ÷èíîì ïðè ñèíòåç³ â õàð÷îâ³é æåëàòè-
í³ ôîðìóþòüñÿ íàíîêðèñòàëè á³ëüøîãî ðîçì³-
ðó, í³æ â ôîòîãðàô³÷í³é æåëàòèí³. 

Õàðàêòåðíî, ùî íàíîêðèñòàëè, ÿê³ îòðèìàí³ 
â ôîòîãðàô³÷í³é æåëàòèí³, ìàþòü ìåíøèé ðîç-
ïîä³ë ïî ðîçì³ðàì, í³æ íàíîêðèñòàëè, îòðèìà-
í³ â õàð÷îâ³é æåëàòèí³. Ä³éñíî, ñïåêòðàëüíèé 
ðîçïîä³ë ïîãëèíàííÿ çðàçê³â I òèïó ìàº á³ëüø 
ìîíîòîíèé õàðàêòåð, í³æ äëÿ çðàçê³â II òèïó 
(ðèñ. 1à, 1á). 

3.2. Ëþì³íåñöåíö³ÿ íàíîêðèñòàë³â CdS 

Ñïåêòðè ëþì³íåñöåíö³¿ çðàçê³â òèïó I, II 
ïðåäñòàâëåí³ íà ðèñ. 2à ³ 2á, â³äïîâ³äíî. 

Âèäíî, ùî ïîëîæåííÿ ìàêñèìóì³â ëþì³íå-
ñöåíö³¿ äëÿ ³íòåðâàë³â ñèíòåçó (1, 4, 8 ³ 12 õâ) 
äëÿ çðàçê³â òèïó I, â³äïîâ³äíî, äîð³âíþþòü: 2,00 
åÂ, 1,91 åÂ, 1,85 åÂ, 1,82 åÂ. Äëÿ çðàçê³â òèïó 
II îòðèìàí³ çíà÷åííÿ: 2,10 åÂ, 2,07 åÂ, 2,03 åÂ, 
1,94 åÂ. Òàêèì ÷èíîì, ç³ çá³ëüøåííÿì êîíöåíò-
ðàö³¿ ðåàãåíò³â ïîëîæåííÿ ìàêñèìóìà ëþì³íå-
ñöåíö³¿ â îáîõ ñåð³ÿõ çì³ùþºòüñÿ â á³ê ìåíøèõ 
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Ðèñ. 2 Ñïåêòðè ëþì³íåñöåíö³¿ çðàçê³â òèïó I (à) ³ 
çðàçê³â òèïó II (á) â çàëåæíîñò³ â³ä ÷àñó ñèíòåçó, õâ.: 
1 (1), 4 (2), 8 (3), 12 (4) 

åíåðã³é. Ïðè öüîìó ïîëîæåííÿ ìàêñèìóì³â 
çðàçê³â òèïó II ìàþòü á³ëüø³ çíà÷åííÿ åíåðã³¿, 
í³æ ïîëîæåííÿ ìàêñèìóì³â çðàçê³â òèïó I. Öå 
ï³äòâåðäæóº ðåçóëüòàòè ïîïåðåäí³õ îïòè÷íèõ 
äîñë³äæåíü, à ñàìå, íàíîêðèñòàëè CdS, ñèíòå-
çîâàí³ â õàð÷îâ³é æåëàòèí³, ìàþòü á³ëüø³ ðîç-
ì³ðè, í³æ íàíîêðèñòàëè CdS, ñèíòåçîâàí³ â ôî-
òîãðàô³÷í³é æåëàòèí³. 

Íàï³âøèðèíè ñïåêòð³â ëþì³íåñöåíö³¿ äëÿ 
³íòåðâàë³â ñèíòåçó (1, 4, 8 ³ 12 õâ) äëÿ çðàç-
ê³â òèïó I, â³äïîâ³äíî, äîð³âíþþòü: 0,66 åÂ, 
0,58 åÂ, 0,50 åÂ, 0,50 åÂ. À äëÿ çðàçê³â òèïó II 
äëÿ òèõ æå ³íòåðâàë³â ñèíòåçó íàï³âøèðèíè 
ñïåêòð³â ëþì³íåñöåíö³¿, â³äïîâ³äíî, äîð³âíþ-
þòü: 0,83 åÂ, 0,74 åÂ, 0,63 åÂ, 0,63 åÂ. Âèäíî, 
ùî ç³ çìåíøåííÿì ðîçì³ðó îòðèìàíèõ íàíîê-
ðèñòàë³â íàï³âøèðèíà ¿õ ñïåêòð³â ëþì³íåñöå-
íö³¿ çá³ëüøóºòüñÿ. Ç öüîãî ìîæíà çðîáèòè âè-
ñíîâîê, ùî ç³ çìåíøåííÿì ðîçì³ðó ÷àñòèíîê 
çá³ëüøóºòüñÿ ðîçêèä ïî ðîçì³ðàì ÷àñòèíîê, 
òîáòî, â ïðîöåñ³ ðîñòó äèñïåðñ³ÿ ÍÊ çìåíøó-
ºòüñÿ. Ó íàíîêðèñòàëàõ, ñèíòåç ÿêèõ òðèâàâ 8 ³ 
12 õâ äëÿ îáîõ òèï³â íàï³âøèðèíà ñïåêòðà ëþ-
ì³íåñöåíö³¿ îäíàêîâà. Öå ñâ³ä÷èòü ïðî òå, ùî 
ïðè äîñÿãíåíí³ ïåâíîãî ðîçì³ðó ðîçêèä ÷àñòè-
íîê ïî ðîçì³ðàì ñòàá³ë³çóºòüñÿ ³ çàëèøàºòüñÿ 
ïîñò³éíèì. 

