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Ïðåäëîæåí ìåòîä ñèíòåçà õðîìîôîðñîäåðæàùèõ àìôèôèëüíûõ ðåàêöèîííîñïîñîáíûõ
îëèãîìåðíûõ ñèëñåñêâèîêñàíîâ, îñíîâàííûé íà ðåàêöèè ìåæäó ãèäðîêñèëüíûìè ãðóïïàìè
àçîêðàñèòåëåé 4-(ôåíèëàçî)ôåíîëà èëè 4-[4-(ôåíèëàçî)ôåíèëàçî]-o-êðåçîëà è ýïîêñèäíûìè
ãðóïïàìè ñèëñåñêâèîêñàíîâ. Ñòðîåíèå ñèíòåçèðîâàííûõ âåùåñòâ îõàðàêòåðèçîâàíî ìåòîäàìè
ÈÊ- è 1Í ßÌÐ ñïåêòðîñêîïèè. Ìåòîäîì ÓÔ-Âèä ñïåêòðîñêîïèè èññëåäîâàíû îïòè÷åñêèå
ñâîéñòâà èñõîäíîé ñìåñè îëèãîìåðíûõ ñèëñåñêâèîêñàíîâ è ñèíòåçèðîâàííûõ âåùåñòâ.
Ïðèñîåäèíåíèå äàííûõ àçîêðàñèòåëåé ê ñèëñåñêâèîêñàíîâîìó ÿäðó íå îêàçûâàåò çíà÷èòåëüíîãî
âëèÿíèÿ íà îïòè÷åñêèå ñâîéñòâà õðîìîôîðîâ. Â òî æå âðåìÿ, ïðèñóòñòâèå â îðãàíè÷åñêîì
îáðàìëåíèè ðåàêöèîííîñïîñîáíûõ ãðóïï îòêðûâàåò âîçìîæíîñòè ïîëó÷åíèÿ íà èõ îñíîâå
ñïîñîáíûõ ê ôîòîèçîìåðèçàöèè ïîëèìåðîâ ñ êîâàëåíòíûì ñâÿçûâàíèåì õðîìîôîðîâ.

Êëþ÷åâûå ñëîâà: îëèãîìåðíûå ñèëñåñêâèîêñàíû, ôóíêöèîíàëèçàöèÿ, àçîêðàñèòåëè, ïîãëîùåíèå ñâåòà,
ôîòîèçîìåðèçàöèÿ.

Ââåäåíèå.
Ïîëèýäðàëüíûå îëèãîìåðíûå ñèëñåñêâèîêñàíû

(POSS) îáùåé ôîðìóëû (RSiO1.5)n ïðåäñòàâëÿþò ñîáîé
íàíîðàçìåðíûå ãèáðèäíûå îðãàíî-íåîðãàíè÷åñêèå
ñîåäèíåíèÿ, êîòîðûå â ïîñëåäíåå âðåìÿ âûçûâàþò çíà-
÷èòåëüíûé èíòåðåñ êàê èñõîäíûå âåùåñòâà äëÿ ñîçäà-
íèÿ íàíîêîìïîçèòíûõ ìàòåðèàëîâ [1–3] ïåðñïåêòèâíûõ
äëÿ ïðèìåíåíèÿ â ìåäèöèíå, îïòèêå è ýëåêòðîíèêå [3–5].
Âíèìàíèå ê POSS îáúÿñíÿåòñÿ âîçìîæíîñòüþ ñî÷åòà-
íèÿ â îäíîé ìîëåêóëå ñâîéñòâ íåîðãàíè÷åñêîãî
ñèëñåñêâèîêñàíîâîãî ÿäðà è ðàçëè÷íûõ îðãàíè÷åñêèõ
ôðàãìåíòîâ [1–3], ñðåäè êîòîðûõ è ìîëåêóëû õðîìî-
ôîðîâ [6–23].

Ââåäåíèå ñèëñåñêâèîêñàíîâîãî ÿäðà â ìàòåðèàëû,
ñîäåðæàùèå õðîìîôîðíûå ôðàãìåíòû, ïðèâîäèò ê
ïîâûøåíèþ èõ òåðìè÷åñêîé [6–10] è õèìè÷åñêîé [11]
ñòîéêîñòè, ôîòîñòàáèëüíîñòè [9–12], cïîñîáíîñòè ðàñ-
ñåèâàòü òåïëî [13], óëó÷øåíèþ ìåõàíè÷åñêèõ ñâîéñòâ
[8, 14].

Ïîëèôóíêöèîíàëüíîñòü POSS îòêðûâàåò âîçìîæ-
íîñòü ñî÷åòàòü â îäíîé ìîëåêóëå íåñêîëüêî ðàçëè÷íûõ
õðîìîôîðîâ [6, 15] ëèáî êîìáèíèðîâàòü èõ ñ äðóãèìè
ôóíêöèîíàëüíûìè ôðàãìåíòàìè [16, 17] è èçìåíÿòü

ñâîéñòâà ïîëó÷åííûõ ìàòåðèàëîâ. Áëàãîäàðÿ çâ¸çäî-
îáðàçíîìó ñòðîåíèþ ïîëó÷åííûõ ñîåäèíåíèé, õðîìî-
ôîðíûå ôðàãìåíòû â íèõ ÿâëÿþòñÿ ïðîñòðàíñòâåííî
ðàçäåë¸ííûìè, ÷òî ïðåïÿòñòâóåò èõ àãðåãàöèè è ñïî-
ñîáñòâóåò ïîâûøåíèþ ÿðêîñòè è êâàíòîâîé ýôôåêòèâ-
íîñòè ôëóîðåñöåíöèè [6, 15–18].

Ïðè ýòîì òèï èñïîëüçîâàííûõ äëÿ ôóíêöèîíàëèçà-
öèè POSS õðîìîôîðîâ îïðåäåëÿåò ôèçè÷åñêèå õàðàê-
òåðèñòèêè è îáëàñòü äàëüíåéøåãî ïðèìåíåíèÿ ñèíòå-
çèðîâàííûõ ñîåäèíåíèé. Ðÿä ðàáîò ïîñâÿù¸í POSS,
ñîäåðæàùèì â îðãàíè÷åñêîé ñîñòàâëÿþùåé ôðàãìåí-
òû àçîêðàñèòåëåé [7, 8, 15, 19–22]. Õàðàêòåðíîé îñî-
áåííîñòüþ òàêèõ êðàñèòåëåé ÿâëÿåòñÿ èõ ñïîñîáíîñòü
ê ôîòîèçîìåðèçàöèè – îáðàòèìûì ïåðåõîäàì èç áî-
ëåå ñòàáèëüíîé òðàíñ-ôîðìû â ìåíåå ñòàáèëüíóþ öèñ-
ôîðìó ïðè èñïîëüçîâàíèè ñâåòà îïðåäåëåííîé äëèíû
âîëíû. Èçîìåðèçàöèÿ ïðèâîäèò ê ïåðåõîäó ìåæäó ïî-
ãëîùåíèåì n-π* â âèäèìîé îáëàñòè è ïîãëîùåíèåì
π-π* â óëüòðàôèîëåòîâîì äèàïàçîíå. Äàííûå ñâîéñòâà
áûëè èñïîëüçîâàíû äëÿ ýëåêòðîííûõ ïåðåêëþ÷àòåëåé
â èñêóññòâåííûõ ìûøöàõ, ïîâåðõíîñòíî-ìîäèôèöèðî-
âàííûõ ìàòåðèàëàõ, æèäêîêðèñòàëëè÷åñêèõ ïîëèìåðàõ,
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ãîëîãðàôè÷åñêèõ çàïèñûâàþùèõ óñòðîéñòâàõ, à òàêæå
â íåëèíåéíûõ îïòè÷åñêèõ óñòðîéñòâàõ [22].

