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Ïîë³ìåðí³ êîìïîçèòè ç ð³çíèì âì³ñòîì ïîë³â³í³ëîâîãî ñïèðòó (ÏÂÑ) áóëè ñèíòåçî-

âàí³ ìåòîäîì ñóì³ñíîãî îñàäæåííÿ. Àíàë³ç äàíèõ, îäåðæàíèõ ìåòîäîì ïîðîøêîâî¿

äèôðàêö³¿ ïîêàçàâ ôàçîâó ³äåíòè÷í³ñòü ñèíòåçîâàíèõ êîìïîçèö³éíèõ ìàòåð³àë³â.

Çðàçêè ïðî³íäåêñîâàíî â ãåêñàãîíàëüí³é ñèíãîí³¿ (ïð. ãð. P63mc). Âñòàíîâëåíî, ùî

ñåðåäí³é ðîçì³ð êðèñòàë³ò³â ZnO ñòàíîâèòü áëèçüêî 39 íì, òîä³ ÿê äëÿ ZnO/10%ÏÂÑ

– 23 íì. Â³äì³÷åíî, ùî äîäàâàííÿ ïîë³ìåðíîãî ìîäèô³êàòîðà â³ä³ãðàº êëþ÷îâå

çíà÷åííÿ â ðåãóëþâàíí³ ïðîöåñó çðîñòàííÿ êðèñòàë³ò³â ïðè ñèíòåç³ êîìïîçèò³â.

Íåìîäèô³êîâàíèé ZnO, â ïîð³âíÿíí³ ³ç ìîäèô³êîâàíèì, ìàº âèùó ôîòîêàòàë³òè-

÷íó àêòèâí³ñòü. Çîêðåìà, âæå ï³ñëÿ 150 õâ â³äáóâàºòüñÿ ìàéæå 100%-âå çíåáàðâëåí-

íÿ ðîç÷èíó Ðîäàì³íó Á, â òîé ÷àñ ÿê ó ïðèñóòíîñò³ ZnO/30%ÏÂÑ ðóéíóºòüñÿ ëèøå

êîæíà äåñÿòà ìîëåêóëà áàðâíèêà. Êð³ì òîãî, øâèäê³ñòü ôîòîêàòàë³òè÷íî¿ äåãðàäàö³¿

îðãàí³÷íî¿ ìîëåêóëè çíà÷íî ìåíøà ó ïðèñóòíîñò³ îêñèä-ïîë³ìåðíîãî êîìïîçèòó, ùî

îáóìîâëåíî ôîðìóâàííÿì àäñîðáö³éíîãî øàðó ç ìîëåêóë ÏÂÑ íà ïîâåðõí³ ÷àñòèíîê

ZnO, íàÿâí³ñòü ÿêîãî çíà÷íî çìåíøóº ñîðáö³þ Ðîäàì³íó Á ³ç ðîç÷èíó ³ ï³äâèùóº

éîãî ôîòîñòàá³ëüí³ñòü. Ïîêàçàíî, ùî ïðè çá³ëüøåííÿ âì³ñòó ïîë³ìåðíîãî ìîäèô³êà-

òîðà ó çðàçêàõ åôåêòèâí³ñòü ôîòîäåãðàäàö³¿ çìåíøóºòüñÿ. Îäåðæàí³ ðåçóëüòàòè ìà-

þòü âàæëèâå òåõíîëîã³÷íå çíà÷åííÿ, ÿêå áàçóºòüñÿ íà ìîæëèâîñò³ âèêîðèñòàííÿ äà-

íîãî êîìïîçèòó â ÿêîñò³ ÓÔ-ô³ëüòðà òà ³íãðåä³ºíòó ñîíöåçàõèñíèõ çàñîá³â.
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Âñòóï
²ñíóþ÷³ ñîíöåçàõèñí³ êîñìåòè÷í³ çàñîáè â

ïåðåâàæí³é á³ëüøîñò³ ì³ñòÿòü â ÿêîñò³ ô³çè÷íî-
ãî áëîêàòîðà óëüòðàô³îëåòîâîãî (ÓÔ) âèïðîì³-
íþâàííÿ öèíê îêñèä, ùî çóìîâëåíî éîãî ñòðóê-
òóðíèìè, îïòèêî-åëåêòðîííèìè âëàñòèâîñòÿìè
òà äåøåâèçíîþ [1–3].

