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Èññëåäîâàíà âîçìîæíîñòü ïðèìåíåíèÿ ïèðîãàëëîëîâîãî êðàñíîãî âîäîðàñòâîðèìîãî

(ÏÃÊÂ) â êà÷åñòâå ôîòîìåòðè÷åñêîãî ðåàãåíòà äëÿ îïðåäåëåíèÿ ñóðüìû â ðåàëüíûõ îáúåê-

òàõ. Îáðàçîâàíèå îêðàøåííîãî ïðîäóêòà íàáëþäàåòñÿ â êèñëûõ ðàñòâîðàõ (pH = 3,8 – 4,5)

â ïðèñóòñòâèè ñëàáîãî îêèñëèòåëÿ (éîäà), íåîáõîäèìîãî äëÿ ïðåäâàðèòåëüíîãî îêèñëåíèÿ

SbH3 äî ñîëåé Sb (III). Èçáûòîê éîäà óñòðàíÿþò ââåäåíèåì ðàñòâîðà òèîñóëüôàòà íàòðèÿ,

ïîñëå ïîëó÷åíèÿ ôîòîìåòðèðóåìîé ôîðìû. Ìàêñèìàëüíûé àíàëèòè÷åñêèé ñèãíàë îêðà-

øåííîé ôîðìû íàáëþäàåòñÿ ïðè 378 íì (å = 5,936 · 103). Ïîâûøåíèå êèñëîòíîñòè ðàñòâî-

ðà (pH > 7) ñîïðîâîæäàåòñÿ îáðàçîâàíèåì íàòðèåâûõ ñîëåé ðåàãåíòà, ÷òî ïðåïÿòñòâóåò äà-

ëüíåéøåìó ïðîòåêàíèþ ðåàêöèè, à íàëè÷èå îäíîãî ìàêñèìóìà îïòè÷åñêîé ïëîòíîñòè â ðå-

êîìåíäóåìîì èíòåðâàëå çíà÷åíèé pH ÿâëÿåòñÿ íåïîñðåäñòâåííûì ïîäòâåðæäåíèåì îáðà-

çîâàíèÿ èîííîãî àññîöèàòà (ÈÀ) îäíîãî ñîñòàâà. Èññëåäîâàíèå óñòîé÷èâîñòè äàííîãî ÈÀ

âî âðåìåíè âûÿâèëî åãî íèçêóþ ñòàáèëüíîñòü. Ê ñîæàëåíèþ, èçìåíåíèå äèýëåêòðè÷åñêîé

ïðîíèöàåìîñòè ðàñòâîðà íå äàëî ïîëîæèòåëüíîãî ýôôåêòà, â ñâÿçè ñ ÷åì âîçíèêàåò íåîáõî-

äèìîñòü èçìåðåíèÿ îïòè÷åñêîé ïëîòíîñòè îêðàøåííîãî ñîåäèíåíèÿ â òå÷åíèå 3 ìèí. Óñòà-

íîâëåíèå ñîñòàâà, à ñëåäîâàòåëüíî, è âîçìîæíîãî ìåõàíèçìà îáðàçîâàíèÿ ÈÀ, îñóùåñòâëÿ-

ëè íà îñíîâàíèè ìåòîäîâ ìîëÿðíûõ îòíîøåíèé è èçîìîëÿðíûõ ñåðèé. Â ðåçóëüòàòå îòãîíà

ñòèáèíà â ïîãëîòèòåëüíóþ ñèñòåìó îáðàçóåòñÿ ÈÀ ñîñòàâà M:R = 1:1, ñ ðàññ÷èòàííîé êîí-

ñòàíòîé óñòîé÷èâîñòè 4,01 · 105. Òàêèì îáðàçîì, íà îñíîâàíèè ïðîâåäåííûõ èññëåäîâàíèé

ðàçðàáîòàíà ñïåêòðîôîòîìåòðè÷åñêàÿ (ÑÔ) ìåòîäèêà îïðåäåëåíèÿ ñóðüìû ñ ïðåäåëàìè îá-

íàðóæåíèÿ è îïðåäåëåíèÿ 1,30 è 4,32 ìêã/ìë ñîîòâåòñòâåííî. Ðàçðàáîòàííàÿ ìåòîäèêà âà-

ëèäíà ïî ïîêàçàòåëÿì: ñïåöèôè÷íîñòü, ëèíåéíîñòü, ïðèöåíçèîííîñòü, ïðàâèëüíîñòü è,

ñëåäîâàòåëüíî, ìîæåò áûòü ðåêîìåíäîâàíà ê ïðèìåíåíèþ â ëþáîé êîíòðîëüíî-àíàëèòè÷å-

ñêîé ëàáîðàòîðèè äëÿ îïðåäåëåíèÿ ñóðüìû.

