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% motivation previous work studied systems

MOTIVATION

Thermophoresis

> Motion of solute particles induced by thermal gradient. w weight fraction
p mass density
. . j flux
j=—-pDVw —w(1 —w)pD;VT T temperature

At stationary state,
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Vorführender
Präsentationsnotizen
Second term is the flux along the temp gradient characterized by DT aand first term is the Fickian diffusion along the conecntration gradient charactersied by D

I replaced the vectors with the concentration and temperature difference. It is not possible to divide a vector by a vector, you have to take the magnitude of the vector, but this is also not straight forward because somehow you need also the information, whether the concentration increases or decrease with increasing temperature.


D studied systems results summary & outlook

THERMOPHORESIS OF SALT SYSTEMS

_____lon | Radius (i)

Li* 0.74
Na* 1.02
K* 1.38

|- 2.2

R. Heyrovsa, Chem. Phys. Lett., 163(1989), 207 g ’ JULICH
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So we have chosen iodide system for our study where we vary the cationic radius 
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CONCENTRATION DEPENDENCE OF S;

Temp = 25°C
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St shows a minimum with concentration for
all the studied systems
Below the minimum, we observe linear

behaviour

What is the reason for this minimum?

lJ JULICH

Forschungszentrum

Page 4


Vorführender
Präsentationsnotizen
At all tempera
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CAN WE MAP TO LJ FOR DILUTED SOLUTIONS’?

Experimental results: 2f gi 135-_ Simulation results:
T T T T T - Tr i
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Artola et al., Phys Rev Lett 98, 2007, 125901 JULICH
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SO now our question can we map our experimental results into LJ in the diluted concentration to somwhoe find an explanation for this behavior.So what we see here is at llow concn, <0.02 mole fraction the behavior is similar to LJ mixtures. But the diference here is the study of LJ mixtures spans over a wide range of x whereas this is not our case


» studied systems results summary & outlook

WHAT IS THE REASON FOR THIS MINIMUM?

Structure of water near the salt molecule is different from bulk water

Bulk water * At low concentrations, salt molecules are

surrounded by immobilized and

Perturbed water
molecules

perturbated water

« With increasing concentration the

perturbated water layers start to touch

- + Up to this point we assume that S;
Immobilized water

molecules close to Show the salt pairs
the solute

& p JULICH
Member of the Helmholtz Association Page 6 J Forschungszentrum

decays monotonously


Vorführender
Präsentationsnotizen
Now the question is how does the salt influence the structure of water. There are several studies before which points out the perturbation of water around salt molecules. This means that there are certain water molecules which are around the salt that ae strongly bound. This is different from the structure of bulk water.  There are sevral layers of perturbed water molecules between these two which gradually adjust the structure from strongly bound to bulk. Now this is the scenatrio at low conc. Once concentrations increase it is reasonable to assume that the pertutbed water layers start to touch. Therefore, we expect that upto this conc where the spheres touch there is a monotonous decrease and then the behavior will change.


»  studied systems results summary & outlook acknowledgement

CHANGE WITH CONCENTRATION

00

concentration at minimum high conc

» Perturbed water molecules start to touch at minimum and overlap beyond minimum

& p JULICH
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So this is what we think happens to the hydration layer when concentration changes. . So we have to see how ss changes when the spheres overlap. There is a bare interaction which forms the first part of the equation. Since there isn overlap between the sphere we have to substract this overlap volume volume between two salt particles.
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HYPOTHESIS: RANDOM CLOSE PACKING AT THE MINIMUM

What is the Radius of the hydrated salt molecules?

®random close packing = 0.64

(Drandom close packing _— Molarity(@min) % NA ” Vhydrated salt
Probability of affected OH

Rhydrated salt _ 6.3 A 0;‘
0.8 ‘
Hydration layer thickness ~ 4.1A 07
0.6
§ 0.5 |
0.4
RHS =2x*R 0.3
0.2
i ~4.25 A
G. D. Scott and D. M. Kilgour, J. Phys. D 2, 863 (1969). 0° — N
P. D. Mitev, W. J. Briels, and K. Hermansson, J. Phys. Chem. B g 4 5 6 K

ry [A]
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Präsentationsnotizen
We thus assume there is random close packing at the minimum. This gives us with the ifnromation that radius of sphere which includes salt with perturbed water molecules to be 6.3 A0. Substracting the radius of salt we fine hydration alyer thickness to be 4.1 A0. This matches with a recent sudy of CO2, where trhe thickness of the hdyration layer is found to be 4.25 0.


