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Ñòàòüÿ ïîñòóïèëà â ðåäàêöèþ 19 äåêàáðÿ 2008 ã.

Èññëåäîâàíû âðåìÿ-ðàçðåøåííûå íèçêîòåìïåðàòóðíûå ñïåêòðû ôîñôîðåñöåíöèè êðèñòàëëà îð-

òîáðîìáåíçîôåíîíà (2-BrBP) ïðè òåìïåðàòóðå 52 Ê. Âî âðåìåííûõ ñïåêòðàõ ôîñôîðåñöåíöèè íà-

áëþäàåòñÿ çàòóõàíèå ñâå÷åíèÿ îäíîé ñåðèè êîëåáàòåëüíûõ ïîëîñ ôîñôîðåñöåíöèè è ðàçãîðàíèå ñ

ïîñëåäóþùèì çàòóõàíèåì ñâå÷åíèÿ èäåíòè÷íîé ñåðèè êîëåáàòåëüíûõ ïîëîñ, íî ñìåùåííîé â äëèííî-

âîëíîâóþ îáëàñòü. Òàêîå ïîâåäåíèå ñïåêòðà ïðè ýòîé òåìïåðàòóðå îáúÿñíÿåòñÿ ïðåîäîëåíèåì ýíåð-

ãåòè÷åñêîãî áàðüåðà ìåæäó äâóìÿ êîíôîðìàöèîííûìè ñîñòîÿíèÿìè âîçáóæäåííîé ìîëåêóëû îðòî-

áðîìáåíçîôåíîíà. Êðîìå ôîñôîðåñöåíöèè äâóõ ñåðèé êîëåáàòåëüíûõ ïîëîñ âî âðåìÿ-ðàçðåøåííîì

ñïåêòðå êðèñòàëëà îðòîáðîìáåíçîôåíîíà ïðè ýòîé òåìïåðàòóðå íàáëþäàåòñÿ ýêñèìåðíîå ñâå÷åíèå,

êîòîðîå çàòóõàåò çà âðåìÿ � 175 ìêc.

Äîñë³äæåíî ÷àñ-ðîçä³ëåí³ íèçüêîòåìïåðàòóðí³ ñïåêòðè ôîñôîðåñöåíö³¿ êðèñòàëó îðòîáðîìáåíçî-

ôåíîíó (2-BrBP) ïðè òåìïåðàòóð³ 52 Ê. Ó ÷àñîâèõ ñïåêòðàõ ôîñôîðåñöåíö³¿ ñïîñòåð³ãàºòüñÿ çãàñàííÿ

ñâ³ò³ííÿ îäí³º¿ ñåð³¿ êîëèâàëüíèõ ñìóã ôîñôîðåñöåíö³¿ òà ðîçãîðòàííÿ ç ïîäàëüøèì çãàñàííÿì ñâ³ò³í-

íÿ ³äåíòè÷íî¿ ñåð³¿ êîëèâàëüíèõ ñìóã, àëå çì³ùåíî¿ ó äîâãîõâèëüîâó îáëàñòü. Òàêà ïîâåä³íêà ñïåêòðà

ïðè ö³é òåìïåðàòóð³ ïîÿñíþºòüñÿ ïîäîëàííÿì åíåðãåòè÷íîãî áàð’ºðó ì³æ äâîìà êîíôîðìàö³éíèìè

ñòàíàìè çáóäæåíî¿ ìîëåêóëè îðòîáðîìáåíçîôåíîíó. Îêð³ì ôîñôîðåñöåíö³¿ äâîõ ñåð³é êîëèâàëüíèõ

ñìóã ó ÷àñ-ðîçä³ëåíîìó ñïåêòð³ êðèñòàëó îðòîáðîìáåíçîôåíîíó ïðè ö³é òåìïåðàòóð³ ñïîñòåð³ãàºòüñÿ

åêñèìåðíå ñâ³ò³ííÿ, ÿêå çàòóõàº çà ÷àñ � 175 ìêc.

