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Èññëåäîâàíèå ïðîöåññîâ â ôàðìàöåâòè÷åñêèõ ñìåñÿõ âåñüìà àêòóàëüíî â ñâÿçè ñ øèðîêèì

ïðèìåíåíèåì êîìïëåêñíîé ôàðìàêîòåðàïèè. Îäíèì èç ìåòîäîâ, ïðèìåíÿåìûõ äëÿ îöåíêè

ñòàáèëüíîñòè ñóáñòàíöèé, ÿâëÿåòñÿ ÈÊ-ñïåêòðîñêîïèÿ. Äëÿ ïîâûøåíèÿ ýôôåêòèâíîñòè

èíòåðïðåòàöèè ÈÊ-ñïåêòðîâ ñìåñåé ðàçðàáîòàí ñïîñîá èõ àíàëèçà ñ èñïîëüçîâàíèåì ìàò-

ðè÷íûõ ìåòîäîâ è ãðàôè÷åñêîãî ðàíæèðîâàíèÿ ìàññèâà ýêñïåðèìåíòàëüíûõ äàííûõ.

Äàííûé ïîäõîä áûë àïðîáèðîâàí äëÿ àíàëèçà ìîäåëüíûõ ñìåñåé òàêèõ ôàðìàöåâòè÷åñêèõ

ñóáñòàíöèé, êàê ôåíèðàìèíà ìàëåàò è íàïðîêñåí. Ñïåêòðû ïîãëîùåíèÿ ïîëó÷àëè ñ èñ-

ïîëüçîâàíèåì ÈÊ-Ôóðüå ñïåêòðîìåòðà Avatar 360 FT-IR E.S.P. (Nicolet, ÑØÀ) ñ ïðèñòàâ-

êîé îäíîêðàòíîãî ÍÏÂÎ Smart Perfomer (îïòè÷åñêèé êðèñòàëë ZnSe; ñïåêòðàëüíûé äèà-

ïàçîí — 1,35 – 26,6 ìêì, 7400 – 375 ñì–1). Ïîëó÷åííûå ÈÊ-ñïåêòðû îáðàáàòûâàëè ñ ïî-

ìîùüþ âñòðîåííîãî ïðîãðàììíîãî îáåñïå÷åíèÿ Thermo Scientific Specta. Äëÿ ãðàôè÷åñêî-

ãî ðàíæèðîâàíèÿ ñòðîèëè ãðàôèêè â êîîðäèíàòàõ òåìïåðàòóðà íàãðåâà ñìåñè — îòíîñè-

òåëüíàÿ ÷àñòîòíàÿ èíòåíñèâíîñòü. Òî÷êè íà ãðàôèêå ïðåäñòàâëÿþò ñîáîé îòíîñèòåëüíóþ

èíòåíñèâíîñòü ïîëîñ äëÿ ñìåñè, âûäåðæàííîé ïðè îïðåäåëåííîé òåìïåðàòóðå, à êðèâûå,

êîòîðûìè îíè ñîåäèíåíû, — ïðîèñõîäÿùèå â ñòðóêòóðå âåùåñòâà ïðîöåññû. Îáùíîñòü

òåíäåíöèé èçìåíåíèÿ îòíîñèòåëüíîé èíòåíñèâíîñòè äëÿ ðàçíûõ ÷àñòîò (ïðè îäíîé òåìïå-

ðàòóðå) è/èëè äëÿ ðÿäà ÷àñòîò îäíîé õàðàêòåðèñòè÷åñêîé îáëàñòè ãîâîðèò îá îäíîíàïðàâ-

ëåííîñòè ïðîöåññà. Ãðàôè÷åñêîå ðàíæèðîâàíèå ïðèìåíåíî äëÿ õàðàêòåðèñòè÷åñêèõ ïîëîñ

ïèðèäèíîâîãî è àëèôàòè÷åñêîãî àçîòà ôåíèðàìèíà ìàëåòà è ÷àñòîò ìåæìîëåêóëÿðíîé âî-

äîðîäíîé ñâÿçè è êàðáîíèëüíîé ãðóïïû íàïðîêñåíà. Èñïîëüçîâàëè òàêæå ìåòîä ìàòåìàòè-

÷åñêîãî ðàíæèðîâàíèÿ ìàòðèö çíà÷åíèé êîýôôèöèåíòà ïðîïóñêàíèÿ. Äëÿ õàðàêòåðèñòè-

÷åñêèõ ïîëîñ èññëåäóåìûõ ñîåäèíåíèé ñîâìåñòíîå ïðèìåíåíèå ãðàôè÷åñêîãî è ìàòåìàòè-

÷åñêîãî ðàíæèðîâàíèÿ ïîçâîëÿåò ñóäèòü îá èçìåíåíèè ñòðóêòóðû íàïðîêñåíà è ôåíèðàìè-

íà ìàëåàòà ïðè âîçäåéñòâèè ïîâûøåííûõ òåìïåðàòóð: ïî ðåçóëüòàòàì ýêñïåðèìåíòà ìîæ-

íî ñäåëàòü âûâîä, ÷òî ñîëü ôåíèðàìèíà ñ ìàëåèíîâîé êèñëîòîé ïî àëèôàòè÷åñêîìó àçîòó

èìååò îäíó ñòðóêòóðíóþ êîíôîðìàöèþ, íî ýíåðãèÿ ñâÿçè çàâèñèò îò òåìïåðàòóðû.
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A widespread use of complex pharmacotherapy entails the necessity of studying the processes occurred in

pharmaceutical mixtures. IR spectroscopy is one of the methods used to assess the stability of substances.

