
Ëþìèíåñöåíòíûå ìàòåðèàëû íàõîäÿò øèðîêîå

ïðèìåíåíèå â ðàçëè÷íûõ îáëàñòÿõ, â òîì ÷èñëå äëÿ

ñîçäàíèÿ ñâåòîèçëó÷àþùèõ ýëåìåíòîâ, ïðè áèîõè-

ìè÷åñêèõ èññëåäîâàíèÿõ è ðÿäå äðóãèõ [1—3]. Îäíèì

èç ïåðñïåêòèâíûõ íàïðàâëåíèé èõ èñïîëüçîâàíèÿ,

àêòèâíî ðàçâèâàþùèõñÿ â ïîñëåäíåå âðåìÿ, ÿâëÿåòñÿ

ñîçäàíèå àêòèâíûõ ýëåìåíòîâ ñåíñîðíûõ óñòðîéñòâ

äëÿ àíàëèçà õèìè÷åñêèõ è áèîëîãè÷åñêèõ ñèñòåì

[2—4]. Â ïîñëåäíåå âðåìÿ êàê ïîòåíöèàëüíûå

îáúåêòû äëÿ èñïîëüçîâàíèÿ â êà÷åñòâå àêòèâíûõ

ýëåìåíòîâ ëþìèíåñöåíòíûõ ñåíñîðîâ øèðîêî èññëå-

äóþòñÿ ìåòàëë-îðãàíè÷åñêèå êàðêàñû (ÌÎÊ) [5—7].

Òàêîé èíòåðåñ îáóñëîâëåí íåñêîëüêèìè ôàêòîðàìè.

Â ÷àñòíîñòè, ïðàêòè÷åñêè íåîãðàíè÷åííûé íàáîð

ñòðîèòåëüíûõ áëîêîâ (ìåòàëëñîäåðæàùèõ óçëîâ è

îðãàíè÷åñêèõ ëèíêåðîâ) ïîçâîëÿåò â øèðîêèõ ïðå-

äåëàõ èçìåíÿòü ëþìèíåñöåíòíûå ñâîéñòâà ÌÎÊ,

âûçâàííûå ýìèññèåé êàê íåîðãàíè÷åñêîé ñîñòàâ-

ëÿþùåé, òàê è àðîìàòè÷åñêèõ ìîñòèêîâûõ ëèãàíäîâ

[8]. Êðîìå òîãî, ñîåäèíåíèÿ ýòîãî êëàññà õàðàêòå-

ðèçóþòñÿ ñïåöèôè÷åñêèìè ñîðáöèîííûìè ñâîé-

ñòâàìè, êîòîðûå îáóñëîâëåíû óïîðÿäî÷åííîé ïî-

ðèñòîé ñòðóêòóðîé è âîçìîæíîñòüþ ââåäåíèÿ ðàç-

ëè÷íûõ ôóíêöèîíàëüíûõ ãðóïï, à òàêæå âàðüèðî-

âàíèÿ çàðÿäà êàðêàñà è ïðèðîäû ïîâåðõíîñòè ïîð [9],

÷òî ïîçâîëÿåò ñóùåñòâåííûì îáðàçîì âëèÿòü íà

ñåëåêòèâíîñòü èõ âçàèìîäåéñòâèÿ ñ ïîòåíöèàëüíûìè

àíàëèòàìè. Áîëåå òîãî, íà ñåãîäíÿ ïîëó÷åíû ìàòå-

ðèàëû íà îñíîâå ÌÎÊ, ëþìèíåñöåíòíûå õàðàêòå-

ðèñòèêè êîòîðûõ ÷óâñòâèòåëüíû ê íåêîòîðûì ôè-

çè÷åñêèì âîçäåéñòâèÿì, â ÷àñòíîñòè èçìåíåíèþ òåì-

ïåðàòóðû, ðÍ [5] èëè äåéñòâèþ èîíèçèðóþùåãî

èçëó÷åíèÿ [10].

Â ëèòåðàòóðå ïðèâåäåíû ïðèìåðû èñïîëüçîâàíèÿ

ëþìèíåñöåíòíûõ ÌÎÊ äëÿ äåòåêòèðîâàíèÿ ðàç-

ëè÷íûõ âåùåñòâ â ðàñòâîðàõ è ãàçîâîé ôàçå. Â ÷àñò-

íîñòè, ïîêàçàíà âîçìîæíîñòü ýôôåêòèâíîãî îïðåäå-

ëåíèÿ â ðàñòâîðàõ èîíîâ ìåòàëëîâ è íåîðãàíè÷åñêèõ

àíèîíîâ, ìàëûõ îðãàíè÷åñêèõ ìîëåêóë, à òàêæå

áèîëîãè÷åñêèõ îáúåêòîâ, òàêèõ êàê ÄÍÊ è òðîìáèí
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Ïîëó÷åíû íîâûå êîìïîçèöèîííûå ìàòåðèàëû íà îñíîâå ïîðèñòîãî ëþìèíåñöåíòíîãî öèíêñîäåð-

æàùåãî êîîðäèíàöèîííîãî ïîëèìåðà è îðãàíè÷åñêèõ êðàñèòåëåé — 5-(4-(äèýòèëàìèíî)áåíçèëè-

äåí)-ïèðèìèäèí-2,4,6(1H,3H,5H)-òðèîíà (KR) è ìåòèëåíîâîãî ñèíåãî (ÌÂ). Óñòàíîâëåíî, ÷òî ïðè

âîçáóæäåíèè ïîëèìåðíîé ìàòðèöû êîìïîçèò ñ KR õàðàêòåðèçóåòñÿ áèìîäàëüíîé ëþìèíå-

ñöåíöèåé âñëåäñòâèå ïåðåíîñà ýíåðãèè ìåæäó ëþìèíîôîðàìè, òîãäà êàê â ñëó÷àå êîìïîçèòà ñ ÌÂ

òàêîé ïåðåíîñ îòñóòñòâóåò. Ïîêàçàíî, ÷òî â æèäêèõ óãëåâîäîðîäàõ â çàâèñèìîñòè îò èõ

