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Abstract: Crown ether could separate the metal ions and their isotopes selectively and
efficiently, however, the rapid selection of complex with suitable structure is still a
challenging problem. Although the theoretic calculation has been used to study the in-
teraction between metal ions and crown ether ligand, the calculated binding energy is
higher than the experimental value. In this study, the coordination of a series of crown
ethers (9C3, 12C4, 15C5, 18C6) with metal ions was systematically calculated based on

the density functional theory, using dimethoxyethane (DME) as model compound. The
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metal ions can reduce the energy barrier between DME conformers and the reduction
increased with the increase of charge-to-radius ratio of the metal ion. For a metal ion-
crown ether complex. The dynamically favored conformer, the thermodynamically most
stable conformer and the conformer which has the largest binding energy are in general
not the same one. This may be attributed to that the experimental binding energy meas-
ured was considerably lower than the calculated binding energy reported in previous
studies. The isotope effect of the metal ion-crown ether complexes is mainly determined
by the relative mass difference of the different metal isotopes and the coordination bond
length, and related with the conformer of crown ether. For same metal ion-crown ether
complex,the metal isotope with higher mass has lower free energy, for "Li and °Li, the
conformer of Li-12C4 with the largest isotope effect was found. In this work, a simple
and efficient method to classify the conformers of metal ion-crown ether complexes was
developed, which can be used in theoretical calculations for the similar macrocyclic
ligands and improve the accuracy of binding energy of complexes. Particularly. this
work provides the important fundamental information for the quick screen of structure
of crown ether for the selective separation of metal ions and their isotopes.
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Table 2 The most stable conformations of four crown ethers

ek ik A EM R (AE /K] + mol 1) WA E R (AEw /K] » mol 1) FREMR(AE /K] » mol ™)
9C3 33 6(0.00) 3% 66(3.85) 3" 66(22.48)
12C4 3333(0. 00) 2343(6. 36) 3535(6. 74)
15C5 33335(0. 00) 13253(2. 09 23453(2. 26)
18C6 123123(0. 00) 333333(2.93) 223223(3. 35)
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Fig. 2 The structure (a) and energy difference (b) between M-1(Monooxygen complex) and

M-2 (Dioxygen complex) in conformations of metal ion-DME complexes
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Table 3 The structure and thermodynamical parameters of some metal ion-crown ether complex conformations
Metal Ryio/A N [ 42 JA 2 F e A 0 AR R RIS £ R/ (KT » mol D)
Li 1. 865 Na 2. 247 K 2.631 Be 1. 497

% 1/2Ro0/A AE,q AE, AEr AE, AE,q AE, AEr AE,
2355 2.362 11. 38 374. 6 23.3 257.6 23. 36 179. 6
2222 1. 945 5. 44 384. 1 47.63 236.7 53. 96 152.5 0. 00 1704
2255 2.242 0. 00 389. 6 14.52 269.9 17.04 189.5 11.42 1693
5555a 2.063 1.17 400. 6 0. 00 296. 6 0. 00 218.8
5555d 2. 086 5. 36 413.3 12. 10 301. 4 15. 36 220. 3
2727 1. 665 10. 54 1725
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Table 4 The reaction energy(kcal/mol) of crown ether-metal cations complex

in exchange reaction of some metal ions with lithium ion

S g A/ (k] « mol 1)

LR Na K+ Be? ™ Mg?™ Ca?*
M-12C4&-Li-15C5 (5 J1 %) —22.81 5. 02 26. 71 —112.93 —94.36
M-12C4 & Li-15C5 (# ) %) —9.50 12.39 3.35 —120.59 —94. 49
M-15C5&-Li-18C6 () J12%) —53.79 —105. 61 —76. 68 —115.57 —118.76
M-15C5&-Li-18C6 (#4112 13. 81 —49.81 —40. 69 —76.27 —178.88
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Table 5 The isotope effect of Li-12C4 ions and

the average coordination bond length

Li-12C4 AGio/ (k] = mol=1) Rwio/A
Li-222222 0. 66 2.096
Li-22225 0. 67 2. 192
Li-255255 0. 69 2. 180
Li-22527 0.71 2.120
Li-22727 0.72 2.108
1i-257775 0.73 2.027
Li-5555a 0.75 2.015
Li-5555d 0.76 1.987
1.i-2255 0.78 1.964
Li-2222 0. 86 1.882
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Fig. 6 The structure of Li-12C4 complex( Li-2222 )
with the highest isotope effect
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