Íàèáîëåå ðàñïðîñòðàí¸ííûìè ñïîñîáàìè ââåäå-
íèÿ õðîìîôîðîâ â îðãàíè÷åñêîå îáðàìëåíèå ñèëñåñê-
âèîêñàíîâîãî ÿäðà ÿâëÿþòñÿ ãèäðîñèëèëèðîâàíèå [6,
7, 16, 18–20], Heck reaction [9, 15] (êàòàëèçèðîâàííàÿ
ïàëëàäèåì ðåàêöèÿ ìåæäó îêòàâèíèë-POSS è áðîìñî-
äåðæàùèìè êðàñèòåëÿìè â ïðèñóòñòâèè îñíîâàíèé),
ðåàêöèè ìåæäó àìèíîñîäåðæàùèìè POSS è êðàñèòå-
ëÿìè, â ñîñòàâ êîòîðûõ âõîäÿò õëîð [8], àíãèäðèäíûå
[23] ëèáî êàðáîêñèëüíûå [10] ãðóïïû. Èñïîëüçîâàíèå
ðåàêöèè ìåæäó ýïîêñèäíîé è ãèäðîêñèëüíîé ãðóïïà-
ìè ñ ýòîé öåëüþ íåèçâåñòíî. Âìåñòå ñ òåì, ïðåèìóùåñò-
âîì äàííîé ðåàêöèè ïðè ââåäåíèè õðîìîôîðíûõ ôðàã-
ìåíòîâ â ñîñòàâ POSS ÿâëÿåòñÿ îáðàçîâàíèå â ðåçóëü-
òàòå ðàñêðûòèÿ ýïîêñèäíîãî êîëüöà ãèäðîêñèëüíûõ
ãðóïï, êîòîðûå ñïîñîáñòâóþò ïîâûøåíèþ ãèäðîôèëü-
íîñòè ïîëó÷åííûõ ñîåäèíåíèé è äåëàþò èõ ðåàêöèîí-
íîñïîñîáíûìè, ÷òî îòêðûâàåò âîçìîæíîñòü ââîäèòü
èõ â ñîñòàâ ïîëèìåðîâ ïóò¸ì êîâàëåíòíîãî ñâÿçûâà-
íèÿ.

Ñëåäóåò îòìåòèòü, ÷òî âñå èçâåñòíûå õðîìîôîðñî-
äåðæàùèå POSS ïîëó÷åíû íà îñíîâå èíäèâèäóàëüíûõ
îêòàýäðàëüíûõ ñèëñåñêâèîêñàíîâ, îòëè÷àþùèõñÿ ñëîæ-
íîñòüþ ñèíòåçà è âûñîêîé ñòîèìîñòüþ. Ñîõðàíÿÿ ôóíê-
öèþ íåîðãàíè÷åñêîé ñîñòàâëÿþùåé ïðè ñî÷åòàíèè ñ
êðàñèòåëÿìè èñïîëüçîâàíèå ñìåñåé îëèãîìåðíûõ ñèë-
ñåñêâèîêñàíîâ ðàçëè÷íîãî ñòðîåíèÿ äëÿ ââåäåíèÿ õðî-
ìîôîðíûõ ãðóïï ïîçâîëÿåò óïðîñòèòü ñèíòåç ïîëó÷à-
åìûõ ñîåäèíåíèé. Ñ ýòîé öåëüþ áûëà èñïîëüçîâàíà
ðåàêöèÿ ñìåñè îëèãîìåðíûõ ñèëñåñêâèîêñàíîâ, ñîäåð-
æàùèõ ýïîêñèäíûå ãðóïïû, ñ ãèäðîêñèëñîäåðæàùè-
ìè àçîêðàñèòåëÿìè.
Ýêñïåðèìåíòàëüíàÿ ÷àñòü.

Ìàòåðèàëû. 3-ãëèöèäîêñèïðîïèëòðèìåòîêñèñèëàí
(ÃÒÌÑ, Aldrich, 98 %), 4-(ôåíèëàçî)ôåíîë (Solvent
Yellow 7, Aldrich, 98 %), 4-[4-(ôåíèëàçî)ôåíèëàçî]-o-
êðåçîë (Disperse yellow 7, Aldrich, 95 %), N, N – äèìå-
òèëáåíçèëàìèí (ÁÄÌÀ, Aldrich, ≥99 %) è òðèôåíèë-
ôîñôèí (Aldrich, 99 %) èñïîëüçîâàëè áåç äîïîëíèòåëü-
íîé î÷èñòêè. Òåòðàãèäðîôóðàí (ÒÃÔ), äèìåòèëôîð-
ìàìèä (ÄÌÔÀ) è ãåêñàí áûëè ïåðåãíàíû ïåðåä
ïðèìåíåíèåì.

Cèíòåç ñìåñè îëèãîìåðíûõ ñèëñåñêâèîêñàíîâ, ñî-
äåðæàùèõ â îðãàíè÷åñêîì îáðàìëåíèè ýïîêñèäíûå
ãðóïïû (POSS-Ep), îñóùåñòâëÿëè ñîãëàñíî èçâåñòíîé
ìåòîäèêå [24]. Ê ðàñòâîðó 10 ã ÃÒÌÑ â 25 ìë ÒÃÔ ïðè
ïåðåìåøèâàíèè ïðèáàâëÿëè 15,23 ã âîäû è êàïëþ
ÁÄÌÀ. Êîëáó ñ ðåàêöèîííîé ñìåñüþ îñíàùàëè îá-
ðàòíûì õîëîäèëüíèêîì. Ñèíòåç ïðîâîäèëè ïðè òåìïå-
ðàòóðå 110 °Ñ íà ïðîòÿæåíèè 3 ÷. Ðàñòâîðèòåëü è âîäó
óäàëÿëè ïðè ïîíèæåííîì äàâëåíèè. Ïîëó÷åííîå âå-
ùåñòâî âûñóøèâàëè â âàêóóìå ïðè òåìïåðàòóðå 40 °Ñ.
Ïðîäóêò ðåàêöèè ïðåäñòàâëÿåò ñîáîé òâ¸ðäîå ïðîçðà÷-
íîå âåùåñòâî. Âûõîä 5,81 ã (82 %). Ñîäåðæàíèå ýïîê-
ñèäíûõ ãðóïï: íàéäåíî 25,27 %, ðàññ÷èòàíî 25,75 %.

ÈÊ-ñïåêòð: ν  C–O–C è ν  Si–O–Si-ñâÿçåé (968–
1188 ñì-1), ν  C–H-ñâÿçåé CH- è CH2-ãðóïï (2785–
2979 ñì-1), δ C–H ñâÿçåé CH- è CH2-ãðóïï (1456 ñì-1),
ν O–H-ñâÿçè (3170–3651 ñì-1).

