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Íà êðåìíi¹âèõ ïiäêëàäêàõ ñèíòåçîâàíî ìiêðîñòðóêòóðè ZnO ç ïàðîâî¨ ôàçè. Äîñëiäæåíî ôî-
òîåëåêòðîêàòàëiòè÷íi òà ôîòîêàòàëiòè÷íi âëàñòèâîñòi ñèíòåçîâàíîãî êàòàëiçàòîðà. Çà âèìiðþ-
âàííÿì îïòè÷íî¨ ãóñòèíè â ìàêñèìóìi ïîãëèíàííÿ ìåòèëîðàíæó ïðîàíàëiçîâàíî åôåêòèâíiñòü
ðåàêöié ðîçêëàäó áàðâíèêà. Çà 100 õâ êîíöåíòðàöiÿ áàðâíèêà ïiä ÷àñ ôîòîêàòàëiçó çìåíøèëà-
ñÿ íà 41 %, à ïiä ÷àñ ôîòîåëåêòðîêàòàëiçó � íà 59 %. Äëÿ êiíåòè÷íîãî àíàëiçó êàòàëiòè÷íèõ
ðåàêöié âèêîðèñòîâóâàëè êiíåòèêó ïåðøîãî ïîðÿäêó. Âèçíà÷åíi êîíñòàíòè øâèäêîñòåé ðåàêöié
ïiä ÷àñ ôîòîêàòàëiçó òà ôîòîåëåêòðîêàòàëiçó äîðiâíþ¹ k = 5.1 ·10−3 õâ−1 i k = 8.8 ·10−3 õâ−1

âiäïîâiäíî. Çàïðîïîíîâàíî ìîäåëü, ÿêà ïîÿñíþ¹ ïiäâèùåííÿ åôåêòèâíîñòi ðîçêëàäó áàðâíèêà
ïiä ÷àñ âèêîðèñòàííÿ ôîòîåëåêòðîêàòàëiçó ç åôåêòèâíiøèì ïåðåðîçïîäiëîì çàðÿäiâ çà ïðè-
êëàäàííÿ íàïðóãè (1,5 Â) òà çi çðîñòàííÿì êiëüêîñòi ãiäðîêñèëüíèõ ðàäèêàëiâ íà ïîâåðõíi
êàòàëiçàòîðà.
Êëþ÷îâi ñëîâà: ìiêðîñòðèæíi ZnO, ôîòîäå ðàäàöiÿ, ôîòîåëåêòðîêàòàëiç, àáñîðáöiéíà ñïå-

êòðîñêîïiÿ.
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I. ÂÑÒÓÏ

ZnO � ïðÿìîçîííèé íàïiâïðîâiäíèê ãðóïè AIIBIV

� âèêëèêà¹ ùîðàçó áiëüøå çàöiêàâëåííÿ â íàó-
êîâî¨ ñïiëüíîòè, ùî ñòèìóëþ¹ âèâ÷åííÿ îïòèêî-
ñïåêòðàëüíèõ [1�3], òåïëîïðîâiäíèõ [4], åëåêòðîôiçè-
÷íèõ [5] i êàòàëiòè÷íèõ [6�8] âëàñòèâîñòåé ìàòåðià-
ëiâ íà îñíîâi ZnO, äîñëiäæåííþ îñîáëèâîñòåé ¨õíüî¨
ñòðóêòóðè òà ìîðôîëîãi¨ ïîâåðõíi, ùî áåçïîñåðåäíüî
âïëèâàþòü íà õàðàêòåðèñòèêè ïðèëàäiâ, ñòâîðåíèõ íà
¨õíié îñíîâi. Îñòàííiìè ðîêàìè îñîáëèâî àêòèâíî âè-
â÷àþòü ìîæëèâîñòi âèêîðèñòàííÿ ìàòåðiàëiâ íà îñíî-
âi ZnO ÿê êàòàëiçàòîðiâ îðãàíi÷íèõ áàðâíèêiâ, ùî
ïîâ'ÿçàíî ç  ëîáàëüíîþ ïðîáëåìîþ çàáðóäíåííÿ âî-
äíèõ ðåñóðñiâ íàøî¨ ïëàíåòè. Íåçâàæàþ÷è íà òå, ùî
â öié ãàëóçi íàéàêòèâíiøèì ôîòîêàòàëiçàòîðîì çàãà-
ëîì ââàæàþòü TiO2, öèíê îêñèä ¹ éîãî ÷óäîâîþ àëü-
òåðíàòèâîþ, îñêiëüêè ìà¹ íèæ÷ó âàðòiñòü òà áëèçüêå
çíà÷åííÿ åíåð i¨ çàáîðîíåíî¨ çîíè � áëèçüêî 3.36 åÂ.
Êðiì öüîãî, ZnO äåìîíñòðó¹ êðàùi ïîêàçíèêè ïîðiâ-
íÿíî ç TiO2 çà äå ðàäàöi¨ îðãàíi÷íèõ áàðâíèêiâ ÿê ó
êèñëîìó, òàê i â îñíîâíîìó ñåðåäîâèùi [9�11]. Äëÿ ïî-
êðàùåííÿ åôåêòèâíîñòi äå ðàäàöi¨ îðãàíi÷íîãî áàðâ-
íèêà êàòàëiçàòîðîì íà îñíîâi öèíê îêñèäó âèêîðèñòî-
âóþòü ôîòîåëåêòðîêàòàëiç [12, 13] � ïî¹äíàííÿ äâîõ
ìåòîäèê: åëåêòðîêàòàëiçó é ôîòîêàòàëiçó.

