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Â õîäå ñèíòåçà íîâûõ ìåòàëëîîðãàíè÷åñêèõ ñîåäèíåíèé âîçíèêàåò íåîáõîäèìîñòü îïåðà-

òèâíîãî êîíòðîëèðîâàíèÿ ýëåìåíòíîãî ñîñòàâà ïîëó÷àåìûõ âåùåñòâ íà ðàçíûõ ñòàäèÿõ

ïðîöåññà. Â ëàáîðàòîðèè ìèêðîàíàëèçà ÈÍÝÎÑ ÐÀÍ äëÿ îïðåäåëåíèÿ ñîäåðæàíèÿ ìåòàë-

ëîâ â ñîñòàâå âåùåñòâ èñïîëüçóþò ìåòîä ÐÔÀ ïî ñïîñîáó âíåøíåãî ñòàíäàðòà ñ ðàçáàâëåíè-

åì ïðîáû ýìóëüñèîííûì ïîëèñòèðîëîì. Ïðè èçãîòîâëåíèè àíàëèçèðóåìûõ îáðàçöîâ-îòðà-

æàòåëåé òðåáóåòñÿ òî÷íîå âçâåøèâàíèå ïðîáû è ðàçáàâèòåëÿ, ïîñêîëüêó äëÿ âû÷èñëåíèÿ

ñîäåðæàíèÿ ýëåìåíòîâ íåîáõîäèìî çíà÷åíèå êîýôôèöèåíòà ðàçáàâëåíèÿ. Â òåõ ñëó÷àÿõ,

êîãäà õèìèêîâ-ñèíòåòèêîâ èíòåðåñóåò íå òî÷íûé ýëåìåíòíûé ñîñòàâ ïîëó÷åííîãî ñîåäèíå-

íèÿ, à àòîìíîå îòíîøåíèå ìåòàëëîâ, âêëþ÷åííûõ â îðãàíè÷åñêóþ ìàòðèöó, ïðè èçãîòîâëå-

íèè àíàëèçèðóåìûõ îáðàçöîâ ìû ïðåäëàãàåì èñêëþ÷èòü äëèòåëüíóþ ïðîöåäóðó âçâåøèâà-

íèÿ è èñïîëüçîâàòü ïðèáëèçèòåëüíî îòîáðàííûå ìàññû âåùåñòâ. Ìåòîäèêà îïðîáîâàíà

ïðè àíàëèçå ðÿäà ïðîèçâîäíûõ ôåððîöåíà, ñîäåðæàùèõ àòîìû ïëàòèíû, è ïðåäëîæåí ýêñ-

ïðåññíûé áåçíàâåñî÷íûé ñïîñîá îïðåäåëåíèÿ àòîìíûõ îòíîøåíèé Fe è Pt â ïðîäóêòàõ

ñèíòåçà ïî ëèíèÿì FeKá è PtLá. Ñîäåðæàíèå ìåòàëëîâ â îáðàçöàõ-èçëó÷àòåëÿõ íàõîäèëè

ïî ãðàäóèðîâî÷íûì óðàâíåíèÿì. Óïðîùåíèå ïðîöåäóðû àíàëèçà è îòñóòñòâèå âçâåøèâà-

íèÿ ñóùåñòâåííî óñêîðÿþò ðàáîòó àíàëèòèêà. Ïðåäëîæåííûé ñïîñîá ìîæåò èñïîëüçîâàòü-

ñÿ â êà÷åñòâå ïðåäâàðèòåëüíîãî êðèòåðèÿ óñïåøíîñòè ñèíòåçà îæèäàåìîãî ïðîäóêòà äî

ïðîâåäåíèÿ åãî ïîëíîãî ýëåìåíòíîãî àíàëèçà.
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When developing new organometallic compounds, the necessity for a rapid control of the elemental com-

position of the substances obtained arises at different stages of synthesis. This makes urgent the goal of

speeding up the procedure of elemental analysis. The XFA method is traditionally used in the laboratory

for microanalysis when determining the metal content in the substance composition according to the

method of an external standard with a dilution of the substance sample with emulsion polystyrene. Pre-

cise weighing of the sample and diluent is required in the manufacture of analyzed reflector samples, since

a dilution factor is needed to calculate the content of the elements. When synthetic chemists are interested

in the atomic ratio of metals included in the organic matrix rather than in the exact elemental composition

of the resulting compound, we propose to eliminate the lengthy weighing procedure and use measured

