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Ñòàòòÿ ïðèñâÿ÷åíà ðîçðîáö³ ³îíîìåòðè÷íîãî ñåíñîðà äëÿ âèçíà÷åííÿ ãåêñàìåòè-
ëåíòåòðààì³íó. Âñòàíîâëåíî, ùî â ðåçóëüòàò³ âçàºìîä³¿ êàò³îíà äîñë³äæóâàíî¿ ðå÷î-
âèíè ç àí³îíàìè ãåòåðîïîë³êèñëîò óòâîðþþòüñÿ ìàëîðîç÷èíí³ êîìïëåêñí³ ñïîëóêè
ñêëàäó (GMTA)3(ÐÌî12Î40)2 ³ (GMTA)3(PW12O40)2. Îäåðæàí³ ñïîëóêè âèêîðèñòîâó-
âàëè ÿê åëåêòðîäíî-àêòèâí³ ðå÷îâèíè äëÿ ïîë³â³í³ëõëîðèäíèõ ìåìáðàí ³îíîìåò-
ðè÷íèõ ñåíñîð³â. ßê ðîç÷èííèêè äëÿ ïëàñòèô³êîâàíèõ ìåìáðàí âèêîðèñòîâóâàëè
ïîõ³äí³ ôòàëåâî¿ êèñëîòè (äèáóòèë- ³ ä³îêòèëôòàëàòè). Âñòàíîâëåíî îïòèìàëüíèé
ñêëàä ìåìáðàí. Çä³éñíåíî äîñë³äæåííÿ çàëåæíîñò³ åëåêòðîõ³ì³÷íèõ âëàñòèâîñòåé
îòðèìàíèõ ñåíñîðíèõ ìåìáðàí â³ä ð³çíèõ ôàêòîð³â. Öå äîçâîëèëî îáðàòè îïòè-
ìàëüí³ óìîâè äëÿ ðîáîòè ³îíîìåòðè÷íîãî ñåíñîðà. ×àñ â³äãóêó ñåíñîðà íå ïåðåâè-
ùóº 3 õâ, à òåðì³í ñëóæáè ìåìáðàíè (~40 ä³á) äîçâîëÿº ïðîâîäèòè âèçíà÷åííÿ áåç
çàì³íè. Ìåæà âèÿâëåííÿ ãåêñàìåòèëåíòåòðààì³íó çà äîïîìîãîþ öüîãî ñåíñîðà ñòà-
íîâèòü 1,010–5 ìîëü/ë, ³ ê³ëüê³ñíå âèçíà÷åííÿ ìîæíà ïðîâåñòè çà äîñèòü êîðîòêèé
÷àñ (5–10 õâ).

Êëþ÷îâ³ ñëîâà: ãåêñàìåòèëåíòåòðààì³í, ³îíîìåòð³ÿ, ñåíñîðí³ ìåìáðàíè, ³îíîìåò-
ðè÷íèé ñåíñîð, 12-ìîë³áäîôîñôàòíà êèñëîòà, 12-âîëüôðàìôîñôàòíà êèñëîòà.
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Âñòóï