Êîñìåòè÷í³ çàñîáè òà ìåäè÷í³ ïðåïàðàòè ç
öèíê îêñèäîì ìàþòü ïðîòèçàïàëüí³, àíòèñåï-
òè÷í³, â’ÿæó÷³, àäñîðáóþ÷³ âëàñòèâîñò³ ³ çàñòî-
ñîâóþòüñÿ â çàñîáàõ äëÿ ÷óòëèâî¿ òà ïîäðàçíå-
íî¿ øê³ðè, ïðè âóãðîâèõ âèñèïàõ, ó äèòÿ÷èõ êðå-
ìàõ.

Â³äîìî, ùî ä³ÿ öèíê îêñèäó îáóìîâëåíà
éîãî âèñîêîþ ôîòîêàòàë³òè÷íîþ àêòèâí³ñòþ [4].
Äëÿ çìåíøåííÿ ôîòîêàòàë³òè÷íî¿ àêòèâíîñò³
öèíê îêñèäó, ùî, â ñâîþ ÷åðãó ïðèçâåäå äî ï³äâè-
ùåííÿ ÓÔ-åêðàíóþ÷î¿ çäàòíîñò³ ìàòåð³àëó, âè-

êîðèñòîâóþòü õ³ì³÷íå ìîäèô³êóâàííÿ éîãî ïî-
âåðõí³ ç âèêîðèñòàííÿì ïîë³â³í³ëï³ðîë³äîíó,
ïîë³àêðèëîâî¿ êèñëîòè, ã³äðîêñèàëê³ëöåëþëîçè,
òîùî [5–11]. Ïðè âèáîð³ ìàòåð³àëó äëÿ ìîäèô³-
êóâàííÿ ïîâåðõí³ ZnO íàìè áóëî âðàõîâàíî íà-
ñòóïí³ êðèòåð³¿: çäàòí³ñòü äî ìîëåêóëÿðíî¿ àä-
ñîðáö³¿ íà ïîâåðõí³ ÷àñòî÷îê ZnO, íåòîêñè÷í³ñòü,
³íåðòí³ñòü, îïòè÷íà ïðîçîð³ñòü, ðîç÷èíí³ñòü ó
âîä³. Ïîñòàâëåíèì âèìîãàì íàéá³ëüøå â³äïîâ³-
äàâ ÏÂÑ (ÏÂÑ – îïòè÷íî-ïðîçîðèé ³íåðòíèé
îðãàí³÷íèé ïîë³ìåð, ùî çàñòîñîâóºòüñÿ â õàð-
÷îâ³é ïðîìèñëîâîñò³ (Å-1203) â ÿêîñò³ åìóëüãà-
òîðà, ñòàá³ë³çàòîðà, çàãóùóâà÷à, ïë³âêîóòâîðþ-
âà÷à, ãëàçóðóþ÷îãî àãåíòà, ðîç÷èííèé ó âîä³).

Òîìó, ìåòà ðîáîòè ïîëÿãàëà ó âñòàíîâëåíí³
îïòèìàëüíèõ óìîâ îäåðæàííÿ îêñèäó öèíêó
ìîäèô³êîâàíîãî ïîë³â³í³ëîâèì ñïèðòîì, äîñë³-
äæåíí³ ô³çèêî-õ³ì³÷íèõ âëàñòèâîñòåé òà ôîòî-
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êàòàë³òè÷íî¿ àêòèâíîñò³ îäåðæàíîãî îêñèä-ïîë-
³ìåðíîãî êîìïîçèòó íà ìîäåëüí³é ðåàêö³¿ ôî-
òîäåãðàäàö³¿ îðãàí³÷íîãî áàðâíèêà.

