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®
charge (O.)

o Sllica surfaces : various protonation-hydrophilicity
o Surface charge : pH dependent
o Punctual surface charges



-1,69A M* = Li* / Na*/ K* ou Cs*
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PMF :
Potential of Mean Force

Biased simulations
WHAM [l (Weighted Histogram
Analysis Method)

A. Grossfield, « Implementation
of WHAM : the Weighted
Histogram Analysis Method »
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o The punctual charge on the surface favors
small cations adsorption

o In contrats, big cation bind to neutral surface

o We need association constants (next slide)

— 3.8 OH.nm™

1—7.3 OH.nm™



\Asvsociation constants
reviersalgofaselectivityswith*pH
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Experimental data :
Morag, J.; Dishon, M.; Sivan, U. Langmuir 2013, 29, 6317-6322.



Electrokinetics : etymology

To perform Electrokinetics, you need :

Solvent with Solid
electrolytes

Today: electroosmosis:
source Is electric field
effect is fluid velocity — aetss
AL
(
Water and ions confined in a silica slot o rrym Z

under an electric field.
What would we like to know ?
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L. Layer; P: Plane

- * Jlonsin the = IHL + OHL
© 2005 IUPAC, PureandApplllecllC/lveriust.ry:Z.17?3—.18(35I i : Charge free, SpeCifiC bondsc:D
Shear plane . non-specific bonds (Coulomb)

Electric Potential / arb. unit
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= double layer

Dista/r%e to surface / arb. unit
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DYNAMIC DESCRIPTIONS

« Shear (or Slip) Plane: position dg, (=d(OHP))
- Stagnant layer (SL) « no hydrodynamic flows can develop »
* but SL can «still be electrically conducting»

« ( Potential at the Shear Plane 9



Miipimaal tools electrokinetics

Some Differential Equations for EK :

[ 1 q4q

C:

Av:p(Z)E 4 1e ey 7“_) )

U EF=-VUq

Navier-Stokes Coulomb

Poisson Boltzmann

10



Blasic equations for planar interfaces

Boltzmann
Gouy-Chapman
4kgT B qC
wGC(Z) = ;3 tanh ! (taﬂh (4kBT) exp(—/fz))
Poisson
Smoluchowski
€o €y
Ufluid\#) = —U(z)) E
Navier-Stokes flu ( ) n (C @D( ))
€n €
Veo =— ) TC E

Y
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Bikerman : excess surface
luctiviity the

Gouy-Chapman

Migration Bikerman Convection

Smoluchowski

12
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SIUKTeE

Silica surface built from: Result:

* Monte Carlo process, « Defect Free surface
* BKS potential * Tunable hydrophilicity
« Addition of silanols » Perfect Si-O distances

Effective charges

Atoms L G o

Potential
How lon Condensation Occurs at a Charged Surface: A Molecular

+0. = + -1. + . C e
0 0.5 1 2| e 2 Dynamics Investigation of the Stern Layer for Water—Silica Interfaces
Sarah Hocine,T Remco Hartkamp,m’” Bertrand Siboulet, Magali Duvail," Benoit Coasne,m‘H
Pierre Turq,# and Jean-Francois Dufréche®""
J. Phys. Chem. C 2016, 120, 963-973
1 +0.5 -1 42 -1 2 e
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Potential Mean Force

l P(2) o exp(—BVMM)

- 2,8 nm

Oxygen—Cation Distance / nm
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Solvent Separated lon Pair (SSIP)

v PMF:
? Flor SBI ? Simple definition of bonds

7,

(G Distant ions

f\— U

Free lons (FI)

- o
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r ’-\‘ ,"@Am

Contact lon Pair (CIP)
% sk
Surface Bonded lons (SBI) 2

BV
|

00 02 04 06 08 1.0
Oxygen—Cation Distance / nm
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SBI /_

