
Ïîë³ìåðíèé æóðíàë. - 2019. - 41, ¹ 3. - Ñ. 173-178.

© 2019 Ë.Â. Êîáð³íà, Â.Â. Áîéêî, Ñ.Â. Ðÿáîâ, Ñ.². Ñ³íåëüíèêîâ, Â.Â. Áîðòíèöüêèé, Ä.Þ. Áàíäóð³íà,
Î.Â. Ìîñêàëåíêî 173

ÓÄÊ:678.6:615.03:543.51

Äîñë³äæåííÿ êîìïëåêñó âêëþ÷åííÿ
êàðáîêñèìåòèëüîâàíîãî βββββ-öèêëîäåêñòðèíó ç ôåíîêñàòèíîì
Ë.Â. Êîáð³íà1, Â.Â. Áîéêî1, Ñ.Â. Ðÿáîâ1, Ñ.². Ñ³íåëüíèêîâ1, Â.Â. Áîðòíèöüêèé1,
Ä.Þ. Áàíäóð³íà2, Î.Â. Ìîñêàëåíêî2

1²íñòèòóò õ³ì³¿ âèñîêîìîëåêóëÿðíèõ ñïîëóê ÍÀÍ Óêðà¿íè
48, Õàðê³âñüêå øîñå, Êè¿â, 02160, Óêðà¿íà
2Í³æèíñüêèé äåðæàâíèé óí³âåðñèòåò ³ìåí³ Ìèêîëè Ãîãîëÿ
2, âóë. Ãðàôñüêà, Í³æèí, 16600, Óêðà¿íà

Ñèíòåçîâàíî êàðáîêñèìåòèëüîâàíèé β-öèêëîäåêñòðèí (ÊÌ-β-ÖÄ). Ìåòîäàìè ²×- ³ ÓÔ-
ñïåêòðîñêîï³¿ òà ï³ðîë³òè÷íî¿ ìàñ-ñïåêòðîìåòð³¿ äîñë³äæåíî êîìïëåêñ âêëþ÷åííÿ ÊÌ-β-ÖÄ ç
ôåíîêñàòèíîì (ÔÊÒ). Ìåòîäîì Õ³ãó÷³ ³ Êîííîðñà âèçíà÷åíî ôàçîâó ðîç÷èíí³ñòü ÔÊÒ çà íàÿâíîñò³
ÊÌ-β-ÖÄ. Ë³í³éíà çàëåæí³ñòü ðîç÷èííîñò³ (AL-òèï) ñâ³ä÷èòü ïðî ñòåõ³îìåòðè÷íèé ñêëàä
êîìïëåêñó (òîáòî ÔÊÒ : ÊÌ-β-ÖÄ = 1:1). Âñòàíîâëåíî, ùî êîíñòàíòà ñò³éêîñò³ (Ê) êîìïëåêñó
ÊÌ-β-ÖÄ ç ÔÊÒ ñòàíîâèòü 3,8. Ïîêàçàíî, ùî äëÿ ï³äâèùåííÿ ñîëþá³ë³çàö³¿ ÔÊÒ ó âîä³
êàðáîêñèìåòèëüîâàíèé β-ÖÄ á³ëüø ïðèäàòíèé, í³æ 2-ã³äðîêñèïðîï³ë-β-ÖÄ ÷è ìåòèë-β-ÖÄ.

Êëþ÷îâ³ ñëîâà: êàðáîêñèìåòèëüîâàíèé β-öèêëîäåêñòðèí, ôåíîêñàòèí, êîìïëåêñ, ñîëþá³ë³çàö³ÿ.

Âñòóï.
Çäàòí³ñòü öèêëîäåêñòðèí³â (ÖÄ) – ìàêðîöèêë³÷íèõ

ñïîëóê ïðèðîäíîãî ïîõîäæåííÿ óòâîðþâàòè êîìïëåê-
ñè âêëþ÷åííÿ ç ð³çíîìàí³òíèìè îðãàí³÷íèìè ñïîëóêà-
ìè îñòàíí³ì  ÷àñîì øèðîêî âèêîðèñòîâóºòüñÿ [1–3]. Ó
êîñìåòè÷í³é, õàð÷îâ³é òà òåêñòèëüí³é ïðîìèñëîâîñò³ ÖÄ
çàñòîñîâóþòü ÿê çâ’ÿçóþ÷å äëÿ áàðâíèê³â, á³îàêòèâíèõ
òà àðîìàòè÷íèõ äîáàâîê. Ó ôàðìàöåâòèö³ é ìåäèöèí³ –
äëÿ ï³äâèùåííÿ ðîç÷èííîñò³ òà á³îëîã³÷íî¿ àêòèâíîñò³
ë³êàðñüêèõ ïðåïàðàò³â, à òàêîæ äëÿ ö³ëüîâî¿ äîñòàâêè ³
ïðîëîíãîâàíî¿ ä³¿ àêòèâíèõ ë³êàðñüêèõ ðå÷îâèí â
îðãàí³çì³ ëþäèíè.