amounts of substances in the manufacture of the analyzed samples. The developed technique is tested on

a number of ferrocene derivatives containing platinum atoms, and a rapid weightless method for deter-

mining the atomic ratios of Fe and Pt in synthesis products is proposed. Analytical signals were measured

on an X-ray fluorescence spectrometer SPECTROSCAN MAX-GVM (NPO Spectron LLC, St. Petersburg)
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at the wavelengths of FeKá and PtLá lines in the 40 kV/0.5 mA mode. The metal content in the emitter

samples was determined by the calibration equations. Simplification of the spectrometry procedure and

the absence of weighing significantly speeds up the procedure. The proposed method can be used as a pre-

liminary criterion for success synthesis of the desired product before the complete elemental analysis of

the latter.

Keywords: elemental analysis; X-ray fluorescence analysis; XRF; organometallic compounds; ferrocene;

iron; platinum; atomic ratios.

Ââåäåíèå

Îäíèì èç øèðîêî èñïîëüçóåìûõ íåðàç-

ðóøàþùèõ ìåòîäîâ ýëåìåíòíîãî àíàëèçà ÿâëÿ-

åòñÿ ðåíòãåíîôëóîðåñöåíòíûé àíàëèç [1, 2], êî-

òîðûé ïîçâîëÿåò îïðåäåëÿòü ñîäåðæàíèå áîëü-

øîãî ÷èñëà ýëåìåíòîâ â ðàçíîîáðàçíûõ îáúåêòàõ:

ìèíåðàëàõ, ôàðìàöåâòè÷åñêîé ïðîäóêöèè, ïðî-

äóêòàõ ïèòàíèÿ, àðõåîëîãè÷åñêîé êåðàìèêå, à

òàêæå íàõîäèò ïðèìåíåíèå â áèîëîãèè è ìåäèöè-

íå [3 – 9].

Â ëàáîðàòîðèè ìèêðîàíàëèçà ÈÍÝÎÑ ÐÀÍ

ðåíòãåíîôëóîðåñöåíòíûé àíàëèç èñïîëüçóåòñÿ

äëÿ îïðåäåëåíèÿ ñîäåðæàíèÿ öåëîãî ðÿäà ìåòàë-

ëîâ â ñîñòàâå íîâûõ ñèíòåçèðóåìûõ ìåòàëëîîðãà-

íè÷åñêèõ ñîåäèíåíèé (ÌÎÑ) [10 – 16]. Ïîñêîëüêó

ìàññà îáðàçöîâ äëÿ àíàëèçà, êàê ïðàâèëî, îãðà-

íè÷åíà 5 – 10 ìã, ðåíòãåíîôëóîðåñöåíòíîå îïðå-

äåëåíèå ìåòàëëîâ ïðîâîäÿò ñïîñîáîì âíåøíåãî

ñòàíäàðòà ñ ðàçáàâëåíèåì ïðîá ÌÎÑ â 100 – 200

ðàç ýìóëüñèîííûì ïîëèñòèðîëîì è ïîñëåäóþ-

ùèì ïðåññîâàíèåì. Ýòî ïîçâîëÿåò ïîëó÷èòü îä-

íîòèïíûå ïî ñîñòàâó îáðàçöû-èçëó÷àòåëè — òàá-

ëåòêè, íà 98 % ñîñòîÿùèå èç óãëåðîäà. Äèàïàçîí

ñîäåðæàíèé ìåòàëëîâ â àíàëèçèðóåìûõ îáðàçöàõ

(ÀÎ) ñîñòàâëÿåò îò 0,005 äî 0,5 %. Óñëîâèÿ ðàç-

áàâëåíèÿ ïîçâîëÿþò íèâåëèðîâàòü ìàòðè÷íûå

ýôôåêòû ïðè àíàëèçå ïðîá ðàçíîãî ýëåìåíòíîãî

ñîñòàâà. Ïðè èçãîòîâëåíèè àíàëèçèðóåìûõ îá-

ðàçöîâ-îòðàæàòåëåé òðåáóåòñÿ òî÷íîå âçâåøèâà-

íèå ïðîáû è ðàçáàâèòåëÿ, ïîñêîëüêó äëÿ ïîñëå-

äóþùåãî âû÷èñëåíèÿ ñîäåðæàíèÿ ýëåìåíòîâ â

ïðîáàõ ÌÎÑ íåîáõîäèìî çíà÷åíèå êîýôôèöèåí-

òà ðàçáàâëåíèÿ [17 – 20].