ñòðîåíèÿ íàáëþäàåòñÿ èçìåíåíèå ñîîòíîøåíèÿ èíòåíñèâíîñòåé ýìèññèè íåîðãàíè÷åñêîé è

îðãàíè÷åñêîé ñîñòàâëÿþùèõ ïëåíîê êîìïîçèòîâ. Îáíàðóæåíî, ÷òî ïàðû íèòðîáåíçîëà

ñåëåêòèâíî òóøàò ëþìèíåñöåíöèþ êîîðäèíàöèîííîãî ïîëèìåðà â èññëåäîâàííûõ êîìïîçèòàõ,

÷òî îòêðûâàåò âîçìîæíîñòü èñïîëüçîâàíèÿ êðàñèòåëÿ â êà÷åñòâå âíóòðåííåãî ñòàíäàðòà â

ëþìèíåñöåíòíûõ àíàëèòè÷åñêèõ èçìåðåíèÿõ.
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ìåòèëåíîâûé ãîëóáîé, áèìîäàëüíàÿ ëþìèíåñöåíöèÿ, ëþìèíåñöåíòíûå ñåíñîðû.



[5, 11, 12]. Àíàëèòè÷åñêèì ñèãíàëîì â ýòèõ ñëó÷àÿõ

ñëóæèò òóøåíèå èëè âîçíèêíîâåíèå ëþìèíåñöåíöèè,

à òàêæå èçìåíåíèå ïîëîæåíèÿ ìàêñèìóìà ïîëîñû

ýìèññèè [12, 13]. Îñîáî èíòåðåñíûì ïðåäñòàâëÿåòñÿ

ðåøåíèå âàæíîé ñ ïðàêòè÷åñêîé òî÷êè çðåíèÿ çàäà÷è

îáíàðóæåíèÿ àðîìàòè÷åñêèõ íèòðîñîåäèíåíèé, âõî-

äÿùèõ â ñîñòàâ âçðûâ÷àòûõ âåùåñòâ. Íà ñåãîäíÿ

îïèñàíû ïðèìåðû âûñîêîýôôåêòèâíîãî è ñåëåê-

òèâíîãî èõ äåòåêòèðîâàíèÿ çà ñ÷åò ñïîñîáíîñòè

òóøèòü ëþìèíåñöåíöèþ ÌÎÊ [14—16].

Ðàíåå íàìè ïîêàçàíî, ÷òî àðîìàòè÷åñêèå íèòðî-

ñîåäèíåíèÿ ÿâëÿþòñÿ ýôôåêòèâíûìè òóøèòåëÿìè

ëþìèíåñöåíöèè ÌÎÊ {[Zn(L)(DPDC)]}
n

(1), ïðåä-

ñòàâëÿþùåãî ñîáîé îäíîìåðíûé êîîðäèíàöèîííûé

ïîëèìåð (ÊÏ), îáðàçîâàííûé ìàêðîöèêëè÷åñêèì

êàòèîíîì öèíêà [Zn(L)]
2+

(L = 1,4,8,11-òåòðààçà-

öèêëîòåòðàäåêàí) è ìîñòèêîâûì 4,4�-äèôåíèë-

äèêàðáîêñèëàòîì (DPDC
2–

) [17]. Êðîìå òîãî, äàííûé

ÌÎÊ èñïîëüçîâàí äëÿ ïîëó÷åíèÿ êîìïîçèòà ñ

îðãàíè÷åñêèì êðàñèòåëåì àêðèäèíîâûì îðàíæåâûì

(ÀÎ), õàðàêòåðèçóþùåãîñÿ áèìîäàëüíîé ëþìèíå-

ñöåíöèåé, âîçíèêàþùåé â ðåçóëüòàòå ÷àñòè÷íîãî ïå-

ðåíîñà ýíåðãèè ñ ÊÏ íà êðàñèòåëü. Ñ åãî èñïîëü-

çîâàíèåì ïðîäåìîíñòðèðîâàíà âîçìîæíîñòü ðàñ-

ïîçíàâàíèÿ ïàðîâ íèòðîñîåäèíåíèé çà ñ÷åò ðàçíîãî

ñîîòíîøåíèÿ ýôôåêòèâíîñòåé òóøåíèÿ èìè ýìèññèè

ëþìèíîôîðîâ, âõîäÿùèõ â ñîñòàâ êîìïîçèòà. Êðîìå

òîãî, äàííûé êîìïîçèò ìîæåò áûòü èñïîëüçîâàí äëÿ

îïðåäåëåíèÿ âåùåñòâ, íå ÿâëÿþùèõñÿ òóøèòåëÿìè

ëþìèíåñöåíöèè, îäíàêî ïðèâîäÿùèõ ê èçìåíåíèþ

ñîîòíîøåíèÿ èíòåíñèâíîñòåé ïîëîñ ëþìèíåñöåíöèè,

îòíîñÿùèõñÿ ê ðàçíûì ëþìèíîôîðàì [18]. Â ñâåòå

âûøåñêàçàííîãî ïðåäñòàâëÿëîñü öåëåñîîáðàçíûì

ïðîâåðèòü âîçìîæíîñòü ïðèìåíåíèÿ äàííîãî ïîäõî-

äà ïðè èñïîëüçîâàíèè äðóãèõ êðàñèòåëåé, â òîì ÷èñëå

îáðàçóþùèõ êîìïîçèòû ñ ÌÎÊ, â êîòîðûõ íå ïðîèñ-

õîäèò ïåðåíîñ ýíåðãèè ìåæäó ñîñòàâëÿþùèìè. Â

íàñòîÿùåé ðàáîòå äëÿ ïîëó÷åíèÿ êîìïîçèòîâ ñ ÌÎÊ

1 èñïîëüçîâàíû äâà îðãàíè÷åñêèõ êðàñèòåëÿ: ìåðî-

öèàíèí 5-(4-(äèýòèëàìèíî)áåíçèëèäåí)-ïèðèìèäèí-

2,4,6(1H,3H,5H)-òðèîí (KR) [19, 20] è ìåòèëåíîâûé

ñèíèé (ÌÂ). Ñïåêòð ýìèññèè äàííîãî ÊÏ (�
èçë

=

403 íì) ïåðåêðûâàåòñÿ ñî ñïåêòðîì ïîãëîùåíèÿ KR

(�
ìàêñ

= 465 íì), íî íå ïåðåêðûâàåòñÿ ñ àíàëîãè÷íîé

ïîëîñîé ÌÂ, òàê êàê îíà íàõîäèòñÿ â çíà÷èòåëüíî

áîëåå äëèííîâîëíîâîé îáëàñòè (�
ìàêñ

= 656 íì). Òà-

êèå îñîáåííîñòè ïîçâîëÿþò îæèäàòü ïåðåíîñ ýíåðãèè

ìåæäó íåîðãàíè÷åñêèì è îðãàíè÷åñêèì ëþìèíî-

ôîðàìè â ïåðâîì ñëó÷àå è åãî îòñóòñòâèå âî âòîðîì.

