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Created are the sorbents based on silica gel non-covalently modified with partially hydroge-
nated heterocyclic compounds (PHHC), containing nitrogen as donor atoms for purification of
aqueous media from technogenic contaminants. The investigations show that the modified silica
gel 1s characterized by a sorption capacity relatively higher than that of unmodified one. The
sorption degree of metal ions is studied depending on their concentrations, total mineralization
and pH value of the solutions. Conditions for selective sorption of microquantities of Eu®* which
has been used as chemically identical to *'Am are described. Moreover it was shown that PHHC-
modified silica gel was potential to use as the sorbent to concentrate the Eu®* and Sr?* metal ions
with initial concentrations near 1 mg-Li! for the quantitative analysis. Also the possible mecha-
nism of metal ion sorption on the developed sorbents was proposed.

Keywords: sorbent, modified silica gel, sorption degree, partially hydrogenated heterocyclic
compounds, metal ions.

Paspaboramsl copOeHTEI HA OCHOBE CHJIMKATEJIS, HEKOBAJIEHTHO MOIU(MDUITUPOBAHHOIO YACTIIHO
TUAPUPOBAHHBIMU TeTepormkamdecknvu coequuenusayvu (PHHC), comepskammvu asor B Kadecrse
JIOHOPHBIX AaTOMOB, JJI OYMCTKMA BOJHBIX Cpel OT TeXHOIeHHBIX 3arpssHeHwmii. Iloxaszamo, d9ToO
MOIU(UITIPOBAHHBIA CHIAKATEIb I10 CPABHEHUIO ¢ HEeMOIU(PUIIMPOBAHHBIM XapaKTepuayeTcs boee
BBICOKOIM COPOIIMOHHOM eMKOCTBI0. [loJTydeHBl sKCIIepIMeHTAIbHBIE 3ABUCHMOCTH CTEIIeHH COPOITIN
HMOHOB METAJLIIOB Ha Pa3pab0TaHHBIX COPOEHTAX OT BeTMUrHBL pH 1 00111eil MUHepaIma3aliuyl pacTBOPOB.
VeraHOB/IEHBI KOHIIGHTPAITMOHHBIE 3aBUCHMOCTH CTEIIeHW COPOLMH METAJLIO-MOHOB M3 BOJHBIX
pactBopoB. OIHUCAHBI yCIIOBHS CEJIEKTUBHOM COPOITMI MUKPOCOaepskanmii EUS*, KoTOpBIN CIIOIB30BaICS
B KauecTBe xmMmueckoro anasora 2'Am. TTokasamo, uro cumkaress, moguduimposarasit PHHC,
TaKsKe IPUTOIEH [IJIsT KOHIIEHTPUPOBAHNN MEeTAJLIO-MOHOB EUS* 11 Sr?* ¢ HauaIbHBIMI KOHIIEHTPATIASAMUA
OKOJIO 1 MIJT ' IIPH IIPOBEACHUH KOJINYEeCTBeHHOro aHammaa. Onrcan BO3MOMKHBIN MEXaHU3M COPOITIHI
MeTaJLI0-UOHOB Ha pa3paboTaHHBIX COPOEHTAX.
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Hoei edpexTrBHI cOpOEHTH IJIA OUMNINEHHS BOAHUX CE€PEIOBUIN BiJl TEXHOT€HHUX
3abopynueunsb. C.B. Xumuenro, T.A.Bnank, K.M.Benixos, K.FO.Bpunvosa, 1.5.-X. Illepbakos,
B.A.Yebanos, 0.0. Mypasiiosa, B.€.Capaes, €.M.3ss2in , C.O.Komuxos, K.C.Ocmpaco,
B.M.Yepnenro