Â ðÿäå ñëó÷àåâ èññëåäîâàòåëåé â ïåðâóþ î÷å-

ðåäü èíòåðåñóåò àòîìíîå îòíîøåíèå ìåòàëëîâ,

âêëþ÷åííûõ â ñòðóêòóðó âåùåñòâà. Â ðàáîòå [21]

áûëà ïðåäñòàâëåíà ìåòîäèêà îïðåäåëåíèÿ àòîì-

íûõ îòíîøåíèé ìåòàëëîâ Nd/Ni, Sm/Ni, La/Co â

áèìåòàëëè÷åñêèõ êîìïëåêñàõ: îáðàçöû-èçëó÷à-

òåëè è îáðàçöû ñðàâíåíèÿ ãîòîâèëè, íàòèðàÿ

8 – 12 ìã âåùåñòâà íà öåëëþëîçíûå ïîäëîæêè.

Ìû ïðåäëàãàåì îïðåäåëÿòü àòîìíûå îòíîøåíèÿ

ìåòàëëîâ â ïðåññîâàííûõ òàáëåòêàõ. Â íàñòîÿ-

ùåé ðàáîòå íà ïðèìåðå ðÿäà ïðîèçâîäíûõ ôåððî-

öåíà, ñîäåðæàùèõ àòîìû ïëàòèíû, ïîêàçàíà âîç-

ìîæíîñòü ýêñïðåññíîãî áåçíàâåñî÷íîãî îïðåäåëå-

íèÿ àòîìíûõ îòíîøåíèé æåëåçà è ïëàòèíû ìåòî-

äîì ÐÔÀ.

Ýêñïåðèìåíòàëüíàÿ ÷àñòü

Àïïàðàòóðà. Ðåíòãåíîâñêóþ ôëóîðåñöåíöèþ

èçìåðÿëè ñ èñïîëüçîâàíèåì âîëíîäèñïåðñèîííî-

ãî ñïåêòðîìåòðà «ÑÏÅÊÒÐÎÑÊÀÍ MAÊÑ-GVM»

(ÍÏÎ «Ñïåêòðîí», Ñàíêò-Ïåòåðáóðã), ñíàáæåí-

íîãî ðåíòãåíîâñêîé òðóáêîé ñ ïàëëàäèåâûì àíî-

äîì, â ðåæèìå 40 êÂ/0,5 ìÀ. Ñîäåðæàíèå æåëåçà

è ïëàòèíû â àíàëèçèðóåìûõ îáðàçöàõ (ÀÎ) îïðå-

äåëÿëè ïî ãðàäóèðîâî÷íûì çàâèñèìîñòÿì.

Îáðàçöû ñðàâíåíèÿ (ÎÑ) ãîòîâèëè ðàçáàâëå-

íèåì ÌÎÑ, ñîñòàâ êîòîðûõ áûë óñòàíîâëåí õèìè-

÷åñêèìè ìåòîäàìè. Ðàññ÷èòàííóþ ïî ñîñòàâó âå-

ùåñòâà ìàññó ÌÎÑ (mâ) èçìåðÿëè íà âåñàõ

Mettler Toledo XP6 (òî÷íîñòü — 0,001 ìã). Íàâåñ-

êó ðàçáàâèòåëÿ ýìóëüñèîííîãî ïîëèñòèðîëà ìàð-

êè ÏÑÝ-1 — ìàññîé 980 – 990 ìã (mïñ) îòáèðàëè

íà âåñàõ Mettler Toledo AB 265-S (òî÷íîñòü —

0,01 ìã). Íàâåñêè òùàòåëüíî ïåðåìåøèâàëè â

ÿøìîâûõ ñòóïêàõ ñ äîáàâëåíèåì 2 – 3 ìë ýòèëî-

âîãî ñïèðòà, âûñóøèâàëè íà âîçäóõå è ïðåññîâà-

ëè â òàáëåòêè â ïðåññ-ôîðìå äèàìåòðîì 20 ìì

ïîä äàâëåíèåì 10 ò. Ñîäåðæàíèå ýëåìåíòà â ÎÑ

îïðåäåëÿëè, ðàçäåëèâ åãî èçâåñòíîå ñîäåðæàíèå

â ÌÎÑ íà êîýôôèöèåíò ðàçáàâëåíèÿ

Kðàçá = (mâ + mïñ)/mâ. (1)

Íàõîæäåíèå ãðàäóèðîâî÷íûõ çàâèñèìîñòåé.

