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Water and solvation 



What’s wrong with water? 

•  It’s a liquid! (need long ab-initio md) 
•  Even its structure is challenging in DFT 
•  At what temperature does it melt/freeze? 
•  What is its dielectric constant? 
•  H is light – tunnelling, Bose-Einstein stats 
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Generalized Poisson equation: 
from multigrid to iterative 



Polarization charges 
Two contributions 



Which dielectric function? 

" Extrema: 1,ε0 
ε(ρ) 

ε
 ο

1 

Δρ 
{ 

"   Flat in the 
solute 

"   Flat in the bulk 
dielectric 

"   Smooth 



Avoid numerical 
instabilities 

"   Smooth piece-wise 
definition 

"   But: Electronic 
density decays 
exponentially  

"   Polarization charge 
is a function of the 
gradient of the 
logarithm of epsilon 



Parameter fitting 

"   Cavity 
parameters to 
reproduce 
electrostatic 
solvation energy 
of PCM 

"   Non-electrostatic 
parameters to 
reproduce total 
solvation free 
energies 



Accurate (1.2 kcal/mol error 
on 240 solvation energies) 



Even better for 
charged systems 

"   Excellent results 
for cations (MAE 
~2.2 kcal/mol) 

"   Very good results 
for anion, with 
reparametrization 
(MAE ~4.7 kcal/
mol) 



Multiscale  
electrochemical  

model 
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Application: Stark tuning 
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Surface charge Capacitance 
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Vibrational frequency 



Application: 
Equilibrium shapes of 

nanoparticles (potential, pH) 
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Haq+ + e-          H* 

Haq+ + e-         1/2 H2 (g) 

1/2 H2 (g)       H* 
(at equilibrium for the RHE) 
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At a potential U measured  
with respect to RHE: 

ΔGtot = eU + ΔG(θ) + kT ln (θ/(1-θ)) 

ΔG(θ) = ΔE + ZPE + 0.20eV  
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Standard vs reference hydrogen electrode 
 

ΦRHE = ΦSHE + kT ln [H+] = ΦSHE – 0.059 X pH  

Assumption from expts:  
PZC at 0 pH is 0.3V/RHE  

At any other pH the charge on the surface is 
 

σ = – 0.059 X pH X cdl 
Assumption from expts:  

Cdl = 40 μF/cm2 
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Pt(100) 

Pt(111), pH=13 

Pt(111), pH=1 



B+#4&"*$#(-F'*+:&#(>*&#/.-+(,'(57$"*?#/(4*,#"-?#(



o7$"*?#/($#>*'%.*/(4:",#'K(pP)>oL60qZ(



T:+n(4*/'&":4.*/L(/-/*>-".4+#('5->#(

GV(9*//#&(-/$(GV(@-"S-"%L(=57'V(_#,V(D#AV()YZab0(



!'o3<[K(N%/#.4'(*8(-('*+%$J-4%$(8:#+J4#++(#+#4&"*+7&#(

Haile et al., Nature 410, 910 (2001) 
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* e.g., Merinov et al. (1987), Belushkin et al. (1991), Zetterström (1999) 

OH!!!O O!!!HO 

V(r) 

Proton hopping SO4 rotation 

Two independent processes 

? 
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•  Frequent (every 1.1 – 1.7 ps!) 

•  High (85%) reversal rate 
OH!!!O O!!!HO 

V(r) 
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Bond autocorrelation 
function : 

? 

Time 0 

Time t 
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? 

•  Frequent (every 0.25 – 1.0 ps!) 

•  ~40% reversal rate 
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Hydrogen-bond dynamics 

Chemical-bond dynamics 
Proposed This work 

109 s -1 1012 s -1 

1011 s -1 1012 s -1 

(limited by reversal 
to 1011 s -1)* 

? 

* cf. Hayashi & Mizuno, Solid State Ion. 171, 289 (2004) 
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Hydrogen-bond dynamics 

Chemical-bond dynamics 

SO4 controls attempt 
frequency 

SO4 controls reversal 
rate 

No significant CsHSO4 / CsDSO4 isotope effect* 

* e.g., Sinitsyn et al., JETP 73, 386 (1991); Kreuer, Chem. Mat. 8, 610 (1996) 
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CsHSO4: 

! New picture of hydrogen bond 
dynamics 

! SO4 rotation controls attempt 
frequency of chemical bond dynamics 
and reversal rate of hydrogen bond 
dynamics  

! SO4 rotation (not chemical bond 
dynamics!) is rate limiting 

! Topological analysis shows chains 
increase jump likelihood 

B. Wood and N. Marzari, Phys. Rev. B 76, 134301 (2007) 
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1.    Rotation of AlH4 
tetrahedra at surface 

2.    Expansion along c 
lattice parameter 

3.    Shear of surface 
planes 
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c 

(001) Surface 
slab @ 275K 



=5*/*/'(%/(sJG-;+o[(



=5*/*/'(%/(tJG-;+o[(



]$"%,#/(F7(-('*l#/%/?(*8(&5#("*&-.*/-+(2*$#'(



-NaAlH4 

-NaAlH4 

H5#(/#M(>5-'#(5-'(&5#('-2#('&":4&:"#(*8(sJG-b;+od(u(

-Na3AlH6 

10% 
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•  Yukawa et al., J. Alloys Comp. 
446&447, 242 (2007): 

•  Stable at room T 
•   Intact AlH4 units with little 
constraint from lattice 
•   Appearance of new vibrational 
peak at 1800 cm-1 

•  Anton, J. Alloys Comp. 356&357, 400 
(2003): 

•   Ball milling improves kinetics 
without catalyst 
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Thank you for listening! 


