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EXTRACTION ABILITY OF LANTHANIDE RARE EARTH 

IONS BY AZACROWN ETHER IN SULFATE SOLUTION 

Jianghua WU1,2, Duchao ZHANG3*, Tianzu YANG4, Dasha XIA5 

This study explores the coordination behavior between azacrown ether and 

lanthanide rare earth ions in sulfate solution. Liquid-liquid solvent extraction 

experiments were carried out to determine the corresponding extraction parameter of 

the extraction distribution ratio D and the equilibrium constant K, both of them 

decreased gradually as the rare earth atomic number increased. Aza-crown ether, 

shows selective extraction ability for light rare earth ions in sulfate systems, can 

separate the low-concentration rare earth ions into light eare earth ions (LREs) and 

heavy rare earth ions (HREs) with the separation coefficient βLREs/HREs = 22.87. 

Density functional theory (DFT) calculations further demonstrate the steric 

hindrance and weak interactions between coordination atoms are the key factors 

influencing the structural stability of Ln(III)–2N15C5–H2O, the ionic complexes of 

LREs and 2N15C5 has a more stable core–shell structure with shorter bond lengths 

and stronger interactions between coordination atoms. 
 

Keywords: azacrown ether; lanthanide rare earth ions; density functional theory; 

coordination ability; liquid-liquid solvent extraction 

1. Introduction 

Molecular recognition technology based on supramolecular chemistry is a 

high-efficiency selective separation technology, which can design and synthesize 

ligand molecules for specific ion targets under the conditions of ion radius, 

coordination characteristics, spatial structure, etc. [1-2]. Among them, macrocycle 

crown ethers are the earliest and most thoroughly studied compounds for cationic 

recognition, and widely used in pharmaceutical synthesis [3], chemical catalysis 

[4], mineral recognition [5], element separation [6] and other fields. 

In terms of the recognition and separation of metal ions by crown ethers, the 

recognition mechanism is mostly explained as the “best-fit” mechanism based on 

the cavity size matching effect [7], that is, the cavity formed by [-CH2-CH2-O-] in 

crown ether can be selectively combined with metal cations of right radii through 
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ion-dipole interaction. The more the size matches, the stronger the bonding ability 

is. In addition to alkali metals [8-9], heavy metals [10], and platinum group metal 

ions [11-12], crown ethers also show good separation and recognition capabilities 

for lanthanide rare earth ions [13-16] in organic system. However, most reports on 

the complexation of Ln3+ by crown ethers and their derivatives are limited to 

chloride or nitrate dissolved into organic systems. There are few reports on the 

interaction between rare earth ions and crown ethers in sulfate aqueous system.  

Lanthanide contraction causes the difference in radius size and electron density 

distribution between adjacent rare earth ions. Based on these differences, it is 

possible to achieve the grouped separation of Ln3+ through coordination 

recognition, such as lanmodulin protein [17] and metal-organic framework/ 

nanoporous graphene [18]. To date, the coordination mechanism between Ln3+ and 

crown ether derivatives are more attributed to element doping or chemical grafting, 

nearly no systematic research on the coordination rules between Ln3+ and ether 

rings. 

In this paper, azacrown ether 2N15C5(1,7-Diaza-15 crown 5 ether) was 

selected as the main recognition macromolecular, and its coordination ability with 

13 lanthanide rare earth ions in sulfate system was studied both by quantum 

chemistry simulation calculation and liquid-liquid extraction experiment, which 

aims to provide a new strategy for the separation of adjacent lanthanide rare earth 

ions in sulfate system. 

2. Calculation and experiment 

To simplify the calculation, a core-shell structure as shown in Fig.1 was constructed 

to simulate the coordination process of lanthanide rare earth ions and azacrown 

ether in aqueous solution. The inner core in fig.1(b) is a complexion of Ln(Ⅲ)-

2N15C5-H2O formed by the coordination of Ln(Ⅲ)-H2O and 2N-15C, and the outer 

shell is dominated by the electrostatic interaction between complexions and SO4
2- 

to form a neutral complexes of Ln(Ⅲ)-2N15C5-H2O-SO4 in fig.1(c). The structure 

stability of the inner core is the key factor determining the stable existence of the 

neutral complex in solution. 