To increase the efficiency of interpretation of the IR spectra of mixtures, a method combining matrix

methods and graphic ranking of the array of experimental data has been developed. This approach has
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been tested for the analysis of model mixtures of pharmaceutical substances naproxen and pheniramine

maleate. Absorption spectra were obtained on an Avatar 360 FT-IR ESP Fourier transform spectrometer

(Nicolet, USA) using an ATR (primary attenuation total reflection) attachment Smart Perfomer (optical

crystal ZnSe; spectral range 1.35 – 26.6 ìm, 7400 – 375 cm–1). The obtained IR spectra were processed us-

ing Thermo Scientific Specta embedded software. Graphs for graphical ranking were plotted in the coordi-

nates of the mixture heating temperature —relative frequency intensity. The points on the graph repre-

sent the relative intensity of the bands for a mixture kept at a certain temperature, whereas the curves

with which they are connected reflect the processes occurring in the structure of the substance. Common

trends in the relative intensity for different frequencies (at the same temperature) and/or for a number of

frequencies of a certain characteristic region, indicates the unidirectionality of the process. Graphic rank-

ing is applied to the characteristic bands of pyridine and aliphatic nitrogen of pheniramine maleate and

characteristic frequencies of the intermolecular hydrogen bond and carbonyl group of naproxen. We also

used the method of mathematical ranking of the matrices of transmittance values. For the characteristic

bands of the studied compounds, a combined use of graphical and mathematical ranking allowed us to in-

fer a change in the structure of naproxen and pheniramine maleate under the impact of elevated tempera-

tures: the salt of pheniramine and maleic acid in aliphatic nitrogen has one structural conformation,

whereas the binding force depends on the temperature.

Keywords: chemometrics; matrix analysis; graphical ranking; IR spectroscopy; pheniramine maleate;

naproxen; intercomponent processes.

Ââåäåíèå

Ìíîãîêîìïîíåíòíûå ñìåñè îðãàíè÷åñêèõ âå-

ùåñòâ (ëåêàðñòâåííûå ïðåïàðàòû, ïèùåâûå ïðî-

äóêòû è äð.) ìîæíî àíàëèçèðîâàòü ïîñëå ðàçäå-

ëåíèÿ êîìïîíåíòîâ õðîìàòîãðàôè÷åñêèìè ìåòî-

äàìè, à òàêæå íåïîñðåäñòâåííî ñ èñïîëüçîâàíèåì

îïòè÷åñêèõ ìåòîäîâ. Òàê, ìåòîäû ìîëåêóëÿðíîé

ñïåêòðîñêîïèè øèðîêî èñïîëüçóþò äëÿ èäåíòè-

ôèêàöèè è èññëåäîâàíèÿ ñòðóêòóð ìíîãîêîìïî-

íåíòíûõ ñèñòåì, à ìåòîä ñïåêòðîôîòîìåòðèè —

ïðè êîëè÷åñòâåííîì àíàëèçå. Îäíàêî äëÿ ïîëó-

÷åíèÿ äîñòîâåðíîãî ðåçóëüòàòà äîëæíà áûòü ðå-

øåíà ïðîáëåìà íàëîæåíèÿ ñèãíàëîâ êîìïîíåí-

òîâ ñ ó÷åòîì ñîõðàíåíèÿ èëè íåñîõðàíåíèÿ àääè-

òèâíîñòè ïîãëîùåíèÿ. Â áîëüøèíñòâå ñëó÷àåâ

îáÿçàòåëüíûìè øàãàìè ÿâëÿþòñÿ óñòðàíåíèå

øóìà, êîððåêöèÿ ðàññåÿíèÿ ñâåòà è áàçîâîé ëè-

íèè, áîðüáà ñî ñëó÷àéíûì ñìåùåíèåì ñïåêòðàëü-

íûõ ïîëîñ, à òàêæå øêàëèðîâàíèå, íåëèíåéíûå

ïðåîáðàçîâàíèÿ è íîðìèðîâàíèå.

Ìàòåìàòè÷åñêèå àëãîðèòìû èíòåðïðåòàöèè

ðåçóëüòàòîâ ýìèññèîííîãî ñïåêòðàëüíîãî àíàëè-

çà ÿâëÿþòñÿ îäíèìè èç ñàìûõ ðàñïðîñòðàíåííûõ.

Ðåøèòü ïðîáëåìó ñïåêòðàëüíûõ íàëîæåíèé ñ

ïðèìåíåíèåì àëãîðèòìîâ ïîçâîëÿþò ìåòîäû Ôè-

ðîðäòà (ÌÔ), ìíîæåñòâåííîé ëèíåéíîé ðåãðåñ-

ñèè (ÌËÐ) [1 – 3], ïðîåêöèè íà ëàòåíòíûå ñòðóê-

òóðû (ÏËÑ). Åñëè ñïåêòð ïîãëîùåíèÿ êîìïîíåí-

òîâ çàðàíåå èçâåñòåí, îáû÷íî èñïîëüçóþò ìåòîä

ïðÿìîé êàëèáðîâêè (ìåòîä K-ìàòðèöû). Ïðèìå-

íåíèå ïðîèçâîäíûõ ÿâëÿåòñÿ ýôôåêòèâíûì

ïðàêòè÷åñêèì ïðèåìîì, ïîçâîëÿþùèì çàìåòíî

ïîâûñèòü òî÷íîñòü äåêîìïîçèöèè ñïåêòðîìåòðè-

÷åñêèõ äàííûõ ìåòîäîì íåçàâèñèìûõ (indepen-

dent component analysis, ICA) è ãëàâíûõ (princi-

pal component analysis, PCA) êîìïîíåíò [4 – 8].

Ìåòîäû ìàòåìàòè÷åñêîé îáðàáîòêè ïîçâîëÿþò

ïîëó÷àòü òî÷íóþ èíôîðìàöèþ íà îñíîâàíèè ðå-

çóëüòàòîâ ñ ïðèìåíåíèåì äîñòóïíîãî îáîðóäîâà-

íèÿ è óìåíüøåííûì èíòåðâàëîì èçìåðåíèÿ

[9, 10]. Ïðè ñðàâíåíèè õåìîìåòðè÷åñêèõ ìåòîäîâ

îáðàáîòêè ñïåêòðàëüíûõ õàðàêòåðèñòèê íàèáîëü-

øóþ òî÷íîñòü ïîêàçàëè ìåòîäû íàèìåíüøèõ

êâàäðàòîâ (ÌÍÊ) è ðåãðåññèè îïîðíûõ âåêòîðîâ

[11].

