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Ââåäåíèå
Ãóìèíîâûå âåùåñòâà (ÃÂ) ïðåäñòàâëÿþò ñîáîé

ïðèðîäíûå âûñîêîìîëåêóëÿðíûå ñîåäèíåíèÿ íåðåãó-
ëÿðíîãî ñòðîåíèÿ è ïåðåìåííîãî ñîñòàâà, îáðàçóþ-
ùèåñÿ â ïðîöåññå ïîñòìîðòàëüíûõ ïðåâðàùåíèé èç
îðãàíè÷åñêèõ îñòàòêîâ ðàñòèòåëüíîãî è æèâîòíîãî
ïðîèñõîæäåíèÿ [1]. Èíòåðåñ ê èññëåäîâàíèþ ÃÂ
îáóñëîâëåí èõ äåòîêñèöèðóþùèìè ñâîéñòâàìè ïî îò-
íîøåíèþ ê àíòðîïîãåííûì çàãðÿçíÿþùèì âåùå-
ñòâàì, à òàêæå ñïîñîáíîñòüþ ê íàêîïëåíèþ ìèêðî-
ýëåìåíòîâ â äîñòóïíîé äëÿ ðàñòåíèé ôîðìå [2]. ÃÂ
êàê ïðîäóêòû ñòîõàñòè÷åñêîãî ñèíòåçà èìåþò íå-
ñòåõèîìåòðè÷åñêèé ýëåìåíòíûé ñîñòàâ, íåðåãóëÿð-
íóþ ñòðóêòóðó, âûñîêóþ ãåòåðîãåííîñòü è âûñîêóþ
ïîëèäèñïåðñíîñòü ìîëåêóëÿðíûõ ìàññ. Âñëåäñòâèå
ýòîãî îíè ïî ñëîæíîñòè ñòðîåíèÿ çàíèìàþò îäíó èç
ñàìûõ âûñîêèõ ñòóïåíåé â èåðàðõèè ïðèðîäíûõ
îðãàíè÷åñêèõ ñîåäèíåíèé, ïðåâîñõîäÿ íåôòè, ëèãíè-
íû, òàíèíû, õèòîçàíû è ò.ä. [1].

Ñóùåñòâåííûé ïðîãðåññ â îáëàñòè ïîíèìàíèÿ ìî-
ëåêóëÿðíîãî ñòðîåíèÿ ÃÂ äîñòèãíóò â ïîñëåäíåå âðå-
ìÿ áëàãîäàðÿ ïðèìåíåíèþ ìåòîäà ìàññ-ñïåêòðîìåò-

ÓÄÊ 543.51

ÂÛÁÎÐ ÎÏÒÈÌÀËÜÍÛÕ ÓÑËÎÂÈÉ ÈÎÍÈÇÀÖÈÈ
ÃÓÌÈÍÎÂÛÕ ÂÅÙÅÑÒÂ ÏÐÈÐÎÄÍÛÕ ÂÎÄ
ÝËÅÊÒÐÎÐÀÑÏÛËÅÍÈÅÌ ÄËß ÀÍÀËÈÇÀ ÌÅÒÎÄÎÌ
ÌÀÑÑ-ÑÏÅÊÒÐÎÌÅÒÐÈÈ ÈÎÍÍÎ-ÖÈÊËÎÒÐÎÍÍÎÃÎ
ÐÅÇÎÍÀÍÑÀ Ñ ÏÐÅÎÁÐÀÇÎÂÀÍÈÅÌ ÔÓÐÜÅ
Ý.Â. Êóíåíêîâ, À.Ñ. Êîíîíèõèí*, È. Â. Ïåðìèíîâà, À.Â. Ãàðìàø, È.À. Ïîïîâ*,
Å.Í. Íèêîëàåâ*
(êàôåäðà àíàëèòè÷åñêîé õèìèè, êàôåäðà îðãàíè÷åñêîé õèìèè;
e-mail: iperm@org.chem.msu.ru)

