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Abstract: Reaction of nickel with halogenazomercaptophenol (HAMP) {1-(5-fluoro-2-pyridylazo)-2-hydroxy-
4-mercaptophenol, 1-(5-chloro-2-pyridylazo)-2-hydroxy-4-mercaptophenol} in the presence aminophenols
(AP): 2-(N,N-dimethylaminomethyl)-4-methylphenol, 2-(N,N-dimethylaminomethyl)-4-ethylphenol studied by
the Extraction-Photometric method. A single extraction with chloroform yields 97.1-98.9% nickel (1) in the
form of a mixed-ligand complex (MLC). The optimal acidity range, at which the optical density is maximum
and constant, is at pH,p, 3.3 — 7.8 (pH 2.0 — 9.8). Maximum optical density is achieved within 5-10 minutes.
The optimal condition for the formation and extraction of these compounds is (1.10-2.35)x70° mol/l
concentration of HAMP and (6.31-8.42) x10™ mol/l - AP. The molar absorption coefficients of Ni (II)
complexes at Anax Were calculated by the saturation method and amount to g0 650 = (1.3-1.7) x10*. MLC in
the organic phase are in monomeric form (y = 0.91-1.09). Newly developed methods for extraction-
photometric determination of Ni (1) for use in the analysis of oil and petroleum products Baku.
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Introduction

The determination of heavy metals in
natural objects is relevant due to the toxicity of
their compounds [1-16]. Heavy metals enter
water and soil from polymetallic and iron ores,
as well as from industrial waste: heavy industry,
oil refining, etc. [4, 9, 10]. Heavy metals remain
in the soil for a long time [1-3, 5, 6, 15, 16].
Due to the high toxicity of heavy metal
compounds, reliable control over their content
in the environment, industrial waste, biological
objects, etc. is necessary. This is especially
important due to the rapid growth in production
and widespread consumption of oil with high

cobalt content[1-14]. The toxicity of nickel
compounds necessitates control of sometimes
very low levels. To determine low nickel(ll)
contents, a number of reagents [1, 2, 5, 6, 7, 13]
and  corresponding  extraction-photometric
techniques [1, 2] have been proposed. However,
even the best of them are characterized by
multi-operational nature [10, 13], labor intensity
[11, 13] and duration [13, 14-16].

Here, the results of study the interaction of
nickel(I1)  with  halogenazomercaptophenol
(HAMP, H,L) {1-(5-fluoro-2-pyridylazo)-2-
hydroxy-4-mercaptophenol (FPHMP),1-(5-
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chloro-2-pyridylazo) -2-hydroxy-4-
mercaptophenol (CPHMP)} in the presence of
aminophenols (AP): 2-(N,N-

dimethylaminomethyl)-4-methylphenol  (AP,),
2-(N,N-dimethylaminomethyl)-4-ethylphenol (
AP;) were represented.

Experimental part

Reagents and solutions. The initial
solution (1 mg/ml) of Ni(ll) was prepared by
dissolving an accurately weighed portion of
NiCl;x6H,0 in water containing 2 ml of conc.
H,SO4 [5].

We used 0.01 M solutions of HAMP and AP in
chloroform. Purified chloroform was used as an
extractant.

The ionic strength of the solutions, equal
to uw = 0.1, was maintained constant by
introducing a calculated amount of KCI. To
create the required acidity of the solutions, a 1
M HCI solution was used.

Apparatus. The optical density of the
organic phase was measured on KFK-2 and SF-
26. The pH value of the aqueous phase was
controlled using an 1-120.2 device. with glass
electrode. IR spectra were obtained on a
Specord-80 instrument, NMR spectra were
obtained on a BRUKER-300 spectrometer.

Method of synthesis of HAMP [1,5,12].
The synthesis consists of two stages. I-stage of
diazolation of 3-halopyridine, Il-stage of
interaction of diazonium salt with thiophenol.