Ðàí³øå íàìè ìåòîäîì ï³ðîë³òè÷íî¿ ìàñ-ñïåêòðî-
ìåòð³¿ (ÏÌÑ) äîñë³äæåíî ìîæëèâ³ñòü óòâîðåííÿ êîìï-
ëåêñ³â âêëþ÷åííÿ β-ÖÄ ç òàêèìè ðå÷îâèíàìè ÿê 4-í³òðî-
ôåíîë ³ 1,5-äèõëîðïåíòàí, ïåðøèé ç ÿêèõ ìîæå áóòè
ïîòåíö³éíî åêîëîã³÷íî íåáåçïå÷íèì, à äðóãèé ìîæå
ðîçãëÿäàòèñÿ ÿê àíàëîã ã³ð÷è÷íîãî ãàçó [4]. Ìåòîä ÏÌÑ
áóâ âèêîðèñòàíèé íàìè òàêîæ äëÿ âèâ÷åííÿ êîìïëåêñ³â
âêëþ÷åííÿ ñèë³ëüîâàíîãî ïîõ³äíîãî β-ÖÄ ç 4-í³òðîôå-
íîëîì ³ áàðâíèêîì – í³ëüñüêèì áëàêèòíèì [5]. Äîñë³ä-
æåíî òàêîæ êîìïëåêñè âêëþ÷åííÿ β-ÖÄ òà éîãî ïî-
õ³äíèõ, à ñàìå (2-ã³äðîêñè)ïðîï³ë-β-ÖÄ ³ ìåòèëüîâàíî-
ãî-β-ÖÄ ç ôåíîêñàòèíîì (ÔÊÒ) [6, 7], ÿêèé çà ñâîºþ
ñòðóêòóðîþ ïîä³áíèé äî ä³îêñèíó – íàäçâè÷àéíî îòðóé-
íî¿ ðå÷îâèíè, ÿêà íå ðîçêëàäàºòüñÿ â íàâêîëèøíüîìó
ñåðåäîâèù³. Ñë³ä çàçíà÷èòè, ùî ÔÊÒ ³ éîãî ïîõ³äí³ ïðè-
âåðòàþòü óâàãó øèðîêîãî êîëà äîñë³äíèê³â. Âèâ÷àëèñü
³íñåêòèöèäí³, àíòèáàêòåð³àëüí³ òà àíòèãåëüì³íòí³ âëàñ-
òèâîñò³ ÔÊÒ ³ éîãî ïîõ³äíèõ [8–10], à òàêîæ îïòè÷í³

âëàñòèâîñò³ ëþì³íîôîð³â íà ¿õ îñíîâ³ [11, 12]. Îïóáë³-
êîâàíî ðîáîòè, ïðèñâÿ÷åí³ äîñë³äæåííþ ÔÊÒ ³ éîãî
ïîõ³äíèõ ÿê ïîòåíö³éíèõ á³îëîã³÷íèõ ìàðêåð³â [13, 14].
Äî òîãî æ äåÿê³ âëàñòèâîñò³ öèõ ñïîëóê ÷óòëèâ³ äî çì³íè
ïîëÿðíîñò³ ñåðåäîâèùà, òîìó äîñë³äíèêè âèêîðèñòî-
âóþòü ñèñòåìó ÖÄ–ÔÊÒ ÿê ìîäåëü äëÿ âèâ÷åííÿ âçàº-
ìîä³¿ ïðîòå¿í–ë³ãàíä. Âñå öå ñâ³ä÷èòü ïðî òå, ùî äîñë³ä-
æåííÿ êîìïëåêñ³â âêëþ÷åííÿ ç ÔÊÒ òà éîãî ïîõ³äíèìè
âåëüìè àêòóàëüíå.

Áåðó÷è äî óâàãè íåîáõ³äí³ñòü ï³äâèùåííÿ ðîç÷èí-
íîñò³ ÔÊÒ òà éîãî ïîõ³äíèõ ó âîä³, ìåòîþ ðîáîòè áóëî
äîñë³äèòè óòâîðåííÿ êîìïëåêñó âêëþ÷åííÿ ÔÊÒ ç íî-
âèì ïîõ³äíèì β-ÖÄ, à ñàìå ç ÊÌ-β-ÖÄ.
Åêñïåðèìåíòàëüíà ÷àñòèíà.
Âèêîðèñòàí³ ìàòåð³àëè:
– β-ÖÄ – ïðîäóêò ô³ðìè « Fluka». Ïåðåä ïðîâåäåííÿì
åêñïåðèìåíòó β-ÖÄ ñóøèëè ó âàêóóì³ çà òåìïåðàòóðè
100 °C ïðîòÿãîì 12 ãîä.
– ôåíîêñàòèí (ÔÊÒ, 97 %) – á³ëà êðèñòàë³÷íà ðå÷îâèíà
ç ñèëüíèì õàðàêòåðíèì çàïàõîì, ô³ðìà «Àldrich», ÌÌ
200,26. Òåìïåðàòóðà ïëàâëåííÿ 60–61 °Ñ, òåìïåðàòóðà
êèï³ííÿ 182 °Ñ.