Åêñïåðèìåíòàëüíà ÷àñòèíà
Ñèíòåç ïîë³ìåðíèõ êîìïîçèò³â íà îñíîâ³

öèíê îêñèäó òà ÏÂÑ çä³éñíþâàëè çà ìåòîäèêîþ,
äåòàëüíî îïèñàíîþ â ðîáîò³ [12]. Â ðåçóëüòàò³
áóëî îäåðæàíî ÷èñòèé íåìîäèô³êîâàíèé öèíê
îêñèä (çðàçîê 1) òà ïîë³ìåðí³ êîìïîçèòè ç ð³çíîþ
êîíöåíòðàö³ºþ ìîäèô³êàòîðà – ïîë³â³í³ëîâîãî
ñïèðòó (ÏÂÑ), à ñàìå ZnO/10%ÏÂÑ (çðàçîê 2),
ZnO/20%ÏÂÑ (çðàçîê 3) òà ZnO/30%ÏÂÑ (çðà-
çîê 4).

Ôàçîâèé ñêëàä ñèíòåçîâàíèõ ïîë³ìåðíèõ
êîìïîçèò³â êîíòðîëþâàëè ìåòîäîì ðåíòãåíîôà-
çîâîãî àíàë³çó ç âèêîðèñòàííÿì ðåíòãåí³âñüêî-
ãî äèôðàêòîìåòðà Shimadzu LabX XRD-6000
(CuK – âèïðîì³íþâàííÿ, =0,15406 íì, ä³àïà-
çîí êóò³â 202800). Çéîìêó âèêîíóâàëè ç³ øâèä-
ê³ñòþ 20/õâ. Ïðè ³äåíòèô³êàö³¿ ôàç âèêîðèñòî-
âóâàëè áàçó äàíèõ Ì³æíàðîäíîãî êîì³òåòó ïî-
ðîøêîâèõ äèôðàêö³éíèõ ñòàíäàðò³â (JCPDS
PDF-2). Çà äàíèìè ïîðîøêîâî¿ ðåíòãåí³âñüêî¿
äèôðàêö³¿ ðîçðàõîâóâàëè òàêîæ ïàðàìåòðè êðè-
ñòàë³÷íî¿ êîì³ðêè ÷èñòîãî íåìîäèô³êîâàíîãî
öèíê îêñèäó â ç âèêîðèñòàííÿì ïðîãðàìè
X-Ray.

²×-ñïåêòðîñêîï³÷í³ äîñë³äæåííÿ â ä³àïàçîí³
400–4000 ñì–1 ïðîâîäèëè íà ïðèëàä³ Spectrum
BX FT-IR (Perkin Elmer) â òàáëåòêàõ ç KBr.

Ñïåêòðè ñâ³òëîïîãëèíàííÿ ðîç÷èí³â Ðîäà-
ì³íó Á â ïðèñóòíîñò³ ÷èñòîãî ZnO òà öèíê îê-
ñèäó, ìîäèô³êîâàíîãî ÏÂÑ, ðåºñòðóâàëèñÿ íà
ñïåêòðîôîòîìåòð³ UV-Vis Varian Cary 5000 â ä³à-
ïàçîí³ 400–700 íì.

Ôîòîêàòàë³òè÷íó àêòèâí³ñòü îêñèä-ïîë³ìåð-
íîãî êîìïîçèòó âèçíà÷àëè íà ìîäåëüí³é ðåàêö³¿
çíåáàðâëåííÿ Ðîäàì³íó Á ï³ä ä³ºþ ÓÔ-âèïðîì-
³íþâàííÿ. 50 ìã çðàçêà ïîì³ùàëè ó âîäíèé ðîç-
÷èí áàðâíèêà îá’ºìîì áëèçüêî 100 ìë ç ïî÷àò-
êîâîþ êîíöåíòðàö³ºþ 210–5 ìîëü/ë. Óòâîðåíó
ñóñïåíç³þ ïîì³ùàëè ó òåìíå ì³ñöå òà ðåòåëüíî
ïåðåì³øóâàëè íà ìàãí³òíîìó çì³øóâà÷³ âïðîäîâæ
30 õâ. Ïîò³ì ñóñïåíç³þ ïåðåíîñèëè â öèë³í-
äðè÷íèé êâàðöîâèé ðåàêòîð ³ âìèêàëè äæåðåëî
ÓÔ-âèïðîì³íþâàííÿ – ðòóòíó ëàìïó ïîòóæí³-
ñòþ 21 Âò ç äîâæèíîþ õâèë³ 365 íì. Åêñïåðè-
ìåíòè ïðîâîäèëèñÿ ïðè pH 8. ×åðåç êîæí³ 30 õâ
â³äáèðàëè ïðîáó îá’ºìîì 5 ìë, öåíòðèôóãóâàëè
òà çàïèñóâàëè ñïåêòðè ïîãëèíàííÿ óòâîðåíîãî
ðîç÷èíó áàðâíèêà íà ñïåêòðîôîòîìåòð³.

