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Fig. 1 Optimized His-LDHs-MMT structure and the variation

of the bond length of intramolecular hydrogen bonds

with electric field strength
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different electric field strengths
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Fig. 10 Comparison of total density of states for His-LDHs-

MMT and Li-His-LDHs-MMT
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Effect of an electric field on the structure of hydrotalcite—
montmorillonite composites and their lithium
adsorption properties

ZHANG PeiHuan' LI ShiLong*** PU Min*>** LEI Ming>**

(1. School of New Energy and Materials Engineering, Shanxi University of Electronic Science and Technology , Linfen 041000
2. State Key Laboratory of Chemical Resource Engineering, Beijing University of Chemical Technology, Beijing 1000295
3. Institute of Computational Chemistry, Beijing University of Chemical Technology, Beijing 100029;
4. College of Chemistry, Beijing University of Chemical Technology, Beijing 100029, China)

Abstract: The structural order of a histidine-intercalated hydrotalcite-montmorillonite composite was regulated by
an external electric field, and the influence of the electric field on its lithium adsorption performance was systemati-
cally investigated. First-principles calculations were carried out using the Perdew-Burke-Ernzerhof (PBE) func-
tional within the generalized gradient approximation (GGA) framework, and the HSEO6 hybrid functional was com-
bined to improve the accuracy of the band structure calculations. The results show that when a uniform external
electric field of 0. 6 V/A t0 0.2 V/A is applied in the Z-axis direction, —0.2 V/A can be regarded as the critical
threshold for the “structure-electron” coupling behavior. At this point, the hydrogen bond interaction between the
montmorillonite layer and histidine is the strongest, and the thermodynamic stability of the system is the poorest.
When the electric field strength is in the range of =0. 6 V/A to =0. 2 V/A, the composite material exhibits metallic
properties. When the electric field strength ranges from —0. 2 V/A to 0. 2 V/A, the composite material retains semi-
conductor characteristics, and the band gap increases with the variation of the external electric field strength (from
-0.2 V/A t0 0.2 V/A). Furthermore, lithium adsorption exhibits significant site dependence, with the octahedral
sites of montmorillonite showing the best adsorption stability. Applying an external electric field along the negative
Z-axis can significantly increase the absolute value of the lithium adsorption energy of the material. When the elec-
tric field strength is —0. 5 V/A, the adsorption energy is approximately 82. 8% higher than that in the absence of an
electric field. A density of states analysis indicates that after lithium adsorption, the electronic band gap of the
composite material expands from 0. 51 eV to 2. 39 eV, providing evidence of its potential application in solid elec-
trolytes. This study provides new insights into the structure-activity relationship of composite materials under regu-
lation by electric fields, and also opens up new ideas for designing high-performance lithium adsorption materials.
It holds significant scientific value and promising application prospects.

Key words: electric field; hydrotalcite-montmorillonite composites; lithium adsorption; solid electrolyte; first

principles
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