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Abstract A highly sensitive extraction-spectrophotometric
method for determination of dicyclohexano-substituted crown
ethers in aqueous solutions is described. It is based on the
extraction of the macrocyclic complex, which comprises bro-
mothymol blue as a colored organic anion, from aqueous
solution into toluene. This method allows obtaining the limit of
DCH18C6 detection in water of 2 x 107’ M. It provides an
efficient tool for monitoring the stability of crown-containing
extractants and adsorbents upon contact with water and nitric
acid solutions.
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Introduction

Design of novel efficient and selective adsorbents for metal
ion recovery from liquid radioactive wastes is a challenging
task in modern separation science [1-5]. Macrocyclic com-
pounds, in particular, dicyclohexano-substituted crown
ethers (CE) are of special interest in the preparation of such
adsorbents because of their excellent functionality [6, 7].
Typically, dicyclohexano-18-crown-6 (DCH18C6) and di-
tert-butylcyclohexano-18-crown-6 (DtBuCH18C6) are used
in radiochemical applications for binding the radioactive
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strontium due to their ability to extract Sr* T cations with high
values of the distribution coefficient in solvent extraction [8,
9] and sorption processes [10, 11], as well as their adequate
chemical [7] and radiation stability [12] in oxidative media.
The problem to be solved in the preparation of the adsorbents
is reliable incorporation and retention of dicyclohexano-
substituted crown ethers in a bulk or on the surface of suitable
supports. Up to now, a number of methods for covalent and
“non-covalent” immobilization of CE have been proposed.
Generally, most of them have been discussed in the reviews
[12, 13]. Since the materials based on CE are designed for use
in aqueous media, their stability to the washing-out of the
crown ethers is one of the key issues. In spite of low solubility
of DCHI18C6 and, especially, DtBuCH18C6 in water,
remarkable loss of crown ethers has been observed during a
contact of crown-containing adsorbent materials with neu-
tral and acidic aqueous solutions [14, 15]. In addition, sol-
ubility of DCH18C6 and DtBuCH18C6 in water increases in
the presence of dissolved metal salts [6], and this tendency
should be also taken into account. As a consequence, the
losses of CE from prepared materials upon contact with
water may be significant. It results in the decrease in capacity
and selectivity of sorption, poor reproducibility of the
results, limited lifetime of adsorbent, and deterioration of
other functional characteristics. Taking into account all these
issues, the losses of CE should be controlled, and an ana-
lytical procedure for the precise determination of CE con-
centration in the aqueous phase is vital. At the same time,
only a few methods for the determination of CE content in
aqueous media have been currently developed. For example,
one study on DtBuCH18C6 losses from an adsorbent mate-
rial has been published [14]. Analysis of total organic carbon
(TOC) has been used as a monitoring tool. It should be noted
that TOC analysis is not selective towards DtBuCH18C6,
and water-soluble organic impurities in the CE and traces of
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solvent (e.g., octanol [15]) may misrepresent the results
significantly. In fact, the situation is the same in the case of
DCH18C6. A method for DCH18C6 determination that
comprised extraction of CE from aqueous solutions with a
membrane disk followed by gas chromatographic analysis of
extracts has been described [16]. The proposed procedure
was multistage, sophisticated and time-consuming. Extrac-
tion of DCH18C6 from the aqueous solution to the organic
solvent in combination with subsequent IR-FT analysis of
the organic phase has been used for estimation of CE
washing-out from polymer hydrogels [17, 18]. However, the
sensitivity of that procedure was low and did not allow
determining the concentration of CE below 10~* M. In
addition, several techniques for extraction-spectro-
photometric detection of CE in water (including DCH18C6)
have been suggested [19-21]. These procedures were
selective and sensitive to CE. Nevertheless, they had a
drawback discussed below. Briefly, the extraction-spectro-
photometric method for CE determination is based on the
ability of CE to form stable macrocyclic complexes with
metal cations and dye anions in aqueous media, which can be
quantitatively extracted into an organic solvent as ion pairs.
The dye itself has low solubility in the organic solvent so its
transfer to the organic phase is rather small in the absence of
CE. Accordingly, the final concentration of dye anions in the
organic phase after extraction is directly proportional to the
initial concentration of CE in the aqueous solution. Due to
the high molar absorption coefficient for the extracted
macrocyclic complex with anion of organic dye, it is possible
to measure even low amounts of CE by UV-Vis spectros-
copy. Usually, picrate ion, bromothymol blue and metanil
yellow as colored anions and chloroform as an organic sol-
vent have been tested in the systems for determination of
DCHI18C6 in water solutions [19-21]. Bromothymol blue
(BTB) proved to be more preferable because of higher
extractability and UV—-Vis absorbance of the macrocyclic
complex with this dye anion [21] that resulted in better
sensitivity of the method. However, some BTB transfer from
the aqueous solution into chloroform has been observed even
in the absence of crown ether, with UV—Vis absorbance of
organic phase being measurable [21]. Itis a critical drawback
of chloroform that affects the reproducibility of measure-
ments and the sensitivity of this method. Furthermore,
chloroform is partially soluble in water, has a low boiling
point and high vapor partial pressure at room temperature,
which may be a source of experimental errors.

