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Abstract: As a branch of solvent extraction, synergistic extraction has been widely studied. In order to explore the
mechanism of synergistic extraction, it is necessary to clarify the internal reasons of the extraction system and give
the relationship between the micro and macro properties. Therefore, it is important to understand the synergistic
extraction system and the influencing factors from the microscopic structure and internal movement of molecules. In
this owrk, the mechanism of synergistic action between extractant, extractant and metal ions and the influencing
factors were reviewed. It pointed out that the essence of synergistic extraction was the formation of hydrogen bonds,
which led to the change of the structure and energy of extractant, thus improving the extraction effect. Synergistic
extraction mainly includes two aspects: one is easier to generate stable extraction complex to improve the extraction
efficiency; the other is to improve the separation performance by using the difference between extractant. The pH of
the extraction system, the combination and proportion of different extractant, the concentration of extractant and the
addition of neutral phosphorus extractant significantly affect the synergistic extraction process, and there are
interactions among various factors. It will be one of the effective methods in the field of chemical research in the
future to carry out theoretical prediction by simulation calculation, verify by experimental means, and characterize
with modern analytical chemistry method. The theory is popularized to practice, so as to better guide the production.
Key learning points:

(1) The latest research progress on the quantum layer of coextraction was introduced.

(2) The application of synergistic extraction was reviewed.

(3) The main influencing factors in the process of coextraction were analyzed.
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Fig.1 Structure diagram of typical organic phosphorus extractants
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Table 1 Comparison of main bond lengths of three acid extractants in dimers (Unit: nm)™
Bond shape P204 single molecule P204 dimer P507 single molecule P507 dimer Cyanex272 single molecule Cyanex272 dimer
P=0 0.1485 0.1608 0.1493 0.1622 0.1501 0.1633
P-O 0.1600 0.1697 0.1616 0.1721 0.1653 0.1696
O-H 0.0968 0.1038 0.0968 0.1038 0.0972 0.1046
T2 ZHMERMEFENFSE-_RAEEROEFRELBEM: O
Table 2 Comparison of the charge of three acid extractants at the main center of dimer (Unit: C)*”
Atom m(ljlze(;ilseiii:'ge Pz(c)?lacll*igneler m(lzlse(z?xliir;ilaerge Psgza(iigfer Crillil)rllee:fl?c;iar;zf Cyanex272 dimer charge

P 2.259 1.501 1.904 1.428 1.430 1.225
O (hydroxyl) —-0.761 —0.742 —0.731 -0.724 —0.681 —0.764
O (phosphoryl group) —-0.738 —0.744 —-0.705 —-0.775 —0.684 —0.746
H 0.385 0.490 0.383 0.441 0.382 0.486
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Table 3 Energy comparison of three acid extractants and
dimers (Unit: kJ/mol)*”

Extractant Energy AE
P204-P204 —6683328.863 —418.801
P204 monome —3341455.030
P507-P507 —6288551.753 —687.303
P507 monome —3143932.228
Cyanex—Cyanex —5996893.000 —104152.000
Cyanex monome —2946370.000




5 7 3 FRECRE: ST HLBESR A ORI V70 A R AR B B 7 i P 745
T4 ZHERMERGI RS FRISHMESEEER(R 7 [M-C,H ] A B 5 AR 2 1, I 73 118 1

fiL: ev)®
Table 4 Comparison of molecular frontier orbitals and
energies of dimers of three acid extractants (Unit: eV)™

Orbital P204 dimer P507 dimer Cyanex dimer
HOMO-1 —7.983 —7.508 —7.006
HOMO -7.920 —7.486 6.836
LUMO —0.756 0.152 1.006
LUMO+1 —0.103 0.713 1.494
AE, 7.164 7.638 7.842
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