Êëþ÷åâûå ñëîâà: ñòèáèí; ïèðîãàëëîëîâûé êðàñíûé âîäîðàñòâîðèìûé; èîííûé àññîöè-

àò; îïðåäåëåíèå; ñïåêòðîôîòîìåòðèÿ.
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The possibility of using water soluble pyrogallol red (PRWS) as a photometric reagent for the quantitative

determination of antimony (III) in real objects has been studied. Formation of a colored product is ob-

served in acidic solutions (pH 3.8 – 4.5) with a weak oxidizing agent (iodine) present for preliminary oxida-

tion of SbH3 to salts of Sb (III). The excess iodine is eliminated through introduction of sodium thiosulfate

solution after obtaining the photometric form. The maximum analytical signal of the colored form is ob-

served at 378 nm (å = 5.936 × 103). A decrease in the acidity of the solution (pH > 7) is accompanied by

the formation of sodium salts of the reagent which prevents further complexation, whereas the only one

maximum in the absorbance within the recommended pH range directly indicates to the formation of the

the only one ionic associate (AI). The ionic associate thus formed appeared low stability in time. Unfortu-

nately, change in the dielectric constant of the solution failed to give a positive effect and measurements of
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the absorbance of the colored compound were limited to 3 minutes. Determination of the composition and

possible mechanism of the ionic associate formation was carried out on using the methods of molar ratios

and isomolar series. After stripping of stibine into the absorption system, an ionic associate of the compo-

sition M:R = 1:1 is formed with a calculated stability constant of 4.01 × 105. The obtained results are used

to develop a spectrophotometric (SP) method for antimony determination with the limits of detection and

quantitative determination of the element 1.30 and 4.32 ìg/ml, respectively. The developed method is

valid in terms of the specificity, linearity, precision and accuracy, and, therefore, can be recommended for

determination of the antimony content in any control and analytical laboratory.

Keywords: stibine; water soluble pyrogallol red; ionic associate; determination; spectophotometry.

Ââåäåíèå

Ìåòîäû îïðåäåëåíèÿ ñóðüìû (III, V), îñíî-

âàííûå íà ôîòîìåòðèðîâàíèè ïðîäóêòîâ åå êîì-

ïëåêñîîáðàçîâàíèÿ ñ îðãàíè÷åñêèìè ðåàãåíòàìè

[1 – 11], âûçûâàþò íåñîìíåííûé èíòåðåñ êàê â

òåîðåòè÷åñêîì, òàê è ïðàêòè÷åñêîì îòíîøåíèè

[12].

Ê ñîæàëåíèþ, â îïóáëèêîâàííîé â íàñòîÿùåå

âðåìÿ ëèòåðàòóðå ìåõàíèçì, ñîñòàâ è óñëîâèÿ îá-

ðàçîâàíèÿ êîìïëåêñíûõ ñîåäèíåíèé, à èìåííî,

ÈÀ ñóðüìû (III) ñ êàòèîíàìè îñíîâíûõ è òðèôå-

íèëìåòàíîâûõ êðàñèòåëåé [13], îïèñàíû äàëåêî

íå ïîëíîñòüþ. Êðîìå òîãî, ãîâîðÿ î ïðàêòè÷åñêîé

îáëàñòè ïðèìåíåíèÿ äàííûõ ðåàêöèé, íåëüçÿ çà-

áûâàòü î âëèÿíèè ìàòðèöû íà îáðàçîâàíèå ÈÀ,

à ñëåäîâàòåëüíî, è íà ðåçóëüòàòû îïðåäåëåíèÿ.

Äëÿ ïîâûøåíèÿ ñåëåêòèâíîñòè îïðåäåëåíèÿ

ñóðüìû àâòîðû ðÿäà ðàáîò [14 – 18] ðåêîìåíäóþò

ïåðåâîä âñåõ ôîðì ýëåìåíòà â ãèäðèä (ñòèáèí) ñ

åãî ïîñëåäóþùèì îïðåäåëåíèåì. Îäíàêî èçìåíå-

íèå àíàëèòè÷åñêîé ôîðìû ýëåìåíòà ìîæåò ïðè-

âåñòè ê ïðîòåêàíèþ ðÿäà ïîáî÷íûõ ïðîöåññîâ,

÷òî â öåëîì ìîæåò ñêàçàòüñÿ íà ìåõàíèçìå îáðà-

çîâàíèÿ ÈÀ.

Öåëü ðàáîòû — èññëåäîâàíèå ðåàêöèè îáðà-

çîâàíèÿ ÈÀ ñòèáèíà ñ ïèðîãàëëîëîâûì êðàñíûì

âîäîðàñòâîðèìûì è ðàçðàáîòêà ìåòîäèêè ñïåê-

òðîôîòîìåòðè÷åñêîãî îïðåäåëåíèÿ ñóðüìû â ïðè-

ðîäíûõ è òåõíîãåííûõ îáðàçöàõ.