»  studied systems results summary & outlook

LET'S FOCUS ON DILUTED SOLUTIONS
Molecular dynamic simulations of LJ mixtures

Salt with first layer of water molecules bound (LJ, particle)

LJ, salt

Co-ordination number, Z=5!
(Z+1)m
my +m

mole fraction;;(salt) =

my- No of moles of water
LJ, water

@) JULICH
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When one salt molecule is dissolved in water, lot of energy isa released. So one salt molecules with Z water molecules is considered to be on LJs particles. One Ljw particle is Z+1 water molecules. This gives us mole fraction in Lj for as aobe.
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INTERACTION MODEL

Three interactions:

+ Salt-salt (¢, > Changes with concentration of salt solution
« Salt-water (g,) We assume these to be constant as function of
- concentration
» Water-water(e,,,) | 4
o(r)
How does a salt molecule & R
interact with water? R, r
t: [ X J
— lJ JULICH
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When a salt molecule is dissolves in water, teher are three inetractions . We assumes sw and ww doesn’t change and ss changes with concentration.


»  studied systems results summary & outlook acknowledgement

INTERACTION MODEL

) OO

CO concentration at minimum high conc

» Perturbed water molecules start to touch at minimum and overlap beyond minimum

e Salt-salt contribution to the energy of the system is;

N o 12 o 6 Ng 1

Freet = ) eé’sare[(—) —(—) |- ) kg HE(3 — Hy)
— Tij Tij e
I<j 1<Jj

& ) JULICH
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So this is what we think happens to the hydration layer when concentration changes. . So we have to see how ss changes when the spheres overlap. There is a bare interaction which forms the first part of the equation. Since there isn overlap between the sphere we have to substract this overlap volume volume between two salt particles.


@ studied systems results summary & outlook

MAPPING OUR SYSTEM TO SIMULATIONS

Ng 12
real _ bare o 2
Experiment: Ess™ = z Ess <r_> < ) z K- Hij(3 — Hjj)
1<j Y i1<j
_ _ N . 5 12 5 6
Simulation: Egseal _ z gSeSffectwe [(_> _ (_) ]
i<j i i

lJ JULICH
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So what we have is a LJ simulationa nd when  then have to map our potentional into this LJ simulation.
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MAPPING OUR SYSTEM TO SIMULATIONS

Data by Artola and Rousseau is summarized as;

1
St = =170 k(M) = 1]]x — 2 (M)]

k(M) and xy,(M) in our case depends on concentration since ¢, changes with
concentration

& p JULICH
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We then write 1/psi in terms of averaged value H an data by Artola is summarized with the following equation. One thing whihc is different from them for us is that k(M) and x0(M) are not constants and vary with concentration since 1/psi varies.


PROCEDURE

For concentrations
beyond minimum, Calculate k and x,
calculate H as a as a function of
function of concentration
concentration

Fit data below
minimum and Calculate S; beyond

minimum

obtain kPare gnd
X bare
0

lJ JULICH
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This is the strategy we followed. Where we have a monotonous decrease of ST with conc, we fit th data t obatein kbare and x0bare. Beyong the minimum we calculate H and 1/psi as a function of concetration. This will gives us k and xo as a function of concentration. 


@ studied systems results summary & outlook

LET'S FOCUS ON DILUTED SOLUTIONS

4r A
(2)@ A 4 _. 0.5:- T'em'p=|25‘;c """"""" ]
L = 0.4:-
22 . ‘ § 03
& ol @ i & Nl >>>>>> "Ll
N | mne
'2; L 2 * L L 4 > _ QL?KI :
4 \O ; 00 02 04 06 08 10
0.00 002 004 o. | g™
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1.	M. F. Kropman, H.-K. Nienhuys, and H. J. Bakker, Phys. Rev. Lett. 88, 77601 (2002).
Li

This indicated hydrodynamic radii of the anions of 0.213 nm for Cl−, 0.237 nm for Br–, but only 0.205 nm for iodide (smaller than the crystal ionic radius, 220 nm!)
nk: Now I would like to present my first results:


.