Ñèíòåç ñìåñè îëèãîìåðíûõ ñèëñåñêâèîêñàíîâ, ñî-
äåðæàùèõ â îðãàíè÷åñêîì îáðàìëåíèè ôðàãìåíòû
4-(ôåíèëàçî)ôåíîëà (POSS-Pp). Ê ðàñòâîðó 1,79 ã
(0,00882 ã-ýêâ) 4-(ôåíèëàçî)ôåíîëà â 3 ìë ÄÌÔÀ ïðè
ïåðåìåøèâàíèè ïðèáàâëÿëè ðàñòâîð 1,50 ã (0,00882 ã-
ýêâ) POSS-Ep â 7 ìë ÄÌÔÀ. Ðåàêöèþ îñóùåñòâëÿëè
ïðè òåìïåðàòóðå 100 °Ñ â ïðèñóòñòâèè êàòàëèçàòîðà
òðèôåíèëôîñôèíà äî èñ÷åçíîâåíèÿ ýïîêñèäíûõ ãðóïï,
êîòîðîå îïðåäåëÿëè ìåòîäîì ÈÊ-ñïåêòðîñêîïèè. Ðàñò-
âîðèòåëü óäàëÿëè ïðè ïîíèæåííîì äàâëåíèè. Ïîëó÷åí-
íîå âåùåñòâî ïðîìûâàëè ãåêñàíîì è âûñóøèâàëè â
âàêóóìå ïðè òåìïåðàòóðå 70 °Ñ. Ïðîäóêò ðåàêöèè ïðåä-
ñòàâëÿåò ñîáîé òâ¸ðäîå âåùåñòâî êîðè÷íåâîãî öâåòà.
Âûõîä 2,83 ã (87 %).

ÈÊ-ñïåêòð: ν C–O–C è ν Si–O–Si-ñâÿçåé (1112 ñì-1,
1037 ñì-1), ν  C–H-ñâÿçåé CH- è CH2-ãðóïï (2821–
2985 ñì-1), δ C–H-ñâÿçåé CH- è CH2-ãðóïï (1465 ñì-1),
ν C–H-ñâÿçåé àðîìàòè÷åñêèõ ôðàãìåíòîâ (3064 ñì-1),
ν  C=C-ñâÿçåé àðîìàòè÷åñêèõ ôðàãìåíòîâ (1475–
1631 ñì-1), ν O–H-ñâÿçåé (3108–3689 ñì-1).

1H ßÌÐ (ÄÌÑÎ-d6): 0,61 (SiO1,5–CH2–(CH2)2–O–, 2H);
1,59 (SiO1,5–CH2–CH2–CH2–O–, 2H); 3,38 (SiO1,5–(CH2)2–
CH2–O–; SiO1,5–(CH2)3–O–CH2–; SiO1,5–(CH2)3–O–CH2–
CH(OH)–; SiO1,5–(CH2)3–O–CH2–CH(OH)–, 6H); 3,97
(–CH2–O–Ar, 2H); 7,06–7,81 (Ar–H, 9H) ì.ä.

Ñèíòåç ñìåñè îëèãîìåðíûõ ñèëñåñêâèîêñàíîâ, ñî-
äåðæàùèõ â îðãàíè÷åñêîì îáðàìëåíèè ôðàãìåíòû
4-[4-(ôåíèëàçî)ôåíèëàçî]-o-êðåçîëà (POSS-DY7), îñó-
ùåñòâëÿëè ïî àíàëîãè÷íîé ìåòîäèêå. Ê ðàñòâîðó 1,96 ã
(0,00589 ã-ýêâ) 4-[4-(ôåíèëàçî)ôåíèëàçî]-o-êðåçîëà â
3 ìë ÄÌÔÀ ïðè ïåðåìåøèâàíèè ïðèáàâëÿëè ðàñòâîð
1,00 ã (0,00588 ã-ýêâ) POSS-Ep â 5 ìë ÄÌÔÀ. Ïðîäóêò
ðåàêöèè ïðåäñòàâëÿåò ñîáîé òâ¸ðäîå âåùåñòâî ÷¸ðíî-
ãî öâåòà. Âûõîä: 2,72 ã (95 %).

ÈÊ-ñïåêòð: ν C–O–C è ν Si–O–Si ñâÿçåé (1105 ñì-1,
1035 ñì-1); ν  C–H-ñâÿçåé CH- è CH2-ãðóïï (2821–
3000 ñì-1); δ C–H-ñâÿçåé CH- è CH2-ãðóïï (1465 ñì-1);
ν  C–H-ñâÿçåé àðîìàòè÷åñêèõ ôðàãìåíòîâ (3064 ñì-1);
ν  C=C-ñâÿçåé àðîìàòè÷åñêèõ ôðàãìåíòîâ (1475–
1627 ñì-1); ν O–H-ñâÿçåé (3106–3683 ñì-1).

1H ßÌÐ (ÄÌÑÎ-d6): 0,60 (SiO1,5–CH2–(CH2)2–O–, 2H);
1,58 (SiO1,5–CH2–CH2–CH2–O–, 2H); 2,19 (CH3–Ar, 3H);
3,36 (SiO1,5–(CH2)2–CH2–O–, SiO1,5–(CH2)3–O–CH2–,
SiO1,5–(CH2)3–O–CH2–CH(OH)–, SiO1,5–(CH2)3–O–CH2–
CH(OH)–, 6H); 3,97 (–CH2–O–Ar, 2H); 7,60–7,83 (Ar–H,
12H) ì.ä.

Ìåòîäû èññëåäîâàíèÿ. ÈÊ-ñïåêòðû ñíèìàëè íà
ñïåêòðîôîòîìåòðå TENSOR 37 FT-IR â ñïåêòðàëüíîé
îáëàñòè 600–4000 ñì-1, 1H ßÌÐ ñïåêòðû – íà ñïåêòðî-
ìåòðå Varian VXR-400 MÃö ñ èñïîëüçîâàíèåì â êà÷åñò-
âå ðàñòâîðèòåëÿ ÄÌÑÎ-d6. Ñïåêòðû MALDI ToF MS
áûëè ïîëó÷åíû íà ìàññ-ñïåêòðîìåòðå
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AUTOFLEX®IILRF20 (“Bruker Daltonics”), îñíàù¸ííîì
àçîòíûì ëàçåðîì (λ  = 337 íì). Èñïîëüçîâàëè ëèíåé-
íûé ðåæèì ðàçäåëåíèÿ ïî ìàññàì äëÿ ïîëîæèòåëüíûõ
èîíîâ. Äëÿ óìåíüøåíèÿ ñòàòèñòè÷åñêîé îøèáêè îïðå-
äåëåíèå ìîëåêóëÿðíûõ ìàññ ïðîâîäèëè íàêîïëåíèåì
ñèãíàëîâ ïîëó÷åííûõ îáëó÷åíèåì ìèøåíè â 50 ðàç-
ëè÷íûõ òî÷êàõ. Â êà÷åñòâå ìàòðèöû èñïîëüçîâàëè
2,4-äèãèäðîêñèáåíçîéíóþ êèñëîòó (“Aldrich”, 99 %) è
ñèíàïèíîâóþ êèñëîòó (“Fluka”, >99 %). Îáðàçöû äëÿ
èññëåäîâàíèé ïîëó÷àëè ñìåøèâàíèåì ðàñòâîðà ìàò-
ðèöû (20 ìã/ìë) è ðàñòâîðà POSS-Ep (10 ìã/ìë) â ÄÌÔÀ
â îáúåìíîì ñîîòíîøåíèè 10:1.