PACS: 78.55.–m Ôîòîëþìèíåñöåíöèÿ, ñâîéñòâà è ìàòåðèàëû.

Êëþ÷åâûå ñëîâà: îðòîáðîìáåíçîôåíîí, ôîñôîðåñöåíöèÿ, êîíôîðìàöèÿ, ýêñèìåð.

Èíòåãðàëüíûå ñïåêòðû ôîñôîðåñöåíöèè êðèñòàë-

ëà îðòîáðîìáåíçîôåíîíà ñèëüíî âèäîèçìåíÿþòñÿ â

çàâèñèìîñòè îò òåìïåðàòóðû [1]. Îñíîâíûå îñîáåí-

íîñòè ýòèõ ñïåêòðîâ — ïðèñóòñòâèå äâóõ ñåðèé êîëå-

áàòåëüíûõ ïîëîñ, èíòåíñèâíîñòè êîòîðûõ çàâèñÿò îò

òåìïåðàòóðû, à òàêæå ïîÿâëåíèå ýêñèìåðíîãî ñâå÷å-

íèÿ ïðè òåìïåðàòóðå âûøå 50 Ê.

Ïðè ïîãëîùåíèè ôîòîíà ìîëåêóëà ïåðåõîäèò â âîç-

áóæäåííîå ñîñòîÿíèå, ñîõðàíÿÿ ïðè ýòîì êîíôîð-

ìàöèþ îñíîâíîãî ñîñòîÿíèÿ. Íî ýòà êîíôîðìàöèÿ,

âîîáùå ãîâîðÿ, íå ÿâëÿåòñÿ ðàâíîâåñíîé äëÿ âîçáóæ-

äåííîãî ñîñòîÿíèÿ ìîëåêóëû. Ïðîâåäåííûå äëÿ ñâî-

áîäíîé ìîëåêóëû îðòîáðîìáåíçîôåíîíà êâàíòîâî-õè-

ìè÷åñêèå ðàñ÷åòû [2] ïîêàçàëè, ÷òî â âîçáóæäåííîì

ñîñòîÿíèè êîíôîðìàöèÿ ìîëåêóëû äîëæíà êàðäèíàëü-

íî èçìåíÿòüñÿ è ñóùåñòâóåò ýíåðãåòè÷åñêèé áàðüåð,

ñâÿçàííûé ñî ñòåðè÷åñêèìè îãðàíè÷åíèÿìè â êðèñ-

òàëëå, êîòîðûé íåîáõîäèìî ïðåîäîëåòü äëÿ ïåðåõîäà â

ñîñòîÿíèå ñ ðàâíîâåñíîé êîíôîðìàöèåé. Îñíîâûâà-

ÿñü íà ýòîì ðåçóëüòàòå, àâòîðû [1] ïðåäïîëîæèëè, ÷òî

ïðèñóòñòâèå â ñïåêòðàõ ôîñôîðåñöåíöèè êðèñòàëëà

îðòîáðîìáåíçîôåíîíà äâóõ ñåðèé êîëåáàòåëüíûõ ïî-

ëîñ ñâÿçàíî ñ èçëó÷åíèåì èç âîçáóæäåííûõ ñîñòîÿ-

íèé, êîòîðûå ñîîòâåòñòâóþò ðàçëè÷íîé êîíôîðìàöèè

ìîëåêóëû. Ïðè î÷åíü íèçêîé òåìïåðàòóðå â èíòåã-

ðàëüíîì ñïåêòðå ôîñôîðåñöåíöèè êðèñòàëëà îðòî-

áðîìáåíçîôåíîíà íàáëþäàåòñÿ â îñíîâíîì òîëüêî

îäíà (êîðîòêîâîëíîâàÿ) ñåðèÿ êîëåáàòåëüíûõ ïîëîñ,

êîòîðàÿ, ñîãëàñíî òðàêòîâêå àâòîðîâ [1], ñîîòâåòñòâó-

åò èçëó÷åíèþ èç íåðàâíîâåñíîãî ñîñòîÿíèÿ. Ïðè òåì-
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ïåðàòóðå 52 Ê â ñïåêòðå êðèñòàëëà ïðèñóòñòâóþò äâå

