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Motivation

▪ Titanium dioxide (TiO2) is a semiconductor with a bandgap ranging from 3.0 to 3.2 eV

corresponding to LAE of c. 387nm[1].

▪ TiO2 is a nontoxic, biocompatible and inexpensive materials with high dielectric constant and

chemical stability properties [2][3].

▪ Depending on its chemical composition, TiO2 could present various values of electrical

conductivity due to the presence of oxygen and titanium defects contributed by ion insertions

and structural recrystallisation at room and highly temperatures.

▪ TiO2 naturally occurs mainly as rutile [3] and anatase [4] phases and rarely as brookite [5]

hence why it is very difficult for experimental scientist to produce large-scale brookite phase

synthetically in the laboratory.

▪ The purpose of my research is to run molecular dynamics simulations on the generated 1.

LiXTiO2,2. NaXTiO2 and 3. MgxTiO2 (x=0.11,0,15 and 0.19 and 0.23) nanosphere systems to

predicts structural evolution and microstructural point defects stability maintenance at low (0 K)

and high (2000 K) temperatures.

▪ Ordered (crystalline) and disordered (amorphous) patterns in their structures were confirmed

through simulated Radial Distribution Functions (RDFs) of Ti-O pairs, simulated and

experimental X-ray diffraction patterns. The diffusion speed of Li, Na and Mg were individually

evaluated and compared through diffusion coefficients.
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Methodology

Figure 1. Crystal structures of typical TiO2 polymorphs: (a) rutile; (b) brookite; (c) anatase; and (d) TiO2(B). Li+ are in yellow

speres while grey and red spheres are Ti4+ and O2− ions, respectively.

Figure 2. Amorphous a) LixTiO2, b)NaxTiO2, and c) MgxTiO2



Recrystallised Nanosphere 
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Figure 3. Represents 1. LixTiO2, 2. NaxTiO2 and 3. MgxTiO2 x is a =0.11 b= 0.15

c = 0,19 and d = 0.23 concentrations .
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RDFs of Ti-O pairs and DC of Li+, Na+ and Mg+ at increased temperature
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Figure 4. Represents DC RDFs and DC of 1. LixTiO2, 2. NaxTiO2 and 3. MgxTiO2 at Low (0.11) and high x = (0.23)

4a)
4b)



Cooled XRD of Li, Na and Mg ion concentration
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Figure 5. Represents XRD patterns with structures and

microstructures of 1. LixTiO2,2. NaxTiO2 and 3.MgxTiO2 at low (0 K)

and high (2000 K) temperatures.
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6. Experimental XRDs



Significance of the Study

➢ MD simulation technique was successfully utilised to run the atomistic simulation

recrystallisation, cooling and heating synthesis on LixTiO2, NaxTiO2 and MgxTiO2 (x=0.11,0.15,0.19

and 0.23) nanosphere architectured structures.

➢ All Lithiated, sodiated and magnesiated TiO2 nanosphere architectured structures contained very

highly crystalline patterns after recrystallisation except the Li0.19TiO2 and Na0.19TiO2 nanosphere

due to a melt and they were confirmed by their respective microstructural snapshots, RDFs and

XRDs patterns which all revealed mixture of rutile, anatase and brookite polymorphs dominance

properties.

➢ These polymorphs provide excellent defects of open wide channels and tunnels which provides

clean paths for Li+, Na+ and Mg2+ fast diffusivity when exposed to extreme temperatures without

any structural deformations.

➢ The structural integrity was maintained inside the lithiated , sodiated and magnesiated TiO2

nanosphere which suggest improve the battery capacity for charging and discharging

performance during and after high temperature exposures without experiencing thermal runaway.

➢ The LixTiO2, NaxTiO2 and MgxTiO2 nanospheres materials are excellent candidate future anode

electrode material for large scale lithium, sodium and magnesium ion battery applications