Ãåêñàìåòèëåíòåòðààì³í, à ñàìå óðîòðîï³í,
â³äíîñèòüñÿ äî ïîë³öèêë³÷íèõ àì³í³â. Öå îðãàí³-
÷íà ðå÷îâèíà ç³ ñâîºð³äíîþ öèêë³÷íîþ ñòðóêòó-
ðîþ, ùî ó ïðèðîä³ íå çóñòð³÷àºòüñÿ. Éîãî ñèí-
òåçóþòü êîíäåíñàö³ºþ àì³àêó ç ôîðìàëüäåã³äîì
ó ñï³ââ³äíîøåíí³ âèõ³äíèõ êîìïîíåíò³â 2:3. Ãåê-
ñàìåòèëåíòåòðààì³í çàñòîñîâóºòüñÿ â àíàë³òè÷í³é
õ³ì³¿, ìåäèöèí³ òà ôàðìàêîëîã³¿ ÿê àíòèñåïòèê,
ïðîòèì³êðîáíèé òà ïðîòèáàêòåð³àëüíèé çàñ³á, ó
õàð÷îâ³é ïðîìèñëîâîñò³ ÿê äîáàâêà-êîíñåðâàíò
Å239 ïðè êîíñåðâóâàíí³ ÷åðâîíî¿ çåðíèñòî¿ ³êðè,
ó ñèðîðîáñòâ³ òà âèðîùóâàíí³ äåÿêèõ êóëüòóð
äð³æäæ³â [1]. Äîáàâêà Å239 âõîäèòü äî ñïèñêó
äîáàâîê, äîçâîëåíèõ äëÿ âèêîðèñòàííÿ â õàð÷î-
âèõ ïðîäóêòàõ. Ìàêñèìàëüíà êîíöåíòðàö³ÿ äî-
áàâêè E239, äîïóñòèìà äëÿ ïîòðàïëÿííÿ â
îðãàí³çì ëþäèíè ïðîòÿãîì äîáè, ñòàíîâèòü
0,15 ìã íà êîæíèé ê³ëîãðàì ìàñè ò³ëà [2].

Äëÿ ê³ëüê³ñíîãî âèçíà÷åííÿ ãåêñàìåòèëåí-
òåòðààì³íó âèêîðèñòîâóþòü ð³çí³ àíàë³òè÷í³ ìå-

òîäè [3–5], äî îñíîâíèõ íåäîë³ê³â ÿêèõ íàëå-
æàòü íèçüêà ÷óòëèâ³ñòü, òðèâàë³ñòü âèçíà÷åííÿ
åêñïåðèìåíòó, âèñîêà âàðò³ñòü çàñîá³â âèì³ðþ-
âàííÿ àíàë³òè÷íîãî ñèãíàëó. Çã³äíî ç ïîïåðåäí³-
ìè äîñë³äæåííÿìè [6–8], ïðÿìà ïîòåíö³îìåòð³ÿ
ç âèêîðèñòàííÿì ñåëåêòèâíèõ ñåíñîð³â º
íàä³éíèì, äîñòóïíèì, ïðîñòèì, øâèäêèì ³ ÷óò-
ëèâèì, à òàêîæ ïåðñïåêòèâíèì ñó÷àñíèì ìåòî-
äîì âèçíà÷åííÿ. Ìåòîþ äàíî¿ ðîáîòè º ðîçðîá-
êà ³îíîìåòðè÷íîãî ñåíñîðà, ÿêèé äîçâîëÿº øâèä-
êî ³ åôåêòèâíî âèçíà÷àòè ãåêñàìåòèëåíòåòðààì³í
â ð³çíèõ îá’ºêòàõ äîñë³äæåíü. Äëÿ ê³ëüê³ñíîãî
âèçíà÷åííÿ ãåêñàìåòèëåíòåòðààì³íó ïðîïîíóºòü-
ñÿ âèêîðèñòîâóâàòè ïðÿìèé ïîòåíö³îìåòðè÷íèé
ìåòîä ³ç çàñòîñóâàííÿì ³îíîìåòðè÷íèõ ñåíñîð³â,
÷óòëèâèõ äî ðå÷îâèíè, ùî âèçíà÷àþòüñÿ.

Åêñïåðèìåíòàëüíà ÷àñòèíà

Ðåàãåíòè
Â äàí³é ðîáîò³ âèêîðèñòîâóâàëè íàñòóïí³

ðåàãåíòè: ãåêñàìåòèëåíòåòðààì³í (GMTA) (ôàð-
ìàêîïåéíî¿ ÷èñòîòè); 12-ìîë³áäîôîñôàòíó êèñ-
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ëîòó Í3PMo12O4026Í2O (àíàë³òè÷íî ÷èñòà); 12-
âîëüôðàìôîñôàòíó êèñëîòó, Í3PW12O4029Í2O
(àíàë³òè÷íî ÷èñòà); ã³äðîêñèä íàòð³þ (àíàë³òè-
÷íî ÷èñòèé); ñîëÿíó êèñëîòó (êîíö.) (àíàë³òè-
÷íî ÷èñòà); ïîë³â³í³ëõëîðèä (ÏÂÕ), ìàðêà Ñ-70
(õ³ì³÷íî ÷èñòèé); öèêëîãåêñàíîí (ÖÃ) (àíàë³òè-
÷íî ÷èñòèé); äèáóòèëôòàëàò (ÄÁÔ) (õ³ì³÷íî ÷èñ-
òèé); ä³îêòèëôòàëàò (ÄÎÔ) (õ³ì³÷íî ÷èñòèé);
åëåêòðîäíî-àêòèâíà ðå÷îâèíà (ÅÀÐ) –
(GMTA)3(ÐÌî12Î40)2, (GMTA)3(PW12O40)2.