Àíàëèòè÷åñêèå ñèãíàëû îïðåäåëÿëè êàê èí-

òåíñèâíîñòü ôëóîðåñöåíöèè ýëåìåíòà â ÎÑ çà

âû÷åòîì èíòåíñèâíîñòè ñèãíàëà ôîíîâîãî îáðàç-

öà, èçãîòîâëåííîãî èç ~1 ã ÷èñòîãî ïîëèñòèðîëà.

Äëÿ ïîâûøåíèÿ òî÷íîñòè ðåçóëüòàòîâ ÎÑ ýêñïî-

íèðîâàëè ñ îáåèõ ñòîðîí ïî äâà ðàçà ñ êàæäîé,

ïîâîðà÷èâàÿ êþâåòó íà 90°, ïîñêîëüêó êîíñòðóê-

öèÿ ïðèáîðà íå ïîçâîëÿåò îáëó÷àòü âñþ ïîâåðõ-

íîñòü îáðàçöîâ.

Àíàëèòè÷åñêèé ñèãíàë æåëåçà èçìåðÿëè íà

äëèíå âîëíû ëèíèè FeKá 1937 ìÅ (êðèñòàëë

LiF200). Â äèàïàçîíå ñîäåðæàíèé æåëåçà îò 0,05

äî 0,25 % ïî ðåçóëüòàòàì àíàëèçà øåñòè ÎÑ (ïî 4

ïàðàëëåëüíûõ îïðåäåëåíèÿ äëÿ êàæäîãî) ïîëó÷è-

ëè ëèíåéíóþ ãðàäóèðîâî÷íóþ çàâèñèìîñòü:

C(Fe) = 8,81 · 10–6 · I(Fe), (2)

ãäå I(Fe) — àíàëèòè÷åñêèé ñèãíàë, èìï/ñ;

C(Fe) — ñîäåðæàíèå æåëåçà â ÀÎ, %.
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Ñòàíäàðòíîå îòêëîíåíèå C(Fe) îò ëèíèè ðåã-

ðåññèè ñîñòàâëÿåò 4 · 10–3 %.

Àíàëèòè÷åñêèé ñèãíàë ïëàòèíû èçìåðÿëè íà

äëèíå âîëíû ëèíèè PtLá 1313,1 ìÅ (êðèñòàëë

LiF200). Â äèàïàçîíå ñîäåðæàíèé ïëàòèíû îò

0,08 äî 0,35 % ïî ðåçóëüòàòàì àíàëèçà ñåìè ÎÑ

(n = 4) ïîëó÷åíà ëèíåéíàÿ ãðàäóèðîâî÷íàÿ çàâè-

ñèìîñòü äëÿ îïðåäåëåíèÿ Pt:

C(Pt) = 1,27 · 10–5 · I(Pt), (3)

ãäå I(Pt) — àíàëèòè÷åñêèé ñèãíàë, èìï/ñ;

C(Pt) — ñîäåðæàíèå ïëàòèíû â ÀÎ, %.

Ñòàíäàðòíîå îòêëîíåíèå C(Pt) îò ëèíèè ðåã-

ðåññèè ñîñòàâëÿåò 4,3 · 10–3 %.

Èçãîòîâëåíèå àíàëèçèðóåìûõ îáðàçöîâ. Äëÿ

íàõîæäåíèÿ àòîìíîãî îòíîøåíèÿ ìåòàëëîâ,

âêëþ÷åííûõ â îðãàíè÷åñêóþ ìàòðèöó, äîñòàòî÷-

íî îïðåäåëèòü ñîäåðæàíèå ìåòàëëîâ â òàáëåòèðî-

âàííûõ îáðàçöàõ-îòðàæàòåëÿõ, ïîýòîìó äëÿ èçãî-

òîâëåíèè ÀÎ ìû ïðåäëàãàåì èñêëþ÷èòü äëè-

òåëüíóþ ïðîöåäóðó âçÿòèÿ òî÷íûõ íàâåñîê ÌÎÑ

è ïîëèñòèðîëà è èñïîëüçîâàòü ïðèáëèçèòåëüíî

îòìåðåííûå ìàññû âåùåñòâ: îêîëî 1000 ìã ïî-

ëèñòèðîëà îòìåðÿþò ïî îáúåìó â ïðåäâàðèòåëüíî

ïðîãðàäóèðîâàííîì ìåðíîì ñòàêàíå, 5 – 10 ìã

ÌÎÑ îòáèðàþò ñïåöèàëüíûì øïàòåëåì, ïîñëå

÷åãî ñìåñü ïåðåìåøèâàþò â ñòóïêàõ, âûñóøèâà-

þò è ïðåññóþò â òàáëåòêè òàê æå, êàê ïðè èçãî-

òîâëåíèè ÎÑ. Äëÿ êàæäîãî ïðåäñòàâëåííîãî íà

àíàëèç âåùåñòâà áûëî èçãîòîâëåíî ïî äâà ÀÎ.

