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Íà îñíîâå ñèíòåçèðîâàííîãî ïî èçâåñòíîé ìåòîäèêå 3-[4-êàðáîêñèôåíèëàçî]ïåíòà-

äèîíà-2,4 áûëà ïîëó÷åíà 4-(2,4-áèñ((2-àìèíîýòèë)èìèíî)ïåíòàí-3-èë)äèàçåíèë)áåíçîéíàÿ

êèñëîòà (R). Ñîñòàâ è ñòðîåíèå ñèíòåçèðîâàííîãî ðåàãåíòà óñòàíîâëåíû ìåòîäàìè ýëå-

ìåíòíîãî àíàëèçà è ßÌÐ-ñïåêòðîñêîïèè. Ñïåêòðîôîòîìåòðè÷åñêèì ìåòîäîì èçó÷åíî êîì-

ïëåêñîîáðàçîâàíèå ìåäè (II) ñ R â ïðèñóòñòâèè 8-ãèäðîêñèõèíîëèíà (Ox), äèôåíèëãóà-

íèäèíà (ÄÔÃ) è ýòèëåíäèàìèíà (ÝÄ). Íàéäåíû îïòèìàëüíûå óñëîâèÿ êîìïëåêñîîáðàçîâà-

íèÿ è óñòàíîâëåí ñîñòàâ îäíîðîäíî- è ðàçíîëèãàíäíûõ êîìïëåêñîâ. Ïðè âçàèìîäåéñòâèè

ìåäè (II) c R ïðè pH 3 – 10 ìàêñèìàëüíûé âûõîä êîìïëåêñà íàáëþäàåòñÿ ïðè pH 5 (ëmax =

= 553 íì). Îïðåäåëåíû ìîëÿðíûå êîýôôèöèåíòû ïîãëîùåíèÿ è êîíñòàíòû óñòîé÷èâîñòè

êîìïëåêñîâ ìåäè (II). Óñòàíîâëåíà îáëàñòü ïîä÷èíåíèÿ çàêîíó Áåðà. Â ïðèñóòñòâèè Îõ,

ÄÔÃ è ÝÄ îïòè÷åñêàÿ ïëîòíîñòü ðàñòâîðîâ êîìïëåêñà çíà÷èòåëüíî âîçðàñòàåò, à îïòè-

ìàëüíîå çíà÷åíèå pH êîìïëåêñîîáðàçîâàíèÿ ñìåùàåòñÿ â êèñëóþ îáëàñòü: pH = 2 – 3.

Ìàêñèìóìû ñâåòîïîãëîøåíèÿ ðàçíîëèãàíäíûõ êîìïëåêñîâ íàáëþäàþòñÿ ïðè 564 íì

(CuR2-Ox), 568 íì (CuR2-ÄÔÃ) è 576 íì (CuR2-Ýä). Ñðàâíåíèå êîíñòàíò óñòîé÷èâîñòè îä-

íîðîäíî- è ðàçíîëèãàíäíûõ êîìïëåêñîâ Cu (II) ïîêàçûâàåò, ÷òî CuR2-ÝÄ áîëåå óñòîé÷èâ,

÷åì äðóãèå èññëåäóåìûå êîìïëåêñû. Èçó÷åíî âëèÿíèå ïîñòîðîííèõ èîíîâ è ìàñêèðóþùèõ

âåùåñòâ íà êîìïëåêñîîáðàçîâàíèå: èç ñðàâíåíèÿ èññëåäîâàííîãî ðåàãåíòà äëÿ îïðåäåëå-

íèÿ ìåäè (II) ñ èçâåñòíûìè èç ëèòåðàòóðû âèäíî, ÷òî ïðåäëîæåííûé ðåàãåíò áîëåå èçáèðà-

òåëåí. Âûñîêàÿ èçáèðàòåëüíîñòü èçó÷åííûõ ðåàêöèé ïîçâîëèëà ðàçðàáîòàòü ýêñïðåññíóþ