Åëåêòðîõ³ì³÷íà êîì³ðêà äëÿ ïðÿìèõ ïîòåíö-
³îìåòðè÷íèõ äîñë³äæåíü

Åëåêòðîõ³ì³÷íà êîì³ðêà ñêëàäàëàñÿ ç
ïë³âêîâîãî ³îíîìåòðè÷íîãî ñåíñîðà (ç
âíóòð³øí³ì ðîç÷èíîì 1,010–3 Ì ðîç÷èíó äîñë³-
äæóâàíî¿ ðå÷îâèíè òà âíóòð³øíüîãî åëåêòðîäà
– äðîòó Ag/AgCl â KCl íàñ.) òà õëîðèäîñð³áíîãî
åëåêòðîäà ïîð³âíÿííÿ ÅÁË-1Ì31 ç íàñè÷åíèì
ðîç÷èíîì KCl. Âèì³ðþâàííÿ ÅÐÑ âèêîíóâàëè
çà äîïîìîãîþ ³îíîìåðà ²-130. Êèñëîòí³ñòü ðîç-
÷èí³â êîíòðîëþâàëè ïîòåíö³îìåòðè÷íî çà äîïî-
ìîãîþ ñêëÿíîãî åëåêòðîäà ESK-10601/4 òà ðåãó-
ëþâàëè çà äîïîìîãîþ ðîç÷èí³â HCl òà NaOH.

Ñïîñ³á ñèíòåçó ìåìáðàí ñåíñîðà
Ñèíòåç ïëàñòèô³êîâàíèõ ïîë³â³í³ëõëîðèä-

íèõ ìåìáðàí ïðîâîäèëè íàñòóïíèì ÷èíîì. Íà-
âàæêó 0,45 ã ÏÂÕ ðîç÷èíÿëè â 4,5 ìë ÖÃ ïðè
ñëàáêîìó íàãð³âàíí³ (íå âèùå 600Ñ) òà ïðè ïî-
ñò³éíîìó ïåðåì³øóâàíí³ äî ïîâíîãî ðîç÷èíåí-
íÿ. Îêðåìî ãîòóâàëè ðîç÷èí íàâàæêè â ìåæàõ
0,001–0,05 ã ÅÀÐ ç 1,1 ìë ìåìáðàííîãî ðîç÷èí-
íèêà-ïëàñòèô³êàòîðó – ÄÁÔ íà âîäÿí³é áàí³ òà
äîáðå ïåðåì³øóâàëè äî ïîâíîãî ðîç÷èíåííÿ.
Îäåðæàí³ îêðåì³ ðîç÷èíè ïîë³ìåðíî¿ ìàòðèö³
(ÏÌ) òà ðîç÷èí ÅÀÐ çì³øóâàëè â ñòàêàí÷èêó,
äîäàþ÷è ðîç÷èí ÅÀÐ äî ÏÌ, ùîá óòâîðèëàñÿ
ïðîçîðà ãîìîãåííà ð³äêà ñóì³ø, ÿêó ïåðåíîñèëè
äî ÷àøêè Ïåòð³ ä³àìåòðîì 50 ìì. Ï³ñëÿ ïîâíîãî
âèïàðîâóâàííÿ ÖÃ ç ñóì³ø³ ïðè ê³ìíàòí³é òåì-
ïåðàòóð³ (â ìåæàõ 18–200Ñ) ï³ä âèòÿæíîþ øà-
ôîþ (3–4 äîáè) îäåðæóâàëè ïðîçîðó åëàñòè÷íó
ïë³âêó ïëàñòèô³êîâàíî¿ ïîë³â³í³ëõëîðèäíî¿ ìåì-
áðàíè. Çà àíàëîã³÷íîþ ìåòîäèêîþ áóëè ñèíòå-
çîâàí³ ïëàñòèô³êîâàí³ ìåìáðàíè ç âèêîðèñòàí-
íÿì ÄÎÔ ÿê ìåìáðàííîãî ðîç÷èííèêà-ïëàñòè-
ô³êàòîðó.