Îáðàçöû ýêñïîíèðîâàëè ñ îäíîé ñòîðîíû äâà

ðàçà.

Îáñóæäåíèå ðåçóëüòàòîâ

Ïðîâåäåí àíàëèç òðåõ ñèíòåçèðîâàííûõ ïðî-

èçâîäíûõ ôåððîöåíà ñ âêëþ÷åííûìè àòîìàìè

ïëàòèíû. Â ïðåäîñòàâëåííûõ ïàðòèÿõ êàæäîãî

èç âåùåñòâ áåçíàâåñî÷íûì ñïîñîáîì îïðåäåëèëè

àòîìíûå îòíîøåíèÿ ìåòàëëîâ n(Fe)/n(Pt) â öåëÿõ

ïîäòâåðæäåíèÿ ïîëó÷åíèÿ òðåõ ïðîèçâîäíûõ

ôåððîöåíà ñ îæèäàåìûìè áðóòòî-ôîðìóëàìè.

Ñîäåðæàíèå æåëåçà è ïëàòèíû â ÀÎ îïðåäåëÿëè

ïî ãðàäóèðîâî÷íûì çàâèñèìîñòÿì, àòîìíûå îò-

íîøåíèÿ âû÷èñëÿëè ïî ñîäåðæàíèÿì ýëåìåíòîâ

â ÀÎ ñ èñïîëüçîâàíèåì ñîîòíîøåíèÿ

n

n

C

A

C

A
r r

( )

( )

( )

( )

( )

( )
,

Fe

Pt

Fe

Fe

Pt

Pt
� (4)

ãäå C(Pt) è C(Fe) — ñîäåðæàíèÿ ýëåìåíòîâ â ÀÎ,

%; A
r
(Pt) è A

r
(Fe) — îòíîñèòåëüíûå àòîìíûå ìàñ-

ñû ýëåìåíòîâ.

Ðåçóëüòàòû îïðåäåëåíèÿ àòîìíûõ îòíîøå-

íèé ïðåäñòàâëåíû â òàáë. 1.

Êàê ñëåäóåò èç òàáë. 1, äëÿ ïîëó÷åííûõ ñî-

åäèíåíèé 1-à, 1-á, 2-â è 3-á àòîìíîå îòíîøåíèå

ìåòàëëîâ áëèçêî ê îæèäàåìîìó, è ìîæíî ïðåäïî-

ëàãàòü, ÷òî ñèíòåç ïðîøåë óñïåøíî, à äëÿ ïðî-

äóêòîâ ñèíòåçà 2-à, 2-á è 3-à íàéäåííîå îòíîøå-

íèå ìåòàëëîâ íå ñîîòâåòñòâóåò áðóòòî-ôîðìóëå.

Î÷åâèäíî, ÷òî ñîñòàâ âåùåñòâ íå ñîîòâåòñòâîâàë
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Òàáëèöà 1. Àòîìíûå îòíîøåíèÿ n(Fe)/n(Pt) â ïðîäóêòàõ ñèíòåçà ïðîèçâîäíûõ ôåððîöåíà, ïðåäïîëàãàåìûå ïî ôîðìóëå

è íàéäåííûå ïî ñîäåðæàíèÿì ýëåìåíòîâ â àíàëèçèðóåìûõ îáðàçöàõ, èçãîòîâëåííûõ áåç âçâåøèâàíèÿ

Table 1. Atomic ratios n(Fe)/n(Pt) in the products of synthesis of the ferrocene derivatives predicted by the formula and fo-

und from the content of elements in the analyzed samples manufactured without weighing

Ïðåäïîëàãàåìàÿ

áðóòòî-ôîðìóëà
Ïàðòèÿ

Òåîðåòè÷åñêîå

çíà÷åíèå

n(Fe)/n(Pt)