Ðåçóëüòàòè òà îáãîâîðåííÿ
Íà ðèñ. 1 íàâåäåíî ðåíòãåíîãðàìè ÷èñòîãî

öèíê îêñèäó òà çðàçêà, ùî ì³ñòèòü 10% ÏÂÑ.

Ôàçîâèé àíàë³ç ïîêàçàâ â³äñóòí³ñòü íà äèôðàê-
ö³éíèõ êàðòèíàõ ðåôëåêñ³â, ÿê³ â³äïîâ³äàþòü
äîì³øêîâèì ôàçàì, ³ òèì ñàìèì ï³äòâåðäèâ ôà-
çîâó ³íäèâ³äóàëüí³ñòü ñèíòåçîâàíèõ êîìïîçèòíèõ
ìàòåð³àë³â. Çà äàíèìè ïîðîøêîâî¿ äèôðàêö³¿
çðàçêè áóëè ïðî³íäåêñîâàí³ â ãåêñàãîíàëüí³é
ñèíãîí³¿ (ïðîñòîðîâà ãðóïà P63mc), äå êîæíîìó
ï³êó íà äèôðàêòîãðàì³ â³äïîâ³äàº ïåâíèé íàá³ð
³íäåêñ³â Ì³ëëåðà (ðèñ. 1). Çíà÷åííÿ ïàðàìåòð³â
åëåìåíòàðíî¿ êîì³ðêè îêñèäó öèíêó äîð³âíþþòü
a=0,3249 íì, c=0,5207 íì, V=0,0476 íì3.

Íà îñíîâ³ îäåðæàíèõ ðåíòãåí³âñüêèõ äèô-
ðàêòîãðàì ðîçðàõîâóâàëè ñåðåäí³ ðîçì³ðè êðèñ-
òàë³ò³â ç âèêîðèñòàííÿì ð³âíÿííÿ Øåððåðà:

K
D ,

cos



 

äå D – ðîçì³ð êðèñòàë³ò³â (íì);  – äîâæèíà
õâèë³ ðåíòãåí³âñüêîãî âèïðîì³íþâàííÿ
(0,15406 íì); K – êîíñòàíòà (âåëè÷èíà K çàëå-
æèòü â³ä ñïîñîáó, ÿêèì âèçíà÷àëè øèðèíó ë³í³¿,
òà ôîðìè êðèñòàë³ò³â, â äàíîìó âèïàäêó Ê=0,9);
 – øèðèíà êðèâî¿ ðîçïîä³ëó ³íòåíñèâíîñò³ íà
ïîëîâèí³ âèñîòè ìàêñèìóìó ðåôëåêñó (â ðàä³-
àíàõ);  – êóò äèôðàêö³¿ (â ãðàäóñàõ). ²ñòèííó
³íòåãðàëüíó øèðèíó ï³êà çíàõîäèëè çà ð³âíÿí-
íÿì Óîððåíà:

2 2 2

експ. інстр. ,   

äå åêñï. – ïîâíà øèðèíà ï³êà äîñë³äæóâàíîãî
çðàçêà íà ïîëîâèí³ ìàêñèìàëüíî¿ ³íòåíñèâíîñò³
(FWHM) (â ðàä³àíàõ); ³íñòð. – øèðèíà äèôðàê-
ö³éíî¿ ë³í³¿, ÿêà âèçíà÷àºòüñÿ êîíñòðóêö³ºþ ïðè-
ëàäó (â ðàä³àíàõ) òà ðîçðàõîâóºòüñÿ ³ç äèôðàê-
ö³éíî¿ êàðòèíè ñòàíäàðòó. ßê åòàëîí âèêîðèñ-
òîâóâàëè ìîíîêðèñòàë³÷íèé êðåìí³é
(JCPDS 89-2955). Âñòàíîâëåíî, ùî ñåðåäí³é
ðîçì³ð êðèñòàë³ò³â ZnO äîð³âíþº 39 íì, à äëÿ
ZnO/10%ÏÂÑ – 23 íì, ùî ï³äòâåðäæóº íàíî-
êðèñòàë³÷í³ñòü ñèíòåçîâàíèõ ìàòåð³àë³â.

Ïðè ïîð³âíÿíí³ øèðèíè ï³ê³â íà äèôðàê-
òîãðàìàõ 1 òà 2 (ðèñ. 1), áóëî â³äì³÷åíî, ùî äî-
äàâàííÿ ïîë³ìåðíîãî ìîäèô³êàòîðà ìàº êëþ÷î-
âå çíà÷åííÿ â ðåãóëþâàíí³ ïðîöåñó çðîñòàííÿ
êðèñòàë³ò³â ïðè ñèíòåç³ êîìïîçèò³â, äèñïåðñíîñò³
òà çàïîá³ãàº àãëîìåðàö³¿ ÷àñòèíîê. Â òîé æå ÷àñ,
âàðòî çàçíà÷èòè, ùî ï³ñëÿ ìîäèô³êóâàííÿ
ê³ëüê³ñòü ï³ê³â, ¿õ ïîëîæåííÿ òà ³íòåíñèâíîñò³
ïðàêòè÷íî íå çì³íèëèñÿ. Öåé ôàêò ñâ³ä÷èòü ïðî
³çîñòðóêòóðí³ñòü ñèíòåçîâàíèõ îêñèä-ïîë³ìåðíî-
ãî êîìïîçèòó òà âèõ³äíîãî öèíê îêñèäó.

Óòâîðåííÿ õ³ì³÷íèõ çâ’ÿçê³â Zn–O–C ì³æ
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ã³äðîêñèëüíèìè ãðóïàìè íà ïîâåðõí³ ÷àñòèíîê
ZnO òà ìîëåêóëàìè ïîë³ìåðó áóëî ï³äòâåðäæå-
íî ìåòîäîì ²×-ñïåêòðîñêîï³¿ â ðåæèì³ ïðîïóñ-
êàííÿ.

Íà ²×-ñïåêòð³ ÷èñòîãî öèíê îêñèäó (ðèñ.
2, êðèâà 1) ñïîñòåð³ãàþòüñÿ äâ³ õàðàêòåðèñòè÷í³
ñìóãè ïðè 465 ñì–1 òà 3440 ñì–1, ÿê³ â³äïîâ³äà-
þòü êîëèâàííÿì çâ’ÿçêó Î–Zn–O òà àäñîðáîâà-
íèõ ç ïîâ³òðÿ ÎÍ-ãðóï, â³äïîâ³äíî. Íà ñïåêòð³
ïîë³ìåðíîãî êîìïîçèòó (ðèñ. 2, êðèâà 3) âäàëî-
ñÿ çàô³êñóâàòè äîäàòêîâ³ ï³êè ïðè 1440 ñì–1,
1095 ñì–1, 850 ñì–1, ùî ñâ³ä÷àòü ïðî íàÿâí³ñòü
–CH2–, –ÑÎ, –Ñ–ÑÎ– ãðóï, ³ º õàðàêòåðè-
ñòè÷íèìè äëÿ ïîâåðõíåâî-çâ’ÿçàíèõ ìîëåêóë ÏÂÑ
(ðèñ. 2, êðèâà 2). Òàêîæ, â äàíîìó çðàçêó çàô³ê-
ñîâàíî çñóâ êîëèâàëüíî¿ ìîäè ïðè 3440 ñì–1 äî
ìåíøèõ çíà÷åíü õâèëüîâîãî ÷èñëà (3360 ñì–1),
ùî º ðåçóëüòàòîì óòâîðåííÿ àñîö³àò³â ì³æ ã³äðîê-
ñèëüíèìè ãðóïàìè ÏÂÑ òà ã³äðîô³ëüíîþ ïîâåð-
õíåþ ZnO. Òàêèì ÷èíîì, ðåçóëüòàòè ²×-ñïåêò-
ðîñêîï³÷íèõ äîñë³äæåíü äàþòü ï³äñòàâè ñòâåð-
äæóâàòè ïðî çäàòí³ñòü ìîëåêóë ïîë³ìåðíîãî ìî-
äèô³êàòîðà óòðèìóâàòèñÿ íà ïîâåðõí³ îêñèäíî¿
ìàòðèö³ íå ëèøå çàâäÿêè ô³çè÷í³é àäñîðáö³¿, à
é çà ðàõóíîê õåìîñîðáö³¿, à ñàìå óòâîðåííÿ
õ³ì³÷íèõ çâ’ÿçê³â ì³æ ñïèðòîâèìè ãðóïàìè ïîë³-
â³í³ëîâîãî ñïèðòó òà ã³äðîêñî-ãðóïàìè íà ïî-