Ðåçóëüòàòè òà îáãîâîðåííÿ

Äî ñêëàäó ïëàñòèô³êîâàíî¿ ìåìáðàíè âõî-
äèòü: ïîë³ìåðíà ìàòðèöÿ, ÅÀÐ, ðîç÷èííèê ìàò-
ðèö³, ðîç÷èííèê ÅÀÐ. Âèâ÷åííÿ âïëèâó êîæíî-
ãî ³ç êîìïîíåíò³â ö³º¿ ñèñòåìè, à òàêîæ âëàñòè-
âîñòåé ðîç÷èí³â, ÿê³ àíàë³çóþòüñÿ, ìàº âàæëèâå
çíà÷åííÿ, îñê³ëüêè ñàìå ¿õ ââàæàþòü äîì³íàí-
òíèìè ñåðåä íèçêè äîñë³äæóâàíèõ ôàêòîð³â [9].

Áóëî îïòèì³çîâàíî ñêëàä ìåìáðàíè ÷åðåç äîñë³-
äæåííÿ âïëèâó òà âì³ñòó ïëàñòèô³êàòîðó, âì³ñòó
ÅÀÐ íà åëåêòðîäí³ õàðàêòåðèñòèêè ñåíñîð³â. Ðå-
çóëüòàòè äîñë³äæåííÿ åëåêòðîõ³ì³÷íèõ âëàñòè-
âîñòåé ³îíîìåòðè÷íèõ ñåíñîð³â (ðèñ. 1) ïîêàçà-
ëè, ùî êðàùèì ïëàñòèô³êàòîðîì äëÿ ñåíñîð³â º
ÄÁÔ ç îïòèìàëüíèì çíà÷åííÿ âì³ñòó ÅÀÐ ó ìåì-
áðàí³ 10,0 ìã. Êðóòèçíà åëåêòðîäíî¿ ôóíêö³¿ º
áëèçüêîþ äî íåðíñò³âñüêîãî íàõèëó äëÿ äâîçà-
ðÿäíèõ êàò³îí³â (S30 ìÂ/ðÑ).

Âïëèâ ïðèðîäè ïðîòè³îíà êîìïëåêñíî¿ ñïî-
ëóêè íà ÷óòëèâ³ñòü ìåìáðàí ðîçðîáëåíîãî ³îíî-
ìåòðè÷íîãî ñåíñîðà äîñë³äæóâàëè çà äîïîìîãîþ
ñåð³¿ ñòàíäàðòíèõ ðîç÷èí³â ãåêñàìåòèëåíòåòðàà-
ì³íó ïðè ðÍ 2–9 òà ä³àïàçîí³ êîíöåíòðàö³é
1,010–6–1,010–2 ìîëü/ë. Ðîç÷èíè ç ðÍ>9 íå äîñ-
ë³äæóâàëè ÷åðåç çäàòí³ñòü ãåòåðîïîë³êèñëîò ðîç-
êëàäàòèñÿ â ñèëüíîëóæíèõ ñåðåäîâèùàõ ïðè ðÍ
á³ëüøå 10 ç îñàäæåííÿì îêñèä³â â³äïîâ³äíèõ
ìåòàë³â [9,10]. ßê ðîç÷èííèê äëÿ ìåìáðàíè âè-
êîðèñòîâóâàëè äèáóòèëôòàëàò (ðèñ. 2 òà 3).