Ýêñïåðèìåíòàëüíàÿ ÷àñòü

Èñïîëüçîâàííûå â ðàáîòå êîììåð÷åñêè äîñòóïíûå

ðåàãåíòû L, Í
2
DPDC, ÌÂ, òðèýòèëàìèí è ðàñòâîðèòå-

ëè äèõëîðìåòàí (ÄÕÌ), ãåêñàí, äèìåòèëôîðìàìèä

(ÄÌÔÀ), äîäåêàí, áåíçîë, òîëóîë, ì-êñèëîë, íèòðî-

áåíçîë èìåëè êâàëèôèêàöèþ «õ. ÷.» è èñïîëüçîâàëèñü

áåç äîïîëíèòåëüíîé î÷èñòêè. Êðàñèòåëü KR ñèíòåçè-

ðîâàí è î÷èùåí ñîãëàñíî ìåòîäèêå [20]. Êîìïëåêñ

[Zn(L)](ClO
4
)
2

ïîëó÷åí ðåàêöèåé ïåðõëîðàòà öèíêà ñ

L â ìåòàíîëüíîì ðàñòâîðå. Ìåòàëë-îðãàíè÷åñêèé

êàðêàñ {[Zn(L)(DPDC)]�0,4ÄÌÔÀ�1,7H
2
O}

n
è åãî àê-

òèâèðîâàííàÿ ôîðìà {[Zn(L)(DPDC)]}
n

(1) ïîëó÷åíû

â ñîîòâåòñòâèè ñ ðàíåå îïèñàííîé ìåòîäèêîé [17].

Ýëåêòðîííûå ñïåêòðû îòðàæåíèÿ ïîðîøêîâ è

ïîãëîùåíèÿ ïëåíîê èçìåðåíû íà ñïåêòðîôîòîìåòðå

«Specord 210» («Analytik Jena AG»), à ñïåêòðû ëþ-

ìèíåñöåíöèè — íà ëþìèíåñöåíòíîì ñïåêòðîìåòðå

LS-55 («Perkin-Elmer»). Âñå èçìåðåíèÿ âûïîëíåíû

ïðè êîìíàòíîé òåìïåðàòóðå.

Ñ öåëüþ èçó÷åíèÿ âëèÿíèÿ ñïîñîáà ïîëó÷åíèÿ

êîìïîçèòîâ íà ëþìèíåñöåíòíûå õàðàêòåðèñòèêè â

íàñòîÿùåé ðàáîòå èñïîëüçîâàíû äâà ïîäõîäà ê èõ

ñèíòåçó. Ïåðâûé ñîñòîÿë â ñîðáöèè êðàñèòåëÿ ïî-

ðèñòîé ìàòðèöåé èç ðàñòâîðîâ (êîìïîçèòû KR@1(À)

è ÌÂ@1(À)), òîãäà êàê êîìïîçèò KR@1(Á) ñèíòå-

çèðîâàí â ðåàêöèè in situ îáðàçîâàíèÿ ÌÎÊ â ïðè-

ñóòñòâèè KR.

Â ÷àñòíîñòè, ïîðîøêîîáðàçíûå îáðàçöû êîìïî-

çèòîâ KR@1(À) è ÌÂ@1(À) ïîëó÷åíû ïóòåì ñîðá-

öèè êðàñèòåëåé ìåòàëë-îðãàíè÷åñêèì êàðêàñîì èç

ÄÕÌ (KR) èëè àöåòîíà (ÌÂ). Äëÿ ýòîãî 0,02 ã

(0,040 ììîëü) {[Zn(L1)(DPDC)]}
n

ïîìåùàëè â 10 ìë

ðàñòâîðà êðàñèòåëÿ â ñîîòâåòñòâóþùåì ðàñòâîðèòåëå

(1�10
–3

ìîëü/ë). ×åðåç 3 ñóò ñìåñü îòôèëüòðîâûâàëè,

ïðîìûâàëè îñàäîê òåì æå ðàñòâîðèòåëåì è âûñó-

øèâàëè íà âîçäóõå. Êîìïîçèò KR@1(Á) ïîëó÷åí ðàñ-

òâîðåíèåì 0,025 ã (0,054 ììîëü) [Zn(L)](ClO
4
)
2

â 5 ìë

ðàñòâîðà KR â ÄÌÔÀ (1�10
–3

ìîëü/ë) ñ ïîñëåäóþùèì

äîáàâëåíèåì ìåòîäîì íàñëîåíèÿ ðàñòâîðà 0,008 ã

(0,033 ììîëü) Í
2
DPDC â 4 ìë ÄÌÔÀ è 1 ìë òðè-

ýòèëàìèíà. ×åðåç íåäåëþ îðàíæåâûé îñàäîê îò-

ôèëüòðîâûâàëè, ïðîìûâàëè ýòàíîëîì è âûñóøèâàëè

íà âîçäóõå.

Ïëåíêè ÌÎÊ 1 íà ñòåêëÿííûõ ïëàñòèíêàõ ïî-

ëó÷àëè íàíåñåíèåì åãî ñóñïåíçèè â ÄÕÌ, êàê îïè-

ñàíî ðàíåå [17]. Ïëàñòèíêè ñ íàíåñåííûì ÌÎÊ ïî-

ìåùàëè â 1�10
–3

ìîëü/ë ðàñòâîð KR èëè ÌÂ â ÄÕÌ íà

3 ñóò, ïîñëå ýòîãî ïðîìûâàëè ÄÕÌ è ñóøèëè 5 ÷ íàä

P
2
O

5
ïðè 100 °Ñ è äàâëåíèè 2 ìì ðò. ñò.