Ïðåäëîæåí ñïîñîá îïòèìèçàöèè óñëîâèé ðåãèñòðàöèè ìàññ-ñïåêòðîâ èîííî-öèêëîòðîííîãî
ðåçîíàíñà ñ ïðåîáðàçîâàíèåì Ôóðüå ïðè èîíèçàöèè ýëåêòðîðàñïûëåíèåì (ÝÐ ÈÖÐ ÏÔ). Ñ
ïîìîùüþ ïðåäëîæåííîãî ïîäõîäà èçó÷åíî âëèÿíèå ñîñòàâà ðàñòâîðà è ïîòåíöèàëà ýëåêò-
ðîðàñïûëåíèÿ íà èíòåíñèâíîñòü ïèêîâ â ìàññ-ñïåêòðàõ ÝÐ ÈÖÐ ÏÔ ãóìèíîâûõ âåùåñòâ
ïðèðîäíûõ âîä. Íàèâûñøàÿ ñóììàðíàÿ èíòåíñèâíîñòü âûáðàííûõ ïèêîâ áûëà äîñòèãíóòà
ïðè àíàëèçå ðàñòâîðà, ñîäåðæàùåãî 110 ìã/ë îáðàçöà â àöåòîíèòðèëå ïðè ïîòåíöèàëå ýëåê-
òðîðàñïûëåíèÿ 3,0 êÂ. Íàéäåííûå óñëîâèÿ ïîçâîëèëè óâåëè÷èòü ÷èñëî èîíîâ, áðóòòî-ôîð-
ìóëû êîòîðûõ óäàåòñÿ èäåíòèôèöèðîâàòü ïî ìàññ-ñïåêòðó ÝÐ ÈÖÐ ÏÔ, âêëþ÷àÿ äâóõçà-
ðÿäíûå èîíû.

Êëþ÷åâûå ñëîâà: ìàññ-ñïåêòðîìåòðèÿ ñ ïðåîáðàçîâàíèåì Ôóðüå, ýëåêòðîðàñïûëå-
íèå, èîííî-öèêëîòðîííûé ðåçîíàíñ, ãóìèíîâûå âåùåñòâà, ïðèðîäíûå âîäû.

ðèè èîííî-öèêëîòðîííîãî ðåçîíàíñà ñ ïðåîáðàçîâàíèåì
Ôóðüå (ÈÖÐ ÏÔ ÌÑ) [3]. Âûñîêàÿ ðàçðåøàþùàÿ
ñïîñîáíîñòü, äîñòèãàþùàÿ áîëåå ñòà òûñÿ÷ â äèàïà-
çîíå ìàññ <1000 Äà, è ìàëûå ïîãðåøíîñòè èçìåðåíèÿ
ìàññ <0,5 ì.ä. ïîçâîëÿþò îïðåäåëÿòü áðóòòî-ôîðìóëû
îðãàíè÷åñêèõ âåùåñòâ ïî çíà÷åíèþ ìàññû åäèíè÷íî-
ãî  ïèêà [4] äàæå â ñëîæíûõ ñìåñÿõ ñ áîëüøèì ÷èñ-
ëîì ðàçëè÷íûõ ïî õèìè÷åñêîìó ñîñòàâó âåùåñòâ ïðè
èäåíòè÷íîé íîìèíàëüíîé ìàññå [5–8]. Ýòî îïðåäåëÿåò
ïåðñïåêòèâíîñòü ïðèìåíåíèÿ ÈÖÐ ÏÔ ÌÑ äëÿ àíà-
ëèçà ÃÂ íà ìîëåêóëÿðíîì óðîâíå, îñîáåííî â ñî÷åòà-
íèè ñ “ìÿãêèì” ìåòîäîì èîíèçàöèè ýëåêòðîðàñïûëå-
íèåì (ÝÐ) [7-10]. Èîíèçàöèÿ ÝÐ îáëàäàåò òåì äîñòî-
èíñòâîì, ÷òî â óñëîâèÿõ íåâûñîêèõ íàïðÿæåíèé, ïðè-
ëàãàåìûõ ê êàïèëëÿðó (äî 40 Â), ôðàãìåíòàöèè ÃÂ íå
íàáëþäàåòñÿ [11]. Îäíàêî âûñîêàÿ ãåòåðîãåííîñòü
ÃÂ (â ìàññ-ñïåêòðå ÝÐ ÈÖÐ ÏÔ îáðàçöà ôóëüâîêèñ-
ëîò èäåíòèôèöèðîâàíî îêîëî ïÿòè òûñÿ÷ âåùåñòâ ñ
ðàçíûìè áðóòòî-ôîðìóëàìè [8]) ïðèâîäèò ê òîìó, ÷òî
âêëàä èîíîâ êàæäîãî âåùåñòâà â ôîðìèðóþùèéñÿ íà
äåòåêòîðå ñèãíàë î÷åíü ìàë, âñëåäñòâèå ÷åãî îòíî-