Ç îòðèìàíèõ åêñïåðèìåíòàëüíèõ äàíèõ âèä-
íî, ùî ïðè âèêîðèñòàíí³ ÿê ïðîòè³îííî¿ êîìï-
ëåêñíî¿ ñïîëóêè àí³îíà 12-âîëüôðàìîôîñôàòíî¿
ãåòåðîïîë³êèñëîòè ñïîñòåð³ãàºòüñÿ çíèæåííÿ
íàõèëó åëåêòðîäíî¿ ôóíêö³¿ ìåìáðàííîãî ñåí-
ñîðà. Òàêèé åôåêò ñâ³ä÷èòü ïðî çíèæåííÿ ÷óò-
ëèâîñò³ ìåìáðàíè äî ³îí³â ãåêñàìåòèëåíòåòðà-
àì³íó. Âèêîðèñòàííÿ àí³îíà 12-ìîë³áäîôîñôàò-
íî¿ ãåòåðîïîë³êèñëîòè ÿê ïðîòè³îííî¿ êîìïëåê-
ñíî¿ ñïîëóêè, íàâïàêè, äàº çìîãó ç á³ëüøîþ òî÷-
í³ñòþ âèçíà÷èòè äîñë³äæóâàíó ðå÷îâèíó. Êð³ì
òîãî, íàõèë åëåêòðîäíî¿ ôóíêö³¿ áëèæ÷å äî òåî-
ðåòè÷íîãî çíà÷åííÿ â ð³âíÿíí³ Íåðíñòà äëÿ äâî-
çàðÿäíîãî êàò³îíà (~30 ìÂ/ðÑ).

Ðèñ. 1. Çàëåæí³ñòü íàõèëó åëåêòðîäíî¿ ôóíêö³¿ â³ä ìàñè

ÅÀÐ â ìåìáðàí³ (ðîç÷èííèê ïëàñòèô³êàòîðó – ÄÁÔ òà

ÄÎÔ)
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Ïàðàëåëüíî âèâ÷àëè çàëåæíîñò³ ì³í³ìàëü-
íî¿ âèçíà÷óâàíî¿ êîíöåíòðàö³¿ â³ä ð³çíèõ ôàê-
òîð³â äëÿ ðîçðîáëåíèõ ³îíîìåòðè÷íèõ ñåíñîð³â
÷óòëèâèõ äî ãåêñàìåòèëåíòåòðààì³íó (ðèñ. 4 òà 5).

ßê âèäíî ç îòðèìàíèõ åêñïåðèìåíòàëüíèõ
äàíèõ (ðèñ. 4), ïðè âèêîðèñòàíí³ ðîç÷èíó ç ðÍ
6,0, äèáóòèëôòàëàòó ÿê ðîç÷èííèêà-ïëàñòèô³êà-
òîðó òà àí³îíà 12-ìîë³áäîôîñôàòíî¿ ãåòåðîïîë-
³êèñëîòè ÿê ïðîòè³îííî¿ êîìïëåêñíî¿ ñïîëóêè
âèçíà÷åíèé ì³í³ìóì ñòàíîâèòü 10–5 ìîëü/ë. Ïðè
äàí³é êèñëîòíîñò³ ðîç÷èíó ìåìáðàíà ³îíîìåò-
ðè÷íîãî ñåíñîðà º íàéá³ëüø ÷óòëèâîþ äî âì³ñòó
ãåêñàìåòèëåíòåòðààì³íó. Êèñëîòí³ñòü äîñë³äæó-
âàíîãî ðîç÷èíó òà ê³ëüê³ñíèé âì³ñò ÅÀÐ â ìåì-
áðàí³ íå ³ñòîòíî âïëèâàþòü íà öåé ïàðàìåòð.

