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Analytics

NAS RKis pleased to announce that News of NAS RK. Series of chemistry and
technologies scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of chemistry and technologies in
the Emerging Sources Citation Index demonstrates our dedication to providing the most relevant
and influential content of chemical sciences to our community.

Kasakcman Pecriybnukacel ¥nmmbik fbiribiM akademusicbl "KP YFA Xabapnapbel. Xumusi XoHe
mexHorsioeusi cepusicbl” fbifibIMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacbli Emerging
Sources Citation Index-me uHOekcmeryeze KabbindaHraHblH xabapnalidbl. byn uHdekcmerny 6apbicbiHOa
Clarivate Analytics komnaHusicsbl XypHandbl o0aH api the Science Citation Index Expanded, the Social
Sciences Citation Index xeoHe the Arts & Humanities Citation Index-ke Kabbiiday maceneciH
kapacmbipyda. Webof Science 3epmmeywinep, asmoprap, 6acnawsifiap MeH MeKemMesiepae KOHMeHm
mepeHDiei MeH canacbiH ycbiHaobl. KP YFA Xabapnapbl. XuMusi XoHe mexHosnoausi cepusicbl Emerging
Sources Citation Index-ke eHyi 6i30iH KoramdacmabiK YWIiH eH 63eKmi xoHe 6edendi XuMusinbiK FbliibiMOap
bolibIHWa KoHmeHmke adasndbifbiMbi30bi 6indipedi.

HAH PK coobwaem, ymo Hay4HblIl xypHan «13eecmus HAH PK. Cepusi xumuu u mexHonoaul» 6bin
npuHam dns uHdekcuposaHusi 8 Emerging Sources Citation Index, obHosneHHol eepcuu Web of Science.
CodepxxaHue 8 amom UHOeKkcuposaHuu Haxodumcs 8 cmaduu paccmompeHuss KomnaHuel Clarivate
Analytics 0ns OdanbHeliweeo rpuHamusi xypHana e the Science Citation Index Expanded, the Social
Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem ka4ecmeso u
enybuHy koHmeHma 0ris uccriedogamersiel, agmopos, usdamerel u y4pexoeHul. BkrroyeHue Mzeecmus
HAH PK e Emerging Sources Citation Index demoHcmpupyem Hawly MpuUeepKeHHoCcmb K Hauboree
aKkmyarbHOMY U 8/1UsiMesIbHOMY KOHMeHmMy o XuMu4ecKuM Haykam 051 Hawezo coobuecmea.
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SELECTIVE EXTRACTION OF GOLD (IIT) BY INERT ORGANIC
SOLVENTS AND DETERMINATION OF ITS METHYLENE BLUE (MB)
DIRECTLY IN THE ORGANIC PHASE

Abstract. A new highly selective, accelerated and simple extraction photometric method for determining gold
with MB directly in the organic phase has been elaborated. The developed method is tested on the analysis of
production solutions of hydrometallurgical plants, concentrates and rocks without separation of accompanying
elements. The developed method of extraction-photometric determination of gold with MB is recommended for the
analysis of industrial solutions, waste water, ores, concentrates, rocks and other materials complex in terms of
chemical composition without separation of the accompanying elements directly in the organic phase.

Key words: photometric method, gold, complex compounds, chloroform, gold extraction.

Introduction. Existing photometric and extraction-photometric methods for the determination of gold
(IIT) for the use of organic dyes [1,2,3,4] are not very selective. Only a few works we can see investigates
about minerals and receiving concentrates for extraction chloride of metal ions [5]. The results of the
leaching of the tailings from the heap leaching section with the aim of extracting gold associated with
sulfides are presented [6,7].Since the complexation of gold (III) with organic reagents happens during the
water phase, the resulting ions often form complex colored compounds and conflict with the definition of
gold. In the work [8] given general information on the chemical composition of ash and slag wastes and
the content of valuable components of the most developed and used deposits in Kazakhstan and attractive
from the point of view of extracting valuable materials from them.

Recently for increase of selectivity of methods for determination of elements a new method is applied
- selective extraction of colorless complexes of elements by inert organic solvents, with the subsequent
addition to the extract of organic dyes and their complexation directly in the organic phase [9,10].

This paper discusses a new selective, simple method based on selective extraction of gold chloride
complex (IIT) with inert organic solvents and its complexation with MB directly in the organic phase.

Source solution of gold (III) with a concentration of 1MB/ml was prepared from the salt of chloride
gold. Titer of solution was set by potentiometric titration with Mora salt [11]. Aqueous solution of MB
was used.