Äëÿ èçìåðåíèÿ ñïåêòðîâ ôëþîðåñöåíöèè ïëåíîê

êîìïîçèòîâ ñòåêëÿííûå ïëàñòèíêè ïîìåùàëè ïî

äèàãîíàëè â êâàðöåâóþ êþâåòó òîëùèíîé 1 ñì. Äëÿ

èññëåäîâàíèÿ âëèÿíèÿ îðãàíè÷åñêèõ âåùåñòâ êþâåòó

ñ ïëàñòèíêîé çàïîëíÿëè ñîîòâåòñòâóþùåé æèä-
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êîñòüþ (ãåêñàí, äîäåêàí, áåíçîë, òîëóîë è ì-êñèëîë).

Äëÿ èññëåäîâàíèÿ âëèÿíèÿ ïàðîâ íèòðîáåíçîëà íà

ëþìèíåñöåíòíûå ñâîéñòâà êîìïîçèòîâ íà äíî êþ-

âåòû ïîìåùàëè îêîëî 50 ìêë æèäêîãî íèòðîñîåäè-

íåíèÿ, èçáåãàÿ åãî êîíòàêòà ñ ïëåíêîé.

Ðåçóëüòàòû è îáñóæäåíèå

Ðàíåå íàìè ïîêàçàíî, ÷òî êðèñòàëëè÷åñêàÿ ðåøåò-

êà ÌÎÊ 1 îáðàçîâàíà ëèíåéíûìè êîîðäèíà-

öèîííî-ïîëèìåðíûìè öåïî÷êàìè, ïåðåêðåùèâàþ-

ùèìèñÿ â òðåõ íàïðàâëåíèÿõ ïîä óãëîì 120°. Òàêàÿ

óïàêîâêà ïðèâîäèò ê îáðàçîâàíèþ â êðèñòàëëå îäíî-

ìåðíûõ êàíàëîâ ñå÷åíèåì îêîëî 9 Å, îáúåì êîòîðûõ

ñîñòàâëÿåò 28 % îò îáúåìà ýëåìåíòàðíîé ÿ÷åéêè [17].

Ìîëåêóëû KR è ÌÂ èìåþò ïîïåðå÷íîå ñå÷åíèå

îêîëî 5 Å, ÷òî ïîçâîëÿåò èì ïðîíèêàòü â êàíàëû

äàííîãî ÌÎÊ. Àëüòåðíàòèâíûì âàðèàíòîì ëîêàëèçà-

öèè ìîëåêóë êðàñèòåëåé ìîæåò áûòü èõ àäñîðáöèÿ íà

âíåøíåé ïîâåðõíîñòè êðèñòàëëîâ ñîåäèíåíèÿ 1, êàê

ýòî íàáëþäàëîñü íàìè ðàíåå äëÿ êîìïîçèòà ÀÎ ñ ÊÏ

[Zn(L)(NDC)]
n

(NDC
2–

— àíèîí 2,6-íàôòàëèíäèêàð-

áîíîâîé êèñëîòû) [21].

Ïîñêîëüêó öèíêñîäåðæàùèé ÌÎÊ õàðàêòåðè-

çóåòñÿ ïîãëîùåíèåì â áëèæíåé ÓÔ-îáëàñòè ñïåêòðà

(� < 330 íì), ïîëîñû ïîãëîùåíèÿ â âèäèìîé îáëàñòè ñ

ìàêñèìóìàìè ïðè 475, 560 è 640 íì äëÿ KR@1(A),

KR@1(Á) è ÌÂ@1(A) ñîîòâåòñòâåííî, íàáëþäàåìûå

â ñïåêòðàõ äèôôóçíîãî îòðàæåíèÿ (ÑÄÎ) ïîëó-

÷åííûõ êîìïîçèòîâ (ðèñ. 1, à—â), âûçâàíû íàëè÷èåì

â èõ ñîñòàâå êðàñèòåëåé. Äëÿ êîìïîçèòîâ KR@1(A) è

ÌÂ@1(A) èõ ïîëîæåíèÿ áëèçêè ê ñîîòâåòñòâóþùèì

ïîëîæåíèÿì ïîëîñ ïîãëîùåíèÿ êðàñèòåëåé â ðàñ-

òâîðàõ â ÄÕÌ (465 è 656 íì ñîîòâåòñòâåííî). Ïî-

ëîæåíèå ìàêñèìóìà ïîëîñû â ñïåêòðå ïîãëîùåíèÿ

ïëåíêè êîìïîçèòà KR@1(A) (�
ìàêñ

= 467 íì)

íåñêîëüêî ñìåùåíî â êîðîòêîâîëíîâóþ îáëàñòü ïî

ñðàâíåíèþ ñ ïîðîøêîîáðàçíûì îáðàçöîì, òîãäà êàê â
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Ðèñ. 1. Ñïåêòðû äèôôóçíîãî îòðàæåíèÿ (â êîîðäèíàòàõ ôóíêöèè Êóáåëêè — Ìóíêà, F) è ñïåêòðû ëþìèíåñöåíöèè (I)

ïîðîøêîîáðàçíûõ îáðàçöîâ êîìïîçèòîâ KR@1(À) (�âîçá = 475 íì) (à), KR@1(Á) (�âîçá = 595 íì) (á) è ÌÂ@1(À) (�âîçá =

600 íì) (â); ñïåêòðû ëþìèíåñöåíöèè ïîðîøêîîáðàçíûõ êîìïîçèòîâ KR@1 ïðè �âîçá = 330 íì (ã); ñïåêòðû ëþìèíåñöåíöèè

ïëåíîê êîìïîçèòîâ KR@1(À) (ä) è ÌÂ@1(À) (å) ïðè âîçáóæäåíèè ÌÎÊ (�âîçá = 330 íì) (1) è êðàñèòåëÿ (�âîçá = 475 è 600 íì

äëÿ KR è ÌÂ ñîîòâåòñòâåííî) (2).



