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ABSTRACT

Quantum chemical methods of Gaussian and ORCA software packages were used to
calculate the atomic energy of the disodium salt of 1,8-dioxynaphthalene-3,6-
disulfoacid, which is used as an analytical reagent for chromium (VI) ions. This reagent
contains functionally active and analytically active groups. The geometries of the
studied compounds are optimized, the electron density of the molecular orbitals and the
total energy of the molecule are calculated.
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Introduction If the amount of chromium in the
soil increases, it has been found that this
element has a negative effect on the
productivity of plants, as well as its excessive
accumulation is dangerous for humans and
animals [1].

Chromium is widely distributed in soil
and plants, and elemental imbalances are
observed in animals and humans, often due to
insufficient intake of chromium from the
outside. [2].

Chromium is mainly in acid rocks
(granites, liparites) about 25 mg/kg, in
sedimentary rocks (clays, shales) up to 160
mg/kg [3]. Its average amount in soils is
1.9x10-2%. The amount of chromium in the
surface layer of the air is 1x10-3 ng/m [4]. The
concentration of dissolved chromium in
unpolluted rivers and lakes is 1-2 pg/l, in
oceans 0.05-0.5 pg/l, and in coastal waters of
seas in the range of 5-50 pg/l [5] . Trivalent
chromium is found in water in the form of
complex  compounds, and  hexavalent

chromium is found in solutions as anions [6].
Soil is the main source of chromium in plants.
The amount of chromium in the soil is
determined by its concentration in the parent
rock [4]. Acid igneous rocks contain low
amounts of chromium (4-25 mg/kg).
Sedimentary rocks contain up to 160 mg/kg of
this element. In soils, chromium can exist in
four states: trivalent form Cr203 and
hexavalent form CrO42- and Cr2072- [1]. The
mobility of chromium increases with the
formation of complex compounds. It forms very
strong complexes with humic acids from
organic substances. This complex remains
dissolved in the soil at pH values higher than
5.5, while free Cr ions are quickly adsorbed and
precipitated [7]. In terms of geochemical
properties, chromium is very close to Fe3+ and
A13+. Trivalent forms predominate in acidic
soils. Hexavalent chromium compounds
predominate in alkaline environments with
high redox potential[1]. Hexavalent chromium
is the most favorable for plants, it easily

Furasian Research Bulletin

www.geniusjournals.org

Page | 169


https://geniusjournals.org/index.php/erb/index

Volume 16|January, 2023

ISSN: 2795-7365

converts to trivalent chromium and vice versa
depending on soil conditions. The state of
chromium in the soil largely depends on its
valence state, determined by acid-alkaline and
oxidation-reduction conditions, soil
microbiological activity, sorption capacity, and
cationic composition of the complex. For
example, with an increase in acidity, the
adsorption of Cr3+ of the clay fraction
increases, while Cr6+ decreases. Soil organic
matter enhances the reduction of chromium
(VD) to chromium (IIT) [8, 9]. Recently, organic
reagents immobilized in various carriers are
also used to improve metrological properties
[10]. Their use allows to reduce the work in
performing the analysis, for example, pre-
concentration of sorption with separation,
separation of mixtures, direct Elements can be
determined spectrophotometrically on the
surface of an organic reagent immobilized [11].

Fiber materials based on
polyacrylonitrile have recently been widely
used as matrices for immobilizing organic
reagents [12]. Unlike other sorbents, polymer
fibers have a highly developed specific surface
area, regeneration ability and improved kinetic
properties [13]. In this work, we use
theoretical calculations to immobilize the
disodium salt of 1,8-dioxynaphthalene-3,6-
disulfoacid (DNDK) on a solid support to
increase the sensitivity and selectivity of the
detection.

Experimental part.

Reagents and equipment. Standard solution
of analytical reagents. Disodium salt of 1.8-
dioxynaphthalene  3.6-disulfo acid was
purchased from Khimreaktivsnab (Russia) 000
"Sintreyd-Kazan" AG (TU 6-09-05-13-71-88).
To prepare the DNDK solution, 0.04 g of the
reagent was withdrawn and placed in a 100 ml
flask and distilled water was added to the
mark.

