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H I G H L I G H T S G R A P H I C A L  A B S T R A C T

• New methodology for radionuclide sep
aration desing.

• MD simulations for 90Sr and 210Pb sep
aration with crown-ether resins.

• Thermodynamic understanding of the 
anion affinity effect.

A B S T R A C T

Background: The development of selective materials for radionuclide separation is often a long and costly process, requiring labor-intensive chemical separations and 
extensive optimization. To streamline the development of selective materials, this study explores MD simulations to accelerate the identification of optimal sepa
ration conditions, extractant-radionuclide affinity, reducing the need for extensive experimental trials.
Results: We assessed the effectiveness of MD simulations using the challenging system of Sr2+ and Pb2+ with 18-crown-6 crown ether, focusing on the influence of 
different working media, including nitric, hydrochloric, formic, acetic, and perchloric acids, as well as potassium thiocyanate. The simulation results were validated 
experimentally by measuring the distribution weight ratios (Dw) of Sr2+ and Pb2+ using crown ether immobilized on a polymeric surface. Our findings demonstrate a 
strong correlation between MD predictions and experimental data, particularly highlighting acetic acid as a medium where Sr2+ forms stable complexes, while Pb2+

does not.
Significance: This study confirms the suitability of MD simulations as a reliable tool for predicting the selectivity of extractants, enabling faster development of new 
scintillating and non-scintillating resins. By reducing the time and resources needed for experimental optimization, this approach offers a more efficient pathway for 
the development of advanced materials for radionuclide separation.
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1. Introduction

Liquid scintillation counting (LSC) is one of the primary techniques 
used for the determination of radionuclides, especially for beta and 
alpha emitters [1,2]. LSC is highly valued for its simplicity and high 
detection efficiencies. However, it lacks selectivity, requiring 
labour-intensive, costly, and time-consuming chemical separation pro
cesses to isolate the target radionuclide from interfering species present 
in the sample. These separation procedures frequently involve 
solid-phase extraction using chromatographic resins, which, under 
optimized conditions, can selectively isolate the radionuclide of interest 
[3–8]. After separation, the solution containing the isolated radionu
clide is mixed with a scintillation cocktail for measurement in the 
detector.

Despite the existence of well-established procedures for the accurate 
isolation and quantification of many radionuclides, there remain chal
lenges in determining certain radionuclides due to the absence of 
effective separation procedures and selective materials. Examples of 
these challenging systems include the separation of 55Fe from 60Co or 
63Ni, 90Sr from 210Pb, and 241Am from 152Eu or 244Cm. Furthermore, 
conventional LSC methods generate mixed hazardous and radioactive 
wastes which are difficult and costly to manage, posing significant 
environmental concerns.

To address these limitations and develop more efficient analytical 
strategies, plastic scintillation resins (PSresins) have emerged over the 
past decade [9,10]. PSresins consist of a selective extractant immobi
lized on the surface of plastic scintillation microspheres (PSm) [11]. 
These resins integrate the chemical separation and measurement steps 
into a single process, eliminating the need for elution and thus reducing 
sample preparation complexity and eliminating the mixed waste gen
eration. However, potential interferences have to be completely 
removed from the cartridge performing rinses to avoid activity over
estimation, meaning that separation steps must be adapted to the 
PSresin working mode. Nevertheless, PSresins, as well as standard 
resins, are not available for all radionuclides of interest, meaning that 
challenges related to chemical separation persist despite the reduction in 
waste generation.

The development of new selective materials and new chemical sep
aration procedures involves multiple stages, each requiring significant 
time, labour, and resources. Initially, the extractant, must be synthesized 
with enough yield and purity, and immobilized on an inert or scintil
lating support, in the optimal proportion, to produce the selective ma
terial. Subsequently, the interaction between the radionuclide and the 
extractant is studied to determine its affinity. The efficacy of the target 
radionuclide’s extraction is influenced by the composition of the 
working medium, requiring extensive batch studies to identify optimal 
conditions. Once an effective working medium is established, potential 
interferences are studied to evaluate the selectivity of the material and 
determine the achievable decontamination factors [9,12–16]. Following 
these analyses, the separation process is optimized by determining the 
appropriate loading medium and additional rinses needed to retain the 
target radionuclide while removing interferences. This process can take 
several months or even years due to the long duration of required ex
periments and their inability to be conducted in parallel, some of them.