Pospobiteni copbeHTH HA OCHOBI CHIIIKATes0, AKUN OyB HEKOBAJEHTHO MOAU(MIKOBAHMI
YaCTKOBO rifipoBaHuMu rerepormimiganmu crosykamu (PHHC), mo micrsare asor B sikocTi
JOHOPHUX AaTOMIB [JIA OYMINEHHS BOLHUX CEPeIOBHIL, BiJ TEXHOIeHHUX 3a0pyIHEHb.
Ilorazawmo, mo momudikoBaHUY CHIIIKATeab Mae OLJIbII BUCOKY COPOINMHY €MHICTb HIXK
"HemoaudikoBauuii. OTpUMAHO eKCIePpUMEHTAJbHI 3aJIeKHOCTI CTYIeHs copOIri 10HIB
MeTaJIlB Ha po3podJIeHux copOerTax Bix BesuunHy pH Ta saranpHol MiHepaJsrisalii po3unHIB.
BeranoiieHo KOHIIEHTPAITIMHI 3aJI€KHOCTI CTYIIeHs COPOIIIl MeTaJI0-10H1B 13 BOJHUX PO3UHHIB.
OnrcaHo yMOBHU CeJIeKTUBHOI cOpOITii MIKpoKLIbKicHOr0 BMicTy EUS*, skmit OyB BUKOpUCTAHUMN
B arocTi ximiunoro arasora *'Am. ITokaszamo, mo craikarens, mogudikosanuit PHHC, Takomx
IPUAATHUN IS KOHIIEHTPYBAHHSA MeTas0-i0HiB Eu® 1 Sr?* i3 mouaTKOBMMY KOHIICHTPAILIIME
0m3bKo 1 Mr-Jr ! 1Ml yac mpoBeJeHHs KIJIbKICHOTO aHaIi3y. ByB 3aporroHoBaHU MOYKIUBIMA

MexXaHi3M copOIlil MeTaJI0-10HIB Ha PO3po0JIeHUX COpOeHTaX.

1. Introduction

Intensity of mining-metallurgical and nucle-
ar industries has led to significant dispersion
and deposition of heavy metals and technogenic
radionuclides of different origin in the environ-
ment [1]. One of the impacts is visible, in form
of water pollution [2]. There is an obvious need
for industrial technologies for deactivation
and cleaning of great amounts of surface and
ground water, swamp and river ecosystems,
soils [1].The conventional methods of treat-
ment of heavy metal and radionuclide contami-
nation include chemical precipitation, chemical
oxidation or reduction, ion exchange, filtration,
electrochemical treatment, membrane separa-
tion, reverse osmosis, electro dialysis, evapora-
tion recovery etc. [3] These methods are costly,
energy intensive and often associated with
generation of toxic byproducts [2, 4]. Moreover
these processes may occur to be ineffective or
extremely expensive, especially when the met-
als in solution are in the concentration below
1 mg Lt [3]. Therefore environmental stud-
ies are confronted with a challenging task to
develop appropriate low cost technologies for
treatment of liquid wastes [3]. Adsorption has
emerged out to be better alternative treatment
methods [1- 3].

Adsorption is basically a mass transfer pro-
cess by which a substance is transferred from
the liquid phase to the surface of a solid, and
becomes bound by physical and/or chemical in-
teractions. It is a partition process in which few
components of the liquid phase are relocated to
the surface of the solid adsorbents. In general,
the main steps involved in adsorption of pol-
lutants on solid adsorbent are: transport of the
pollutant from bulk solution to external surface
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of the adsorbent; internal mass transfer by pore
diffusion from outer surface of adsorbent to the
inner surface of porous structure; adsorption
of adsorbate on the active sites of the pores of
adsorbent. The overall rate of adsorption is de-
cided by either film formation or intra particle
diffusion or both as the last step of adsorption
are rapid as compared to the remaining two
steps [2]. Selective sorption of radionuclides al-
lows to concentrate long-lived radionuclides in
a small volume of sorbent and simplify treat-
ment technology for liquid radioactive waste. Cur-
rently adsorption seems to be the easiest, safest
and most cost-effective method for treatment of
waste effluents containing heavy metals. The key
benefit of adsorption method for heavy metal
and radionuclide contamination removal is less
initial as well as operation cost, unproblematic
design and less requirement of control systems
[2]. Unlike conventional methods adsorption is
suitable even when heavy metals and radionu-
clides are present at concentrations as low as
1 mg-Lit [2, 3]. Therefore adsorption methods
are mainly used for deep purification and post-
treatment of sewage. According to the literature
data, the efficiency of adsorption treatment of
waste water reaches 80 — 95% [5].

