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a Êèåâñêèé íàöèîíàëüíûé óíèâåðñèòåò èìåíè Òàðàñà Øåâ÷åíêî
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Ìåòîäàìè êàòèîííîé ïîëèìåðèçàöèè ïîëó÷åíû áðîì- è éîäñîäåðæàùèå êàðáàçî-

ëèëñîäåðæàùèå îëèãîìåðíûå ôîòîïîëóïðîâîäíèêè. Ïîëó÷åííûå ñîåäèíåíèÿ îõà-

ðàêòåðèçîâàíû ìåòîäîì 1H ßÌÐ ñïåêòðîñêîïèè. Èññëåäîâàíû îïòè÷åñêèå ñïåê-

òðàëüíûå è ôîòîâîëüòàè÷åñêèå õàðàêòåðèñòèêè ôîòîïðîâîäÿùèõ ïëåíî÷íûõ êîì-

ïîçèöèé íà îñíîâå ñèíòåçèðîâàííûõ îëèãîìåðîâ, ñåíñèáèëèçèðîâàííûõ ñîåäèíå-

íèåì ñ âíóòðèìîëåêóëÿðíûì ïåðåíîñîì çàðÿäà. Ïîêàçàíî, ÷òî èññëåäîâàííûå ôî-

òîïðîâîäÿùèå ïëåíî÷íûå êîìïîçèöèè ïðîÿâëÿþò ôîòîâîëüòàè÷åñêèé ýôôåêò ïðè

îáëó÷åíèè ñâåòîì èç îáëàñòè ïîãëîùåíèÿ ñîåäèíåíèÿ ñ âíóòðèìîëåêóëÿðíûì ïå-

ðåíîñîì çàðÿäà. Îáñóæäåíû ìåõàíèçì è îñîáåííîñòè ôîòîâîëüòàè÷åñêîãî ýôôåêòà

â èññëåäîâàííûõ ïëåíî÷íûõ êîìïîçèöèÿõ. Ñäåëàí âûâîä, ÷òî ïîëó÷åííûå îëèãî-

ìåðíûå ôîòîïðîâîäÿùèå ïëåíî÷íûå êîìïîçèöèè ìîãóò áûòü èñïîëüçîâàíû äëÿ

ñîçäàíèÿ ðåãèñòðèðóþùèõ ñðåä äëÿ îïòè÷åñêîé çàïèñè èíôîðìàöèè, â ÷àñòíîñòè,

îïòè÷åñêèõ ÿ÷ååê ïàìÿòè.

Êëþ÷åâûå ñëîâà: áðîì- è éîäñîäåðæàøèå êàðáàçîëèëüíûå ãðóïïû, ôîòîïðîâîäÿ-

ùèå îëèãîìåðû, ôîòîâîëüòàè÷åñêèé ýôôåêò, ðåãèñòðèðóþùèå ñðåäû, îïòè÷åñêàÿ

çàïèñü èíôîðìàöèè.
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Ââåäåíèå

Â íàñòîÿùåå âðåìÿ ïðè ñîçäàíèè ñðåä äëÿ
ïðèëîæåíèé ìîëåêóëÿðíîé ôîòîíèêè, â ÷àñò-
íîñòè, èíôîðìàöèîííûõ ðåãèñòðèðóþùèõ ñðå-
äàõ (ýëåêòðîãðàôè÷åñêèõ è ãîëîãðàôè÷åñêèõ), à
òàêæå ôîòîâîëüòàè÷åñêèõ ñðåä [1–3] øèðîêîå
ïðèìåíåíèå íàõîäÿò îðãàíè÷åñêèå ôîòîïðîâî-
äÿùèå îëèãîìåðû è ïëåíî÷íûå êîìïîçèöèè íà
èõ îñíîâå. Ïîñêîëüêó áîëüøèíñòâî îëèãîìåðîâ-
ôîòîïîëóïðîâîäíèêîâ ÿâëÿþòñÿ íåîêðàøåííû-
ìè, íåîáõîäèìàÿ äëÿ èõ èñïîëüçîâàíèÿ ôîòî-
ïðîâîäèìîñòü òàêèõ ñèñòåì â âèäèìîé îáëàñòè
ñïåêòðà îáåñïå÷èâàåòñÿ äîáàâêàìè ñïåöèàëüíûõ
äîïàíòîâ-ñåíñèáèëèçàòîðîâ, õàðàêòåðèçóþùèõñÿ
áîëüøèì êîýôôèöèåíòîì ýêñòèíöèè â òðåáóå-
ìîé ñïåêòðàëüíîé îáëàñòè, ñïîñîáíîñòüþ òàêèõ
ìîëåêóë â âîçáóæäåííîì ñîñòîÿíèè ýôôåêòèâ-
íî îòäàâàòü èëè ïðèíèìàòü ýëåêòðîíû îò ôðàã-
ìåíòîâ îëèãîìåðà ñ îáðàçîâàíèåì ïàð çàðÿäîâ,
à òàêæå ýôôåêòèâíûì ðàçäåëåíèåì çàðÿäîâûõ
ïàð è òðàíñïîðòîì íåðàâíîâåñíûõ íîñèòåëåé

çàðÿäà ïî ôðàãìåíòàì îëèãîìåðà è ìîëåêóëàì
äîïàíòà. Èçâåñòíî, ÷òî íà ôîòîïðîâîäèìîñòü
ôîòîïðîâîäÿùèõ ïëåíî÷íûõ êîìïîçèöèé (ÔÏÊ)
ìîãóò ñóùåñòâåííî âîçäåéñòâîâàòü «òÿæåëûå»
èëè ìàãíèòíûå àòîìû, âõîäÿùèå â ñîñòàâ ïîëè-
ìåðíîé öåïè èëè ìîëåêóë äîïàíòîâ, èç-çà èõ
âëèÿíèÿ íà ñïèíîâóþ êîíâåðñèþ â ôîòîãåíå-
ðèðîâàííûõ çàðÿäîâûõ ïàðàõ èëè íà ïåðåíîñ
íåðàâíîâåñíûõ íîñèòåëåé çàðÿäà ìåæäó ôðàã-
ìåíòàìè ìîëåêóë îëèãîìåðà.

