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Lithium-ion battery (LIB) have gather much 
attention due to its wide range of application, e.g. portable 

devices, portable tools, electronic vehicles, wireless 

implantable medical devices, and as storage device for 

renewable energy. However, only 1% of the total energy 

consumed worldwide can be stored and hence there is a need 

to further improve the commercially produce LIB. There are 

several strategies to improve the current state of LIB, and in 

this research, I will focus on the morphology control, i.e. 

utilizing 1D material, as anode material for LIB. 

There are three type of anode material for LIB, viz. 

intercalation, alloying, and conversion type. Among these 3, 

both alloying and conversion type anode material yield high 

gravimetric and volumetric capacities, however with an 

expanse of large volumetric change with corresponding 

structural change that results to pulverization of the anode 

material during successive charge discharge cycle.  The 

utilization of 1D nanomaterial have several advantage, i.e., 

1D morphology that allows 1D flow of e- and ions for an 

efficient charge transport, nano-sized dimension and high 

surface to volume ration that allows for a short Li+ diffusion 

length and large Li+ flux, and small diameter that facilitates 

strain relaxation.  

β-Sn is an alloying type anode material, and upon 

charge-discharge cycle, different alloys of LixSn (0 < x ≤ 4.4) 

were formed. Sn can accommodate a maximum of 4.4 Li+ to 

form Li22Sn5 with a structural change from tetragonal to cubic 

during alloying (charge) and vice versa, and large volumetric 

change of >250%. This large volumetric change and 

structural change results to the pulverization of Sn during the 

charge-discharge process and hence been the focus of 

Chapters 2 and 3 of this dissertation. In these chapters,  I 

propose a new method in the formation of single crystal 1D 

Sn NRs using chemical synthesis, i.e. feasible for mass 

production, as well as examine the electrochemical properties 

and investigate the cause of the continuous capacity fading of 

Sn NRs and understand why shorter aspect ratio will yield to 

a better capacity stability. 

1D Sn, specifically, Sn NRs with different aspect 

ratio, as well as that of the spherical nanoparticles (NPs) were 

synthesized via chemical synthesis under Chapter 2. Tin (II) 

acetate (Sn(ac)2), poly(vinylpyrrolidone) (PVP), and sodium 

tetrahydroborate (NaBH4), were utilized as precursor, capping 

ligand, and reducing agent respectively. On this chapter, three 

(3) parameters were varied, i.e. synthesis temperature, amount  

of PVP, and molecular weight (MW) of PVP. It was found 

that both the synthesis temperature and the amount of PVP 

(regulates solution viscosity), control the kinetic energy of 

particles in the solution and thus the preferred attachment 

along the c-axis, i.e. [001] leaving the {200} on its facets. It 

was also found that the selective attachment of low kinetic 

energy particles is due to the higher attraction and adhesion of 

Sn particles/atoms on higher-surface-energy planes of the 

nuclei and thus forming a rod like morphology. On the other 

hand, PVP aids in bridging the particles together rather than 

act as shape directing agent. The MW of PVP dictates the 

particle stability and aids in the formation of longer and 

higher aspect ratio NRs by bridging the particles together 

along its long polymeric chains bearing repeating functional 

groups. 

The electrochemical properties of the produce Sn 

NRs with different aspect ratios as well as that of spherical 

NPs were examined under Chapter 3, wherein the cause of the 

continuous capacity fading as well as reason for the higher 

performance of low aspect ratio NRs were determined. The 

solid-electrolyte interphase (SEI) layer in known to form in 

the anode material due to higher anode potential of most 

materials compared to the LUMO of the electrolyte. The type 

of the formed SEI layer can either improve or further degrade 

the performance of the anode material. The porous and non-

uniform Li2CO3 SEI layer, will continuously form and 

disintegrate during the charge-discharge process to form a 

thick SEI layer with a corresponding continuous 

decomposition of the electrolyte. The formation of thick SEI 

layer as well as the continuous decomposition of the 

electrolyte are not favorable and will yield to a continuous 

capacity fading.  On the other hand, LiF-rich SEI layer, is 

known to improve the ionic (Li+) conductivity, form a stable 

SEI layer, and prevents the further degradation of the 

electrolyte. The difference in the surface energy of each 

crystallographic planes, aside from utilizing fluoroethylene 

carbonate as additive in the electrolyte, induces the type of 

the SEI layer formed, wherein Sn (100) and Sn (001) with 

yield Li2CO3 and LiF rich SEI layers respectively. However, 

up to date there is still no study that combine the effect of the 

morphology and formed SEI layer (due to surface 

crystallographic plane) on the stability of the formed anode 

material and hence been the focus of Chapter 3. In this 

chapter, three (3) morphologies were utilized, i.e. high aspect 

ratio NRs (formed at 0 °C), low aspect ratio NRs (formed at 

10 °C), and spherical NPs (formed at 26 °C). The specific 

surface area of the (001) in low aspect ratio is calculated to be 

~9 times that of the high aspect ratio NRs, whereas the 

spherical particles are composed of {200} surface 

crystallographic plane. It was found that the chemically            



synthesized single crystal β-Sn NRs have low surface energy 

{200} facets with highly active {001} tip is a potential anode 

material for lithium-ion battery, due to the formation of LiF-

rich F containing SEI layer, which is similar to the SEI 

formed when electrolyte with FEC-additive was used, as 

indicated by the XPS analysis. The formation of LiF-rich F 

containing SEI layer is due to higher amount of exposed 

reactive {001}, i.e. tip of the rod, in low aspect ratio β-Sn 

NRs. The presence of LiF-rich F-compound agrees well with 

the impedance test, wherein, low aspect ratio β-Sn NRs have 

higher Li+ diffusion by an order of magnitude. 

ZnV2O4, a conversion anode material, was also 

examined on this study. ZnV2O4 has a spinel structure of 

A[B2]O4, are known to be crystallographically porous with 56 

empty tetrahedral sites and 16 empty octahedral sites. 

However, despite its crystallographically porous structure, the 

short distances and coulombic interactions between the guest 

ions and A- and B-cations prevents the simultaneous 

occupation of the interstitial sites. Based on several 

researches, Li+ could be stored chemically and 

electrochemically in spinel compounds with a simultaneous 

reduction of A- and B- cations. There are already existing 

studies that utilizes ZnV2O4 as anode material for LIB. 

However, 1-D ZnV2O4 as well its high current density 

application (5 A g-1 over 1000 cycles) have not yet been 

studied, and hence been the focus of Chapter 4. In this 

chapter, 1D porous ZnV2O4 were produced via two (2) step 

fabrication, i.e. hydrothermal to form 1D ZnV2O6 followed by 

calcination to form the 1D porous ZnV2O4. Zinc nitrate 

(Zn(NO3)2·6H2O) and ammonium vanadate (NH4VO3) were 

used as precursors in the hydrothermal process. 

Dodecyltrimethylammonium bromide (DTAB) was 

incorporated to reduce the reaction time from 168 h to 24h. It 

was found that the formed 1D ZnV2O4
 have a porous 

structure. However, despite its porous structure, the produced 

1D ZnV2O4 are still single crystal that have {220} facets with 

wire direction along the <111>. Based on the electrochemical 

tests, it was found that the porous ZnV2O4 NWs have higher 

specific capacity compared to that of spherical and coral-like 

morphology, due to the effect of both 1D and porous 

morphology. In comparison with the previously reported 

ZnV2O4, the produced porous NWs show better specific 

capacity and cycling stability with the occurrence of phase 

transformation until the 35th cycle. 
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