Ýêñïåðèìåíòàëüíàÿ ÷àñòü

Ðåàãåíòû è ðàñòâîðû. Èñõîäíûé ðàñòâîð

(1,60 ìã/ìë) Sb (III) ãîòîâèëè ðàñòâîðåíèåì

0,3000 ã õëîðèäà ñóðüìû (III) (÷äà) â 5,0 ìë HCl

(ñ = 1,19 ã/ìë, õ÷) â ìåðíîé êîëáå íà 100 ìë ñ ïî-

ñëåäóþùèì äîâåäåíèåì îáúåìà ðàñòâîðà äî ìåò-

êè äåèîíèçèðîâàííîé âîäîé. Ðàñòâîð ñòàíäàðòè-

çèðîâàëè áðîìàòîìåòðè÷åñêè. Ðàáî÷èé ðàñòâîð

Sb (III) (0,16 ìêã/ìë) ãîòîâèëè íåïîñðåäñòâåííî

ïåðåä âûïîëíåíèåì èññëåäîâàíèÿ.

Â ðàáîòå èñïîëüçîâàëè éîäèä êàëèÿ, àñêîðáè-

íîâóþ êèñëîòó, ÏÃÊÂ, òèîñóëüôàò íàòðèÿ è ãèä-

ðîêñèä íàòðèÿ êâàëèôèêàöèè ÷äà, öèíê è óêñóñ-

íóþ êèñëîòó êâàëèôèêàöèè õ÷, à òàêæå ýòèëîâûé

ñïèðò (95 % îá.). Êèñëîòíîñòü, íåîáõîäèìóþ äëÿ

îáðàçîâàíèÿ ÈÀ, ñîçäàâàëè ââåäåíèåì â ïîãëî-

òèòåëüíóþ ñèñòåìó áóôåðíîãî ðàñòâîðà ñ pH 2,5 –

9,1.

Àïïàðàòóðà. Èññëåäîâàíèÿ îêðàøåííûõ

ôîðì ïðîâîäèëè ñ èñïîëüçîâàíèåì ñïåêòðîôîòî-

ìåòðà ÑÔ-2000. Çíà÷åíèå pH èçìåðÿëè ñ ïîìî-

ùüþ èîíîìåòðà ðÕ-150ÌÈ ñî ñòåêëÿííûì èíäè-

êàòîðíûì ýëåêòðîäîì.

Ìåòîäèêà îïðåäåëåíèÿ. Óñòàíîâêà äëÿ ïîëó-

÷åíèÿ è ïåðåãîíêè ñòèáèíà îïèñàíà â ðàáîòå [19].

Â êðóãëîäîííóþ êîëáó, ñîäåðæàùóþ 1,5 ìë 40 %-

íîãî ðàñòâîðà éîäèäà êàëèÿ, 1,0 ìë 10 %-íîãî

ðàñòâîðà àñêîðáèíîâîé êèñëîòû è 10 – 15 ìë

4,0 Ì ðàñòâîðà HCl (ðåàêöèîííóþ ñìåñü), ââîäè-

ëè ñòàíäàðòíîå êîëè÷åñòâî ñóðüìû. ×åðåç 15 ìèí

â êîëáó ïîìåùàëè 4,00 ã öèíêà è ïðèñîåäèíÿëè

åå ê ïîãëîòèòåëüíîé ÿ÷åéêå, ñîäåðæàùåé ðàñòâî-

ðû éîäà, ÏÃÊÂ è ñîîòâåòñòâóþùèé áóôåðíûé

ðàñòâîð.

Ïåðåãîíêó ïðîâîäèëè â òå÷åíèå 35 ìèí. Ñî-

äåðæèìîå ïîãëîòèòåëüíîé ÿ÷åéêè êîëè÷åñòâåííî

ïåðåíîñèëè â ìåðíóþ êîëáó íà 25 ìë, ðàçðóøàëè

èçáûòîê îêèñëèòåëÿ òèîñóëüôàòîì íàòðèÿ è äî-

âîäèëè îáúåì ðàñòâîðà äî ìåòêè äåèîíèçèðîâàí-

íîé âîäîé. Îïòè÷åñêóþ ïëîòíîñòü ðàñòâîðîâ èç-

ìåðÿëè îòíîñèòåëüíî êîíòðîëüíîãî îïûòà.

Ñîñòàâ îáðàçóþùåãîñÿ ÈÀ óñòàíàâëèâàëè

ìåòîäàìè ìîëÿðíûõ îòíîøåíèé è èçîìîëÿðíûõ

ñåðèé.

Îáñóæäåíèå ðåçóëüòàòîâ

Ïðè èññëåäîâàíèè ñîñòàâà, óñòîé÷èâîñòè è

ìåõàíèçìà îáðàçîâàíèÿ ÈÀ íåîáõîäèìî ó÷èòû-

âàòü âëèÿíèå ïðèðîäû ðàñòâîðèòåëÿ, êèñëîò-

íîñòè, à òàêæå êîëè÷åñòâî ââåäåííîãî îêèñëèòåëÿ.

