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Water ions mobility

EEEET
Ab initio MD:
2 kJ/mol D.Marx,
- SO el M.E.Tuckermann,
J.Hutter,
|—|+ M.Parrinello, Nature
397 (1999) 601

Mechanism of structural diffusion with
effective charge transport (proton transfer)

*Breaking of an HB, reorientation of one or
more water molecules, re-forming of an HB
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OH- : two schools of thought o @

Proton hole transfer @ ,

 Derived through symmetry
arguments from the H* case ' ‘

 from the structural point of view
Implies the presence of three water

e
molecules around OH- '~
J.J.Novoa et al., J.Phys.Chem. A 101 (1997) 7842-7853 6 'q".

N.Agmon, Chem.Phys.Lett. 319 (2000) 247-252
— @ ©
Pre-solvation rule .‘

from the structural point of view
implies the presence of four water



Neutron Diffraction with Isotopic

= Substitution
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2 | Incident scattering length: | 0.05 - 4.5 A
B+ Q range: 0.05- 50 A
Moderator: Liquid methane at 110K

Incident flight path: 11m
Final flight path: 0.75-4.0m B
Detectors: 1070 ZnS
Angular range: 3.8° - 39°
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*In the static approximation

S@= [ Sge)de =1+ [ esplia-nlgtr) - 1l

* For a multi-component system




* H/D Isotopic Fr,0(q) Zb%  2cxbxepbu  cibi Sxx

Substitution Fp,o(a) | = | cxbx  2cxbxepbp  cpbp Sxu
B sin 1) cikb% 2cxbxCmixbmix cAb3 SHH
 Based on the -
assumption that 1A
1 4 XX

the structure MR o - R
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doesn’t change
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The Empirical Potential Structure Refinement

v
CONSTRAINTS:

*Density

eIntramolecular
structure

Uref — Ufntra _I_ Ufnte-r




The Empirical Potential Structure Refinement

A 4

ttructure factors calculation ‘

Y (Q) “‘1};(@) SE(Q)

v

CONSTRAINTS: Differ_ence between calculated and
experimental structure factors

*Density . E
AS,p = STE — S

eIntramolecular
structure
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The Empirical Potential Structure Refinement

4.3 atoms
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Hydroxyl ion solvation shell 8 d |
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Debye-Huckel-Stokes of a
lon in a continuous medium
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What happens to

the solvent? _
region A
Gurney and Franck
model for the ion- ‘ region B

solvent interaction
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Water —\Water correlations

LIOH 1:12 - *The same effect can be seen in
pure water under external
pressure

*Breaking of HBonds
sLower viscosity

oIt's the combined effect of
lower water viscosity and
looser bond with surrounding
water molecules which can
explain the K+ higher mobility
with respect to smaller ions.

lonic radius




lon channel

lonic channels
through the cell

membrane:
e K+/Na+ or size
selectivity
Cell membrane Cell membrane mEChanlsm

INustration: Typoform

The nano-probl
scientist:

-Liquids and gases under
confined geometry v

-Convolution of correlations at
different lenghtscales, from
Small to “Wide” angle
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Hydroxyl ion solvation shell k

In full agreement with (newer) ab-
Initio simulations

In presence of counter-ion and with
concentration dependence

D.Marx, M.E.Tuckermann,
J.Hutter, M.Parrinello, Nature
M.Parrinello, Nature 417 (2002)
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397 (1999) 601; D.Marx,
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