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ABSTRACT

A sorption-spectroscopic technique for the determination of tungsten by immobilized pyrocatechol
violet and sodium salt of 1- (2-hydroxy -1-naphtho-azo) -2-naphthol-4-sulfonic acid has been developed.
The optimal conditions for the determination of tungsten were selected and the conditions for
immobilization on various types of sorbents (SMA-1, SMA-2, PPM-1, PPD-1, PPA-1) were optimized. The
subordination of the tungsten complex with immobilized pyrocatechol violet Beer's law was studied.
The calibration graph is linear in the concentration range 0.05-2.00 pg / ml. Sr does not exceed 9.0 - 10-
2. The proposed technique has been tested on various types of waters.
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INTRODUCTION

Analysis the environmental condition and the and protection of natural resources are
presence of major problems in the utilization reflected in numerous publications of scientists
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and specialists. One of the main problems is
related to the ensuring environmental safety.
Because this issue depend on the global
threats to environmental safety [1]. Among this
types of influences on the environment, the
chemical factor should be singled out, as an
anthropogenic  component  which  has
outstripped the natural one [2]. Control over
the content of trace elements in natural
objects and industrial materials, which play an
important role in various processes, is an
important task of analytical chemistry.

According to the currently valid GOST
standards for control methods, the
determination of trace amounts of toxic
metals, in particular Mo, V, W is carried out by
volumetric methods [3], which in some cases
do not meet the modern requirements for
expressiveness, accuracy, sensitivity and
detection limit (Sr=0,17-0.29atC=n-10-2-n
- 10-4%).

Tungsten is a natural metal element mainly
used for incandescent light bulbs and X-ray
tubes. Tungsten is commonly used as a non-
toxic alternative to lead in a wide variety of
industrial and military applications. Initially, it
was believed that tungsten is non-toxic, since it
is an inert metal with low mobility [4-6].
However, the correlation between
environmental pollution and biological effects
led to its classification as "new pollutants".
Water in such areas contains high metal
concentrations. Experts believe that tungsten
has toxic and carcinogenic effects on human
health [7].

According to the literature survey [8] high
concentrations of tungsten found in urine
samples are closely related to the incidence of
stroke. The problem is that during the
production process, metal enters the
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environment and with groundwater settles on
agricultural land. Water in such areas contains
high metal concentrations. Control of the
tungsten content in environmental objects is
gaining factor. Most of the known methods for
its determination, due to insufficient
selectivity, do not allow the determination of
tungsten in complex objects. In this regard, the
importance of rapid, reliable analytical control
over the tungsten content in environmental
objects becomes obvious.

Currently, there are some types of methods for
the photometric determination of tungsten in
the form of colored complexes. Reactions with
dithiol, ammonium thiocyanate and 8-
hydroxyquinoline are still used [9-11].

The rhodanide complex for the determination
of tungsten, proposed for the first time by Feigl
and Krumholtz was constantly being improved
and the changes were mainly in the choice of
the nature of the reducing agent, the
procedure for merging the reagents and the
method of reducing tungsten. Feiglem
proposed tin dichloride in the presence of
hydrochloric acid, then Ferjanich used titanium
trichloride, and Gotschek used tin amalgam.
The authors [12-13] tested zinc dust and used
photochemical reduction with a mercury-
quartz lamp.

Extraction-photometric methods have been
proposed for the determination of tungsten in
the form of molybdenum-tungsten blue [14],
thiocyanate using a chloroform solution of
alphabenzoinoxime, isoamyl alcohol,
isobutanol, isopropyl ether as an extractant.
The spectrophotometric method has been
proposed to determine tungsten with
ferrocyanide in hydrochloric acid solution [15].
Stolyarov proposed perfect method for the
determination of tungsten using oxyquinoline,
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the interfering effect of a number of foreign
metals is prevented by the addition of a
complexone Sh. Vanadium is preliminarily
reduced with ascorbic acid. The extraction of
tungsten is carried out with a chloroform
solution. Lead, cadmium, arsenic and no more
than 50-fold amounts of zinc, silver and
chromium do not interfere with the
determination, = molybdenum and iron
interfere. It is recommended to preliminary
separate them by extraction with diethyl ether:
from hydrochloric acid medium. The extracts
obey Beer's law well up to a tungsten
concentration of 100 pg / ml. The developed
technique was tested on many samples of
steels and ores [16].