Âëèÿíèå pH. Ñîãëàñíî äàííûì, ïðåäñòàâëåí-

íûì â ðàáîòå [13, ñ. 57], îáðàçîâàíèå ÈÀ Sb3+ ñ

ðåàãåíòîì ïðîòåêàåò â ñëàáîêèñëîé ñðåäå (pH

4,5). Äåéñòâèòåëüíî, àíàëèç çàâèñèìîñòè îïòè÷å-

ñêîé ïëîòíîñòè îò pH (ðèñ. 1) ñâèäåòåëüñòâóåò î

êîëè÷åñòâåííîì ïðîòåêàíèè ðåàêöèè â èíòåðâà-

ëå çíà÷åíèé pH 3,8 – 4,5. Ïîâûøåíèå êèñëîò-

íîñòè ðàñòâîðà (pH > 7) ñîïðîâîæäàåòñÿ èçìåíå-

íèåì îêðàñêè ðåàãåíòà âñëåäñòâèå îáðàçîâàíèÿ

íàòðèåâûõ ñîëåé, ÷òî, âèäèìî, ïðåïÿòñòâóåò îá-

ðàçîâàíèþ ÈÀ. Íàëè÷èå îäíîãî ìàêñèìóìà îïòè-

÷åñêîé ïëîòíîñòè â äàííîì èíòåðâàëå çíà÷åíèé

16 «Çàâîäcêàÿ ëàáîpàòîpèÿ. Äèàãíîcòèêà ìàòåpèàëîâ». 2019. Òîì 85. ¹ 9



pH ïîäòâåðæäàåò ïðåäïîëîæåíèå îá îáðàçîâàíèè

àññîöèàòà îäíîãî ñîñòàâà.

Âëèÿíèå âðåìåíè âûäåðæèâàíèÿ. Ðåçóëüòà-

òû èññëåäîâàíèÿ óñòîé÷èâîñòè àññîöèàòà, îáðà-

çóåìîãî ñîëÿìè Sb3+ ñ ÏÃÊÂ â ïðèñóòñòâèè éîäà

ïðè pH 4,5, íåîäíîçíà÷íû. Òàê, ñîãëàñíî çàâèñè-

ìîñòÿì, ïðåäñòàâëåííûì íà ðèñ. 2, ôîòîìåòðè-

ðóåìàÿ ôîðìà, ïîëó÷åííàÿ â ðåçóëüòàòå âçàèìî-

äåéñòâèÿ ñîëåé Sb3+ íåïîñðåäñòâåííî ñ ðåàãåí-

òîì, óñòîé÷èâà â òå÷åíèå 3 ÷, â îòëè÷èå îò àññî-

öèàòà, îáðàçîâàííîãî SbH3, êîòîðûé â òå÷åíèå

÷àñà ðàçðóøàåòñÿ ïðàêòè÷åñêè íà 50 %. Âîçìîæ-

íî, ñíèæåíèå óñòîé÷èâîñòè ÈÀ ñâÿçàíî ñ ïðîòå-

êàíèåì â ïîãëîòèòåëüíîé ÿ÷åéêå êîíêóðèðóþ-

ùèõ ïðîöåññîâ (îêèñëåíèÿ SbH3 è ðåàêöèè ýëåê-

òðîôèëüíîãî çàìåùåíèÿ â ÏÃÊÂ). Èçìåíåíèå

äèýëåêòðè÷åñêîé ïðîíèöàåìîñòè çà ñ÷åò äîáàâëå-

íèÿ ê ïîãëîòèòåëüíîìó ðàñòâîðó 10 ìë èçîàìèëî-

âîãî ñïèðòà, íå ïðèâåëî ê ñòàáèëèçàöèè ôîòîìåò-

ðèðóåìîé ôîðìû. Îïòè÷åñêàÿ ïëîòíîñòü â îáîèõ

ñëó÷àÿõ äîñòèãàåò ìàêñèìàëüíîãî çíà÷åíèÿ â òå-

÷åíèå 3 ìèí.

Âëèÿíèå îêèñëèòåëÿ. Äëÿ êîëè÷åñòâåííîãî

îáðàçîâàíèÿ ÈÀ âîçíèêàåò íåîáõîäèìîñòü ââåäå-

íèÿ â ïîãëîòèòåëüíûé ñîñóä ðàñòâîðà îêèñëèòåëÿ

(éîäà). Îäíàêî ýòî ìîæåò ïðèâåñòè ê èçìåíåíèþ

ñîñòàâà àíàëèòè÷åñêîé ôîðìû ÏÃÊÂ çà ñ÷åò ïî-

ÿâëåíèÿ â ïàðà-ïîëîæåíèè ýëåêòðîôèëüíîãî çà-

ìåñòèòåëÿ. Â äåéñòâèòåëüíîñòè ââåäåíèå îêèñëè-

òåëÿ ïðèâåëî ëèøü ê ïîÿâëåíèþ ìèíèìóìà â

ñïåêòðå ïîãëîùåíèÿ (ðèñ. 3). Âîçìîæíî, ýòî ñâÿ-

çàíî íå òîëüêî ñ íàëîæåíèåì ñïåêòðîâ ïîãëîùå-

íèÿ îáðàçóåìîãî àññîöèàòà è ïðîäóêòîâ ýëåêòðî-

ôèëüíîãî çàìåùåíèÿ ðåàãåíòà, íî è ñî çíà÷è-

òåëüíûì èçáûòêîì îêèñëèòåëÿ (éîäà) â ðàñòâîðå

ñðàâíåíèÿ. Ðàçðóøåíèå èçáûòêà éîäà òèîñóëü-

ôàòîì íàòðèÿ ñîïðîâîæäàåòñÿ âîññòàíîâëåíèåì

ñïåêòðàëüíûõ õàðàêòåðèñòèê àññîöèàòà, ÷òî ñâè-

äåòåëüñòâóåò îá óñòîé÷èâîñòè ÏÃÊÂ ê äåéñòâèþ

îêèñëèòåëÿ.