Standard solution of analytical reagents.
Disodium salt of 1.8-dioxynaphthalene 3.6-
disulfo acid was purchased from
Khimreaktivsnab (Russia) 000 "Sintreyd-
Kazan" AG (TU 6-09-05-13-71-88). To prepare
the DNDK solution, 0.04 g of the reagent was
withdrawn and placed in a 100 ml flask and

distilled water was added to the mark. This
solution was used as an analytical reagent
[14,15].

Devices. The acidity and basicity of the
solutions were set with wuniversal buffer
solutions (H3PO4+H3B0O3+CH3COOH). This
buffer solution was used in the processes of
immobilization and complex formation to
maintain the acidity and alkalinity of the
solution [13].

The medium of the solution was
measured using "Mettler-Toledo AG" and "I-
130" potentiometer-ionometer. Absorption
spectra were measured in EMC-30PC-UV
Spectrophotometer and UV-5100 UV VIS
Spectrophotometer. Infrared spectra of
reagents, carriers and immobilized compounds
were obtained by IR-Fur'e-spectrometer
"Bruker Invenio S-2021". These devices were
used to select the optimal conditions for the
formation of the complex, to determine the
optical density and the area of light absorption.

To determine the chromium (VI) ion, it
is necessary to select an organic reagent
specific to it. It is known from literature [16]
that chromium (VI) ion forms a complex with
heteroatoms such as nitrogen hydroxide. In
order to select the correct reagent, the
possibilities of selecting organic reagents with
pre-calculated functional and analytical groups
using quantum chemical calculation methods
are considered [17]. Currently, one of the
various processes used to increase the
selectivity and sensitivity of organic reagents is
the immobilization of organic reagents on
carrier fibers [18]. The use of quantum-
chemical calculations makes it possible to fully
describe the electronic structure of organic
reagents, including the specificity of their
structure, the nature of reaction, distinguishing
which group is functional and which is
analytically active group, etc. However, the
difficulty of the calculation process and the
presence of redundant information in the
multi-electron wave functions determine the
need to develop a system of concepts for
applying quantum theory to chemical problems
in order to obtain information that has a
chemical or physical meaning. In this view, the
development of the quantum theory of the
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electronic structure of molecules is not only a
matter of purely applied mathematics, but this
issue also requires chemical approaches [19].
Results of quantum chemical calculations:
Quantum-chemical methods (B3LYP/def2-
TZVP method of ORCA program) were used to
calculate maximum values of electron density
of reagents. Using these methods, as a result of
protonation of reagents in solution with an
acidic environment, a coordination bond is
formed due to the electrostatic attraction of an
unpaired pair of electrons. The reagents
selected for immobilization contain several
potential centers and were found to be
concentrated on oxygen atoms with high
electrostatic attraction to ions.

On the basis of quantum chemical
calculations, the effective charges of donor
atoms with the most active reactivity and the
character of distribution of electron densities
of donor centers in molecules of reagents are
found.

We know that the electrostatic potential
surface is an important factor in determining
the reaction centers of molecules, especially for
non-covalent interactions, and indicates the
nucleophilic and electrophilic centers of a
molecule. In Figure 1, the red dots are the
negative region of the Electron Cloud Density
(EBZ) surface, where electrons are the most
abundant region. The purple centers are the