Ââåäåíèå àòîìîâ ãàëîãåíîâ â àðîìàòè÷åñ-
êèå ÿäðà ôîòîïîëóïðîâîäíèêîâûõ îëèãîìåðîâ
ïðèâîäèò ê ðàñøèðåíèþ ñïåêòðà ïîãëîùåíèÿ è
óâåëè÷åíèþ ôîòî÷óâñòâèòåëüíîñòè ñîîòâåòñòâó-
þùèõ ÔÏÊ [4–6].

Â ñâÿçè ñ ýòèì, öåëüþ íàñòîÿùåé ðàáîòû
áûëî ñîçäàíèå ôîòî÷óâñòâèòåëüíûõ ïëåíî÷íûõ
îëèãîìåðîíûõ êîìïîçèöèé íà îñíîâå îëèãîìå-
ðîâ áðîìèðîâàííîãî è éîäèðîâàííîãî ãëèöèäèë-
êàðáàçîëà è èçó÷åíèå èõ îïòè÷åñêèõ è ôîòîâîëü-
òàè÷åñêèõ ñâîéñòâ.
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Ìåòîäèêà ýêñïåðèìåíòà

Íàìè áûëè ñèíòåçèðîâàíû è èññëåäîâàíû
ïëåíêè ôîòîïîëóïðîâîäíèêîâûõ îëèãîìåðîâ íà
îñíîâå 3,6-äèéîäãëèöèäèëêàðáàçîëà (î-äè²ÃÊ)
è 1,3,6-òðèáðîìãëèöèäèëêàðáàçîëà (î-òðèBrÃÊ).

Èîäèðóþùèì àãåíòîì â ñèíòåçå 3,6-äèé-
îäêàðáàçîëà âûñòóïàëà èîäèä-èîäàòíàÿ ñìåñü,
èîäèðîâàíèå ïðîâîäèëè â ñðåäå óêñóñíîé êèñ-
ëîòû, çàòåì â èçáûòêå ýïèõëîðãèäðèíà ïîëó÷à-
ëè 3,6-äèéîäãëèöèäèëêàðáàçîë (ñõåìà 1).

ßÌÐ 1Í (400 ÌÃö, ÄÌÑÎ-d6), Í, ì.ä.: 8,45
(ì, 2Í, àðîìàòè÷åñêèå ïðîòîíû 4,5), 7,68–7,47
(ì, 4Í, àðîìàòè÷åñêèå ïðîòîíû 1,2,7,8), 4,80 (ää,
1Í, ÑÍ2–N), 4,36 (ää, 1Í, ÑÍ2–N), 3,27 (ì, 1Í,
ÑÍ ýïîêñèäíîãî êîëüöà), 2,72–2,74 (ì, 2Í, ÑÍ2

ýïîêñèäíîãî êîëüöà).
Áðîìèðîâàíèåì êàðáàçîëà â ÷åòûðåõõëîðè-

ñòîì óãëåðîäå ñ ïîñëåäóþùèì âçàèìîäåéñòâè-
åì ïîëó÷åííîãî 1,3,6-òðèáðîìêàðáàçîëà ñ èçáûò-
êîì ýïèõëîðãèäðèíà â ïðèñóòñòâèè ùåëî÷è ïî-
ëó÷àëè 1,3,6-òðèáðîìãëèöèäèëêàðáàçîë (ñõåìà 2).

1Í ßÌÐ (400 ÌÃö, ÄÌÑÎ-d6), Í, ì.ä.: 8,29
(ä, 1Í, Àðîìàòè÷åñêèé ïðîòîí), 8,23 (ä, 1Í, àðî-
ìàòè÷åñêèå ïðîòîíû), 7,55–7,42 (ì, 3Í, àðîìà-
òè÷åñêèå ïðîòîíû 2,7,8), 4,79 (ää, 1Í, ÑÍ2–N),

4,38 (ää, 1Í, ÑÍ2–N), 3,28 (ì, 1Í, ÑÍ ýïîêñèä-
íîãî êîëüöà), 2,73–2,75 (ì, 2Í, ÑÍ2 ýïîêñèäíî-
ãî êîëüöà).

3,6-äèéîäãëèöèäèëêàðáàçîë è 1,3,6-òðèá-
ðîìãëèöèäèëêàðáàçîë ïðåäñòàâëÿþò ñîáîé ñâåò-
ëûå âûñîêîïëàâêèå ïîðîøêè, ðàñòâîðèìûå â
áîëüøèíñòâå îðãàíè÷åñêèõ ðàñòâîðèòåëåé.