 
Fig. 1. Schematic diagram of coordination process of Ln3+ with 2N15C5 in sulfate system 
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2.1 Calculation method 

The coordination interaction of Ln(H2O)8
3+ and 2N15C5 in simulated 

solution was calculated by Gaussion16[19]. According to the statistical data of 

coordination number of Ln3+ with nitrogen-containing and oxygen-containing 

ligands in the Cambridge structure database CSD[20] and the inorganic crystal 

structure database ICSD[21], the coordination number of Ln3+ with 2N15C5 in this 

paper is preferentially 8. 

The geometric structures of Ln(Ⅲ)-H2O, 2N15C5 and Ln(Ⅲ)-2N15C5- 

H2O were optimized at the B3LYP level with the pseudopotential group def2-SVP 

for Ln3+ and 6-311G(d) for 2N15C5[22]. The electron density topological analysis, 

molecular surface electrostatic potential (ESP) and independent gradient model 

analysis(IGMH) were analyzed by Multiwfn 3.8[23]. 

2.2 Exprement method 

Liquid-liquid solvent extraction(LLE) was carried out to verify the 

reliability of calculation conclusions, and the experiment-conditions are as follows: 

2N15C5 with a concentration of 0.0015mol/L in carbon tetrachloride solvent was 

used as the extractant, the aqueous phase was rare earth sulfate solution with 0.001 

mol/L of various Ln3+, pH=2. Extraction parameters for LLE are setted as: phase 

ratio O/A=1:1, room temperature 25°C, mixed-time of 30min and standing time of 

1h, then the concentration of target ions in residual solution can be detected by ICP-

MS (ICAP7400radial, Thermo Fisher Scientific Inc.). Three groups of parallel 

independent control tests were set up for each Ln3+, and the average value of the 

test was taken as the final result. 

3. Result and discussion  

3.1 Reactivity of azacrown ether and Ln(Ⅲ)-H2O 

The multidentate ligand 1,7-diaza-15-crown-5 ether(2N15C5) can be 

obtained by introducing nitrogen heteroatoms into the ring of conventional 15-

crown-5 ether (15C5), as shown in Fig.2 (a, b). The formation of carbon-nitrogen 

triple bond causes the structure rearrangement and induces the diameter of ring 

cavity shrinking to 1.05-2.65Å (slightly less than 1.22-2.86Å of 15C5). It’s very 

suitable to match with Ln3+ because the diameter ratio of Ln3+ and 2N15C5 is in 

the range of 0.9~1.4(Fig.2(d)) [24]. In particular, N and O atoms on the crown ether 

ring, as the extreme points of surface electrostatic potential, are the active sites of 

nucleophilic reaction. An obvious negative potential cavity in Fig.2(c) is formed in 

the center, which is easy to capture positively charged ions.  

The ionic potential of Ln3+ in Ln(Ⅲ)-H2O is defined as the ratio of atom 

charge of Ln3+ to the effective radius of hydrated ions, as shown in Fig.2(d). In 

general, the higher the ionic potential of Ln3+ is, the stronger its binding with ligands 
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is, and the more stable the complex is [9]. According to the reactivity trend, there is 

a coordination binding ability between Ln(Ⅲ)-H2O and 2N15C5 due to 'best-fit' 

size matching effect and nucleophilic-electrophilic reaction. 
 

 
 

   

Fig. 2 (a&b) Structure of 15C5 and 2N15C5 (O and N atoms are shown in red and blue, 

respectively). c) Surface electrostatic potential of 2N15C5 (the red and blue colors indicate high 

and low electrostatic potential, respectively). (d)Diameter ratio of Ln3+ to crown ethers. (e) Radius 

and the ionic potential of Ln(Ⅲ)–H2O . 

3.2 complexion structure and steric hindrance 

The calculation results show that the configuration of Ln:2N15C5:H2O=1：

1：3 in complexions is the most stable, as shown in the insert figure of Fig. 3(a). 

In the complexions of Ln(Ⅲ)-2N15C5-H2O, Ln3+ is embedded right above the 

central of crown ether cavity and bonds with O and N atoms, and three water 

molecules lie on the other side of Ln3+ and bond with Ln3+ through O atoms, which 

forms a 'sandwich-like' semi-encapsulated structure. 