ñåðèè êîëåáàòåëüíûõ ïîëîñ, ÷òî ñâèäåòåëüñòâóåò î

ïðåîäîëåíèè ÷àñòüþ ìîëåêóë ýíåðãåòè÷åñêîãî áàðüå-

ðà. Ñëåäóåò òàêæå îòìåòèòü ïðèñóòñòâèå ïðè ýòîé òåì-

ïåðàòóðå ïîëîñû ýêñèìåðíîãî ñâå÷åíèÿ â äëèííîâîë-

íîâîé îáëàñòè ñïåêòðà.

Èññëåäîâàíèå ôîñôîðåñöåíöèè êðèñòàëëà îðòî-

áðîìáåíçîôåíîíà ïðè òåìïåðàòóðå 52 Ê ìåòîäîì âðå-

ìÿ-ðàçðåøåííîé ñïåêòðîñêîïèè ïîçâîëèò ïðîñëåäèòü

êèíåòèêó ñâå÷åíèÿ èç äâóõ êîíôîðìàöèîííûõ ñîñòîÿ-

íèé è ïîäòâåðäèòü èëè îïðîâåðãíóòü ïðåäïîëîæåíèå

àâòîðîâ ðàáîòû [1].

Â êà÷åñòâå èñõîäíîãî ìàòåðèàëà èñïîëüçîâàëè êîì-

ìåð÷åñêèé 2-áðîìáåíçîôåíîí (Èí-ò ìîíîêðèñòàëëîâ,

Õàðüêîâ, Óêðàèíà). Ïðîöåäóðû î÷èñòêè ìàòåðèàëà è

ïîëó÷åíèÿ êðèñòàëëè÷åñêèõ îáðàçöîâ îïèñàíû ïîä-

ðîáíî â ïðåäûäóùèõ ïóáëèêàöèÿõ [1–3]. Óñòàíîâêà

äëÿ èçìåðåíèÿ âðåìÿ-ðàçðåøåííûõ ñïåêòðîâ ôîñôî-

ðåñöåíöèè áûëà îïèñàíà ðàíåå [2]. Çäåñü ñëåäóåò

òîëüêî îòìåòèòü, ÷òî âðåìÿ çàïèñè ñïåêòðà ñîñòàâëÿëî

5 ìêc.

Íà ðèñ. 1 ïîêàçàíî, êàê ìåíÿåòñÿ ñïåêòð ëþìè-

íåñöåíöèè ñî âðåìåíåì ïðè òåìïåðàòóðå 52 Ê. Ïðè

ìàëûõ âðåìåíàõ â èíòåðâàëå ïðèìåðíî îò 18000 äî

24000 ñì
–1

õîðîøî âèäåí âêëàä ýêñèìåðà, íà ôîíå êî-

òîðîãî ìîíîìåðíîå ñâå÷åíèå ïðåäñòàâëåíî äâóìÿ ñå-

ðèÿìè êîëåáàòåëüíûõ ïîëîñ ÑÎ-ãðóïïû: èç ãëîáàëü-

íîãî (ðàâíîâåñíîãî) è ëîêàëüíîãî (íåðàâíîâåñíîãî)