In spite of the drawback discussed above, the extraction-
spectrophotometric method for CE determination in aque-
ous media seems to be very attractable for laboratory and
pilot tests because of detection limits, simplicity of the
analytical procedure and method implementation. Fur-
thermore, this method apparently possesses a potential for
the analysis of DtBuCH18C6 content in aqueous solutions.
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Thus, the aim of the present study was to improve the
extraction-spectrophotometric method for the determina-
tion of DCHI18C6 in aqueous solutions, to adopt this
method for the detection of DtBuCH18C6, and to examine
the applicability of this method for the estimation of
DCH18C6 and DtBuCH18C6 retention on adsorbent
materials upon contact with water and nitric acid solutions.

Experimental
Reagent and materials

DCHI18C6 (mixture of isomers, 99 % assay) and
DtBuCHI18C6 (mixture of isomers, 96 % assay) were pur-
chased from Ecolan, Russia. Sodium salt of bromothymol
blue (Merck, Germany), KCI, NaOH, Sr(NOs3),, HNO3,
diethyl ether, methanol, chloroform and toluene (Reakhim,
Russia) had analytical reagent grades and were used as
received. Three different types of supports were used for
preparation of crown-loaded adsorbent materials: silica gel
Silochrom S-120 (specific surface area (SSA) of
100-140 m? gfl, from Khimtekhmash, Russia), cross-
linked styrene—divinylbenzene (St-DVB,.ss) copolymer
(SSA =700 m* g~") and styrene—divinylbenzene (St-
DVBy,yq4r) copolymer modified with tertiary amine groups
(SSA = 1,200 m* g~ ).

Determination of DCH18C6 in water

Calibration solutions with CE concentrations in the range of
(1 x 107°=1 x 107*) M were prepared by dissolution of
the precise weight of DCH18C6 in the deionized water
followed by dilution to the predetermined values. Aliquots
of the calibration solutions or of the analyzed solutions
having volume (V) of 3 or 20 ml were mixed with 0.5 ml
of 1 M solution of KCl and 1.5 ml of 1 x 10~ M solution
of sodium salt of bromothymol blue (Na-BTB), and the
resulting mixture was extracted with an organic solvent
(5 ml).

The extraction procedures were carried out in the sep-
aration funnel during 3 and 5 min for V, = 3 and 20 ml,
respectively. After the phase separation (15-25 min) the
organic phase was isolated and its UV-Vis spectra were
measured with a Perkin-Elmer Lambda 9 spectrophotom-
eter in the wave length range of 300-600 nm, with absor-
bance maximum of analyzed CE complex being at 394 nm.
Calibration curves were plotted as UV-Vis absorbance of
organic phase at 394 nm versus CE concentration in the
aqueous solution. CE content in the analyzed solutions was
determined using the calibration curves.
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Determination of DCH18C6 in nitric acid solutions
of strontium nitrate