In the spectrophotometric determination of
tungsten, ORs have been proposed and widely
used as ORs: hydroxyl-containing
(hydroquinone, pyrocatechol, phenylfluorone,
chromotropic acids, tiron, alizarin),
triphenylmethane dyes (pyrocatechol violet),
trioxyfluorones,  nitrogen- and  sulfur-
containing and their derivatives. The
disadvantage of these methods is the non-
selectivity of the determination of tungsten,
which is interfered by the accompanying
metals [17-18].

The complex chemical, mineralogical and
granulometric composition of tailings, sludge,
a set of contained rock-forming minerals pose
the task of increasing the yield of tungsten
during additional extraction [19-22]. There is an
acute issue of increasing the production of
non-ferrous and rare metals with the use of
deeper processing of ores, attraction of
reserves of difficult-to-process rocks, tailings
and slag accumulated in dumps and tailing
dumps, as well as secondary raw materials into
processing. At the same time, the need for the
use of man-made waste in our country has
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recently been due to the convergence of their
quality with the quality of natural raw
materials. This is especially true for stale waste
that has accumulated since the years whenrich
ores were developed, and their processing was
accompanied by large losses of metals [22-29].
Many methods have been proposed for the
determination of ores, where tungsten is
present as an accompanying interfering metal

[30-31].

The use of immobilized organic reagents of a
number of catecholics makes it possible to
determine almost all metal ions, including
tungsten ions. This makes it possible to
develop more selective methods for the
determination of many metals and to increase
the detection sensitivity.

The aim of this research is to develop new and
improve  existing  sorption-spectroscopic
methods for the determination of tungsten.

Previously, it was found that for the
immobilization of polyoxyflavones the best
results are shown by polyacrylonitrile type
sorbents SMA, therefore the choice of the best
carrier was carried out among sorbents of this

type [32-33].

A solution of tungsten with an approximate
concentration of 1 mg / ml was prepared by
dissolving a weighed portion of Na2WO3 - H20
of chemically pure grade in 0.5 N NaOH. The
titer of the solution was determined
gravimetrically by precipitating WO3- [34]. The
titer of the resulting solution is 0.8659 mg [ ml.
Equipment. The pH of the solutions was
measured on a PHS-3E pH meter (China) with a
measurement accuracy of 0.0001 units. IR
spectrum of the reagent, «carrier, and
immobilized organic reagent were recorded on
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an Avatar system 360 FT-IR spectrometer
(Nikolet Justrument Corporation, USA), as well
as on a SPECORD UR-10 instrument (Germany).
Electronic absorption spectra of the
investigated solutions of reagents and their
complex compounds with metal ions were
recorded on an SF-46 spectrophotometer and
a KFK-3 photoelectrocolorimeter (Russia).

The initial 0.05% solution of pyrocatechol violet
(PF)is prepared by dissolving 50 mg of the drug
in 80 ml of ethanol containing 1 ml of 6 M PF
while heating in a water bath; after cooling, the
solution is diluted to 100 ml with ethanol. A
working solution of 0.005% by PP, 30% by
ethanol and 0.5% by HCl is prepared by mixing
4 ml of the original PP solution, 8 ml of ethanol
and 3.3 ml of 6M HCl and diluting to 40 ml with
water. To create acidity, 0.1 M solutions of HCI
and NaOH are used [35].

A 0.1 M solution of sodium salt of 1- (2-hydroxy
-1-naphtho-azo) -2-naphthol-4-sulfonic  acid
(GNS) was prepared by dissolving 3.93 g of the
drug in a 100 ml flask.