âåðõí³ öèíê îêñèäó.
Ç ìåòîþ âèâ÷åííÿ çäàòíîñò³ îäåðæàíèõ

ïîë³ìåðíèõ êîìïîçèò³â çíåáàðâëþâàòè ðîç÷èíè
îðãàí³÷íèõ ñïîëóê ï³ä ä³ºþ ÓÔ-âèïðîì³íþâàí-
íÿ áóëè çä³éñíåí³ ôîòîêàòàë³òè÷í³ äîñë³äæåííÿ.
ßê áàðâíèê áóëî îáðàíî Ðîäàì³í Á, âîäíèé ðîç-
÷èí ÿêîãî ìàº ðîæåâå çàáàðâëåííÿ. Ñòóï³íü ôî-
òîêàòàë³òè÷íî¿ äåãðàäàö³¿ Ðîäàì³íó Á ðîçðàõî-
âóâàëè çà ð³âíÿííÿì:

0 τ

0

П П
(%) 100%,

П


  

äå 0 òà  – ³íòåíñèâíîñò³ ïîãëèíàííÿ ðîç÷èíó
áàðâíèêà íà ïî÷àòêó åêñïåðèìåíòó òà â ìîìåíò
÷àñó , â³äïîâ³äíî.

×èñåëüíî ³íòåíñèâí³ñòü ïðîïîðö³éíà ïëîù³
ï³ä ñìóãîþ ïîãëèíàííÿ. ßê âèäíî ç ðèñ. 3, ìàê-
ñèìóì ñìóãè ïîãëèíàííÿ âîäíîãî ðîç÷èíó Ðî-
äàì³íó Á çíàõîäèòüñÿ ïðè 545 íì. Ïðè îïðîì³-
íåíí³ ôîòîêàòàë³òè÷íî¿ ñèñòåìè (ðîç÷èí áàð-
âíèêà + êîìïîçèò) â ÓÔ-ä³àïàçîí³ ñïîñòåð³ãàºòü-
ñÿ ïîñòóïîâå çìåíøåííÿ êîíöåíòðàö³¿ îðãàí³-
÷íî¿ ñïîëóêè â ðîç÷èí³.

Ïðîöåñ ôîòîäåãðàäàö³¿ º äîñèòü ñêëàäíèì
³ ó â³äïîâ³äíîñò³ äî ðåçóëüòàò³â ðîá³ò [13–14]

Ðèñ. 1. Äèôðàêòîãðàìè ÷èñòîãî ZnO (1) òà ZnO/10%ÏÂÑ (2)
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â³äáóâàºòüñÿ â äåê³ëüêà åòàï³â. Ñïî÷àòêó ï³ä ä³ºþ
ÓÔ-âèïðîì³íþâàííÿ (h) öèíê îêñèä ãåíåðóº
åëåêòðîí-ä³ðêîâó ïàðó. Åëåêòðîí, âçàºìîä³þ÷è
ç ìîëåêóëàìè âîäè òà ðîç÷èíåíèì â í³é êèñíåì
ïîâ³òðÿ, ïðèçâîäèòü äî óòâîðåííÿ àêòèâíèõ ðà-
äèêàë³â 