Êàòèîííîé ïîëèìåðèçàöèé â òîëóîëå ïî-
ëó÷åíû ñîîòâåòñòâóþùèå îëèãîìåðû îëèãî-1,3,6-
òðèáðîìãëèöèäèëêàðáàçîëèë (î-òÂrÃÊ) è 3,6-
äèéîäãëèöèäèëêàðáàçîëèë (î-äè²ÃÊ). Â êà÷åñòâå
èíèöèàòîðà èñïîëüçîâàëñÿ ýôèðàò òð¸õôòîðèñ-
òîãî áîðà (ÝÒÁ). Ñõåìû ñîîòâåòñòâóþùèõ ïðî-
öåññîâ ïðèâåäåíû íèæå (ñõåìû 3, 4).

Ãàëîãåíñîäåðæàùèå îëèãîìåðû ïðåäñòàâëÿ-
þò ñîáîé ñâåòëûå âûñîêîïëàâêèå ïîðîøêè, ðà-
ñòâîðèìûå â áîëüøèíñòâå îðãàíè÷åñêèõ ðàñòâî-
ðèòåëåé.

Íà îñíîâå ïîëó÷åííûõ ãàëîãåíñîäåðæàùèõ
îëèãîìåðîâ ñ èñïîëüçîâàíèåì ñîåäèíåíèÿ ñ
âíóòðèìîëåêóëÿðíûì ïåðåíîñîì çàðÿäà (ÑÂÏÇ)
– ÃÄÒÅÍÔ (ñõåìà 5) â êà÷åñòâå ñåíñèáèëèçàòî-
ðà ôîòîïðîâîäèìîñòè ñîçäàíû íîâûå ôîòî÷óâ-
ñòâèòåëüíûå îëèãîìåðíûå ÔÏÊ è èññëåäîâàíû
èõ ñïåêòðàëüíûå îïòè÷åñêèå è ôîòîýëåêòðè÷åñ-
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êèå ñâîéñòâà.

 

O2N NO2

NO2 NO2

S S

C17H35

ÃÄÒÅÍÔ

Ñõåìà 5

Îáðàçöû ÔÏÊ ïðèãîòîâëÿëè â âèäå ñòðóê-
òóð ñî ñâîáîäíîé ïîâåðõíîñòüþ ÔÏÊ: êâàðöå-
âàÿ ïîäëîæêà–ïëåíêà îëèãîìåðíîãî ÔÏÊ èëè
ñòåêëÿííàÿ ïîäëîæêà–ITO–ïëåíêà ÔÏÊ (ãäå
ITO – ýëåêòðîïðîâîäÿùèé ïðîçðà÷íûé ñëîé
SnO2:In2O3). Êîíöåíòðàöèÿ ÑÂÏÇ â ÔÏÊ ñîñòàâ-
ëÿëà 3 ìàñ.%. Ïëåíêè ÔÏÊ ïîëó÷àëè ïîëèâîì
íà ñîîòâåòñòâóþùèå ïîäëîæêè èç ðàñòâîðîâ â
1,2-äèõëîðýòàíå ÷èñòîãî îëèãîìåðà èëè îëèãî-
ìåðà ñ äîáàâêàìè ÑÂÏÇ ñîîòâåòñòâåííî ñ ïîñ-
ëåäóþùèì âûñóøèâàíèåì ïðè 800Ñ â òåðìîøêà-
ôå íà ïðîòÿæåíèè äâóõ äíåé. Òîëùèíó ñëîåâ
ÔÏÊ èçìåðÿëè ñ ïîìîùüþ èíòåðôåðåíöèîííîãî
ìèêðîñêîïà ÌÈÈ–4. Òîëùèíà âûñóøåííûõ
ïëåíîê ÔÏÊ ñîñòàâëÿëà L1,5–2 ìêì.

Â ïðèãîòîâëåííûõ îáðàçöàõ èçìåðÿëè:
ñïåêòðû îïòè÷åñêîé ïëîòíîñòè (D) ïëåíîê ÔÏÊ
(â îáðàçöàõ òèïà êâàðöåâàÿ ïîäëîæêà–ÔÏÊ), à
òàêæå âåëè÷èíó ýëåêòðè÷åñêîãî ïîòåíöèàëà (VPH)
ñâîáîäíîé ïîâåðõíîñòè ïëåíêè ÔÏÊ (â îáðàç-
öàõ òèïà ñòåêëÿííàÿ ïîäëîæêà–ITO–ïëåíêà
ÔÏÊ) îòíîñèòåëüíî ýëåêòðîäà ITO äî îáëó÷å-
íèÿ ñâåòîì, åãî (VPH) èçìåíåíèå âî âðåìÿ (t)
îáëó÷åíèÿ ñî ñòîðîíû ïðîçðà÷íîãî ýëåêòðîïðî-
âîäÿùåãî ñëîÿ ITO, à òàêæå ïîñëå âûêëþ÷åíèÿ
ñâåòà. Ñïåêòðû îïòè÷åñêîãî ïîãëîùåíèÿ ðåãèñ-
òðèðîâàëèñü ñ èñïîëüçîâàíèåì ñïåêòðîôîòîìåò-