positive region of the (EBZ) surface, indicating
areas with fewer electrons. The disodium salt
of 1.8-dioxynaphthalene 3.6-disulfo acid has 2 -
OH groups, and the positive values of the level
(EBZ) are important in finding the mobile
(electron-deficient) hydrogen atom in them.
(EBZ) level analysis shows that the distribution
of electron density in 2 hydroxyl groups is 2
different. The most active hydrogen, the
nucleophilic center, is the hydrogen atom in the
hydroxyl group with a maximum value of 60.53
kcal/mo], followed by the hydrogen atom in the
sulfo group. Oxygen atoms in the sulfo group of
the disodium salt of 1.8-dioxynaphthalene 3.6-
disulfo acid can be shown as centers that can
participate as electron donors in
intermolecular interactions. The ESP analysis
showed that the binding of this compound to
polymer compounds (glue) can go through the
sulfo group, which holds the most mobile
hydrogen atom. The electrostatic potential
surface is an important factor in determining
the reaction centers of molecules, especially for
non-covalent interactions, and indicates the
nucleophilic and electrophilic centers of a
molecule. In Figure 1, the red dots are the
negative region of the electron cloud density
(EBZ) surface, where the electrons are the
majority region. The purple centers are the
positive region of the (EBZ) surface, indicating
areas with fewer electrons

Figure 1. The sulfo group binds to the fiber, forming a complex with metal ions due to hydroxyl.
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The results calculated by the Gaussian program are presented in the figure.
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Figure 2. Results of calculations using the Gaussian program
Scheme 1. Approximate structural formula of the complex formed with chromium (VI) ions.

Summary

1. Optimum conditions of chromium (VI)
ion immobilization on fibrous sorbents were
found. It was found that the sorption of DNDK
to the sorbent is 80-92%.

2. It was found that deprotonation occurs
when DNDKs are immobilized in polymer
fibers, which enables complex-forming

properties of reagents immobilized in an acidic
environment.

3. Complex formation reactions of Cr (VI)
ions with DNDKs immobilized on polymer
matrices were studied. It was found that the
polymer matrix has a great effect on the
complexing properties of the reagents, just like
SFM in solution: the light absorption maxima of
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the complexes are formed under acidic
conditions.
4. Based on the results of quantum

chemical

calculations and electronic

spectroscopy, it was determined that the
immobilization of reagents occurs through
sulfo groups, and the ratio of reagent and metal
in the formation of a complex is 1:1.

References:

1.

2.

10.

[leymxen A.X. buoreoxumus. Maukonm:
['YPHUIIIT «Appiresi»,2003.-1028 c.
JloBkoBa M.{., By3syk H.I',, CokosioBa CM.
u fap. JlekapcTBeHHble pacTEHUSA -
KOHLIEHTpaTophbl XpoMa. Posib xpoma B
MeTaboJsiM3Me ajikajaouoB // U3BecTus
PAH. Cepus 6uosiorndyeckas, 1996. Ne 5.
C.552-564

BuHorpagoB A.Il. T'eoxumus pegkux u
paccessHHBIX 3J1eMeHTOB B nouBax.T [V,
M.; Hayka, 1957.-218 c

Kab6ara-llengunac A, Ilemgmac X
MuKpo3ieMeHThbI B noyBax U
pacteHusx. M.: Mup, 1989. 439 c.
JloBKOBa M.4., [MlenenoBa 0.B,,
CokoJioBa CM,, CabupoBa H.C,
PabruHoBUY AM. Xpom B
JIEKAPCTBEHHbIX  paCTeHUsIX  QJiopbl
Poccuu // U3B. PAH. Cep. 6uou., 1993.
Ne6. C.833

Bartlett R.J.Kunble ].M. Effect of soil
chromium concentration on tissue
concentration // Environ. Qual., 1979. V.
5.N2 4.P.376

James R.R.,Bartlett R.. Chromium
oxidation in soils // ].Environ. Qual,
1983.V.12. Ne2. P. 169

BeipopoBa JLII, Bopob6beBa JLA,
KopobGeitHukoBa [LT. BasieHTHOE
cocTosiHWe XxpoMa B mnouBe // Becrwu.
MI'Y. Cep. 17. llouBoBegenue, 1990., C.
30

Czekala ]J. Chrom w glebie i rosline
wystepowanie, sorpcja pobieranie w
zaleznosci od jego formy [ dawki,
wlasciwosci szodowiska nawozenia //
Roczinki Akad. rol. w. Poznanin
Rozprowy nauk, 1997. P. 274.

bacaprun H.H., Anukun B.IO. Canuxos
B./l., Po3oBckui 10.I'. [IpegBapuTesibHOE

KOHLleHTpUupoBaHue MapraHua (II) wu
BUCMyTa TpU  ONIpeJe/JeHUU  HUX
MUKPOKOJIMYECTB B MNPUPOJHBIX U
CTOYHBbIX Bozax // 3aB. yslabopaTopusl.
JAuarnoctuka marepuasos. 2000. T.66.
Ne 2. 14-17.