Íàìè áóëî ïðèïóùåíî, ùî îäí³ºþ ³ç âëà-
ñòèâîñòåé æåëàòèíè, ÿêà âèêîíóº âèçíà÷íó 
ðîëü ó ñòàá³ë³çàö³¿ ðîçì³ðó ÍÊ, º âåëè÷èíà ¿¿ 
â’ÿçêîñò³. Ç ö³ºþ ìåòîþ áóëè âèì³ðÿí³ çíà÷åí-
íÿ â’ÿçêîñò³ æåëàòèíè ïðè ð³çíèõ ¿¿ êîíöåíò-
ðàö³ÿõ. Âèÿâèëîñÿ, ùî â’ÿçê³ñòü ôîòîãðàô³÷íî¿ 
æåëàòèíè íà 20% á³ëüøå, í³æ õàð÷îâî¿, à ñàìå: 
â’ÿçê³ñòü õàð÷îâî¿ — 3,2∙10-2 Ïóàç, à ôîòîãðà-
ô³÷íî¿ — 4∙10-2 Ïóàç ïðè òåìïåðàòóð³ ñèíòå-
çó. Â³äì³íí³ñòü â âåëè÷èíàõ â’ÿçêîñò³ æåëàòèí 
ìîæå áóòè îáóìîâëåíà ¿¿ äîì³øêîâèì ñêëàäîì. 
ßê óæå âèçíà÷àëîñÿ âèùå, ôîòîãðàô³÷íà æå-
ëàòèíà ì³ñòèòü ìåíøå äîì³øîê. Äîì³øêè, ÿê³ 
ïðîíèêàþòü â ìîëåêóëó æåëàòèíè, îñëàáëþ-
þòü ì³öí³ñòü îêðåìèõ çâ’ÿçê³â â ëàíöþç³ ìî-
ëåêóëè, â ðåçóëüòàò³ ÷îãî ìîëåêóëà æåëàòèíè 
ðîçïàäàºòüñÿ íà îêðåì³ ëàíöþæêè ³ ¿¿ â’ÿçê³ñòü 
çìåíøóºòüñÿ [2]. 

4. Âèñíîâêè 

Íà îñíîâ³ ïðîâåäåíèõ äîñë³äæåíü ìîæíà 
çðîáèòè âèñíîâîê, ùî ïðè ñèíòåç³ ÍÊ CdS 
ìåòîäîì çîëü-ãåëü òåõíîëîã³¿ â ðîç÷èí³ æåëà-
òèíè, ÿêà âèêîðèñòîâóºòüñÿ â ÿêîñò³ ñòàá³ë³çó-
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þ÷îãî àãåíòó, ôàêòîðîì, ùî âèçíà÷àº ðîçì³ð 
íàíîêðèñòàë³â ñóëüô³äó êàäì³þ, º â’ÿçê³ñòü 
æåëàòèíè. 

Ïîêàçàíî, ùî ðîçì³ð îòðèìàíèõ íàíîêðèñ-
òàë³â ïðè âèêîðèñòàíí³ õàð÷îâî¿ æåëàòèíè çì³-
íþâàâñÿ â ³íòåðâàë³ â³ä 1.40 äî 2.30 íì, à ïðè 
âèêîðèñòàíí³ ôîòîãðàô³÷íî¿ æåëàòèíè — â³ä 
1.30 äî 1.50 íì, ïðè íåçì³ííèõ ³íøèõ ïàðàìå-
òðàõ ïðîöåñó. 

Âñòàíîâëåíî êîðåëÿö³þ ïîëîæåííÿ ìàêñè-
ìóì³â ³ íàï³âøèðèí ñìóã ëþì³íåñöåíö³¿ ç ðîç-
ì³ðàìè ³ äèñïåðñ³ºþ íàíîêðèñòàë³â ñóëüô³äó 
êàäì³þ. 
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