ðà Varian Cary 50 UV-Vis-NIR. Äëÿ îïðåäåëåíèÿ
ôîòîâîëüòàè÷åñêèõ õàðàêòåðèñòèê â îáðàçöàõ ñî
ñâîáîäíîé ïîâåðõíîñòüþ ïëåíêè ÔÏÊ ïðèìå-
íÿëè ìåòîä èçìåðåíèÿ ïîòåíöèàëà ïîâåðõíîñòè
ñ ïîìîùüþ äèíàìè÷åñêîãî çîíäà (ìîäèôèöè-
ðîâàííûé ìåòîä Êåëüâèíà [7,8]). Â êà÷åñòâå çîí-
äà èñïîëüçîâàíà Al–ïëàñòèíà äèàìåòðîì 4 ìì.
×àñòîòà êîëåáàíèé çîíäà ñîñòàâëÿëà 4 êÃö. Êè-
íåòèêó èçìåíåíèÿ VPH â îáðàçöàõ ñî ñâîáîäíîé
ïîâåðõíîñòüþ ïëåíîê ÏÏÊ ðåãèñòðèðîâàëè ñ
ïîìîùüþ USB-îñöèëëîãðàôà BM8020. Äëÿ îá-
ëó÷åíèÿ îáðàçöîâ èñïîëüçîâàëè áåëûé ïîëóïðî-
âîäíèêîâûé ñâåòîäèîä, èíòåíñèâíîñòü èçëó÷å-
íèÿ êîòîðîãî (I) âàðüèðîâàëè â äèàïàçîíå I~15–
50 Âò/ì2. Îáëó÷åíèå ÔÏÊ èçëó÷åíèåì ñîîòâåò-
ñòâóþùåãî ñâåòîäèîäà îñóùåñòâëÿëîñü â àêòèâ-
íóþ îáëàñòü çîíäà ñî ñòîðîíû ñòåêëÿííîé ïîä-
ëîæêè è ïðîçðà÷íîãî ITO–ýëåêòðîäà [8]. Âñå
èçìåðåíèÿ áûëè ïðîâåäåíû ïðè êîìíàòíîé òåì-
ïåðàòóðå 200C.

Ðåçóëüòàòû ýêñïåðèìåíòîâ è èõ îáñóæäåíèå

Â âèäèìîé îáëàñòè ñïåêòðà ïëåíêè ñèíòå-
çèðîâàííûõ îëèãîìåðîâ ïðîçðà÷íû è íå ïðîÿâ-
ëÿþò ôîòîâîëüòàè÷åñêèõ ñâîéñòâ. Ïîãëîùåíèå
ñâåòà â âèäèìîé îáëàñòè îêðàøåííûìè îáðàç-
öàìè îëèãîìåðíûõ ÔÏÊ, ñåíñèáèëèçèðîâàííû-
ìè ÑÂÏÇ îáóñëîâëåíî ýëåêòðîííûìè ïåðåõî-
äàìè â ìîëåêóëàõ ñåíñèáèëèçàòîðà – ÃÄÒÅÍÔ.
Íà ðèñ. 1 ïðåäñòàâëåíû íîðìèðîâàííûå ñïåêò-
ðû îïòè÷åñêîãî ïîãëîùåíèÿ ñîîòâåòñòâóþùèõ
îáðàçöîâ îëèãîìåðíûõ ÔÏÊ.

Âñå îáðàçöû ïîëó÷åííûõ îëèãîìåðíûõ
ÔÏÊ, ñåíñèáèëèçèðîâàííûõ ÑÂÏÇ, ïðîÿâëÿþò
ôîòîâîëüòàè÷åñêèé ýôôåêò ïðè îáëó÷åíèè â
îáëàñòü äëèííîâîëíîâîãî ïîãëîùåíèÿ ÑÂÏÇ. Íà
ðèñ. 2 â êà÷åñòâå ïðèìåðà ïðåäñòàâëåí ãðàôèê
âðåìåííîé çàâèñèìîñòè âåëè÷èíû ôîòîâîëüòà-
è÷åñêîãî îòêëèêà VPH ïîñëå âêëþ÷åíèÿ è âûê-
ëþ÷åíèÿ ñâåòà â îáðàçöå ñî ñâîáîäíîé ïîâåðõ-
íîñòüþ ÔÏÊ íà îñíîâå î-äè²ÃÊ+3 ìàñ.%
ÃÄÒÅÍÔ.

Èç ðèñ. 2 âèäíî, ÷òî êèíåòè÷åñêèå êðèâûå
VPH(t) ïîñëå âêëþ÷åíèÿ ñâåòà õàðàêòåðèçóþòñÿ

                                                                                                                î-òÂrÃÊ

Ñõåìà 4

N

Br Br

N

Br Br

CH2CH CH2

O

(C2H5)2BF3

CH2

CH OCH2 n
Br Br
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äîñòàòî÷íî áîëüøèìè õàðàêòåðíûìè ïîñòîÿí-
íûìè âðåìåíè íàðàñòàíèÿ è êâàçèñòàöèîíàðíàÿ
âåëè÷èíà îòêëèêà VPHmax äîñòèãàåòñÿ çà âðåìÿ
ïîðÿäêà 70 ìèí. Âèäíî, ÷òî ñîîòâåòñòâóþùèå
êðèâûå íàðàñòàíèÿ ôîòîâîëüòàè÷åñêîãî ñèãíà-
ëà è åãî òåìíîâîé ðåëàêñàöèè ñîäåðæàò áûñò-
ðóþ è ìåäëåííóþ ñîñòàâëÿþùèå, íå ñèììåòðè÷-
íû, è òåìíîâîé ñïàä ñèãíàëà, ïî êðàéíåé ìåðå,
â ñâîåé «ìåäëåííîé» êîìïîíåíòå ïðîèñõîäèò
çàìåòíî äîëüøå, ÷åì ôîòîèíäóöèðîâàííûé ðîñò
ôîòîâîëüòàè÷åñêîãî îòêëèêà. Ìàêñèìàëüíàÿ