– êàðáîêñèìåòèëüîâàíèé β-öèêëîäåêñòðèí (ÊÌ-β-ÖÄ)
îòðèìóâàëè çà òàêîþ ìåòîäèêîþ: ó ñêëÿíèé ðåàêòîð

Ñèíòåç ïîë³ìåð³â
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ºìí³ñòþ 100 ìë íàëèâàëè 18 ã äèñòèëüîâàíî¿ âîäè,
çàñèïàëè 2 ã NaOH ³ ïåðåì³øóâàëè äî ïîâíîãî ðîç÷è-
íåííÿ ëóãó. Äîäàâàëè β-ÖÄ ó ê³ëüêîñò³ 8 ã ³ ïåðåì³øó-
âàëè 20 õâ äî ïîâíîãî éîãî ðîç÷èíåííÿ. Äî ëóæíîãî
ðîç÷èíó β-ÖÄ äîäàâàëè 12,9 ã (àáî 5,8 ã ó ïåðåðàõóíêó
íà ñóõèé ïðîäóêò) 45 %-âîãî ðîç÷èíó íàòð³ºâî¿ ñîë³
ìîíîõëîðîöòîâî¿ êèñëîòè (ÍÕÎÊ) ³ ïåðåì³øóâàëè ùå
20 õâ. Îòðèìàíèé ðîç÷èí âèòðèìóâàëè 2 ãîä çà Ò = 80 °Ñ.
Äàë³ îõîëîäæóâàëè, äîäàâàëè 4,8 ã 36 %-âîãî ðîç÷èíó
HCl ³ âèëèâàëè â 200 ìë ³çîïðîï³ëîâîãî ñïèðòó. Óòâîðå-
íèé îñàä ñóøèëè çà Ò = 50 °Ñ äî ñòàëî¿ âàãè. Îòðèìàíèé
ïðîäóêò ïåðåíîñèëè íà ô³ëüòð ³ òðè÷³ ïðîìèâàëè ïî
100 ìë ñóì³øøþ âîäà:ñïèðò çà îá’ºìíîãî ñï³ââ³äíî-
øåííÿ êîìïîíåíò³â, ð³âíîãî 1:5.

Ìîëüíå ñï³ââ³äíîøåííÿ êîìïîíåíò³â β-ÖÄ : ÍÕÎÊ :
NaOH : HCl ñòàíîâèëî 1:8:8:8.

Ñõåìà ñèíòåçó ÊÌ-β-ÖÄ íàâåäåíà íà ðèñ. 1.
Äëÿ äîñë³äæåííÿ âèêîðèñòîâóâàëè:

– çðàçîê 1 – ìåõàí³÷íà ñóì³ø ÊÌ-β-ÖÄ ³ ÔÊÒ çà
ñï³ââ³äíîøåííÿ, ð³âíîãî 1:1. Äëÿ ïðèãîòóâàííÿ çðàçêà
1 âèõ³äí³ ðå÷îâèíè ðåòåëüíî ðîçòèðàëè â ôàðôîðîâ³é
÷àøö³ ïðîòÿãîì 30 õâ. Ñóì³ø ìàëà õàðàêòåðíèé çàïàõ
ÔÊÒ.
– çðàçîê 2, îòðèìàíèé ç âîäíîãî ðîç÷èíó ÊÌ-β-ÖÄ ³
ÔÊÒ çà ñï³ââ³äíîøåííÿ êîìïîíåíò³â, ð³âíîãî 1:1.

Äëÿ çðàçêà 2 ãîòóâàëè âîäí³ ðîç÷èíè âèõ³äíèõ ðå÷î-
âèí, çì³øóâàëè é âèòðèìóâàëè 20 ãîä. çà Ò = 60 °Ñ,
ïåð³îäè÷íî ïåðåì³øóþ÷è. Ïðîçîðèé ðîç÷èí âèïàðþ-
âàëè ³ ñóøèëè â ñóøèëüí³é øàô³ äâ³ äîáè. Â ðåçóëüòàò³
îòðèìàëè á³ëó ðå÷îâèíó áåç çàïàõó.