The spectra of extracts of gold (III) and reagent complexes were shot on SP-26 spectrophotometer,
=1 see. Optical density of the solution was measured on the photoelectric colorimeter KPC-2.
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Experiments have shown that gold (III) from highly acidic solutions in the presence of chloride ions and
dimethylformamide (DMFA) is well extracted by chloroform. In the absence of DMFA, gold (III) is not
extracted. The study of gold extraction (III) by chloroform depending on the concentration of hydrogen
ions, chloride ions and DMFA showed that the optimal conditions for gold extraction (III) are: 0.50 - 6.0 g
ion/l for hydrogen ions; 0.06 - 2.5 g ion/l for chloride ions and 13 - 26 % (by volume) for DMFA, shaking
duration of phases 5 - 10 s. At equal volumes of aqueous and organic phases extraction of gold (III) at a
single extraction is 99.9 % and does not change to a ratio of 20:1 phase volume [12].

In these optimum conditions, the composition of the extractable gold chloride complex (III) by the
equilibrium shift method has been determined [13]. For this purpose, the dependence of gold extraction
(IIT) on concentration was studied: 1) hydrogen ions (0.030 - 0.96 g ion/l) at constant concentrations of
chloride ions (1.0 g ion/l), DMFA (20%) and ionic force (u = 1) created by adding NaCl solution;
2) chloride ions (0.01 - 0.34 g ion/l), at constant concentrations of hydrogen ions (1.0 g ion/l), DMFA
(20%) and ionic strength (p=1); 3) DMFA (5 - 13%), at constant concentrations of hydrogen ions
(1.0 g ion/1), chloride ions (1.0 g ion/l) and ionic strength (p=1).

The concentration of gold (III) in the extract was determined by the photometric method with the MB
reagent. For this purpose, an aqueous solution of MB was added to the extract and the phases in the
organic phase were shaken. The resulting colored gold complex (III) with MB was photometrically
photometrical relative to the blank experience extract prepared in a similar way. The data obtained are
given in tables 1 - 3 and Figures 1 - 3, shows that in bilogorithmic coordinates £gD,,, — €gCy, gD 4y —
£gCci— , gDy — €9gCpyra DMFA (where D is the distribution coefficient, C is the equilibrium
concentration, moths) there is a straight-line dependence with tangent angles of straight lines equal to
1,4,3 respectively. Consequently, gold (III) is extracted by chloroform in the form of HAuCly; the solvate
number HAuCl, in the extract is 3 [14].

Table 1 - Determination of the number of H'-ions involved in the extraction
of gold by chloroform. A,;,=0,57; C»,=0,91-10°m

C .+, mol A D gD -0gC,+
0.015 0,340 1,100 0,040 1,820
0,030 0,400 2,350 0,372 1,580
0,60 0,470 4,700 0,671 1,320
0,119 0,510 8,500 0,930 0,919
0,340 0,540 18,000 1,360 0,630
0,260 0,550 27,500 1,440 0,440
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Figure 1 - Determination of molar ratios of Au: Figure 2 - Determination of molar Au:

H' - ions by the equilibrium shift method during CI ratios by the equilibrium shift method during
chloroform extraction, V=10 ml £ =1 cm chloroform extraction, Vo=10ml { =1 cm
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Table 2 - Determination of the number of chloride ions involved
in the extraction of gold by chloroform. A;,=0,57; C A=0,91-10" m

Ccy, mol A D LgD -0gCqL
0,015 0,080 0,160 0,790 1,819
0,019 0,180 0,450 0,350 1,690
0,035 0,260 0,810 0,090 1,600
0,030 0,360 1,630 0,310 1,530
0,035 0,419 2,630 0,419 1,450
0,040 0,500 6,250 0,790 1,390
0,045 0,540 13,500 1,130 1,340
0,050 0,560 38,000 1,440 1,260

Tab6muna 3 - Determination of the number of DMFA molecules involved
in the extraction of gold by chloroform. A,,=0,57; Cpu=0,91-10"m

Comra’, mol A D tgb -£9Comra
0,519 0,135 0,310 - 0,508 0,285
0,789 0,280 0,960 -0,0177 0,103
0,909 0,340 1,480 0,170 0,040
1,039 0,390 3,160 0,499 -0,016
1,169 0,440 3,380 0,530 -0,067
1,300 0,480 5,300 0,724 0,113

0,8 A o > 1,4 A o

D R [}
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Figure 3 - Determination of Au: DMFA molar ratios by the Figure 4 - Determination of the composition of the gold
equilibrium shift method during chloroform extraction complex with MB method of balance shift