5 — - . . .
- % “ . { Distance criteria: very
= . = ] selective . Is it operative for:
. : ﬁ:: gf‘_ i - 1) Electroosmosis ?
- : == SSIP and distant Cs* s 2 2) Surface conduction ?
= 3 - === SS|P and distant CI~ : s _-
— = ===:Distant Cs" HE ;
8 = -==+Distant CI” |
Z = B I
5 2 HE S
Q == - E :
1 =l T
0—3 -2 -1 0

Position / nm
lon densities with surface distance criteria

16




:NS + GC potential
: —NS + MD free ions distribution
v o6
10 = =
® ) (b) 2 o4
= = \NVater density S
G 05 a—>, 0.2f
o 8
= [oXo] JLLLLLLTIT] [ --------- -
00 [l [l [l [l [l _0.2k
-3 -2 -1 0 1 2 3
.- [Fy| SFEFEFEFE EFEPEPEPE IPEPEEPE I AP EPEPEErE B
Position / nm -3 -2 -1 0 1 2 3

Position / nm

« No shear plane in solvent

* (-potential from MD on FI or from Gouy-Chapman
« No space dependent viscosity or permittivity

OHP does not appear: included in FI
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nuous description valic

—Cs" via y from Free lons (FI)

Smoothing from roughness

o —Z{ ....CI” via y from Free lons (FI) Z] !
= === ree Cs*: MD |
g === Free ClI™ :id.
= — Cs*: Poisson—Boltzmann (=GC) ,(p( )
5 1 -==:Cl” :id. q; <
8 CZ(Z> = CO eEXp | ————
°© ]CB T
S
O
0

DR R A AR Cos+(2) Cor-(2)
e A q(z) q(2)

o
c 1
© Product on Free lon concentrations —C N7 C’ R S
. — ! " ’ =Cogexp | — o€xXp | +
ga Cs*and Cl kg1 kgl

0 i

. © | =C7 if Boltzmann’s law is met
>
E o l kB T Cz (Z )
s === : Boltzmann's Eq. on MD Cs* w (Z) — — In

=== . Boltzmann's Eq. on MD CI~ . O
_a0fk —: Poisson Eg. on MD Cs* and CI~ o q" 0
-3 -2 —ll (l) ;. 2 3

Position / nm
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Integrated flux

Concentration

3 -
= All Cs* flux (MD) (@)
=== All CI™ flux (MD)
2- -
1- _Zg Zé’ -
0
1 " PR EPEPEEE B B
1 ==ttt
uAll Cs*integrated flux (MD) (b)
+ «==: All CI™ integrated flux (MD) cervuemaTarrae
“‘.Il“
ot
II"“‘
“"‘
c“““
“l“ gutps¥asvhgnmmunnnnnngy

=== | Cs*™ concentration (MD)
===F| C|~ concentration (MD)

Position / nm

Conductivity:
charges moving

J=(2) = CF(2) v™=(2)

FI contribution
very small here

1 /right
kE left

Which ions
need to
be included

for conductivity
?

(JF(2) + J7(2)) dz

19




— Excluding bonded Cs™
vniidermn minus solvent separated Cs*

e All CI™
—2;] — Excluding bonded CI

wnnijdermn minus solvent separated Cl™

1.00
FEIEEEEEENENER
0.75
0.50

0.25

Integrated electric flux / arb. unit

0.00

[ ] [ ] [ ] [ ] I [ ] [ ] [ ] [ ] I [ ] [ ] [ ] [ ] I [ ] [ ] [ ] [ ] “ [ ] [ ] [ ] [ ] d
-3 -2 -1 0 1 2 3
Position / nm

Free lons contribute / Bonded ions do not
OHP included in FI (again) 20




Surface conductivity an excess term:
the observed conductivity
minus
the bulk conductivity for the same width

Hypothesis:
constant permittivity
constant viscosity
constant mobility




Hydiiedynamic reduction of mobility ?(1

)