To streamline this development process, computational simulations 
can be employed to explore extractant molecules, understand interac
tion mechanisms, and assess the influence of different working media 
before initiating experimental work, thereby saving time and reducing 
costs. Techniques such as Density Functional Theory (DFT) and Molec
ular Dynamics (MD) simulations are particularly valuable in this regard. 
DFT provides detailed insights into the electronic interactions between 
radionuclides and extractants, helping to predict binding affinities and 
selectivity. However, DFT is limited to static, idealized conditions 
without accounting for temperature, pressure, or solvent effects. In 
contrast, MD simulations can model the dynamic behaviour of these 
systems, including the impact of temperature and solvent interactions, 

which are crucial for realistic separation processes. Consequently, in this 
work, the suitability and accuracy of MD simulations for the develop
ment of selective resins are assessed by predicting the affinity of an 
extractant for a radionuclide, in various working media, and validating 
the results experimentally. The study focuses on the separation of Sr2+

and Pb2+ using crown ethers. This system is very well known, with the 
Sr-resin being widely used for the separation of 90Sr from common in
terferences in strong HNO3 [17]. While Pb2+ is more strongly retained 
than Sr2+, this does not pose an issue, as 90Sr can be selectively eluted in 
low HNO3 conditions. 90Sr analysis with crown ether PSresin is also 
feasible with the advantages of no mixed waste generation [10,18]. 
However, when 210Pb is also present, it cannot be rinsed without 
removing 90Sr. Consequently, the measurement of 90Sr in the presence of 
210Pb is not possible unless a previous precipitation separation is applied 
[19]. The theoretical study of the interaction of Sr2+ and Pb2+ using 
crown ethers in different media will be not only useful to determine in 
which medium 90Sr can be separated from 210Pb in a crown ether 
PSresin, aiming for environmental waste samples such as contaminated 
water, soil, and effluents from nuclear power plants, but also to evaluate 
if this strategy could be valid for the design of new extractants and 
methods for radionuclide separation as well as to understand the 
mechanism of interaction between extractant and radionuclides.

Previous computational studies using DFT have explored the stability 
of crown ethers within various alkaline elements, focusing on the in
fluence of cavity size and electron-withdrawing effects on their struc
tures [20–23]. While these approaches provide precise electronic 
insights, they are typically conducted at 0 K, neglecting critical factors 
such as water solvation and entropic contributions. These factors are 
essential for a complete understanding, as they significantly impact 
stability and reactivity at non-zero temperatures. Thus, the final 
ion-crown ether conformation predicted by DFT may not accurately 
reflect the behaviour under more realistic conditions that include sol
vent and temperature effects.

Therefore, the present study uses MD simulations to evaluate the 
binding affinities of Sr2+ and Pb2+ with 18-crown-6 ether across 
different working media. This approach provides a more realistic rep
resentation of the interactions, accounting for solvent environments, 
conformational flexibility, and thermal effects. Six working media (ni
tric acid, hydrochloric acid, formic acid, acetic acid, perchloric acid, and 
potassium thiocyanate) have been simulated and subsequently validated 
experimentally using the 18-crown-6 ether immobilized on an inert 
polymeric surface. The simulation results are compared with experi
mental distribution weight ratios (Dw), a widely used metric for 
assessing the affinity of metals for resins in specific media.

2. Results & discussion

2.1. Studied system

We investigate the stability of the complexes formed between the 18- 
crown-6 crown ether and Sr2+ or Pb2+ in six different working media 
that are of common use in laboratories: nitric acid (HNO3) the common 
working media for 90Sr separations with crown ethers, hydrochloric acid 
(HCl), formic acid (HCOOH), acetic acid (CH3COOH), perchloric acid 
(HClO4), and potassium thiocyanate (KSCN).

18-crown-6 is the core section of the crown ether commonly used in 
strontium selective resins, (4,4′ (5’)-di-t-butylcyclohexano-18-crown-6). 
This section is selected since it constitutes the essential binding 
component with the ion (refer to the top panel of Fig. 1). The presence of 
substituents on the crown ether can influence the binding affinity, 
depending on the functional groups of the substituents, but the general 
trend will remain the same, especially if the substituents are based on 
alkenes chains [24,25]. In a similar manner, to simplify the simulation, 
no diluents were considered in spite that it may have also some influ
ence. By this way, focusing only on the essential part of the crown ether, 
the computational cost of the assessment of the theoretical procedure 
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may be reduced, providing a simple but efficient tool to study 
extractant-metal interaction in aqueous medium in presence of anions.