To fully identify the mechanism of extraction of gold (III) studied the number of hydrated water
molecules in the extract. For this purpose, 10 ml of a mixture containing 1 M HCI and 20% DMFA, 10 ml
of chloroform and shaking for 5 - 10 seconds was added to 5 MB of gold (III). A blank solution without
gold was prepared in a similar way (III). After complete separation of the aqueous phase extract, the
extracts were poured into dry cylinders with grated plugs. Determination of water was carried out by the
Fisher method [15] by amperometry titration. For this purpose, Fischer reagent from micro burette was
poured to 1 ml of the test extract taken by the dispenser, the titer of which was determined in advance by
water suspension. Under the action of the Fisher reagent the arrow of the galvanometer was shifted
towards the current increase and set constant at the end of titration. Knowing the Fisher reagent titer
(T=0.0018 g/ml), the water content was determined by formula: g,,,,= T-V, (where V - is the volume of
Fisher's reagent that went on hydrated water titration (V=0.101 ml), T - is the Fisher's reagent titer). The
amount of hydrated water in chloroform extraction: g,,, = 0,0018 - 0,101 = 0,0001818 gr/ml = 0,1818
gr/l.

Given that the titration of the taken 5 MB of gold (III) and the volume of chloroform 10 ml we cal-

01818 0,5 35,7964
culate the number of hydrated water molecules: nH20=g"2° Gau : = = 3,9777 = 4.
Muzo  Aau 18 1969 9
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Consequently, during the extraction of gold (IIT) chloroform hydrate 4 water molecules. Considering
this, the mechanism of extraction of gold (III) can be represented by an equation: AuCly )+ H(H,0)s + 3
DMFA(8) S [H(H,0)s (DMFA);]" [AuCLy] ")

Therefore, the gold chloride complex (III) in the presence of DMFA is extracted by the chloroform
for the hydro-solvate mechanism [16].

After extraction of gold (III) chloroform in optimal conditions, separation of the aqueous phase of the
addition to the extract of aqueous solution of MB and shaking phases for 10-15 seconds is complexing
gold (III) with MB in the organic phase. The study showed that almost complete complex formation of
gold (IIT) with MB in the chloroform occurs in the pH = 6-10 range. The stability of the gold (III) extract
has been studied depending on the volume of MB aqueous solution. It is found that the chloroform extract
of gold (III) is stable to the ratio of water and organic phases of 1.5:1.0. Gold complex (III) with MB in
the organic phase is stable for more than 3 days.

The influence of MB concentration on the completeness of gold complexation has been studied (III).
For this purpose, to a constant amount of gold (III), after extraction in optimal conditions, added an
increasing amount of MB and photometric. Experimental data showed that the full complex formation of
gold (III) is achieved at 18-fold molar excess of MB (table 4 and figure 4).

Table 4 - Determination of the equilibrium composition
of the gold complex with MB method of balance shift. C,, =7,65 - 10 m, Ayp=0,52

Cyp, M°107 A D (gD [kompl]M-10° [MB] M-10° -tg [MB]
1,357 0,430 4,777 0,679 6,319 7,255 5,140
1,630 0,440 5,500 0,740 6,470 9,819 5,010
1,900 0,450 6,419 0,808 6,619 13,385 4910
2,172 0,460 7,619 0,880 6,760 14,950 4,819
3,358 0,480 12,000 1,079 7,060 25,530 4,600
4,344 0,500 25,000 1,297 7,360 36,085 4,450

The absorption spectra of gold (III) complexes with MB and reagent MB are shown in figure 5.
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0,5
0,4
0,3
0,2
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0
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~—&®—Row1 —®— Row2

Figure 5 - Absorption spectra of gold complexes (III) with MB (Row1)
and MB reagent (Row2) in chloroform (Ca, =0,51 - 10° M; V=10 ml; { =lcm)

As can be seen from figure 5, the maximum light absorption of the complex with MB (Row1) is at
650 nm. The molar repayment ratio of the complex is 1.22:105. The Ber law is observed in the interval of
1-120 pg of gold (III) in 10 ml of the extract. Reproducibility of definitions is in the range of 2-5%. There
are three graded charts in the intervals of 10 - 10, 10 - 60, 60 - 120 pg of gold. Optical density of
complexes was measured in cuvettes with thickness of 20, 10, 3 mm.

The determination of molar ratios of the components in the resulting gold (I1I) and MB complexes
was carried out by the equilibrium shift method [8]. To determine the composition of the gold (III)
complex with MB to chloroform extract containing a constant amount of gold (III) (1,326 - 10-5 M,
Ay, = 0,7) were added 10 ml from 1,359 - 10-5 to 24,403 - 10-5 M aqueous solution of MB in the
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chloroform and shaken the phases 10-15 sec. The resulting painted gold complex (III) with MB was
photometrically photometrical relative to the blank solution prepared in a similar way with the same
amounts of reagent. From the tabular data (Table 4) we made a graph of dependence of £gD on -{g[MB]
(figure 4).