Ìàòåìàòè÷åñêàÿ îáðàáîòêà áîëüøèõ ìàññè-

âîâ ñïåêòðàëüíîé èíôîðìàöèè ïîçâîëÿåò âåñüìà

òî÷íî îáðàáàòûâàòü ñïåêòðû ïîãëîùåíèÿ äàæå

ïðè èõ ïîëíîì íàëîæåíèè, îäíàêî ïåðå÷èñëåí-

íûå âûøå ìåòîäû èìåþò ðÿä íåäîñòàòêîâ [12], è

ïîèñê äðóãèõ ïîäõîäîâ ê ïîëó÷åíèþ èíôîðìàöèè

âåñüìà àêòóàëåí. Ðåçóëüòàòû ðàñ÷åòíî-ãðàôè÷å-

ñêîãî äèôôåðåíöèðîâàíèÿ êðèâûõ íà ïðèìåðå

òåðìîãðàìì áûëè ïîêàçàíû â ðàáîòå [13]. Â îñíî-

âå ðàñ÷åòîâ èñïîëüçîâàíû ìàòðè÷íûå ìåòîäû

àíàëèçà Óîëëåñà – Êàöà, Ñèìîíäñà – Êåíêàðà è

ÌÍÊ.

Èññëåäîâàíèå ïðîöåññîâ â ôàðìàöåâòè÷åñêèõ

ñìåñÿõ îñîáåííî àêòóàëüíî â ñâÿçè ñ èñïîëüçî-

âàíèåì â ñîâðåìåííîé ôàðìàêîòåðàïèè êîìáè-

íàöèé êîìïîíåíòîâ â ñîñòàâå ëåêàðñòâåííûõ

ñðåäñòâ. Íàïðîêñåí è ôåíèðàìèíà ìàëåàò äîïîë-

íÿþò ôàðìàêîëîãè÷åñêîå äåéñòâèå äðóã äðóãà è

âõîäÿò â ñîñòàâ ìíîãîêîìïîíåíòíûõ ëåêàðñòâåí-

íûõ ïðåïàðàòîâ æàðîïîíèæàþùåãî, ïðîòèâî-

âîñïàëèòåëüíîãî è îáåçáîëèâàþùåãî äåéñòâèÿ.

Ðàíåå [14] ìåòîäîì ÓÝÆÕ àíàëèçà ìîäåëüíîé

ñìåñè íàïðîêñåíà è ôåíèðàìèíà ìàëåàòà äîêàçà-

íà íåóñòîé÷èâîñòü ïîñëåäíåãî ïðè íàãðåâàíèè,

ïîýòîìó íåîáõîäèìî èçó÷åíèå ïðîöåññîâ, ïðîèñ-

õîäÿùèõ â ñòðóêòóðå ýòîé ôàðìàöåâòè÷åñêîé

ñóáñòàíöèè ïðè òåõíîëîãè÷åñêèõ îïåðàöèÿõ.

Öåëü ðàáîòû — ïðèìåíåíèå ìåòîäîâ ãðàôè-

÷åñêîãî ðàíæèðîâàíèÿ è ìàòðè÷íîãî àíàëèçà

ÈÊ-ñïåêòðîâ ìîäåëüíûõ ñìåñåé äëÿ âûÿâëåíèÿ è

èçó÷åíèÿ âçàèìîäåéñòâèé êîìïîíåíòîâ ôàðìà-

öåâòè÷åñêèõ ïðåïàðàòîâ.
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Ýêñïåðèìåíòàëüíàÿ ÷àñòü

Ñïåêòðû ïîãëîùåíèÿ â ÈÊ-îáëàñòè ïîëó÷à-

ëè ñ èñïîëüçîâàíèåì ÈÊ-Ôóðüå ñïåêòðîìåòðà

Avatar 360 FT-IR E.S.P. (Nicolet, ÑØÀ) ñ ïðèñòàâ-

êîé îäíîêðàòíîãî ÍÏÂÎ Smart Performer (îïòè-

÷åñêèé êðèñòàëë ZnSe, ñïåêòðàëüíûé äèàïàçîí

1,35 – 26,6 ìêì, 7400 – 375 ñì–1). Äëÿ ñòàòèñòè÷å-

ñêîé îáðàáîòêè ÈÊ-ñïåêòðîâ è èäåíòèôèêàöèè

ñîåäèíåíèé èñïîëüçîâàëè âñòðîåííîå ïðîãðàìì-

íîå îáåñïå÷åíèå Thermo Scientific Specta.

Ïðåäâàðèòåëüíûå ýêñïåðèìåíòû ïðîâåäåíû

ñ ïðèìåíåíèåì ôàðìàöåâòè÷åñêèõ ñóáñòàíöèé,

âõîäÿùèõ â ñîñòàâ ìíîãîêîìïîíåíòíûõ ïðåïàðà-

òîâ àíàëüãåòè÷åñêîãî, ïðîòèâîâîñïàëèòåëüíîãî

è ïðîòèâîïðîñòóäíîãî äåéñòâèÿ. Äëÿ ïðèãîòîâ-

ëåíèÿ ìîäåëüíûõ ñìåñåé íàâåñêè âåùåñòâ ìàññîé

0,1 ã (ïðè óñëîâèè áëèçîñòè èõ ìîëåêóëÿðíûõ

ìàññ) òùàòåëüíî ðàñòèðàëè â àãàòîâîé ñòóïêå.

Ðåãèñòðèðîâàëè ñïåêòðû èíäèâèäóàëüíûõ âå-

ùåñòâ, à òàêæå èõ ñìåñåé äî è ïîñëå íàãðåâàíèÿ

ïðè 90 °C â òå÷åíèå 8 ÷. Ïîëó÷åííûå ÈÊ-ñïåêòðû

ñìåñåé ñðàâíèâàëè ñ òåîðåòè÷åñêèìè, êîòîðûå

ïîëó÷àëè êàê ìàòåìàòè÷åñêóþ ñóììó ñïåêòðîâ

èíäèâèäóàëüíûõ âåùåñòâ.