At stage I, a solution of 2.4 ml (0.025 mol)

RO

N =

HAMP were characterized by IR (Fig.1)
and NMR spectroscopy [17].

FPHMP - IR (KBr, cmY): — 3460 v (OH),
2570 v (SH), 1290 and 1170 v(C-N), 1395 v
(N=N), 1250 5(C-O).

'H NMR (300,18 MHz, C¢Ds): & 14.1 (s,
1H- OH), & 2.562 (s, 1H — SH), & 6.308 (s,1H
Ar-H), § 6.563 (s,1H Ar-H), 6 7.613 (s,1H Ar—
H), & 7.836 (s,1H Pr-H), § 7.814 (s,1H Pr-H), §
7.988 (5,1H Pr-H).

of halopyridine and 1.4 g of NaOH in 20 ml of
water is added to a three-neck flask with a
volume of 0.5 |. The mixture is heated until
dissolved. The dissolved mixture was cooled to
0°C with ice. A solution of 1.725 g (0.025 mol)
NaNO2 in 8 ml of water is added to the mixture
and stirred with a mechanical stirrer. 5 ml of
HCI solution is added dropwise to the mixture,
controlling the temperature of the system (0°C).
If the temperature rises above 0°C when adding
HCI solution, add ice cubes from distilled water
to the mixture. The reaction was carried out at
0°C for 30 min.

At stage Il, 4.05 g (0.025 mol) of 2-
hydroxy-4-mercaptophenol, 11.972 g (0.146
mol) CH3;COONa and 10 ml of C,HsOH are
added to a 0.5 ml three-neck flask. The resulting
mixture is cooled to 0°C and the diazonium salt
of halopyridine is added dropwise, stirring with
a mechanical stirrer. The synthesis reaction of
the azo compound is carried out for an hour at
0°C. The resulting yellow reaction product is
filtered through filter paper and recrystallized
from ethanol. Product yield was 52%.

HO
N—@—SH

X =Cl, Br

CPHMP - IR (KBr, cm %) — 3460 v (OH),
2573 v (SH), 1294 and 1171 v(C-N), 395 v
(N=N), 1250 5(C-0).

'H NMR (300,18 MTI1, CeD6): 5 14 (s,
1H- OH), 5 2.560 (s, 1H — SH), & 6.304 (s,1H
Ar-H), 5 6.560 (s,LH Ar-H), 5 7.616 (s,1H Ar—
H), & 7.812 (s,1H Pr-H), & 7.993 (s,1H Pr-H),
5 8.621 (s,1H Pr—H).
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1+{5-fluoro-2-pynidylazoj-2-hydroxy-4-mercaptophenol

I=(5-CHISO=2-pyxidylazo) -2-hydroxy-4-mercaptophenol

Fig. 1. IR spectra of 1-(5-fluoro-2-pyridylazo)-2-hydroxy-4-mercaptophenol and 1-(5-chloro-2-
pyridylazo)-2-hydroxy-4-mercaptophenol.

Depending on the acidity of the
environment, HAMP can exist in three forms:
H,L, HL", HL? The first proton of the -SH is
eliminated at pH>3; the second proton of the -
OH — at pH>6.

Methods. 0.1-0.8 ml, at intervals of 0.1
ml of the original nickel(1l) solution, 2.5 ml of a
0.01 M HAMP solution, and 0.8-1.0 ml of AP
were introduced into graduated test tubes with
ground-in stoppers. The required pH value was
adjusted by adding a 1 M HCI solution. The
volume of the organic phase was brought to 5
ml with chloroform, and the aqueous phase was
brought to 20 ml with distilled water. After 5
minutes, the organic layer was separated from
the aqueous layer and its optical density was

measured at room temperature on KFK-2 at 600
nm.

Selecting an extractant. The degree of
extraction increases in the order C¢Hiy < CgH1o
< CCls = CgHg < CgHs —CH3 < C,H4Cl, <
CsHsCl < CHCI3. Rapid separation of layers and
the maximum value of the molar absorption
coefficient were obtained by extracting the
complexes with chloroform (R = 98.2-99.5%).