The coordination of Ln(Ⅲ)-H2O with 2N15C5 in solution can be regarded 

as a competitive coordination process between Ln3+-2N15C5 and Ln3+-H2O, 

including the following steps such as the cleavage of Ln-water oxygen bond(Ln-

H2O) and the formation of Ln-ether oxygen bond(Ln-O(L)) and Ln-ether nitrogen 

bond(Ln-N(L)). The geometry of Ln(Ⅲ)-2N15C5-H2O complexions is a balance 

between minimizing steric hindrance and maximizing coordination binding [25-

26].  

In Ln–2N15C5–H2O, the average bond length decreased gradually as the 

rare earth atomic number increased: Ln–O(L) > Ln–O(H2O) > Ln–N(L) [Fig. 3(a)]. 

When accounting for the Ln3+ ionic size, the modified inter-atomic distances of Ln–

(d) (e) 
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N(L)–r(Ln), Ln–O(L)–r(Ln), and Ln–O(H2O)–r(Ln) all increased as the rare earth 

atomic number increased [Fig. 3(b)].   

   

   

Fig.3 (a)Bond length and (b)Modified bond length of ionic-complexes; (c)Ratio of bond length 

ratio of ionic-complexes and hydrated ions; (d)Average atoms distances in ionic-complexes  

Assuming a core-shell structure showed in Fig. 1 and the competitive 

coordination existing, when l(Ln–N(L))/l(Ln–H2O) < 1 and/or l(Ln–O(L))/l(Ln–

H2O) < 1, the spatial structure between Ln3+ and 2N15C5 is more compact than that 

between Ln3+ and H2O, such as the complexes involving La, Ce, Pr, Sm, Tb, and 

Dy which is located on and below the red dashed line in Fig. 3(c) . Meanwhile, due 

to the spatial repulsion between aza-crown ether and water molecules, the inner 

distance between Ln–O(H2O) is much greater than that of Ln–H2O in hydrate ions. 

Particularly, due to lanthanide contraction, the radii of Tb3+ and Dy3+ are much more 

compatible with the cavity size of 2N15C5 compared with the other cations [Fig. 

2(d)，DTb/2N15C5=1.00, DDy/2N15C5=0.98], and the inner distance in Fig. 3(a) between 

Tb3+/Dy3+ and N,O atoms of 2N15C5 is shorter than those for others.  

The structural rearrangement of an ionic complex also changes the inter-atomic 

distance between the ligand N and O atoms. As shown in Fig. 3(d), the average 

radius of ionic-complexes, the average distances between N and O atoms in the 

crown ether ring as well as between water oxygen atoms, decrease gradually with 

varies degree as the rare earth atomic number increases. This indicates that 2N15C5 

and water molecules gradually aggregate to two ends of ionic complexes. A looser 

structure corresponds to lower ionic complex stability. Moreover, the lengths of the 

Ln–N(L), Ln–O(L), and Ln–O(H2O) bonds are over 1.15 times greater than the 

(d) (c) 

(a) (b) 
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theoretical covalent radius [27]. Thus, there are no strong chemical bonds between 

Ln3+ and N/O coordination atoms. 

3.3 Electron density and weak interactions 

The complexation between Ln3+ and 2N15C5 inevitably results in changes in 

electron density between coordination atoms. In the atoms in molecules (AIM) 

theory, the bond critical point (BCP) is an important indicator of the interaction 

strength between coordination atoms, and the electron density ρ(r) at the BCP is 

positively correlated with the bonding strength [28-29]. 

The Laplacian operator )(2 r over the BCP between coordination atoms can reflect 

the interaction properties in ionic complexes [30]. As shown in Fig. 4(a), the )(2 r

values of Ln–N(L), Ln–O(L), and Ln–O(H2O) are concentrated in the range of 

0.10–0.25, which is similar to the values observed for the standard metal–organic 

complexes with weak interactions ( )(2 r = 0.15–0.25) [31].  

The strength of a weak interaction between coordination atoms is positively 

correlated with the electron density at the BCP [32-33]. For charged ionic 

complexes, the electron density ρ(r) at the BCP exhibits a good linear correlation 

with the weak interaction △E (kcal/mol) [34]: 

0661.1-)(34.332- BCPE = .                                  (1) 

As shown in Fig. 4(b), the weak interactions of Ln–O(L), Ln–N(L), and Ln–

O(H2O) are strong with E  > 15.0 kcal/mol, indicating both electrostatic attraction 

and disperse force, induced force between coordination atoms. The weak 

interaction between Ln–O(L), Ln–N(L) in the ionic-complexes is significantly 

stronger than that between Ln–H2O in hydrated ions. 