The tangent angle of the straight line on the graph shows that gold (III) in the chloroform interacts in
a molar ratio of 1:1. Considering the mechanism of extraction of gold chloride complex (III) and the
composition of complex compounds with MB, the reaction of complexation of gold (III) with the MB
reagent in the organic phase can be presented in the following scheme: [H (H,0); (DMFA);]" [AuCly] ) +
PCl;) 2@ PAuCly+ 3DMFA + HCI1 + H,O. Where the P - is the MB cation.

Methods for determining gold in pure solutions. The dividing funnel is filled with the analyzed
solution containing 1.0-120 pg of gold (III), 1 ml of concentrated hydrochloric acid is added to the
dividing funnel and the volume of the solution is brought to 8 ml with water, 2 ml of DMFA, 10 ml of
chloroform is added and 5-10 s are shaken. The extract is washed with 10 ml of solution containing 1 M
HCI and 20% DMFA, and 5-10 s are shaken. Then add 10 ml of 0.010% aqueous solution of MB to the
extract and shake 10-15 sec. The resulting colored complex is filtered through filter paper into a cuvette
and measured the optical density relative to the blank extract.

In industrial samples and minerals, gold is found in mixtures with many elements. In order to identify
the possibility of determining gold from complex chemical samples was studied the influence of foreign
ions in determining gold with MB. The method for determining gold in the presence of foreign ions is the
same as for determining it in pure solutions, with the only difference being that certain amounts of foreign
ions or compounds are preliminarily added to the determined solution and in some cases, if necessary,
masking agents are added and the extract is washed once with a washing solution containing HCI and
DMFA.

Under conditions of extraction of gold (III) partially extracted thallium ions (III) and antimony (V)
and interfered with the definition. However, thallium (III) in chloroform extract with MB in the medium
of 0.05 - 0.5 M of borax does not form a colored complex compound and its 5000-fold amount does not
interfere with the definition of gold. In the presence of tungsten to prevent the deposition of tungsten acid
and to eliminate the interfering effects of antimony (V) previously added 0.01 - 0.5 g tartaric acid. Data on
the definition of gold in the presence of foreign ions are given in table 5 with a relative error within 2-5%.

Table 5 - Determination of gold (III) with MB in the presence
of foreign ions (10 pg gold was taken)

M M/Au M M/Au M M/Au M M/Au
Ag () 2000 Mn (1) 100000 Cr (1T 20000 W (VD) 2000°
Ag () 15000 Cd (1) 80000 Ti (IV) 15000 Mo (VI) 15000
Pb (II) 2000 Hg (1) 10000 Sn (IV) 50000 Te (VI) 30000
Pb (1) 20000° Bi (II) 20000 Th (IV) 22000 Mn (VII) 1000
Zn (1) 50000 Fe (11I) 30000 Pt(IV) 2000 Os (VIII) 200
Ca (I) 20000 Tu (I11) 15000 Se (IV) 3000 NaF 5000
Ba (II) 20000 Al (TII) 15000 Zr (IV) 15000 NO, 6000
Cu (1) 20000 Ga (11I) 10000 Sb (V) 150 PO,> 2000
Ni (1) 30000 La (II) 20000 Sb (V) 3000° tartaric acid 100000
Co (1) 35000 TI (11T 1000 As (V) 20000 citric 100000
Pd (II) 2000 T (11I) 5000 U (VD) 10000 acid

Be (II) 2000 TI (1T 10000 W (VD) 150 thionalide 10000

Where M - ion or compound; M/Au - allowable ratio to gold by weight; 1 - in the presence of 100 MB
thionalide; 2 - in the presence of 0.5 g of tartaric acid; 3 - after heating the solution with sludge in a water
bath for 2 - 3 minutes; 4 - when shaking the extract with aqueous solution of MB, containing 0.05 - 0.5
borax.

In order to find out the possibility of determining gold in various objects, we carried out the analysis
of production solutions, (Table 6) concentrates and rocks (table 7).

In determining the gold (III) in the production solutions are taken 1 - 2 ml of aliquot part of the
solution and further analysis is carried out as in the analysis of gold from pure solutions. The gold content
is determined from the calibration chart.
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Table 6 - Determination of gold in production solutions (n =4; p = 0.95)

Content of gold in the Found (%) Sr Ay =2 100
production solution, MB/1 gold, MB/1 X
1,60 1,55 0,0160 + 0,039 +2,50
15,20 15,30 0,0094 + 0,220 + 1,50
45,00 45,50 0,0056 +0,410 + 0,990
101,00 101,60 0,0075 + 1,220 + 1,20
142,50 142,30 0,0094 +2.134 +1,50

To determine the gold (III) in the concentrates and rocks calcined at 600-650° C for 1.5 hours a
canopy (10 - 20 g) is placed in a conical flask for 250 ml, 30-60 ml of a mixture of hydrochloric (p 1.19)
and nitric (p 1.4) acids (3:1) and evaporated to wet salts. Then add 10 - 20 ml of the same mixture of acids
and again evaporate to wet salts, then pour 30 - 40 ml of 1 M HCI and boil for 5 - 10 minutes. Cool the
solution and filter it into a measuring flask for 50 or 100 ml, then dilute the filtrate 1 M HCI to the mark
and determine the gold content from the aliquot of the solution.

