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Water-solid interfaces are 
ubiquitous 
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Major gaps in 
understanding at the 
molecular level 
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Water nano-droplets on free-
standing graphene 
•  Empirical potentials (T1P4P/2005 

(water); Dreiding (carbon); 
Lennard Jones fitted to Quantum 
Monte Carlo (QMC)* for water-
carbon 

•  50+ ns trajectories at room temp. 

•  Droplets in the 2 nm (~100 waters) 
to 17 nm (~30,000 waters) 

*Ma et al PRB 84, 003402 (2011) 
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Water droplets – surfing the waves 

Calculations: Ming Ma 
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Fast, size dependent diffusion 

Calculations: Ming Ma 
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To surf or not to surf? Controllable 
diffusion 

Calculations: Ming Ma 



H2O/G 

8!10-3 cm2/s  

To surf or not to surf? Controllable 
diffusion 

Calculations: Ming Ma 



H2O/G C60/G 

8!10-3 cm2/s  5!10-3 cm2/s  

To surf or not to surf? Controllable 
diffusion 

Calculations: Ming Ma 



H2O/G C60/G H2O/G-strain 

8!10-3 cm2/s  5!10-3 cm2/s  5!10-3 cm2/s  

To surf or not to surf? Controllable 
diffusion 

Calculations: Ming Ma 



  
aVandeVondele et al., Comp. Phys. Comm. 167, 103 (2005)  

 
 
 
 
 
 
 
 
 
 
 
 
 

•  Quickstep – CP2K codea  

•  1 – 2 nm liquid water films (100-400 
water molecules) on solid slabs 

•  TiO2 [PRB 82, 161415(R) (2010)] 

•  NaCl [JACS 130, 8572 (2008); JCP 
130, 234702 (2009); PCCP 13, 13162 
(2011)] 

•  ZnO [JPC Lett. 5, 474 (2014)] 

•  Graphene, BN [Nano Lett 14, 6872 
(2014)] 

Water/solid interfaces with ab initio MD 

Generic Questions on model systems: 
 

•  How does the structure and dynamics 
change upon going beyond the first 
monolayer? 

•  How does water structure (wetting) 
relate to friction? 

•  How does the solvent alter the level 
of dissociation? 

•  What role does the solvent play in 
chemistry, e.g. dissolution? 
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Tocci, Joly, Michaelides, Nano Lett 14, 6872 (2014) 
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Conclusions 

Free 
game on 
iTunes 
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