18-crown-6 consists of a cyclic arrangement of six ethylene oxide 
(–CH2CH2O–) units, forming a flexible macrocyclic ligand. The six ox
ygen atoms in the ring, each with lone pairs of electrons, are strategi
cally positioned to coordinate with a central cation via ion-dipole 
interactions (see the middle panel of Fig. 1). The cavity size of 18-crown- 
6, defined by the effective internal diameter of the macrocyclic ring, is 
approximately 2.6–3.2 Å. The geometrical compatibility between the 
cation and the cavity, coupled with the optimal alignment of the oxygen 
atoms’ electron lone pairs, results in the formation of highly stable 
complexes.

In general, crown ethers are known for their inherent flexibility, 
which allows them to adapt their cavity size to accommodate ions of 
varying sizes. This flexibility has been studied extensively, particularly 
through DFT simulations, which have shown that crown ethers can 
modify their structure to host ions ranging in size from small lithium 
ions to larger cesium ions. In the case of 18-crown-6, its flexible back
bone enables it to fold and adjust in response to the ionic radius of the 
guest cation, effectively trapping it within the cavity. Studies in the gas 
phase have demonstrated that this unrestricted flexibility allows crown 
ethers to achieve optimal conformations for ion binding, resulting in a 
strong complexation affinity for ions across a wide range of radii [26,
27].

However, the flexibility of 18-crown-6 is influenced by environ
mental conditions, such as solvent and temperature. In solution, the 
presence of solvent molecules and thermal motion introduces some re
strictions on the crown ether’s ability to fold, slightly limiting the extent 
to which it can adapt its structure [26]. Even with these restrictions, 
18-crown-6 retains enough conformational adaptability to form stable 
complexes with ions of similar ionic radii, such as Sr2+ and Pb2+, as 
demonstrated in various studies [21,23,28–32].

2.2. Free energies landscapes of crown ether-metal complexes in solvent

Free energy calculations are used to estimate the Gibbs free energy 
change associated with a specific process. In this case, the binding of 
metal ions (like Pb2+ or Sr2+) with crown ethers in the presence of an
ions in the solvent, provides a measure of the binding strength between 
molecules. A negative value for the Gibbs free energy change indicates 
that the process is thermodynamically favorable (the metal ion and the 
crown ether form a stable complex). The larger the absolute value 

obtained the stronger and more stable the interaction is, suggesting 
strong binding affinities. In practical terms, a higher binding energy 
makes the metal-crown ether complex more stable, which can influence 
its behavior in processes such as separation or purification. The presence 
of counter anions due to the working media, can enhance or not this 
binding by stabilizing the complex, further increasing or decreasing the 
affinity between the crown ether and the metal ion [29]. Therefore, by 
understanding these free energy values, we can predict how different the 
crown ethers will behave in practical applications.

2.2.1. Simulation process definition: nitrates as counterion
We initially conducted a 400 ns molecular dynamics (MD) simula

tion of Sr2+ or Pb2+ together with 18-crown-6 and two nitrate mole
cules, solvated with approximately 2500 SPC/E water molecules. The 
12-6 Lennard-Jones is a widely used potential model for nonbonded 
interactions, however, when dealing with highly charged metal ions, it 
faces significant limitations, as it does not account for ion-induced 
dipole interactions, underestimating the strength of ion-water in
teractions and, as a consequence, lacking in accuracy for hydration free 
energy (HFE), ion-oxygen distance (IOD) and coordination number 
(CN). For that reason, Mertz and co-workers [33] developed the 12-6-4 
Lennard-Jones potential, which corrects the classical model with the 
inclusion of an extra attractive term which provides a more realistic 
representation of highly charged metal ions. For Sr2+ and Pb2+, 
switching to the 12-6-4 model can improve accuracy in specific areas 
such as hydration energies and ion coordination, but the differences may 
not be as large as those observed with M3+ or M4+ ions. Therefore, given 
their availability, 12-6-4 LJ potentials were used.