The method for extraction-spectrophotometric determina-
tion of CE in water was adapted to the experimental con-
ditions which actually occurred during radioanalytical
applications of adsorbent materials containing CE. For this
purpose, the solutions containing 2.3 x 107 M of
Sr(NO3), and 3 M of HNO; were prepared and tested as a
medium contacting with the adsorbents. After the prede-
termined contact time with the adsorbent, an aliquot (3 or
20 ml) of the acidic aqueous phase was taken for CE
determination. Since bromothymol blue has a water-
insoluble, protonated form at the acidic medium (at
pH < 3), the preliminary stage of neutralization of the
aqueous phase was included in the method prior to
extraction with the organic solvent. Neutralization was
accomplished with the NaOH solution in two stages. First,
a part of alkaline solution was added to the analyzed ali-
quots under stirring to provide solubility of Na-BTB, then
anion dye (1.5 ml of 1 x 107° M solution) was added
followed by pouring the remaining portion of NaOH
solution to complete the neutralization. At this point, a
slight orange coloration of analyzed solution was changed
to the green one (pH 6.8). Strontium nitrate (0.5 ml of 1 M
solution) was used instead of KCI on the final stage of
preparing the aqueous solutions for extraction. Then 5 ml
of an organic solvent was added, and the extraction-spec-
trophotometric procedure was carried out as described
above for neutral aqueous solutions.

Preparation of crown-loaded adsorbent materials

The samples of crown-loaded adsorbents were prepared by
stepwise impregnation of the supports with solutions of the
crown-ethers in diethyl ether or diethyl ether/methanol
mixture. The silica gel was preliminary dried by increasing
the temperature in accordance with the following protocol:
30 min at 100 °C, 30 min at 150 °C, 30 min at 200 °C and
60 min at 250 °C. Porous styrene—divinylbenzene copoly-
mers were triply washed with acetone, a residual amount of
the solvent was evaporated at 50 °C to a virtually constant
weight of support, and then the solution of CE (cpchigce =
15 x 1072M or cpmemiscs = 1.15 x 1072 M) was
gradually added to the prepared material. The total volume of
the added CE solution was about 20 ml per 1 g of support.
The solvent was evaporated at room temperature under
moderate stirring. After the evaporation of most part of the
solvent, the adsorbents were dried at 50 °C up to constant
weight. Final CE loading in the samples was about 10 wt%.

Resistance of the prepared materials to CE washing-out
was estimated by contact with water or nitric acid solution
of strontium nitrate in batch method under stirring. The
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Fig. 1 UV-Vis spectra of toluene and organic phase after contact of
chloroform (a) and toluene (b) with crown-free aqueous solution.
Va=3ml,V KCl = 0.5 ml, Vagrs = 1.5 ml, Vigjuene = 5 ml

ratio of the adsorbent weight to the volume of the aqueous
phase was equal to 100 mg/20 ml. Solid and liquid phases
were separated, and the aqueous solution was analyzed by
the extraction-spectrophotometric method. The value of CE
washing-out was determined from the equation:

CElosses = n/”l() - 100 %,

where n is a quantity of CE washed-out into the aqueous
phase (mol), and ny is an initial loading of CE in the sample
(mol).

Results and discussion

Modification of extraction-spectrophotometric
procedure for CE determination in aqueous solution

To overcome the problems related to chloroform usage,
careful selection of organic solvents was carried out and
chloroform was substituted with toluene. Toluene is trans-
parent in the visible range (Fig. 1, lower curve) and, in
contrast to chloroform, has lower solubility in water, a higher
boiling point and dielectric constant. In addition, it dissolves
DCH18C6 and DtBuCHI8C6 at adequate levels
(>0.5 mol L™" and >0.2 mol L™, respectively) [22]. The
result of the substitution of chloroform for toluene is shown
in Fig. 1 (cf. UV-Vis absorbance values of spectra (a) and
(b)). One can see from the figure that absorbance caused by
transfer of the BTB salt from the crown-free solution into the
organic solvent was negligible, if toluene was used instead of
chloroform. It gives the opportunity to considerably improve
the sensitivity of CE determination.

Figure 2 presents the calibration curves of UV-Vis
absorbance of the organic phase versus DCH18C6 con-
centration in aqueous solutions for this new system. The
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Fig. 2 Calibration curves for determination of DCH18C6 concentra-
tion in aqueous solutions at different organic solution/aqueous
solution ratios: (@) DCH18C6—water, V, = 3 ml; Vg = 0.5 ml.
(b) DCH18C6—water, Va = 20 ml, Vker = 0.5 ml.
(C) DCH18C6—3 M HNO3, Val =20 ml; VSr(NO3)2 =0.5ml