âåëè÷èíà VPH ïîâåðõíîñòè ÔÏÊ â îáðàçöàõ ïðè
îáëó÷åíèè ñâåòîì áåëîãî ñâåòîäèîäà (ïðè
I=60 Âò/ì2) ñîñòàâëÿåò îêîëî 450 ìÂ äëÿ èîäñî-
äåðæàùèõ ÔÏÊ è ïîðÿäêà ~300 ìÂ äëÿ ÔÏÊ
íà îñíîâå î-òðèBrÃÊ, ïðè ýòîì ñâîáîäíàÿ ïî-
âåðõíîñòü ÏÏÊ èìååò ïîëîæèòåëüíûé çíàê ïî-
âåðõíîñòíîãî çàðÿäà.

Äëÿ âûÿñíåíèÿ ïðè÷èí ïîÿâëåíèÿ ôîòî-
âîëüòàè÷åñêîãî ýôôåêòà è åãî îñîáåííîñòåé â
èññëåäóåìûõ ÏÏÊ âîñïîëüçóåìñÿ ìîäåëüíûìè
ïðåäñòàâëåíèÿìè î ôîòîãåíåðàöèè, òðàíñïîðòå

Ðèñ. 1. Íîðìèðîâàííûå ñïåêòðû îïòè÷åñêîãî ïîãëîùåíèÿ ïëåíîê îëèãîìåðíûõ ÔÏÊ íà îñíîâå î-òðèBrÃÊ+3 ìàñ.%

ÃÄÒÅÍÔ (1), î-äè²ÃÊ+3 ìàñ.% ÃÄÒÅÍÔ (2)

Ðèñ. 2. Ãðàôèê âðåìåííîé çàâèñèìîñòè VPH(t) â îáðàçöàõ ñî ñâîáîäíîé ïîâåðõíîñòüþ ÔÏÊ íà îñíîâå î-äè²ÃÊ+3 ìàñ.%

ÃÄÒÅÍÔ ïðè èõ îáëó÷åíèè ñâåòîì áåëîãî ñâåòîäèîäà (I=50 Âò/ì2) ñî ñòîðîíû ïðîçðà÷íîãî ITO-ýëåêòðîäà. Ìîìåíòû

âêëþ÷åíèÿ è âûêëþ÷åíèÿ ñâåòà îáëó÷åíèÿ ïîêàçàíû âåðòèêàëüíûìè ñòðåëêàìè
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è ðåêîìáèíàöèè íîñèòåëåé çàðÿäà â àìîðôíûõ
îðãàíè÷åñêèõ ìàòåðèàëàõ [1,2,9,10]. Ïîñëå âîç-
áóæäåíèÿ ñâåòîì ÑÂÏÇ â ðåçóëüòàòå âíóòðåí-
íåãî ôîòîýôôåêòà â ÔÏÊ ìîãóò îáðàçîâûâàòü-
ñÿ ýëåêòðîííî-äûðî÷íûå ïàðû (ÝÄÏ), â ðåçóëü-
òàòå äèññîöèàöèè êîòîðûõ ïîÿâëÿþòñÿ ñâîáîä-
íûå íåðàâíîâåñíûå íîñèòåëè çàðÿäà. Â ðåçóëü-
òàòå äèôôóçèè èëè ïîä âîçäåéñòâèåì âíåøíåãî
ýëåêòðè÷åñêîãî ïîëÿ ýòè íîñèòåëè çàðÿäà ìîãóò
äâèãàòüñÿ, îáåñïå÷èâàÿ òàêèì îáðàçîì ôîòîïðî-
âîäèìîñòü ÔÏÊ. Ñ äèññîöèàöèåé ÝÄÏ ìîãóò
êîíêóðèðîâàòü ðåêîìáèíàöèÿ ôîòîãåíåðèðîâàí-
íûõ íîñèòåëåé çàðÿäà è çàõâàò ôîòîãåíåðèðî-
âàííûõ íîñèòåëåé íà ýíåðãåòè÷åñêèå ëîâóøêè
[1,2].