Âñ³ äîñë³äæóâàí³ îá’ºêòè âèâ÷àëè ìåòîäàìè ²×- òà
ÓÔ-ñïåêòðîñêîï³¿, à òàêîæ ï³ðîë³òè÷íî¿ ìàñ-ñïåêòðî-
ìåòð³¿ (ÏÌÑ).

²×-ñïåêòðè çàïèñóâàëè íà ²×-ñïåêòðîìåòð³ ç Ôóð’º-
ïåðåòâîðåííÿì Bruker Tensor-37 (Í³ìå÷÷èíà) ó ä³àïà-
çîí³ ÷àñòîò 400–4000 ñì–1 ³ ðîçä³ëüíîþ çäàòí³ñòþ 4 ñì–1.
Çðàçêè äîñë³äæóâàëè ó âèãëÿä³ äèñê³â, çàïðåñîâàíèõ ó
KBr.

Äîñë³äæåííÿ ÏÌÑ ïðîâîäèëè íà ìàñ-ñïåêòðîìåòð³
ÌÕ-1321, ÿêèé çàáåçïå÷óº âèçíà÷åííÿ êîìïîíåíò³â ãà-
çîâèõ ñóì³øåé ó ä³àïàçîí³ ìàñîâèõ ÷èñåë 1–4000. Ìàñà
çðàçê³â ñòàíîâèëà 0,2 ìã. Äîñë³äæåííÿ ïðîâîäèëè çã³äíî
ç ìåòîäèêîþ, îïèñàíîþ ó ðîáîò³ [5]. Îáðîáêó ìàñ-
ñïåêòð³â ëåòêèõ ïðîäóêò³â òåðìîäåñòðóêö³¿ îá’ºêò³â
äîñë³äæåííÿ ïðîâîäèëè çà äîïîìîãîþ êîìï’þòåðíî¿
ïðîãðàìè, ÿêà äàº çìîãó ðåºñòðóâàòè ³íòåíñèâí³ñòü
êîæíîãî ãàçîïîä³áíîãî ïðîäóêòó çà ³íòåãðàëüíîþ

ïëîùåþ ï³ä â³äïîâ³äíèì ï³êîì. Âèâ÷àëè òåìïåðàòóðíó
çàëåæí³ñòü çì³íè ³íòåíñèâíîñò³ âèä³ëåííÿ ëåòêèõ ïðî-
äóêò³â òåðìîäåñòðóêö³¿ äîñë³äæóâàíèõ îá’ºêò³â (çàãàëü-
íèé ³îííèé ñòðóì (J)), ñêëàä ³îííèõ ôðàãìåíò³â, ùî óòâî-
ðþþòüñÿ ïðè òåðìîðîçêëàäàíí³ çðàçê³â. ²íòåíñèâí³ñòü
(²) âèä³ëåííÿ îêðåìèõ ëåòêèõ ïðîäóêò³â (³îííèõ ôðàã-
ìåíò³â) â³äîáðàæàëè â óì. îä. Îòðèìàí³ ìàñ-ñïåêòðè
ïðîäóêò³â äåñòðóêö³¿ ïîð³âíþâàëè ç ìàñ-ñïåêòðàìè êà-
òàëîã³â [15,16].

ÓÔ-ñïåêòðè çí³ìàëè íà ñïåêòðîôîòîìåòð³ Shimadzu
UV-2401 PC (ßïîí³ÿ) ó ä³àïàçîí³ ÷àñòîò 190–800 íì.

Ôàçîâó ðîç÷èíí³ñòü ÔÊÒ çà íàÿâíîñò³ ÊÌ-β-ÖÄ âè-
çíà÷àëè ìåòîäîì Õ³ãó÷³ ³ Êîííîðñà [17]. Ó êîëáàõ ãîòó-
âàëè 0,5; 1,0 òà 2,0 %-â³ âîäí³ ðîç÷èíè ÊÌ-β-ÖÄ ³ äîäà-
âàëè â êîæíó êîëáó òðèðàçîâèé íàäëèøîê òâåðäîãî ÔÊÒ
(0,18 ã àáî 0,0009 ìîëü). Êîëáè ñòðóøóâàëè çà ê³ìíàòíî¿
òåìïåðàòóðè ïðîòÿãîì äîáè, îñàä, ùî çàëèøèâñÿ,
â³äô³ëüòðîâóâàëè. Ï³ñëÿ ÷îãî âèì³ðþâàëè îïòè÷íó ãóñ-
òèíó çà äîâæèíè õâèë³ 292 íì ³ ðîçðàõîâóâàëè êîí-öåí-
òðàö³þ ÔÊÒ ó ðîç÷èí³ ç ð³âíÿííÿ ïîáóäîâàíî¿ êàë³á-
ðóâàëüíî¿ ïðÿìî¿.
Ðåçóëüòàòè äîñë³äæåííÿ òà ¿õ îáãîâîðåííÿ.