ìåòîäèêó ôîòîìåòðè÷åñêîãî îïðåäåëåíèÿ ìåäè (II) â ïèðèòå.
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4-(2, 4-bis((2-aminoethyl)-imino)pentane-3-yl)diazenyl)benzoic acid was synthesized using 3-[4-carboxy-

phenylazo]pentanedione-2,4 (R) reagent obtained by the standard procedure. The composition and struc-

ture of the synthesized reagent is determined by the methods of elemental analysis and NMR spectros-

copy. The complexation of copper (II) with 3-[4-carboxyphenylazo]pentanedione-2,4 (R) in the presence

and in the absence of 8-hydroxyquinoline, diphenylguanidine and ethylenediamine was studied spectro-

photometrically. Optimal conditions for complexation are specified and composition of homo- and

mixed-ligand complexes are determined. When copper (II) interacts with R at pH 3 – 10, the maximum

yield of the complex compound is observed at pH 5 ë
max

= 553 nm. The molar absorption coefficients and

the stability constants of copper (II) complexes were determined. A range in which Beer’s law is valid is de-

termined. Study of the complex with 8-hydroxyquinoline (Ox), diphenylguanidine (DPG) and ethylene-

diamine (ED) present showed that under the effect of these compounds, the optical density of the complex

solutions significantly increases and the pH value of the medium providing optimal complexing shifts to

the acidic region: pH 2 – 3. The maxima of the absorption of mixed-ligand complexes are observed at

ë = 564 nm (CuR
2
-Ox), ë = 568 nm (CuR

2
-DFG), ë = 576 nm (CuR

2
-Ed). Comparison of the values of

the stability constants of homo- and mixed-ligand Cu (II) complexes shows that CuR
2
-ED is more stable

than the other ones under study. The effect of foreign ions and masking substances on complexation was
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studied. The selectivity of the obtained reagent for copper (II) determination, compared to the reagents of

the same duty known from the literature appeared advantageous. The high selectivity of the studied reac-

tions provided developing of a rapid method for copper determination in rocks. A procedure for the spec-

trophotometric determination of copper (II) in pyrite is developed.

Keywords: photometry; complexation; copper (II); mixed ligand complexes; pyrite; 3-[4-carboxyphenyl-

azo]pentanedione-2,4; 8-hydroxyquinoline; diphenylguanidine; ethylenediamine.