Â íàøèõ ýêñïåðèìåíòàõ îáðàçöû ñî ñâî-
áîäíîé ïîâåðõíîñòüþ ÔÏÊ èññëåäîâàíû â óñ-
ëîâèÿõ ïðàêòè÷åñêè íóëåâûõ âíóòðåííèõ ýëåêò-
ðè÷åñêèõ ïîëåé â îáðàçöå ïëåíî÷íîãî êîìïîçè-
òà. Ïîýòîìó ïîÿâëåíèå ïîëîæèòåëüíûõ ýëåêò-
ðè÷åñêèõ çàðÿäîâ íà ñâîáîäíîé ïîâåðõíîñòè
ÔÏÊ ïðè èõ îáëó÷åíèè ñâåòîì, âåðîÿòíî, ñâÿ-
çàíî ñ äèôôóçèåé ôîòîãåíåðèðîâàííûõ íåðàâ-
íîâåñíûõ íîñèòåëåé çàðÿäà â íàïðàâëåíèè îò
îáëó÷àåìîãî êîíòàêòà ITO ê ñâîáîäíîé ïîâåðõ-
íîñòè ÔÏÊ. Òàêèì îáðàçîì, ìîæíî ïðåäïîëî-
æèòü, ÷òî îáíàðóæåííûé ôîòîâîëüòàè÷åñêèé
ýôôåêò èìååò ôîòîäèôôóçèîííóþ ïðèðîäó [10–
12]. Äèôôóçèÿ íîñèòåëåé çàðÿäà ìîæåò áûòü
âûçâàíà âîçíèêíîâåíèåì ãðàäèåíòà êîíöåíòðà-
öèè ïîäâèæíûõ íîñèòåëåé çàðÿäà, êîòîðûõ áîëü-
øå âáëèçè îáëó÷àåìîãî ýëåêòðîäà (â íàøåì ñëó-
÷àå ITO). Òàêîé äèôôóçèîííûé ìåõàíèçì âîç-
íèêíîâåíèÿ ôîòîâîëüòàè÷åñêîãî ýôôåêòà (ýô-
ôåêò Äåìáåðà) õàðàêòåðåí äëÿ ôîòîïîëóïðîâîä-
íèêîâûõ ìàòåðèàëîâ, â êîòîðûõ îáðàçóþùèåñÿ
ïðè îáëó÷åíèè ðàçíîèìåííûå íîñèòåëè çàðÿäà
(ýëåêòðîíû è äûðêè) èìåþò ðàçëè÷àþùèåñÿ
ïîäâèæíîñòè [10–12]. Â ýòîì ñëó÷àå ôîòî-ÝÄÑ
âîçíèêàåò âñëåäñòâèå ãðàäèåíòà êîíöåíòðàöèè
èçáûòî÷íûõ íîñèòåëåé çàðÿäà, êîòîðûé ïîÿâ-
ëÿåòñÿ èç-çà íåîäíîðîäíîãî ïîãëîùåíèÿ ñâåòà â
ñèëüíîïîãëîùàþùèõ ïîëóïðîâîäíèêîâûõ ïëåí-
êàõ. Â èññëåäîâàííûõ ÔÏÊ â ðåçóëüòàòå äèññî-
öèàöèè ôîòîãåíåðèðîâàííûõ ïðè îáëó÷åíèè
ÝÄÏ, êîíöåíòðàöèÿ êîòîðûõ ìàêñèìàëüíà âáëè-
çè êîíòàêòà ITO, ýëåêòðîíû èëè äûðêè äèôôóí-
äèðóþò â îáëàñòü ïëåíêè ÔÏÊ ñ ìåíüøåé êîí-
öåíòðàöèåé ÝÄÏ. Ïîñëåäíåå ïðèâîäèò â ñëó÷àå
èññëåäîâàííûõ ïëåíî÷íûõ êîìïîçèöèé ê ïîÿâ-
ëåíèþ ïîëîæèòåëüíîãî ïîòåíöèàëà íà ñâîáîä-
íîé ïîâåðõíîñòè ÔÏÊ (ðèñ. 2). Êàê ïîêàçûâàåò
îïûò, â áîëüøèíñòâå ñëó÷àåâ çíàê ôîòîïîòåí-
öèàëà VPH ìåíåå îñâåùåííîé ñâîáîäíîé ïîâåð-

õíîñòè ÔÏÊ (ïî îòíîøåíèþ ê ïîòåíöèàëó îá-
ëó÷àåìîé ïîâåðõíîñòè îáðàçöà) ñîîòâåòñòâóåò
çíàêó íàèáîëåå ïîäâèæíûõ íîñèòåëåé çàðÿäà â
ÔÏÊ [11,12]. Ïîñëåäíåå îçíà÷àåò, ÷òî â èññëå-
äîâàííûõ íàìè îáðàçöàõ îëèãîìåðíûõ ÔÏÊ ñ
äîáàâêàìè ÑÂÏÇ áîëåå ïîäâèæíûìè ÿâëÿþòñÿ
ïîëîæèòåëüíî çàðÿæåííûå íîñèòåëè – äûðêè,
òî åñòü ïîëó÷åííûå â ðàáîòå ÔÏÊ õàðàêòåðèçó-
þòñÿ äûðî÷íûì òèïîì ïðîâîäèìîñòè. Íåëüçÿ
èñêëþ÷àòü, îäíàêî, òàêæå ó÷àñòèå äðóãèõ ìåõà-
íèçìîâ ôîðìèðîâàíèÿ ôîòîîòêëèêà, íàïðèìåð
áàðüåðíîãî [3,10,11].