ÌÌÐ ïîëèìåðîâ àíàëèçèðîâàëè ìåòîäîì ýêñêëþ-
çèîííîé õðîìàòîãðàôèè íà ãåëü-õðîìàòîãðàôå “Waters
Alliance GPCV 2000” (ÑØÀ), ñíàáæåííîì ðåôðàêòîìåò-
ðè÷åñêèì è âèñêîçèìåòðè÷åñêèì äåòåêòîðàìè, à òàê-
æå äîïîëíèòåëüíûì äåòåêòîðîì ïî ñâåòîðàññåÿíèþ
DAWN HELEOS II. Êîëîíêà PLgel 5 mm MIXED-C, ýëþ-
åíò – N-ìåòèëïèððîëèäîí, ñêîðîñòü ïîòîêà 1 ìë/ìèí,
òåìïåðàòóðà 70 °Ñ. Îáðàçöû ïîëèìåðîâ ïåðåä ïðîâå-
äåíèåì àíàëèçà ôèëüòðîâàëè ÷åðåç PTFE ôèëüòð
Anatop25 (“Whatman”) 0,2 ìêì. Ìîëåêóëÿðíûå ìàññû
ïîëèìåðîâ îïðåäåëÿëè íà îñíîâå êàëèáðîâêè ïî ïî-
ëèñòèðîëüíûì ñòàíäàðòàì ñ óçêèì ÌÌÐ. Ïðîãðàìì-
íîå îáåñïå÷åíèå Empower.

Çàâèñèìîñòü ïîòåðè ìàññû îò òåìïåðàòóðû, à òàê-
æå òåìïåðàòóðó íà÷àëà òåðìîîêèñëèòåëüíîé äåñòðóê-
öèè, êîòîðàÿ îòâå÷àåò 5 % ïîòåðè ìàññû (Td5%), îïðå-
äåëÿëè ìåòîäîì ÒÃÀ ñ èñïîëüçîâàíèåì ïðèáîðà Q50
(TA Instruments, USA) â äèàïàçîíå îò êîìíàòíîé äî
òåìïåðàòóðû 700 °Ñ.

Ñïåêòðàëüíûé àíàëèç îáðàçöîâ â óëüòðàôèîëåòî-
âîé è âèäèìîé îáëàñòÿõ ñïåêòðà ïðîâîäèëè íà ñïåêòðî-
ôîòîìåòðå ULAB 108UV â ñïåêòðàëüíîì äèàïàçîíå

250–900 íì ñ ðàçðåøàþùåé ñïîñîáíîñòüþ ± 0,5 íì.
Äëÿ èçìåðåíèé èñïîëüçîâàëè ðàñòâîðû ïîëèìåðîâ â
ÄÌÔÀ êîíöåíòðàöèåé 0,01 ìã/ìë ñ ïðèìåíåíèåì êâàð-
öåâûõ êþâåò ñ äëèíîé îïòè÷åñêîãî ïóòè 10 ìì. Â
êà÷åñòâå ñòàíäàðòà èñïîëüçîâàëè ÷èñòûé ÄÌÔÀ.
Ðåçóëüòàòû èññëåäîâàíèÿ è èõ îáñóæäåíèå.

Ââåäåíèå â ñîñòàâ îðãàíè÷åñêîãî îáðàìëåíèÿ
ñèëñåñêâèîêñàíîâîãî ÿäðà ñïîñîáíûõ ê ôîòîèçîìåðè-
çàöèè àçîêðàñèòåëåé îñóùåñòâëÿëè ðåàêöèåé ñìåñè
POSS, ñîäåðæàùåé ýïîêñèäíûå ãðóïïû (POSS-Ep), è
êðàñèòåëåé ñ ôóíêöèîíàëüíîé ãèäðîêñèëüíîé ãðóïïîé:
4-(ôåíèëàçî)ôåíîëîì (Solvent Yellow 7) èëè 4-[4-(ôå-
íèëàçî)ôåíèëàçî]-o-êðåçîëîì (Disperse yellow 7)
(ðèñ. 1).

POSS-Ep áûë ïîëó÷åí ñîãëàñíî èçâåñòíîé ìåòîäè-
êå [24] ïóò¸ì ãèäðîëèòè÷åñêîé êîíäåíñàöèè 3-ãëèöè-
äîêñèïðîïèëòðèìåòîêñèñèëàíà (ÃÒÌÑ) â ïðèñóòñòâèè
ÁÄÌÀ â ðàçáàâëåíîì (êîíöåíòðàöèÿ 20 %) ðàñòâîðå
ïðè äâàäöàòèêðàòíîì ìîëüíîì èçáûòêå âîäû ïî îòíî-
øåíèþ ê ÃÒÌÑ. Ïîëó÷åííûé ïðîäóêò (POSS-Ep) ÿâëÿ-
åò ñîáîé ïðîçðà÷íîå ñòåêëîîáðàçíîå âåùåñòâî, ðàñòâî-
ðèìîå â àöåòîíå, ÒÃÔ è ÄÌÔÀ.

Ñîãëàñíî äàííûì MALDI ToF ìàññ-ñïåêòðîìåòðèè
(ðèñ. 2), POSS-Ep ÿâëÿåòñÿ ñìåñüþ ñèëñåñêâèîêñàíî-
âûõ ñòðóêòóð îáùåé ôîðìóëû [RSiO1,5]n, ñðåäè êîòî-
ðûõ ëèíåéíûå, ëåñòíè÷íûå, ïîëíîñòüþ è íåïîëíîñòüþ
êîíäåíñèðîâàííûå ñîåäèíåíèÿ ñî ñòåïåíüþ ïîëèìå-
ðèçàöèè ï = 8–13.

Ïîñêîëüêó çàðÿä èîíîâ ñîñòàâëÿåò +1, òî m/z õàðàê-
òåðèçóåò ìîëåêóëÿðíóþ ìàññó ñîåäèíåíèé, êîòîðûå
ïðèñóòñòâóþò â ñìåñè. Èõ èäåíòèôèêàöèþ îñóùåñòâ-
ëÿëè äåëåíèåì ìîëåêóëÿðíîé ìàññû íà ìàññó çâåíà
POSS-Ep (–SiO1,5–(ÑÍ2)3–Î–ÑÍ2–ÑÍ(Î)ÑÍ2), êîòîðàÿ
ðàâíà 167 ã/ìîëü [25].

 