ñëó÷àå êîìïîçèòà ÌÂ@1(A) íå íàáëþäàþòñÿ îò-

ëè÷èÿ â ïîëîæåíèÿõ ìàêñèìóìà ïîëîñ ïîãëîùåíèÿ

êðàñèòåëÿ â ïîëèêðèñòàëëè÷åñêîì îáðàçöå è ïëåíêå,

õîòÿ â ïîñëåäíåì ñëó÷àå ïîëîñà ïîãëîùåíèÿ íå-

ñêîëüêî óøèðåíà. Ïîëîæåíèå ìàêñèìóìà â ÑÄÎ

êîìïîçèòà KR@1(Á) áëèçêî ê òàêîâîìó äëÿ èíäè-

âèäóàëüíîãî êðàñèòåëÿ â òâåðäîì ñîñòîÿíèè (560 íì).

Îáëó÷åíèå ïîðîøêîîáðàçíûõ îáðàçöîâ êîìïîçè-

òîâ KR@1(A) è KR@1(Á) ñâåòîì ñ äëèíîé âîëíû,

ñîîòâåòñòâóþùåé ìàêñèìóìó â èõ ñïåêòðàõ ïîãëî-

ùåíèÿ, ïðèâîäèò ê âîçíèêíîâåíèþ ýìèññèè, êîòîðàÿ

ìîæåò áûòü îòíåñåíà ê ëþìèíåñöåíöèè êðàñèòåëÿ

(ðèñ. 1, à, á). Ìàêñèìóì ýòîé ïîëîñû äëÿ KR@1(A)

íàõîäèòñÿ îêîëî 525 íì, ÷òî ñîâïàäàåò ñ ïîëîæåíèåì

ïîëîñû ýìèññèè ðàñòâîðà ýòîãî êðàñèòåëÿ â ÄÕÌ.

Àíàëîãè÷íàÿ ïîëîñà ýìèññèè õàðàêòåðíà è äëÿ

ïëåíîê ýòîãî êîìïîçèòà. Äëÿ KR@1(Á) íàáëþäàåòñÿ

ïîëîñà ëþìèíåñöåíöèè ñ ìàêñèìóìîì ïðè 630 íì,

ïîëîæåíèå êîòîðîé áëèçêî ê ýìèññèè ñâîáîäíîãî

êðàñèòåëÿ â òâåðäîì ñîñòîÿíèè (645 íì). Íà îñíîâå

ñðàâíåíèÿ ñïåêòðàëüíûõ ñâîéñòâ êîìïîçèòîâ è KR â

ðàñòâîðå è òâåðäîì ñîñòîÿíèè ìîæíî ïðåäïîëîæèòü,

÷òî ðàçëè÷èÿ â ñïåêòðàõ îòðàæåíèÿ è ëþìèíåñöåíöèè

êîìïîçèòîâ, ïîëó÷åííûõ ðàçíûìè ñïîñîáàìè, ìîãóò

áûòü ñâÿçàíû ñ ðàçëè÷íîé ñòåïåíüþ àãðåãàöèè êðà-

ñèòåëÿ â èõ ñîñòàâå.

Ïðè îáëó÷åíèè êîìïîçèòîâ, ñîäåðæàùèõ KR,

ñâåòîì ñ äëèíîé âîëíû, ñîîòâåòñòâóþùåé ìàêñèìóìó

ïîëîñû â ñïåêòðå âîçáóæäåíèÿ ÌÎÊ 1 (�
âîçá

=

330 íì), íàáëþäàåòñÿ áèìîäàëüíàÿ ýìèññèÿ (ðèñ. 1, ã,

ä). Ïîëîñà ñ ìàêñèìóìîì ïðè 403 íì ñîîòâåòñòâóåò

èçëó÷åíèþ äèôåíèëüíûõ ëþìèíîôîðîâ ÊÏ, à ìåíåå

èíòåíñèâíàÿ ïîëîñà ñ ìàêñèìóìîì ïðè 525 èëè

615 íì (äëÿ KR@1(A) è KR@1(Á) ñîîòâåòñòâåííî)

âûçâàíà ýìèññèåé êðàñèòåëÿ. Ïðîÿâëåíèå áèìîäàëü-

íîé ëþìèíåñöåíöèè ïðè âîçáóæäåíèè ÌÎÊ ñâèäå-

òåëüñòâóåò î ïåðåíîñå ýíåðãèè ìåæäó êîìïîíåíòàìè

êîìïîçèòà, âîçíèêàþùåì çà ñ÷åò ïåðåêðûâàíèÿ ïî-

ëîñ ýìèññèè ÌÎÊ è ïîãëîùåíèÿ KR, êàê ðàíåå îïè-

ñàíî íàìè äëÿ êîìïîçèòîâ, ñîäåðæàùèõ ÀÎ [18, 21].

Â ñëó÷àå êîìïîçèòîâ MB ïîëîñà ïîãëîùåíèÿ

êðàñèòåëÿ íàõîäèòñÿ â ñóùåñòâåííî áîëåå äëèííî-

âîëíîâîé îáëàñòè, ÷åì ïîëîñà èçëó÷åíèÿ ÌÎÊ, ÷òî

ïðåïÿòñòâóåò èõ ïåðåêðûâàíèþ. Âîçáóæäåíèå êîìïî-

çèòà ñâåòîì ñ äëèíîé âîëíû 330 íì ïðèâîäèò ê

ïîÿâëåíèþ òîëüêî îäíîé ïîëîñû ýìèññèè (ðèñ. 1, å),

ñîîòâåòñòâóþùåé èçëó÷åíèþ ÌÎÊ (�
ìàêñ

= 403 íì).