Ñïåêòðû ïîãëîùåíèÿ. Ìàêñèìàëüíûé àíà-

ëèòè÷åñêèé ñèãíàë ôîòîìåòðèðóåìîé ôîðìû íà-

áëþäàåòñÿ ïðè 378 íì (ðèñ. 4). Áëèçêèå çíà÷åíèÿ

ìàêñèìóìîâ ñâåòîïîãëîùåíèÿ ïðîäóêòîâ àññî-

öèàöèè ðåàãåíòà ñ ñîëÿìè Sb (III) è SbH3 ñâè-

äåòåëüñòâóþò îá îáðàçîâàíèè ÈÀ îäíîãî ñîñòàâà.

Ê ñîæàëåíèþ, êîíòðàñòíîñòü ðåàêöèè íèçêàÿ

è äëÿ îáðàçóåìîãî ïðîäóêòà õàðàêòåðíî ëèøü

îñëàáëåíèå îêðàñêè ñî âðåìåíåì. Ìîëÿðíûé êî-
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Ðèñ. 2. Âðåìåííáÿ çàâèñèìîñòü îïòè÷åñêîé ïëîòíîñòè

ôîòîìåòðèðóåìîé ôîðìû, ïîëó÷åííîé â ðåçóëüòàòå êîì-

ïëåêñîîáðàçîâàíèÿ ÏÃÊÂ: 1 — ñ SbH
3

â ïðèñóòñòâèè

îêèñëèòåëÿ; 2 — Sb3+; 3 — SbH
3

â ïðèñóòñòâèè îêèñëèòå-

ëÿ â âîäíî-èçîàìèëîâîé ñðåäå

Fig. 2. Time dependence of the absorbance of the photo-

metric form obtained as a result of PRWS complexation

with: 1 — SbH3 (with an oxidizing agent present); 2 — Sb3+,

and 3 — SbH3 (in an aqueous isoamyl medium with an oxi-

dizing agent present)
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Ðèñ. 3. Ñïåêòðû ïîãëîùåíèÿ èîííîãî àññîöèàòà, îáðàçî-

âàííîãî â ðåçóëüòàòå ïåðåãîíêè ñòèáèíà â ïîãëîòèòåëü-

íûé ðàñòâîð, ñîäåðæàùèé: 1 — ÏÃÊÂ; 2 — ÏÃÊÂ + I
2
;

3 — ÏÃÊÂ + I
2

ñ ïîñëåäóþùèì óñòðàíåíèåì èçáûòêà

îêèñëèòåëÿ ðàñòâîðîì Na
2
S

2
O

3

Fig. 3. The absorption spectra of the ionic associate formed

as a result of the stibane distilling into an absorption solu-

tion, containing: 1 — PRWS; 2 — PRWS + I2; 3 — PRWS +

+ I2 with subsequent elimination of the excess oxidant by

Na2S2O3 solution



ýôôèöèåíò ñâåòîïîãëîùåíèÿ ïðè ýòîì ñîñòàâèë

5,936 · 103.

Ñîñòàâ è ñòðîåíèå êîìïëåêñà. Ñòåõèîìåòðè-

÷åñêèå êîýôôèöèåíòû àññîöèàöèè SbH3 ñ ÏÃÊÂ

óñòàíàâëèâàëè ìåòîäàìè ìîëÿðíûõ îòíîøåíèé

è èçîìîëÿðíûõ ñåðèé (ðèñ. 5), ñîãëàñíî êîòî-

ðûì ýëåìåíò âçàèìîäåéñòâóåò ñ ðåàãåíòîì â ïðè-

ñóòñòâèè îêèñëèòåëÿ â ìîëÿðíîì ñîîòíîøåíèè

M:R = 1:1. Òàêèì îáðàçîì, âîçìîæíûé ìåõàíèçì

îáðàçîâàíèÿ ÈÀ îòðàæàåòñÿ ñëåäóþùèìè ïðî-

öåññàìè:

SbH3 + 3I2 � HSbI4 + 2HI,

Ðàññ÷èòàííîå çíà÷åíèå êîíñòàíòû óñòîé÷è-

âîñòè ÈÀ ñîñòàâèëî 4,01 · 105.

Íà îñíîâàíèè ãðàäóèðîâî÷íîé çàâèñèìîñòè

y = 0,2176x + 0,0219, R = 0,9985, êîòîðàÿ ëèíåé-

íà â äèàïàçîíå êîíöåíòðàöèé àíàëèòà 0,16 –

3,00 ìêã/ìë, ðàññ÷èòàëè ïðåäåëû îáíàðóæåíèÿ è

îïðåäåëåíèÿ ñóðüìû (1,30 è 4,32 ìêã/ìë ñîîòâåò-

ñòâåííî). Îñíîâíûå àíàëèòè÷åñêèå õàðàêòåðè-

ñòèêè ÑÔ ìåòîäèêè îïðåäåëåíèÿ ñóðüìû ïðåä-

ñòàâëåíû â òàáë. 1.