Äîâîëüíî ìåäëåííûé õàðàêòåð êèíåòèêè
îáíàðóæåííîãî ôîòîâîëüòàè÷åñêîãî îòêëèêà
VPH(t) ìîæåò áûòü ñâÿçàí ñ íåâûñîêîé ïîäâèæ-
íîñòüþ íîñèòåëåé çàðÿäà â èññëåäîâàííûõ ÔÏÊ
â óñëîâèÿõ ýêñïåðèìåíòà, à òàêæå ñ çàõâàòîì
ôîòîãåíåðèðîâàííûõ íîñèòåëåé íà ãëóáîêèå
ýíåðãåòè÷åñêèå ëîâóøêè òîé èëè èíîé ïðèðî-
äû, ïðèñóòñòâóþùèå â ÔÏÊ. Íà ïîñëåäíåå óêà-
çûâàåò íåñèììåòðè÷íûé õàðàêòåð êèíåòèêè
VPH(t) ïîñëå âêëþ÷åíèÿ è âûêëþ÷åíèÿ ñâåòà
[9,11,13], à èìåííî: íàëè÷èå ïðàêòè÷åñêè íåðå-
ëàêñèðóþùåé â ìàñøòàáå âðåìåíè ýêñïåðèìåí-
òà îñòàòî÷íîé âåëè÷èíû VPH íà êðèâîé òåìíî-
âîé ðåëàêñàöèè ôîòîâîëüòàè÷åñêîãî îòêëèêà â
èññëåäîâàííûõ êîìïîçèòàõ (ðèñ. 2). Òàê êàê
èññëåäóåìûå ÔÏÊ õàðàêòåðèçóþòñÿ äûðî÷íûì
òèïîì ïðîâîäèìîñòè, òî ìîæíî ñ÷èòàòü, ÷òî çà-
ìåäëåííûé õàðàêòåð êèíåòèêè ôîòîâîëüòàè÷åñ-
êîãî îòêëèêà â îáðàçöàõ ñî ñâîáîäíîé ïîâåðõ-
íîñòüþ ÔÏÊ îïðåäåëÿåòñÿ çàõâàòîì íåðàâíî-
âåñíûõ äûðîê. Îòìåòèì òàêæå, ÷òî çàìåäëåííàÿ
êèíåòèêà íàðàñòàíèÿ è, îñîáåííî, ðåëàêñàöèè
ôîòîîòêëèêà VPH îçíà÷àåò ôàêòè÷åñêè íàëè÷èå
äîëãîâðåìåííîé ïàìÿòè íà ïðåäâàðèòåëüíîå
îáëó÷åíèå ó òàêèõ ÔÏÊ.

Âñëåäñòâèå çíà÷èòåëüíûõ âðåìåí íàðàñòà-
íèÿ è îñîáåííî ðåëàêñàöèè ôîòîâîëüòàè÷åñêî-
ãî îòêëèêà, ñâÿçàííûõ ñ ìàëîé ïîäâèæíîñòüþ è
ñóùåñòâåííîé ðîëüþ ïðîöåññîâ çàõâàòà ôîòîãå-
íåðèðîâàííûõ íîñèòåëåé çàðÿäà â êîìïîçèòå, è
ïðîÿâëÿþùèõñÿ â ïîÿâëåíèè äîëãîâðåìåííîé
ïàìÿòè íà ïðåäâàðèòåëüíîå îáëó÷åíèå ïëåíêè,
ïîëó÷åííûå â ðàáîòå îêðàøåííûå ÔÏÊ íå ìî-
ãóò áûòü èñïîëüçîâàíû ïðè ðàçðàáîòêå íîâûõ
ôîòîâîëüòàè÷åñêèõ ñðåä, îäíàêî âîçìîæíî èõ
èñïîëüçîâàíèå â êà÷åñòâå ðåãèñòðèðóþùèõ ñðåä
äëÿ îïòè÷åñêîé çàïèñè èíôîðìàöèè, â ÷àñòíî-
ñòè, ïðè ñîçäàíèè îïòè÷åñêèõ ÿ÷ååê ïàìÿòè.

Çàêëþ÷åíèå

Ñèíòåçèðîâàíû êàðáàçîëèëñîäåðæàùèå
îëèãîìåðû, ñîäåðæàùèå òÿæåëûå àòîìû ãàëîãå-
íà – áðîìà èëè èîäà â ñîñòàâå êàðáàçîëèëüíîãî
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ÿäðà. Íà îñíîâå ïîëó÷åííûõ îëèãîìåðîâ ñ èñ-
ïîëüçîâàíèåì ÑÂÏÇ – ÃÄÒÅÍÔ â êà÷åñòâå ñåí-
ñèáèëèçàòîðà ôîòîïðîâîäèìîñòè ñîçäàíû íîâûå
ôîòî÷óâñòâèòåëüíûå îëèãîìåðíûå ÔÏÊ è èñ-
ñëåäîâàíû èõ ñïåêòðàëüíûå îïòè÷åñêèå è ôî-
òîýëåêòðè÷åñêèå ñâîéñòâà. Óñòàíîâëåíî, ÷òî
ïîëó÷åííûå îëèãîìåðíûå ÔÏÊ ïðîÿâëÿþò ôî-
òîâîëüòàè÷åñêèé ýôôåêò ïðè îáëó÷åíèè ñâåòîì
èç îáëàñòè ïîãëîùåíèÿ ÑÂÏÇ.