The nickel content in the organic phase
was determined photometrically using 1-
dimethylglyoxime [6] after strip extraction,
and in the aqueous phase - by the difference.
Based on the extracted complexes, the
distribution coefficient (D) and the degree of
extraction (R,%) were assessed [3]:
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_ [Nilorg _100xD
org
Equilibrium and extraction constants. the following processes occur:
Let us assume that during complex formation
Ni* + 2H,L & [NiLy]* + 4H*,
[NiL2]*” + 2APH" & [NiL,](APH), (1)
Equilibrium constant (Keq) of the reaction
{[NiL>](APH)2}or Ax
Keq= i 2-2 2+g2 = - =D (2)
{[NiL;] }aq{[APH) ] }aq Ao-Ax
D
P ™ [(APH)*)2 (3)

Where, Ay is the optical density for this
experiment; A, — optical density at complete
binding of cobalt ion into a colored complex; D

— distribution coefficient.

Taking logarithm of the last expression,
we get

IgKeq = IgD-2Ig[APH+] 4)
The value of the extraction constant (Keq) can be calculated from equation (5):
K, = (VL@PHlorg _ D 5)
{[Ni]**aq{[H2L]*}org{(APH)?}org  {[H2L]*}org{[APH]?}org
Taking the logarithm of expression (5), we get:
IgKex = 1gD - 2Ig[H,L*] - 2Ig[APH"] (6)

The values of Keq and Key, calculated using formulas (4) and (6), respectively, are given in Table 1.

Table 1. Basic chemical and analytical characteristics of Ni(Il) complexes with L and AP

Compound pH A,nm | ex107* | 1gKeq | Igkex
Form. Opt.

Ni- FPHMP -AP, 2.0-9.8 3.3-6.2 610 1.7 8.51 | 14.35

Ni- FPHMP -AP, 2.2-9.6 4.1-7.0 638 15 8.67 | 14.46

Ni- CPHMP -AP, 3.0-9.7 4.9-7.8 569 14 8.49 | 13.99

Ni- CPHMP -AP, 2.3-8.2 4.2-7.0 590 1.3 8.81 | 13.72

Results and discussion

Effect of pH of the aqueous phase. The
dependence of optical density on pH is shown in
Fig. 2. The optimal acidity range, at which the
optical density is maximum and constant, is at
PHopt. 3.3 — 7.8 (pH 2.0 — 9.8). At pH > 9.8 of
the solution, the extraction of mixsed ligand

complexes (MLC) is practically not observed,
which is apparently due to an increase in free
AP molecules and the formation of hydrolyzed
forms of nickel (II).

Influence of holding time, ligand
concentration and phase volume ratios. Ni(ll)

CHEMICAL PROBLEMS 2024 no. 4 (22)
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MLC with L and AP are stable in aqueous and
organic solvents and do not decompose within
three days, and after extraction - for more than a

month. Maximum optical density is achieved
within 5-10 minutes.

Fig.2. Effect of pH of the aqueous phase on the formation and extraction of Ni(Il) MLC with L and
AP.
1- Ni- FPHMP -AP;; 2— Ni- FPHMP -AP;; 3—Ni- CPHMP -AP;; 4 —Ni- CPHMP -AP,
Cnia= 3.4x10° M, Cpzp = (1.10-2.35)x10°° M, Cap= (6.31-8.42)x10™ M; KFK-2, £=0.5 cm.

The optimal condition for the formation
and extraction of MLC is (1.10-2.35)x10" mol/l
concentration L and (6.31-8.42)x10™* mol/l —
AP.

The degree of extraction of Ni(ll) in the
form of MLC does not depend on the ratio of
the volumes of aqueous and organic phases in a
wide range (from 5:5 to 110:5), which allows
for simultaneous concentration and photometric
determination of Ni(ll). Thus, an increase in the
aqueous phase by 20 times relative to the
organic phase does not affect the completeness
of extraction.