Âëèÿíèå ïîñòîðîííèõ èîíîâ. Èçó÷åíî âëèÿ-

íèå ðÿäà èîíîâ íà òî÷íîñòü îïðåäåëåíèÿ ñóðüìû.

Èññëåäîâàíèÿ ïðîâîäèëè â ñîîòâåòñòâèè ñ ìåòî-

äèêîé, ïî êîòîðîé ïîëó÷åíà ãðàäóèðîâî÷íàÿ çà-

âèñèìîñòü, ñ òîé ëèøü ðàçíèöåé, ÷òî âîññòàíîâ-

ëåíèå âñåõ ôîðì ñóðüìû è ïåðåãîíêó ãèäðèäà

îñóùåñòâëÿëè â ïðèñóòñòâèè ïîñòîðîííèõ èîíîâ

(òàáë. 1).

Óñòàíîâëåíî çàíèæåíèå ðåçóëüòàòîâ îïðåäå-

ëåíèÿ ñóðüìû â ïðèñóòñòâèè ñîëåé Co2+, Cu2+,

Pb2+, ÷òî, ñêîðåå âñåãî, îáóñëîâëåíî ïðîñêîêîì

ãèäðèäà ÷åðåç ïîãëîòèòåëüíûé ðàñòâîð âñëåäñò-

âèå óâåëè÷åíèÿ ñêîðîñòè âûäåëåíèÿ âîäîðîäà.

Â óñëîâèÿõ ïîëó÷åíèÿ ñòèáèíà äî ãèäðèäîâ

òàêæå âîññòàíàâëèâàþòñÿ ñåðà, ôîñôîð, ñåëåí è

ãåðìàíèé, äëÿ óñòðàíåíèÿ âëèÿíèÿ êîòîðûõ èñ-

ïîëüçóþò èçâåñòíûå ìåòîäû [13, ñ. 57 – 58].

Ðàçðàáîòàííóþ ÑÔ ìåòîäèêó îïðåäåëåíèÿ

ñóðüìû îïðîáîâàëè ïðè àíàëèçå ïðèðîäíûõ

(âîäà) è òåõíîãåííûõ (ñòàëü) îáðàçöîâ.

Îïðåäåëåíèå ñóðüìû â âîäå. Ïðîáîîòáîð è

ïðîáîïîäãîòîâêó âîäû ïðîâîäèëè â ñîîòâåòñòâèè

ñ ðåêîìåíäàöèÿìè, ïðåäñòàâëåííûìè â ðàáîòå

[20]. Ìèíåðàëèçàò, ðàñòâîðåííûé â 10 ìë 4 Ì

HCl, êîëè÷åñòâåííî ïåðåíîñèëè â ìåðíóþ êîëáó

íà 50 ìë è äîâîäèëè îáúåì ðàñòâîðà äî ìåòêè

äåèîíèçèðîâàííîé âîäîé. Àëèêâîòíóþ ÷àñòü ïî-

ëó÷åííîãî ðàñòâîðà ïåðåíîñèëè â êðóãëîäîííóþ

êîëáó, ñîäåðæàùóþ éîäèä êàëèÿ è àñêîðáèíîâóþ

êèñëîòó. Ñïóñòÿ 15 ìèí â êîëáó âíîñèëè ìåòàëëè-

÷åñêèé öèíê (4,0 ã) è ïåðåãîíÿëè ïîëó÷åííóþ ãà-

çîâóþ ñìåñü â ïîãëîòèòåëüíóþ ÿ÷åéêó, ñîäåðæà-

ùóþ ðàñòâîðû ÏÃÊÂ, éîä è áóôåðíûé ðàñòâîð

(pH 4,6).

Ïåðåãîíêó ïðîâîäèëè â òå÷åíèå 35 ìèí. Ñî-

äåðæèìîå ïîãëîòèòåëüíîé ÿ÷åéêè êîëè÷åñòâåííî

ïåðåíîñèëè â ìåðíóþ êîëáó íà 25 ìë, ðàçðóøàëè

èçáûòîê îêèñëèòåëÿ òèîñóëüôàòîì íàòðèÿ è äî-

âîäèëè îáúåì ðàñòâîðà äî ìåòêè äåèîíèçèðîâàí-

íîé âîäîé. Îïòè÷åñêóþ ïëîòíîñòü ðàñòâîðîâ èç-

ìåðÿëè íà äëèíå âîëíû 378 íì îòíîñèòåëüíî

êîíòðîëüíîãî îïûòà.
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Ðèñ. 4. Ñïåêòðû ïîãëîùåíèÿ èîííîãî àññîöèàòà, îáðàçî-
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Fig. 4. The absorption spectra of the ion associate formed

as a result of the interaction of the reaction mixture I2 +

+ PRWS with stibine (2); and Sb (III) salts (3) with subse-

quent elimination of the excess oxidant with Na2S2O3 solu-

tion; blank test (1)
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Òàáëèöà 1. Ðåçóëüòàòû ñïåêòðîôîòîìåòðè÷åñêîãî îïðå-