Íà ²×-ñïåêòðàõ β-ÖÄ, à òàêîæ îòðèìàíîãî ÊÌ-β-ÖÄ
íàÿâí³ õàðàêòåðí³ ñìóãè ïîãëèíàííÿ â îáëàñò³ ν = 1020–
1170 ñì–1, ùî íàëåæàòü äî êîëèâàíü Ñ–Î-ãðóï ãëþêî-
çèäíèõ ôðàãìåíò³â. Ó ñïåêòð³ ÊÌ-β-ÖÄ ç’ÿâëÿºòüñÿ
òàêîæ ñìóãà ïîãëèíàííÿ νC=O = 1730 ñì–1, ÿêà ñâ³ä÷èòü
ïðî íàÿâí³ñòü êàðáîêñèëüíèõ ãðóï, ùî âêàçóº íà ÷àñòêîâå
çàì³ùåííÿ ã³äðîêñèëüíèõ ãðóï ïðè ìîäèô³êàö³¿ β-ÖÄ.

Â ²×-ñïåêòð³ ÔÊÒ äëÿ éîãî õàðàêòåðèñòèêè îáðàíî
ñìóãè ïîãëèíàííÿ ç ÷àñòîòàìè 752 ñì–1 (ïîçàïëîùèííå
äåôîðìàö³éíå êîëèâàííÿ ÑÍ àðîìàòè÷íèõ ê³ëåöü); 1560,
1585, 1454 ñì–1 (ν Ñ·····Ñ àðîìàòè÷íèõ ê³ëåöü) ³ äâ³ ñèëüí³
ñìóãè ïîãëèíàííÿ ç ÷àñòîòàìè 1221 ³ 1261 ñì–1, ÿê³ íà-
ëåæàòü äî êîëèâàíü ãðóï Ñ–Î–Ñ ³ C–S–C, ñïðÿæåíèõ ç
àðîìàòè÷íèì ê³ëüöåì. Ö³ ñìóãè ïîãëèíàííÿ íå ïåðå-
êðèâàþòüñÿ ç³ ñìóãàìè ïîãëèíàííÿ ÊÌ-β-ÖÄ. Ó ñïåêòð³
çðàçêà 1 (ìåõàí³÷íî¿ ñóì³ø³) ³ â ñïåêòð³ çðàçêà 2 (êîìï-
ëåêñó âêëþ÷åííÿ) íàÿâí³ ñìóãè ïîãëèíàííÿ ÿê â îáëàñò³
1000–1200 ñì–1, ùî õàðàêòåðèçóþòü êîëèâàííÿ ãëþêî-
çèäíîãî ì³ñòêà ³ ãëþêîçèäíîãî ê³ëüöÿ ÊÌ-β-ÖÄ, òàê ³ âñ³
ïåðåë³÷åí³ âùå ñìóãè ïîãëèíàííÿ, ÿê³ õàðàêòåðèçóþòü
êîëèâàííÿ ÔÊÒ. Ñïîñòåð³ãàºòüñÿ â³äì³íí³ñòü ñïåêòð³â
çðàçê³â 1 ³ 2. Ó ñïåêòð³ çðàçêà 1 ÷àñòîòè ñìóã ïîãëèíàí-
íÿ, ÿê³ õàðàêòåðèçóþòü ñïðÿæåíó ñèñòåìó ÔÊÒ, ìàþòü
òàêå æ ïîëîæåííÿ, ÿê ³ â ñïåêòð³ âèõ³äíîãî ÔÊÒ. Íà-
òîì³ñòü ó çðàçêó 2 ñìóãè νÑ····Ñ, õàðàêòåðí³ äëÿ ÔÊÒ,
çñóâàþòüñÿ äî 1592, 1568 ³ 1464 ñì–1, à ñìóãè ν Ñ–Î–Ñ ³
ν C–S–C – äî 1266 ³ 1225 ñì–1. Ö³ â³äì³ííîñò³, íà íàøó
äóìêó, ïîâ’ÿçàí³ ç òàêèì ðîçòàøóâàííÿì ÔÊÒ ó ïîðîæ-
íèí³ ÊÌ-β-ÖÄ, ÿêå ñïðèÿº óòâîðåííþ âîäíåâèõ çâ’ÿçê³â
ÎÍ-ãðóï ÊÌ-β-ÖÄ ç àòîìàìè êèñíþ ÷è ñ³ðêè ÔÊÒ, ùî
ïðèçâîäèòü âîäíî÷àñ äî çñóâó ñìóãè ν ÎÍ ÊÌ-β-ÖÄ
â³ä 3400 äî 3368 ñì–1 ó ñïåêòð³ çðàçêà 2. Âèõîäÿ÷è ç äà-
íèõ ²×-ñïåêòðîñêîï³¿, ìîæíà çðîáèòè âèñíîâîê, ùî
çðàçîê 2 º êîìïëåêñîì âêëþ÷åííÿ ÊÌ-β-ÖÄ ç ÔÊÒ, ³

Ðèñ. 1. Ñõåìà ñèíòåçó ÊÌ-β-ÖÄ
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ïðè éîãî óòâîðåíí³, êð³ì ã³äðîôîáíîãî ñåðåäîâèùà ïî-
ðîæíèíè ÊÌ-β-ÖÄ, âèçíà÷íó ðîëü â³ä³ãðàþòü âîäíåâ³
çâ’ÿçêè ì³æ ÎÍ-ãðóïàìè ÊÌ-β-ÖÄ òà àòîìàìè êèñíþ
÷è ñ³ðêè ÔÊÒ.