Table 7 - Results of gold (III) determination in concentrates and rocks at chloroform extraction (n = 4; p = 0.95)

Sample Contents, Au gr/t Found Au (%), gr/t Sr Ay + AYX -100
Concentrate 50,00 51,20 0,034 +2,780 +5,42
Concentrate 37,50 96,50 0,022 + 1,277 + 3,50
Concentrate 22,00 21,60 0,028 +0,972 +4,50

Breed 8,30 7,60 0,036 + 0,441 + 4,80
Breed 5,60 5,15 0,041 + 0,334 + 6,50

Discussion of results. Therefore, our research allows us to conclude that the low selectivity of
metalloids definitions using basic dyes, as well as the use of other organic reagents in the complex
formation in the aqueous phase is the main disadvantage of existing methods.

Our research has focused on ways to increase the selectivity and sensitivity of photometric
definitions, as these analytical characteristics play an important role in the practice of analytical chemistry.
We have investigated the conditions of selective extraction of the gold chloride complex in the presence of
DMFA inert organic solvents and its determination directly in the organic phase without separation of the
accompanying elements.

Researches have shown that gold (II) from a highly acidic environment is selectively extracted by
chloroform in the presence of chloride ions and DMFA. At 5 - 10 second phase shaking gold (III) is
extracted by 99.9% without changes to the ratio of phase volumes 20:1.

Under these optimal conditions, thallium (III), antimony (V) and tungsten (VI) are partially extracted
together with gold and interfere with the definition. However, thallium, antimony, and tungsten interfere
with the extraction by adding masking agents to the extraction mixture.

The research of substance of extracting gold chloride complex (III) in the extract has shown that the
gold chloride complex (III) is extracted by the hydro-solvate mechanism. Gold chloride complexes (III) in
the extract are stable for a long time and subject to the Beer's law in a wide concentration range. The
method is valuable also by the fact that after the extraction of gold in the organic phase there is a
possibility of forming complexes with more sensitive organic reagents, which due to low selectivity have
not received wide application.

Conclusions. The research resulted in the development of a new highly selective, accelerated and
quick spectrophotometric extraction method for the determination of gold directly in the organic phase. It
has been established that gold (III) is extracted by chloroform from a highly acidic medium in the
presence of chloride ions and DMFA by the hydro-solvate mechanism. The influence of foreign ions that
do not interfere with the definition of gold in large multiples has been studied. The developed method was
tested on the analysis of production solutions, concentrates and rocks without separation of accompanying
elements. The method is easy to perform, highly selective and rapid.

The developed method of extraction-spectrophotometric determination of gold is therefore suggested
for the analysis of industrial solutions, wastewater, concentrates, ores, rocks and other materials with
complex chemical composition without the separation of the corresponding elements directly in the
organic phase.
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AJITBIHJIBI (11IT) ’HEPTTI OPTAHUMKA/IBIK EPITKIIUTEPMEH IPIKTEY
DKCTPAKIUSICHI )KOHE TIKEJIEI OPTAHUKAJIBIK ®A3AJIA
METHJIEH/II KOKIIEH (MT') AHBIKTAY

AnHotanusi. Opranukanbik 00sFbil Kojigany apKeuibl antbid (I1I) aHbikTayAbIH (OTOMETPHSIIBIK XKOHE IKC-
TPaKIUAIBIK-POTOMETPUSIIBIK oficTepi a3 ipikTenred. OpraHukanblK peareHTTepMmer antbiHHBIH (I1I) kemenmi
Ty3inyi cy (hazaceIHIa Xypeni, ’KaHaMa HoHAap OOsUFaH KeHIeH i KOCBUIBIC TY3€/1 KOHE alThIH/BI aHBIKTayFa 0ereT
JKacamgbl.

COHFBI yaKbITTa 3JIEMEHT aHBIKTAY OMIICTEPIHIH CENEKTUBTUIITIH apTTHIPY YIIiH YKaHA TOCLT — HHEPTTI OpraHu-
KaJIBIK epITKIIITepMEH 3JEMEHTTEPAiH Tycci3 KeUIeHIH TaHOall ally 3KCTPAKIIICH KOJNTaHBUIAIBI, OHOA KE3eKTeri
OpTaHMKAJIBIK OOSFBILITAPABI TYHJBIPFBIIIKA KOCY XQHE OJIapZbl TiKeJel OopraHuKajibIK (as3ajga KemeHIi Ty3imici
Kypei.