Electronic absorption spectra. The
maximum analytical signal during complexation
of nickel with H,L and AP is noticeable at 590-
638 nm. H,L absorbs maximum at 510-520 nm.
During complex formation, a bathochromic shift
of the light absorption maximum by 80-118 nm
is observed.

The molar absorption coefficients or
extinction coefficients of Ni(ll) complexes with

L and AP at Amax were calculated by the
saturation method and amount to & = (1.3-
1.7)x10%,

Ni(Il) MLC extracts obey the basic law of
light absorption at concentrations of 0.15-21
ug/ml. The equation of the calibration graphs
are given in Table. 2. Based on the equations of
the calibration graphs, the photometric detection
limit (PDL) and the detection quantitation limit
(DQL) of Ni(ll) were calculated in the form of
MLC [18].

Composition  and  structure  of
complexes. During the formation of complexes,
the coordinating ion is Ni**. The stoichiometry
of the studied complexes (Ni:L:AP=1:2:2) was
determined by the methods of equilibrium shift
and relative yield [19] (Fig. 3). In this case, the
number of protons displaced by it from one H,L
molecule turned out to be equal to 2.
Calculations showed that MLC in the organic
phase does not polymerize and is in a
monomeric form (y = 0.94-1.07).

Table 2. Analytical characteristics of MLC of Ni(ll) with L and AP

PDL
ng/ em®

Compound DQL

ng/em®

Sensitivit Linear Equation
y, ng/em® | range of of
calibratio | calibration
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n graphs,, graphs
mg/5 ml y=ax+b
Ni- FPHMP -AP, 12 35 1.49 0.20-18 0.295x +0.039
Ni- FPHMP -AP, 13 34 1.66 0.15-20  |0.286x +0.037
Ni- CPHMP -AP; 8 29 1.69 0.15-19  |0.253x+ 0.035
Ni- CPHMP -AP, 11 35 1.78 0.25-21 0.217x +0.028
A A
1 . x
. A nax ‘4‘\ ]g A —A_
a) 7105 b) 0.5
2
Ig[L] 1 lg[L] y 1
-4.0 -0.3 -40 /3,0
--0.5 —-0.5

Fig. 3. Determination of the composition of the MLC by the equilibrium shift method for Ni-
FPHMP-AP; (a) and Ni-CPHMP-AP; (b): 1 — Ni: L; 2 — Ni: AP; Cyjgiy = 3.4 x10™° M; SF-26, | =
1.0cm

IR spectra of Ni(ll)-L-AP complexes were
recorded and compared with the IR spectra of L
[13]. The difference in the spectra of L and the

Ni-L-AP system indicates a strong interaction
(Table 3).

Table 3. Comparison of IR spectra of Ni(ll)-L-AP complexes with IR spectra of L

Compound Groups, em™

VO-H Vs.H VeN dc-o | V-N=N- | VapH'
FPHMP 3600-3200 2600 | 1290 | 1250 | 1394 | 1370
CPHMP 3610-3208 2601 | 1170 | 1258 | 1395 | 1372
Ni- FPHMP - AP, - 2589 | 1283 | 1249 | 1318 | 1680
Ni- FPHMP - AP, - 2592 1279 | 1261 | 1320 1373
Ni- CPHMP - AP, - 2585 | 1275 | 1263 | 1316 | 1371
Ni- CPHMP - AP, - 2581 1286 | 1255 | 1312 1369

Based on the data obtained, the represented by the formula [NiL,]J(APH"),:

composition of the extracted complexes can be

S —N=N— 2-
l OH
+
\N, CH,—NH— (CHa).
—N= R 2
X=-Cl, -Br; R= -CHa, -C,Hs

CHEMICAL PROBLEMS 2024 no. 4 (22)
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Thermogravimetric study of
NiC23H148202F and NiC23H14SZO_2CI
{[NiL2](AP1H),} complexes: showed that their
thermal decomposition occurs in three stages: at
60 — 120°C water evaporates (mass loss —
3.79%; in the case of FPHMP 3.62%), at 340 —
390°C AP; decomposes (weight loss 22.57%; in
the case of CPHMP 21.51%), and at 490-510°C
- FPHMP (weight loss 67.51%; in the case of
CPHMP 69.04%). The final product of
thermolysis of the complex is NiO.