Ó öié ñòàòòi íàâåäåíî ðåçóëüòàòè äîñëiäæåíü ôîòî-
êàòàëiòè÷íèõ òà ôîòîåëåêðîêàòàëiòè÷íèõ âëàñòèâî-
ñòåé ìàòåðiàëiâ íà îñíîâi ìiêðîñòðóêòóð öèíê îêñèäó.

II. ÅÊÑÏÅÐÈÌÅÍÒ

Ìiêðîñòðóêòóðè ZnO âèðîùóâàëè ç ïàðîâî¨ ôà-
çè [1, 14] íà ïðîâiäíèõ êðåìíi¹âèõ (001) ïiäêëàäêàõ.

à)

á)
Ðèñ. 1. Ìîðôîëîãiÿ ìiêðîñòðóêòóð öèíê îêñèäó, ñèíòåçî-

âàíèõ ç ïàðîâî¨ ôàçè
Fig. 1. Morphology of the zinc oxide microstructures synthesi-

zed from the vapor phase

Àíàëiç ìîðôîëîãi¨ ïîâåðõíi çðàçêiâ ¹ iñòîòíèì ó öié
ðîáîòi, îñêiëüêè åôåêòèâíà ïëîùà ïîâåðõíi âïëèâà¹
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íà ôîòîêàòàëiòè÷íó àêòèâíiñòü ZnO [6]. Íà ðèñóí-
êó 1 à i á ç ðiçíèì çáiëüøåííÿì ïîêàçàíî ìiêðîñòðè-
æíi ZnO. Çîáðàæåííÿ ìîðôîëîãi¨ ìiêðîñòðóêòóð áóëè
îòðèìàíi ç âèêîðèñòàííÿì ðàñòðîâîãî åëåêòðîííîãî
ìiêðîñêîïà REMMA-102-02.
ßê âèäíî ç ðèñ. 1 ìiêðîñòðèæíi ZnO äiàìåòðîì 2�

10 ìêì i ç äîâæèíîþ i çàâäîâæêè äî 20 ìêì âèðîñëè
ïiä ðiçíèìè êóòàìè äî ïëîùèíè ïiäêëàäêè.
Äëÿ ðîçêëàäàííÿ îðãàíi÷íîãî áàðâíèêà âèêîðèñòî-