*Èíñòèòóò áèîõèìè÷åñêîé ôèçèêè Ðîññèéñêîé àêàäåìèè íàóê, Ìîñêâà.
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øåíèå ñèãíàë/øóì äëÿ áîëüøèíñòâà ïèêîâ íåâåëèêî.
Ýòî çàòðóäíÿåò îïðåäåëåíèå èîíîâ ñ áîëüøèìè ìàñ-
ñàìè è ìîäóëåì çàðÿäà áîëüøå åäèíèöû íà ôîíå áî-
ëåå èíòåíñèâíûõ ïèêîâ îäíîçàðÿäíûõ èîíîâ ñ ìåíü-
øèìè ìàññàìè è íå ïîçâîëÿåò äåëàòü âûâîäû î ìî-
ëåêóëÿðíî-ìàññîâîì ðàñïðåäåëåíèè ÃÂ ïî äàííûì ÝÐ
ÈÖÐ ÏÔ ÌÑ. Äëÿ óëó÷øåíèÿ îòíîøåíèÿ ñèãíàë/øóì
ïðè ïîëó÷åíèè ìàññ-ñïåêòðîâ ÃÂ ïðîâîäÿò íàêîïëåíèå
ñèãíàëà â òå÷åíèå äëèòåëüíîãî âðåìåíè (äî 22000
ñêàíèðîâàíèé [9]). Ïîâûøåíèå ýôôåêòèâíîñòè èîíèçà-
öèè òàêæå ìîæåò ñïîñîáñòâîâàòü ïîâûøåíèþ îòíî-
øåíèÿ ñèãíàë/øóì è âåðîÿòíîñòè äåòåêòèðîâàíèÿ
èîíîâ, äîëÿ êîòîðûõ â ðàñòâîðàõ ÃÂ íåâåëèêà. Íàè-
áîëåå ñóùåñòâåííîå âëèÿíèå íà ýôôåêòèâíîñòü èîíè-
çàöèè ÝÐ îêàçûâàþò  âûáîð ðàñòâîðèòåëÿ, êîíöåíòðà-
öèÿ àíàëèçèðóåìîãî âåùåñòâà, ïîòåíöèàë ÝÐ è ïîòåí-
öèàë íà âûõîäå êàïèëëÿðà. Ïåðå÷èñëåííûå óñëîâèÿ
ñóùåñòâåííî ðàçëè÷àþòñÿ â ðàáîòàõ ðàçíûõ àâòîðîâ
[7, 9, 12], èññëåäîâàâøèõ ÃÂ ïðèðîäíûõ âîä ìåòîäîì
ÝÐ ÈÖÐ ÏÔ ÌÑ, îäíàêî íè â îäíîé èç ðàáîò íå ïðè-
âîäèòñÿ îïèñàíèÿ ïðîöåäóðû îïòèìèçàöèè óñëîâèé
àíàëèçà. Öåëü íàñòîÿùåé ðàáîòû ñîñòîÿëà â îïòèìè-
çàöèè óñëîâèé ðåãèñòðàöèè ìàññ-ñïåêòðîâ ÃÂ äëÿ äî-
ñòèæåíèÿ âûñîêîé ýôôåêòèâíîñòè èîíèçàöèè, óëó÷øå-
íèÿ îòíîøåíèÿ ñèãíàë/øóì è ñîêðàùåíèÿ âðåìåíè
ïðîâåäåíèÿ àíàëèçà.