   

(a) (b) 
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Fig. 4. The Topological analysis of ploy-ions(a):Laplacian operator at BCP; b): Weak interaction at 

BCP in ionic-complexes; c): Electron density ratio at BCP of complex-ions and hydrate-ions; 

d):Contribution of ∑ΔE to inter-fragment interactions) 
 

The structural stability of ionic-complexes depends on the strength of weak 

interactions between coordinating atoms. Based on the competitive coordination 

between Ln3+–2N15C5 and Ln3+–H2O, if the sum of weak interactions at BCP in 

ionic-complex is greater than that between the corresponding hydrated ions, the 

ionic-complex can be stably formed. As shown in Fig.4(c), only La, Ce, Pr, Nd, Sm, 

Tb and Dy which are located above the red dotted line, satisfy the relationship of 

∑(ρ(Ln–N(L))+ρ(Ln–O(L)+ρ(Ln–O(H2O)))/∑ ρ(Ln–H2O) ≥ 1 . Furthermore, the 

strenght of weak interaction between coordination atoms at BCP in Fig.4(b) and the 

contribution of weak interaction to the inter-fragments between Ln3+ and 2N15C5 

in Fig. 4(d), clearly indicate that the ionic-complex of LREs is much stable than 

that of HREs. Independent gradient model based on Hirshfeld partition (IGMH) 

[35] of each coordination atoms in complex-ions can visualize the weak interaction 

between Ln(Ⅲ)-H2O fragments and 2N15C5 fragments, as shown in Fig.5(a). 

There are mainly attraction force in blue between Ln3+ and crown ether ring, which 

is reified as the ion-dipole interaction between Ln3+ and N and O atoms. Between 

adjacent N and O atoms (red) in crown ether ring there exists a weak steric repulsion 

in red, and the green vander Waals force manifests between water molecules and 

crown ether rings.  
 

  

Fig.5. (a):The weak interactions between two fragments in complex-ions(RDG=0.6 [22-23]);  

(b)Average radius and ionic potential of ionic-complexes.  

(c) (d) 

(a) (b) 
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The ultimate goal of interaction between inter-fragments within complex is to 

iterate complementary intramolecular electrostatic and polarization effects to self-

consistency [36] . The interaction between inter-fragments affects the electrostatic 

binding between charged ionic-complexes and equilibrium anions through the 

surface electrostatic potential (ESP) distribution, and finally determines the 

structural stability of rare earth-crown ether complexes. As shown in Fig.5(b), the 

average radius of ionic-complexes and their corresponding ionic potential both 

decrease gradually from La to Yb, leading to a decreasing trend in the electrostatic 

interaction between Ln(III)–2N15C5–H2O and equilibrium anions. 

In summary, the coordination of Ln3+ and 2N15C5 in solution is the 

comprehension effect of Lewis soft and hard acid-base interaction, electrostatic 

interaction between coordination atoms, dehydration of lanthanide rare earth ions, 

and ligand steric hindrance. 2N15C5 coordinates more strongly with LREs than 

HREs in a sulfate solution. This can be attributed to the shorter bond lengths 

between coordination atoms in the ionic complexes with LREs along with the 

stronger interactions at the BCP and more stable core–shell structure.  However, 

due to the implicit solvent model adopted in the DFT calculation, the interactions 

between water molecules, aza-crown ether and equilibrium anions are 

not necessarily considered, the calculation conclusion of the structure stability of 

ionic-complexes only provide qualitative support but cannot achieve numerical 

agreement with the experimental results . 

3.4 Determination of coordination constants 

The extraction of Ln3+ by 2N15C5 includes three steps: dissolution of crown ether 

in aqueous phase, complexation reaction on the two-phase interface of aqueous 

and organic, the dissolution of complex in organic phase, and the reaction 

equation corresponding to each step is follows: 
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The extraction distribution ratio D of Ln3+ is calculated as follows:                   
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Extraction distribution ratio D depends on the coordination binding ability between 

2N15C5 and Ln3+, and the corresponding experiment results of liquid-liquid solvent 

extraction are shown in Table 2.   
Table 1   

Distribution ratio of 2N-15C5 to Lanthanide rare earth ions in sulfate systems 

Ln3+ La3+ Ce3+ Pr3+ Nd3+ Sm3+ Eu3+ Gd3+ 

Extraction distribution D 47.51 8.97 10.11 4.56 1.62 2.23 0.36 

Ln3+ Tb3+ Dy3+ Ho3+ Er3+ Tm3+ Yb3+ Lu3+ 

Extraction distribution D 1.50 1.76 0.05 -0.01 -0.02 0.02 -- 

Note: -- means undetected. 