Diffusion in pores and its dependence on boundary

conditions
J. Phys.: Condens. Matter 17 (2005) S4075-S4090
A Saugey', L Joly?, C Ybert?, J L Barrat’ and L Bocquet” g
'l""l'.'"l'.""l""l""l ""l""l""l""l""l
—CS: relative mobility (MD) @ ° === C|" relative mobility (MD) @) °
..--CS+ bqu_reIatlve_moblllty (MD) ] «++:Cl™ bulk relative mobility (MD) :
1.5 »==Cs" relative mobility (HM) . 15 = = =Cl™ relative mobility (HM) "
zZ
El.o ARERREREERRRERRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRE é’ L
E WU EEEEEEREN
o
=
0.5

0.0
'] '] '] '] '] [ 2 0B o 2 . 2 0 . . . . 0 . . . . 1
3 v . . " T v b . ) . .
= Cs™ free ion relative density (MD) ) === C|~ free ion relative density (MD) (b)
2 2
= D - .
c c 1F "
[} __ )
I 0 I I I 'l n
0 1 2 3 -3 -2 -1 0 1 2 3
Position / nm Position / nm



Estimating the impact of mobility reduction:
Adding a numerical reduction on Bikerman’s formula

Limit of Bikerman’s

-_ ,A“’ ), ,.1" ,l' ,.' ¥ __3:;‘?‘» ,‘s““'v’:“ -;1 “, ;. Wil . e "‘ Y ' i f [ ] d L ]
MmsnEneesnrssasEER  formula validity
T 2 o ‘,gaw-’%‘:"’?@?h“ﬁ‘% DRy W:J}"* 3
® e e Beg LU SRA0 59 o7 ey o
3 R N L SR "*-":c'»%’:~f‘?<'ki~v N
FI_I_I_I_I_I_I_I_I_I_I_I_I_I_I_I_I_I_I_I_I_I_I_I_I_I_I_I_Iﬂ rJ]rrro 1 rr]rrr1
sk == Cs* flux with constant mobility - === Bikerman fcifinula
' +:Cs* flux with reduced mobility ] 4 «=:Formula with reduced mobility
[ === C|™ flux with constant mobility ] [ -e- MD surface €onductivity
Ay »»:CI™ flux with reduced mobility " %) -
: === Mobility reduction for Cs*and CI~ 1 s 2F
= —Z z ] >
5 71 2
2 ] s
8 {1 ¢
x h o
: ]
3 1 ¢
1 o)
= €
b >
1 7
i 1 L, L, l I ]
~3 -2 -1 0 1 2 3
Position / nm —Log(Co / mol/L)

No Dynamic Stern Layer
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pYlength_and extra surface conductivty

Where is the non Bikerman missing conductivity ?

o

n
o =—0.05C.m "and§ = 0.1nm — Ky, = 0.34nS

Typical Minimal Experimental
slip length

Kslz’p —

Streaming Potentials and Conductivities of Latex Plugs
in Indifferent Electrolytes

Marcel Minor,' Ab J. van der Linde, and Johannes Lyklema
Department of Physical and Colloid Chemistry, Wageningen Agricultural University, Dreijenplein 6, 6703 HB Wageningen, The Netherlands
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Electric Potential / arb. unit

1.75l T T T T |

or Gouy—Chapman layer

Distance to surface / arb. unit

Simple description:

Classical profiles can be met with
« NO VARYING PERMITTIVITY
« NO VARYING VISCOSITY
 VARYING MOBILITY

Conclusions

ShezIr plane 3 S I m p I e r
OHL ] description

Diffuse layer (DFL) ] |

L] I L] L] L] L] I L] L] L] L] I L] L] L] L] I L] L] L] L]
{—position

1.75

1.50
1.25

1.00
FI

0.75 with varying mobility

0.50

Electric Potential / arb. unit

0.25

00

0' I I I I I I I
. 0 1 2 3 4 5
We f|nd Distance to surface / arb. unit

No stagnant layer
No Dynamic Stern Layer
No OHP

Free ions conduct, SBI do not
Limits to Bikerman’s

(1111
=== Al Cs*
sum All CI”
=== Non bonded Cs”
=== Non bonded CI~

e LN

Scrutinizing electro-osmosis and surface conductivity with MD,
Siboulet, Hocine, Hartkamp, Dufreche, JPCC 2017 o5
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