Äëÿ îïðåäåëåíèÿ êîëè÷åñòâà êîìïîíåíòîâ â

ñèñòåìå ìû ìîäèôèöèðîâàëè ìàòðè÷íûå ìåòîäû

àíàëèçà Óîëëåñà – Êàöà è Ñèìîíäñà – Êåíêàðà,

îñíîâàííûå íà ïðèíöèïå àääèòèâíîñòè.

Ãðàôè÷åñêîå ðàíæèðîâàíèå ïðåäñòàâëÿåò

ñîáîé ïîñòðîåíèå ãðàôèêà â êîîðäèíàòàõ òåìïå-

ðàòóðà íàãðåâà ñìåñè — îòíîñèòåëüíàÿ èíòåí-

ñèâíîñòü ïîëîñ, êîòîðóþ ðàññ÷èòûâàþò êàê îòíî-

øåíèå èíòåíñèâíîñòè ïîãëîùåíèÿ âåùåñòâà èëè

ñìåñè ïîñëå íàãðåâàíèÿ ê èíòåíñèâíîñòè (I) ïðè

ñòàíäàðòíûõ óñëîâèÿõ (25 °C). Ïðèìåð ðàñ÷åòà

ïðåäñòàâëåí â òàáë. 1. Òî÷êè íà ãðàôèêå ïðåä-

ñòàâëÿþò ñîáîé îòíîñèòåëüíóþ èíòåíñèâíîñòü

ïîëîñ (In – Iñð)/(I1 – Iñð) äëÿ ñìåñè, âûäåðæàííîé

ïðè îïðåäåëåííîé òåìïåðàòóðå, à êðèâûå, êîòî-

ðûìè îíè ñîåäèíåíû, — ïðîèñõîäÿùèå â ñòðóê-

òóðå âåùåñòâà ïðîöåññû. Åñëè íàáëþäàåòñÿ

îáùàÿ òåíäåíöèÿ èçìåíåíèÿ îòíîñèòåëüíîé èí-

òåíñèâíîñòè äëÿ ðàçíûõ ÷àñòîò (ïðè îäíîé òåì-

ïåðàòóðå) è/èëè äëÿ ðÿäà ÷àñòîò îäíîé õàðàêòå-

ðèñòè÷åñêîé îáëàñòè, ìîæíî ãîâîðèòü îá îäíîíà-

ïðàâëåííîñòè ïðîöåññà. Íàïðèìåð, âèçóàëüíî íå

ïðîÿâëÿþòñÿ ðàçëè÷èÿ ìåæäó ñïåêòðàìè I(í) ñìå-

ñåé ïîñëå íàãðåâàíèÿ â ðàçëè÷íûõ óñëîâèÿõ,

íî ãðàôè÷åñêîå ðàíæèðîâàíèå îòêëîíåíèé

(ÄI/ÄI)(t, °C) ïîêàçûâàåò çíà÷èòåëüíûé ðàçáðîñ

äàííûõ íà ó÷àñòêå ãðàôèêà, ÷òî ïîäòâåðæäàåò

ïîäîáèå èñõîäíûõ êðèâûõ è ñòðóêòóð. Íàïðîòèâ,

ðàçëè÷íûå ïî èíòåíñèâíîñòè è îáùåìó âèäó êðè-

âûå â êîîðäèíàòàõ I(í) ïðè ðàíæèðîâàíèè äåìîí-

ñòðèðóþò îäíîðîäíîå ñìåùåíèå ïîêàçàòåëåé (ñì.

òàáë. 1), ÷òî ïîçâîëÿåò êîíñòàòèðîâàòü ðàçëè÷èÿ

ñïåêòðàëüíûõ êðèâûõ è ïîäîáèå ïðîòåêàþùèõ

ñòðóêòóðíûõ ïåðåñòðîåê.

Îáñóæäåíèå ðåçóëüòàòîâ

Ïðè ñìåøèâàíèè è ñîâìåñòíîì èçìåëü÷åíèè

îñíîâàíèÿ — ôåíèðàìèíà ñ îðãàíè÷åñêèìè êè-

ñëîòàìè áûëè âûÿâëåíû èçìåíåíèÿ ôèçè÷åñêèõ

è îïòè÷åñêèõ õàðàêòåðèñòèê. Òàê, â ðåçóëüòàòå

âçàèìîäåéñòâèÿ ñ àñêîðáèíîâîé è ÿáëî÷íîé êèñ-

ëîòàìè íàáëþäàþòñÿ óâëàæíåíèå è ðàñïëàâëå-

íèå ñìåñè. Â ÈÊ-ñïåêòðàõ èçìåíåíèÿ ïîÿâëÿþòñÿ

â ÷àñòîòíûõ îáëàñòÿõ ãèäðîêñèëüíîé ãðóïïû

êèñëîò è àìèíîãðóïïû ôåíèðàìèíà. Ìîäåëüíàÿ

ñìåñü ôåíèðàìèíà ñ îðãàíè÷åñêîé êèñëîòîé —

íàïðîêñåíîì ïîñëå ñîâìåñòíîãî èçìåëü÷åíèÿ íå

ïðåòåðïåëà âèçóàëüíûõ èçìåíåíèé. Ïëàâëåíèå

ñìåñè íàáëþäàåòñÿ ïðè òåìïåðàòóðå áîëåå íèç-

êîé, ÷åì òåìïåðàòóðà ïëàâëåíèÿ êàæäîãî êîì-

ïîíåíòà.