Ýêñïåðèìåíòàëüíàÿ ÷àñòü
Â êà÷åñòâå îáúåêòà àíàëèçà èñïîëüçîâàëè ñòàíäàð-

òíûé îáðàçåö (1R101N) ðàñòâîðåííîãî îðãàíè÷åñêîãî
âåùåñòâà Ìåæäóíàðîäíîãî ãóìèíîâîãî îáùåñòâà
(IHSS), âûäåëåííûé èç ðå÷íûõ âîä (Suwannee River).
Îáðàçåö ñîäåðæèò íåôðàêöèîíèðîâàííóþ ñìåñü ãóìè-
íîâûõ è ôóëüâîêèñëîò. Äëÿ ïîäãîòîâêè ïðîáû ê àíà-
ëèçó íàâåñêó îáðàçöà (1 ìã) ðàñòâîðÿëè â 1 ìë äèñ-
òèëëèðîâàííîé âîäû (“Milli-Q”). Ïîëó÷åííûé ðàñòâîð
ñðàçó æå ðàçáàâëÿëè äî êîíöåíòðàöèè 20–200 ìêã/ìë,
èñïîëüçóÿ â êà÷åñòâå ðàçáàâèòåëÿ âîäíî-ìåòàíîëü-
íóþ ñìåñü (1:3 ïî îáúåìó), à òàêæå ìåòàíîë èëè àöå-
òîíèòðèë.

Äëÿ ðåãèñòðàöèè ìàññ-ñïåêòðîâ ÝÐ ÈÖÐ ÏÔ èñ-
ïîëüçîâàëè ãèáðèäíûé ìàññ-ñïåêòðîìåòð “LTQ FT”
(“Thermo Electron Corp.”, Ãåðìàíèÿ), îáîðóäîâàííûé
ñâåðõïðîâîäÿùèì ìàãíèòîì ñ íàïðÿæåííîñòüþ ìàã-
íèòíîãî ïîëÿ 7 Òåñëà è ýëåêòðîðàñïûëèòåëåì “Ion
Max” (“Thermo Electron Corp.”, Ãåðìàíèÿ)*. Àíàëè-
çèðóåìûé ðàñòâîð ðàñïûëÿëè ñî ñêîðîñòüþ 1 ìêë/ìèí

â îòñóòñòâèå îñóøàþùåãî ãàçà â ðåæèìå îòðèöàòåëü-
íûõ èîíîâ. Äåòåêòèðîâàíèå ïðîâîäèëè â ðåæèìå øè-
ðîêîïîëîñíîãî ñêàíèðîâàíèÿ â äèàïàçîíå çíà÷åíèé
m/z îò 300 äî 800 Äà ñ ðàçðåøàþùåé ñèëîé R =
400000 ïðè âåëè÷èíå m/z = 400. Çàïèñü ñïåêòðà ïðî-
èçâîäèëè ïóòåì óñðåäíåíèÿ ðåçóëüòàòîâ 50-òè ñêàíè-
ðîâàíèé. Âíåøíåå íàêîïëåíèå èîíîâ îñóùåñòâëÿëè â
ðåæèìå àâòîìàòè÷åñêîé ðåãóëèðîâêè óðîâíÿ ñèãíàëà
(ÀÐÓ). ÀÐÓ íàñòðàèâàëè íà íàêîïëåíèå â ëèíåéíîé
êâàäðóïîëüíîé èîííîé ëîâóøêå 106 çàðÿäîâ, êîòîðûå
çàòåì ïåðåíîñèëèñü â ÿ÷åéêó ÈÖÐ. Âûáîð îïòè-
ìàëüíîãî ïîòåíöèàëà ÝÐ îñóùåñòâëÿëè âðó÷íóþ äëÿ
êàæäîãî ñîñòàâà ðàñòâîðà. Îïòèìèçàöèþ ïîòåíöèàëà
íà âûõîäå êàïèëëÿðà è ïàðàìåòðîâ èîííîé îïòèêè
îñóùåñòâëÿëè àâòîìàòè÷åñêè ñðåäñòâàìè ïðîãðàì-
ìû “Tune Plus”  (“Thermo Electron Corp.”, Ãåðìà-
íèÿ) ïî èíòåíñèâíîñòè ïèêà ïðè m/z = 399,1. Ìàññ-
ñïåêòðîìåòð êàëèáðîâàëè ñ èñïîëüçîâàíèåì ñòàíäàð-
òíîé êàëèáðîâî÷íîé ñìåñè LTQ FT. Äëÿ îáðàáîòêè
ìàññ-ñïåêòðîâ ÈÖÐ èñïîëüçîâàëè ïðîãðàììíîå
îáåñïå÷åíèå “Xcalibur 1.4” (“Thermo Electron
Corp.”, Ãåðìàíèÿ). Äàëüíåéøóþ îáðàáîòêó ñïåêòðîâ
äëÿ ïðèñâîåíèÿ ïèêàì ìîëåêóëÿðíûõ ôîðìóë îñóùå-
ñòâëÿëè ñ ïîìîùüþ îðèãèíàëüíîãî ïðîãðàììíîãî
îáåñïå÷åíèÿ “FIRAN” [13]. Âíóòðåííþþ êàëèáðîâêó
ïðîâîäèëè ñðåäñòâàìè ïðîãðàììû “Recalibrate
Offline” èç ïàêåòà “FT Tools” (“Thermo Electron
Corp.”, Ãåðìàíèÿ).