The extraction ability of LREs by 2N15C5 in sulfate system is significantly higher 

than HREs. When the measured value of D below 1, the coordination reaction is 

weak, and it can be regarded that rare earth ions such as Gd3+, Ho3+, Er3+, Tm3+, 

Yb3+ cannot be extracted by 2N15C5 when considering the detection derivation of 

low-concentration Ln3+. 

The extraction equilibrium constant K is calculated as follows: 
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K is not only proportional to the extraction distribution ratio D, but also closely 

related to the solubility of ligand in organic and the concentration of equilibrium 

anions. Bringing Equa.(9) into Equa.(8) and taking logarithm on both sides to get 

Equa.(10) as below, the stoichiometric coefficient x and y can be obtained according 

to the slope of lgD-lg[2N15C5] and lgD-lg[SO4
2-] curves.  

]5152lg[]lg[lglg
2

4 CNxSOyKD ++=
−

              (10) 

When setting the concentration of sulfate ions is 2.5 times that of Ln3+ in the 

aqueous phase, the concentration of 2N15C5 is 1.5 times, 3 times, 6 times and 10 

times of Ln3+, thus the corresponding results of lgD-lg[2N15C5] curves are shown 

in Table 2. Since the actual concentration of 2N15C5 cannot be effectively 

determined, the residual concentration of 2N15C5 is approximately regarded as the 

difference between the original concentration in organic phase and the 

concentration consumed by coordination reaction. The slope of the fitting curve of 

lgD-lg[2N15C5] fluctuated in the range of 0.88-1.22, therefore x=1 was 

approximated considering the influence of ion concentration analysis deviation. 

Table2  

 lgD-lg[2N15C5] curve of Ln(H2O)8
3+ extracted by 2N15C5 

Ln3+ Fitting equation of lgD-lg[2N15C5] curve R2 x 

La3+ y=1.0102x+2.9765 0.9934 1.0102 

Pr3+ y=0.8867x+2.1303 0.9946 0.8867 
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Nd3+ y=1.2263x+2.1876 0.9751 1.2263 

Eu3+ y=1.1813x+1.8659 0.9851 1.1813 

 

Furthermore, the concentration of SO4
2- was adjusted to 2.5 times, 5 times, 7.5 times 

and 10 times the molar concentration of rare earth ions by adding high-grade pure 

sodium sulfate powder in aqueous phase. The results of the lgD-lg[SO4
2-] fitting 

curve are shown in Table 3, thus the stoichiometric parameter can be regarded as 

y=1.5.  
Table3   

lgD-lg[SO4
2-] curve of Ln(H2O)8

3+ extracted by 2N15C5 

Ln3+ Fitting equation of lgD-lg[SO4
2-] curve R2 y 

La3+ y=1.5679x+4.2904 0.9974 1.5679 

Ce3+ y=1.4999x+3.7572 0.9998 1.4999 

Pr3+ y=1.4908x+3.9576 0.9999 1.4908 

Nd3+ y=1.5345x+3.5083 0.9999 1.5345 

Sm3+ y=1.5453x+3.1587 0.9996 1.5453 

Eu3+ y=1.5202x+3.2640 0.9991 1.5202 

Above all, the extraction reaction formula of LREs by 2N15C in sulfate system is 

as follows: 

OHSOOHCNLnSOCNOHLn
OO 2)(5.1432

2

4)(

3

82 5)())(5152(5.15152)( +++
−+          (11) 

where Ln=La, Ce, Pr, Nd, Sm, Eu. Obviously, sulfate ion participates into the 

composition of complex, which can also be further confirmed by the Fourier 

Transform-Infrared spectrum in Fig.6.  