Polyacrylonitrile ~ fiber  modified with
hexamethylenediamine is used as a solid
phase. From this material, 0.2-0.3 mg of carrier
is weighed. The carriers are washed with 0.1M
HCI solution and then with water until neutral
medium, stored in Petri dishes in a wet state.

Method for determining tungsten: variable
amounts of metal are poured into a 25 ml flask
from 0.5 ml of solution (CW =50 pg/ml), 0.5 ml
of 0.2 M hydrochloric (sulfuric) acid solution,
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distilled water is added to the mark, stirred and
is passed through a carrier previously kept in 4
ml of a 10% solution of the PF reagent.

The analyzed solutions with a volume of 10-100
ml are passed through the carriers, which were
immobilized with an organic reagent, at a rate
of 10 ml / min. The reflection spectra are
recorded on the X-Rite Eye-One Promini-
spectrophotometer "gretagmacbeth", the
absorption spectra on the spectrophotometer
"EMC-30PC-UV".

The analytical signal is the difference in the
diffuse reflectance coefficients of the carriers
after passing the control and the analyzed
solutions. The control solution contains all the
components of the reaction, except for
tungsten ions and goes through all the
operations as the test solution.

The complexation of tungsten with various
organic oxyreagents was studied:
pyrocatechol (PC), pyrocatechol violet (PP),
phenylfluorone (PF), and sodium salt of 1- (2-
hydroxy -1-naphtho-azo) -2-naphthol-4-sulfonic
acids (GNNS) through reflection spectroscopy
(Table 1). Based on the difference in reflection
coefficients, it was found that the reagent
pyrocatechol violet (PF) and sodium salt of 1-
(2-hydroxy  -1-naphtha-azo)  -2-naphthol-4-
sulfonic acid (GNNS) give a positive effect
(Table 1).

Table 1
Diffuse reflectance difference (AR)
Reagent PF FF GNNS PK
AR 0,87 0,69 0,92 0,55
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Complexation in the metal-immobilized
reagent system was studied by plotting
curves: the intensity of absorption or
reflection - pH, the composition of the

buffer mixture, the metal content, the
concentration of the organic reagent, the
order of draining and the time.

Table 2
Dependence of the degree of sorption (%) on the acidity of the medium
Terms Polyacrylonitrile base
pH SMA-1 SMA-2 SMA-3 PPD-1 PPA-1
5 2,4 10,2 3,9 16,5 7,3
7 1,2 8,5 2,6 15,3 5,4
9 2,7 9,8 4,2 15,9 6,8

The high degree of reagent retention (80 -
98%), observed on the PPD-1 sorbent, is
apparently due to the fact that the largest

number of anion-exchange groups is
located on this carrier.

Table 3.
Spectrophotometric characteristics of tungsten complexes with GNNS and PP

solution and immobilized on a polymer carrier

Optimal acidity, C(H,S0,),
Wavelength, nm

Metal ion M
pH in solution on the matrix in solution on the matrix
GNNS-W(VI) 1,0 0,05 480,570 540, 580
PF-W(VI) 2-3 0,5 500, 530 540, 560

Polyacrylonitrile fibers modified with various anion-exchange groups are characterized

by a large active surface and, therefore, a high sorption capacity (Fig. 1-2).
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Fig. 1. Reflectance spectra of the PPD sorbent (1) and the GNNS reagent immobilized

on the carrier (2).
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Fig. 2. Reflection spectra of the SMA sorbent (1) and the PF reagent immobilized on

the support (2).

When passing from an acidic to an alkaline of the hydroxy groups of the reagents,
medium, the degree of retention of the which acquire a negative charge and are
reagents on the sorbent drops sharply (Fig. repelled from the negatively charged
3), which is associated with the dissociation polymer surface.
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Fig 3. Dependence of the degree of PF sorption on the polymer sorbent SMA-1 (1) and

PPD-1(2) on the acidity of solutions.