ìèíèìóìîâ ýíåðãèè âîçáóæäåííîé ìîëåêóëû. Èçëó-

÷åíèå êîëåáàòåëüíûõ ïîëîñ, ñîîòâåòñòâóþùèõ ïå-

ðåõîäàì èç ëîêàëüíîãî ìèíèìóìà ýíåðãèè, çàòóõàåò

çíà÷èòåëüíî áûñòðåå, ÷åì èçëó÷åíèå ïîëîñ, ñîîòâåò-

ñòâóþùèõ ïåðåõîäàì èç ãëîáàëüíîãî ìèíèìóìà. Ýòî

ñâÿçàíî ñ äâóìÿ êàíàëàìè (íå ó÷èòûâàÿ âêëàä áåçûç-

ëó÷àòåëüíûõ ïåðåõîäîâ) ðàñïàäà èç íåðàâíîâåñíîãî

ñîñòîÿíèÿ: ïåðâûé êàíàë — èçëó÷àòåëüíûå ïåðåõîäû

â îñíîâíîå ñîñòîÿíèå ìîëåêóëû; âòîðîé êàíàë —

òåðìîàêòèâèðîâàííûå ïåðåõîäû èç ëîêàëüíîãî â ãëî-

áàëüíûé ýíåðãåòè÷åñêèé ìèíèìóì ñ ïîñëåäóþùèì

èçëó÷åíèåì òàêæå â îñíîâíîå ñîñòîÿíèå ìîëåêóëû.

Àêêóðàòíîå ðàçäåëåíèå íà îòäåëüíûå êîìïîíåíòû

ñïåêòðîâ, ïðåäñòàâëåííûõ íà ðèñ. 1, âåñüìà çàòðóäíè-

òåëüíî. Îäíàêî, ïðèìåíÿÿ ãðóáîå ïðèáëèæåíèå (ïðåä-

ñòàâëåíèå ýêñèìåðíîãî èçëó÷åíèÿ â âèäå îäèíî÷íîãî

ãàóññîâñêîãî ìàêñèìóìà, âêëþ÷åíèå ôîíîííûõ

êðûëüåâ â îáùóþ èíòåíñèâíîñòü ïîëîñ, òàêæå ïðåä-

ñòàâëÿåìûõ â âèäå ñèììåòðè÷íûõ ãàóññîâñêèõ ìàê-

ñèìóìîâ), ìîæíî ïîëó÷èòü âàæíóþ èíôîðìàöèþ.

Äëÿ êèíåòèêè çàòóõàíèÿ ýêñèìåðíîãî ñâå÷åíèÿ äîñòà-

òî÷íî íàäåæíî óñòàíàâëèâàåòñÿ ïðîñòàÿ ýñïîíåí-

öèàëüíàÿ çàâèñèìîñòü ñ õàðàêòåðíûì âðåìåíåì � =

= (174 ± 19) ìêc. Çàòóõàíèå ñâå÷åíèÿ êðèñòàëëà îðòî-

áðîìáåíçîôåíîíà èç ëîêàëüíîãî ìèíèìóìà, êàê è ñëå-

äîâàëî îæèäàòü, îïèñûâàåòñÿ äâóìÿ ýêñïîíåíòàìè ñ

âðåìåíàìè çàòóõàíèÿ 27 è 490 ìêc. Êàê ñëåäóåò èç

ðèñ. 1, âðåìÿ çàòóõàíèÿ 27 ìêc õîðîøî ñîîòâåòñòâóåò

èçëó÷àòåëüíîìó çàòóõàíèþ èç ëîêàëüíîãî ìèíèìóìà.

Ñëåäîâàòåëüíî, äëèòåëüíîñòü ïðîöåññà òåðìè÷åñêîé

àêòèâàöèè ãëîáàëüíîãî ìèíèìóìà ïðè ýòîé òåìïåðà-

òóðå ñîñòàâëÿåò 490 ìêc.

Íà ðèñ. 2 ýêñïåðèìåíòàëüíûìè òî÷êàìè ïðåäñòàâ-

ëåíà êèíåòèêà èçëó÷åíèÿ èç ðàâíîâåñíîãî ýíåðãå-

òè÷åñêîãî ìèíèìóìà âîçáóæäåííîé ìîëåêóëû îðòî-

áðîìáåíçîôåíîíà. Çíà÷åíèÿìè ýêñïåðèìåíòàëüíûõ

òî÷åê ÿâëÿþòñÿ ïëîùàäè ïåðâûõ ïîëîñ (êîðîòêî-

âîëíîâûõ) êîëåáàòåëüíûõ ñåðèé èçëó÷åíèÿ èç ýòîãî

ñîñòîÿíèÿ (ðèñ. 1). Êàê âèäíî íà ðèñ. 2, êèíåòèêà çà-

òóõàíèÿ èçëó÷åíèÿ èìååò íåìîíîòîííûé õàðàêòåð.