âóâàëè äâi ìåòîäèêè: ôîòîêàòàëiç i ôîòîåëåêòðîêàòà-
ëiç. ßê îðãàíi÷íèé áàðâíèê äëÿ ïåðåâiðêè ôîòîêàòà-
ëiòè÷íèõ òà ôîòîåëåêòðîêàòàëiòè÷íèõ âëàñòèâîñòåé
ìiêðîñòðóêòóð ZnO áóâ îáðàíèé ìåòèëîðàíæ (ÌÎ)
- (C14H14N3NaO3S). Ïîðiâíÿííî ç ïîïåðåäíiìè äîñëi-
äæåííÿìè [14] êîíöåíòðàöiþ áàðâíèêà áðàëè áiëüøó
� 10 ppm, ùî çóìîâëåíî áiëüøîþ êiëüêiñòþ êàòàëiçà-
òîðà (5 ìã/ë). Öå ïîâ'ÿçàíî ç ¾ïëiâêîâîþ¿ ìåòîäèêîþ
ñèíòåçó êàòàëiçàòîðà, ó ÿêié ïîðiâíÿíî ç ïîðîøêîâè-
ìè çðàçêàìè âàæ÷å ïåðåäáà÷èòè íàïåðåä ìàñó ZnO.
Êðiì öüîãî äëÿ êàòîäiâ ó ôîòîåëåêòðîêàòàëiçi íåîáõi-
äíi áiëüøi çà ïëîùåþ çðàçêè.
Äëÿ ôîòîêàòàëiòè÷íîãî ðîçêëàäàííÿ áàðâíèêà äî-

ñëiäæóâàíèé çðàçîê ïîìiùàëè ó âîäíèé ðîç÷èí ìåòè-
ëîðàíæó. ßê äæåðåëî îïðîìiíþâàííÿ âèêîðèñòîâóâà-
ëè êâàðöîâó ëàìïó ÄÐÒ-125 ç ïîòóæíiñòþ âèïðîìi-
íþâàííÿ ïðèáëèçíî 26 Âò â äiàïàçîíi äîâæèí õâèëü
âiä 315 äî 400 íì. Äëÿ ñòàáiëiçàöi¨ ðîáîòè ëàìïè ïåðåä
äîñëiäàìè ¨¨ ¾ïðîãðiâàëè¿ ïðîòÿãîì 10 õâèëèí. Çðàç-
êè ç âîäíèì ðîç÷èíîì áàðíèêà â ñòàíäàðòíèõ êâàð-
öîâèõ êþâåòàõ 3.5 ìë îïðîìiíþâàëè ëàìïîþ, ðîçòà-
øîâàíîþ íà âiäñòàíi 10 ñì.
Äëÿ ôîòîåëåêòðîêàòàëiòè÷íîãî ðîçêëàäàííÿ áàðâ-

íèêà ó âîäíèé ðîç÷èí ïîìiùàëè çðàçîê (ìiêðîñòðèæíi

ZnO íà Si ïiäêëàäöi), ÿêèé ó öié ñèñòåìi ¹ àíîäîì,
òà êàòîä ç àëþìiíiþ. Ïðîòÿãîì 5 öèêëiâ ïî 20 õâ äî
öèõ äâîõ åëåêòðîäiâ ïðèêëàäàëè ðiçíèöþ ïîòåíöiàëiâ
1.5 Â é îäíî÷àñíî ¨õ îïðîìiíþâàëè óëüòðàôiîëåòîâèì
(ÓÔ) ñâiòëîì.

Êiíåòèêó äå ðàäàöi¨ áàðâíèêà äîñëiäæóâàëè ìåòî-
äîì àáñîðáöiéíî¨ ñïåêòðîñêîïi¨ çà çìiíîþ éîãî êîí-
öåíòðàöi¨. Îñòàííþ âèçíà÷àëè íà îñíîâi âèìiðþâàííÿ
îïòè÷íî¨ ãóñòèíè â ìàêñèìóìi ïîãëèíàííÿ áàðâíèêà
(465 íì) çà äîïîìîãîþ ñïåêòðîìåòðà Specord M 40.