Íà ðèñ. 2 íàâåäåíî òåðìîãðàìè îá’ºêò³â äîñë³äæåí-
íÿ, îòðèìàí³ ìåòîäîì ï³ðîë³òè÷íî¿ ìàñ-ñïåêòðîìåòð³¿.
ßê âèäíî ç ðèñóíêà, ìàêñèìàëüíå âèä³ëåííÿ ëåòêèõ êîì-
ïîíåíò³â ïðè ï³ðîë³ç³ ÔÊÒ (êðèâà 1) ñïîñòåð³ãàºòüñÿ çà
Ò = 100 °Ñ. Ó ìàñ-ñïåêòð³ ÔÊÒ çà ö³º¿ òåìïåðàòóðè
íàéá³ëüø ³íòåíñèâí³ ³îíí³ ôðàãìåíòè ç m/z = 200, 168,
171, 201, 202, 139 ³ 172 (òàáë. 1). Ëåòê³ ç m/z = 200, 201 ³ 202
â³äïîâ³äàþòü ìîëåêóëàì ÔÊÒ (ÌÌ 200) ç îäíèì (201) ³
äâîìà (202) àòîìàìè âîäíþ. Ëåòêèé ç m/z = 168 ìîæíà
³äåíòèô³êóâàòè, âèõîäÿ÷è ç³ ñòðóêòóðè ÔÊÒ, ÿê äèáåí-
çîôóðàí, à ïðîäóêòè ç m/z = 171 ³ 172, ìîæëèâî, â³äïî-
â³äàþòü ³îííèì ôðàãìåíòàì C11H7S– òà C11H8S–.

Òåìïåðàòóðíèé ³íòåðâàë ðîçêëàäàííÿ ÊÌ-β-ÖÄ
(ðèñ. 2, êðèâà 2) ëåæèòü ó ìåæàõ 200–300 °Ñ ç ìàêñèìó-
ìîì çàãàëüíîãî ³îííîãî ñòðóìó âèä³ëåííÿ ëåòêèõ ïðî-
äóêò³â òåðìîäåñòðóêö³¿ (J = 156 óì. îä.) çà òåìïåðàòóðè
260 °Ñ. Ìàñ-ñïåêòð ÊÌ-β-ÖÄ çà ö³º¿ òåìïåðàòóðè ñêëà-
äàºòüñÿ ç ëåòêèõ êîìïîíåíò³â, õàðàêòåðíèõ äëÿ β-ÖÄ òà
³íøèõ ïîõ³äíèõ [6, 7], çîêðåìà ³îííèõ ôðàãìåíò³â ç
m/z = 44 (CH3CHO, CH2CHOH); 45 (CH3CHOH) ³ 60
(O=CHCH2OH).

