Universiteit

4 Leiden
The Netherlands

Photothermal studies of single molecules and gold nanoparticles : vapor

nanobubbles and conjugated polymers
Hou, L.

Citation

Hou, L. (2016, June 14). Photothermal studies of single molecules and gold nanoparticles :
vapor nanobubbles and conjugated polymers. Casimir PhD Series. Retrieved from
https://hdl.handle.net/1887/40283

Version: Not Applicable (or Unknown)

Licence agreement concerning inclusion of doctoral thesis in the
Institutional Repository of the University of Leiden

Downloaded from: https://hdl.handle.net/1887/40283

License:

Note: To cite this publication please use the final published version (if applicable).


https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/40283

Cover Page

The handle http://hdl.handle.net/1887/40283 holds various files of this Leiden University
dissertation.

Author: Hou, L.

Title: Photothermal studies of single molecules and gold nanoparticles : vapor
nanobubbles and conjugated polymers

Issue Date: 2016-06-14


https://openaccess.leidenuniv.nl/handle/1887/1
http://hdl.handle.net/1887/40283
https://openaccess.leidenuniv.nl/handle/1887/1�

Photothermal Studies of Single Molecules and
Gold Nanoparticles: Vapor Nanobubbles and
Conjugated Polymers






Photothermal Studies of Single Molecules and
Gold Nanoparticles: Vapor Nanobubbles and
Conjugated Polymers

PROEFSCHRIFT

ter verkrijging van
de graad van Doctor aan de Universiteit Leiden,
op gezag van de Rector Magnificus prof.mr. C. J. J. M. Stolker,
volgens besluit van het College voor Promoties
te verdedigen op dinsdag 14 juni 2016
klokke 10:00 uur

door

Lei HOU

geboren te Liaoning, China
in 1987



Promotor: Prof. dr. M. A. G. J. Orrit

Promotiecommissie:  Prof. dr. D. Lohse
Prof. dr. E Cichos
Prof. dr. E. ]J.]J. Groenen
Prof. dr. E. R. Eliel
Prof. dr. M. van Hecke
Prof. dr. T. Schmidt

Casimir PhD series, Delft-Leiden, 2016-15
ISBN 978-90-8593-257-4

(Universiteit Leiden)

(Universiteit Twente)
(Universitét Leipzig)

(Universiteit Leiden)
(Universiteit Leiden)
(Universiteit Leiden)
(Universiteit Leiden)

An electronic version of this thesis can be found at the Leiden University Repos-

itory: http://openaccess.Leidenuniv.nl/.

The work reported in this thesis was carried out at the 'Leids Instituut voor
Onderzoek in de Natuurkunde (LION)’. Financial support of China Scholarship

Council is kindly acknowledged.


http://openaccess.Leidenuniv.nl/

To my family

"...Iseem to have been only like a boy playing on the seashore, and diverting
myself in now and then finding a smoother pebble or a prettier shell than
ordinary, whilst the great ocean of truth lay all undiscovered before me."

— ISAAC NEWTON






Contents

1 Introduction 1
1.1 First-order and second-order phase transitions . . . . .. ... .. 1
1.2 Vapor nanobubbles and applications. . . . . ... ... ... ... 3
1.3 Theoretical models to describe vapor bubble physics. . . . . . . . 4
1.4 Methods to generate and probe vapor nanobubbles . . . . .. .. 6
1.5 Second-order phase transition and supercritical fluid . . ... .. 11
1.6 Gold nanoparticle as a nanoabsorber. . . . . .. ... ... .. .. 11
1.7 Conjugatedpolymers . . . . ... ... ... .. 12
1.8 Outlineofthisthesis. . . . . . ... ... ... ... ........ 12
2 Steady state of a vapor nanobubble in liquid around a continuously
laser-heated gold nanoparticle 15
2.1 Introduction . . .. ... ... ... ... .. 16
2.2 The boiling temperature T}, as a function of bubble radius . . . . . 16
2.3 Temperature profiles under different absorbed powers. . . . . . . 18
2.4 Linear variation analysis of bubble radius as a function of heating
POWEL . . . . o ittt et e e e e e e e e e e e 21
2.5 Photothermal signals with and without nanobubbles. . . . . . .. 22
2.6 Conclusions. . . . . . . .. ... e 23

3 Explosive formation and dynamics of vapor nanobubbles around a

continuously heated gold nanosphere 25
3.1 Introduction . . .. ... ... ... .. 26
3.2 Methods and experimental details . . . . . ... .......... 27
3.3 Photothermaldetection . . . . . ... ... ... .......... 29
3.4 Directprobedetection. . . . . . ... ... ... . ... 30
3.5 Estimation of bubblesize . . . . ... ... ... ... ... ..., 33
3.6 Echo-triggered explosions. . . . . .. ... ... ... ....... 34
3.7 Towards the stabilization of ananobubble. . . . . . ... ... .. 35
3.8 Conclusionsandoutlook . . .. ... ... ............. 37
3.9 Acknowledgments . . . . . .. ... ... .o 38

vii



Contents

4 Time-resolved study of vapor nanobubbles in water around a con-

tinuously laser-heated gold nanoparticle 39
4.1 Introduction . . . . . . .. ... ... e 40
4.2 Experimentaldetails. . . . ... ... ... ... ... ...... 41
4.3 Cooling kinetics and acoustic vibrations of a gold nanoparticle . . 42
4.4 Resultsanddiscussion. . . . . ... ... ... Lo 45
45 Conclusions. . . . . ... .. ..o 52

5 Enhanced photothermal contrast using near-critical xenon as trans-

ducing medium 53
5.1 Introduction . . . . . .. ... . ... 54
5.2 Evaluation of —0n/0T and enhancement factor in xenon. . . . . . 55
5.3 Experimentaldetails. . . . ... ... ... ............. 58
5.4 Resultsanddiscussion. . . ... ... ... ... .......... 60
5.5 Conclusions. . . . . . . . . . . ... e e 65

6 Simultaneous absorption and emission measurements of single con-

jugated polymers in near-critical xenon 67
6.1 Introduction . .. .. ... ... ... ... 68
6.2 Experimentaldetails. . . . ... ... .. ... ... ........ 69
6.3 Resultsanddiscussion. . . . .. ... ... ... ... ... ... 70
6.4 Conclusionsandoutlook . . ... ... ... ... ......... 77
6.5 Acknowledgments . . . . . .. ... .. ... ... ... 77
Bibliography 79
Appendices 93
A Thermodynamic and optical data of some common substances 95
B Scheme of the pressure system 97
C Comparison of calculated boiling temperature with experiments 99
D Energies involved in the vapor bubble growth 101
E Analysis of delay time between two successive explosions 105
F Triggering a second explosion by a sound wave 109
G Single-shot time trace of a persistent nanobubble 111
Summary 113
Samenvatting 117
Curriculum Vitae 121

viii



Contents

List of Publications 123

Acknowledgements 125