III. ÐÅÇÓËÜÒÀÒÈ ÒÀ ÎÁÃÎÂÎÐÅÍÍß

Çìiíà ñïåêòðiâ îïòè÷íî¨ ãóñòèíè âîäíîãî ðîç÷èíó
C14H14N3NaO3S âiä ÷àñó îïðîìiíåííÿ ÓÔ ïðîäåìîí-
ñòðîâàíà íà ðèñ. 2,à,á ïiä ÷àñ ôîòîêàòàëiòè÷íîãî òà
ôîòîåëåêòðîêàòàëiòè÷íîãî åêñïåðèìåíòiâ âiäïîâiäíî.
Öi ñïåêòðè ðå¹ñòðóâàëè â äiàïàçîíi äîâæèí õâèëü âiä
300 äî 600 íì. Íà ðèñóíêó 2 ÿê äëÿ ôîòîêàòàëiçó
(à), òàê i äëÿ ôîòîåëåêòðîêàòàëiçó (á) ïîêàçàíî, ùî
ìàêñèìóì ïîãëèíàííÿ áàðâíèêà çà 465 íì çíèæó¹-
òüñÿ ïîñòóïîâî ïðîòÿãîì äîñëiäæóâàíîãî ÷àñó 100 õâ,
àëå, êðiì öüîãî, ñïîñòåðiãà¹òüñÿ çìiùåííÿ ìàêñèìó-
ìó ïîãëèíàííÿ ç ÷àñîì îïðîìiíåííÿ, ùî ìîæå áóòè
ïîâ'ÿçàíî ç óòâîðåííÿì ïîái÷íîãî ïðîäóêòó â ïðî-
öåñi äå ðàäàöi¨. Ïiä ÷àñ åêñïåðèìåíòiâ ç äå ðàäàöi-
¹þ êîíöåíòðàöiÿ ÌÎ çíèæó¹òüñÿ çà ðàõóíîê ôîòî-
åëåêòðîõiìi÷íîãî îêèñíåííÿ ÌÎ, ùî ¹ â çàáðóäíåíié
âîäi. Ïîñòiéíå çìåíøåííÿ àáñîðáöi¨ âêàçó¹ íà çíèæå-
ííÿ êîíöåíòðàöi¨ ÌÎ, ÿêå âiçóàëüíî ïiäòâåðäæó¹òüñÿ
çíåáàðâëåííÿì ðåàêöiéíîãî ðîç÷èíó.

Ðèñ. 2. Àáñîðáöiéíi ñïåêòðè âîäíîãî ðîç÷èíó C14H14N3NaO3S, çíÿòi ÷åðåç ðiçíi ïðîìiæêè ÷àñó îïðîìiíåííÿ ÓÔ äëÿ
ôîòîêàòàëiòè÷íîãî (à) é ôîòîåëåêòðîêàòàëiòè÷íîãî (á) åêñïåðèìåíòiâ iç âèêîðèñòàííÿì êàòàëiçàòîðà íà îñíîâi ìiêðî-

ñòðèæíiâ ZnO
Fig. 2. The absorption spectra of an aqueous solution of C14H14N3NaO3S taken at diferent intervals of UV irradiation for

photocatalysis (a) and photoelectrocatalysis (á) using a catalyst based on ZnO microrods

Øâèäêiñòü ðåàêöi¨ äå ðàäàöi¨ áàðâíèêà çàëåæèòü
âiä êiëüêîñòi çiòêíåíü ðåà óþ÷èõ ÷àñòèíîê çà îäèíè-
öþ ÷àñó â îäèíèöi îá'¹ìó. Òîìó íåçàëåæíî âiä ñòóïåíÿ
çàâåðøåíîñòi õiìi÷íî¨ ðåàêöi¨ ¨¨ øâèäêiñòü âèçíà÷à-

òèìåòüñÿ êîíöåíòðàöi¹þ âèõiäíèõ ðå÷îâèí C, áî ñà-
ìå âåëè÷èíè êîíöåíòðàöié çàäàþòü ÷àñòîòó çiòêíåíü.
Îòæå, ìîæíà ïðèéíÿòè ÿê ïîñòóëàò, ùî øâèäêiñòü õi-
ìi÷íî¨ ðåàêöi¨ ïðîïîðöiéíà äî êîíöåíòðàöi¨ âèõiäíèõ
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ðå÷îâèí ó ïåâíèé ìîìåíò ÷àñó.
Âiäíîñíó êîíöåíòðàöiþ áàðâíèêà Cr ðîçðàõîâóâàëè

çà ôîðìóëîþ [15]:

Cr = [Ct/C0]× 100% = (A465
t /A465

0 )× 100%, (1)

äå � C0 ïî÷àòêîâà êîíöåíòðàöiÿ áàðâíèêà; Ct � êîí-
öåíòðàöi¨ áàðâíèêà ïiñëÿ ÓÔ-îïðîìiíåííÿ ïðîòÿãîì
÷àñó t; A465

0 i A465
t îïòè÷íà ãóñòèíà ðîç÷èíó áàðâíèêà

çà 465 íì äî i ïiñëÿ îïðîìiíåííÿ ïðîòÿãîì ÷àñó t.