Influence of foreign ions. To evaluate the
applicability of MLC extracts for the separation
and determination of Ni(ll), the interfering
influence of foreign ions was studied. The
determination of Ni (I1) with H2L and AP is not
interfered with by ions of alkali, alkaline earth
elements and rare earth elements. The
interfering influence of ions is eliminated by
changing the pH of the medium using masking
substances and using extraction. The interfering

influence of Nb(V), Ta(V), Ti(1V) is eliminated
by increasing the pH and using fluoride ion. The
interfering influence of Ti(IV) is ascorbic acid,
Cu(ll) is thiourea, Mo(VI) and Nb(V) is oxalate
ion. When using a 0.01 M EDTA solution,
Ti(IV), V(IV), Nb(V), Ta(V), Mo(VI) do not
interfere with the determination.

Comparison of methods for the
determination of Ni(ll) with known reagents
and L in the presence of AP. In Table 4
provides data that allows us to compare various
methods for determining nickel. It can be seen
that L has advantages over other reagents: the
light absorption maximum is shifted to the long-
wavelength region of the spectrum [20-25], the
molar light absorption coefficient is much
higher than the molar light absorption
coefficients of other complexes [20, 21, 24], the
pH of the reaction shifts to a more acidic region
[20, 21], which increased selectivity.

Table 4. Comparative characteristics of methods for the determination of nickel(11)
Reagent* pH (solvent) A, nm| ex10™ Linear range of Reference
calibration curves, S
pg/ml
Dimethylglyoxime 8-12 (CHCl,) 470 | 1.56 0.26-2.10 [20]
N - ECCATSC* 6.0 (CsHe) 400 | 1.40 0.4-10 [21]
MCCTC* 6.0 (CsHe) 410 | 1.67 0.1-12 [22]
TCAH* 8.7 -9.5 (CgHe) 522 | 3.17 0.02-0.70 [23]
PPTSC* 4-6(CgHs) 430 | 1.92 0.5-50 [24]
HBABPH* 4 (CgHs) 497| 2.85 0.01-0.10 [25]
FPHM -AP; 1.2-8.4 (CHCls) 635 | 4.60 0.20-18
CPHM -AP; 2.3-8.4 (CHCIy) 650 | 4.40 0.15-20

Note: N - ECCATSC — N-ethyl-3-carbazolecarboxaldehyde-3-thiosemicarbazone, MCCTC-7—
Methyl-2-chloroquinoline-3- carbaldehydethiose-mycarbazone, TCAH — Thiazol-2-carbaldehyde-

2-quinolylhydrazone,

PPTSC —Pyridoxal-4-phenyl-3-thiosemi-carbazone,

Hydroxybenzaldehyde-4- bromophenylhydrazine

The proposed method, under already
established optimal conditions, was used to
determine Ni(ll) in oil and oil products.

Determination of nickel(Il) in oil and oil
products of Baku (Table 5). For analysis, 40 g
of the test fuel was placed in a porcelain cup
and burned. Then a porcelain cup with ash was
placed in a muffle at a temperature of 550 + 20°
C and kept at a temperature of 1 hour. After
cooling, 5 ml of HCI (1:1) was added to the cup,
boiled to dryness and 0.5 g of anhydrous
Na,CO3; was added to it. Then the cup was

