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EXTRACTION OF SOME BIVALENT METAL IONS WITH NEW
MULTI-COORDINATION BENZENE DERIVATIVES, RESISTANCE CONSTANT
OF THE COMPLEX AND IMPACT OF ANIONS ON IT
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Resistance constant of the complex formed during the extraction of bivalent metal ions with
new multi-coordination benzene derivatives and the effect of anions on it was studied in detail. It
was determined that creation of resistant bond between crown ethers and metal ions depends on the
number of active centers in functional group inside benzene ring and other structural factors.
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When stating about applicability of crown
ethers with various structure and composition
we must note the wide application of them as a
high-selective extractant in analytical chemistry
for separation of periodic system metal ions
from solution. Extraction properties of these
compounds are based on complex formation of
metals ions with crown compounds and the
main reason of this depends on interaction ef-
fect of active centers in the composition of
metal ions with extractant. We studied extrac-
tion properties of these compounds and found
that these compounds can effectively purify
industrial waters polluted with several heavy
metal ions [1,2]. We measured complex-for-
ming constants (resistance constant) of several
crown-ether-inorganic salt-solvent systems by
using UB-spectroscopy, calorimetric, ion-selec-
tive electrodes and other methods. Maximum
value of complex-forming constant with cation
diameter equals to the cation diameter which is
near to crown-ether surface value. There is
some information about thermodynamics of
these compounds. By using NMR-spectroscopy
it was possible to measure kinetic parameters
like complex-forming constant and dissociation
constant [3]. As an organic fragment which is
located outside polyether ring, has a hydro-
phobic nature, metal complexes of crown-
ethers and even non-polar solvents dissolve in
this way. In these cases anions (opposite ions)
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show high reactivity and acts as solvating sol-
vents in the solution. These two properties are
very important for using crown-ethers. For exam-
ple, with the help of these complexes we may
use inorganic salts as a regent in different ho-
mogeneous reactions. These properties allow us
to process new type reactions. By the impact of
crown-ethers it is possible to dissolve many
type compounds, such as inorganic salts, com-
plexes of transition elements, metal-organic
compounds and organic compounds of alkali
metals. In this work by using allyl group OCHa,
C=C, OCH3 and OH-group benzene derivatives
(I-V) we investigated the separation possibili-
ties of some bivalent metal ions (M*") by ex-
traction technique. According to the results of
studies we determined that depending on a
number of coordination centers in functional
group in benzene ring, the presence of chelating
group in molecule and its position we can de-
termine the efficiency of extraction process. We
consider that in these compounds extraction
effect changed in a right proportion with a
number of active centers in the compound.
Macrocyclic or condensed benzene or substituting
groups in cyclohexane ring influence consid-
erably on resistance of crown-ether compounds.
Advanced analysis of this influence was de-
tected during complex formation of 4-substi-
tuted Benzo-15-crown-5 ether (B15C5) with so-
dium salt at acetone medium [4]. Inclusion of
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different alkyl groups into polyether ring
strongly impacts on its surface conformation. If
hydroxyl (OH) groups in macrocyclic ring
widen the surface, inclusion of alkyl groups
leads to accumulation of the surface due to con-
formation change. Substituting groups which
are in direct relation with polyether ring,
strongly impact on the conformation of poly-
heterocycle [5-8].
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For example, 5 coordination VI com-
pound more actively coordinates metal ion
(M*") than other 4 coordination VII compound.
Macrocyclic polyether type crown-ethers can
solvate several metal cations with high selectiv-
ity [6]. Chemists consider these properties of
crown-ethers and widely use these compounds
in extraction chemistry. From the other point in
the research works [7,8] conducted for investi-
gation of the synthesis and practical use of new
diaza-crown-ethers, two newly synthesized di-
aza-crown-ethers: 5,8 diaza-2,3,10,11-dibenzo-
1,12-dioxa-15 crown-4 was used to produce
octane-increasing admixture compositions of
extracts containing ferrocene and its derivative
[9]. In the early 1970s [10] selectivity law of
macroheterocycles was formed. According to
this law the creation of a bond between metal
ions with macroheterocycle can be possible on-
ly when radii of metal ions conform to the size
of crown-ether surface. But this law formed by
Pedersen did not fully express the main regu-
larities obtained by experimental studies of dif-
ferent researchers. Thus, further studies showed
that the creation of a bond by metal ions is not
determined by only Pedersen law and it also
depends on configuration, conformation and
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other structural factors of a reagent. That’s why
when changing the structure of crown-ethers
these factors must be considered. Application
of crown-ethers in analytical chemistry gave a