Òåðìîãðàìà çðàçêà 1 â³äð³çíÿºòüñÿ íàÿâí³ñòþ äâîõ
ï³ê³â ðîçêëàäàííÿ: ïåðøèé â ³íòåðâàë³ òåìïåðàòóð 25–
200 °Ñ ç ìàêñèìóìîì çà Ò = 88 °Ñ (J =169 óì. îä) ³
äðóãèé ó ä³àïàçîí³ òåìïåðàòóð 200–325 °Ñ ç ìàêñèìó-
ìîì çà Ò = 260 °Ñ (J =145 óì. îä) (ðèñ. 2, êðèâà 3). Ïðè-
÷îìó íà ïåðø³é ñòàä³¿ òåðìîäåñòðóêö³¿, ÿêà áëèçüêà äî
ìàêñèìóìó ðîçêëàäàííÿ ÔÊÒ (100 °Ñ), ìàñ-ñïåêòð çðàç-
êà ñóì³ø³ ³äåíòè÷íèé ìàñ-ñïåêòðó ñàìå ö³º¿ ðå÷îâèíè
(òàáë. 2). Çà òåìïåðàòóðè äðóãîãî ìàêñèìóìó (260 °Ñ)
ó ìàñ-ñïåêòð³ ðåºñòðóþòüñÿ ³îíí³ ôðàãìåíòè, ïðèòà-
ìàíí³ ìàñ-ñïåêòðó ÊÌ-β-ÖÄ, à òàêîæ ëåòêèé êîìïî-
íåíò ç m/z = 200 (ÔÊÒ). Âî÷åâèäü, ïðè ï³ðîë³ç³ çðàçêà 1
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(ìåõàí³÷íî¿ ñóì³ø³) ñïîñòåð³ãàºòüñÿ òåðìîðîçêëàäàí-
íÿ äâîõ îêðåìèõ ðå÷îâèí. Âîäíî÷àñ êðèâà òåìïåðà-
òóðíî¿ çàëåæíîñò³ çàãàëüíîãî ³îííîãî ñòðóìó òåðìî-
äåñòðóêö³¿ çðàçêà 2 (ðèñ. 2, êðèâà 4) çà ñâî¿ì õàðàêòå-
ðîì ìàéæå ïîâòîðþº òåðìîãðàìó ÊÌ-β-ÖÄ (ðèñ. 2,
êðèâà 2). Íàá³ð ëåòêèõ ïðîäóêò³â ó ìàñ-ñïåêòð³ çðàçêà 2
òàêèé ñàìèé, ÿê ³ â ìàñ-ñïåêòð³ ÊÌ-β-ÖÄ, à ³îíí³ ôðàã-
ìåíòè, õàðàêòåðí³ äëÿ ÔÊÒ, à ñàìå ëåòê³ ç m/z = 200, 168,
171,172, 201 ³ 202, – â³äñóòí³ (òàáë. 2). Öå ìîæå ñâ³ä÷èòè
ïðî ì³öí³ø³ çâ’ÿçêè ì³æ ìîëåêóëàìè ÊÌ-β-ÖÄ ³ ìîëå-
êóëàìè ÔÊÒ, ÿê³ íå ðóéíóþòüñÿ ï³ä âïëèâîì âèñîêî¿
òåìïåðàòóðè. Îòæå, íà â³äì³íó â³ä çðàçêà 1 çðàçîê 2 º
êîìïëåêñîì âêëþ÷åííÿ ÊÌ-â-ÖÄ ç ÔÊÒ, ñõåìàòè÷íå
çîáðàæåííÿ ÿêîãî íàâåäåíî íà ðèñ. 3. Öå îïîñåðåäêî-
âàíî ï³äòâåðäæóºòüñÿ ³ òèì ôàêòîì, ùî çðàçîê 2 íå ìàº
õàðàêòåðíîãî äëÿ ÔÊÒ ð³çêîãî çàïàõó.

ÓÔ-ñïåêòðè âèõ³äíîãî ÔÊÒ ³ ÔÊÒ ó 0,5; 1,0 òà 2,0 %-
âèõ âîäíèõ ðîç÷èíàõ ÊÌ-β-ÖÄ íàâåäåíî íà ðèñ. 4. ßê
âèäíî ç³ ñïåêòð³â, âèõ³äíèé ÔÊÒ ìàéæå íå ðîç÷èííèé ó
âîä³ (ðèñ. 4, êðèâà 1). Ïðè ï³äâèùåíí³ êîíöåíòðàö³¿ ÊÌ-
β-ÖÄ çðîñòàº ³íòåíñèâí³ñòü ÓÔ-ïîãëèíàííÿ (ðèñ. 4,
êðèâ³ 2–4), ùî ñâ³ä÷èòü ïðî çá³ëüøåííÿ êîíöåíòðàö³¿

ÔÊÒ ó ðîç÷èíàõ ³ ï³äòâåðäæóº óòâîðåííÿ êîìïëåêñ³â
âêëþ÷åííÿ ÊÌ-β-ÖÄ ³ç ÔÊÒ.

Íà îñíîâ³ äàíèõ ÓÔ-ñïåêòðîñêîï³¿ áóëà ïîáóäîâàíà
êðèâà çàëåæíîñò³ êîíöåíòðàö³¿ ÔÊÒ â³ä êîíöåíòðàö³¿
ÊÌ-β-ÖÄ ó ðîç÷èí³ (ðèñ. 5).

Ë³í³éíà çàëåæí³ñòü ðîç÷èííîñò³ (AL-òèï) âêàçóº íà
ñòåõ³îìåòðè÷íèé ñêëàä êîìïëåêñó ÔÊÒ : ÊÌ-β-ÖÄ, ÿêèé
ñòàíîâèòü 1:1 [17].

Îá÷èñëåíî êîíñòàíòó ñò³éêîñò³ äîñë³äæóâàíîãî êîìï-

ëåêñó çà ôîðìóëîþ: 
 

)1( α
α
tgS

tgK
−

= , äå: K – êîíñòàíòà

ñò³éêîñò³ êîìïëåêñó; S – ïî÷àòêîâà êîíöåíòðàö³ÿ ñîëþ-
á³ë³çàòó, âèçíà÷åíà ôîòîìåòðè÷íî äëÿ ÔÊÒ; tg α – êóò
íàõèëó ïðÿìî¿.
Âèñíîâêè.