Ïðè ðÍ 6,0 ñïîñòåð³ãàºòüñÿ, íàâïàêè, çíè-
æåííÿ âèçíà÷àëüíîãî ì³í³ìóìó (ðèñ. 5) ïîð³âíÿ-
íî ç ïîïåðåäí³ìè äàíèìè. Öå ñâ³ä÷èòü ïðî çíè-
æåííÿ ÷óòëèâîñò³ ïëàñòèô³êîâàíî¿ ñåíñîðíî¿
ìåìáðàíè íà îñíîâ³ ïðîòè³îííî¿ êîìïëåêñíî¿
ñïîëóêè àí³îíà 12-âîëüôðàìîôîñôàòíî¿ ãåòåðî-

ïîë³êèñëîòè.
Òàêîæ äîñë³äæåíî õàðàêòåð âïëèâó ðîç÷èí-

íèêà-ïëàñòèô³êàòîðó íà åëåêòðîäí³ õàðàêòåðèñ-
òèêè ìåìáðàíè â çàëåæíîñò³ â³ä êèñëîòíîñò³
äîñë³äæóâàíîãî ðîç÷èíó (ðèñ. 6 òà 7).

Ç îòðèìàíèõ åêñïåðèìåíòàëüíèõ äàíèõ âèä-
íî, ùî âèêîðèñòàííÿ ä³îêòèëôòàëàòó ÿê ðîç÷èí-
íèêà-ïëàñòèô³êàòîðó ïðèçâîäèòü äî çìåíøåí-
íÿ êóòà íàõèëó åëåêòðîäíî¿ ôóíêö³¿ ³, â³äïîâ³ä-
íî, çíèæóºòüñÿ ÷óòëèâ³ñòü ïëàñòèô³êîâàíî¿ ñåí-
ñîðíî¿ ìåìáðàíè. Âèçíà÷àëüíèé ì³í³ìóì òàêîæ
çíèæåíèé ïîð³âíÿíî ç ìåìáðàíàìè íà îñíîâ³
äèáóòèëôòàëàòó.

×àñ â³äãóêó ìåìáðàíè ³îíîìåòðè÷íîãî ñåí-
ñîðà çàëåæèòü â³ä êîíöåíòðàö³¿ ³ äîð³âíþº 120-
180 ñ äëÿ íèçüêèõ êîíöåíòðàö³é (1,010–6–
1,010–5 ìîëü/ë) ³ äîð³âíþº 60–90 ñ äëÿ âèñîêèõ
êîíöåíòðàö³é (1,010–2–1,010–3 ìîëü/ë). Åêñïå-
ðèìåíòàëüíî âèçíà÷åíî, ùî îïòèìàëüíèé òåðì³í
ñëóæáè ìåìáðàí ³îíîìåòðè÷íîãî ñåíñîðà ñòà-

Ðèñ. 2. Âïëèâ ðÍ íà íàõèë åëåêòðîäíî¿ ôóíêö³¿ ñåíñîðíî¿

ìåìáðàíè (ïðîòè³îí PMo12O40
3–, ðîç÷èííèê äèáóòèëôòà-

ëàò)

Ðèñ. 3. Âïëèâ ðÍ íà íàõèë åëåêòðîäíî¿ ôóíêö³¿ ñåíñîðíî¿

ìåìáðàíè (ïðîòè³îí PW12O40
3–, ðîç÷èííèê äèáóòèëôòàëàò)

Ðèñ. 4. Çàëåæí³ñòü ì³í³ìàëüíî¿ âèçíà÷óâàíî¿ êîíöåíòðàö³¿

â³ä êèñëîòíîñò³ ñåðåäîâèùà (ïðîòè³îí PMo12O40
3–, ðîç÷èí-

íèê äèáóòèëôòàëàò)

Ðèñ. 5. Çàëåæí³ñòü ì³í³ìàëüíî¿ âèçíà÷óâàíî¿ êîíöåíòðàö³¿

â³ä êèñëîòíîñò³ ñåðåäîâèùà (ïðîòè³îí PW12O40
3–,

ðîç÷èííèê äèáóòèëôòàëàò)
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íîâèòü ~40 ä³á ïðè çáåð³ãàíí³ â ñóõîìó ñòàí³. Ö³
ìåìáðàíè íåîáõ³äíî çàíóðèòè â ðîç÷èí ç êîí-
öåíòðàö³ºþ, ùî â³äïîâ³äàº ñåðåäíüîìó ä³àïàçî-
íó âì³ñòó ãåêñàìåòèëåíòåòðààì³íó (1,010–3 ìîëü/ë)
çà ~15 õâ äî âèêîðèñòàííÿ.