To be commercially viable, an adsorbent
should have high selectivity to facilitate quick
separations, favorable transport and kinetic
characteristics, thermal and chemical stability,
mechanical strength, resistance to fouling, low
solubility in the liquid in contact [2]. Moreover,
environmentally safeness of waste sorbents
disposal is required. Silica gels are chemically
inert, non-toxic materials composed of amor-
phous silicon dioxide. They are characterized
by a highly porous texture and therefore they
can be utilized for synthesis of adsorbents with
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preset structural characteristics and various
chemical surfaces. In addition, the structure of
silica gel is corpuscular, i.e. it consists of inter-
connected particles forming a three-dimension-
al skeleton. The particle size affects the value
of the specific surface area, while the compact-
ness of binding influences the absorption vol-
ume of the pores [6]. Adsorption properties of
silica gel have been attributed to the surface
hydroxyl groups of silica gel. Some hydroxyl
groups are free standing and called free silanol
groups. Some are hydrogen bonded to neigh-
bouring silanol groups [7]. These groups enable
the attachment of organic molecules, which can
coordinate metal ions in a solution [6]. Recently,
surface functionalization of ordered silica gel
has attracted intensive interest in view of its
use as a solid support, due to its large spe-
cific surface area and fast adsorption kinetics
[6, 8]. Physically or chemically modified silica
gels with organic or inorganic compounds have
been used widely as solid phases to preconcen-
trate metal ions from different kind of natural
samples such as sea water, river water, bio-
logical samples, etc. [9]. The correct choice of a
desired functional group for immobilization on
the silica surface can yield materials that are
highly selective for a specific contaminant [6].
Partially hydrogenated heterocyclic compounds
containing functional groups capable of form-
ing covalent chemical bonds by a donor-accep-
tor mechanism with radionuclides and heavy
metal ions [10-12] can act as suitable organic
agents for silica gel modification. A number of
techniques can be used to fix an analytical re-
agent on a matrix. One of them is a synthetic
method involving the so-called covalent graft-
ing of a modifying reagent. Another method is
impregnation of a matrix with a solution of a
modifier [13]. Non-covalently modified sorbents
possess a number of advantages, in particular,
ease of preparation and sufficient stability. At
the same time the sorption properties of such

Scheme 1. Structures of A — E.
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materials are defined by the complexing prop-
erties of immobilized organic reagents [14—15].

The goal of the present paper is to synthe-
size sorbents based on silica gel non-covalently
modified with partially hydrogenated hetero-
cyclic compounds (PHHC), containing nitrogen
as donor atoms, with selective sorption toward
heavy metals and radionuclides .

2. Materials and methods

2.1. General

The residual concentration of the target
metal ion in the solution after sorption was
determined by atomic emission spectroscopy
with inductively coupled plasma (AES-ICP) on
a spectrometer of TRACE SCAN Advantage
(Thermo Jarrell Ash, USA). Absorption spectra
were recorded using a SF-2000-02 spectropho-
tometer (OKB “Spectrum”, St. Petersburg, Rus-
sia). The solution pH was measured using a pH
OHAUS STARTER 3100 pH meter (OHAUS,
USA). The solutions were stirred with a magnetic
stirrer MS300 (ULAB, PRC). The residual con-
centration of the PHHC on the adsorbent surface
after sorption was determined using a EuroEA-
3000 elemental analyzer (EuroVector, Italy).

All chemicals and solvents used for the syn-
thesis, photometric measurements and adsor-
bent properties investigations were of analyti-
cal reagent grade, and used without further pu-
rification unless otherwise specified.

Original Silica Gel brand C-60 for column
chromatography with an average pore diame-
ter of 60 E, the mean pore volume of 0.75 ml/ g
and with specific surface area of 500 m?/g came
from Ross (Belgium).