2O
 , OOH , OH . Âîíè, â ñâîþ ÷åðãó,

êîíòàêòóþòü ç ìîëåêóëàìè Ðîäàì³íó Á, àäñîð-
áîâàíèìè íà ã³äðîôîáí³é ïîâåðõí³ ZnO, ùî çó-
ìîâëþº çìåíøåííÿ ³íòåíñèâíîñò³ ñìóãè ïîãëè-
íàííÿ çàâäÿêè N-äèåòèëþâàííþ áàðâíèêà. Ïà-
ðàëåëüíî ç âèùåîïèñàíèì ïðîöåñîì â ðîç÷èí³
â³äáóâàºòüñÿ ðîçêëàä õðîìîôîðíîãî ê³ëüöÿ (ðîç-
êðèòòÿ öèêëó) áàðâíèêà ç ïîäàëüøèì äîîêèñ-
íåííÿì íàï³âïðîäóêò³â. Çàê³í÷óºòüñÿ ïðîöåñ
ðóéíóâàííÿ Ðîäàì³íó Á óòâîðåííÿì âóãëåêèñ-
ëîãî ãàçó òà âîäè ç â³çóàëüíèì çíåáàðâëåííÿì
ìîäåëüíîãî ðîç÷èíó.

Çàëåæí³ñòü ñòóïåíÿ äåãðàäàö³¿ Ðîäàì³íó Á
â³ä ÷àñó â ïðèñóòíîñò³ ÷èñòîãî ZnO (çðàçîê 1) òà
ïîë³ìåðíîãî êîìïîçèòó (çðàçêè 2–4) íàäàíî íà
ðèñ. 4. Âàðòî â³äì³òèòè, ùî âæå ï³ñëÿ 150 õâ
åêñïåðèìåíòó â³äáóâàºòüñÿ ìàéæå 100%-âå çíå-
áàðâëåííÿ ðîç÷èíó Ðîäàì³íó Á, â òîé ÷àñ ÿê ó
ïðèñóòíîñò³ çðàçêà 4 ðóéíóºòüñÿ ëèøå êîæíà
äåñÿòà ìîëåêóëà áàðâíèêà.

Êð³ì òîãî øâèäê³ñòü ôîòîêàòàë³òè÷íî¿ äåã-
ðàäàö³¿ îðãàí³÷íî¿ ìîëåêóëè çíà÷íî ìåíøà ó
ïðèñóòíîñò³ îêñèä-ïîë³ìåðíîãî êîìïîçèòó.
Ìîæëèâî, öå ïîâ’ÿçàíî ç òèì, ùî ïðè äîäàâàíí³
ÏÂÑ íà ïîâåðõí³ ÷àñòèíîê ZnO óòâîðþºòüñÿ
àäñîðáö³éíèé øàð, íàÿâí³ñòü ÿêîãî çíà÷íî çìåí-
øóº ñîðáö³þ Ðîäàì³íó Á ³ç ðîç÷èíó òà ôîòîêà-
òàë³òè÷íó àêòèâí³ñòü ïîë³ìåðíîãî êîìïîçèòó íà
îñíîâ³ öèíê îêñèäó. Ïðè àíàë³ç³ êðèâèõ íà ðèñ. 4,
áóëî ïîêàçàíî, ùî çà ì³ðîþ çá³ëüøåííÿ ó çðàç-
êàõ âì³ñòó ïîë³ìåðíîãî ìîäèô³êàòîðà ñòóï³íü ôî-
òîäåãðàäàö³¿ çìåíøóºòüñÿ.