Âñëåäñòâèå çíà÷èòåëüíûõ âåëè÷èí âðåìåí
íàðàñòàíèÿ è îñîáåííî ðåëàêñàöèè ôîòîâîëüòà-
è÷åñêîãî îòêëèêà, ñâÿçàííûõ ñ ìàëîé ïîäâèæ-
íîñòüþ è ñóùåñòâåííîé ðîëüþ ïðîöåññîâ çàõ-
âàòà ôîòîãåíåðèðîâàííûõ íîñèòåëåé çàðÿäà â
êîìïîçèòå, ÷òî ïðîÿâëÿåòñÿ â ïîÿâëåíèè äîëãî-
âðåìåííîé ïàìÿòè íà ïðåäâàðèòåëüíîå îáëó÷å-
íèå ïëåíêè, ïîëó÷åííûå â ðàáîòå ÔÏÊ íà îñ-
íîâå ñèíòåçèðîâàííûõ îëèãîìåðîâ ìîãóò áûòü
èñïîëüçîâàíû â êà÷åñòâå ðåãèñòðèðóþùèõ ñðåä
äëÿ îïòè÷åñêîé çàïèñè èíôîðìàöèè, â ÷àñòíî-
ñòè, ïðè ñîçäàíèè îïòè÷åñêèõ ÿ÷ååê ïàìÿòè.
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ÔÎÒÎÂÎËÜÒÀ¯×Í² ÂËÀÑÒÈÂÎÑÒ² ÔÎÒÎ×ÓÒËÈÂÈÕ
ÎË²ÃÎÌÅÐÍÈÕ ÏË²ÂÊÎÂÈÕ ÊÎÌÏÎÇÈÖ²É ÍÀ
ÎÑÍÎÂ² ÃÀËÎ¯ÄÏÎÕ²ÄÍÈÕ ÊÀÐÁÀÇÎËÓ

Äàâèäåíêî Ì.Î., Ìîêðèíñüêà Î.Â., Ñòóäçèíñüêèé Ñ.Ë.,
Êðàâ÷åíêî Â.Â.

Ìåòîäàìè êàò³îííî¿ ïîë³ìåðèçàö³¿ îäåðæàí³ áðîì ³
éîäîâì³ñí³ êàðáàçîë³ëüí³ îë³ãîìåðí³ ôîòîíàï³âïðîâ³äíèêè. Îäåð-
æàí³ ñïîëóêè îõàðàêòåðèçîâàí³ ìåòîäîì 1H ßÌÐ ñïåêòðîñêîï³¿.
Äîñë³äæåíî îïòè÷í³ ñïåêòðàëüí³ ³ ôîòîâîëüòà¿÷í³ õàðàêòåðè-
ñòèêè ôîòîïðîâ³äíèõ ïë³âêîâèõ êîìïîçèö³é íà îñíîâ³ ñèíòåçî-
âàíèõ îë³ãîìåð³â, ñåíñèá³ë³çîâàíèõ ñïîëóêîþ ç âíóòð³øíüîìîëå-
êóëÿðíèì ïåðåíåñåííÿì çàðÿäó. Ïîêàçàíî, ùî äîñë³äæåí³ ôî-
òîïðîâ³äí³ ïë³âêîâ³ êîìïîçèö³¿ ïðîÿâëÿþòü ôîòîâîëüòà¿÷íèé
åôåêò ïðè îïðîì³íåíí³ ñâ³òëîì ç ä³àïàçîíó ïîãëèíàííÿ ñïîëóêè
ç âíóòð³øíüîìîëåêóëÿðíèì ïåðåíåñåííÿì çàðÿäó. Îáãîâîðåíî
ìåõàí³çì ³ îñîáëèâîñò³ ôîòîâîëüòà¿÷íîãî åôåêòó â äîñë³äæå-
íèõ ïë³âêîâèõ êîìïîçèö³ÿõ. Çðîáëåíî âèñíîâîê, ùî îäåðæàí³
îë³ãîìåðí³ ôîòîïðîâ³äí³ ïë³âêîâ³ êîìïîçèö³¿ ìîæóòü áóòè âè-
êîðèñòàí³ äëÿ ñòâîðåííÿ ðåºñòðóþ÷èõ ñåðåäîâèù äëÿ îïòè÷íî-
ãî çàïèñó ³íôîðìàö³¿, çîêðåìà, îïòè÷íèõ åëåìåíò³â ïàì’ÿò³.

Êëþ÷îâ³ ñëîâà: áðîì- ³ éîäâì³ñí³ êàðáàçîë³ëüí³ ãðóïè,
ôîòîïðîâ³äí³ îë³ãîìåðè, ôîòîâîëüòà¿÷íèé åôåêò, ðåºñòðóþ÷³
ñåðåäîâèùà, îïòè÷íèé çàïèñ ³íôîðìàö³¿.
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PHOTOVOLTAIC PROPERTIES OF PHOTOSENSITIVE
OLIGOMERIC FILM COMPOSITIONS BASED ON
HALOGENATED DERIVATIVES OF CARBAZOLE

N.A. Davidenko a, Å.V. Mokrinskaya a, *, S.L. Studzinsky a,
V.V. Kravchenko b

a Taras Shevchenko National University of Kyiv, Kyiv, Ukraine
b L.M. Litvinenko Institute of Physical-Organic and Coal
Chemistry, Kyiv, Ukraine

* e-mail: mokrinskaya@ukr.net

The oligomeric photoconductors with brominated and iodinated
carbazolyl-containing groups were synthesized by cationic
polymerization methods. The structures of the prepared compounds
were characterized by 1H NMR spectroscopy method. The optical
spectral and photovoltaic characteristics of the photoconductive film
compositions based on the synthesized oligomers doped with
intramolecular charge-transfer compound-sensitizer were investigated.
It was shown that the studied composite films exhibit photovoltaic
effect under illumination by light from the absorption region of
intramolecular charge-transfer compound-sensitizer. The possible
mechanisms and features of the photovoltaic effect in the investigated
film composites were discussed. It was concluded that the synthesized
oligomeric photoconductive film compositions can be used for the
development of optical information recording media, in particular,
in optical memory cells.

Keywords: brom- and iodinå- containing carbazolyl groups;
photoconductive oligomer; photovoltaic effect; recording medium;
optical data storage.
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