£ 36 5 3 1] R0 IRBR 2R Vol. 36 No. 3
2022 46 H Journal of University of South China( Science and Technology ) Jun. 2022

DOI:10. 19431/j. enki. 1673-0062. 2022. 03. 011

o T AT 3, 2-FR IR Re B AT A 5
LA A2 ) BB B 5T

% % ERU
(FEHERE fh2p b T 240 18 5 PH 421001)

i EATRRZMAZAESN T A a4 L e R T 5 4Bt R4 09 % vm , 18 18 A48 2

WEEZ RS E R BRSO, R T BFEMAAER RE LR ST R AR

8 4hBLBe A4 UO0,-Si-5L10-1-Cm-3,2-HOPO #= UO, -Sl-SLIO-(Me—3 2-HOPO) o
T45TA mésiﬁ%ﬂ:i@%%%“é #e Fa AR 5 A BE R AL 6 ol B A B E

WBTT BAMH TSN, SEREN EESABEET R ST A 5& ‘Léﬁ:f"%& T%

S G e B ﬁﬂ’r’—ﬁﬁwiék'i, 7 U0,-Si-5L10-1-Cm-3,2-HOPO % F 1 &.4¢ 1t UO0,-

Si-5LI0-(Me -3,2-HOPO) 33 , B % Z 6948 € 1k

KR AL 4N A ARHER ; B4t AR B B 02 R B i

FESHES.0641. 12 XHEIFRER:A

M ERE1673-0062(2022)03-0077-06

Theoretical Exploration of Effect of Intramolecular Hydrogen Bonds on
Chelation of 3,2-hydroxypyridinone Derivatives with Uranyl
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Abstract ; In order to understand the effect of intramolecular hydrogen bond on the bonding
of donors to uranyl, two uranyl sequestering agents N, N'-( oxybis ( ethane-2,1-diyl) ) bis
(1-(3-hydroxy-2-oxopyridin-1(2H ) -yl ) silanecarboxamide ) ( Named as Si-5LI0-1-Cm-3,
2-HOPO) and N, N'-( oxybis ( ethane-2, 1-diyl ) ) bis ( 1-( 3-hydroxy-1-methyl-2-oxo-1,2-
dihydropyridin-4-yl) silanecarboxamide ) ( Named as Si-5LIO-( Me-3,2-HOPO ) ) with
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similar structures but different types of intramolecular hydrogen bonds were studied by rela-

tivistic density functional theory calculations and wave function analysis. The effect of in-

tramolecular hydrogen bonding on the electrostatic potential of the donor surface and on the

bonding of the donor to the uranyl were analyzed. What is more, the electronic structures

of the complexes were also revealed by density of states analysis. The results showed that

the strong intramolecular hydrogen bonds of the donor reduced the dissociation energy and

stability of bond between chelator and uranyl. The intramolecular hydrogen bond of UO,-
5LI0-1-Cm-3,2-HOPO was weaker than that of UO,-Si-5LI0-( Me-3,2-HOPO) and UO,-

5LIO-1-Cm-3,2-HOPO had higher stability.

key words: uranyl; actinides decorporation; hydrogen bonding; hydroxypyridone ; density

functional theory
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Fig.1 Chemical Structures of Si-SLIO-1-Cm-3,2-HOPO and Si-5LIO-( Me-3,2-HOPO)
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Fig.2 The optimized complex structure
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Table 1 The dissociation energy of complexes and related electronic energy P eV
L7 M AHARER R TRER AR TRER aY TR A HE
U0,-5L10-1-Cm-3,2-HOPO =70 062.005 3 -52985.219 8 -17 072.704 4.0815
U0,-Si-5LI0-( Me-3,2-HOPO) =72 201.637 7 -55125.124 2 -17 072.704 3.8095
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Fig.3 The ESP of two different configurations of the ligand
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Table 2 The U—O bond lengths and the hydrogen bond of different complexes  Hi{i/:10™"° m
Y] U—0, U—0, U—0, U—0, U—0, NH--0, NH-+-0,
U0, -Si-5LI0-1-Cm-3,2-HOPO 2.49 2.50 2.35 2.37 2.78 2.11 2.46
U0,-Si-5LI0-( Me-3,2-HOPO) 2.39 2.39 2.49 2.47 2.79 1.77 1.78
*3 FWHESYWHIEES Mayer B2
Table 3 Partial Mayer bond order values of two complexes
ey U—o0, U—o0, U—o0, U—o, U—o0,
U0, -Si-5LI0-1-Cm-3,2-HOPO 0.44 0.46 0.69 0.69 0.23
UO0,-Si-5LI0-( Me-3,2-HOPO) 0.55 0.55 0.50 0.51 0.22

WAk, 38 i 52 B4 LA 48 78 (localized orbital
locator, LOL ) PR ¥ i — 25 25 B & 9 1) 36 o)
PP LOL MREH R, o S B, LA
S, PANEC S BT A B TEC LB Y LOL bR A £,
FnE 4 Fras, RS Mayer 82045 5 —20, W
TTEC 5 400 110 320 i SR L B i A5 At I b B ) S
PEEESS

0.80

0.00
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Fig.4 The LOL maps for two complexes
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