The temporal evolution of the coordination between the metal ions 
(Sr2+ or Pb2+) and the crown ether was studied using the PLUMED 
plugin to calculate the distance between the centers of mass (COM) of 
the crown ether and the metal ion. Fig. S1 in Supplementary Information 
indicate that during this 400 ns period, the Sr2+ ion does not approach 
the crown ether within the expected binding distance (~0.05 nm COM 
separation). This suggests that binding did not occur, likely due to 
insufficient sampling; the system may be trapped in high-energy states 
separated by large energy barriers. Given this lack of sampling, we 
concluded that unbiased simulations alone could not provide a 
converged picture of the Sr2+-crown ether interaction. Metadynamics 
was therefore employed as a way to accelerate sampling of rare events 
and overcome high-energy barriers. By adding a history-dependent bias 
to the system, metadynamics allows us to explore configurations that are 

Fig. 1. Top panel, representation of the crown ether used in CE-PSresin, and the core crown ether used in the simulation. Middle panel interaction of the metal with 
the oxygen of the crown ether and the geometry of the 18-crown-6 from upper and side view.
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rarely accessed in unbiased MD.
To have a complete exploration of the phase space of the system, we 

performed a 2 μs metadynamics simulation, based on the configurations 
obtained from the initial MD production run. To evaluate the affinity of 
each metal and the influence of the anions, we analyzed two collective 

variables: the distance between the centers of mass of the crown ether 
and the metal ion, and the coordination number between the metal ion 
and the two nitrate anions.

The free energy landscape was reconstructed using RStudio with the 
MetadynMiner and MetadynMiner3 libraries [34]. The middle panel of 

Fig. 2. Top panel, evolution of the free energy at presence of nitrates in the bonding of the metal with the 18-crown-6, along with the snapshot of the conformation of 
the complex in the bounding situation. Middle panel, free energy landscape for strontium and lead considering the coordination of the metal and the nitrates and the 
distance between the center of masses of the 18-crown-6 and the metal. Bottom panel, evolution of the free energy without the presence of nitrates in the bonding of 
the metal with the 18-crown-6.
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Fig. 2 shows the free energy profiles obtained for strontium and lead, 
respectively. To provide a clearer interpretation, we extracted the data 
corresponding to two specific coordination states: coordination number 
2 (presence of anions) and coordination number 0 (absence of anions). 
The resulting 1-D profiles are presented in the top panel (presence of 
anions) and bottom panel (absence of anions) of Fig. 2.

In both scenarios, Sr2+ and Pb2+ exhibit similar affinities for 18- 
crown-6, consistent with their known strong retention in crown ether- 
based resins. Additionally, the presence of nitrate anions was found to 
enhance the affinity between the metal ions and the crown ether and do 
not compete with the crown ether for direct coordination with the metal 
ion. Instead, their presence serves to balance the charge and support the 
solvation environment [29,35]. Both systems showed similar complex 
conformations as depicted in the structures extracted from the simula
tion, with the metal ion positioned centrally within the crown ether and 
nitrates axially co-complexing the cation, proving the reported stable 
complex conformation. Concluding that metadynamics simulations, 
under the chosen description of the system, accurate describes the sys
tem in concordance with literature for what reported theoretically and 
experimentally regarding the complex conformation shape and stability 
in the presence of nitrate anions.

2.2.2. FES of metal-crown ether complexes using different counterions
Given the difficulties in separate Sr2+ and Pb2+ using nitrates as 

counterions and motivated to study the effects of the anion’s presence, 
we analyzed the free-energy landscape of the cation-crown ether com
pounds with five more working media (chloride, perchlorate, acetate, 
formate and thiocyanate) for Sr2+ and Pb2+, these ions were selected 
according to the literature, based on their capability of enhance the 
binding of Sr2+ or Pb2+ with crown ether, among those that present a 
reasonable cost, safety and their solutions are colourless [2–4].

Anions help to balance the positive charge of the metal ion, thereby 
reducing electrostatic repulsion within the complex, also, the size and 
polarizability of the anions can affect the solvation environment. Larger, 
more polarizable, anions can disrupt the solvation shell more effectively, 
and can enhance the complex’s overall stability by lowering the free 
energy of the system. Additionally, geometric factors play a role in how 
anions interact with the metal ion-crown ether system. Finally, the ge
ometry of anions, can influence the final complex as it affects the pre
viously mentioned flexibility of the crown ether, thus affecting its 
binding affinity and selectivity [36,37].

Fig. 3 shows the 2-D profiles of the free energy landscape, for all the 
considered anions, focusing on the anion presence (the CN = 2 section). 
The left panel corresponds to the strontium system and the right panel to 
the lead system. For strontium the global minimum is found in all cases 
in the bonding situation (0.03 nm), while the lead system, only has a 
favorable binding with nitrate and formate. Given the obtained results, 
the separation of Sr2+ and Pb2+ could be achieved by retention of the 

Sr2+ and elution or directly not retention of Pb2+ in a crown ether-based 
resin in acetate medium.