Ðåçóëüòàòû è èõ îáñóæäåíèå
Òèïè÷íûå ìàññ-ñïåêòðû ÃÂ ñîäåðæàò òûñÿ÷è ïè-

êîâ [8, 12–15], íàèáîëåå èíòåíñèâíûå èç êîòîðûõ ñî-
îòâåòñòâóþò îäíîçàðÿäíûì èîíàì è íàõîäÿòñÿ â äè-
àïàçîíå ìàññ 300–800 Äà [8, 12]. Ïîëó÷åííûå â íà-
ñòîÿùåé ðàáîòå ñïåêòðû ñîäåðæàëè äî 9618 ïèêîâ â
ýòîì äèàïàçîíå (ðèñ. 1). Ñëåäóåò îñîáî îòìåòèòü
âûñîêóþ ïëîòíîñòü ïèêîâ: ïðè êàæäîé íîìèíàëüíîé
ìàññå íàáëþäàåòñÿ íåñêîëüêî ïèêîâ [8, 9, 12], ñîîò-
âåòñòâóþùèõ èîíàì ñ ðàçëè÷íûì ýëåìåíòíûì ñîñòà-
âîì (ðèñ. 2).

Çíà÷åíèÿ àáñîëþòíîé è îòíîñèòåëüíîé èíòåíñèâíî-
ñòè ïèêîâ çàâèñÿò îò ìíîæåñòâà ôàêòîðîâ. Â íàñòîÿ-
ùåé ðàáîòå èññëåäîâàëè âëèÿíèå èñïîëüçóåìîãî ðà-
ñòâîðèòåëÿ, ïîòåíöèàëà ÝÐ è êîíöåíòðàöèè îïðåäåëÿ-
åìîãî âåùåñòâà. Â êà÷åñòâå êðèòåðèÿ îïòèìèçàöèè
ïðåäëîæåíî èñïîëüçîâàòü ñóììàðíóþ èíòåíñèâíîñòü

*Ðåãèñòðàöèþ ñïåêòðîâ ïðîâîäèëè â Èíñòèòóòå áèîõèìè÷åñêîé ôèçèêè ÐÀÍ.

15 ÂÌÓ, õèìèÿ, ¹ 5
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øåñòè âûñîêîèíòåíñèâíûõ ïèêîâ ïðè òðåõ ðàçíûõ çíà-
÷åíèÿõ íîìèíàëüíîé ìàññû. Êðèòåðèè âûáîðà òàêèõ
ïèêîâ áûëè ñëåäóþùèìè: 1) ïèê äîëæåí îáëàäàòü
âûñîêîé îòíîñèòåëüíîé èíòåíñèâíîñòüþ, ÷òîáû åãî
ìîæíî áûëî çàðåãèñòðèðîâàòü äàæå â íåîïòèìàëüíûõ
óñëîâèÿõ èîíèçàöèè; 2) âûáîð òðåõ ðàçíûõ çíà÷åíèé
íîìèíàëüíîé ìàññû îáåñïå÷èâàåò áîëüøóþ ïðåäñòà-
âèòåëüíîñòü â ïðåäåëàõ èññëåäóåìîãî äèàïàçîíà
ìàññ; 3) âûáîð ïàðû íàèáîëåå èíòåíñèâíûõ ïèêîâ ïðè
êàæäîé íîìèíàëüíîé ìàññå îáåñïå÷èâàåò óìåíüøåíèå

âêëàäà ñëó÷àéíîé ïîãðåøíîñòè â ïîëó÷àåìûå ðåçóëü-
òàòû. Âûáðàííûå ñ èñïîëüçîâàíèåì ïðèâåäåííûõ
âûøå êðèòåðèåâ ïèêè ïðåäñòàâëåíû â òàáëèöå.