Ðèñ. 3. Çìiíà âiäíîñíî¨ êîíöåíòðàöi¨ ÌÎ ç ÷àñîì ÓÔ-
îïðîìiíåííÿ ïiä ÷àñ ôîòîêàòàëiçó (÷åðâîíi ñèìâîëè) i ôî-

òîåëåêòðîêàòàëiçó (÷îðíi ñèìâîëè)
Fig. 3. Change in the relative concentration of methyl orange
with the time of UV irradiation during photocatalysis (red

symbols) and photoelectrocatalysis (black symbols)

Ðèñóíîê 3 iëþñòðó¹ çìiíè âiäíîñíî¨ êîíöåíòðàöi¨
áàðâíèêà Ct/C0 ó âèãëÿäi ôóíêöi¨ äå ðàäàöi¨ çà ó÷à-
ñòþ êàòàëiçàòîðà âiä ÷àñó ÓÔ-îïðîìiíåííÿ â ïðîöå-
ñàõ ôîòîêàòàëiçó òà ôîòîåëåêòðîêàòàëiçó. Åôåêòèâ-
íiñòü êàòàëiòè÷íî¨ ðåàêöi¨ îöiíþâàëè, ÿê i â ðîáî-
òàõ [6, 7, 14], çà ôîðìóëîþ:

Eef =[C0 − C(t)/C0]×100% = (A0 −At/A0)×100%.(2)

Çà 100 õâ êîíöåíòðàöiÿ áàðâíèêà ïiä ÷àñ ôîòîêà-
òàëiçó (�÷åðâîíà� êðèâà) çíèçèëàñÿ íà 41%, à ïiä ÷àñ
ôîòîåëåêòðîêàòàëiçó (�÷îðíà� êðèâà) � íà 59%. Ó ðå-
çóëüòàòi ïðîìiæíèõ äîñëiäæåíü âèÿâëåíî, ùî ÌÎ íå
ðîçêëàäà¹òüñÿ ïiä äi¹þ ÓÔ-âèïðîìiíþâàííÿ áåç çà-
ñòîñóâàííÿ ôîòîêàòàëiçàòîðiâ ZnO.
Îñêiëüêè ìà¹ìî ñïðàâó ç ðåà åíòàìè, ÿêi ïåðåáóâà-

þòü ó ðiçíèõ ôàçàõ, òî øâèäêiñòü ðåàêöi¨ çàëåæàòèìå
âiä ïëîùi ïîâåðõíi êîíòàêòó ôàç. Ðå÷îâèíè, ÿêi ðåà ó-
þòü â àäñîðáîâàíîìó ñòàíi, ïîâèííi áóòè ïîïåðåäíüî
ïåðåíåñåíi íà ïîâåðõíþ, à ïîòiì ïðîäóêòè ðåàêöi¨ ìà-
þòü äåñîðáóâàòè ç ïîâåðõíi [8]. Äëÿ àäåêâàòíîãî êi-
íåòè÷íîãî àíàëiçó êàòàëiòè÷íèõ ðåàêöié âèêîðèñòîâó-
þòü ïîíÿòòÿ êîíñòàíòè øâèäêîñòi ðåàêöi¨ k. Êîíñòàí-
òà øâèäêîñòi ðåàêöi¨ � öå ïèòîìà øâèäêiñòü õiìi÷íî¨
ðåàêöi¨. Óíàñëiäîê öüîãî ðîçìiðíiñòü êîíñòàíòè øâèä-
êîñòi çàëåæèòü âiä òèïó ðåàêöi¨. Ïîðÿäîê ðåàêöi¨ âè-
çíà÷åíî ãðàôi÷íèì ìåòîäîì. ßêùî âiäêëàñòè ïî îñi
îðäèíàò äåÿêó ôóíêöiþ âiä êîíöåíòðàöi¨, à ïî îñi àá-
ñöèñ � ÷àñ, òî ïðÿìîëiíiéíà çàëåæíiñòü ñâiä÷èòèìå