JKyMbICTa MHEPTTI OpraHMKaIBIK epiTKiuTepi 0ap XoHe Tikened opraHukainslk ¢azaga MIT kemeHxmi Tysy
apkpbuibl anThiHHBIH (I11) X7OpUATI KelIeHIHIH TaHaay bl TYHABIPMAChIHA HETi3/Ie/ITeH j)KaHa CENEKTHBTI, KapanalibiM
9JIiC TalKbUIAHABI.

Anteiaabig, (I11) Oacrankel epiTiHAiCiHIH 1MI/MJI KOHIEHTPALUSCHl aIThIH XJIOPHII TY3bIHAH JailbIHIIANIa/IbL.
Epitinginin tatpi Mop Ty3pIMEH NOTEHIMOMETPHSIBIK TUTpPJEY apKbUIbl OpHaTeDIamel. MIT cy epiTiHzici
koimanbutanel. AnTeiH (III) kemeni >koHe peareHTTep TYHABIPMACHIHBIH crekTpin C®D-26 cnektpodoTomerpe
tycipemi, (=1 cm TteH. Epiringinin ontukanblK ThIFbIBABIFEI KDPK-2 (HOTO3IeKTPOKOIOPUMETPIHIE OJIIICHET].
Toxipube HOTHXKECI KOPCETKEHICH, XJIOpHA-HOHmap xoHe auMeTmindopmamunria (JM®PA) KaTeICysl HeETi3iHIE
KYIITi KBIIKBUIAE! epitiginepaed anteiH (I1I) xmopodopmmen xakcsl TyHObIpUTagsl. JJM®DA OommaraH xarmaiiga
anteiH (II1) TyHOara Tycmeiini. CyTeri noHmapsl, xiopua uoHmap xoue JJM®A KOHIEHTpauusICchiHA OaiaHBICTHI
anteiHabl (1) xmopodopmmen TyHOara Tycipyni 3epTrey *KymbIcTapbl kepcerkenae, anteiH (III) TyHIBIpYRbIH
OHTAIJIBI MApTTaphl: CyTeri noHmaphl OolibiHmIa 0,50-6,0 r-mon/ir; xmopun uoHAapsl OoiibHIma 0,06-2,5 T-HOH/I
xoHe JIM®DA oOoiibiama 13 -26 % (kesiemi Herizinzae), pazanapas! citky y3akTbiFsl — 5-10 c. Cy jxoHe OpraHUKaJbIK
hazamapaeiy Oipaeit keneminae anteid (I11) 6emy Gipperrik TyHABIpYaa 99,9% kypaiiasl xkone 20:1 ¢da3a keneMiHig
apakaThIHACBIHA JAEHIH 03repMei/i.

Kepcerinren oHrailnbl arjaiiia Tene-TeHIIKTI KbUDKBITY oficiMeH TyHAbIpbuiaThiH anteiH (III) xmopunri
KemeH Kypambl aHbIKTanaabl. byn ymria antem (II) TyHABIPMACHIHBIH KOHIIEHTpAIMSIFA TOYENIUIIr 3epTTesemi:
1) xaopua-uonnapsi (1,0 r - non/n), IMDA (20%) typaxTsl KoHueHTpauuschl xxoHe NaCl epiTiHaiciH KOCY apKbLIbl
»KacalaTblH HOH Ky GapeicbiHna cyrteri nongaps (1,0 r-uon/n); 2) cyreri nonnapsi (1,0 r-uon/mn), JIM®DA (20%)
TYpaKTHl KOHIICHTPAIMACH JXoHEe MOH KymIi Oapeiceiaaa xiopuna-uoHnmap (0,01-0,34 r-mon/m); 3) cyreri moHAApHI
(1,0 r-mon/m), xmopun-woHAapeHbH (1,0 T-HOH/IT) TypaKThl KOHIICHTPAIMACH JKOHE MOH Kymmi kesinmeri MDA
(5-13%).

3epTTey HOTWXKECIHIE TiKeNnel OpraHuKaiblK (as3aga anThlH aHBIKTAYJbIH JKaHa >KOFapbl CEJIEKTHBTI,
JKBUIAMIATBUIFaH JKOHE KapanalibiM TYHIBIPMAaIIBI-CIIEKTPO(OTOMETPHSIIBIK 9/1ici a3ipieHeni. Taxxipnde OapbichiHaa
anpikTaFangail, anteia (III) XJI0pUa-HOHBI XOHE TUAPAT-CONBBATTHI MexaHW3M OoiibiHma MDA KaThicybIMEH
KYIITI KBILIKBUIABI OpTazaH xyiopodopMmMmeH TyHOara Tyceni. Kemecenik Mesmiepye aiThlH aHbIKTayFa Oerer
OonmMaiiTeiH Oacka MOHAAp ocepi 3eprreneai. JKacanraH oiic ©HAIPICTIK €piTiHII, KOHLUEHTPAT MOHE >KBIHBICTHI
KOCAJIKbI JJIEMEHTTEpi OenMell Taijgayaa Tekcepuieni. Oic KapamaibiM OpbIHAAY apKbUIbI, KOFapbl Tajaay
OOMBIHIIIA SKCIIPECCHSIMEH €PEKITIeIICHE 1.