Ââåäåíèå

Ðàçâèòèå ñîâðåìåííîé ïðîìûøëåííîñòè îáó-

ñëàâëèâàåò âîçðîñøóþ ïîòðåáíîñòü â èñïîëüçî-

âàíèè ìåäè è åå ñîåäèíåíèé. Âñëåäñòâèå âûñîêîé

ýëåêòðî- è òåïëîïðîâîäíîñòè ìåäü è åå ñïëàâû

ïðèìåíÿþò â ýëåêòðî- è âîåííîé òåõíèêå, ìà-

øèíîñòðîåíèè, ÿäåðíîé è äðóãèõ îòðàñëÿõ ñî-

âðåìåííîé ïðîìûøëåííîñòè. Â ñâÿçè ñ øèðîêèì

ïðèìåíåíèåì ìåäè è åå ñïëàâîâ íåîáõîäèìà

ðàçðàáîòêà íîâûõ ÷óâñòâèòåëüíûõ è èçáèðàòåëü-

íûõ ìåòîäèê îïðåäåëåíèÿ åå ìàêðî- è ìèêðîêî-

ëè÷åñòâ. Ìåäü è åå ñîåäèíåíèÿ òàêæå îáëàäàþò

òîêñè÷íûìè ñâîéñòâàìè, ïîýòîìó àíàëèòè÷å-

ñêèé êîíòðîëü ñîäåðæàíèÿ ìåäè â ýêîëîãè÷åñêèõ

îáúåêòàõ ÿâëÿåòñÿ àêòóàëüíîé ïðîáëåìîé. Â àíà-

ëèòè÷åñêîé õèìèè èñïîëüçóþò ðàçëè÷íûå ôè-

çèêî-õèìè÷åñêèå ìåòîäû äëÿ îïðåäåëåíèÿ ìåäè

[1 – 5], êàæäûé èç êîòîðûõ õàðàêòåðèçóåòñÿ ñâîè-

ìè ïðåèìóùåñòâàìè è íåäîñòàòêàìè. Êàê ïî-

êàçûâàåò àíàëèç ëèòåðàòóðíûõ äàííûõ, ñïåêòðî-

ôîòîìåòðè÷åñêèé ìåòîä àíàëèçà ÿâëÿåòñÿ ýêñ-

ïðåññíûì è äàåò âîçìîæíîñòü îïðåäåëåíèÿ ìà-

ëûõ êîëè÷åñòâ ìåäè (II) â îáúåêòàõ ñëîæíîãî

ñîñòàâà. Ìåòîä òàêæå îòâå÷àåò ñîâðåìåííûì òðå-

áîâàíèÿì ïî ÷óâñòâèòåëüíîñòè. Ìíîãîêîìïî-

íåíòíîñòü îáúåêòîâ (ýôôåêò ìàòðèöû) äåëàåò íå-

îáõîäèìûì èñïîëüçîâàíèå ðåàãåíòîâ, ñîäåðæà-

ùèõ ñïåöèôè÷íûå ïî îòíîøåíèþ ê îïðåäåëÿåìî-

ìó ýëåìåíòó ôóíêöèîíàëüíûå àíàëèòè÷åñêèå

ãðóïïû. Ïî ýòîé ïðè÷èíå ñèíòåç íîâîãî êëàññà

îðãàíè÷åñêèõ ðåàãåíòîâ — àçîïðîèçâîäíûõ àöå-

òèëàöåòîíà — è èõ èñïîëüçîâàíèå äëÿ îïðåäåëå-

íèÿ ìåäè (II) ïðåäñòàâëÿåò òåîðåòè÷åñêèé è

ïðàêòè÷åñêèé èíòåðåñ.

Ðàíåå íàìè áûëè ñèíòåçèðîâàíû àçîïðîèç-

âîäíûå â-äèêåòîíîâ è èçó÷åíû èõ àíàëèòè÷åñêèå

âîçìîæíîñòè [6 – 8]. Óñòàíîâëåíî, ÷òî ýòè ðåàãåí-

òû îáëàäàþò öåííûìè àíàëèòè÷åñêèìè ñâîéñòâà-

ìè äëÿ îïðåäåëåíèÿ ðÿäà ìåòàëëîâ. Ðàçðàáîòàíû

ìåòîäèêè ôîòîìåòðè÷åñêîãî îïðåäåëåíèÿ Cu (II)

â ïðèðîäíûõ è ïðîìûøëåííûõ îáúåêòàõ [9 – 13].

Ñèíòåçèðîâàíà 4-(2,4-áèñ((2-àìèíîýòèë)èìè-

íî)ïåíòàí-3-èë)äèàçåíèë)áåíçîéíàÿ êèñëîòà. Íà

îñíîâå ýòîãî ðåàãåíòà ïîëó÷åí êîìïëåêñ ìåäè.

Îïðåäåëåíà êðèñòàëëè÷åñêàÿ ñòðóêòóðà ýòîãî ñî-

åäèíåíèÿ [14].

Öåëü íàñòîÿùåé ðàáîòû — èçó÷åíèå êîì-

ïëåêñîîáðàçîâàíèÿ ñèíòåçèðîâàííîãî îðãàíè÷å-

ñêîãî ðåàãåíòà ñ èîíîì ìåäè.

Ýêñïåðèìåíòàëüíàÿ ÷àñòü

Ïî èçâåñòíîé ìåòîäèêå áûë ñèíòåçèðîâàí 3-

[4-êàðáîêñèôåíèëàçî]ïåíòàäèîí-2,4 [15]. Íà åãî

îñíîâå ïîëó÷åíà 4-(2,4-áèñ((2-àìèíîýòèë)èìè-

íî)ïåíòàí-3-èë)äèàçåíèë)áåíçîéíàÿ êèñëîòà (R):

Ñîñòàâ è ñòðîåíèå ñèíòåçèðîâàííîãî ðåàãåí-

òà óñòàíîâëåíû ìåòîäàìè ýëåìåíòíîãî àíàëèçà è

ßÌÐ-ñïåêòðîñêîïèè.

Ðåàãåíò õîðîøî ðàñòâîðèì â âîäå. Â ðàáîòå

èñïîëüçîâàëè 1 · 10–3 Ì âîäíûå ðàñòâîðû R è

ýòèëåíäèàìèíà è 1 · 10–3 Ì ýòàíîëüíûå ðàñòâîðû

8-ãèäðîêñèõèíîëèíà è äèôåíèëãóàíèäèíà.