new impulse for expansion of physical and
physical-chemical analysis methods. Concen-
tration of the element allows to increase 2-3
units the sensitivity of physical-chemical analy-
sis methods. Crown-ethers are widely used in
extraction chemistry, photometry, polarogra-
phy, potentiometry, conductometry, and so on.
There are many literature materials on proper-
ties, complex-formation with cations and ex-
traction of crown-ethers and aza-crown ethers
[11-15]. But some theoretical and practical
tasks of extraction of crown-ethers have not
been solved yet.
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For example, experimental results on
complex formation constant, in particular, ex-
traction constant of crown-ethers in different
solutions have not been systematized yet. There
are less experimental materials on the extrac-
tion constants obtained during the extraction of
crown-ethers. That’s why many research works
must be performed in this direction to state the
value of extraction constant of metals, to de-
termine the effect of solvents of anions and
crown-ethers on extraction constant. Crown-
and aza-ethers which dissolve in organic sol-
vents are used for extraction of cations. During
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extraction cation mixes with anion and enters
into organic phase. During extraction we should
consider the effect of anion and solvent on
equilibrium of water phase and organic phase in
the system. In this aspect there are many litera-
ture materials on complex formation constant
of cations in water and organic solvents [12-
15]. Pedersen observed the sizes of different
crown-ether surfaces and obtained different
values . According to the result he formed con-
formability principal of the value (radius) of
crown-ether surface to cation radius — when the
values of macrocycle surface and metal ion ra-
dius differ less, resistance (resistance constant)
of the formed complex will be high. For exam-
ple, if the difference of values of crown-ether
surface radius is 0.45-0.50A, the difference of
alkali, alkali-carth metal cation radii makes
0.15-0.20A. The values of crown-ethers ob-
tained by Monte Carlo calculations, molecular
mechanism and dynamics methods reach nearly
to 0.25-0.40A. There is detailed information in
literature [11-15] about the structures of com-
plexes of crown-ethers and metal cations in sol-
id state (monocrystal) with different anions. It
is shown that crown-ethers may exist in differ-
ent conformations and their surface value and
structure varies depending on the conformation
of crown-ether in the complex. It is expected
that there are different possible conformations
of free crown-ether molecules during the ex-
traction in solutions and they try to transform to
higher energy conformation due to the tempera-
ture and energy of each solution. For example,
during formation of crown-ethers with metal
complexes (ML™) several ether conformations
participate in the process, but when monocrys-
tal enhances during crystallization of a salt
from solution, only one crown-ether conforma-
tion participates [12, 13, 14]. It should be stated
that results of structural analysis of opposite ion
salts must not be completely related to aqueous
and other solutions. Impact of anions on the
structure and resistance in solutions is lower
than in monocrystals. The competition between
metal ions with molecules of solvents with the
purpose of entering to crown-ether surface
should be considered. Large size of cation,
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oxygen, sulphur and nitrogen charges in crown-
ethers forms the complex-formation energy and
impacts on resistance constant of the complex.
Hydration (solvation) of cation and reagent
(crown-ether) also effects on the resistance
constant of the complex.We may evaluate the
impact of above mentioned factors on the sys-
tem (complex-formation) by using quantum-
mechanical and Monte Carlo calculations as
well as methods of molecular mechanics and
dynamics [14]. For example, during complex-
formation (at 1:1 ratio) metal ion which is in
interaction with all heteroatoms of the system
and differs less from radius of conformation
surface of crown-ether or equal to the surface
radius may locate on surface of heterocycle. If
radius of cation is bigger than the surface ra-
dius, then ion goes out of surface of macrocy-
cle, if radius of cation is less than radius of
macrocycle surface, then cation locates on any
part of macrocycle surface and interreacts with
heteroatom of crown-ether [12-15]. Some
works [12, 13, 15] were devoted to dependence
of resistance constant of complexes formed by
alkali and alkali-earth elements with crown-
ethers in water and other solutions on cation
radius or dependence of cation radius on ratio
of surface radius of crown-ether. Thus, accord-
ing to results of experiments and literature ma-
terials we conclude that during extraction of
metal cations the use of crown-ethers as a re-
agent allows to increase distribution coefficient.
Considering the abovementioned statements the
complex formation in extraction processes of
metal ions with crown-ethers, studying the in-
fluence of anions and solvents on extraction
constant in detail and systematically will be
possible.
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BOZI IKIVALENTLI METAL IONLARININ YENI COXKOORDINASIYALI BENZOL
TOROMOLORI iLO EKSTRAKSIYASI, ALINAN KOMPLEKSIN DAVAMLILIQ SABITI
VO ONA ANIONLARIN TOSIRININ TODQIQi