HBABPH — 4-4-

placed for 2-3 minutes in a muffle heated to
800°C. After cooling, the alloy in the cup was
dissolved in distilled water and filtered into a
capacitance flask. 50 ml and diluted with water
to the mark. An aliquot of the resulting solution
was taken, transferred to a separatory funnel, the
pH was created at 2.8-6.0, and 2.0-2.5 ml of
0.01 M L and AP were added. The volume of
the organic phase was brought to 5 ml with
chloroform, and the total volume was brought to
25 ml with distilled water. The mixture was
shaken for 5 minutes. After phase separation,

CHEMICAL PROBLEMS 2024 no. 4 (22)
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the light absorption of the extracts was

Ni(Il) content was found using a calibration

measured on KFK-2 at 540 nm in a cuvette with  graph.
an absorbing layer thickness of 0.5 cm. The

Table 5. Results of determination of nickel(1l) in oil and oil products Baku (n =6, P = 0.95)

Found, mg /L Relative

Analysis object Introduced With T4E > standard
mg/I additive Vi deviation

Qil 10 16.16 (6.16+0.19)-10" 0.07
Fuel oil 10 12.64 (2.64+0.31)-107 0.05
Hydron 10 14.28 (4.2840.19)-10° 0.08

Conclusion
1. Reaction of nickel with range, at which the optical density is

halogenazomercaptophenol (HAMP) {1-(5-
fluoro-2-pyridylazo)-2-hydroxy-4-
mercaptophenol, 1-(5-chloro-2-pyridylazo)-
2-hydroxy-4-mercaptophenol} in the
presence aminophenols (AP): 2-(N,N-
dimethylaminomethyl)-4-methylphenol, 2-
(N,N-dimethylaminomethyl)-4-ethylphenol
was studied.

. A single extraction with chloroform vyields
97.1-98.9% nickel (II) in the form of a
mixed-ligand complex. The optimal acidity

maximum and constant, is at pHqp, 3.3 — 7.8
(pH 2.0 — 9.8). Maximum optical density is
achieved within 5-10 minutes. The molar
absorption coefficients of Ni(ll) complexes
at Amax Were calculated by the saturation
method and amount to e&g06s0 = (1.3-
1.7)x10%.

Newly developed methods for extraction-
photometric determination of Ni (1I) for use
in the analysis of oil and petroleum products
Baku.
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NIiKEL(I) - HALOGENAZOMERKAPTOFENOL -AMINOFENOL - SU - XLOROFORM
SISTEMININ EKSTRAKSIYON-SPEKTROFOTOMETRIK TODQIiQi

A.Z. Zalov', Z.Q. dsgarova’, Z.Z. Yaxsiyeva®, U.B. Abasquliyeva®,
S.A. Mammadoval, P.F. Hiiseynova

'Azorbaycan Dévist Pedaqoji Universiteti
AZ 1000, U.Hacibayova kii¢.68, Baki, Azarbaycan
e-mail: zalovl1966@mail.ru, phd.zohra@gmail.com, memmedova.shafa@mail.ru
2 Cizzax Déviat Pedaqoji Universiteti
Roasidov kii¢. 4, 130100, Jizzax, Jizzax Region, Ozbakistan
3Ganca Déviat Universiteti
AZ 2000, H. Oliyev pr. 429, Ganca, Azarbaycan
e-mail: huseyn.peril969@mail.ru

