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Aqueous Interfaces  
Life 
• 60 % of the human body: H2O 

 
• Structural and dynamical properties of 

water are essential for life   
 
• Change (molecular transport / conversion 

/ regulation) is mediated by aqueous  
interfaces 
 
 1 – 2 nm of water between 

macromolecules 
 

 Organelles: size 100 – 1000 nm 
 

 110000 µm2 interfacial area/cell 

Planet earth ? 
Planet water ! 

Essential interactions: 
Charge; Specific effects; 
Hydrophobicity 



In the year 2012 13627 original research articles 
were published in the domains of chemistry and 
physics with water in the title (Web of Science) 

Aqueous Interfaces 

interconnected 
fs / Å s / mm 

Charge transfer 
Quantum effects 

Cooperativity 

Challenges 

Example:  
D2O kills;  
H2O does not 

Macroscopic Molecular 

• How to separate bulk from surface 
• Molecular level information 
• Water structures on multiple length scales 
• Interfaces are often sub-micron & 3D  
• Few molecules are at the interface in total 
• (intrinsic) Contaminations / Purity  
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Aqueous Interfaces 

Interface specific 

X 
X 

X 
X 

Challenges 

P(2)
I = χ(2)

ijkEjEk 

Response 

χijk
(2) = 0  in isotropic 

(centrosymmetric) media 

Surface nonlinear 
optics  > 90’s: 
SHG: Second 
Harmonic Generation 
SFG: Sum Frequency 
Generation 

Oil/water : 1995 /2001 
Richmond lab 



100 nm (R) oil droplets in 
water (1-5 vol%) 

Parameters Small trough* Nanodroplets 
Liquid Volume (mL)  
Total surface area (cm2) 
Droplet radius (nm) 
Volume fraction of droplets (%) 
 Surface Coverage of X: 
• Purity: 99.5 % 
• Purity: 99.95 % 
• Purity: 99.995 % 
• Purity: 99.9995 % 

18 
150 
- 
- 
 
> 100 % (540) 
36 % 
3.6 % 
0.36 % 

4 
11936 
100 
4 
 
1 % 
0.1 % 
0.01 % 
0.001 %  

ahttp://www.ksvnima.com/products/langmuir-and-langmuir-blodgett-troughs#TechSpec 

Aqueous Interfaces 

Suppose: every intrinsic contamination/impurity molecule X 
adsorbs on the surface. For what purity are surface experiments 
bullet proof (use 1 mM) ??  < 1 % 

> 1 % 

Surface nonlinear 
optics  > 90’s: 

Coverage 

SHG: Second 
Harmonic Generation 
SFG: Sum Frequency 
Generation 



Research Strategy 
Improve system & create better technology: 
 
• Develop nanodroplet platform 
• Develop Nonlinear Light Scattering to probe droplet interfaces  probe 

multiple length scales simultaneously*   
• Develop models to extract multi-length scale information  
• Extend spectral region 

12000 cm2  

*Review: Annu Rev. Phys. Chem (2012), 63, 353–378 



Technological Achievements 

! 
Method & Theory Development 
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Aqueous Interfaces 
 
• Charge Asymmetry of Water1 ? 
• Aqueous Amphiphilic interfaces 

(capture essentials of biochemical 
interactions)2  

• Hydrophobicity3 ? 

12000 cm2  

1Angew. Chem. Int. Ed. 53, 2014, 9560 
2J. Am. Chem. Soc, 2011, 133, 10204; Angew. Chem. Int. Ed. 51, 2012, 12938; CPL Frontiers, (2014), 615, 124 
3JACS 132, (2010), 2122;JPCB 115, (2011), 2970; JCPB 116, (2012), 11936;  JACS 135, (2013), 19330; JACS 136, (2014), 2040 



MINE 

Charged Amphiphiles 

JACS 132, (2010), 2122;JPCB 115, (2011), 2970;  
JCPB 116, (2012), 11936; JACS 135, (2013), 19330; 

JACS 136, (2014), 2040 

• Charged surfactants form dilute layers  
• Specific ion effects and charge sign are very important   
• Cations are more hydrophobic 
• Surface structure, hydration is different (and concentration dependent) 
• Stabilizing mechanisms are possibly very different 

? 