The dependence of the degree of PP sorption
on a polymer sorbent on the acidity of
solutions on various types of sorbents showed
that the matrix modified with HMDA is
characterized by a higher degree of sorption of
the reagent (90 - 95%) (Fig. 3, curve 2) than for
other fibers modified with HA (Fig. 3, curve 1).
This is due to the weakening of bonds between
randomly located macromolecules, as a result
of which the sorption capacity of the fiber
increases. The presence of a sulfo group in
reagents, in which positive charges are formed
during the redistribution of the electron bond
density on the sulfur atom, which leads to a
stronger interaction of reagent molecules with
the active centers of ordered fiber
macromolecules located closer to the surface,

making it difficult for the reagent molecules to

The USA Journals Volume 02 Issue 09-2020

penetrate deep into the fiber. The access of the
solvent to the surface adsorption centers, with
the reagent molecules attached to them, is
much easier, which leads to the washing out of
the PP.

In fig. 4 shows the isotherms of sorption of PF
and GNNS on polymer matrices. PF isotherms
belong to the S-type and characterize non-
chemical types of adsorption due to dispersion
forces, hydrogen bonds or hydrophobic
interactions. GNNS isotherms belong to the L-
type and characterize chemical interactions
due to ion exchange and intermolecular
hydrogen bonds. Such a curve is observed with
extremely strong adsorption at very low
concentrations; they intersect with the
ordinate axis [36].
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Figure: 4. Isotherms of PF sorption on SMA-1 (1), SMA-2 (2) and GNNS on SMA-1(3)
and PPD -1(4) at pH <5.

The plateaus on the sorption isotherms of the retained on the surface of polymeric fibrous
PF and GNNS reagents reflect the completion carriers, due to chemical bonding (HCy,
of the formation of the monomolecular displaced during the interaction of the carrier
coating of the support. Based on the type of with a reagent from an aqueous medium) and
experimental sorption isotherms, it can be other bonds (hydrogen, Van der Waals forces
assumed that PP and GNNS molecules are and etc.).
18
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Fig. 5: The isotherm of sorption of GNNS on PPD-1 (1), SMA-1(2) and PPA-1(3) at pH

<5.

From the point of view of the analyst chemist, preparation of the complex, since over time
stability plays an important role in the the stability of the complex can affect the
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stability of the optical density measurements.
The measurement results are shown in Figure
6.
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Figure: 6. Study of the time dependence of the complexation

The study of the time dependence of the
showed that the
maximum optical density of the complex is
established immediately after the addition of
the reagents and it has not changed for a long
time.

The subordination of the investigated complex
of tungsten with immobilized pyrocatechol

complexation process

violet Beer's law was verified.
The experiments were carried out according to

the following procedure: a variable amount of

AA
0,45

04
0,35
03
0,25

The USA Journals Volume 02 Issue 09-2020

&0

a tungsten solution with a titer of 0.1 mg/ ml, 2
ml of a hydrochloric acid solution were
sequentially put into 25 ml flask and the
volume was brought to the mark with
bidistilled water and passed through an
immobilized PF carrier. The reflection spectra
of the carrier were recorded before and after
the passage of the metal solution (Fig. 7).
Figure 7 shows that the complex obeys Beer's
law in the concentration range from 2.5 to 100
ug in 50 ml of solution.

£0 100 CwMET/50Ma
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Figure: 7. Calibration graph of dependence

The graph of the dependence of the diffuse
reflection coefficient on the concentration of
tungsten (V1) ions is linear in the concentration
range of 0.05-2.00 ug / ml. Sr does not exceed
9.0 - 10-2.

The sensitivity and selectivity of the reaction of
tungsten (VI) with immobilized pyrocatechol
violetis ratherin comparison to solution (Table
1).

The developed technique was applied by us to
determine tungsten in industrial effluents and
some types of water - 0.1138 + 0.0143 - 10-2 g/ I.
The relative standard deviation does not
exceed 0.019.
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