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Abstract

The large scale commercialization of advanced energy technologies depends on
the development of several advanced energy materials. And it takes a lot of money and
time to develop novel energy materials. First principles computation and modeling
refers to the use of quantum mechanics to determine structure or property of materials.
Ab initio computation methods are best known for precise control of structures at the
atomic level, constituting perhaps the most powerful tool to predict structures, and with
computational quantum mechanics, many ground state properties can be accurately
predicted prior to synthesis. More importantly, the reliability and accuracy of the
computational approaches can be significantly improved if experimental information is
well integrated to provide realistic modeis for computation. Experiments and
computation are complementary in nature. Many intrinsic properties of electrode
materials, including voltages, structure stability, lithium diffusivity, band structure, and
electronic hopping barriers can now be computed accurately with first-principles
computation methods.

Our work has studied the electrochemical performance of several advanced energy
materials such as TiO2 and sulfide copper compounds based on conversion reaction and
graphite oxide in magnesium ion battery. The content mainly includes the following
three parts.

(1) CuzS and CuS have different electrochemical performance in Lithium ion
battery. Through first principle computation the structure information of materials in
Li/CuS and Li/Cu,S system was calculated, and then through the energy computation
we can get the theoretical voltage platform in Li/CuS system. Comparing this
computation results with examination results, the reaction mechanism of Li/CusS system
was verified. We also calculated the structure change and volume change in this Li/CuS
battery, and the relevance between material’s structure and battery performance was

investigated. In order to study the performance of Cu,S in different carbonate-based



electrolytes, the ground state properties and reaction mechanism of six different kinds
of electrolytes were calculated. The calculation results showed the cyclic carbonate
solvent might be the main reason related to the poor cycling stability of Cu,S electrodes
in the carbonate-based electrolyte. Comparing with linear carbonate, cyclic carbonate
solvents have more unstable chemical performance, the to dissolution of sulfide species
in cyclic electrolyte will cause loss of active material.

(2) An enhanced hydrogenation process via hydrogen plasma processing was used
to prepare H- TiO2 as anode for lithium ion batteries. This progress introduced oxgen
defect into anatase TiO (101). With first principle computation, the defect properties
of anatase TiO2 and the influence caused by oxygen defect were investigated. Defect
formation energies were calculated and the results showed the 2c-O site is the most
proper site to introduce oxygen defect, the results also showed that Ti-rich environment
is more favorable for the formation of oxygen defect. Through computation of structure
change and electrical structure change before and after defect formation, the influence
factor on lithium intercalation performance was studied. Oxygen defects at TiO, (101)
have enlarged the Ti-O bond length which is more favorable for the intercalation of Li",
the oxygen defect have also changed the electrical structure of TiO» and make it more
electrically conductive.

(3) Expanded graphite oxide (GO) has recently received a great deal of attention
as a proper magnesium ion battery material due to its superior characteristics. The
magnesium ion intercalation behavior of GO strongly depends on the amounts and
ratios of different functional groups. We study the effects of functional groups on the
magnetization process of graphite GO using first principle calculations. It was found
that the hydroxyl groups are more critical in enlarging the interlayer spacing and the
epoxide group are more critical in enhancing magnesium ion intercalation behavior and
specific capacity. And through theoretical simulation, it indicates that Mg ions cannot
intercalate into graphite with an interlayer spacing less than 3.62 A.

Keywords: Lithium battery ; TiOz ; metallic sulfide ; DFT ; graphite oxide
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Figure 1.1 Schematics of a lithium ion electrochemical cell and the relevant
parameters of Li battery electrode materials in relation to battery characteristics!!l.
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