Ñòàíäàðòíûé 1 · 10–1 Ì ðàñòâîð ìåäè (II) ãî-

òîâèëè ðàñòâîðåíèåì ðàññ÷èòàííîé íàâåñêè ìå-

òàëëè÷åñêîé ìåäè â HCl ïî ìåòîäèêå [16]. Ðàáî-

÷èå 1 · 10–3 Ì ðàñòâîðû ïîëó÷àëè ðàçáàâëåíèåì

èñõîäíîãî ðàñòâîðà äèñòèëëèðîâàííîé âîäîé.

Äëÿ ñîçäàíèÿ íåîáõîäèìûõ çíà÷åíèé pH èñ-

ïîëüçîâàëè ôèêñàíàë HCl (pH 1 – 2) è àììèà÷-

íî-àöåòàòíûå áóôåðíûå ðàñòâîðû (pH 3 – 11).

Çíà÷åíèå pH ðàñòâîðîâ êîíòðîëèðîâàëè ñ ïî-

ìîùüþ èîíîìåðà È-130 ñî ñòåêëÿííûì ýëåêòðî-

äîì. Îïòè÷åñêóþ ïëîòíîñòü ðàñòâîðîâ èçìåðÿëè

ñ èñïîëüçîâàíèåì ñïåêòðîôîòîìåòðà Lambda-40

(Perkin Elmer) è ôîòîêîëîðèìåòðà ÊÔÊ-2 â êþ-

âåòå ñ òîëùèíîé ïîãëîùàþùåãî ñëîÿ 1 ñì.

Îáñóæäåíèå ðåçóëüòàòîâ

Ïðè âçàèìîäåéñòâèè ìåäè (II) c R ïðè pH

3 – 10 ìàêñèìàëüíûé âûõîä êîìïëåêñà íàáëþäà-

åòñÿ ïðè pH 5 (ëmax = 553 íì). Â ýòèõ óñëîâèÿõ

ðåàãåíò èìååò ìàêñèìóì ïîãëîùåíèÿ ïðè 283 íì

(ðèñóíîê).

Èññëåäîâàíèÿ ïîêàçàëè, ÷òî â ïðèñóòñòâèè

8-ãèäðîêñèõèíîëèíà, äèôåíèëãóàíèäèíà è ýòè-

ëåíäèàìèíà îïòè÷åñêàÿ ïëîòíîñòü ðàñòâîðîâ

êîìïëåêñà çíà÷èòåëüíî âîçðàñòàåò è îïòèìàëü-

íîå çíà÷åíèå pH êîìïëåêñîîáðàçîâàíèÿ ñìåùà-

åòñÿ â êèñëóþ îáëàñòü: pH = 2 – 3. Ìàêñèìóìû

ñâåòîïîãëîùåíèÿ ðàçíîëèãàíäíûõ êîìïëåêñîâ

íàáëþäàþòñÿ ïðè ë = 564 íì (CuR2-Ox), 568 íì

(CuR2-ÄÔÃ), 576 íì (CuR2-Ýä).
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Äëÿ âûáîðà óñëîâèé êîìïëåêñîîáðàçîâàíèÿ