*(SiO1,5)n

n

O

Si OR

O

R
Si

O

Si O
R

O

Si
O

R

Si
R

Si O

O

R
Si

O

O

Si
R

O

R

O

Si
R

O

R
Si

O

Si O
R

O

Si

O

R

Si

R

Si O

O

R
Si

O

O

Si
R

O

RHO HO

SiHO O Si

R

O Si O

R

Si

R

OH

HO Si

O

R

Si

O

R

O Si

R

O Si

R

O

OHO

O

R

HO Si

OH

R

OH

n

=(SiO1,5)n Si
HO

O
Si
R

O Si
O

RHO
Si

OH

R

SiO
R

OH
Si

R OH

O

R
O

O
Si
R

OHHO
Si
R

OH

HO

HO

O
H
C CH2
O

HO

N
N

POSS - Pp

N

N

*(SiO1,5)n O

OH
O

n

n

HO

N
N

N
N

POSS-DY7

*(SiO1,5)n O
OH

O

N
N

N
N

n
n

POSS-Ep
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Èçâåñòíî, ÷òî èíäèâèäóàëüíûå îêòàýäðàëüíûå ñèë-
ñåñêâèîêñàíû, ñîäåðæàùèå ýïîêñèäíûå ãðóïïû, èñ-
ïîëüçóþòñÿ ïðåèìóùåñòâåííî ïðè ïîëó÷åíèè ïîëè-
ìåðîâ ñøèòîãî ñòðîåíèÿ äëÿ ïîâûøåíèÿ òåðìè÷åñêèõ
è ìåõàíè÷åñêèõ ñâîéñòâ [26, 27]. Â ðåàêöèÿõ ñ êðàñèòå-
ëÿìè äàííûå âåùåñòâà íå èñïîëüçîâàëè. Îäíàêî èìåí-
íî ïðè ââåäåíèè õðîìîôîðíûõ ôðàãìåíòîâ âàæíî òî,
÷òî îáðàçîâàíèå ãèäðîêñèëüíûõ ãðóïï âñëåäñòâèå ðàñ-
êðûòèÿ ýïîêñèäíîãî êîëüöà ïîâûøàåò ãèäðîôèëüíîñòü
ñèíòåçèðîâàííûõ ñîåäèíåíèé è îíè ÿâëÿþòñÿ àìôè-
ôèëüíûìè. Ïîñëåäíåå îòêðûâàåò âîçìîæíîñòü èñïîëü-
çîâàíèÿ ïîëó÷åííûõ âåùåñòâ ïðè ôîðìèðîâàíèè ïë¸-
íîê ïî òåõíîëîãèè Ëåíãìþðà-Áëîäæåòò [28].

Â êà÷åñòâå àçîáåíçîëüíûõ êðàñèòåëåé äëÿ ðåàêöèè
áûëè âûáðàíû 4-(ôåíèëàçî)ôåíîë è 4-[4-(ôåíèëàçî)-
ôåíèëàçî]-o-êðåçîë. Äàííûå êðàñèòåëè ñîäåðæàò ãèä-
ðîêñèëüíûå ãðóïïû è áûëè èñïîëüçîâàíû äëÿ ââåäå-
íèÿ â îðãàíè÷åñêîå îáðàìëåíèå îêòàýäðàëüíûõ îëèãî-
ìåðíûõ ñèëñåñêâèîêñàíîâ [7, 20, 22]. Ïðè ýòîì â ðàáî-
òàõ [7, 20] ðåàêöèåé ìåæäó ôåíîëüíûìè ãðóïïàìè
êðàñèòåëåé 4-(ôåíèëàçî)ôåíîëà ëèáî 4-[4-(ôåíèëàçî)-
ôåíèëàçî]-o-êðåçîëà è àëèëáðîìèäîì â ïðèñóòñòâèè
îñíîâàíèé áûëè ïîëó÷åíû ñîåäèíåíèÿ, ñîäåðæàùèå
äâîéíûå ñâÿçè, êîòîðûå äàëåå èñïîëüçîâàëè äëÿ ðåàê-
öèè ãèäðîñèëèëèðîâàíèÿ ñ îêòàãèäðèäñîäåðæàùèì
ñèëñåñêâèîêñàíîì. Ïîëó÷åííûå òàêèì îáðàçîì îêòà-
ýäðàëüíûå ñèëñåñêâèîêñàíû ñîäåðæàò â îðãàíè÷åñêîì
îáðàìëåíèè âîñåìü õðîìîôîðíûõ ôðàãìåíòîâ. Ìî-
íîôóíêöèîíàëüíûé îêòàýäðàëüíûé ñèëñåñêâèîêñàí
áûë ñèíòåçèðîâàí â [22] ðåàêöèåé 4-(ôåíèëàçî)ôåíîëà
ñ ìîíîáðîìñîäåðæàùèì îêòàýäðàëüíûì ñèëñåñêâèîê-
ñàíîì â ïðèñóòñòâèè îñíîâàíèé.

Â äàííîé ðàáîòå â îñíîâå ñèíòåçà ñìåñåé îëèãî-
ìåðíûõ ñèëñåñêâèîêñàíîâ, ñîäåðæàùèõ â îðãàíè÷åñ-
êîì îáðàìëåíèè õðîìîôîðíûå ôðàãìåíòû, ëåæèò ðå-
àêöèÿ ìåæäó ýïîêñèäíûìè ãðóïïàìè POSS-Ep è

ôåíîëüíûìè ãðóïïàìè 4-(ôåíèëàçî)ôåíîëà èëè 4-[4-
(ôåíèëàçî)ôåíèëàçî]-o-êðåçîëà ïðè ñîîòíîøåíèè ýïîê-
ñèäíàÿ ãðóïïà : ãèäðîêñèëüíàÿ ãðóïïà, ðàâíîì 1:1. Ïðè
ýòîì áûëè ïîëó÷åíû ñîåäèíåíèÿ POSS-Pp è POSS-DY7
ñîîòâåòñòâåííî. POSS-Pp ÿâëÿåòñÿ êîðè÷íåâûì ñìî-
ëîîáðàçíûì âåùåñòâîì, à POSS-DY7 – ÷¸ðíûì ïîðîø-
êîîáðàçíûì. Îáà âåùåñòâà ðàñòâîðèìû â ÄÌÔÀ,
ÄÌÑÎ, ÒÃÔ è àöåòîíå.

Ñîãëàñíî äàííûì ÃÏÕ, çíà÷åíèå Mn äëÿ ñîåäèíå-
íèÿ POSS-Pp ñîñòàâëÿåò 6600 ã/ìîëü, à äëÿ ñîåäèíåíèÿ
POSS-DY7 – 8850 ã/ìîëü, ÷òî ñîîòâåòñòâóåò ñòåïåíè
ïîëèìåðèçàöèè n = 18. Çíà÷åíèå âåëè÷èíû ìîëåêóëÿð-
íî-ìàññîâîãî ðàñïðåäåëåíèÿ ñîñòàâëÿåò 1,3 äëÿ
POSS-Pp è 1,4 äëÿ POSS-DY7.

Â ÈÊ-ñïåêòðå POSS-Ep (ðèñ. 3) ïðèñóòñòâóþò ïîëî-
ñû ïîãëîùåíèÿ âàëåíòíûõ êîëåáàíèé ýôèðíûõ è ñè-
ëîêñàíîâûõ ñâÿçåé (968–1188 ñì-1), âàëåíòíûõ (2785–
2979 ñì-1) è äåôîðìàöèîííûõ êîëåáàíèé (1456 ñì-1)
C–H-ñâÿçåé CH- è CH2-ãðóïï, à òàêæå âàëåíòíûõ êîëå-
áàíèé ãèäðîêñèëüíûõ ãðóïï (3170–3651 ñì-1), ó÷àñòâó-
þùèõ â îáðàçîâàíèè âîäîðîäíûõ ñâÿçåé.

Ââåäåíèå â ñîñòàâ îðãàíè÷åñêîãî îáðàìëåíèÿ ñèë-
ñåñêâèîêñàíîâîãî ÿäðà õðîìîôîðíûõ ôðàãìåíòîâ ñî-
ïðîâîæäàåòñÿ ïîÿâëåíèåì â ÈÊ-ñïåêòðàõ ïîëó÷åííûõ
ñîåäèíåíèé ïîëîñ ïîãëîùåíèÿ, ñîîòâåòñòâóþùèõ âà-
ëåíòíûì êîëåáàíèÿì C–H (3064 ñì-1) è C=C (1475–
1631 ñì-1) ñâÿçåé áåíçîëüíûõ ÿäåð.

