
Contents
1 Introduction............................................................................................. 1

1.1 Electrochemical behavior of zinc in aqueous systems..................................2

1.2 Ionic liquids......................................................................................................4
1.2.1 Physicochemical properties of ionic liquids........................................5
1.2.2 Melting point, thermal stability and decomposition temperature...... 6
1.2.3 Density and viscosity..............................................................................6
1.2.4 Conductivity............................................................................................6
1.2.5 Solvation ability...................................................................................... 7
1.2.6 Electrochemical stability window..........................................................7
1.2.7 Electrodeposition from ionic liquids..................................................... 8

1.3 Electrochemical behavior of Zn/Zn(II) in ionic liquids............................... 9

1.4 Batteries with ionic liquid electrolytes......................................................... 10

1.5 Scope of the thesis..........................................................................................11

2 Experimental......................................................................................... 13
2.1 Electrochemical Methods............................................................................. 13

2.1.1 Cyclic Voltammetry............................................................................. 13
2.1.2 Chronoamperometry............................................................................ 14

2.2 Electrochemical Experiments.......................................................................15
2.2.1 Ionic liquids and chemicals used in the present work........................15
2.2.2 Electrochemical Setup.........................................................................16
2.2.3 Instrumentation and procedure........................................................... 17
2.2.4 Preparing templates for electrodeposition of macroporous zinc.... 18

3 Results and discussion.......................................................................... 20
3.1 Electrodeposition of zinc from [EMIm]TfO and [Py14]TfO..................... 20

3.2 Electrodeposition and stripping behavior of zinc/polystyrene composite
electrode in an ionic liquid............................................................................21

3.2.1 Electrodeposition of macroporous zinc from [Py14]TfO................. 21
3.2.2 Potentiostatic deposition/stripping..................................................... 25
3.2.3 Galvanostatic deposition/stripping..................................................... 29

http://d-nb.info/1128172186


3.2.4 Conclusions 32

3.3 Template-free electrodeposition of zinc nanowires from an ionic liquid. 33
3.3.1 Electrodeposition of Zn from ZnCl2/[Pyi?4]TfO on ITO.................. 33
3.3.2 Electrodeposition of Zn from Zn(Tfö)2/[Py! 4]TfO on ITO............36
3.3.3 Comparison of Zn electrodeposition from [Pyi,4]Tfö on Au with

two different Zn precursors..................................................................38
3.3.4 Conclusions.......................................................................................... 44

3.4 Electrochemical and spectroscopic studies of zinc acetate in [EMIm]OAc
for zinc electrodeposition.............................................................................. 46

3.4.1 Electrodeposition of Zn from Zn(OAc)2/[EMIm]OAc at room
temperature........................................................................................... 46

3.4.2 Electrodeposition of Zn from Zn(OAc)2/[EMIm]OAc at 100 °C ... 56
3.4.3 Conclusions.......................................................................................... 58

3.5 Effect of water concentration on the electrodeposition of Zn from
[EMIm]OAc....................................................................................................60

3.5.1 FIR and Raman spectra of [EMIm]0Ac-Water mixture.................. 60
3.5.2 Effect of water on Zn(II) electrochemistry and deposition

morphology........................................................................................... 67
3.5.3 Conclusions.......................................................................................... 73

3.6 Electrodeposition of Zn and Zn-Al from 1 -butylpyrrolidine/ZnCl2 and
1 -butylpyrrolidine-AlCl3/ZnCl2....................................................................75

3.6.1 Electrodeposition of Zn from 1 -butylpyrrolidine/ZnCl2................... 75
3.6.2 Electrodeposition of Zn-Al from l-butylpyrrolidine-AlCl3/ZnCl2.. 78
3.6.3 Conclusions.......................................................................................... 81

Summary.................................................................. ............................. 83
4.1 Electrodeposition and stripping behavior of zinc/polystyrene composite

electrode in an ionic liquid............................................................................ 83

4.2 Template-free electrodeposition of zinc nanowires from an ionic liquid. 83

4.3 Electrochemical and spectroscopic studies of zinc acetate in [EMIm]OAc
for zinc electrodeposition............................................................................. 84

4.4 Effect of water concentration on electrodeposition of Zn from 
[EMIm]OAc...................................................................................................85



4.5 Electrodeposition of Zn and Zn-Al from 1 -butylpyrrolidinium/ZnCl2 and
1 -butylpyrrolidinium-AlCl3/ZnCl2............................................................... 86

5 List of abbreviation...............................................................................87

6 Appendix.................................................................................................89

7 References...............................................................................................90
Curriculum V itae................................................................................................... 106

Acknowledgement................................................................................................. 108