Merrifield Peptide Resin (particle size 100—
200 mesh) came from Sigma-Aldrich.

The metal ions studied were Eu®*, Cu?*, Sr.
The former was used as chemically identical to
24Am. The stock standard solutions with the
concentration 1 mg-L! were prepared with ul-
trapure water obtained on a “P.NIX POWER
SYSTEM” (“HUMAN CORPORATION”, South

Functional materials, 24, 4, 2017
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Table 1. Spectral characteristics of the complexes with some organic compounds which are suitable for

creation of hybrid sorbents

Organic com- Solvent of Target metal Ratio of ligand: Optical den-
- metal concentra- | pH A, nm .
pounds the complex ion . max sity
tions
Sr 6:1 7 320 0.32
A DMF Cu 6:1 7 388 0.84
Eu 6:1 7 391 0.71
Eu 6:1 6 451 0.80
D Hthanol Cu 6:1 6 400 1.40
Sr 6:1 7 378 0.68
B Ethanol Cu 6:1 7 397 1.89
Eu 6:1 7 311 1.30
Sr 6:1 7 365 0.40
C Water Cu 6:1 7 380 1.15
Eu 6:1 7 361 0.97
(o]
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Scheme 2. Synthesis of D functionalized Merrifield resin.

Korea) from standard 1000 mg-L! solutions
(Sigma-Aldrich).

Whatman® quantitative filter paper, ash-
less, Grade 589/2 white ribbon came from Sig-
ma-Aldrich.

2.2. Synthesis of the PHHC

Compounds A -C (Scheme 1) were pre-
pared according to a published procedure
[16, 17] by three-component reaction of corre-
sponding aminoazole (3-amino-1,2,4-triazole
for A, 5-amino-3-methyl-1-phenylpyrazole
for B, 5-amino-3-methylisoxazole for C) with
3-hydroxybenzaldehyde and methylene-active
compound (o-acetoacetanisidide, dimedone) by
heating in dimethylformamide with yields of
80% for A, 68 % for B and 84% for C.

Compound D (Scheme 1, D) was prepared ac-
cording to a published procedure [18] by reaction
of salicylaldehyde and aqueous ammonia and
washing of the obtained precipitate with ethanol;
the yield of the crude product was 92%.

Compound E was prepared according to de-
scribed procedure [19] from 3-amino-1,2,4-tri-
azole and 2’-hydroxychalcone by heating of the
initial substances in dimethylformamide for 20
minutes with 85 % yield of the crude product.
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2.3. UV-vis measurements

Photometric measurements were performed
in 1 cm quartz cuvettes. The estimations of A
(in nm) were performed with a program includ-
ed in the spectrophotometer software package,
running in a mode “Register the absorption
spectrum”. The concentration of the PHHC in
the solutions for photometry was higher than
the metal concentration by 2, 6 or 9 times. The
PHHC dissolved in a suitable solvent with the
addition of 1 M nitric acid (for pH equal to
blank and working solutions), was used as a
blank solution.

2.4. Preparation of sorbents

Synthesis impregnated by the PHHC sorbents
based on Silica Gel

Original Silica Gel was pre-washed with 10%
hydrochloric acid and dried under vacuum for 6
hours at 120° C. PHHC (0.2 g) was dissolved
in 50 ml of the solvent (chloroform, ethanol or
DMF) at room temperature. In a beaker with
1 g of silica gel 25 ml of the PHHC solution was
added. The mixture was stirred for 30 minutes
on a magnetic stirrer. Then the precipitate was
filtered on a paper filter. Afterwards the sor-
bent was dried at 80°C to constant weight.
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Table 2. Sorption properties of the sorbents modified by PHHC
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1.02 Cu? 0.76 0.88 25.5 13.7 11.8