Â 1Í ßÌÐ ñïåêòðàõ POSS-Pp è POSS-DY7 (ðèñ. 4)
ïðèñóòñòâóþò ñèãíàëû ïðîòîíîâ ìåòèëåíîâûõ ãðóïï â
α- (0,61 è 0,60 ì.ä., SiO1,5–CH2–(CH2)2–O–) è β- (1,59 è
1,58 ì.ä., SiO1,5–CH2–CH2–CH2–O–) ïîëîæåíèÿõ ê ñèë-
ñåñêâèîêñàíîâîìó ÿäðó.

Ïðè 3,36–3,38 ì.ä. íàáëþäàåòñÿ ñèãíàë, ñîîòâåòñòâóþ-
ùèé ïðîòîíàì ìåòèëåíîâûõ ãðóïï â α-ïîëîæåíèè ê
ýôèðíîìó àòîìó êèñëîðîäà íå ñâÿçàííîìó ñ áåí-
çîëüíûì ÿäðîì (SiO1,5–(CH2)2–CH2–O–, SiO1,5–(CH2)3–
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O–CH2–) è ñóïåðïîçèöèè ñèãíàëîâ ìåòèíîâûõ ãðóïï â
α-ïîëîæåíèè ê ãèäðîêñèëüíîé ãðóïïå (SiO1,5–(CH2)3–
O–CH2–CH(OH)). Â òî æå âðåìÿ äëÿ ïðîòîíîâ ìåòèëå-
íîâûõ ãðóïï â α-ïîëîæåíèè ê ýôèðíîìó àòîìó êèñëî-
ðîäà ñâÿçàííîìó ñ áåíçîëüíûì ÿäðîì (–CH2–O–Ar),
ñèãíàë íàáëþäàåòñÿ ïðè 3,97 ì.ä. Ñèãíàëû ïðîòîíîâ
áåíçîëüíûõ ÿäåð íàõîäÿòñÿ â îáëàñòè 7,06–7,83 ì.ä.
Êðîìå òîãî, â ñïåêòðå POSS-DY7 ïðèñóòñòâóåò ñèãíàë
ïðîòîíîâ ìåòèëüíîé ãðóïïû, ñâÿçàííîé ñ áåíçîëüíûì
ÿäðîì (CH3–Ar) ïðè 2,19 ì.ä.

ÒÃÀ ïîêàçàíî (ðèñ. 5), ÷òî íà÷àëî ðàçëîæåíèÿ ñèí-
òåçèðîâàííûõ ñîåäèíåíèé, ñîîòâåòñòâóþùåå 5 % ïî-
òåðè ìàññû (Òd5%), íàáëþäàåòñÿ ïðè òåìïåðàòóðàõ 169 °C
äëÿ POSS-Pp è 178 °C äëÿ POSS-DY7. Äîâîëüíî íèçêîå
äëÿ ñèëñåñêâèîêñàíñîäåðæàùèõ îëèãîìåðîâ çíà÷åíèå
Òd5% ìîæåò îáúÿñíÿòüñÿ íàëè÷èåì ñïîñîáíûõ ê

ì.ä. ì.ä.
Ðèñ. 4. 1H ßÌÐ (ÄÌÑÎ-d6) ñïåêòð õðîìîôîðñîäåðæàùèõ îëèãîñèëñåñêâèîêñàíîâ: 1 – POSS-Pp; 2 – POSS-DY7

1 2

êîíäåíñàöèè ãèäðîêñèëüíûõ ãðóïï. Äàëüíåéøåå ñíè-
æåíèå ìàññû ïðîèñõîäèò äîâîëüíî ìåäëåííî è 20 %-íàÿ
ïîòåðÿ ìàññû íàáëþäàåòñÿ ïðè òåìïåðàòóðå 317–336 °Ñ.
Ïðè ýòîì ìîæíî âûäåëèòü äâå îñíîâíûõ ñòàäèè ïîòå-
ðè ìàññû: 150–370 è 370–700 °Ñ. Ïîäîáíîå ïîâåäåíèå
íàáëþäàåòñÿ äëÿ îêòàýäðàëüíûõ ñîåäèíåíèé [7], ãäå ïåð-
âûé äèàïàçîí ïîòåðè ìàññû ïðè òåìïåðàòóðàõ 250–
400 °C îòíîñÿò ê îòùåïëåíèþ àçîãðóïï, à âòîðîé 400–
500 °C – ê ðàçëîæåíèþ îñòàâøèõñÿ ó ñèëñåñêâèîêñàíî-
âîãî ÿäðà îðãàíè÷åñêèõ ôðàãìåíòîâ. Â òî æå âðåìÿ â
[22] äëÿ èíäèâèäóàëüíûõ îêòàýäðàëüíûõ POSS, ñîäåð-
æàùèõ îäèí õðîìîôîðíûé ôðàãìåíò, 1 %-íàÿ ïîòåðÿ
ìàññû íàáëþäàåòñÿ ïðè òåìïåðàòóðå îêîëî 350 °Ñ.

Ñîãëàñíî äàííûì ÓÔ-Âèä ñïåêòðîñêîïèè ñ èñïîëü-
çîâàíèåì â êà÷åñòâå ðàñòâîðèòåëÿ ÄÌÔÀ, èñõîäíîå
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Ðèñ. 5. Êðèâûå çàâèñèìîñòè ïîòåðè ìàññû îò

òåìïåðàòóðû äëÿ õðîìîôîðñîäåðæàùèõ
îëèãîñèëñåñêâèîêñàíîâ

300 400 500 600
0,0

0,2

0,4

0,6

0,8

1,0

3

2

1

², 
îò

í.
 åä

.

λ, íì
Ðèñ. 6. ÓÔ-Âèä ñïåêòðû ïîãëîùåíèÿ POSS-Ep è

õðîìîôîðñîäåðæàùèõ îëèãîñèëñåñêâèîêñàíîâ íà åãî
îñíîâå: 1 – POSS-Ep; 2 – POSS-Pp è 3 – POSS-DY7
(ÄÌÔÀ, 0,01 ìã/ìë)
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ñîåäèíåíèå POSS-Ep íå ïîãëîùàåò ñâåò â èññëåäîâàí-
íîé îáëàñòè (ðèñ. 6).