èçó÷åíî âëèÿíèå êîíöåíòðàöèè ðåàãèðóþùèõ âå-

ùåñòâ, òåìïåðàòóðû è âðåìåíè íà îáðàçîâàíèå

áèíàðíîãî è ðàçíîëèãàíäíûõ êîìïëåêñîâ. Âûõîä

êîìïëåêñà Cu (II) — R ìàêñèìàëåí ïðè êîíöåí-

òðàöèè R 8 · 10–5 ìîëü/ë, âûõîä êîìïëåêñîâ

CuR2-Îõ, CuR2-ÄÔÃ è CuR2-Ýä — ïðè êîíöåí-

òðàöèè R 4 · 10–5 ìîëü/ë, Îõ — 6 · 10–5 ìîëü/ë,

ÄÔÃ è ÝÄ — 5,6 · 10–5 ìîëü/ë. Êîìïëåêñíûå ñî-

åäèíåíèÿ îáðàçóþòñÿ ñðàçó ïîñëå ñìåøèâàíèÿ

ðàñòâîðîâ êîìïîíåíòîâ è ðàçëè÷àþòñÿ ïî óñòîé-

÷èâîñòè: â òî âðåìÿ êàê îäíîðîäíîëèãàíäíûé

êîìïëåêñ óñòîé÷èâ â òå÷åíèå 4 ÷ ïðè íàãðåâàíèè

äî 50 °C, ðàçíîëèãàíäíûå êîìïëåêñû óñòîé÷èâû

â òå÷åíèå 4 ÷ ïðè íàãðåâàíèè äî 80 °C.

Ñîîòíîøåíèå ðåàãèðóþùèõ êîìïîíåíòîâ

â êîìïëåêñàõ óñòàíîâëåíî ìåòîäàìè îòíîñèòåëü-

íîãî âûõîäà Ñòàðèêà – Áàðáàíåëÿ, ñäâèãà ðàâíî-

âåñèÿ è èçîìîëÿðíûõ ñåðèé (òàáë. 1). Ìîëÿðíûå

êîýôôèöèåíòû ïîãëîùåíèÿ êîìïëåêñîâ âû÷èñ-

ëåíû èç êðèâûõ íàñûùåíèÿ [17]. Îïðåäåëåíû

êîíöåíòðàöèîííûå äèàïàçîíû ïîä÷èíåíèÿ çàêî-

íó Áåðà (ñì. òàáë. 1).

Âû÷èñëåíû êîíñòàíòû óñòîé÷èâîñòè îäíî-

ðîäíî- è ðàçíîëèãàíäíûõ êîìïëåêñîâ Cu (II)

[17]: lg K = 6,24 ± 0,05 (Cu-R); 6,59 ± 0,06 (CuR2-

Îõ); 6,64 ± 0,07 (CuR2ÄÔÃ); 6,98 ± 0,04 (CuR2-

ÝÄ). Ñðàâíåíèå ýòèõ çíà÷åíèé ïîêàçûâàåò, ÷òî

CuR2-ÝÄ áîëåå óñòîé÷èâ, ÷åì äðóãèå èññëåäóå-

ìûå êîìïëåêñû, ïîýòîìó ðåàêöèÿ Cu (II) ñ R è ÝÄ

íàèáîëåå èçáèðàòåëüíà.

Èçó÷åíî âëèÿíèå ïîñòîðîííèõ èîíîâ è ìàñ-

êèðóþùèõ âåùåñòâ íà ôîòîìåòðè÷åñêîå îïðåäå-

ëåíèå ìåäè (II) â âèäå îäíîðîäíî- è ðàçíîëèãàíä-

íûõ êîìïëåêñîâ (òàáë. 2).

Èç òàáë. 2 âèäíî, ÷òî îïðåäåëåíèþ ìåäè

ïðàêòè÷åñêè íå ìåøàþò ùåëî÷íûå, ùåëî÷íîçå-

ìåëüíûå ýëåìåíòû, Co (II), Cr (III), Cd, Th (IV),

Zn, Pb (II), Bi (III), Al, Mn (II), íå ìåøàþò îêñà-

ëàòû, ÝÄÒÀ, àñêîðáèíîâàÿ êèñëîòà, ðîäàíèäû

ãàëîãåíèäû. Èç ñðàâíåíèÿ ðåàãåíòîâ äëÿ îïðå-

äåëåíèÿ ìåäè (II), èçâåñòíûõ èç ëèòåðàòóðû

[18, 20, 21], è èññëåäîâàííîãî â äàííîé ðàáîòå

âèäíî, ÷òî ïðåäëîæåííûå íàìè ðåàãåíòû áîëåå

èçáèðàòåëüíû. Ïîêàçàíî, ÷òî â ïðèñóòñòâèè äè-

ôåíèëãóàíèäèíà, 8-ãèäðîêñèõèíîëèíà, ýòèëåí-

äèàìèíà èçáèðàòåëüíîñòü ðåàêöèè çíà÷èòåëüíî

óâåëè÷èâàåòñÿ, ÷òî ïîçâîëèëî ðàçðàáîòàòü ýêñ-

ïðåññíûé ñïîñîá îïðåäåëåíèÿ ìåäè â ãîðíîé

ïîðîäå.