A 1.10 Eu 0.21 0.295 80.9 73.2 7.7

1.10 Srz 0.945 1.06 14.1 3.6 10.5

0.98 Cu? 0.725 0.84 26.0 14.3 11.7

B 1.05 Eu 0.12 0.26 88.6 75.2 13.4

0.99 Sr2* 0.865 0.95 12.6 4.0 8.6

1.00 Cu? 0.305 0.860 69.5 14.0 55.5

C 1.10 Eus 0.200 0.295 81.8 73.2 8.6

1.00 Srz 0.250 0.96 75.0 4.0 71.0

1.00 Cu? 0.27 0.860 73.0 14.0 59.0

D 1.00 Eu 0.006 0.24 99.4 76.0 23.4

1.00 Srz 0.08 0.96 92.0 4.0 88.0

1.10 Cu? 0.17 0.95 84.5 13.6 70.9

E 1.00 Eus 0.13 0.24 87.0 76.0 11.0

1.00 Srz 0.26 0.96 74.0 4.0 70.0

Synthesis of sorbent based on grafted D
onto Merrifield resin

Vanillin is alkylated with chloroethanol in
the presence of aqueous NaOH to yield 4-(2-hy-
droxyethoxy)-3-methoxybenzaldehyde (79%).
Then the latter is grafted onto the Merrifield
resin in the presence of NaOH in toluene. After-
wards the resulting resin is treated with meth-
anolic ammonia with adding salicylaldehyde at
reflux for 10 min. Finally, the product is filtered
out from the hot reaction mixture and washed
with methanol (Scheme 2).

2.5. Sorption studies

0.1 g of the properly prepared sorbent was
flooded with 25 ml of the solution containing
copper, strontium and europium ions in a con-
centration of 1 mg-Li! of each. Sorption of the
metal ions was carried out at room tempera-
ture for 30 min under magnetic stirring. The
solution was filtered through a filter paper. A
stock solution of the metal ions was used as a
reference one at atomic emission spectroscopy
measurements.
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3. Results and discussion

As shown earlier, the conditions for the for-
mation of complexes with monomer as a modi-
fier and on modified silica gels vary insignifi-
cantly. That makes it possible to transfer the
optimal conditions for complexation in solutions
to the sorption mode [20]. Therefore, in order
to elucidate the compounds with most effective
ability to surface functionalisation of solid ad-
sorbents, 22 specially synthesized compounds
of class of partially hydrogenated azoloazines
were screened to their ability to form complex-
es with target metal ions. The most promising
PHHC were selected based on the optical data
of their complexes with the studied metal ions
(Table 1).

Sorption of ions depends on their charge,
size and ability to hydration. The degree of
ions sorption increases with the rise of their
valences and radiuses [21]. Table 2 shows that
the recovery rate of the metal ions on silica gel
impregnated by C and D grows in a series of
Cu?*<Sr?*<Eu?®*, which corresponds to the lyotrop-
ic series for di- and trivalent cations. At sorption
of metal ions on pure silica gel, the degree of re-

Functional materials, 24, 4, 2017
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Fig. 1. Concentration dependence of the degree
of sorption of Cu?* (1), Sr** (2), Eu** (3) by Mer-
rifild resin modified by the compound D ( C is
metal ion concentration).
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Fig. 3. Content of the B (I) and D (2) modifiers
on silica gel surface after extraction of metal ions
from aqueous solutions with different pH values.

Mass fraction
of modifier, mass%

covery grows in the series Sr?*<Cu?'< Eu®, since
at pH ~ 7 hydroxide complexes of Cu?* with a
radius exceeding the radius of Sr?* are formed
in the aqueous solution. It should be noted that
for sorbents based on silica gel modified by A, B
or E, the degree of recovery falls in the region
of ions of equal valence (Sr?*<Cu?*) is observed,
which is probably due to the nature of the mod-
ifier acting as a complexing agent. In general,
we can conclude from Table 2 that modification
of silica gel significantly increases its sorption
properties. So europium, copper and strontium
degree of sorption increases by 7.7 and 23.4% (us-
ing A and D as a modifiers), 11.7 and 70.9 (us-
ing modifiers B and E) and by 8.6-88.0% (using
modifier C and D), respectively. From Table 2 it
is clear that the sorbent based on the silica gel
modified by D has a high degree of sorption of
all three target metal ions, while the sorbent
based on the silica gel modified by B has a high
selectivity for europium. Moreover, such high
values of the degree of Eu®* and Sr?* sorption by
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Fig. 2. Dependence of the degree of sorption of