Â ÈÊ-ñïåêòðå íàïðîêñåíà ðàññìîòðåíû õà-

ðàêòåðèñòè÷åñêèå ïîëîñû êàðáîíîâûõ êèñëîò

è àðîìàòè÷åñêèõ ñòðóêòóð, âûäåëåíû äèàïàçî-

íû 3300 – 2500 ñì–1, 1752 – 1655 ñì–1, 1294 –

1211 ñì–1, 1120 – 1000 ñì–1. Â ÈÊ-ñïåêòðå ôåíè-

ðàìèíà ìàëåàòà âûäåëåíû ïîëîñû, ñîîòâåò-

ñòâóþùèå âîäîðîäíîé ñâÿçè (3052, 2447 ñì–1), ñî-

ïðÿæåííîé C=O ãðóïïå (1689 ñì–1), C=C ìàëåè-

íîâîé êèñëîòû (1627 ñì–1). ÈÊ-ñïåêòð ôåíèðàìè-

íà ìàëåàòà, çàðåãèñòðèðîâàííûé â èçáðàííûõ

ýêñïåðèìåíòàëüíûõ óñëîâèÿõ, ñîïîñòàâèëè ñî

ñïåêòðîì ôåíèðàìèíà. Â ñïåêòðå ìîäåëüíîé ñìå-

ñè íàáëþäàþòñÿ îòêëîíåíèÿ îò ñóììû ñïåêòðîâ

èíäèâèäóàëüíûõ âåùåñòâ (ïðèçíàêè âçàèìî-

äåéñòâèÿ êîìïîíåíòîâ) ïðè 3054, 2430, 1292 è

909 ñì–1. Â íàãðåòîé ñìåñè íàáëþäàëè èçìåíå-

íèÿ èíòåíñèâíîñòè íåêîòîðûõ ïîëîñ â îáëàñòè

1800 – 600 ñì–1, îòñóòñòâèå ïîëîñû ïðè 3150 ñì–1,

ñóììèðîâàíèå ïîëîñ íàïðîêñåíà ïðè 1724 è
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Òàáëèöà 1. Ðàññ÷èòàííûå çíà÷åíèÿ îòíîñèòåëüíîé èíòåíñèâíîñòè ïîëîñ ïîãëîùåíèÿ ôåíèðàìèíà ìàëåàòà

Table 1. Calculated values of the relative intensity of the absorption bands for pheniramine maleate
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3235,5 88,3 87,4 89,1 87,0 –0,5 –1,6 0,1 1,0 3,2 –0,2

3248,4 89,2 88,3 89,9 87,0 –0,5 –1,6 0,1 1,0 3,3 –0,3

3258,9 90,2 89,2 90,8 87,2 –0,5 –1,6 0,1 1,0 3,1 –0,2



1681 ñì–1 â ïîëîñó 1712 ñì–1, ïîÿâëåíèå ïîëîñ

1915, 1568 ñì–1.

Äëÿ äàëüíåéøåãî àíàëèçà îöèôðîâàííûõ

ñïåêòðàëüíûõ êðèâûõ è ðåçóëüòàòîâ ãðàôè÷åñêî-

ãî ðàíæèðîâàíèÿ äëÿ êîíòðîëÿ èñïîëüçîâàíû

ñïåêòðû íàïðîêñåíà è ôåíèðàìèíà ìàëåàòà ïðè

20 °C. Óñòàíîâëåíî, ÷òî íàïðîêñåí ñòàáèëåí âî

âñåì äèàïàçîíå èññëåäóåìûõ òåìïåðàòóð: îòíîñè-

òåëüíàÿ ÷àñòîòíàÿ èíòåíñèâíîñòü íå èìååò çíà-

÷èìîé ïàðàëëåëüíîñòè íà âñåõ õàðàêòåðèñòè÷å-

ñêèõ ÷àñòîòàõ, êðîìå ÷àñòîò âîäîðîäíûõ ñâÿçåé.

Â óçêèõ äèàïàçîíàõ ÷àñòîò ïåðåõîäà òðåòè÷íîãî

àëèôàòè÷åñêîãî àçîòà (îêîëî 2000 ñì–1, ðèñ. 1, è

1600 – 1575 ñì–1) ôåíèðàìèíà è ôåíèðàìèíà ìà-

ëåàòà ãðàôè÷åñêîå ðàíæèðîâàíèå ïîçâîëÿåò îò-

ëè÷àòü ñîëåâóþ ôîðìó è îöåíèâàòü ýíåðãèþ ñâÿ-

çè. Òàê, ïðè êàæóùèõñÿ ðàçëè÷èÿõ ñïåêòðîâ â îá-

ëàñòè 2000 ñì–1 îòíîñèòåëüíàÿ ÷àñòîòíàÿ èíòåí-

ñèâíîñòü èçìåíÿåòñÿ îäèíàêîâî. Åå çíà÷åíèå äëÿ

âåùåñòâà, âûáðàííîãî â êà÷åñòâå êîíòðîëüíîãî,

âñåãäà ðàâíî åäèíèöå. ×åì áîëüøå õàðàêòåðèñòè-

êè äðóãèõ ñîåäèíåíèé îòëè÷àþòñÿ îò êîíòðîëü-

íîãî, òåì áîëüøå ñìåùàþòñÿ ïî îñè çíà÷åíèÿ îò-

íîñèòåëüíîé ÷àñòîòíîé èíòåíñèâíîñòè, êîòîðûå

ìîãóò áûòü êàê îòðèöàòåëüíûìè, òàê è ïðåâû-

øàòü åäèíèöó: ðàçíèöà îïòè÷åñêèõ õàðàêòåðè-

ñòèê îñíîâàíèÿ è åãî ñîëè íàãëÿäíî ïðåäñòàâëå-

íà íà ðèñ. 1, á. Ïðè ýòîì ïðîÿâëÿåòñÿ îáùàÿ òåí-

äåíöèÿ ðàçðóøåíèÿ ñâÿçåé ôåíèðàìèíà ñ ìàëåè-

íîâîé êèñëîòîé ïðè ïåðåõîäå ê áîëåå âûñîêèì

òåìïåðàòóðàì.