Ñèíòåçèðîâàííûé íà åãî îñíîâå îëèãîìåð POSS-Pp
õàðàêòåðèçóåòñÿ òèïè÷íûì äëÿ 4-(ôåíèëàçî)ôåíîëüíûõ
ôðàãìåíòîâ â áîëåå ñòàáèëüíîé òðàíñ- ôîðìå ïîãëî-
ùåíèåì [7] (ðèñ. 6) ñ èíòåíñèâíîé ïîëîñîé, ñîîòâåò-
ñòâóþùåé π-π* ïåðåõîäó ïðè 354 íì, è ìàëîèíòåíñèâ-
íîé ïîëîñîé, ñîîòâåòñòâóþùåé n-π* ïåðåõîäó ïðè
470 íì. Â ñïåêòðå îêòàýäðàëüíîãî ñèëñåñêâèîêñàíà, ñî-
äåðæàùåãî â îðãàíè÷åñêîì îáðàìëåíèè îäèí ôðàã-
ìåíò 4-(ôåíèëàçî)ôåíîëà, ïîëó÷åííîì â CHCl3, ñîîò-
âåòñòâóþùèå ïîëîñû íàáëþäàþòñÿ ïðè 350 è 445 íì
[22]. Â ÓÔ-Âèä ñïåêòðå (â ÑÍCl3) îêòàýäðàëüíîãî POSS,
ñîäåðæàùåãî âîñåìü 4-(ôåíèëàçî)ôåíîëüíûõ çàìåñòè-
òåëåé â òðàíñ- ôîðìå, íàáëþäàþòñÿ ïîëîñû ïîãëîùå-
íèÿ, ñîîòâåòñòâóþùèå π-π* è n-π* ïåðåõîäàì ïðè 348 íì
è 430 íì ñîîòâåòñòâåííî [7]. Ñëåäîâàòåëüíî, ðàçíèöà â
ïîëîæåíèè îñíîâíîãî ïèêà ïîãëîùåíèÿ, ñîîòâåòñòâó-
þùåãî π-π* ïåðåõîäó, â ÓÔ-Âèä ñïåêòðàõ POSS-Pp è
îêòàýäðàëüíûõ POSS íåçíà÷èòåëüíà. Ðàñïîëîæåíèå
ïèêà, õàðàêòåðíîãî äëÿ n-π* ïåðåõîäà â ñïåêòðå POSS-Pp,
îòëè÷àåòñÿ íà 25 è 40 íì ïî ñðàâíåíèþ ñ ìîíî- è îêòà-
ôóíêöèîíàëüíûìè POSS ñîîòâåòñòâåííî. Ïîñëåäíåå
ìîæåò îáúÿñíÿòüñÿ ïðèñóòñòâèåì â îðãàíè÷åñêîì îá-
ðàìëåíèè POSS-Pp àóêñîõðîìíûõ ãèäðîêñèëüíûõ
ãðóïï. Ìåòîäîì ÓÔ-Âèä-ñïåêòðîñêîïèè ïîêàçàíî, ÷òî
ïîãëîùåíèå ïîëó÷åííûõ ñìåñåé îëèãîìåðíûõ ñèëñåñê-
âèîêñàíîâ, ñîäåðæàùèõ õðîìîôîðíûå ôðàãìåíòû,
ïîäîáíî ïîãëîùåíèþ èíäèâèäóàëüíûõ ñèëñåñêâèîêñà-
íîâ îêòàýäðàëüíîãî ñòðîåíèÿ ñ òàêèìè æå õðîìîôîðà-
ìè, òî åñòü ñòðîåíèå ñèëñåñêâèîêñàíîâîãî ÿäðà íå îêà-
çûâàåò çíà÷èòåëüíîãî âëèÿíèÿ íà îïòè÷åñêèå ñâîéñòâà
ïîëó÷åííûõ ñîåäèíåíèé.

Â ðàáîòå [22] áûëà èññëåäîâàíà ôîòîèçîìåðèçàöèÿ
ìîíîôóíêöèîíàëüíîãî îêòàýäðàëüíîãî POSS. Ïåðåõîä
äàííîãî ñîåäèíåíèÿ èç òðàíñ- ôîðìû â ìåíåå ñòàáèëü-
íóþ öèñ-ôîðìó ïîä äåéñòâèåì óëüòðàôèîëåòîâîãî
èçëó÷åíèÿ ñîïðîâîæäàåòñÿ ñäâèãîì ïèêîâ ïîãëîùåíèÿ
â ÓÔ-Âèä ñïåêòðå. Ìàêñèìóì ïîãëîùåíèÿ, ñîîòâåòñòâó-
þùèé π-π* ïåðåõîäó, íàõîäèòñÿ ïðè 311 íì, à n-π* ïå-
ðåõîäó – ïðè 440 íì. Ñðàâíåíèå ôîòîèçîìåðèçàöèè
îêòàýäðàëüíîãî ñèëñåñêâèîêñàíà, ñîäåðæàùåãî â îðãà-
íè÷åñêîì îáðàìëåíèè îäèí ôðàãìåíò 4-(ôåíèëàçî)ôå-
íîëà, è ìîäåëüíîãî îáðàçöà ëèíåéíîãî ñòðîåíèÿ, íå

ñîäåðæàùåãî ñèëñåñêâèîêñàíîâîãî ÿäðà, ïîä äåéñòâè-
åì óëüòðàôèîëåòîâîãî èçëó÷åíèÿ ïîêàçûâàåò, ÷òî êè-
íåòèêà ôîòîèçîìåðèçàöèè íå çàâèñèò îò ìîëåêóëÿð-
íîé àðõèòåêòóðû ñèíòåçèðîâàííûõ ñîåäèíåíèé, à îï-
ðåäåëÿåòñÿ èõ ïîëÿðíîñòüþ. Ïîäîáíîå ÿâëåíèå îïèñà-
íî â [7] ïðè ñðàâíåíèè ôîòîèçîìåðèçàöèè
îêòàýäðàëüíîãî POSS, ñîäåðæàùåãî âîñåìü 4-(ôåíè-
ëàçî)ôåíîëüíûõ çàìåñòèòåëåé, è èñõîäíîãî ñîåäèíå-
íèÿ, â êîòîðîì 4-(ôåíèëàçî)ôåíîëüíûé ôðàãìåíò
ñâÿçàí ñ àëëèëüíûì. Òàêèì îáðàçîì ïîäîáíî îêòàýä-
ðàëüíûì àíàëîãàì, îïèñàííîå â äàííîé ðàáîòå ñîåäè-
íåíèå òàêæå äîëæíî õàðàêòåðèçîâàòüñÿ ôîòîèçîìåðè-
çàöèåé.

Â ÓÔ-Âèä ñïåêòðå POSS-DY7 (ðèñ. 6), ñîäåðæàùåãî
â îðãàíè÷åñêîé ñîñòàâëÿþùåé ôðàãìåíòû 4-[4-(ôåíèë-
àçî)ôåíèëàçî]-o-êðåçîëà, íàáëþäàåòñÿ ìàêñèìóì ïî-
ãëîùåíèÿ, ñîîòâåòñòâóþùèé π-π* ïåðåõîäó ïðè 390 íì.
Â ýòîì ñëó÷àå n-π* ïåðåõîä ïðîÿâëÿåòñÿ â âèäå ïëå÷à
ãëàâíîãî ïèêà ïðè ïðèáëèçèòåëüíî 480 íì. Ïîäîáíûé
ñïåêòð áûë îïèñàí â [7] äëÿ èíäèâèäóàëüíîãî îêòàýä-
ðàëüíîãî POSS, ñîäåðæàùåãî âîñåìü ôðàãìåíòîâ
4-[4-(ôåíèëàçî)ôåíèëàçî]-o-êðåçîëà. Îí õàðàêòåðèçó-
åòñÿ íàëè÷èåì ïèêà ïîãëîùåíèÿ ïðè 385 íì, õàðàêòåð-
íîãî äëÿ π-π* ïåðåõîäà, è ïëå÷à, ñîîòâåòñòâóþùåãî
n-π* ïåðåõîäó ïðè 470 íì.
Âûâîäû.