experimental data were reasonably approximated by linear
regressions, and equations of the regression and correlation
coefficients are given in the figure. Based on the data of
blank tests, the limit of DCH18C6 detection in water was
calculated according to the formula: c,;,, = 3s5¢/b [23, 24],
wherein s, is a standard deviation of blank measurements
and b is a slope of calibration curve. For the aqueous phase
to toluene ratio of 1:1 (Fig. 2a), cmin was equal to
8 x 107’ M (eight blank tests). This value can be still
improved by increasing the aqueous phase/organic phase
ratio. For example, the calibration curve was obtained for
solutions with CE concentrations less than 1 x 107> M at
the ratio of the analyzed aqueous phase to toluene of 4:1
(Fig. 2b). In this case, CE detection limit was 2 x 107" M
(ten blank tests) and the relative standard deviation for
three measurements at DCHI18C6 concentration of
6 x 107° M was calculated as 1.8 %. In such a way, the
method for extraction-spectrophotometric determination of
CE in aqueous solutions is significantly improved as
compared with the previous systems based on chloroform
[21].

Some aspects of using the modified extraction-spectro-
photometric procedure for DCH18C6 determination in
various aqueous media and a possibility of its adaptation
for the analysis of DtBuCH18C6 will be discussed below.

DCHI18C6 distribution in H,O/toluene system

In spite of wide applications of the crown ethers in
extraction processes for radioactive waste reprocessing [1,
8, 9, 12], the data on distribution of DCH18C6 between
aqueous and organic phases are limited. Moreover, to the
best of our knowledge, there are only few studies dealing
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Fig. 3 Distribution of DCH18C6 between water and toluene at
equilibrium state

with DCH18C6 and DtBCHI18C6 distribution between
water and toluene [22, 25]. McDowel and coauthors have
reported data on “reverse” distribution of the crown ethers
from toluene to water, which was 7 % for DCH18C6 and
<0.1 % for DtBuCH18C6 [22]. Lakkis and coauthors have
given the value of DCHI18C6 distribution coefficient
(logKp = 2.30) between aqueous solutions of lithium salts
and toluene [25]. Furthermore, mathematical modelling,
which allow the prediction of distribution constant in case
of unsubstituted and benzosubstituted CE, have a number
of restrictions for DCH18C6 and DtBCH18C6 [26]. Taking
this into account, we tested the above-described extraction-
spectrophotometric procedure to measure the distribution
of DCH18C6 in H,O/toluene system.

For this purpose, five DCH18C6 aqueous solutions with
CE concentrations in the range of (6.0 x 107°—
32 x 107 M were prepared. Aliquot (20 ml) of each
solution was extracted with 5 ml of toluene during 5 min.
After the phase separation, the aqueous phase was isolated
and analyzed for CE content by the extraction-spectro-
photometric procedure described above. As a result, equi-
librium concentrations of DCH18C6 in the aqueous phase
were found. Subsequently, the equilibrium concentrations
of DCHI18C6 in the organic phase were calculated as
follows:

eq __ 0 eq Vaq
Corg = \|\c,, — C L
Vorg

where cgl, and cid are the equilibrium concentration of
DCHI18C6 in organic and aqueous phases, cgq is the initial
concentration of DCH18C6 in the aqueous solution (all
concentration in mol L_l), Vaq and Vi, are the volumes of

the aqueous solution and the organic phase (ml).
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Table 1 Washing-out of the CE from the adsorbents (CE)qsses) upon contact with water and aqueous nitric acid solution (2.3 x 1073 M of

SK(NO3), in 3 M of HNO5)

Sample Crown-ether Time of contact Concentration of CE in water Washing-out of the CE (mol%)
loading (mol/g) with water and and acidic solution after - 3
acidic solution (h) contact with sample® (M) H,0 Acidic solution
S-120-DCH 2.7 x 107* 2 1x107° 80 + 1° -
S-120-DtB 29 x 107* 2 8.7 x 1075 (3.2 x 107%) 5.9 + 0.4° 22
St-DVBj,yq-DCH 3.0 x 107 144 9.4 x 1077 (1.5 x 107% 6 9
St-DVBj,yq-DtB 23 x 107* 144 43 x 107% (6.5 x 1079 <1 <1
St-DVB,;0ss-DCH 29 x 107 480 37 x 1077 (1.8 x 107%) <1 <1
St-DVB,es-DtB 22 x 107 480 2x 1077 (1 x 1079 <1 <1

* Average value of two parallel tests (concentrations of CE in acidic solution are given into parentheses)

b Average value of three parallel tests

The equilibrium concentrations of DCHI8C6 in the
organic phase were plotted as a function of the equilibrium
concentrations of DCH18C6 in the aqueous phase (Fig. 3)
and the distribution coefficient K, was determined as a
slope of that curve.