11. Madusmanova N.K.,Smanova
Z.A.Zhuraev LI.Properties of the New
Analytical Reagent 2-Hydroxy-3-
Nitrosonaphthaldehyde// Journal of
Analytical Chemistry,2020, 75(1), C.
135-138.

12.Mycaes Y.H, Myxamenues M.I,
HkpamoBa M.3. CuHrtes
MOAMPULIUPOBAHHBIX COpPOEHTOB Ha
OCHOBe NOJIMAKPUJIOHUTPUJIbHBIX
BOJIOKOH. Hay4HbIit BECTHUK
HamI'¥.2001.-Ne2.-C.117-119.

13. NurmukhammadovZ.Sh., SmanovaZ.A.,
TadzhimukhamedovK.S., InatovaM.S.
Synthesis and properties of a new
analytical reagent, 2-hydroxy-3-
nitrosonaphthalene-1-carbaldehyde //
Russian Journal of Organic
Chemistry,2014, 50(6), cTp. 895-897.

14. Kopocteuie  ILII.  [lpuroroBsieHue
pacTBopoB. -1962.- C.203-206.

15. Jlypobe 10.10. CnpaBOYHHUK no
aHaJIUTUYECKOH XuUMHHU. M.. Xumusa. -
1979. -480c.

16.30s0T0B H).A. OCHOBBI aHAJIMTHYECKOU
xuMuUM. B 2 KH. KH. 2. MockBa
UspaTenbCcKUd 1LeHTp «AKaJeMus»,
2012.c¢503

17. A.T.IlununeHko., N.B.IIaTHULIKU .
AHasvuThyeckass xumMus. B 2 KH.-M.:
Xumug, 1990.

18. PaxumoB C.b.,, CmanoBa 3.A. MeTaan
VIOHJIApUHU CeKTpoPOTOMETPHUK
aHUKJIall1a SIHTU OpraHuK
peareHT/JapHUHT ¢aos yHKIMOHAJ
TYPYXJIApUHU YPraHUIl y4yH KBaHT
KHMEBUM XUCOOJIAIIJIAPHUHT aXaMUSITH.
// Cam/ZlY wuamuii ax60poTHOMACH.
2019. Ne5,,51-54 6.

19. KBaHTOBO XUMHUYECKHEe METO/IbI
pacdyeta MmoJsekya/Iloxg pexn. H.A.
YcrbiHOKa.- M.: Xumug, 1980.- 256 c.

Furasian Research Bulletin

www.geniusjournals.org

Page | 178


https://geniusjournals.org/index.php/erb/index
https://www.scopus.com/authid/detail.uri?authorId=57215186179
https://www.scopus.com/authid/detail.uri?authorId=39262519900
https://www.scopus.com/authid/detail.uri?authorId=39262519900
https://www.scopus.com/authid/detail.uri?authorId=57215207304
https://www.scopus.com/authid/detail.uri?authorId=39262519900#disabled
https://www.scopus.com/authid/detail.uri?authorId=39262519900#disabled
https://www.scopus.com/authid/detail.uri?authorId=57225245344
https://www.scopus.com/authid/detail.uri?authorId=39262519900
https://www.scopus.com/authid/detail.uri?authorId=14219703100
https://www.scopus.com/authid/detail.uri?authorId=56312528300
https://www.scopus.com/authid/detail.uri?authorId=39262519900#disabled
https://www.scopus.com/authid/detail.uri?authorId=39262519900#disabled