Xiilasa: Nikelin (1) halogenazomerkaptofenol (HAMF) {1-(5-fluor-2-piridilazo)-2-hidroksi-4-
nmerkaptofenol, 1-(5-xlor) -2-piridilazo)-2-hidroksi-4-merkaptofenol vo aminofenol (AP) {2-(N,N-
dimetilaminometil)-4-metilfenol, 2-(N,N-dimetilaminometil)-4 — etilfenol} istiraki ilo qarsiliqh
tosiri ekstraksiyali-fotometrik tisulu ilo todqiq edilmisdir. Xloroform ilo birdafalik ekstraksiya ilo
nikelin (1) 97.1-98.9%-i miixtalif ligandli kompleks (MLK) birlosma soklindo ekstraksiya olunur.
Optik sixligin maksimum vo sabit oldugu optimal tursuluq pHop 3.3-7.8 (pH 2.0-9.8) uygun golir.
Maksimum optik sixliq 5-10 dogigo orzinds yaranir. Bu birlosmolorin amalo galmasi vo
ekstraksiyasi iiciin optimal sorait (1.10-2.35)x10 mol/l HAMF konsentrasiyasi vo (6.31-8.42)x10™
mol/l — AF-dir. Ni(ll) komplekslarinin molyar udma amsallar1 Amax-da doyma tisulu ilo hesablanmig
V9 €610-650 = (1.3-1.7)X104 olmusdur. Uzvi fazada MLK monomer formadadir (y = 0.91-1.09). Yeni
islonmis tisullar Baki neft vo neft mohsullarinin analizinda Ni(Il)-nin ekstraksiya-fotometrik toyini
ticlin istifado edilmisdir.

Acar sozlar: nikel, halogenazomerkaptofenol, neft, mazut, qudron, aminofenol.
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446 EXTRACTION-SPECTROPHOTOMETRIC

va. Pawuoosa, 4, 130100, Jocuzax, /icusaxcrkas obracms, Y30exucman
3Msanoorcuncrudi 20CY0apCmeeHHblll YHUBepCumem
AZ 2000, np. I'.Anuesa 429, ['snoorca, Azepbdatiorcan
e-mail: huseyn.peril969@mail.ru

Pe3rome: DKCTpakMOHHO-(OTOMETPHUECKUM METOJIOM H3yueHbl B3ammojeicTBus Hukens (1) ¢
raJjoreHa3oMepKanToQeHoIaMu (TAM®) {1-(5-¢prop-2-nupuannazo)-2-rugpoxcu-4-
mepkanrodenonom, 1-(5-xmop-2-nupuaninaso)-2-ruapokcu-4- mMepkanTo(eHoa} B IPUCYTCTBHH
aMHHO(EHOJIOB (AP): 2-(N,N-gumeTrnaMuHOMeTH )-4-MeTHII(EHOI, 2-(N,N-mumeTnn-
amuHoMeTrN )-4-3trniperon. [lpu ogHOKpaTHOW AKCTpakmuu XJopodopMoM wu3BiekaeTcs 97.1—
98.9% wnukensa(ll) B Buge pasnomurangHoro komruiekca (PJIK). OnrumanbHblii  HHTEpBaI
KHCIIOTHOCTH, TIPU KOTOPOM OINTHYECKas MJIOTHOCTh MaKCHMajbHa W MOCTOSIHHA, HAXOAUTCS TPU
pHon, 3.3-7.8 (pHes. 2.0-9.8). MakcumanbpHas onTU4ecKas IIOTHOCTh TOCTHTAeTCs B TeueHue 5-10
MuH. ONTUMaNbHBIM YCIOBHEM OOpa30BaHUA M IKCTPAKIUHU STUX coenuHeHuit sisusiercs (1.10-
2.35)><10'3 MoOJIb/TT  KoHUeHTparuss [AM® u (6.31-8.42)X10'4 Moib/m — A®. MomspHbie
k03 durentsr moromeHuss KOMIUIEKCoB Ni(II) mpu Ayaxe BBIYKCIEHBI METOIOM HACBHIIICHUS W
COCTAaBJISIIOT € 10-650 = (1.3-1.7)X104. PJIK B opranmndeckoii aze HaxoasTCsi B MOHOMEpHOU (hopme
(y=0.91-1.09). HoBbie pa3paboTaHHBIE METO/BI 3KCTPAKIUOHHO-(POTOMETPHUYCCKOTO OIMpPEACICHHUS
Ni(II) ucrions30Bank! npu aHanm3e HeTH U HEPTENPOIYKTOB baky.

KuroueBble cjioBa: HUKENb, rajloreHa3oMepKanTopeHomn, HepTh, Ma3yT, I'yAPOH, aMUHO(EHO.
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