Ìàëûé ñòîêñîâ ñäâèã (35 íì) íå ïîçâîëÿåò èñïîëü-

çîâàòü äëÿ âîçáóæäåíèÿ ëþìèíåñöåíöèè êðàñèòåëÿ

ñâåò ñ äëèíîé âîëíû, ñîîòâåòñòâóþùåé ìàêñèìóìó â

ñïåêòðå åãî ïîãëîùåíèÿ, ïîýòîìó ëþìèíåñöåíöèþ

êðàñèòåëÿ â äàííîì êîìïîçèòå âîçáóæäàëè ñâåòîì ñ

äëèíîé âîëíû 600 íì. Ïîðîøêîîáðàçíûé îáðàçåö

êîìïîçèòà ÌÂ@1(À) ïðè òàêîì âîçáóæäåíèè õàðàê-

òåðèçóåòñÿ ïîëîñîé ýìèññèè ñ ìàêñèìóìîì ïðè

675 íì (ðèñ. 1, â), êîòîðûé ñîâïàäàåò ñ ïîëîæåíèåì

ìàêñèìóìà èçëó÷åíèÿ ÌÂ â ðàñòâîðå. Ïëåíêè ýòîãî

êîìïîçèòà ïðîÿâëÿþò ãèïñîõðîìíûé ñäâèã ïîëîæå-

íèÿ ìàêñèìóìà ïîëîñû ëþìèíåñöåíöèè (ðèñ. 1, å,

�
ìàêñ

= 655 íì). Òàêèì îáðàçîì, â ñëó÷àå êîìïîçèòà

ÌÂ@1(À) íå ïðîèñõîäèò ïåðåêðûâàíèå ïîëîñ èç-

ëó÷åíèÿ ÌÎÊ è ïîãëîùåíèÿ êðàñèòåëÿ è, êàê

ñëåäñòâèå, íå íàáëþäàåòñÿ ïåðåíîñ ýíåðãèè ìåæäó

ëþìèíîôîðàìè.

Ïðèñóòñòâèå ïàðîâ íèòðîáåíçîëà â ãàçîâîé ôàçå

ïðèâîäèò ê ïîñòåïåííîìó óìåíüøåíèþ èíòåíñèâ-

íîñòè ëþìèíåñöåíöèè ïëåíêè êîìïîçèòà KR@1(À)

ïðè 403 íì, âîçíèêàþùåé çà ñ÷åò âîçáóæäåíèÿ ÌÎÊ

(ðèñ. 2, à), ñîïðîâîæäàþùåìóñÿ ïðîïîðöèîíàëüíûì

óìåíüøåíèåì èíòåíñèâíîñòè ýìèññèè ïðè 530 íì.

Òàêîå ïîâåäåíèå ñîãëàñóåòñÿ ñ ïðåäëîæåííûì âûøå

ìåõàíèçìîì âîçáóæäåíèÿ îðãàíè÷åñêîãî ëþìèíîôî-

ðà çà ñ÷åò ïåðåíîñà ýíåðãèè ñ êîîðäèíàöèîííî-ïî-

ëèìåðíîé ìàòðèöû. Â òî æå âðåìÿ â ïðèñóòñòâèè

ïàðîâ íèòðîáåíçîëà èíòåíñèâíîñòü ëþìèíåñöåíöèè

êðàñèòåëÿ ïðè âîçáóæäåíèè â ìàêñèìóìå ïîëîñû åãî

ïîãëîùåíèÿ äëÿ äàííîãî êîìïîçèòà îñòàåòñÿ ïðàê-

òè÷åñêè íåèçìåííîé. Ñëåäîâàòåëüíî, èíòåíñèâíîñòü

ëþìèíåñöåíöèè êðàñèòåëÿ â äàííîì ñëó÷àå ìîæåò
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Ðèñ. 2. Èçìåíåíèå èíòåíñèâíîñòè ýìèññèè ïðè 403 íì

(�âîçá = 330 íì, �) è 530 (�âîçá = 475 íì, �) äëÿ ïëåíêè

êîìïîçèòà KR@1(À) (à) è èçìåíåíèå èíòåíñèâíîñòåé

ýìèññèè ïðè 403 íì (�âîçá = 330 íì,�) è ïðè 655 íì (�âîçá =

600 íì, �) äëÿ ïëåíêè êîìïîçèòà ÌÂ@1(À) (á) ïðè èõ

íàõîæäåíèè â ïàðàõ íèòðîáåíçîëà.



áûòü èñïîëüçîâàíà êàê âíóòðåííèé ñòàíäàðò, äàþùèé

âîçìîæíîñòü èçáåæàòü îøèáîê, ñâÿçàííûõ ñ ìåõà-

íè÷åñêèìè ïîâðåæäåíèÿìè ïëåíêè, åå äåôåêòàìè èëè

äðóãèìè âíåøíèìè ôàêòîðàìè. Íàáëþäàåìûé ýô-

ôåêò îòëè÷àåòñÿ îò îïèñàííîãî ðàíåå äëÿ êîìïîçèòà

ÀÎ@1(À), â êîòîðîì ïàðû íèòðîáåíçîëà òóøèëè

ëþìèíåñöåíöèþ êàê ÌÎÊ, òàê è êðàñèòåëÿ [18].

Òàêîå ïîâåäåíèå â íàñòîÿùåì ñëó÷àå ìîæåò ñâèäå-

òåëüñòâîâàòü î âçàèìîäåéñòâèè íèòðîñîåäèíåíèÿ

òîëüêî ñ ëþìèíîôîðàìè ÌÎÊ, îäíàêî äëÿ ïîäòâåðæ-

äåíèÿ äàííîãî ïðåäïîëîæåíèÿ òðåáóþòñÿ äîïîëíè-

òåëüíûå èññëåäîâàíèÿ.

Õîòÿ ïàðû íèòðîáåíçîëà òàêæå ãàñÿò ýìèññèþ

ÌÎÊ â êîìïîçèòå ÌÂ@1(À), èõ ïðèñóòñòâèå ïðè-

âîäèò ê íåáîëüøîìó ðîñòó èíòåíñèâíîñòè ýìèññèè

ÌÂ ïðè åãî ïðÿìîì âîçáóæäåíèè (ðèñ. 2, á). Àíà-

ëîãè÷íîå ÿâëåíèå ñåíñèáèëèçàöèè ëþìèíåñöåíöèè

ÌÎÊ îðãàíè÷åñêèìè ñîåäèíåíèÿìè (â ÷àñòíîñòè,

àðîìàòè÷åñêèìè) îòìå÷àëîñü â ëèòåðàòóðå è ðàíåå

[11].