Âëèÿíèå ïîòåíöèàëà ÝÐ è ðàñòâîðèòåëÿ
Ïðè óâåëè÷åíèè ïîòåíöèàëà ÝÐ â äèàïàçîíå 2,0–

3,2 êÂ íàáëþäàëîñü ñóùåñòâåííîå âîçðàñòàíèå èíòåí-
ñèâíîñòè ñèãíàëà. Îäíàêî ïîâûøåíèå ïîòåíöèàëà
ñâåðõ îïðåäåëåííîé êðèòè÷åñêîé âåëè÷èíû ñîïðî-
âîæäàëîñü ñïàäîì ñèãíàëà (ðèñ. 3) è ïîÿâëåíèåì êî-

Ðèñ. 2. Ôðàãìåíò ìàññ-ñïåêòðà îáðàçöà ÃÂ ïðèðîäíûõ âîä 1R101N â äèàïàçîíå ìàññ 427,02000–
427,17000 à.å.ì. Ðàñòâîðèòåëü – àöåòîíèòðèë, êîíöåíòðàöèÿ 120 ìã/ë, ïîòåíöèàë ÝÐ 3,2 êÂ

Ðèñ. 1. Ìàññ-ñïåêòð îáðàçöà ÃÂ ïðèðîäíûõ âîä 1R101N. Ðàñòâîðèòåëü – àöåòîíèòðèë, êîíöåíòðàöèÿ 120 ìã/ë,
ïîòåíöèàë ÝÐ 3,2 êÂ
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ðîííîãî ðàçðÿäà. Ïîÿâëåíèå ðàçðÿäà ôèêñèðîâàëè êàê
âèçóàëüíî (ñ ïîìîùüþ êàìåðû, ïåðåäàþùåé óâåëè-
÷åííîå èçîáðàæåíèå íàêîíå÷íèêà ðàñïûëèòåëÿ íà
ìîíèòîð), òàê è ïî ðåçêîìó ðîñòó âåëè÷èíû èçìåðÿ-
åìîãî èîííîãî òîêà (îò 0,12–0,25  äî 0,5–2,0 ìêÀ) â
îòñóòñòâèå ðàçðÿäà. Íàáëþäàåìûå êðèòè÷åñêèå çíà-
÷åíèÿ ïîòåíöèàëà ýëåêòðîðàñïûëåíèÿ çàâèñåëè îò
ðàñòâîðèòåëÿ è âîçðàñòàëè â ðÿäó: âîäíî-ìåòàíîëü-
íàÿ ñìåñü < ìåòàíîë < àöåòîíèòðèë. Â òîì æå ïî-
ðÿäêå âîçðàñòàëà è ñóììàðíàÿ èíòåíñèâíîñòü âûá-
ðàííûõ ïèêîâ ïðè îäèíàêîâîì çíà÷åíèè ïîòåíöèàëà
ÝÐ. Ïðè ýòîì ìàêñèìàëüíàÿ èíòåíñèâíîñòü íàáëþ-
äàëàñü äëÿ ðàñòâîðîâ îáðàçöà â àöåòîíèòðèëå. Òà-
êèì îáðàçîì, àöåòîíèòðèë ïðîÿâèë ñåáÿ êàê îïòè-
ìàëüíûé ðàñòâîðèòåëü äëÿ ïîëó÷åíèÿ ìàññ-ñïåêòðîâ

ÝÐ ÈÖÐ ÏÔ ãóìèíîâûõ âåùåñòâ ïðèðîäíûõ âîä. Â
ñâîþ î÷åðåäü ìåòàíîë îêàçàëñÿ ïðåäïî÷òèòåëüíåå
âîäíî-ìåòàíîëüíîé ñìåñè, èñïîëüçîâàâøåéñÿ äðóãè-
ìè àâòîðàìè [7, 9, 12].