C(Fe), %

Ä, %*

(P = 0,95,

f = 22)

C(Pt), %

Ä, %*

(P = 0,95,

f = 26)

Íàéäåíî

n(Fe)/n(Pt)
Ä*

C
40

H
40

Fe
4
PtS

4
P

2
1-à 4,0 0,198 ±0,007 0,167 ±0,007 4,1 ±0,2

0,206 0,176 4,1

1-á 0,101 0,093 3,8 ±0,4

0,071 0,065 3,8

C
14

H
18

FePtN
4
Cl

2
2-à 1,0 0,100 ±0,007 0,217 ±0,009 1,6 ±0,1

0,132 0,289 1,6

2-á 0,088 0,222 1,4

0,101 0,246 1,4

2-â 0,060 0,207 1,0

0,078 0,314 0,9

C
18

H
13

O
3
FePtCl

2
3-à 1,0 0,088 ±0,007 0,161 ±0,007 1,9 ±0,2

0,098 0,179 1,9

3-á 0,100 0,340 ±0,010 1,0 ±0,1

0,068 0,256 0,9

* Ïîãðåøíîñòü, âû÷èñëåííàÿ ïî óðàâíåíèÿì ëèíåéíîé ðåãðåññèè.



çàÿâëåííîìó, ñèíòåç íå óäàëñÿ, è íåò íåîáõîäè-

ìîñòè ïðîâîäèòü ïîëíûé ýëåìåíòíûé àíàëèç

ýòèõ âåùåñòâ íà ñîäåðæàíèå C, H, N, Cl.

Ïðè íåäîñòàòî÷íîì ðàçáàâëåíèè îáðàçöà ïî-

ëèñòèðîëîì ìîãóò ïðîÿâèòüñÿ ìàòðè÷íûå ýôôåê-

òû: âçàèìíîå âëèÿíèå àòîìîâ æåëåçà è ïëàòèíû,

îñëàáëÿþùåå âòîðè÷íîå èçëó÷åíèå ýëåìåíòîâ çà

ñ÷åò ïîãëîùåíèÿ, à òàêæå âëèÿíèå äðóãèõ àòîìîâ

(ñåðû, ôîñôîðà, õëîðà è êèñëîðîäà), êîòîðûå ìî-

ãóò ïðèâåñòè ê çàíèæåíèþ ïîëó÷åííûõ êîíöåí-

òðàöèé Cèçì. Äëÿ ó÷åòà âîçìîæíîãî âçàèìíîãî

âëèÿíèÿ ýëåìåíòîâ è îïðåäåëåíèÿ èñòèííûõ êîí-

öåíòðàöèé (C) ââîäèëè ïîïðàâêè íà ïîãëîùåíèå:

� � ��
m m

ÀÎ 0 , (5)

C = ãCèçì, (6)

ãäå �
m

ÀÎ , �
m

0 — ñóììàðíûå ìàññîâûå êîýôôèöè-

åíòû îñëàáëåíèÿ èçëó÷åíèÿ àòîìà (Fe èëè Pt) â

îáðàçöàõ-èçëó÷àòåëÿõ, ñîäåðæàùèõ ìåøàþùèå

ýëåìåíòû è áåç íèõ ñîîòâåòñòâåííî.

Çíà÷åíèÿ �
m

ÀÎ , �
m

0 è, ñîîòâåòñòâåííî, çíà÷å-

íèÿ ïîïðàâîê íà îñëàáëåíèå èçëó÷åíèÿ æåëåçà

ã(Fe) è èçëó÷åíèÿ ïëàòèíû ã(Pt) ìîæíî ïðèáëè-

æåííî îöåíèòü ïî èçâåñòíîé ôîðìóëå [1, 2]:

� �� � ( ) ,
mi j j

c (7)

ãäå c
j
— ìàññîâûå äîëè âñåõ ýëåìåíòîâ îáðàçöà,

c
j

j

� = 1;

(ì
mi

)
j
— ìàññîâûé êîýôôèöèåíò ïîãëîùåíèÿ ýëå-

ìåíòîì j èçëó÷åíèÿ i-ãî ýëåìåíòà (Fe èëè Pt),

ñì2/ã.