Ocpunaifiiia aThIHIBI TYH/BIPY-CIEKTPOPOTOMETPHUSUIIBIK aHBIKTAY HETI31H/IE jKacaFaH o/liC OHIIPICTIK epiTiHIi,
arelHIBl Cy, KOHIEHTpAT, KeH, TiKelel opraHukanblK (a3aga jkaHama 3JIEeMEHTTepli OesiMel MaTepHaniapiblH
XUMUSUTBIK KypaMbl OOMBIHIIIA )KBIHBIC JKoHE 0acKa KypAei Tajiay >kacayra YChIHBIIa bl

Tyiiin ce3aep: GOTOMETPHUSIIBIK 91IiC, ANTHIH, KEMIEHA1 KOCBUIBICTAp, XJIOPO(OpM, TYHIBIPY.
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MN3BUPATEJIBHAS DKCTPAKIIMSA 30JI0TA (III) ”THEPTHBIMHU OPTAHUWYECKUMH
PACTBOPUTEJISIMHU U OIIPENEJIEHUE EI'O METUJIEHOBBIM I'OJIYBbBIM (MI')
HETIOCPEACTBEHHO B OPTAHUYECKOMU ®A3E

Annotanus. CymecTBytomue (pOTOMETPHUECKHE U SKCTPAKIIMOHHO-(POTOMETPUIECKUE METOABI OTpEJeNICHUs
3omota (III) ¢ mpuMeHeHHEM OpraHWYECKHWX KpacHuTeleld Malon3OMpaTeNbHBI. Tak Kak KOMILIEKCOOOpa3oBaHUE
3omota (III) ¢ opraHuvYeckuMu peareHTaMH MPOUCXOTUT B BOOHOH (pa3e, B KOTOPOH COMYTCTBYIOIINE MOHBI TaKKe
00pa3yroT OKpalIeHHbIe KOMIUIEKCHBIE COEANHEHUS U MEIIAIOT ONPEEIICHUIO 30J10Ta.

B mocnenHee BpeMs Ul MOBBIMICHUS CEJIEKTHBHOCTH METOJOB ONPENCICHUS JIEMEHTOB NPUMEHSIOT HOBBIN
npuéM — u3dupaTenbHAs OSKCTPAKIMsA OECHBETHBIX KOMIUIEKCOB 3JIEMEHTOB HHEPTHBIMA OPraHUYECKHMHU
PacTBOPUTEISIMH, C TIOCJIEAYIONINM 100aBICHUEM K SKCTPAKTY OPTaHUIECKUX KPAacHTENIeH U KOMILIEKCOOOpa3oBaHMs
MX HETIOCPEACTBEHHO B OpraHuueckoi dase.

B Hacrosiieit pabote o0CykIaercss HOBBI CEJIEKTUBHBIH, IPOCTOH METOJl, OCHOBAHHBIH Ha W30HMPATENBHOM
SKCTPAaKIUU XJIOpHAHOTO Komiiekca 3oi0ta (III) ¢ WHEPTHBIMM OpraHMYECKMMH pAacTBOPHUTEISIMH U
KoMIuIekcooOpazoBanue ero ¢ MI™ HermocpecTBEHHO B OpraHuueckoi dase.

Ucxonnpit pactBop 3omota (III) xoHIeHTpammed 1MIr/Mi TOTOBWIM W3 CONM XJIOPHUIHOTO 30JI0Ta. THTp
pacTBOpa yCTaHABIMBAIN TOTEHLIHMOMETPUYECKH TUTPOBAHUEM ¢ coJibto Mopa. Mcnonbs3zoBanu BogHbli pactBop MI'.