Âèñíîâêè
Â ðåçóëüòàò³ çä³éñíåíèõ äîñë³äæåíü áóëî

ñèíòåçîâàíî öèíê îêñèä, ìîäèô³êîâàíèé ÏÂÑ.
Çà ðåçóëüòàòàìè ²×-ñïåêòðîñêîï³¿ áóëî ï³äòâåð-
äæåíî çäàòí³ñòü ìîëåêóë ïîë³ìåðíîãî ìîäèô³-
êàòîðà óòðèìóâàòèñÿ íà ïîâåðõí³ îêñèäíî¿ ìàò-

Ðèñ. 2. ²×-ñïåêòðè ZnO (1), ÏÂÑ (2) òà ZnO/10%ÏÂÑ (3)

Ðèñ. 3. Åëåêòðîííèé ñïåêòð ïîãëèíàííÿ ðîç÷èíó

 Ðîäàì³íó Á

Ðèñ. 4. Çàëåæí³ñòü ñòóïåíþ äåãðàäàö³¿ Ðîäàì³íó Á â³ä ÷àñó

ó ïðèñóòíîñò³ ÷èñòîãî ZnO (çðàçîê 1) òà ïîë³ìåðíîãî

êîìïîçèòó (çðàçêè 2–4)
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ðèö³ íå ëèøå çà ðàõóíîê ô³çè÷íî¿ àäñîðáö³¿, à é
çàâäÿêè õåìîñîðáö³¿. Âñòàíîâëåíî, ùî äîäàâàí-
íÿ ïîë³ìåðó íå çì³íþº êðèñòàë³÷íó ñòðóêòóðó
ZnO. Âîäíî÷àñ äëÿ ìîäèô³êîâàíèõ çðàçê³â ñå-
ðåäí³é ðîçì³ð êðèñòàë³ò³â âèÿâèâñÿ ìåíøèì ó
ïîð³âíÿíí³ ç ÷èñòèì öèíê îêñèäîì. Ïîêàçàíî,
ùî çà ì³ðîþ çá³ëüøåííÿ âì³ñòó ÏÂÑ â³äáóâàºòüñÿ
çìåíøåííÿ ôîòîêàòàë³òè÷íî¿ àêòèâíîñò³ çðàçê³â.
Îòæå, îäåðæàí³ ðåçóëüòàòè ìàþòü âàæëèâå ïðàê-
òè÷íå çíà÷åííÿ, ÿêå áàçóºòüñÿ íà ìîæëèâîñò³
âèêîðèñòàííÿ ñèíòåçîâàíèõ êîìïîçèò³â â ÿêîñò³
ÓÔ-ô³ëüòð³â òà ³íãðåä³ºíò³â ñîíöåçàõèñíèõ êîñ-
ìåòè÷íèõ çàñîá³â.
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PHOTOCATALYTIC PROPERTIES OF THE POLYMER
COMPOSITE BASED ON ZINC OXIDE

I.V. Fesych a, S.A. Nedilko a, *, N.I. Sabadash b, O.G. Dziazko a,
T.A. Voitenko a, O.V. Grabovska b, M.A. Zelenko a

a Taras Shevchenko National University of Kyiv, Kyiv, Ukraine
b National University of Food Technologies, Kyiv, Ukraine
* e-mail: snedilko@ukr.net

Polymer composite with difference amount of polyvinyl alcohol
(PVA) were synthesized using co-precipitation method. X-ray analysis
showed the phase identity of the synthesized composite materials.
The samples were indexed in hexagonal syngony (space group P63mc).
It was found that the average crystallite size of ZnO is about 39 nm,
while it is about 23 nm for ZnO/10%PVA. It was noted that the
addition of polymer modifier agent played a vital role in controlling
the growth of the crystal during the synthesis of ZnO-polymer
composites. Unmodified ZnO had higher photocatalytic activity than
the modified one. Thus, almost 100% decolorization of a Rhodamine
B water solution was observed after 150 min, while only every tenth
molecule of the dye was destroyed in the presence of the
ZnO/30%PVA. The rate of photocatalytic degradation of organic
molecules was significantly smaller in the presence of the oxide-
polymer composite because adsorption layer of the PVA molecules
on the surface of ZnO particles was formed. This significantly reduced
the sorption of Rhodamine B from solution and increased its
photostability. It was shown that the degradation efficiency decreased
with increasing of the polymer modifier content in the samples. The
obtained results have important technological importance since the
synthesized composites can be used as UV filters and ingredients of
sunscreens.

Keywords: zinc oxide; polymer; composite;
photodegradation; cosmetics.
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