Âëèÿíèå êîíöåíòðàöèè îáðàçöà
Äèàïàçîí êîíöåíòðàöèè àíàëèçèðóåìîãî îáðàçöà â

ðàáîòàõ ðàçíûõ àâòîðîâ î÷åíü øèðîê: îò 16  [12] äî
1250 [9] ìã/ë. Â íàñòîÿùåé ðàáîòå âëèÿíèå êîíöåíòðà-
öèè àíàëèçèðóåìîãî îáðàçöà â àöåòîíèòðèëüíîì ðà-
ñòâîðå èçó÷àëè ïðè ïîòåíöèàëå ýëåêòðîðàñïûëåíèÿ
3 êÂ â äèàïàçîíå êîíöåíòðàöèé 20–200 ìã/ë. Åñëè êîí-
öåíòðàöèÿ îáðàçöà â ðàñòâîðå ïðåâûøàåò 200 ìã/ë,
ïðîèñõîäèò íàðóøåíèå ñòàáèëüíîñòè ýëåêòðîðàñïûëå-
íèÿ. Ýòî çàôèêñèðîâàíî ñ ïîìîùüþ êàìåðû, ïåðåäà-
þùåé óâåëè÷åííîå èçîáðàæåíèå íàêîíå÷íèêà ðàñïû-
ëèòåëÿ íà ìîíèòîð. Óñòàíîâëåíî, ÷òî ñóììàðíàÿ èí-
òåíñèâíîñòü âûáðàííûõ ïèêîâ ðàâíîìåðíî âîçðàñòàåò
áîëåå ÷åì â ÷åòûðå ðàçà ïðè ïîâûøåíèè êîíöåíòðà-
öèè îáðàçöà îò 20 äî 110 ìã/ë. Äàëüíåéøèé ðîñò êîí-
öåíòðàöèè ïðèâîäèò ê íåçíà÷èòåëüíîìó ðàâíîìåðíîìó
ñíèæåíèþ ñóììàðíîé èíòåíñèâíîñòè âûáðàííûõ ïè-
êîâ. Òàê, ïðè êîíöåíòðàöèè îáðàçöà 200 ìã/ë ñóììàð-
íàÿ èíòåíñèâíîñòü âûáðàííûõ ïèêîâ ñîñòàâëÿëà îêîëî
80% îò ìàêñèìàëüíîé ñóììàðíîé èíòåíñèâíîñòè, íà-
áëþäàâøåéñÿ ïðè 110 ìã/ë.

Àíàëèç îáðàçöà ÃÂ ïðèðîäíûõ âîä
â îïòèìèçèðîâàííûõ óñëîâèÿõ

Â îïòèìèçèðîâàííûõ óñëîâèÿõ áûë çàðåãèñòðèðî-
âàí ìàññ-ñïåêòð ÝÐ ÈÖÐ ÏÔ îáðàçöà ÃÂ ïðèðîä-
íûõ âîä 1R101N ñ óñðåäíåíèåì ðåçóëüòàòîâ 1000
ñêàíèðîâàíèé äëÿ óëó÷øåíèÿ îòíîøåíèÿ ñèãíàë/øóì.
Ýòîò ñïåêòð ïîäâåðãàëè äàëüíåéøåé îáðàáîòêå äëÿ

Ðèñ. 3. Çàâèñèìîñòü ñóììàðíîé èíòåíñèâíîñòè ðåïåðíûõ ïèêîâ
îáðàçöà ÃÂ ïðèðîäíûõ âîä (1R101N) îò ðàñòâîðèòåëÿ è ïîòåí-
öèàëà ýëåêòðîðàñïûëåíèÿ. Êîíöåíòðàöèÿ îáðàçöà 50 ìã/ë.
1 – âîäíî-ìåòàíîëüíàÿ ñìåñü (1:3); 2 – ìåòàíîë; 3 – àöåòîíèòðèë