ïðî ïðàâèëüíî âèáðàíèé ïîðÿäîê ðåàêöi¨. Ó íàøîìó
âèïàäêó îäåðæàíà ãðàôi÷íà çàëåæíiñòü ïðÿìîëiíiéíà
â êîîðäèíàòàõ ln(Ct/C0) âiä ÷àñó, ùî âiäïîâiäà¹ êiíå-
òèöi ïåðøîãî ïîðÿäêó, ÿêó îïèñó¹ ôîðìóëà [8, 16]:

ln[Ct/C0] = −kt (3)

Ðèñóíîê 4 iëþñòðó¹ ðåçóëüòàòè àïðîêñèìàöi¨ êiíå-
òèêè ôîòîäå ðàäàöi¨ ç âèêîðèñòàííÿ ðiâíÿííÿ ïåðøî-
ãî ïîðÿäêó (3). Çàëåæíiñòü ln[Ct/C0] ÿê ôóíêöiþ âiä
÷àñó àïðîêñèìóâàëè ïðÿìèìè ëiíiÿìè. Êîåôiöi¹íòè
êîðåëÿöi¨ äëÿ êiíåòèêè ðåàêöié êðèâèõ, ùî âiäîáðà-
æàþòü àäåêâàòíiñòü îáðàíî¨ ìîäåëi äëÿ îïèñó ôîòî-
êàòàëiòè÷íî¨ òà ôîòîåëåêòðîêàòàëiòè÷íî¨ ðåàêöié ìi-
êðîñòðóêòóðàìè ZnO, äîðiâíþþòü R = 0.983 òà
R = 0.997 âiäïîâiäíî. Êîíñòàíòè øâèäêîñòåé ðåà-
êöié äå ðàäàöi¨ ÌÎ çà âèêîðèñòàííÿ ìiêðîñòðóêòóð
ZnO ó ôîòîêàòàëiçi òà ôîòîåëåêòðîêàòàëiçi äîðiâíþ-
þòü k = 5.1·10−3 õâ−1 i k = 8.8·10−3 õâ−1 âiäïîâiäíî.

Ðèñ. 4. Ëiíiéíà àïðîêñèìàöiÿ êiíåòè÷íèõ êðèâèõ ôîòîäå-
 ðàäàöi¨ ÌÎ (�÷åðâîíà� ëiíiÿ) òà ôîòîåëåêòðîäå ðàäàöi¨

(�÷îðíà� ëiíiÿ) çà âèêîðèñòàííÿ ìiêðîñòðóêòóð ZnO
Fig. 4. Linear approximation of the kinetic curves of
photodegradation of methyl orange (�red� line) and photo-
electrodegradation (�black� line) using ZnO microstructures

Ðîçãëÿíüìî ìåõàíiçì ðîçäiëåííÿ òà ðåêîìáiíàöi¨ çà-
ðÿäiâ ó ôîòîåëåêòðîêàòàëiòè÷íié ñèñòåìi, ÿêó âèêî-
ðèñòîâóâàëè â íàøîìó åêñïåðèìåíòi. Âíàñëiäîê ÓÔ-
îïðîìiíåííÿ ñâiòëîì ç åíåð i¹þ ôîòîíiâ, áiëüøîþ
çà øèðèíó çàáîðîíåíî¨ çîíè îêñèäó öèíêó (hν >
Eg = 3.36 åÂ) åëåêòðîí çáóäæó¹òüñÿ é ïåðåõîäèòü
iç çàïîâíåíî¨ âàëåíòíî¨ çîíè (ÂÇ) äî ïîðîæíüî¨ çî-
íè ïðîâiäíîñòi (ÇÏ). Öå çáóäæåííÿ åëåêòðîíiâ âiä ÂÇ
äî ÇÏ ïðèçâîäèòü äî óòâîðåííÿ çáóäæåíî¨ åëåêòðîí
(e−)-äiðêîâî¨ (h+) ïàðè íà ïîâåðõíi àíîäà � ìiêðî-
ñòðóêòóð ZnO. Ç ïîãëÿäó ïîñëiäîâíî¨ îêèñëþâàëüíî-
âiäíîâíî¨ ðåàêöi¨ ôîòîãåíåðîâàíi åëåêòðîíè (e−) i äið-
êè (h+) ¹ âiäíîâíèêîì i îêèñíèêîì. Îòæå, öi e− i h+