Ïðè äîïóùåíèè, ÷òî ìàññà âåùåñòâà, âçÿòàÿ

ïðèáëèæåííî, ìîæåò êîëåáàòüñÿ â ïðåäåëàõ

5 – 10 ìã (ñîîòâåòñòâåííî, ðàçáàâëåíèå êîëåáëåò-

ñÿ îò 100 äî 200), áûëè ðàññ÷èòàíû ïîïðàâêè íà

ïîãëîùåíèå ïðè 100- è 200-êðàòíîì ðàçáàâëå-

íèè. Â ðàñ÷åòàõ èñïîëüçîâàëè çíà÷åíèÿ ìàññî-

âûõ äîëåé ýëåìåíòîâ c
j
â ñîîòâåòñòâèè ñ çàÿâëåí-

íûì ñîñòàâîì âåùåñòâ è ñïðàâî÷íûå çíà÷åíèÿ

êîýôôèöèåíòîâ ïîãëîùåíèÿ (ì
mi

)
j
[22].

Â òàáë. 2 ïðèâåäåíû çíà÷åíèÿ ïîïðàâîê, ðàñ-

ñ÷èòàííûå äëÿ ïðîäóêòîâ óñïåøíîãî ñèíòåçà (âå-

ùåñòâ ïàðòèé 1-à, 2-â è 3-á).

Ðàñ÷åòû, ïðèâåäåííûå â òàáë. 2, ïîêàçàëè,

÷òî ïðè ðàçáàâëåíèè ïðîáû êàê â 100, òàê è â 200

ðàç ïîïðàâî÷íûé êîýôôèöèåíò ã(Fe)/ã(Pt) íå-

çíà÷èòåëüíî îòëè÷àåòñÿ îò åäèíèöû, ÷òî ñâèäå-

òåëüñòâóåò îá îòñóòñòâèè âçàèìíîãî âëèÿíèÿ ìå-

òàëëîâ. Ñëåäîâàòåëüíî, åñëè ìàññà âåùåñòâà, îòî-

áðàííàÿ áåç âçâåøèâàíèÿ, áóäåò â ïðåäåëàõ

5 – 10 ìã, îøèáêà âñëåäñòâèå ïîãëîùåíèÿ èçëó÷å-

íèÿ ýëåìåíòàìè ìàòðèöû íå ñóùåñòâåííà.

Äëÿ ïîäòâåðæäåíèÿ ïðàâîìåðíîñòè ïðåäëî-

æåííîãî áåçíàâåñî÷íîãî ñïîñîáà ïðîâåäåíî îïðå-

äåëåíèå ïðîöåíòíîãî ñîäåðæàíèÿ æåëåçà è ïëà-
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Òàáëèöà 2. Óòî÷íåííûå çíà÷åíèÿ àòîìíûõ îòíîøåíèé ñ ó÷åòîì ïîïðàâîê íà ïîãëîùåíèå èçëó÷åíèÿ æåëåçà è ïëàòèíû

ýëåìåíòàìè ìàòðèöû, ðàññ÷èòàííûå äëÿ îáðàçöîâ, ñîäåðæàùèõ 5 è 10 ìã ÌÎÑ (100- è 200-êðàòíîå ðàçáàâëåíèå ïîëèñòè-

ðîëîì)

Table 2. Refined values of atomic ratios adjusted for the mutual absorption of iron and platinum radiation calculated for sam-

ples containing 5 and 10 mg MOS (100- and 200-fold dilution with polystyrene)

Ïàðòèÿ m, ìã K
ðàçá ã(Fe) ã(Pt) ã(Fe)/ã(Pt)

Óòî÷íåííîå çíà÷åíèå

n(Fe)/n(Pt)
Ä

1-à 10 100 1,1 1,16 0,95 3,9 ±0,2

5 200 1,05 1,08 0,97 4,0

2-â 10 100 1,163 1,084 1,07 1,0 ±0,1

5 200 1,087 1,077 1,01 0,9

3-á 10 100 1,161 1,082 1,07 1,1 ±0,1

5 200 1,078 1,044 1,03 1,0

Òàáëèöà 3. Ñîäåðæàíèå æåëåçà è ïëàòèíû â ïðîèçâîäíûõ ôåððîöåíà è àòîìíûå îòíîøåíèÿ ìåòàëëîâ, íàéäåííûå ïî

ìåòîäèêå ñî âçâåøèâàíèåì ïðîáû è ïîëèñòèðîëà

Table 3. The content of iron and platinum in ferrocene derivatives and the atomic ratios of metals determined by the method

with weighing the sample and polystyrene

Ïðåäïîëàãàåìàÿ

áðóòòî-ôîðìóëà

Òåîðåòè÷åñêîå çíà÷åíèå ìàññîâîé

äîëè ýëåìåíòà â ÌÎÑ

Ïàðòèÿ

Ìàññîâàÿ äîëÿ ýëåìåíòà

â ÌÎÑ, íàéäåíî
n(Fe)/n(Pt),

íàéäåíî

ù(Fe), % ù(Pt), %
ù(Fe), %

(P = 95, f = 22)