Ïîñëå íàãðåâàíèÿ äî 50 °C ýëåêòðîííàÿ

ñòðóêòóðà ãðóïïèðîâêè òðåòè÷íîãî àçîòà èçìåíÿ-

åòñÿ: ñíèæàåòñÿ èíòåíñèâíîñòü êâàíòîâûõ ïåðå-

õîäîâ, ïðè äàëüíåéøåì íàãðåâàíèè äî 90 è

115 °C ýòà òåíäåíöèÿ ñîõðàíÿåòñÿ. Ïðè ýòîì íà-

áëþäàåòñÿ ñîâïàäåíèå îáùåé òåíäåíöèè â õàðàê-

òåðèñòè÷åñêèõ îáëàñòÿõ òðåòè÷íîãî àëèôàòè÷å-

ñêîãî àçîòà â äèàïàçîíàõ âîëíîâûõ ÷èñåë îêîëî

2000 ñì–1 è 1600 – 1575 ñì–1. Íåñìîòðÿ íà ñãëà-

æåííîñòü êðèâîé, ïðîÿâëåíèå ïîëîñû èìåííî

àëèôàòè÷åñêîé òðåòè÷íîé àìèíîãðóïïû, à íå

äðóãèõ ñîïðÿæåííûõ ñ íåé ñòðóêòóðíûõ ãðóïïè-

ðîâîê, ïîäòâåðæäàåò ýòî ñîâïàäåíèå.

Àíàëèç õàðàêòåðèñòè÷åñêèõ ïîëîñ àçîòà ïè-

ðèäèíîâîãî öèêëà (3070 – 3020 ñì–1, ðèñ. 2, è

1300 – 900 ñì–1) íà êðèâûõ ôåíèðàìèíà è ôåíè-

ðàìèíà ìàëåàòà, ïîëó÷åííûõ ïîñëå íàãðåâàíèÿ

ïðîá, íå ïîçâîëÿåò âûÿâèòü ñìåùåíèÿ, îòâå÷à-

þùèå ñîëåîáðàçîâàíèþ ñ ìàëåèíîâîé êèñëî-

òîé. Îäíàêî ïðîâåäåíèå ãðàôè÷åñêîãî ïîñòðîå-

íèÿ â îáîèõ äèàïàçîíàõ âîëíîâûõ ÷èñåë äåìîí-

ñòðèðóåò ïîäîáíûå èçìåíåíèÿ îòíîñèòåëüíîé

÷àñòîòíîé èíòåíñèâíîñòè, ÷òî ïîçâîëÿåò èíòåð-

ïðåòèðîâàòü èõ êàê ôîðìèðîâàíèå ñâÿçåé ñ ìà-

ëåèíîâîé êèñëîòîé ÷åðåç ïèðèäèíîâûé àçîò.

Ðåçóëüòàòû ìàòåìàòè÷åñêîãî ðàíæèðîâà-

íèÿ ìàòðèö. Äëÿ îöåíêè ÷èñëà êîìïîíåíòîâ â

ñìåñè èñïîëüçîâàí ìåòîä Óîëëåñà – Êàöà. Â êà÷å-

ñòâå ïðèìåðà ïðèâåäåíû ðåçóëüòàòû ðàñ÷åòîâ â

îáëàñòè õàðàêòåðèñòè÷åñêèõ ÷àñòîò òðåòè÷íîãî

àëèôàòè÷åñêîãî àçîòà (1915 – 2016 ñì–1).

Â òàáë. 2 è 3 ïðèâåäåíû ðåçóëüòèðóþùèå

ìàòðèöû, ðàññ÷èòàííûå ïî ìåòîäó Óîëëåñà –

Êàöà áåç ó÷åòà è ñ ó÷åòîì ñòîëáöà èñõîäíûõ äàí-

íûõ äëÿ ôåíèðàìèíà ñîîòâåòñòâåííî. Ñîãëàñíî

èñïîëüçóåìîìó ìåòîäó äàëüíåéøåå ïðåîáðàçîâà-

íèå ìàòðèö ïðåêðàùàåòñÿ ïðè âûïîëíåíèè óñëî-
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Ðèñ. 1. ÈÊ-ñïåêòð (îáëàñòü 2000 ñì–1 — òðåòè÷íûé àëèôàòè÷åñêèé àçîò) (à) è ãðàôè÷åñêîå ðàíæèðîâàíèå îòêëîíåíèé

èíòåíñèâíîñòåé íà ýòîì ó÷àñòêå (á) äëÿ ôåíèðàìèíà è åãî ìàëåèíîâîé ñîëè ïðè ðàçëè÷íûõ óñëîâèÿõ íàãðåâàíèÿ

Fig. 1. IR spectrum (spectrum region 2000 cm–1 — tertiary aliphatic nitrogen) (a) and graphical ranking of the deviations of

the intensities for this region for pheniramine and its maleic salt under different conditions of heating (b)



âèÿ äëÿ n-ãî êîíöåâîãî äèàãîíàëüíîãî ýëåìåíòà

Inn > 3Snn, ãäå S — ìàòðèöà íàêîïëåíèÿ ïîãðåø-

íîñòåé.

Â ðåçóëüòàòå ðàñ÷åòîâ óñòàíîâëåíî, ÷òî ðàíã

ìàòðèöû îòíîñèòåëüíîé îïòè÷åñêîé ïëîòíîñòè â

îáëàñòè õàðàêòåðèñòè÷åñêèõ ÷àñòîò òðåòè÷íîãî

àëèôàòè÷åñêîãî àçîòà (1915 – 2016 ñì–1) áåç ó÷åòà

äàííûõ äëÿ ôåíèðàìèíà ðàâåí 1 (ñì. òàáë. 2).

