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Effect of intermolecular forces of coumarin and acetic acid to
complex with Cu( Il )

DAI Danging ~ XING Jing DONG Wei CHEN Quan WU Min ™

(Yunnan Provincial Key Lab of Soil Carbon Sequestration and Pollution Control, Faculty of Environmental Science &

Engineering, Kunming University of Science & Technology, Kunming , 650500, China)

Abstract Plant root exudates play a significant role in plants' uptake of heavy metals and their
response to heavy metal stress. Small organic compounds such as phenols and organic acids in root
exudates have a strong affinity with heavy metals, making them crucial in the migration and
transformation of heavy metals in inter-root soil. This study explores the complexation behavior of
Cu(Il) with small organic compounds such as coumarin and acetic acid in the root system. The
interaction force between organic molecules was explored by measuring relaxation time using Xigo
wet-specific surface analyzer and molecular dynamics simulation. The results indicate that as the
concentration of organic matter increases, the amount of complexation and the stability constant of
coumarin, acetic acid, and Cu(Il) decrease. This is due to the hydrogen bonding force formed

between acetic acid molecules —O —H and —C=0, and the electrostatic attraction between
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coumarin molecules —C=0 and —C—H on the benzene ring. These forces are more substantial than
those that bind to Cu( Il ). The complexation of acetic acid with Cu( Il ) is pH dependent. The amount
of acetic acid that complexes with Cu(II') decreases as the pH decreases. This is because the H in the
carboxyl group is less likely to dissociate, which enhances the hydrogen bonding effect and reduces
the complexing ability with Cu(II'). The electrostatic attraction force between coumarin molecules is
not significantly affected by pH conditions. This study provides effective information for exploring
the environmental role of root exudates in mediating the bioavailability and migration transformation
of heavy metals by analyzing the complex behavior of small organic compounds in the root system
and heavy metals.

Keywords root exudates, complexation reaction, hydrogen bonding, -electrostatic attraction,

intermolecular forces.
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Fig.1 Complex curves of coumarin(a), acetic acid(b) and Cu( Il ) at different pH
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Table 1 Formation function fitting results of single-ligand model

el WeJiE /(mg L) M AA

Category Concentration lgX R lgX R2
1 5.05 0.9088 5.56 0.9885
JF A pHE 10 4.72 0.9999 4.07 0.9652
100 4.57 0.9999 3.84 0.9962
1 4.97 0.9754 5.31 0.9556
pH=2 10 4.72 0.9941 3.78 0.9352
100 4.51 0.9944 3.23 0.9962
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Fig.2 Relaxation rate diagram of coumarin and acetic acid at different pH values (* P<0.05)
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Fig.3 The initial and final steady states of coumarin and Cu( I ) in the simulation boxes
(Figures A, B and C show the top, front, and side views of the initial system state in the simulation box; Figures D, E, and F

show the top, front, and side views of the final steady state)
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Fig.4 The initial and final steady states of acetic acid and Cu( Il ) in the simulation boxes
(Figures A, B and C show the top, front, and side views of the initial system state in the simulation box; Figures D, E, and F

show the top, front, and side views of the final steady state)
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Fig.5 Distribution of electrostatic potential energy of coumarin (a) and acetic acid (b).
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Fig.6 Schematic diagram of the interaction force between of coumarin (a) and acetic acid(b)
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Fig.7 Comparison between theoretical and actual pH values after mixing of organic solutions (* P<0.05)

3 %58 (Conclusion)
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