The obtained Kp = 113 + 2 (logKp = 2.05) is in rea-
sonably good agreement with the value (logKp = 2.30)
reported by Lakkis et al. [25]. On the base of Kp, the
percentage of DCH18C6 extraction (E) was estimated:

Kp

FE=—"———
KD + Vaq/Vorg

The percentage of DCH18C6 extraction from water into
toluene at a phase ratio of 4:1, calculated by this equation,
was approximately 97 %. This value is indicative of suf-
ficiently complete extraction of CE.

Testing the procedure for the analysis of DCH18C6
and DtBuCH18C6 washing-out from CE-loaded
adsorbent materials exposed to water and nitric acid
solutions

The above data on limits of detection testifies that the
modified extraction-spectrophotometric method is a very
precise tool for determination of low CE concentrations in
water and aqueous solutions. We examined its applicability
to analyze DCH18C6 and DtBuCH18C6 washing-out from
crown-loaded adsorbent materials in different conditions.
Six samples with compositions given in Table 1 were
prepared and tested.

Tests in water

The DCH18C6- and DtBuCH18C6-loaded samples were in
contact with water (pH 7) for a predetermined time, fol-
lowing which the aqueous phases were separated and
analyzed by the procedure described above. In the presence
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Fig. 4 UV-Vis spectra of organic phase after extraction of macro-
cyclic complex from aqueous solutions obtained from the contact of
S-120-DCH (a) and S-120-DtBu (b) adsorbents with water (100 mg
of adsorbent/20 ml H,O, time of contact 2 h). The aqueous solutions
were diluted tenfold (a) and threefold (b) with water before the
analysis. Va =3 ml, Vkcr = 0.5 ml, VNagte = 1.5 ml,
Violuene = 5 ml

of KCl, the formation of the macrocyclic complex and its
extraction follows the reaction:

K., + CE,+ BTB,, < [K(CE)BTB]

org

wherein subscripts aq and org relate to water and organic
phase, respectively. Representative UV-VIS spectra of the
organic phase obtained after the extraction stage are given
in Fig. 4. These spectra demonstrate that both DCH18C6
and DtBCH18C6 were washed-out from the adsorbents
into water.

It should be noted that DtBuCH18C6 is rather hydro-
phobic and has low solubility in water that does not allow
preparing its aqueous solutions for the calibration. How-
ever, one can use the calibration curves obtained for
DCHI18C6 to estimate DtBuCHI18C6 washing-out in
accord with the following. Both crown ethers form inclu-
sion complexes [K(CE)"] with 1:1 stoichiometry, and
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stabilities of these complexes in water are similar [27].
Taking into account a correlation between the stability of
the complex in the aqueous solution and its extractability
[21], it is reasonable to suppose approximately the same
extractabilities of the macrocyclic complexes with BTB
anion dye and, hence, the molarity of anion dye in the
organic phase for DCH18C6 and DtBuCH18C6. If one
assumes that CE does not have a detectable influence on
the molar extinction coefficient of BTB, the calibration
curves for DCH18C6 and DtBuCH18C6 should be identi-
cal. Based on the above, DCH18C6 and DtBuCH18C6
concentrations accumulated in the aqueous phase were
determined using calibration curves from Fig. 2 and,
expectedly, washing-out of DtBuCH18C6 was much less in
comparison with that of DCH18C6 (Table 1) for both
inorganic (SiO,) and polymer supports tested here. More-
over, the value of CE losses was most pronounced for the
adsorbents based on silica gel and decreased by increasing
the hydrophobicity of the supports.

Tests in nitric acid solutions

From an analysis of the literature data [26, 28], one can
expect some increase in CE losses upon contact of adsorbents
with aqueous nitric acid solutions in comparison with
exposure to neutral water. The extraction-spectro-
photometric method was tested to study the stability of the
samples upon their contact with strontium nitrate solutions
(cgy = 2.3 x 1073 M) in 3 M HNOs;. In this case, CE forms
a stable complex with Sr*™ ions in an aqueous solution, and
extraction of this complex cation [Sr(CE)*"] with toluene
may be described as follows:

St25 + CEy + 2BTB, « [St(CE)BTBy],, (1)

It has been demonstrated that the optimal range of pH
for the extraction of the complex [Me(CE)]""BTB;, is 4-8
[21]. Accordingly, preliminary neutralization of the ana-
lyzed solutions with NaOH was carried out before the
extraction-spectrophotometric procedure. As a result, the
analyzed aqueous solutions contained significant quantities
of nitrate-anions (~3 M) and Na* cations (~3 M) on the
stage of extraction with toluene. It should be emphasized
that both ion species can change the composition of the
extracted macrocyclic complex and the concentration of
BTB™ in the organic phase. NO; ™~ anions can compete with
BTB™ for crown ether (reaction 2) that would eventually
result in a decrease in UV-VIS absorbance of the organic
phase.