Ñ ó÷åòîì äàííûõ äëÿ ôåíèðàìèíà ðàíã ðåçóëüòè-

ðóþùåé ìàòðèöû ðàâåí 2 (ñì. òàáë. 3). Àíàëîãè÷-

íûå ðåçóëüòàòû ïîëó÷åíû äëÿ îáëàñòåé õàðàêòå-

ðèñòè÷åñêèõ ÷àñòîò òðåòè÷íîãî àëèôàòè÷åñêîãî

àçîòà (1600 – 1575 ñì–1) è ïèðèäèíîâîãî àçîòà

(1300 – 900 ñì–1). Ðåçóëüòàòû ðàñ÷åòîâ ñâèäå-

òåëüñòâóþò î òîì, ÷òî äëÿ äèàïàçîíîâ 1915 –

2016 ñì–1 è 1600 – 1575 ñì–1 ïðåäïîëàãàåòñÿ íà-

ëè÷èå óñòîé÷èâîãî ñîåäèíåíèÿ ôåíèðàìèí — ìà-

ëåèíîâàÿ êèñëîòà ïî ñîëåâîìó òèïó ìåæäó àëè-

ôàòè÷åñêèì àçîòîì è êàðáîêñèëüíîé ãðóïïîé.

Ó÷àñòîê 1300 – 900 ñì–1 ïðåäñòàâëÿåò ïðîöåññ ñî-

ëåîáðàçîâàíèÿ ôåíèðàìèíà ñ ìàëåèíîâîé êèñëî-

òîé ïî àëèôàòè÷åñêîìó àçîòó. Ïðîäóêò èìååò

îäíó óñòîé÷èâóþ ñòðóêòóðíóþ êîíôîðìàöèþ.

Ñ èñïîëüçîâàíèåì ìåòîäà Óîëëåñà – Êàöà

ðàññ÷èòàëè òàêæå ÷èñëî êîìïîíåíòîâ â ñìåñè â

îáëàñòè 3070 – 3020 ñì–1.

Àíàëèç õàðàêòåðèñòè÷åñêèõ ïîëîñ ïèðèäèíî-

âîãî öèêëà (3070 – 3020 ñì–1) íà êðèâûõ ôåíèðà-

ìèíà ìàëåàòà, ïîëó÷åííûõ ïîñëå íàãðåâàíèÿ

ïðîá ïðè ðàçëè÷íûõ òåìïåðàòóðàõ, ìåòîäîì ìà-

òåìàòè÷åñêîãî ðàíæèðîâàíèÿ ïîêàçàë, ÷òî ðàíã

ðåçóëüòèðóþùåé ìàòðèöû ðàâåí äâóì. Ðàíã ìàò-

ðèöû ïðè ââåäåíèè â íåå ñòîëáöà äàííûõ ôåíè-

ðàìèíà óâåëè÷èâàåòñÿ äî òðåõ. Ýòî ñîîòâåòñòâóåò

äâóì ðàâíîâåñíûì ïîãëîùàþùèì êîíôîðìàöè-

îííûì ôîðìàì.

Çàêëþ÷åíèå

Òàêèì îáðàçîì, ðàçðàáîòàí ñïîñîá îöåíêè

ÈÊ-ñïåêòðîâ ñ èñïîëüçîâàíèåì ìàòðè÷íûõ ìåòî-

äîâ àíàëèçà è ãðàôè÷åñêîãî ðàíæèðîâàíèÿ ìàñ-
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Òàáëèöà 2. Ìàòðèöà îòíîñèòåëüíîé îïòè÷åñêîé ïëîòíî-

ñòè â îáëàñòè õàðàêòåðèñòè÷åñêèõ ÷àñòîò òðåòè÷íîãî àëè-

ôàòè÷åñêîãî àçîòà 1915 – 2016 ñì–1, èñïîëüçîâàííàÿ äëÿ

ðàñ÷åòîâ ìåòîäîì Óîëëåñà – Êàöà áåç ó÷åòà äàííûõ äëÿ

ôåíèðàìèíà

Table 2. Matrix of the relative optical density in the region

of characteristic frequencies of tertiary aliphatic nitrogen

1915 – 2016 cm–1 used for calculation by the Wallace – Katz

method setting aside the pheniramine data

99,053 98,531 98,638 98,732

0,000 –0,096 –0,101 –0,101

0,000 –0,159 –0,072 –0,060

0,000 –0,182 –0,082 –0,036

0,000 –0,145 –0,057 –0,020

0,000 –0,130 –0,093 –0,069

Òàáëèöà 3. Ìàòðèöà îòíîñèòåëüíîé îïòè÷åñêîé ïëîòíî-

ñòè â îáëàñòè õàðàêòåðèñòè÷åñêèõ ÷àñòîò òðåòè÷íîãî àëè-

ôàòè÷åñêîãî àçîòà 1915 – 2016 ñì–1, èñïîëüçîâàííàÿ äëÿ

ðàñ÷åòîâ ìåòîäîì Óîëëåñà – Êàöà ñ ó÷åòîì äàííûõ äëÿ

ôåíèðàìèíà

Table 3. Matrix of the relative optical density in the region

of frequencies of tertiary aliphatic nitrogen 1915 –

2016 cm–1 used for calculations by the Wallace – Katz meth-

od taking into account data on pheniramine

99,053 98,919 98,531 98,638 98,732

0,000 0,141 –0,096 –0,101 –0,101

0,000 0,000 –0,337 –0,258 –0,248

0,000 0,000 –0,178 –0,078 –0,031

0,000 0,000 –0,166 –0,079 –0,042

0,000 0,000 –0,079 –0,040 –0,015
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Ðèñ. 2. ÈÊ-ñïåêòð ôåíèðàìèíà è ôåíèðàìèíà ìàëåàòà ïðè ðàçëè÷íûõ óñëîâèÿõ íàãðåâàíèÿ (à) è ãðàôè÷åñêîå ðàíæèðî-

âàíèå (á) îòêëîíåíèé èíòåíñèâíîñòåé â äèàïàçîíå âîëíîâûõ ÷èñåë 3085 – 2980 ñì–1 (ïèðèäèíîâûé àçîò)

Fig. 2. IR spectrum of pheniramine and pheniramine maleate under different heating conditions (a), and graphical ranking of

the intensity deviations in the frequency range 3085 – 2980 cm–1 (pyridine nitrogen) (b)