Øåñòü èíòåíñèâíûõ ïèêîâ â ìàññ-ñïåêòðàõ îáðàçöà ÃÂ
ïðèðîäíûõ âîä 1R101N, èñïîëüçîâàâøèõñÿ äëÿ îöåíêè

âëèÿíèÿ óñëîâèé ýêñïåðèìåíòà íà ïîëó÷àåìûé ìàññ-ñïåêòð

Ìàññà Ôîðìóëà Èíòåíñèâíîñòü 
îòíîñèòåëüíî 
ìàêñèìàëüíîãî ïèêà 
â ñïåêòðå, % (ðèñ. 1) 

399,05690 C16H15O12
– 66,11 

399,09329 C17H19O11
– 37,29 

427,05181 C17H15O13
– 91,46 

427,08820 C18H19O12
– 61,84 

451,05181 C19H15O13
– 83,04 

451,08820 C20H19O12
– 55,02 

16 ÂÌÓ, õèìèÿ, ¹ 5
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OPTIMIZATION OF IONIZATION CONDITIONS FOR ANALYSIS OF
HUMIC SUBSTANCES FROM NATURAL WATERS USING ELECTROSPRAY
IONIZATION FOURIER TRANSFORM ION CYCLOTRON RESONANCE
MASS SPECTROMETRY (ESI FTICR MS)

E.V. Kunenkov, A.S. Kononihin, I.V. Perminova, A.V. Garmash, I.A. Popov,
E.N. Nikolaev
(Division of Analytical Chemistry, Division of Organic Chemistry)

An approach to optimizing conditions of acquiring Electrospray Ionization Fourier Transform Ion
Cyclotron Resonance mass spectra (ESI FTICR MS) was suggested. This method was employed to
study the influence of cone voltage and the composition of the solution on peak intensity in ESI
FTICR mass spectra of natural water humic substances. A presence of water in methanol solution
was shown to reduce signal intensity significantly. The highest integral intensity of peaks
selected was reached on 110 mg/l sample solution in acetonitrile and cone voltage 3.0 kV. The
number of peaks to which molecular formulas were assigned, including doubly-charged peaks,
was increased using these conditions.

Key words: fourier transform mass spectrometry, electrospray ionization, ion cyclotron
resonance, humic substances, natural waters.
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Ïîñòóïèëà â ðåäàêöèþ 02.10.08.

îïðåäåëåíèÿ ìîëåêóëÿðíûõ ôîðìóë ñîäåðæàùèõñÿ â
ñîñòàâå îáðàçöà âåùåñòâ. Ïîëó÷åííûå äàííûå ñîïî-
ñòàâëÿëè ñ ðåçóëüòàòàìè îáðàáîòêè ñïåêòðà, ïîëó-
÷åííîãî íàìè â êîíòðîëüíûõ óñëîâèÿõ, àíàëîãè÷íûõ
ïðèâåäåííûì â ðàáîòå [12] (âîäíî-ìåòàíîëüíàÿ
ñìåñü 30:70, êîíöåíòðàöèÿ 20 ìã/ë, ïîòåíöèàë ÝÐ
2,2 êÂ, îñòàëüíûå óñëîâèÿ áûëè èäåíòè÷íû èñïîëü-
çîâàííûì â íàñòîÿùåé ðàáîòå). ×èñëî îïðåäåëåííûõ

íàìè ôîðìóë âîçðîñëî ñ 1731 â êîíòðîëüíûõ óñëî-
âèÿõ äî 2703 â îïòèìèçèðîâàííûõ óñëîâèÿõ. Ýòî
ñâÿçàíî ñ ðåãèñòðàöèåé èîíîâ, â òîì ÷èñëå äâóõçà-
ðÿäíûõ, èíòåíñèâíîñòü ïèêîâ êîòîðûõ îáû÷íî ìàëà
(â îïòèìèçèðîâàííûõ óñëîâèÿõ áûëî îáíàðóæåíî è
èäåíòèôèöèðîâàíî 300 ïèêîâ ñ çàðÿäîâûì ñîñòîÿíè-
åì –2, òîãäà êàê ïðè óñëîâèÿõ, èñïîëüçîâàííûõ â
ðàáîòå [12] – òîëüêî 12 ïèêîâ).
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