ìîæóòü àáî âiäíîâëþâàòè, àáî îêèñëþâàòè ðiçíi îð-
ãàíi÷íi ñïîëóêè íà ïîâåðõíi ôîòîêàòàëiçàòîðà àáî ìî-
æóòü ðåêîìáiíóâàòè,  åíåðóþ÷è òåïëî áåç õiìi÷íî¨ ðå-
àêöi¨. Ïiäâèùåííÿ åôåêòèâíîñòi êàòàëiçàòîðà (ìiêðî-
ñòðîêòóð ZnO) ïiä ÷àñ ôîòîåëåêòðîêàòàëiçó ïîðiâíÿ-
íî ç ïðîñòèì ôîòîêàòàëiçîì ïîâ'ÿçàíå ç åôåêòèâíi-
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øèì ïåðåðîçïîäiëîì çàðÿäiâ, ùî âèíèêà¹ çà ðàõóíîê
ðiçíèöi ïîòåíöiàëiâ 1.5 Â ìiæ àíîäîì i êàòîäîì.
Ó âîäíié ôîòîêàòàëiòè÷íié ñèñòåìi iíäóêîâàíi äið-

êè çäiéñíþþòü îêèñëåííÿ âîäè äî ïîòóæíèõ îêèñëþ-
âàëüíèõ âèäiâ ðàäèêàëiâ, ïåðåâàæíî ãiäðîêñèëüíèõ
ðàäèêàëiâ, ùî äîäàòêîâî ñòèìóëþ¹ îêèñëåííÿ ìåòè-
ëîðàíæó. Àíàëîãi÷íî åëåêòðîí, ùî óòâîðþ¹òüñÿ ïiä
÷àñ ÓÔ-îïðîìiíåííÿ, çàçâè÷àé çàõîïëþ¹òüñÿ àêöåïòî-
ðîì åëåêòðîíiâ, ÿê-îò ìîëåêóëà êèñíþ (O2). ßêùî
ðÍ áiëüøå íóëÿ, âíàñëiäîê ïîãëèíàííÿ åëåêòðîíà Î2

óòâîðþ¹òüñÿ ñóïåðîêñèäíèé ðàäèêàë, ÿêèé, ðåà óþ-
÷è ç âîäîþ, óòâîðþ¹ Í2Î2. Ïåðåêèñ âîäíþ ïiä ÷àñ
ïîäàëüøîãî îêèñëåííÿ ïîðîäæó¹ ãiäðîêñèëüíi ðàäè-
êàëè (•ÎÍ), ùî äîäàòêîâî ðîçêëàäàþòü ðåà åíòè ó
âóãëåêèñëèé ãàç, âîäó i ïðîñòiøi ïðîäóêòè ðîçêëàäó.
Çàãàëîì, åëåêòðîííèé ïðîöåñ ñòà¹ åôåêòèâíiøèì,

ÿêùî ó÷àñíèêè ðåàêöi¨ ïîïåðåäíüî àäñîðáóþòüñÿ íà
ïîâåðõíi êàòàëiçàòîðà [13], ùî é âiäáóâà¹òüñÿ àêòèâ-
íiøå ó ôîòîåëåêòðîêàòàëiòè÷íié ñèñòåìi. Êðiì öüî-
ãî, çàâäÿêè ñïîâiëüíåííþ ðåêîìáiíàöi¨ çàðÿäiâ, ùî ¹
îñíîâíîþ ïðîáëåìîþ ïiä ÷àñ ôîòîêàòàëiçó [17, 18],
êiëüêiñòü ãiäðîêñèëüíèõ ðàäèêàëiâ ¹ çíà÷íî áiëüøîþ,

íiæ ó ôîòîêàòàëiçi, ùî ñïðèÿ¹ øâèäøîìó ïåðåáiãó ðå-
àêöi¨ ðîçêëàäàííÿ áàðâíèêà i, ÿê íàñëiäîê, âèùîìó
çíà÷åííþ êîíñòàíòè øâèäêîñòi ðåàêöi¨.