ù(Pt), %

(P = 95, f = 26)

C
40

H
40

Fe
4
PtS

4
P

2
19,78 17,27 1-à 20,1 ± 0,5 17,1 ± 0,5 4,1 ± 0,2

C
14

H
18

FePtN
4
Cl

2
9,90 34,58 2-â 9,8 ± 0,8 34,0 ± 0,9 1,0 ± 0,1

C
18

H
13

O
3
FePtCl

2
9,32 32,56 3-á 9,4 ± 0,4 32,0 ± 0,9 1,0 ± 0,1



òèíû â ïðåäñòàâëåííûõ ÌÎÑ òðàäèöèîííûì ìå-

òîäîì [17, 18] ñî âçÿòèåì òî÷íûõ íàâåñîê âåùåñò-

âà è ðàçáàâèòåëÿ è âû÷èñëåíèåì êîýôôèöèåíòà

ðàçáàâëåíèÿ. Èçìåðåíèÿ ïðîâîäèëè ïî äâà ðàçà ñ

êàæäîé ñòîðîíû. Íàéäåííûå ñîäåðæàíèÿ ìåòàë-

ëîâ â ÌÎÑ â ïðåäåëàõ ïîãðåøíîñòè ñîâïàäàëè ñ

òåîðåòè÷åñêèìè. Âû÷èñëåííûå ïî íèì àòîìíûå

îòíîøåíèÿ òàêæå ñîâïàäàëè ñ òåîðåòè÷åñêèìè

è ñ îïðåäåëåííûìè áåçíàâåñî÷íî, ÷òî ïîäòâåðæ-

äàåò ïðàâèëüíîñòü ïðåäëîæåííîãî ñïîñîáà

(òàáë. 3).

Çàêëþ÷åíèå

Íà ïðèìåðå ÌÎÑ, ñîäåðæàíèå ìåòàëëîâ â êî-

òîðûõ íå ïðåâûøàåò 35 %, ïîêàçàíî, ÷òî îïðåäå-

ëåíèå àòîìíûõ îòíîøåíèé Fe/Pt âîçìîæíî â îá-

ðàçöàõ-èçëó÷àòåëÿõ, èçãîòîâëåííûõ áåç âçÿòèÿ

òî÷íûõ íàâåñîê. Äëÿ âû÷èñëåíèÿ àòîìíûõ îòíî-

øåíèé äîñòàòî÷íî ýêñïîíèðîâàíèÿ ÀÎ ñ îäíîé

ñòîðîíû. Óïðîùåíèå ïðîöåäóðû àíàëèçà è îòñóò-

ñòâèå âçâåøèâàíèÿ ñóùåñòâåííî óñêîðÿþò ðàáî-

òó àíàëèòèêà.

Ïðåäëîæåííûé ñïîñîá ìîæåò èñïîëüçîâàòüñÿ

äëÿ êîíòðîëÿ ïðîöåññîâ ïîëó÷åíèÿ íîâûõ ìåòàë-

ëîîðãàíè÷åñêèõ ñîåäèíåíèé, à òàêæå ïîëèìåð-

íûõ êîìïîçèòîâ â êà÷åñòâå ïðåäâàðèòåëüíîãî

êðèòåðèÿ óñïåøíîñòè ñèíòåçà îæèäàåìîãî ïðî-

äóêòà äî ïðîâåäåíèÿ åãî ïîëíîãî ýëåìåíòíîãî

àíàëèçà.

Ôèíàíñèðîâàíèå

Ðàáîòà âûïîëíåíà â ðàìêàõ Ãîñóäàðñòâåí-

íîãî çàäàíèÿ ¹ 075-00697-22-00 Ìèíèñòåðñòâà

íàóêè è âûñøåãî îáðàçîâàíèÿ Ðîññèéñêîé Ôåäå-

ðàöèè ñ èñïîëüçîâàíèåì íàó÷íîãî îáîðóäîâàíèÿ

Öåíòðà èññëåäîâàíèÿ ñòðîåíèÿ ìîëåêóë ÈÍÝÎÑ
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