metal ions by the sorbent modified by the com-

pound B on pH of the solution (I — Sr?*, 2 — Cu?,

3 —Eu®).
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Fig. 4. Concentration dependence of the degree

of sorption of Cu?* (1), Sr** (2), Eu®* (3) by silica

gel, modified by the compound D from the water

solution at pH=7 ( C is metal ion concentration).
silica gel modified with D (99.4% and 92% re-
spectively) make it possible to use this sorbent
for concentration the aforementioned metal
ions with initial concentrations near 1 mg-Li!
for quantitative analysis [22].

To quantify the complexing properties of the
modifier D it was grafted onto Merrifield resin.
Since the latter is an inert carrier which does
not contribute to the sorption process, the sorp-
tion degree of Merrifild resin modified by the
compound D is determined exclusively by the
complexing properties of the modifier. As seen
from Fig. 1, the compound D has high complex-
ing properties, since the degree of sorption of
Eu®* at its initial concentration of 1 mg- L is
85%. At the same time, the degree of sorption of
all metal ions decreases sharply with the rise of
their concentration.

The dependence of the sorbtion degree of
Cu? (1), Sr?* (2), Eu?* (3) by the sorbent modified
by the compound B from pH was investigated
in the pH range of 3.5-8.5 (Fig. 2). In accor-
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Fig. 5. Concentration dependence of the degree
of sorption of Sr (I), Cu (2), Eu (3) by silica gel,
modified by the compound B from the water so-
lution at pH=7 ( C is metal ion concentration).
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Fig. 7. Dependence of the degree of sorption of
metal ions on a sorbent based on silica gel modi-
fied by D on the modifier storage time (1 — Sr?*,
2—-Cu?*, 3— Eu®).

dance with the literature data the shape of the
obtained curves is due to the nature of the cat-
ion [23]. For the non-hydrolysing Sr?* the sorp-
tion rises with the increase of pH is observed.
For hydrolyzed ions such as Cu?" and Eu®, an
increase in the degree of sorption with increas-
ing pH is also observed. However, after reach-
ing the pH value coinciding with the isoelectric
point of the colloid, the value of the sorption
degree does not change further.

As seen from Fig. 2, the completeness of
the sorption of Cu?* and Eu®* on the sorbent
modified by compound B is achieved already at
pH > 5, which makes it suitable for purification
from these metal ions of natural waters which
pH value usually varies within 6.5-8.5. In the
presence of Sr?*, the completeness of sorption
for the sum of metal ions increases when the
pH raises to a value of 7-8. One of the disad-
vantages of non-covalently grafted sorbents is
relatively weak, compared to covalent grafted,
retention of the reagents on the matrix upon
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Fig. 6. Concentration dependence of the degree
of sorption of Sr (1), Cu (2), Eu (3) by silica gel,
modified by the compound E from the water so-
lution at pH=7 (C is metal ion concentration).
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Fig. 8. Dependence of the degree of sorption of
Eu®* with the concentration 1.0 mg-Li! by silica
gel modified by B (7) and D (2) compounds on the
total concentration of CI-, HCO, and SO,* an-
ions. The concentration of each of the anions in
the mixture is the same.

contact with solutions [15]. Therefore there was
measured the content of the modifiers B (I) and
D (2) on the surface of silica gel after sorption
of metal ions from aqueous solutions with dif-
ferent pH values (Fig. 3). As seen from Fig. 3,
at a solution with pH near 4 about to 51% the
modifier is eluted from the silica gel surface. In
a neutral environment, only 44% of the modi-
fier is eluted from the silica gel surface. Since
the silica gel modified with B and D compounds
has high sorption properties (Table 2), it is ob-
vious that the target metal ions can bind not
only surface-fixed PHHC molecules, but also
those in the solution. Subsequently, the result-
ing complexes are sorbed on the surface of silica
gel, which ensures removal of metal ions from
the solution.