CriekTpsl dKcTpakToB KoMIniekcoB 3ooTa (II1) u pearenra cammanm Ha criekrpodoromerpe CD-26, (=1 cMm.
OnTHYeCcKyI0 TIOTHOCTh pacTBOpa m3Mepsuid Ha GoTrodnekrpokonopumerpe KOK-2. OnbIThl mokas3aiu, 4To 30JI0TO
(III) u3 CHIILHOKUCIBIX PAaCTBOPOB B MPHUCYTCTBHM XJOPWA-MOHOB u aumermwidopmamuna (JAMDA) xoporiio
aKcTparupyercs xiaopopopmom. B orcyrerBun JIM®PA 3omnoto (1) e sxcrparupyercs. MccienoBanue skcTpakium
3omota (I1I) xmopodopmMoM B 3aBUCHMOCTH OT KOHIIGHTPAIIMHA BOJAOPOJ-HOHOB, XJIOpHUI-HOHOB U JIMDPA mokazaio,
YTO ONTHMAIBHBIMH YCIIOBUsIMH dKcTpakiuu 3o0i01a (I11) sistores: 0,50 — 6,0 r-uon/n nmo Bonopoa-uoHos; 0,06 —
2,5 r-MOH/JI 10 XJIOPUI-UOHOB U 13 — 26 % (1o 00bémy) no JIM®PA, npoaomkuTenbHOCTh BeTpsixuBanus a3 5—10 c.
[Tpu paBHBIX 00BEMax BoaHOW M opraHuyeckoil (a3 usBiedenue 3oinota (III) mpu omHOKpaTHOM SKCTpakKIMU
coctaBisieT 99,9 % u He U3MeHsIeTCs 10 COOTHOIEeHMs! 00BEMOB (a3 20:1.

B yka3aHHBIX ONTHMABHBIX YCIOBHUSX ONPENENIEH COCTaB SKCTPArupyIOIIerocst XJOPUIHOTO KOMILIEKCa 30J10Ta
(III) meromom caBura paBHoBecus. [t 3Toro m3ydeHa 3aBHCUMOCThH dKcTpakuuu 3oi0ta (III) oT xoHUEeHTpaumu:
1) Bomopon-monoB (0,030 - 0,96 T-MOH/1T) MPU MOCTOSHHBIX KOHIEHTpAMAX XJIopua-uoHoB (1,0 r-non/m), AMDA
(20%) n nonnoit cune (4 = 1), co3maBaemoii qobaseHneM pacteopa NaCl; 2) xmopun-nonos (0,01 - 0,34 r-mon/n),
MPU TOCTOSIHHBIX KOHIEHTpauusx Boxopoa-uoHoB (1,0 r-uoun/n), IM®DA (20%) u wonnoii cuie (1 = 1); 3) MDA
(5 — 13%), npu OCTOSIHHBIX KOHIIEHTpALUSIX BOopoA-HOHOB (1,0 r-uow/i), xnopua-uonos (1,0 r-MOH/T) U HOHHOK
cune (u = 1).

B pesynbrare wuccienoBaHusi pa3pabOTaH HOBBIM  BBICOKOM30MpPATENbHBIH, YCKOPEHHBIH U IPOCTOIl
9KCTPAKIIMOHHO-CIIEKTPO()OTOMETPUUECKUI METOA OIpeAeIeHHs 30J10Ta HEMOCPEACTBEHHO B OpraHMYecKoi (ase.
VYcranosneHo, uro 3omoto (III) skcTparupyercst XxopohopMOM M3 CHIBHOKHCIIOW Cpeabl B IPUCYTCTBHH XJIOPHI-
noHoB u JIM®A 1o ruapaTHO-COJNILBATHOMY MEXaHM3My. VI3ydeHO BiMsSHHE NOCTOPOHHHX HOHOB, KOTOpPBIE HE
MEIIA0T ONPEIEIICHHIO 30JI0Ta B OOJBIINX KPATHBIX KoJIWdecTBax. Pa3paOoTaHHBIA METOA NMPOBEPEH Ha aHAIN3e
MIPOM3BO/ICTBEHHBIX PACTBOPOB, KOHIEHTPAaTOB M TOpPOJ 0O€3 OTHENCHHs COIYTCTBYIOUIMX 3JIEMEHTOB. Merton
OTJIMYAETCS MPOCTOTOH BHIITOTHEHHS, BBICOKOH M30MPaTEIbHOCTHIO U SKCIPECCHOCTHIO.

Takum 00pazoM, pa3pabOTaHHBI METOJ AHKCTPAKIHUOHHO-CHEKTPO(GOTOMETPUUECKOTO OMPENCICHUS 30JI0Ta
PEKOMEHIyeTCs I aHalM3a MPOU3BOACTBEHHBIX PACTBOPOB, CTOYHBIX BOJI, KOHIIEHTPATOB, Py, MOPOJ U APYTHX,
CJIOKHBIX 10 XUMHYECKOMY COCTaBy MaTepHaloB 0€3 OTIEICHUS COMyTCTBYIOIIMX 3JIEMEHTOB HEMOCPEACTBEHHO B
OpraHu4eckoii ¢asze.

KoaroueBbie ciioBa: Gporomerpuueckuii METO, 30J10TO, KOMIIEKCHOE COEMHEHHUE, XJIOPOPOPM, IKCTPAKLIHUSI.
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