Îïðåäåëåíèå ìåäè â ïèðèòå. Äëÿ àíàëèçà

âçÿëè òðè ðàçíûõ îáðàçöà ïèðèòà, ñîäåðæàùåãî

èçìåíåííûé êâàðöåâûé äèîðèò.

Â ñìåñè 8 ìë HF, 3 ìë HCl è 1 ìë HNO3 ðàñ-

òâîðÿþò 2 ã îáðàçöà. Ïîëó÷åííóþ ïàñòó îáðàáà-

òûâàþò 3 – 4 ìë HNO3 ïðè 50 – 60° äî ïîëíîé

îòãîíêè HF. Ïîëó÷åííûé îñàäîê ðàñòâîðÿþò â

âîäå, ïåðåíîñÿò â êîëáó îáúåìîì 100 ìë è äî-

âîäÿò îáúåì ðàñòâîðà äî ìåòêè äèñòèëëèðîâàí-

íîé âîäîé. Äëÿ îïðåäåëåíèÿ ìåäè (II) àëèêâîò-

íóþ ÷àñòü ïîëó÷åííîãî ðàñòâîðà ïîìåùàþò â

êîëáó íà 25 ìë, äîáàâëÿþò 2 ìë 1 · 10–3 Ì ðàñòâî-

ðà R, 1 ìë 1 · 10–3 Ì ðàñòâîðà ÝÄ è äîâîäÿò îáúåì

äî ìåòêè áóôåðíûì ðàñòâîðîì (pH 3). Îïòè÷å-

ñêóþ ïëîòíîñòü ðàñòâîðîâ èçìåðÿþò ïðè ë =

= 540 íì ñ èñïîëüçîâàíèåì ôîòîêîëîðèìåòðà

ÊÔÊ-2 îòíîñèòåëüíî ðàñòâîðà êîíòðîëüíîãî

îïûòà. Ðåçóëüòàòû àíàëèçà ïðîâåðÿëè àòîìíî-

àáñîðáöèîííûì ìåòîäîì (òàáë. 3).

Çàêëþ÷åíèå

Òàêèì îáðàçîì, íà îñíîâàíèè èññëåäîâàíèÿ

êîìïëåêñîîáðàçîâàíèÿ ìåäè (II) ñ ñèíòåçèðîâàí-
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Òàáëèöà 1. Îñíîâíûå õàðàêòåðèñòèêè ôîòîìåòðè÷åñêîãî îïðåäåëåíèÿ ìåäè (II)

Table 1. The main characteristics of the photometric determination of copper (II)

Îðãàíè÷åñêèé ðåàãåíò ëmax, íì M:R pHîïò åmax · 104 Äèàïàçîí ïîä÷èíåíèÿ

çàêîíó Áåðà, ìêã/ìë

Ýòèëöèàíî (2-ìåòèëêàðáîêñèëàò

ôåíèëàçîàöåòàò) [18]

521 1:2 1 0,031773 5 – 50

R 553 1:2 5 0,730 2,0 – 24,0

R-Îõ 564 1:2:1 3 0,940 2,0 – 24,0

R-ÄÔÃ 568 1:2:1 3 0,970 2,0 – 24,0

R-ÝÄ 576 1:2:1 2 1,22 0,25 – 5,12

A

ë, íì

1

2

3

4

Ñïåêòðû ñâåòîïîãëîùåíèÿ êîìïëåêñîâ ìåäè (II): 1 —

CuR2; 2 — CuR2-Îõ; 3 — CuR2-ÄÔÃ; 4 — CuR2-ÝÄ

Absorption spectra of copper (II) complexes: 1 — CuR
2
; 2 —

CuR
2
-Ox; 3 — CuR

2
-DPG; 4 — CuR

2
-ED



íûì ðåàãåíòîì — 4-(2,4-áèñ((2-àìèíîýòèë)èìè-

íîïåíòàí-3-èë)äèàçåíèë)áåíçîéíîé êèñëîòîé —

â ïðèñóòñòâèè Îõ, ÄÔÃ è ÝÄ ïðåäëîæåíà ÷óâñò-

âèòåëüíàÿ, èçáèðàòåëüíàÿ è ýêñïðåññíàÿ ìåòîäè-

êà ôîòîìåòðè÷åñêîãî îïðåäåëåíèÿ Cu (II).