F.I.Sokiliyev, A.L.Riistomova, S.I.Qohramanova, E.A.Quliyeva

Ikivalentli metal ionlarinm yeni ¢oxkoordinasiyali benzol téromalori ilo ekstraksiyasi zamani omolo golon
kompleksin davamliliq sabiti vo ona anionlarin tasiri otrafli todqiq edilmisdir. Miioyyon edilmisdir ki, kraun-efirlorin
metal ionlar1 ilo davamli rabito yaratmasi asasan onlarin konfiqurasiyasindan, konformasiyasindan, benzol halgasina
yeridilmis funksional qrupdaki aktiv markazlorin sayindan va digar struktur faktorlardan asilidir.

Acar sozlor: metal ionlari, ekstraksiya, aktiv markazlar, coxkoordinasiyali téramalar, davamliiq sabiti

IKCTPAKIUS HEKOTOPBIX NHOHOB /IBYXBAJIEHTHbBIX METAJIJIOB HOBBIMH
MHOTI'OKOOPJJNMHAIIMOHHBIMH ITPOU3BOJHBIMHU BEH30JIA, UCCJIIELJOBAHUE
KOHCTAHTBI YCTOMUYMUBOCTH MOJYUYEHHBIX KOMILIEKCOB
M BJINAHUA HA HUX AHUOHOB

®.N.1lexnaues, A.U.Pycramosa, lII.U.Karpamanosa, E.A.KynueBa

HccenenoBaHbl KOHCTAHTHI YCTOWYMBOCTH TTOJYYEHHBIX KOMIUIEKCOB, 00pa30BaBIINXCS TP SKCTPAKIMH HEKOTO-
PBIX IByXBaJECHTHBIX METAJUIOB HOBBIMH MHOTOKOOPAMHAIMOHHBIMH NPOU3BOIHBIMU OCH3071a, ¥ BIMSHNAC HA HUX aHU-
OHOB. YCTaHOBJIEHO, 4TO 00pa30BaHUE MPOYHBIX CBA3EH C HOHAMHU METAJIJIOB 3aBHCHUT, B OCHOBHOM, OT MX KOH(HIypa-
IIMH, KOH(OPMALIMi, YHCJIa aKTUBHBIX [IEHTPOB B (D)YHKIMOHAJIBLHOH IPyIIIie, BBEICHHBIX B OEH30IbHOE KOJIBIIO, ¥ TIPO-

YUX CTPYKTYPHBIX (haKTOPOB.
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