2.3. Experimental validation

In order to test the effectiveness of the proposed theoretical pro
cedure for the prediction of the interaction between a metal (or radio
nuclide) and an extractant (typically organic molecules) in different 
working media, we compared the agreement between the binding af
finities predicted in simulations with the experimental ones, obtained 
through batch studies.

The free energy difference (ΔF) between the unbound and the bound 
situations, for each metal-crown ether complex in each anionic medium 
(NO3

− , Cl− , HCOO− , CH3COO− , ClO4
− , and SCN− ), was used to quantify 

the simulated binding affinity. A more negative ΔF value indicates a 
more favorable binding interaction. On the other hand, to get an 
experimental measure of the binding affinity, we performed batch 
studies for all the systems which were analyzed theoretically and we 
measured the distribution weight ratio (Dw). This experimental param
eter is a measure of the affinity between the target cation (Sr2+ or Pb2+

in this case) and the crown ether within the studied medium. A high Dw 
value indicates strong affinity between the target metal and the 
extractant under specific conditions.

Fig. 4 presents a comparison between the computed free energy 
differences and the experimentally determined Dw values. A strong in
verse correlation was observed for both metals: a negative ΔF (indi
cating a more favorable binding interaction) corresponds to a positive 
Dw indicating a strong affinity between the metal and the crown-ether in 
both cases. The overall trends observed in the simulations were consis
tently reflected in the experimental results, demonstrating the effec
tiveness of simulations of predicting the experimental behavior.

The single exception to this correlation was observed for the lead- 
crown ether complex using perchlorate as counterion, where simula
tions predicted an unfavorable binding interaction, but, experimental 
results indicated the presence of weak binding. Nevertheless, both 
values are small and discrepancy can be interpreted as a consequence of 
a weak interaction and the uncertainty of both determinations.

Although a clear correlation was observed between the experimental 
and simulation results, the Dw values obtained in this study are relatively 
low compared to those of fully optimized resins, where a Dw value 
greater than 102 is indicative of high affinity.

Another important observation is that it is experimentally confirmed 
that the crown ether has the highest affinity for Sr2+ when acetate is 
used as counterion, while there are no evidences of experimental bind
ing between the Pb2+ and the crown-ether confirming the lack of 
affinity.

Acetate could thus be the optimal medium in which Sr-selective 
retention can be achieved using a PSresins. It should be noted that this 

Fig. 3. Free energy profile for each system studied in presence of anions. Left panel refers to strontium and right panel to lead.
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trend could be affected by the typical diluents and polymers used with 
the crown ethers in selective resins, and therefore, it has to be tested in a 
more realistic system.

2.4. Thermodynamic analysis on the acetate system

To understand why strong binding is observed with strontium when 
using acetate as the anion, but not with lead, we analyzed the free en
ergy, internal energy and entropy of the systems. The thermodynamic 
parameters have been calculated for each system, taking as a reference 
point the non-bounding non-acetate situations, moving to the metal- 
crown ether binding in absence of acetate, and finally studying the ef
fect of the acetate in the complex formation (Table 1).

The binding of the metal ion to the crown ether alone resulted in an 
unfavorable condition, characterized by a positive free energy differ
ence. However, when acetate anions are introduced into the system, 
there is a noticeable internal energy penalty in both cases, accompanied 
by an increase in entropy.

In the strontium system, the increase in entropy compensates for the 
internal energy penalty, leading to a favorable overall free energy 
change. In contrast, in the lead system, the entropy gain is insufficient to 
overcome that penalty, resulting in an unfavorable situation. This ex
plains why, in an acetate medium, lead does not bind to the resin, 
whereas strontium does.

The addition of acetate anions to the Sr2+-crown ether complex leads 
to a favorable increase in entropy due to the release of water molecules 
from the solvation shells of strontium and the acetates. This entropy gain 
offsets the moderate internal energy penalty, resulting in a favorable 
free energy change. In the case of lead, the strong initial binding to the 
crown ether and the significant structural reorganization required to 
accommodate the acetates incur a large internal energy penalty. The 
entropy gain from desolvation is insufficient to compensate the internal 

energy cost, leading to an unfavorable overall free energy change. 
Therefore, the formation of a stable Sr2+-crown ether-acetate complex is 
more favored due to the flexible coordination environment of strontium 
compared to the Pb2+-crown ether-acetate complex, which is hindered 
by lead’s substantial internal energy penalty [35,38]. These observa
tions suggest that temperature plays a critical role in modulating the 
stability of these metal-crown ether complexes. For strontium, the 
favorable entropy gain indicates that higher temperatures could 
enhance the stability of the Sr2+-crown ether-acetate complex, as 
increased temperature amplifies the entropic contribution. In contrast, 
for lead, the significant internal energy penalty remains dominant at 
elevated temperatures. Since the entropy change for the Pb2+-crown 
ether-acetate complex is insufficient to offset the positive change, 
increasing the temperature will not improve its stability, resulting in 
either unfavorable or only weakly favorable complex formation.