 Âñòàíîâëåíî, ùî êîíñòàíòà ñò³éêîñò³ êîìïëåêñó
ÊÌ-β-ÖÄ ç ÔÊÒ ñòàíîâèòü 3,8. Äëÿ ïîð³âíÿííÿ: ó êîìï-
ëåêñàõ ³ç ÔÊÒ ³ ìåòèë-β-ÖÄ Ê = 2,22; ó êîìïëåêñàõ ³ç
ÔÊÒ ³ 2-ã³äðîêñèïðîï³ë-β-ÖÄ Ê = 2,76. Òîáòî äëÿ ï³äâè-
ùåííÿ ñîëþá³ë³çàö³¿ ÔÊÒ á³ëüø ïðèäàòíèé ÊÌ-β-ÖÄ,
í³æ 2-ã³äðîêñèïðîï³ë-β-ÖÄ ÷è ìåòèë-β-ÖÄ.
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Ñèíòåçèðîâàí êàðáîêñèìåòèëèðîâàííûé â-öèêëîäåêñòðèí (ÊÌ-β-ÖÄ). Ìåòîäàìè ÈÊ- , ÓÔ-
ñïåêòðîñêîïèè è ïèðîëèòè÷åñêîé ìàññ-ñïåêòðîìåòðèè èññëåäîâàí êîìïëåêñ âêëþ÷åíèÿ ÊÌ-β-
ÖÄ ñ ôåíîêñàòèíîì (ÔÊÒ). Èñïîëüçóÿ ìåòîä Õèãó÷è è Êîííîðñà îïðåäåëÿëè ôàçîâóþ
ðàñòâîðèìîñòü ÔÊÒ â ïðèñóòñòâèè ÊÌ-β-ÖÄ. Ëèíåéíàÿ çàâèñèìîñòü ðàñòâîðèìîñòè (AL-òèï)
óêàçûâàåò íà ñòåõèîìåòðè÷åñêèé ñîñòàâ êîìïëåêñà (ò.å., ÔÊÒ : ÊÌ-β-ÖÄ = 1:1). Óñòàíîâëåíî,
÷òî êîíñòàíòà ñòîéêîñòè êîìïëåêñà ÊÌ-β-ÖÄ ñ ÔÊÒ ñîñòàâëÿåò 3,8. Ïîêàçàíî, ÷òî äëÿ
ïîâûøåíèÿ ñîëþáèëèçàöèè ÔÊÒ â âîäå ÊÌ-β-ÖÄ áîëåå ïðåäïî÷òèòåëåí, ÷åì 2-ãèäðîêñèïðîïèë-
β-ÖÄ èëè ìåòèë-β-ÖÄ.

Êëþ÷åâûå ñëîâà: êàðáîêñèìåòèëèðîâàííûé β-öèêëîäåêñòðèí, ôåíîêñàòèí, êîìïëåêñ, ñîëþáèëèçàöèÿ.
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Investigation of the inclusion complex of carboxymethylated βββββ-Cyclodextrin
with Phenoxatiin
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Phenoxatiin (Phx.) is a substance that is structurally similar to dioxin - an extremely toxic reagent
that does not decompose in the environment. Therefore, the study of inclusion complexes of cyclodextrins
with Phx. and its derivatives is very relevant. The purpose of this work was to investigate the formation
of a inclusion complex of Phx. with a new β-CD’s derivative, namely, carboxymethylated β-cyclodextrin.
So, carboxymethylated β-cyclodextrin (KM-β-CD) was synthesized and identified. To prepare inclusion
complex of KM-β-CD with Ph. the starting materials were separately dissolved in aqueous solutions,
then mixed and held for 20 hours at 60 °C with occasional stirring. The obtained clear solution was
evaporated and dried for two days. The resulting product was a white, odorless substance. The formation
of the inclusion complex is confirmed by the methods of FTIR-spectroscopy and pyrolytic mass
spectrometry. Using the Higuchi and Connors approach, the phase solubility of phenoxatiin was
determined in the presence of KM-β-CD. The linear solubility dependence (AL-type) indicates to the
stoichiometric composition of the complex prepared, namely, Phx. : KM-β-CD = 1:1. It was established
that the stability constant (K) of the KM-β-CD complex with Phx. is equal to 3,8. For comparison, K for
methyl-β-CD was 2,22 and for 2-hydroxypropyl β-CD reaches 2,76, correspondingly. So
carboxymethylated β-cyclodextrin is more suitable for promoting solubilization of Phx. in water, than
2-hydroxypropyl-β-CD or methyl-β-CD as well.
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