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Abstract of Thesis:

Recently, the increasing energy demand and the issues related to global warming, as well as the limited lithium
resource are scientists’ motivations to seek alternatives for the next generation of rechargeable batteries, which
have lower prices and similar electrochemical properties as the so-called lithium-ion batteries. Among these
alternatives, Na-ion batteries (denoted by NIBs or SIBs) have been considered as the most promising candidate
which has expected to replace the role of LIBs in the commercial market in the long-term applications due to their
significantly lower costs and analogous electrochemical properties.

Among three main parts (cathode, anode, and electrolyte) of a typical structure of a rechargeable battery, the
cathode would determine the overall voltage of rechargeable batteries. Motivated by seeking alternative
materials applicable for NIBs, I conducted intensive investigations to evaluate the electrochemical properties of
two typical cathode materials, including polyanionic NaxyVPO4X (X=0, F) and P2 layered oxides NaxMnQO2. The
state-of-art density functional theory was employed to investigate systematically the crystal and electronic
structure, stability, voltage, and diffusion mechanism of Na ion during the Na extraction.

Our calculations figured out that both orthorhombic phases NaVOPO4 and NaVPO4F are promising cathode
materials which exhibit high voltages of 3.5V and 3.8V, respectively. Hybridization between 3d V states and 2p O
plays the decisive role in the electronic properties of these materials. The [010] direction is energetically favorable
for the diffusion of Na ions. At Na rich phase, Na ion needs an activation energy of 395 meV and 323 meV for X=0
and X=F, respectively. However, at Na low content, a significantly higher activation energy of 627 and 530 meV
for X=0 and F, respectively, is required due to the smaller volume of the unit cell. It is concluded that the effect of
small polaron migration on Na ion diffusion in the polyanionic materials NaxVPO4X might be substantial at
different Na content. It can be said that the fluorine replacement to some particular oxygen positions slightly
increases the average voltage, and enhances the diffusivity of Na ion in the three-dimensional framework of the
polyanionic materials.

For P2-layered oxides, during the charging/discharging process, a conspicuous change in lattice constant » and up
to 20%volume would be observed due to the significant shrinkage/elongation of bonds along the [010] direction,
suggesting a safety issue related to large crystal distortion. In addition, two elementary diffusion processes,
including parallel and crossing process, would occur equivalently and require almost same activation energy,
implying that polaron can equally jump in-plane or inter-plane of MnOz layer. Doping can be a key to solve the
severe issue related to the structure of NaMnOz. It is found that dopants such as Li, Mg, Al, Ti, V, Cr, Fe, Ni, Co,
not only reduce the lattice distortion degree, but also improve the stability of the host structure NaxMnO2. Except
for Ti and V-dopants, all other dopants do not affect much to the redox potential of P2-NaMnO2. Some dopants,
such as Li, Ni, Co, benefit the diffusion of Na ion in materials while Mg, Fe and Cr dopants hinder the Na ion
diffusion. It is suggested that Li, Co and Ni dopants have better effects and a small amount of these dopants can

be used to improve the ionic conductivity of the host cathode material NaMnOs.
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