Checking the metal-crown ether-acetate binding conformation, the 
Sr2+-crown ether-acetate system showed an expected complex confor
mations as depicted in the structures extracted from the simulation (Left 
panel, Fig. 5), with the Sr2+ ion positioned centrally within the crown 
ether and acetates axially co-complexing the cation. However, in the 
case of lead, the acetates are in cis conformation (both acetates from the 
same side) co-complexing the cation (right panel, Fig. 5). This resulting 
binding conformation for Pb2+-crown ether-acetate is thermodynami
cally less stable as it has been seen and this could be explained due to 
repulsion and steric hindrance effects between both acetates molecules 
not leading to a very stable compound.

From the coordination point of view, strontium ions typically prefer 
higher coordination numbers, usually around 7 to 8, which allows for a 
more flexible coordination environment [39]. This flexibility allows the 
interaction of the metal both with the crown ether and with the acetate 
anions without significant disruption of the overall complex. Addition
ally, the strontium and acetate interactions are mainly ionic; reason why 
they can integrate into the coordination sphere without causing major 
distortions or coordination competition [40,41]. In contrast, lead ions 
generally prefer lower coordination numbers, around 4 to 6, even 
though can get to larger coordination numbers [42–44], and can have a 
more covalent interactions than strontium, due to the inert pair effect. 
This preference might result into a less flexible coordination sphere. 
When acetates attempt to coordinate with lead, they can disrupt the 
Pb2+-crown ether interactions, introducing significant steric and elec
tronic strain. In addition, lead ions can have a stronger interaction with 
acetates, which can thus compete directly with the interactions between 
lead and the crown ether [45–48], not leading to a stable conformation.

Fig. 4. Correlation between the differences in free energy and the experimental Dw for strontium (left panel) and lead (Right panel). Left table differences in free 
energy for strontium and lead. Right table Dw for Strontium and lead.

Table 1 
ΔF, ΔU and -T ΔS for strontium and lead, taking as a reference point the non- 
bounding non-acetate situations with the crown ether (Cw), moving to the metal- 
crown ether binding in absence of acetate, and to the metal-crown ether-acetate 
binding. In Kj/mol.

No acetate Acetate

ΔF ΔU -TΔS ΔF ΔU -TΔS

Sr2+-Cw 26 (3) − 33 (8) 59 (9) − 110 (2) 6 (3) − 116 (4)
Pb2+-Cw 62 (2) 24 (7) 38 (7) 42 (3) 82 (5) − 40 (6)
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3. Conclusions

The use of all-atoms MD simulations provides a useful support in 
understanding the medium effect on the stability of the metal-crown 
ether complex. Metadynamics, in particular, allows the identification 
of a suitable working medium where the highest affinity between the 
target element and extractant is achieved.

The correlation between experimental and simulation results con
firms that molecular dynamics is an effective tool for predicting exper
imental binding affinities. Compared to other simulation strategies, the 
MD is more realistic as it includes the water molecules, allowing to 
consider the effect of solvation they caused.

The results obtained are also in agreement with literature in what 
regards nitric acid, the medium in which both cations are complexed 
with the crown-ether. Regarding the other anions studied, all present 
similar behavior for both cations, except in acetic medium. In the system 
formed by Sr2+ or Pb2+ with 18-crown-6, when using acetate as coun
terions, the Sr2+-crown ether complex has the highest stability while the 
Pb2+-crown ether compound is not stable. This result suggests the pos
sibility to use acetate as medium to remove Pb2+ from crown-ether 
PSresins making possible the measurement of 90Sr in the presence of 
210Pb in the sample.

The established methodology is a straightforward strategy that 
considers the main parameters affecting the affinity between a target 
element and extractant with low statistical errors. It can be used as a 
screening tool in the preliminary selection of promising extractant 
candidates and separation media likely to meet the separation of ra
dionuclides, enabling a future faster development of scintillating and 
non-scintillating resins with reduced time and economic investment.
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