ñèâà ýêñïåðèìåíòàëüíûõ äàííûõ. Ìåòîä ïðèìå-

íåí äëÿ èçó÷åíèÿ âçàèìîäåéñòâèÿ â òâåðäîé ôàçå

êîìïîíåíòîâ ñìåñè íàïðîêñåíà è ôåíèðàìèíà

ìàëåàòà. Âûÿâëåííûå îòêëîíåíèÿ îò àääèòèâ-

íîñòè âèçóàëèçèðîâàíû â ôîðìå ãðàôèêîâ â êî-

îðäèíàòàõ õàðàêòåðèñòèêà ñìåñè (òåìïåðàòóðà

íàãðåâà) — îòíîñèòåëüíàÿ ÷àñòîòíàÿ èíòåíñèâ-

íîñòü. Ïðåäëîæåííûé ìåòîä íå òðåáóåò ñîïîñòàâ-

ëåíèÿ ðåàëüíûõ çíà÷åíèé èíòåíñèâíîñòè ñ êðè-

òåðèàëüíûìè çíà÷åíèÿìè (óòðîåííîå ñòàíäàðò-

íîå îòêëîíåíèå ïðè ïîâòîðíûõ èçìåðåíèÿõ îïòè-

÷åñêîé ïëîòíîñòè ñìåñè).

Ïðîâåäåí àíàëèç ÈÊ-ñïåêòðà ñìåñè íàïðîê-

ñåíà è ôåíèðàìèíà ìàëåàòà è ñóììû ñïåêòðîâ

ýòèõ ñóáñòàíöèé. Îñíîâíîå èçìåíåíèå ÈÊ-ñïåê-

òðîâ ñìåñè çàêëþ÷àåòñÿ â ïîÿâëåíèè ïîëîñ ïî-

ãëîùåíèÿ ñ âîëíîâûì ÷èñëîì 3058 è 3028 ñì–1,

êîòîðûå ñîîòâåòñòâóþò âîäîðîäíîé ñâÿçè, îáðà-

çóþùåéñÿ ìåæäó âåùåñòâàìè. Äàííûå ðåçóëüòà-

òû ïîäòâåðæäàþòñÿ ñâåäåíèÿìè î êîíñòàíòàõ

äèññîöèàöèè ñóáñòàíöèé: pKa íàïðîêñåíà = 4,15;

pKa àëèôàòè÷åñêîãî àçîòà ôåíèðàìèíà = 9,23;

pKa àðîìàòè÷åñêîãî àçîòà ôåíèðàìèíà = 4,0; äëÿ

ìàëåèíîâîé êèñëîòû pKa1 = 1,92, pKa2 = 6,23.

Ãðàôè÷åñêîå ðàíæèðîâàíèå ïðèìåíåíî äëÿ

õàðàêòåðèñòè÷åñêèõ ïîëîñ ïèðèäèíîâîãî è àëè-

ôàòè÷åñêîãî àçîòà ôåíèðàìèíà ìàëåòà è ïîëîñ

ìåæìîëåêóëÿðíîé âîäîðîäíîé ñâÿçè è êàð-

áîíèëüíîé ãðóïïû íàïðîêñåíà. Ñîâìåñòíûé àíà-

ëèç ãðàôè÷åñêîãî è ìàòåìàòè÷åñêîãî ðàíæèðî-

âàíèÿ ïî ÷àñòîòàì ïèðèäèíîâîãî àçîòà (1300 –

900 ñì–1), òðåòè÷íîãî àëèôàòè÷åñêîãî àçîòà

(1915 – 2016 ñì–1 è 1600 – 1575 ñì–1) è ïèðèäèíî-

âîãî öèêëà (3070 – 3020 ñì–1) ïîçâîëÿåò ñäåëàòü

âûâîä î ðàçëè÷íîé ñòðóêòóðíîé ïðèíàäëåæíîñòè

ýòèõ ÷àñòîò. Ó÷àñòîê 1300 – 900 ñì–1 ïðåäñòàâëÿ-

åò ïðîöåññ ñîëåîáðàçîâàíèÿ ôåíèðàìèíà ñ ìà-

ëåèíîâîé êèñëîòîé ïî àëèôàòè÷åñêîìó àçîòó.

Ïðîäóêò èìååò îäíó óñòîé÷èâóþ ñòðóêòóðíóþ

êîíôîðìàöèþ. Ñîëü ôåíèðàìèíà ñ ìàëåèíîâîé

êèñëîòîé ïî àëèôàòè÷åñêîìó àçîòó â îáëàñòè

1915 – 2016 ñì–1 è 1600 – 1575 ñì–1 èìååò îäíó

ñòðóêòóðíóþ êîíôîðìàöèþ, íî ýíåðãèÿ ñâÿçè çà-

âèñèò îò òåìïåðàòóðû. Õàðàêòåðèñòè÷åñêèå ïî-

ëîñû ïèðèäèíîâîãî öèêëà (3070 – 3020 ñì–1) íà

êðèâûõ ôåíèðàìèíà ìàëåàòà, ïîëó÷åííûõ ïîñëå

íàãðåâàíèÿ ïðîá ïðè ðàçëè÷íûõ òåìïåðàòóðàõ,

ñîîòâåòñòâóþò äâóì ðàâíîâåñíûì ïîãëîùàþùèì

êîíôîðìàöèîííûì ôîðìàì.

Ìåòîä ìàòåìàòè÷åñêîãî ðàíæèðîâàíèÿ ìàò-

ðèö çíà÷åíèé èíòåíñèâíîñòè ïðîïóñêàíèÿ íà

õàðàêòåðèñòè÷åñêèõ ÷àñòîòàõ ìîæåò áûòü ñ óñïå-

õîì ïðèìåíåí äëÿ ïðîâåðêè ÷èñëà êîìïîíåíòîâ

ñìåñåé.

Áëàãîäàðíîñòè
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