Melj +CEq + nNOy,, = [Me" (CE)(NOS) ], (2)

The presence of Na™ cations is an important factor too.
Despite an essential difference in constants of complex
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formation of DCHI18C6 with cations of sodium and
strontium (logK are equal to 1.21 and 3.24, respectively,
for cis-syn-cis isomer) [27], the concentration of Na™ after
the stage of neutralization may be in large excess over
Sr2+, and a part of sodium cations will be able to form the
macrocyclic complex:

Naj, + CE, + BTB,, < [Na(CE)BTB],, (3)

The participation of sodium cations in complexation
with CE will reduce UV-VIS absorbance of the organic
phase due to including only one BTB anion (instead of two
species in case of Sr*") in the structure of the extracted
macrocyclic complexes. In addition, higher concentration
of metal cations in the aqueous solution can lead to
increasing the extraction of crown-free salt Me"*BTB,
(reaction 4) and the absorbance of the organic phase in
blank tests.

Me," + BTB,,, < Me""BTB, (4)

To study these effects, the aqueous solutions containing
different HNO;5 concentrations were analyzed by means of
the extraction-spectrophotometric procedure including the
stage of neutralization. The plot of UV-Vis absorbance of
the organic phases versus Na™/Sr*" mole ratio in the dis-
acidified aqueous solutions is given in Fig. 5. It appeared
that an increase in NO;~ and Na' concentration did not
have a noticeable effect on the absorbance of the organic
phase in case of crown-free solutions (Fig. 5a). This result
testifies to relatively low solvation energy of both metal
cations and nitrate anions by toluene. At the same time,
some decrease in the absorbance of extracts was observed
in the presence of CE (Fig. 5b). It seems reasonable to
suppose that the decrease in absorbance of the organic
phase in this case resulted from the competition between
Na' and Sr*' cations for the complexation with CE
(reaction 3 and reaction 1) rather than NOs;~ influence
(reaction 2). To take into account this reduction in UV-Vis
absorbance and provide an opportunity for quantitative
measurements, a corresponding calibration curve was
obtained (Fig. 2¢) and used for determination of CE losses
(CE\psses) 1In the tests with the acidic solution (Neﬁ/Sr2+
mole ratio at the stage of extraction was 120). The results
of these tests are presented in Table 1.

The data given in Table 1 demonstrates that washing-
out of the CE from the adsorbents was measurably
increased in the presence of nitric acid. In addition, this
value was surprisingly high (>20 %) for hydrophobic
DtBuCHI18C6 in case of silica gel support. As a whole, the
tendency was the same as in the test with neutral water,
namely the higher hydrophobicity of support and CE
resulted in lower washing-out of CE.
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Fig. 5 Effect of Na™ (or NO{)/Srer mole ratio on the absorbance of
organic phase: (a) blank tests, (b) cpchigce = | X 1075 M.
Va = 20 ml, Vsnosyz = 0.5 ml, Vnagrs = 1.5 ml, Vigruene = 5 ml

Conclusions

The improved extraction-spectrophotometric method pro-
vides an efficient tool for determination of low concen-
trations of DCH18C6 and DtBCH18C6 in water and nitric
acid solutions. It is characterized by simplicity of imple-
mentation, high sensitivity, reproducibility of results and
possibility of adaptation to the variations in experimental
conditions. It was used to study the distribution of
DCH18C6 between water and toluene, and the distribution
coefficient Kp of 113 + 2 was obtained. The efficiency of
the method for determination of DCHI8C6 and
DtBuCH18C6 washing-out from the adsorbents into
aqueous solutions was demonstrated. The method can be
used in analytical and applied radiochemistry for estimat-
ing the stability of extractants and adsorbents to washing-
out of the CE upon contact with aqueous solutions.
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