Ñ öåëüþ áîëåå äåòàëüíîãî ðàññìîòðåíèÿ ýôôåêòà

ñðåäû, â êîòîðîé íàõîäÿòñÿ êîìïîçèòû, èçó÷åíî

âëèÿíèå ðÿäà íåïîëÿðíûõ óãëåâîäîðîäîâ (ãåêñàí,

äîäåêàí, áåíçîë, òîëóîë, ì-êñèëîë) íà èõ ëþìèíå-

ñöåíòíûå ñâîéñòâà. Â êà÷åñòâå ðåãèñòðèðóåìîãî

ïàðàìåòðà èñïîëüçîâàëîñü ñîîòíîøåíèå èíòåíñèâ-

íîñòåé ïîëîñ ýìèññèè ïðè âîçáóæäåíèè ÌÎÊ è

êðàñèòåëÿ (I
403

/I
525

äëÿ KR@1(À) è I
403

/I
655

äëÿ

ÌÂ@1(À)), êîòîðîå íà âîçäóõå ñîñòàâëÿåò 1,4 è 1,6

ñîîòâåòñòâåííî. Êàê ñâèäåòåëüñòâóþò ïîëó÷åííûå

ðåçóëüòàòû, ïîãðóæåíèå ïëåíîê êîìïîçèòîâ â èññëå-

äóåìûå æèäêîñòè ïðèâîäèò ê èçìåíåíèþ äàííîãî

ïàðàìåòðà (ðèñ. 3, à), ïðè ýòîì íàáëþäàþùèåñÿ èç-

ìåíåíèÿ ÿâëÿþòñÿ ïîëíîñòüþ îáðàòèìûìè è âûñó-

øèâàíèå ïëåíîê íà âîçäóõå ïðèâîäèò ê âîññòàíîâ-

ëåíèþ èñõîäíîãî ñîîòíîøåíèÿ. Èíòåðåñíûì ÿâ-

ëÿåòñÿ òîò ôàêò, ÷òî â ñëó÷àå ïëåíîê êîìïîçèòà

ÌÂ@1(À) ïðîèñõîäèò íå òîëüêî èçìåíåíèå ñîîòíî-

øåíèÿ èíòåíñèâíîñòåé ïîëîñ, íî è ñäâèã ïîëîæåíèÿ

ìàêñèìóìà ïîëîñû ýìèññèè ÌÂ. Ýòè ïîêàçàòåëè

(èíòåíñèâíîñòü è ïîëîæåíèå ìàêñèìóìà ïîëîñû

ýìèññèè ÌÂ) ìîãóò áûòü èñïîëüçîâàíû äëÿ îïðå-

äåëåíèÿ âåùåñòâ íà îñíîâå çàðàíåå ïîñòðîåííîé

äèàãðàììû (ðèñ. 3, á) [22].

Òàêèì îáðàçîì, îïèñàííûå â íàñòîÿùåé ðàáîòå

êîìïîçèòû KR@1(À), KR@1(Á) è ÌÂ@1(À) õàðàê-

òåðèçóþòñÿ íàëè÷èåì äâóõ ëþìèíîôîðîâ, êàæäûé èç

êîòîðûõ ïðîÿâëÿåò õàðàêòåðíóþ ôîòîëþìèíåñöåí-

öèþ ïðè åãî âîçáóæäåíèè ñâåòîì ñ ñîîòâåòñòâóþùåé

äëèíîé âîëíû. Â ñëó÷àå ïåðåêðûâàíèÿ ñïåêòðàëüíûõ

ïîëîñ ýìèññèè ÌÎÊ è ïîãëîùåíèÿ êðàñèòåëÿ (êîì-

ïîçèòû, ñîäåðæàùèå KR) ïðîèñõîäèò ïåðåíîñ ýíåð-

ãèè ìåæäó ëþìèíîôîðàìè, ÷òî ïðèâîäèò ê ïîÿâ-

ëåíèþ áèìîäàëüíîé ýìèññèè ïðè âîçáóæäåíèè ÌÎÊ.

Ïðè ýòîì ñïîñîá ïîëó÷åíèÿ êîìïîçèòà âëèÿåò íà

ïîëîæåíèå ïîëîñ ýìèññèè, îòíîñÿùèõñÿ ê ëþìè-

íåñöåíöèè KR. Ïîä âëèÿíèåì ïàðîâ íèòðîáåíçîëà

ëþìèíåñöåíöèÿ îáîèõ êîìïîçèòîâ èçìåíÿåòñÿ ñõîä-

íûì îáðàçîì — ïðîèñõîäèò óìåíüøåíèå èíòåíñèâ-

íîñòè ëþìèíåñöåíöèè ÌÎÊ, â òî âðåìÿ êàê èí-

òåíñèâíîñòü íåïîñðåäñòâåííî âîçáóæäåííîé ëþìè-

íåñöåíöèè êðàñèòåëÿ ïî÷òè íå èçìåíÿåòñÿ. Òàêèì

îáðàçîì, ëþìèíåñöåíöèÿ êðàñèòåëÿ ìîæåò áûòü èñ-

ïîëüçîâàíà êàê âíóòðåííèé ñòàíäàðò èíòåíñèâíîñòè.