Compared with 2N15C5, the N-H peak in 3330cm-1, 1640cm-1 and 940cm-

1 of extracted complex (La(Ⅲ)-2N15C5-H2O-SO4) was significantly weakened, the 

C-N peak is blue-shifted and superimposed with the O-C-O characteristic peak in 

1120cm-1,thus its strength and width are significantly increased, and making the 

characteristic peak of -CH2 group migrated from 2890cm-1 to 2920cm-1. A wide and 

strong H2O characteristic peak appears at 3450cm-1 and a distinct hydrogen bond 

peak occurs at 1660cm-1. These changes mostly indicate that C and N atoms of 

2N15C5 and water molecules are all involved in coordination. Furthermore, the 

peak in 1390cm-1 and 590cm-1 are the asymmetric telescopic vibration and 

symmetrical telescopic vibration absorption band of sulfonic acid group, which 

indicates that sulfate ions were involved in the composition of extracted complex. 
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Fig.6. FTIR characterization results of 2N15C5 and La (Ⅲ)-2N15C5-H2O 

 

When substituting the concentration values of Ln3+ of aqueous phase before and 

after extraction into Equa.(11), the corresponding logarithmic value of extraction 

equilibrium constant can be calculated as shown in Table 4. It’s indicative that the 

coordination binding between LREs and 2N15C5 is stronger than that in the ionic 

complexes of HREs.  
Table 4   

Extraction equilibrium constant logarithm (lgK) of Ln (Ⅲ)-2N15C5-H2O-SO4 

Ln3+ 
Measured 

data 

Reference 

dataa 

Reference 

datab 
Ln3+ 

Measured 

data 

Reference 

dataa 

La3+ 5.65 6.49 5.17 Tb3+ 3.92 5.96 

Ce3+ 5.33 -- 4.62 Dy3+ 3.85 -- 

Pr3+ 5.46 6.22 4.45 Ho3+ 3.09 5.66 

Nd3+ 5.02 6.55 3.93 Er3+ 2.61 5.33 

Sm3+ 4.26 6.11 2.81 Tm3+ 2.06 -- 

Eu3+ 4.74 -- 2.26 Yb3+ 1.37 5.53 

Gd3+ 3.50 -- 2.03    

Note: Literature dataa and Literature datab are the logarithm of complex stability constant for complexation of 

Ln(CF3SO3)3 with 2N15C5 in propylene carbonate system [37] and complexation of Ln(NO3)3 with 15C5 in 

anhydrous acetonitrile system [38] in 25℃.  

As shown in Table 4, the trend of experimental measured data is consistent with the 

literature data. The quantitative difference is mainly attributed to the types of rare 

earth salts and reaction systems, since the solubility or dissociation of lanthanide 

rare earth salts in solvents will directly affect the coordination of Ln3+ with crown 

ether ligands [37]. 2N15C5 shows much weaker complexation ability for Ln2(SO4)3 

than that of Ln(CF3SO3)3 in Ref.37, mainly due to the strong solvation effects 

caused by the different solubility of rare earth salts in aqueous and propylene 

carbonate respectively; the big solvation effect between ligand and solvent 
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molecular can significantly influence the weak interaction between coordination 

atoms. Compared with the corresponding value in Ref.38, 2N15C5 shows a little 

greater complexation ability for Ln3+ is attributed to the balance of following two 

effects, 2N15C5 has a stronger nucleophile reaction ability than 15C5[Fig. 2(d)], 

however there is a competing coordination to Ln3+ between solvent molecules and 

2N15C5.  

4. Conclusions 

The introduction of nitrogen heteroatoms on crown ether ring can cause 

structure to rearrange, thus significantly enhancing its nucleophilic reactivity. 

Azacrown ether shows great selective coordination ability for light rare earth ions 

in sulfate systems.  

Base on DFT calculation, azacrown ether can coordinate with Ln3+ to form 

a "sandwich-like" semi-encapsulated complexions of Ln:2N15C5:H2O=1:1:3. The 

steric hindrance caused by size matching and the weak interaction between 

coordination atoms are the key factors which influence the structural stability of 

Ln(Ⅲ)-2N15C5- H2O complexions with core-shell structure. When coordination 

with light rare earth ions, the bond length between 2N15C5 and Ln3+ is shorter, the 

electron density is larger, the weak interaction is much stronger, and the 

corresponding complexions Ln(Ⅲ)-2N15C5-H2O of La3+, Ce3+, Pr3+, Tb3+, Dy3+ 

are more stable. The extraction parameters of lanthanide rare earth ions by 

azacrown ether in sulfate solution determined by liquid-liquid solvent extraction is 

basically consistent with the calculation conclusion. 2N15C5 has good extraction 

ability to light rare earth ions in sulfate solution, and sulfate ions participates into 

the composition of extracted complexes.  
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