äåëåíèÿ ñóðüìû (m
Sb

= 32,5 ìêã) â ïðèñóòñòâèè ïîñòîðîí-

íèõ èîíîâ (n = 6; P = 0,98)

Table 1. Results of the spectrophotometric determination

of antimony (mSb = 32.5 ìg) with foreign ions present

(n = 6; P = 0.98)

Èîí m, ìêã

Íàéäåíî Sb, ìêã

Âûõîä, %

m m� � S
r
, %

As (III) 50,0 31,8 ± 1,2 3,77 97,85

Cu (II) 50,0 30,9 ± 0,9 2,91 95,08

Ni (II) 50,0 31,4 ± 1,1 3,50 96,62

Co (II) 50,0 30,5 ± 0,9 2,95 93,85

Pb (II) 50,0 31,0 ± 1,0 3,23 95,39

S (II) 100,0 31,9 ± 1,2 3,76 98,15

P (V) 100,0 32,1 ± 1,2 3,74 98,77

Se (VI) 100,0 31,9 ± 1,2 3,76 98,15



Ñîäåðæàíèå ñóðüìû â ïðîáå îïðåäåëÿëè ïî

ãðàäóèðîâî÷íîé çàâèñèìîñòè, îïèñûâàåìîé óðàâ-

íåíèåì y = 0,2412x – 0,0014 (R2 = 0,9999). Ïðà-

âèëüíîñòü ïîëó÷åííûõ ðåçóëüòàòîâ êîíòðîëèðî-

âàëè àðáèòðàæíûì ìåòîäîì è ìåòîäîì äîáàâîê.

Ðåçóëüòàòû îïðåäåëåíèÿ ñóðüìû â ïðèðîäíîé

âîäå ïðåäñòàâëåíû â òàáë. 2.

Êàê âèäíî èç òàáë. 2, ðåçóëüòàòû, ïîëó÷åí-

íûå ÑÔ è àðáèòðàæíûì ìåòîäàìè, ñîãëàñóþòñÿ

ìåæäó ñîáîé. Óñòàíîâëåíî ïðåâûøåíèå ÏÄÊ

ñóðüìû â îáðàçöàõ ðîäíèêîâîé âîäû, îòîáðàííîé

â ã. Êàíàø, è âî âñåõ èññëåäîâàííûõ îáðàçöàõ òà-

ëîé âîäû.

Îïðåäåëåíèå ñóðüìû â ñòàëÿõ. Íàâåñêó ñòàëè

2,00 ã ðàñòâîðÿëè ïðè íàãðåâàíèè â 10 ìë ñìåñè

HCl (ñ = 1,19 ã/ìë) è HNO3 (ñ = 1,49 ã/ìë) (3:1)

è âûïàðèâàëè äîñóõà. Ñóõîé îñòàòîê ðàñòâîðÿëè

â 10 ìë 4,0 Ì HCl. Íåðàñòâîðèìûé îñòàòîê

îòôèëüòðîâûâàëè, à ôèëüòðàò êîëè÷åñòâåííî ïå-

ðåíîñèëè â ìåðíóþ êîëáó íà 50 ìë. Ïîñëå îõëàæ-
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Ðèñ. 5. Çàâèñèìîñòü èçìåíåíèÿ îïòè÷åñêîé ïëîòíîñòè ïîãëîòèòåëüíîãî ðàñòâîðà: à — îò ìîëÿðíîãî ñîîòíîøåíèÿ êîìï-

ëåêñîîáðàçîâàòåëÿ ê ëèãàíäó; á — îò ñîñòàâà èçîìîëÿðíîãî ðàñòâîðà (C
Sb

= 3,27 · 10–6 ìîëü/ë, C
ÏÃÊÂ

= 5,00 · 10–6 ìîëü/ë)

Fig. 5. Dependence of the absorbance of the solution on the molar ratio of complexing agent and ligand (a); and composition

of the isomolar solution (b) (CSb = 3.27 × 10–6 M, CPRWS = 5.00 × 10–6 M)

Òàáëèöà 2. Ðåçóëüòàòû îïðåäåëåíèÿ ñóðüìû â ïðèðîäíîé âîäå (äàííûå çà 2017 – 2018 ãã., n = 6; P = 0,95)

Table 2. Results of the antimony determination in natural water (data for 2017 – 2018, n = 6; P = 0.95)

Íàñåëåííûé ïóíêò Îáðàçåö
Ââåäåíî,

ìã/ë

Íàéäåíî, ìã/ë (VH O2
= 250 ìë)