The capacity of the sorbents based on silica gel
modified by PHHC was evaluated under the opti-

Functional materials, 24, 4, 2017
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Fig. 9. Degree of extraction of metal ions from
natural lightly mineralized water with pH = 7.0
silica gel, impregnated by B. The sorption time
is 20 min, t = 20 ° C, the sorbent mass is 0.1

mum value pH =7. The concentration dependenc-
es of the degree of sorption of Cu?*, Sr** and Eu®*
by the silica gel, modified by the compounds B,
D and E from the water solution have a similar
form (Fig.4 — 6). If the degree of Eu** sorption de-
creases insignificantly with the increase in its con-
centration from 1 to 20 mg-L, a sharp drop in
the degree of Cu?* and Sr?* sorption is observed
in this same concentration range. Obviously,
when europium is sorbed on hybrid sorbents
based on silica gel, it is the matrix that defines
the nature of the sorption process (Table 2). On
the contrary, copper and strontium ions are
sorbed on hybrid sorbents mainly by the com-
plex-forming process with the modifiers (Fig.
1). The proposed mechanism of sorption is also
confirmed by the results of studying the aging
process of the modifier, accompanied with oxi-
dation of the phenolic fragments of the modifier
with air oxygen. As seen from Fig. 7, the degree
of Eu®* sorption falls only by 15% when using a
sorbent stored for 360 days, while the degree of
sorption of Cu?* and Sr?* decreases by 30 and
80%, respectively. This phenomenon can be
useful when it is necessary to selectively extract
Eud* from solutions simultaneously containing
Cu?* and Sr?*.

The effect of 100 —1000-fold excess of extra-
neous anions CI-, HCO* and SO,* on the sorp-
tion of Eu®* ions on silica gel modified by the
compound B and D was studied. It is seen from
Fig. 8 that the degree of sorption of Eu®* ions on
silica gel modified by PHHC decreases slightly
with the rise of the total mineralization in the
range of 0.1- 2.0 g/ L.

The result of the employing of the silica gel
modified by compound B for the separation of
the sums of metal ions from natural water con-
firms that such a sorbent is acceptable for re-
covering of microquantities of Eu®** which has
been used as chemically identical to 2#'Am from
waters with low mineralization (Fig. 9).
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4. Conclusion

Created were the sorbents based on silica
gel non-covalently modified with partially hy-
drogenated heterocyclic compounds (PHHC)
containing nitrogen as donor atoms. The most
promising PHHC were selected based on the opti-
cal data of their complexes with metal ions such
as Eu®, Cu?, Sr*. The sorption properties of the
sorbents based on silica gel modified by 5 speci-
mens of PHHC were investigated. The raise of
the degree of removal of the metal ions due to
modification of the sorbent was evaluated at
their initial concentrations near 1 mg-L'. The
pH dependence of the degree of sorption of met-
al ions by the sorbent modified by PHHC was
investigated on the example of the compound B.
Also there were found the concentration depen-
dences of the degree of sorption of metal ions by
silica gel, modified by 3 samples of PHHC from
the water solution at pH="7. The degree of sorp-
tion of EU** ions on silica gel modified by PHHC
was shown to decrease slightly with the rise of
the total mineralization in 0.1- 2.0 g / LL range.
Conditions for selective sorption of Eu®" ions
were described. The result of the application of
the silica gel modified by the compound B for
separation of the sums of metal ions from natu-
ral water confirms that such sorbent is accept-
able for recovering of microquantities of Eu®*
which has been used as chemically identical
to 2'Am from waters with low mineralization.
Moreover it is shown that silica gel modified by
D is possible to use as a sorbent to concentrate
the Eu®* and Sr?* metal ions with initial concen-
trations near 1 mg-L* for the quantitative anal-
ysis. A possible mechanism of metal ion sorp-
tion on the developed sorbents was proposed.
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