Ìåòîäèêà àïðîáèðîâàíà ïðè îïðåäåëåíèè

ìåäè (II) â ïèðèòå, åå ïðàâèëüíîñòü ïîäòâåðæäå-

íà ñðàâíåíèåì ñ ðåçóëüòàòàìè àòîìíî-àáñîðáöè-

îííîãî àíàëèçà. Ðàçðàáîòàííûé ñïîñîá ìîæåò

áûòü èñïîëüçîâàí äëÿ îïðåäåëåíèÿ ìèêðîêîëè-

÷åñòâ Cu (II) â ñëîæíûõ îáúåêòàõ.
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Òàáëèöà 2. Ìîëüíûå ñîîòíîøåíèÿ êîìïëåêñîâ Cu (II) ñ ðàçëè÷íûìè ðåàãåíòàìè è ïîñòîðîííèõ èîíîâ (ìàñêèðóþùèõ

âåùåñòâ)

Table 2. Molar ratios of Cu (II) complexes with different reagents and foreign ions (masking substances)

Ïîñòîðîííèé èîí

èëè ìàñêèðóþùåå âåùåñòâî
R R-Îõ R-ÄÔÃ R-ÝÄ

N,N’-äè(2-êàðáîêñè-

ýòèë)3,4-êñèëèäèí [19]

Na * * * * 1:1796

K * * * * 1:3046

Ca * * * * 1:312

Ba * * * * 1:642

Cd * * * * 1:875

Zn 1:845 1:1555 1:1600 1:1580 1:508

Mn (II) 1:1250 1:1800 1:1800 1:1850 1:43

Ni (II) 1:60 1:145 1:140 1:160 1:461

Co (II) 1:200 1:360 1:370 1:385 1:276

Pb (II) 1:820 1:1340 1:1340 1:1565 —

Ñr (III) 1:1100 1:1950 1:1950 1:2000 —

Al 1:1600 1:2030 1:2055 1:2100 1:126

Sm (III) 1:1400 1:1820 1:1890 1:1920 1:700

Fe (III) 1:6 1:12 1:13 1:16 1:9

Ga 1:170 1:280 1:275 1:300 —

In 1:240 1:400 1:440 1:480 —

Bi (III) 1:150 1:255 1:265 1:280 1:163

Sn (IV) 1:80 1:210 1:205 1:220 —

Th (IV) 1:230 1:375 1:390 1:420 —

Mo (VI) 1:870 1:1530 1:1535 1:1545 1:450

W (VI) 1:800 1:1420 1:1480 1:1540 —

C O2 4
2� 1:170 1:240 1:265 1:280 1:21

ÝÄÒÀ 1:10 1:20 1:20 1:20 —

Òèîìî÷åâèíà 1:340 1:500 1:500 1:500 —

Ëèìîííàÿ êèñëîòà 1:850 1:1000 1:1000 1:1100 —

Na2HPO4 · 12H2O * * * * —

Àñêîðáèíîâàÿ êèñëîòà * * * * —

Ñóëüôîñàëèöèëîâàÿ êèñëîòà * * * * —

Âèííàÿ êèñëîòà * * * * —

F� 1:70 1:95 1:95 1:95 1:58

* Íå ìåøàþò îïðåäåëåíèþ.

Òàáëèöà 3. Ðåçóëüòàòû îïðåäåëåíèÿ ìåäè (%) â ïèðèòå (n = 5; P = 0,95)

Table 3. The results of copper determination (%) in pyrite (n = 5; P = 0.95)

Íîìåð îáðàçöà Ôîòîìåòðèÿ S
r

Àòîìíî-àáñîðáöèîííàÿ ñïåêòðîìåòðèÿ S
r

1 0,59 ± 0,014 0,012 0,599 ± 0,005 0,004

2 0,92 ± 0,012 0,010 0,927 ± 0,004 0,003

3 4,12 ± 0,12 0,104 4,18 ± 0,005 0,004
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