ÑÔ [20]

m m� � S
r
, % m m� � S

r
, %

ã. Àëàòûðü I 0,00 0,05 ± 0,01 20,00 0,05 ± 0,01 20,00

1,00 1,05 ± 0,07 6,67 1,07 ± 0,07 6,54

II 0,00 0,07 ± 0,01 14,29 0,06 ± 0,01 16,67

1,00 1,08 ± 0,07 6,48 1,08 ± 0,07 6,48

ñ. Áàòûðåâî I 0,00 0,03 ± 0,01 33,33 0,03 ± 0,01 33,33

1,00 1,04 ± 0,07 6,73 1,03 ± 0,07 6,80

II 0,00 0,05 ± 0,01 20,00 0,06 ± 0,01 16,67

1,00 1,05 ± 0,07 6,67 1,08 ± 0,07 6,48

ï. Âóðíàðû I 0,00 0,04 ± 0,01 25,00 0,05 ± 0,01 20,00

1,00 1,04 ± 0,07 6,73 1,09 ± 0,07 6,42

II 0,00 0,07 ± 0,01 14,29 0,08 ± 0,01 12,50

1,00 1,09 ± 0,07 6,42 1,06 ± 0,07 6,60

ã. Êàíàø I 0,00 0,07 ± 0,01 14,29 0,05 ± 0,01 20,00

1,00 1,07 ± 0,07 6,54 1,07 ± 0,07 6,54

II 0,00 0,10 ± 0,01 10,00 0,09 ± 0,01 11,11

1,00 1,10 ± 0,07 6,36 1,11 ± 0,07 6,31

Ïðèìå÷àíèå: I — ðîäíèêîâàÿ âîäà, II — òàëàÿ âîäà. ÑàíÏèí 2.1.4. 1116–02: ÏÄÊ
Sb

= 0,05 ìã/ë (ïðèðîäíàÿ âîäà);

ÏÄÊ
Sb

= 0,005 ìã/ë (òàëàÿ (ëåäíèêîâàÿ) âîäà).



äåíèÿ îáúåì ðàñòâîðà äîâîäèëè äî ìåòêè äåèîíè-

çèðîâàííîé âîäîé. Àëèêâîòíóþ ÷àñòü ïîëó÷åí-

íîãî ðàñòâîðà êîëè÷åñòâåííî ïåðåíîñèëè â êðóã-

ëîäîííóþ êîëáó, ñîäåðæàùóþ ðåàãåíòû, ïðåäíà-

çíà÷åííûå äëÿ âîññòàíîâëåíèÿ ýëåìåíòà äî

ãèäðèäà. Äàëüíåéøåå îïðåäåëåíèå ñóðüìû ïðî-

âîäèëè ïî îïèñàííîé ìåòîäèêå.

Ñîäåðæàíèå ñóðüìû îïðåäåëÿëè ïî ãðàäóèðî-

âî÷íîé çàâèñèìîñòè, îïèñûâàåìîé âûøåóêàçàí-

íûì óðàâíåíèåì. Ïðàâèëüíîñòü ïîëó÷åííûõ ðå-

çóëüòàòîâ êîíòðîëèðîâàëè àðáèòðàæíûì ìåòî-

äîì è ìåòîäîì äîáàâîê. Ðåçóëüòàòû îïðåäåëåíèÿ

ñóðüìû â òåõíîãåííûõ îáðàçöàõ ïðåäñòàâëåíû â

òàáë. 3.

Àíàëèç ïîëó÷åííûõ äàííûõ âûÿâèë ñîãëàñî-

âàííîñòü ðåçóëüòàòîâ îïðåäåëåíèÿ ñóðüìû ÑÔ è

àðáèòðàæíûì ìåòîäàìè. Íàéäåííîå ñîäåðæàíèå

ñóðüìû ñîîòâåòñòâóåò çàÿâëåííîìó â íîðìàòèâ-

íûõ äîêóìåíòàõ.

Çàêëþ÷åíèå

Òàêèì îáðàçîì, â ðåçóëüòàòå âçàèìîäåéñòâèÿ

ÏÃÊÂ ñ [SbI4]
– â êèñëîé ñðåäå (pH = 3,8 – 4,5) íà-

áëþäàåòñÿ îáðàçîâàíèå ÈÀ ñîñòàâà M:R = 1:1 ñ

ìàêñèìóìîì ïîãëîùåíèÿ íà äëèíå âîëíû ëmax =

= 378 íì. Àíàëèòè÷åñêèé ñèãíàë ôîòîìåòðè-

ðóåìîé ôîðìû äîñòèãàåò ìàêñèìàëüíîãî çíà÷å-

íèÿ â òå÷åíèå 3 ìèí. Ðàçðàáîòàííàÿ ÑÔ ìåòîäè-

êà îïðåäåëåíèÿ ñóðüìû ïðîñòà â èñïîëíåíèè è íå

òðåáóåò äîðîãîñòîÿùåãî îáîðóäîâàíèÿ, à ñëåäîâà-

òåëüíî, ìîæåò áûòü ðåêîìåíäîâàíà ê ïðèìåíå-

íèþ â ëþáîé êîíòðîëüíî-àíàëèòè÷åñêîé ëàáîðà-

òîðèè äëÿ îïðåäåëåíèÿ ñóðüìû.
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