IV. ÂÈÑÍÎÂÊÈ

Ñèíòåçîâàíî ìiêðîñòðóêòóðè öèíê îêñèäó ç ïà-
ðîâî¨ ôàçè. Äîñëiäæåíî i ïðîàíàëiçîâàíî åôåêòèâ-
íiñòü ôîòîåëåêòðîêàòàëiçó ïîðiâíÿííî ç ôîòîêàòà-
ëiçîì ìåòèëîðàíæó. Äëÿ êiíåòè÷íîãî àíàëiçó êàòà-
ëiòè÷íèõ ðåàêöié âèêîðèñòîâóâàëè êiíåòèêó ïåðøî-
ãî ïîðÿäêó. Âèçíà÷åíî êîíñòàíòè øâèäêîñòi ðåàêöié
k = 5.1 · 10−3 õâ−1 i k = 8.8 · 10−3 õâ−1 äëÿ ôîòîêà-
òàëiçó òà ôîòîåëåêòðîêàòàëiçó, âiäïîâiäíî. Âèÿâëåíî,
ùî áiëüøå çíà÷åííÿ åôåêòèâíîñòi êàòàëiçàòîðà ìiêðî-
ñòðîêòóð ZnO ïiä ÷àñ ôîòîåëåêòðîêàòàëiçó ïîðiâíÿ-
íî ç ïðîñòèì ôîòîêàòàëiçîì ïîâ'ÿçàíå ç åôåêòèâíi-
øèì ïåðåðîçïîäiëîì çàðÿäiâ çà ïðèêëàäàííÿ íàïðóãè
(1.5 Â) òà áiëüøîþ êiëüêiñòþ ãiäðîêñèëüíèõ ðàäèêà-
ëiâ íà ïîâåðõíi êàòàëiçàòîðà.
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ÌIÊÐÎÑÒÐÈÆÍI ZnO ßÊ ÅÔÅÊÒÈÂÍÈÉ ÌÀÒÅÐIÀË ÄËß. . .

ZnO MICRORODS AS AN EFFECTIVE MATERIAL FOR PHOTOELECTROCATALYTIC WATER

PURIFICATION

L. Toporovska1∗, B. Turko1, V. Kapustianyk1,2, M. Rudko1,2, R. Serkiz1
1Department for Solid State Physics, Ivan Franko National University of Lviv,

50, Drahomanov St., Lviv, UA�79005, Ukraine
2Scienti�c-technical and Educational Centre of Low Temperature Studies,

Ivan Franko National University of Lviv,

50, Drahomanov St., Lviv, UA�79005, Ukraine

A microcomposite catalyst based on zinc oxide microstructures and silicon was synthesized for
heterogeneous catalysis. ZnO microstructures with elements 6 µm in diameter, 15 µm long, were grown
on conductive silicon (001) substrates by the vapor phase method. Methyl orange (C14H14N3NaO3S)
was selected as an organic dye for testing the photocatalytic and photoelectrocatalytic properties of ZnO
microstructures. The sample was placed in an aqueous solution of methyl orange in order to perform a
photocatalytic decomposition of the dye. DRT-125 quartz lamp with a radiation power of no more than
26 W was used as the radiation source in the wavelength range from 315 to 400 nm. The sample with
the aqueous solution of dye in a standard 3.5 ml quartz quvet was irradiated with the lamp at a distance
of 10 cm from it. In order to perform the photoelectrocatalytic decomposition of the dye in the aqueous
solution, an electric �eld of 1.5 V was applied between ZnO/Si and Al electrodes, that were simultaneously
irradiated with UV for 5 cycles lasting 20 minutes (100 minutes).

The degradation kinetics of the dye was determined by changing its concentration, on the basis of
the optical density measurement at the absorption maximum of the dye (465 nm) using a Specord M 40
spectrometer. During the photocatalysis, the concentration of the dye decreased by 41 % in 100 min,
and during the photoelectrocatalysis, by 59 % in 100 min. First-order kinetics was used for the kinetic
analysis of the catalytic reactions. The reactions rate constants were found to be k = 5.1 · 10−3 min−1

in the case of the photocatalysis, and k = 8.8 · 10−3 min−1 in the case of the photoelectrocatalysis. The
increase in the e�ciency of the dye decomposition in the latter case was associated with a more e�cient
redistribution of charge when voltage (1.5 V) was applied and with a higher amount of hydroxyl radicals
on the surface of the catalyst.

Key words: ZnO microrods, photodegradation, photoelectrocatalysis, absorption spectroscopy.
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