Contents

1

Introduction 1
1.1  Electrochemical behavior of zinc in aqueous SyStems ............cveeeeeereenenns 2
1.2 T0nIC HQUIAS ...oovvieeiiicicciiricctccc et 4

1.2.1 Physicochemical properties of ionic liquids ..........ccceveeviveeennennene. 5

1.2.2 Melting point, thermal stability and decomposition temperature...... 6

123 Density and VISCOSILY ......ccceeuereiririerereerinirierereeinnenerentesesneseesesnnees 6

1.24 Conductivity ................ e 6

1.2.5 Solvation ability........ccocererveruennene i

1.2.6 Electrochemical stability window.... .7

1.2.7 Electrodeposition from ionic liquids........cccccevvecverercrnierrerenerienienenne 8
1.3 Electrochemical behavior of Zn/Zn(II) in ionic liquids .......ccceveevereerrennenne 9
1.4  Batteries with ionic liquid electrolytes..........ccceevireeirenercrnennrcrereennne 10
1.5 Scope of the thesSiS ....cccoerreerueerieiieccenc et 11

Experimental 13
2.1  Electrochemical Methods ..........cccccuevieveeienieiiieieseecee e

2.1.1 Cyclic Voltammetry.....

2.1.2 Chronoamperometry....

2.2 Electrochemical EXPEriments .........cceceveereverirercnenenenienieseeseeseeseeeenne 15
2.2.1 Ionic liquids and chemicals used in the present work ..........cceeuce. 15
222 Electrochemical SEtUp .......ccceceeerereeieenienenenenieseesre et eeeeaens 16
223 Instrumentation and Procedure ...........cceceeeerererrenereneereneeseeseenenns 17
224 Preparing templates for electrodeposition of macroporous zinc ..... 18
Results and discussion 20

3.1  Electrodeposition of zinc from [EMIm]TfO and [Py, 4]TfO.................... 20

3.2 Electrodeposition and stripping behavior of zinc/polystyrene composite

electrode in an 10nic lHquid..........ccveeeeenrininesee s 21

321 Electrodeposition of macroporous zinc from [Py, 4]TfO ................ 21

322 Potentiostatic deposition/stripping.........eccocevrveiereeniiiniieninencinenes 25

323 Galvanostatic deposition/stripping..........cocevcecvievermerniiiniinieennens 29

Bibliografische Informationen
http://d-nb.info/1128172186 digitalisiert durch



http://d-nb.info/1128172186

324 CONCIUSIONS ...vevicteeereiie ettt ettt eteereereeraeereenseeareeneenseenns 32

3.3  Template-free electrodeposition of zinc nanowires from an ionic liquid. 33

331 Electrodeposition of Zn from ZnCly/[Py, 4]TfO on ITO.................. 33
332 Electrodeposition of Zn from Zn(TfO),/[Py, 4]TfO on ITO............ 36
333 Comparison of Zn electrodeposition from [Py, 4]TfO on Au with
two different Zn precursors.......c..ceeveeeevereeeieccereereinnececeeesenens 38

334 CONCIUSIONS ...ttt 44
3.4  Electrochemical and spectroscopic studies of zinc acetate in [EMIm]OAc
for zinc electrodePoSItiON. .......evccereeverccririeciririeeereceeree e 46

34.1 Electrodeposition of Zn from Zn(OAc)y/[EMIm]JOAc at room
TEIMPETALUTE .....cveneriniencerenteaee et st etee st teesset et near s ne st eseseenens 46

342 Electrodeposition of Zn from Zn(OAc),/[EMIm]OAc at 100 °C ... 56
343 CONCIUSIONS ...ttt ettt ettt e 58
3.5 Effect of water concentration on the electrodeposition of Zn from
[EMIM]OAC......c ettt ettt ettt et sse e eeenes 60

3.5.1 FIR and Raman spectra of [EMIm]OAc-Water mixture................. 60
352 Effect of water on Zn(Il) electrochemistry and deposition
MOTPHOLOZY ..ottt 67

353 CONCIUSIONS ...ttt ettt et a e 73

3.6  Electrodeposition of Zn and Zn-Al from 1-butylpyrrolidine/ZnCl, and
1-butylpyrrolidine-AlCLy/ZnCly .....cceviriireiiiiriciriciccne

3.6.1 Electrodeposition of Zn from 1-butylpyrrolidine/ZnCl,

3.6.2 Electrodeposition of Zn-Al from 1-butylpyrrolidine-AlCly/ZnCl,.. 78

3.6.3 CONCIUSIONS .....eirieiirecectcet e 81

4  Summary g 83

4.1  Electrodeposition and stripping behavior of zinc/polystyrene composite
electrode in an 10niC HQUId.....coveeeereeieireneeieicieiceeeeeeee 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..........c.coueeeruerieerieircnieente et 84

44  Effect of water concentration on electrodeposition of Zn from
[EMIM]OAC ... .o iireuiniiieeentnreenireteseisaeseeestasaeessessaessssesesesssssasnssns 85



4.5  Electrodeposition of Zn and Zn-Al from 1-butylpyrrolidinium/ZnCl, and

1-butylpyrrolidinium-AlCly/ZnCly.......ccoeriviireieniereriesesenreseseeresieee 86

5 List of abbreviation 87
6 Appendix 89
7  References 90
CUrriCulum VITAC ...cveeiiiiiciieiciictree ettt e neene 106

ACKNOWIEAZEMENL ...ttt sttt e s te e e b seesaessesaesaeene 108