Ïîãðóæåíèå ïëåíîê êîìïîçèòîâ â íåïîëÿðíûå îðãà-

íè÷åñêèå æèäêîñòè â îáîèõ ñëó÷àÿõ ïðèâîäèò ê èç-

ìåíåíèþ ñîîòíîøåíèÿ èíòåíñèâíîñòåé ïîëîñ ýìèñ-

ñèè ÌÎÊ è êðàñèòåëÿ. Ïðè ýòîì â ñëó÷àå êîìïîçèòà

ÌÂ@1(À) ïðîèñõîäèò òàêæå è ñìåùåíèå ïîëîæåíèÿ

ìàêñèìóìà ïîëîñû ýìèññèè ÌÂ. Ñîîòíîøåíèå ýòèõ

äâóõ ôàêòîðîâ ìîæåò áûòü èñïîëüçîâàíî äëÿ êà÷å-

ñòâåííîãî äåòåêòèðîâàíèÿ íåïîëÿðíûõ îðãàíè÷åñêèõ

âåùåñòâ.
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Ðèñ. 3. Ñîîòíîøåíèÿ èíòåíñèâíîñòåé ïîëîñ ëþìèíå-

ñöåíöèè ÌÎÊ è êðàñèòåëÿ â ïëåíêàõ êîìïîçèòîâ KR@1(À)

è ÌÂ@1(À) (à) è äèàãðàììà çàâèñèìîñòè ïîëîæåíèé

ìàêñèìóìà ïîëîñû ýìèññèè ÌÂ è åå èíòåíñèâíîñòè îò

ïðèðîäû îðãàíè÷åñêîé æèäêîñòè (á).
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Âïëèâ àðîìàòè÷íèõ ³ àë³ôàòè÷íèõ âóãëåâîäí³â

íà ñïåêòðàëüíî-ëþì³íåñöåíòí³ âëàñòèâîñò³ êîìïîçèò³â

íà îñíîâ³ öèíêâì³ñíîãî êîîðäèíàö³éíîãî ïîë³ìåðó òà áàðâíèê³â

Ð. ². Ãóðòîâèé
1
, Î. Î. ²ùåíêî

2
, ß. Ä. Ëàìïåêà

1

1
²íñòèòóò ô³çè÷íî¿ õ³ì³¿ ³ì. Ë. Â. Ïèñàðæåâñüêîãî ÍÀÍ Óêðà¿íè

ïðîñï. Íàóêè, 31, Êè¿â 03028, Óêðà¿íà. E-mail: lampeka@adamant.net

2
²íñòèòóò îðãàí³÷íî¿ õ³ì³¿ ÍÀÍ Óêðà¿íè

âóë. Ìóðìàíñüêà, 5, Êè¿â 02260, Óêðà¿íà

Îäåðæàíî íîâ³ êîìïîçèòí³ ìàòåð³àëè íà îñíîâ³ ïîðèñòîãî ëþì³íåñöåíòíîãî öèíêâì³ñíîãî

êîîðäèíàö³éíîãî ïîë³ìåðó òà îðãàí³÷íèõ áàðâíèê³â — 5-(4-(ä³åòèëàì³íî)áåíçèë³äåí)-ï³ðèì³äèí-

2,4,6(1H,3H,5H)-òð³îíó (KR) òà ìåòèëåíîâîãî ñèíüîãî (ÌÂ). Âñòàíîâëåíî, ùî ïðè çáóäæåíí³

ïîë³ìåðíî¿ ìàòðèö³ êîìïîçèòó ç KR ïðèòàìàííà á³ìîäàëüíà ëþì³íåñöåíö³ÿ âíàñë³äîê ïåðåíîñó

åíåðã³¿ ì³æ ëþì³íîôîðàìè, òîä³ ÿê ó âèïàäêó êîìïîçèòó ç ÌÂ òàêèé ïåðåíîñ â³äñóòí³é. Ïîêàçàíî,

ùî â ð³äêèõ âóãëåâîäíÿõ ó çàëåæíîñò³ â³ä ¿õ áóäîâè ñïîñòåð³ãàºòüñÿ çì³íà ñï³ââ³äíîøåííÿ

³íòåíñèâíîñòåé åì³ñ³¿ íåîðãàí³÷íî¿ ³ îðãàí³÷íî¿ ñêëàäîâèõ ïë³âîê êîìïîçèò³â. Çíàéäåíî, ùî ïàðè

í³òðîáåíçîëó ñåëåêòèâíî ãàñÿòü ëþì³íåñöåíö³þ êîîðäèíàö³éíîãî ïîë³ìåðó â äîñë³äæåíèõ êîì-

ïîçèòàõ, ùî â³äêðèâàº ìîæëèâ³ñòü âèêîðèñòàííÿ áàðâíèêà ÿê âíóòð³øí³é ñòàíäàðò ó

ëþì³íåñöåíòíèõ àíàë³òè÷íèõ âèì³ðþâàííÿõ.

Êëþ÷îâ³ ñëîâà: êîîðäèíàö³éí³ ïîë³ìåðè, ìåòàë-îðãàí³÷í³ êàðêàñè, êîìïîçèòè, ìåðîö³àí³í, ìåòèëåíîâèé ñèí³é,

á³ìîäàëüíà ëþì³íåñöåíö³ÿ, ëþì³íåñöåíòí³ ñåíñîðè.
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Influence of Aromatic and Aliphatic Hydrocarbons

on Spectral and Luminescent Properties of Composites

Based on Zinc-Containing Coordination Polymer and Dyes

R. ². Gurtovyi
1
, A. A. Ishchenko

2
, Ya. D. Lampeka

1

1
L. V. Pysarzhevsky Institute of Physical Chemistry, National Academy of Sciences of Ukraine

Nauky Ave., 31, Kyiv 03028, Ukraine. E-mail: lampeka@adamant.net

2
Institute of Organic Chemistry, National Academy of Sciences of Ukraine

Murmanska St., 5, Kyiv 02260, Ukraine

New composite materials based on porous luminescent zinc-containing coordination polymer and

oraganic dyes, namely, 5-(4-(diethylamino)benzilidene)-pyrimidine-2,4,6(1H,3H,5H)-trione (KR) and

Methylene Blue (MB), have been prepared. Upon the excitation of polymeric matrix the composite with

KR was shown to display dual luminescence caused by energy transfer between the luminophores while in

the composite with MB such a transfer is absent. It is shown that the ratio of emission intensities of inor-

ganic and organic constituents of composite films in liquid hydrocarbons depends on the structure of the

latter. Nitrobenzene vapor was shown to quench selectively the luminescence of coordination polymer in

the composites studied thus offering the possibility to use the dye as internal standard in luminescent ana-

lytic measurements.

Key words: coordination polymers, metal–organic frameworks, composites, merocyanine, methylene blue, dual lumi-

nescence, luminescent sensors.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