Ãðàô³÷íà çàëåæí³ñòü ïîòåíö³àëó ðîçðîáëå-
íîãî ³îíîìåòðè÷íîãî ñåíñîðà â³ä êîíöåíòðàö³¿
ãåêñàìåòèëåíòåòðààì³íó íàâåäåíà íà ðèñ. 8.

Âèñíîâêè

Ðîçðîáëåíî ³îíîìåòðè÷íèé ñåíñîð äëÿ åê-
ñïðåñ-âèçíà÷åííÿ ãåêñàìåòèëåíòåòðààì³íó. Âñòà-
íîâëåíî îïòèìàëüíèé ñêëàä ìåìáðàíè, äîñë³-
äæåíî âïëèâ pH äîñë³äæóâàíîãî ðîç÷èíó, ïðè-
ðîäè ïðîòè³îíà êîìïëåêñíî¿ ñïîëóêè, ïðèðîäè
ðîç÷èííèêà-ïëàñòèô³êàòîðó äëÿ ìåìáðàíè íà
îñíîâí³ åëåêòðîäí³ õàðàêòåðèñòèê ÏÂÕ-ìåìá-
ðàíè ñåíñîðà (íàõèë åëåêòðîäíî¿ ôóíêö³¿ òà
ì³í³ìàëüíà ìåæà âèçíà÷åííÿ ãåêñàìåòèëåíòåò-
ðààì³íó). Íà ï³äñòàâ³ îòðèìàíèõ åêñïåðèìåíòàëü-
íèõ äàíèõ âèçíà÷åíî îïòèìàëüí³ óìîâè ðîáîòè
³îíîìåòðè÷íîãî ñåíñîðà: ðÍ äîñë³äæóâàíîãî
ðîç÷èíó 6,0, âì³ñò ÅÀÐ ó ìåìáðàí³ 10,0 ìã, àí³-
îí 12-ìîë³áäîôîñôàòíî¿ ãåòåðîïîë³êèñëîòè ñë³ä
âèêîðèñòîâóâàòè ÿê êîìïëåêñíó ñïîëóêó ïðî-
òè³îíà, äèáóòèëôòàëàò – ÿê ìåìáðàííèé ðîç-
÷èííèê. Åêñïåðèìåíòàëüíî âèçíà÷åíî ÷àñ â³äãó-
êó òà îïòèìàëüíèé òåðì³í ñëóæáè ìåìáðàíè
³îíîìåòðè÷íîãî ñåíñîðà.
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IONOMETRIC SENSOR FOR EXPRESS
DETERMINATION OF HEXAMETHYLENETETRAMINE

O.V. Volnyanska *, M.O. Mironyak, O.V. Labyak,
M.V. Nikolenko

Ukrainian State University of Chemical Technology, Dnipro,
Ukraine

* e-mail: Olena.Volnianskia@ukr.net

The article is devoted to the development of an ionometric
sensor for the determination of hexamethylenetetramine (HMTA).
It was found that poorly soluble complex compounds with the
composition (HMTA)3(PMo12O40)2 and (HMTA)3(PW12O40)2 are
formed as a result of the interaction of the cation of the test
substance with the anions of heteropoly acids. The obtained
compounds were used as electrode active substances for polyvinyl
chloride membranes of ionometric sensors. Phthalic acid
derivatives (dibutyl and dioctyl phthalates) were used as solvents
for plasticized membranes. The optimal composition of the
membranes was established. The dependences of the
electrochemical properties of the obtained sensor membranes on
various factors were studied. This made it possible to choose the
optimal conditions for the operation of the ionometric sensor.
The response time of the sensor does not exceed 3 minutes, and
the service life of the membrane (about 40 days) allows performing
determination without replacement. The detection limit of
hexamethylenetetramine using this sensor is 1.010–5 mol/l, and
quantitative determination can be carried out in a fairly short
time (5–10 min).

Keywords: hexamethylenetetramine; ionometry; sensor
membrane; ionometric sensor; 12-molybdophosphoric acid; 12-
tungstophosphoric acid.
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