Ðàçðàáîòàíû ìåòîäû ñèíòåçà ñìåñåé îëèãîìåðíûõ
ñèëñåñêâèîêñàíîâ, ñîäåðæàùèõ â îðãàíè÷åñêîì îáðàì-
ëåíèè ôðàãìåíòû àçîêðàñèòåëåé 4-(ôåíèëàçî)ôåíîëà
èëè 4-[4-(ôåíèëàçî)ôåíèëàçî]-o-êðåçîëà, íà îñíîâå ðå-
àêöèè ìåæäó ãèäðîêñèëüíûìè ãðóïïàìè êðàñèòåëåé è
ýïîêñèäíûìè ãðóïïàìè POSS-Ep. Ñòðîåíèå ïîëó÷åí-
íûõ ñîåäèíåíèé èññëåäîâàíî ìåòîäàìè ÈÊ- è ßÌÐ 1Í-
ñïåêòðîñêîïèè. Ìåòîäîì ÓÔ-Âèä-ñïåêòðîñêîïèè ïî-
êàçàíî, ÷òî ñòðîåíèå ñèëñåñêâèîêñàíîâîãî ÿäðà íå îêà-
çûâàåò çíà÷èòåëüíîãî âëèÿíèÿ íà îïòè÷åñêèå ñâîéñòâà
ïîëó÷åííûõ ñîåäèíåíèé. Â òî æå âðåìÿ, ïðèñóòñòâèå â
îðãàíè÷åñêîì îáðàìëåíèè ãèäðîêñèëüíûõ ãðóïï ïðè-
äà¸ò ïîëó÷åííûì ñîåäèíåíèÿì ðåàêöèîííóþ ñïîñîá-
íîñòü, ÷òî ïîçâîëÿåò èñïîëüçîâàòü èõ äëÿ ïîëó÷åíèÿ
õðîìîôîðñîäåðæàùèõ, ñïîñîáíûõ ê ôîòîèçîìåðèçà-
öèè ïîëèìåðîâ ñ êîâàëåíòíûì ñâÿçûâàíèåì õðîìîôî-
ðîâ.
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Îë³ãîìåðí³ ñèëñåñêâ³îêñàíè, ùî ì³ñòÿòü àçîáåíçîëüí³ õðîìîôîðí³
ôðàãìåíòè â îðãàí³÷íîìó îáðàìëåíí³, îòðèìàí³ íà îñíîâ³
ñèëñåñêâ³îêñàí³â ç åïîêñèäíèìè ãðóïàìè

Ì.À. Ãóìåííà1, Í.Ñ. Êëèìåíêî1, Î.Â. Ñòðþöüêèé1, Î.Î. Ñîáêî1, Î.Â. Øåâ÷óê2, Â.Â. Êðàâ÷åíêî2,
Î.Â. Êðàâ÷åíêî2, Â.Â. Øåâ÷åíêî1

1²íñòèòóò õ³ì³¿ âèñîêîìîëåêóëÿðíèõ ñïîëóê ÍÀÍ Óêðà¿íè
48, Õàðê³âñüêå øîñå, Êè¿â, 02160, Óêðà¿íà
2²íñòèòóò ô³çèêî-îðãàí³÷íî¿ õ³ì³¿ ³ âóãëåõ³ì³¿ ³ì. Ë. Ì. Ëèòâèíåíêà ÍÀÍ Óêðà¿íè
50, Õàðê³âñüêå øîñå, Êè¿â, 02160, Óêðà¿íà

Çàïðîïîíîâàíî ìåòîä ñèíòåçó õðîìîôîðâì³ñíèõ àìô³ô³ëüíèõ ðåàêö³éíîçäàòíèõ îë³ãîìåðíèõ
ñèëñåñêâ³îêñàí³â, ÿêèé ´ðóíòóºòüñÿ íà ðåàêö³¿ ì³æ ã³äðîêñèëüíèìè ãðóïàìè àçîáàðâíèê³â
4-(ôåí³ëàçî)ôåíîëó àáî 4-[4-(ôåí³ëàçî)ôåí³ëàçî]-o-êðåçîëó ³ åïîêñèäíèìè ãðóïàìè
ñèëñåñêâ³îêñàí³â. Áóäîâó ñèíòåçîâàíèõ ðå÷îâèí îõàðàêòåðèçîâàíî ìåòîäàìè ²×- òà 1Í ßÌÐ-
ñïåêòðîñêîï³¿. Ìåòîäîì ÓÔ-Âèä-ñïåêòðîñêîï³¿ äîñë³äæåí³ îïòè÷í³ âëàñòèâîñò³ âèõ³äíî¿ ñóì³ø³
îë³ãîìåðíèõ ñèëñåñêâ³îêñàí³â ³ ñèíòåçîâàíèõ ðå÷îâèí. Ïðèºäíàííÿ òàêèõ àçîáàðâíèê³â äî
ñèëñåñêâ³îêñàíîâîãî ÿäðà íå ìàº çíà÷íîãî âïëèâó íà îïòè÷í³ âëàñòèâîñò³ õðîìîôîð³â. Ó òîé
æå ÷àñ, íàÿâí³ñòü â îðãàí³÷íîìó îáðàìëåíí³ ðåàêö³éíîçäàòíèõ ãðóï â³äêðèâàº ìîæëèâîñò³
îòðèìàííÿ íà ¿õ îñíîâ³ çäàòíèõ äî ôîòî³çîìåðèçàö³¿ ïîë³ìåð³â ç êîâàëåíòíèì çâ’ÿçóâàííÿì
õðîìîôîð³â.

Êëþ÷îâ³ ñëîâà: îë³ãîìåðí³ ñèëñåñêâ³îêñàíè, ôóíêö³îíàë³çàö³ÿ, àçîáàðâíèêè, ïîãëèíàííÿ ñâ³òëà, ôîòî³çîìåðèçàö³ÿ.
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Oligomeric silsesquioxanes containing azobenzene chromophore fragments in
an organic frame based on a mixture of silsesquioxanes with epoxy groups

M.A. Gumenna1 , N.S. Klimenko1 , A.V. Stryutsky1, Î.Î. Sobko1, A.V. Shevchuk2, V.V. Kravchenko2, À.V. Kravchenko2,
V.V. Shevchenko1

1 Institute of Macromolecular Chemistry NAS of Ukraine
48, Kharkivs’ke shose, Kyiv, 02160, Ukraine
2 L.M. Litvinenko Institute of Physical-organic Chemistry and Coal Chemistry NAS of Ukraine
50, Kharkivs’ke shose, Kyiv, 02160, Ukraine

A method for the synthesis of chromophore-containing amphiphilic reactive oligomeric silsesquioxanes,
based on the reaction between the epoxy groups of silsesquioxane and the hydroxyl groups of azo dyes
4- (phenylazo) phenol or 4- [4- (phenylazo) phenylazo] -o-cresol, was proposed. A characteristic
feature of such dyes is their ability to photoisomerization - reversible transitions from a more stable
trans form to a less stable cis form when exposed to light of a certain wavelength. The structure of the
synthesized substances was characterized by the methods of IR and 1H NMR spectroscopy. The optical
properties of the initial mixture of oligomeric silsesquioxanes and synthesized substances were
investigated by the method of UV-Vis spectroscopy using DMF as a solvent. An oligomer containing 4-
(phenylazo) phenol fragments is characterized by absorption with a strong band corresponding to the
π – π* transition at 354 nm and a weaker band corresponding to the n – π* transition at 470 nm. In the
UV-Vis spectrum of an oligomer containing fragments of 4- [4- (phenylazo) phenylazo] -o-cresol, an
absorption maximum at 390 nm corresponding to the π-π* transition is observed. In this case, the n-π*
transition is observed as the shoulder of the main peak at approximately 480 nm. The obtained results
indicate that the addition of the described azo dyes to the silsesquioxane core does not significantly
affect the optical properties of chromophores. At the same time, the presence of reactive groups in the
organic frame opens up the possibility of obtaining, on their basis, polymers capable of
photoisomerization with covalent binding of the chromophores.

Keywords: oligomeric silsesquioxanes, functionalization, azo dyes, light absorption, photoisomerization.