WII 

http://www.tumblr.com/tagged/action
%20potential 

fs / Å s / mm 

Aqueous Systems on Multiple Length Scales 

Bulk aqueous solutions Interfacial water Living systems 
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My Choices 



My Choices 
   

  
     

  
   

  
  Physics, BSc + MSc; highest hons (1997 - 2000) 

Chemistry, BSc + MSc; highest hons (1995 - 2000) 
 
Motivation: curiosity driven, talent to solve 
problems / abstract thinking etc. 
Masters work (combined) @ AMOLF, AW Kleyn 

VWO in Utrecht (Atheneum de Munnik)  

PhD research (FOM) 
Topic: Laser Spectroscopy @ 
surfaces, M Bonn, AW Kleyn 
Motivation: Optics = Lego, kind of 



2005: Post-Doc stipend (bring in own money) 

2005: Independent Group Leader of a  Max-Plank 
Floating Research Group 
 
My proposal gets selected: 4 out of 300 candidates 
are awarded a position 

Then what ??? 

My Choices 



2005-2008: 
Setup Lab 
Publish papers 
Get Prizes 
 
But … Where is the FUN? 
 
Going abroad: different 
Enhances adaptation ability 
Development of personal skills 

Team leading 
 Goal oriented (determine the goal first!) 
 Identify issues before they occur 
 Create a team rather than a set of individuals 
 

Achieve more with less (coherent amplification) 

My Choices 

MINE 



EPFL: Julia Jacobi chair in photomedicine;  
Laboratory for fundamental BioPhotonics 
http://lbp.epfl.ch/ 
 
• Dynamic atmosphere 
• Diverse staff; young institute 
• A lot of collaborations 
• Good students, international  
 
Infrastructure with many user facilities 

Opportunity 

My Choices 

WII 

http://lbp.epfl.ch/
http://lbp.epfl.ch/


Things to Ponder 

• Life 
• Scientific Reality 
• 3 Studies 



Problems are mental creations ….. Situations are real 
 
If things go ‘wrong’, there are three possible reactions: 
 
1. Change the situation 
2. Change yourself 
3. Accept the situation and live with it 
 
 
… 80 million Germans are not going to change because I want 
them to. 

Some Thoughts 



Scientific Reality 



 
Groups nearly always operate in a discriminative 
manner – after all the unique abilities / characteristics 
that define a group are seen as unique and they have to 
be maintained. 
 
• Scientists are NOT objective 

 
• Perception is crucial and NOT objective 

Some Thoughts 



Three Studies 



Huffington post 2014, http://www.huffingtonpost.com/2014/11/17/tv-anchor-same-suit-
sexism_n_6170900.html 



Karl Stevanovic “No one has noticed; no one gives a shit. 
But women (e.g. colleague anchor Lisa Wilkinson), they wear 
the wrong color and they get pulled up. They say the wrong 
thing and there's thousands of tweets written about them. 
Women are judged much more harshly and keenly for 
what they do, what they say and what they wear. 
I've worn the same suit on air for a year –- except for a 
couple of times because of circumstance –- to make a point. 
I'm judged on my interviews, my appalling sense of 
humour – on how I do my job, basically. Whereas women 
are quite often judged on what they're wearing or how their 
hair is ... that's [what I wanted to test].” 

Huffington post 2014, http://www.huffingtonpost.com/2014/11/17/tv-anchor-same-suit-
sexism_n_6170900.html 





Science faculty (n=127) from research-intensive universities rated the application 
materials of a student—who was randomly assigned either a male or female name—for 
a laboratory manager position. 

PNAS, (2012), 109, 16474–16479 
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Science faculty (n=127) from research-intensive universities rated the application 
materials of a student—who was randomly assigned either a male or female name—for 
a laboratory manager position. 

• A female student was less likely to be hired because she 
was viewed as less competent. 
 

• Male and female faculty were equally biased. 

PNAS, (2012), 109, 16474–16479 
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