Èíòåíñèâíîñòü èçëó÷åíèÿ ñíà÷àëà íàðàñòàåò âî âðå-

ìåíè äî �200 ìêc. Ýòî ñâÿçàíî ñ áîëüøåé ñêîðîñòüþ

çàñåëåíèÿ ãëîáàëüíîãî ýíåðãåòè÷åñêîãî ìèíèìóìà çà

ñ÷åò òåðìîàêòèâèðîâàííûõ ïåðåõîäîâ èç ëîêàëüíîãî
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Ðèñ. 1. Âðåìÿ-ðàçðåøåííûå ñïåêòðû ôîñôîðåñöåíöèè

êðèñòàëëà îðòîáðîìáåíçîôåíîíà ïðè 52 Ê. Âðåìÿ çàïèñè

ñïåêòðà 5 ìêc.
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Âðåìÿ çàäåðæêè, ìêñ

Ðèñ. 2. Êèíåòèêà èçëó÷åíèÿ èç ðàâíîâåñíîãî ýíåðãåòè÷åñ-

êîãî ìèíèìóìà âîçáóæäåííîé ìîëåêóëû êðèñòàëëà îðòî-

áðîìáåíçîôåíîíà ïðè T = 52 Ê.



ìèíèìóìà, ïî ñðàâíåíèþ ñî ñêîðîñòüþ èçëó÷àòåëü-

íûõ ïåðåõîäîâ èç ðàâíîâåñíîãî ñîñòîÿíèÿ. Ïîñëå

200 ìêc èçëó÷åíèå äîâîëüíî ìåäëåííî çàòóõàåò.

Ïðèâåäåííûå ýêñïåðèìåíòàëüíûå äàííûå ïîäòâåð-

æäàþò ïðåäïîëîæåíèå àâòîðîâ ðàáîòû [1] î ôèçè÷åñ-

êîì ìåõàíèçìå ïðîÿâëåíèÿ â ñïåêòðàõ ôîñôîðåñöåí-

öèè êðèñòàëëà îðòîáðîìáåíçîôåíîíà äâóõ ñåðèé

êîëåáàòåëüíûõ ïîëîñ ïðè èçìåíåíèè òåìïåðàòóðû îá-

ðàçöà. Äåòàëüíîå èçëîæåíèå ðåçóëüòàòîâ èññëåäîâà-

íèÿ ôîñôîðåñöåíöèè êðèñòàëëà îðòîáðîìáåíçîôåíî-

íà ìåòîäîì âðåìÿ-ðàçðåøåííîé ñïåêòðîñêîïèè â

øèðîêîì äèàïàçîíå òåìïåðàòóð áóäåò ïðåäñòàâëåíî â

ñòàòüå [4].

Àâòîð áëàãîäàðèò Ì.À. Ñòðæåìå÷íîãî, Ë.Ì. Áóðàâ-

öåâó è Ä.È. Çëîáó çà ïîìîùü â ýêñïåðèìåíòå è îáñóæ-

äåíèå ðåçóëüòàòîâ.
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Physical nature of the monomeric

phosphorescence in ortho-bromobenzophenone

crystals

Î.S. Pyshkin

Low-temperature time-resolved phosphorescence

spectra have been measured in crystalline ortho-

bromobenzophenone (2-BrBP) at 52 K. One of the

two vibron-repeated monomeric emission series de-

cays in time while the other one, which is shifted to

longer wavelengths, lights up at shorter times to

start decreasing at longer delay times. Such beha-

vior of the time-resolved spectra at 52 K can be

explained as being due to a thermo-activated over-

coming of the energy barrier between the two con-

formational states of the excited ortho-bromoben-

zophenone molecule. In addition to the above two

series the time-resolved spectra contain an excimer

emission component which decays with a charac-

teristic time of approximately 175 �s.

PACS: 78.55.–m Photoluminescence, properties and

materials.

Keywords: ortho-bromobenzophenone, phosphores-

cence, conformation, excimer.
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