RESULTS

''''''''''''' T T T T
4 H--—--Fit with approximation A
| | —— Fit without approximation

0 1 2 3 4
molality / mol/kg
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Kl
6 —— fit without A 15°C A
| approximation A 25°C
fit with A 35°C A
‘Tx 4 Lapproximation A 45°C A -
? A A
o
— 2l A |
~~
nl A
n A
Ot i
_2 . L . L . L . L

0 1 2 3 4
molality / mol/kg

Proposed theory deviates at higher concentrations
At higher concentrations, there are chances of

cluster formation, which are not covered in our
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1.	M. F. Kropman, H.-K. Nienhuys, and H. J. Bakker, Phys. Rev. Lett. 88, 77601 (2002).
Li

This indicated hydrodynamic radii of the anions of 0.213 nm for Cl−, 0.237 nm for Br–, but only 0.205 nm for iodide (smaller than the crystal ionic radius, 220 nm!)
nk: Now I would like to present my first results:


.

6_
o
3 5]
E
* Procedure was followed for Kl and Nal assuming Z=5 £ 4
-
« Kl and Nal showed a good agreement between g 3
cC
. . S 2
experimental and fitted values g,
S
. >
« For Lil, Z=4 was used to get a better agreement T, | |
Li Na K
Different chloride salts
G. Schwaab et al., Angew Chem Int Edit, 2019, 58 (10), 3000-3013 g ' J U LICH
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This is the strategy we followed. Where we have a monotonous decrease of ST with conc, we fit th data t obatein kbare and x0bare. Beyong the minimum we calculate H and 1/psi as a function of concetration. This will gives us k and xo as a function of concentration. 


o
CONCLUSION

« S;of the KI, Nal and Lil shows a minimum with concentration at all measured

temperatures

* We provided arguments that the minimum is related to overlapping hydration

layers

« Mapping that we used is not exact, but identifies the most important free
energy components that are responsible for the minimum

* We observe deviations at higher concentrations which are due to cluster

formation not covered by the model

& p JULICH
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1.	M. F. Kropman, H.-K. Nienhuys, and H. J. Bakker, Phys. Rev. Lett. 88, 77601 (2002).
Li

This indicated hydrodynamic radii of the anions of 0.213 nm for Cl−, 0.237 nm for Br–, but only 0.205 nm for iodide (smaller than the crystal ionic radius, 220 nm!)
nk: Now I would like to present my first results:


o
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1.	M. F. Kropman, H.-K. Nienhuys, and H. J. Bakker, Phys. Rev. Lett. 88, 77601 (2002).
Li

This indicated hydrodynamic radii of the anions of 0.213 nm for Cl−, 0.237 nm for Br–, but only 0.205 nm for iodide (smaller than the crystal ionic radius, 220 nm!)
nk: Now I would like to present my first results:
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FITTING OF DATA BY ARTOLA

o.o00 -—/—/—m+—r+—r+—r—r—r7Tr-rrrr—rrrryrrr—TrTrrrTr 7T
slope LJ
-0.001 Aanand ancroa - nn e
. [ UC MCTITIUCITIVT Ul 12
-0.002
[ \
- Equation y=a+b*x
- - Plot slope
3 '0 . 003 Weight No Weighting \
N—" i Intercept 0.00575 + 5.66936E-4
O i Slope -0.00625 + 3.67619E-4
o i Residual Sum of Squares 1.10367E-8
(@) _0 004 [ Pearson's r -0.99828 \
7) ) | R-Square (COD) 0.99656
L Adj. R-Square 0.99311
I \
-0.005

iz (L) lJ JULICH
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1.	M. F. Kropman, H.-K. Nienhuys, and H. J. Bakker, Phys. Rev. Lett. 88, 77601 (2002).
Li

This indicated hydrodynamic radii of the anions of 0.213 nm for Cl−, 0.237 nm for Br–, but only 0.205 nm for iodide (smaller than the crystal ionic radius, 220 nm!)
nk: Now I would like to present my first results:
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MAPPING OUR SYSTEM INTO SIMULATIONS

P S

U ~\

ef fective ’
7 = ghare Lng

SS SS

—————

Gibb’s-Bogoliubov
Inequality : to estimate Aeg,
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1.	M. F. Kropman, H.-K. Nienhuys, and H. J. Bakker, Phys. Rev. Lett. 88, 77601 (2002).
Li

This indicated hydrodynamic radii of the anions of 0.213 nm for Cl−, 0.237 nm for Br–, but only 0.205 nm for iodide (smaller than the crystal ionic radius, 220 nm!)
nk: Now I would like to present my first results:
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MAPPING OUR SYSTEM TO SIMULATIONS

effective _  pare
€ss = &g =+ Aggg

Using Gibbs-Bogoliubov inequality

real L] real _ L]
Areat < AL 4 (E EY),,

This gives; 3

Asgo= K 2 a,H"

n=0

After some additions and rearrangements

£ 1
where, 35 — _

Eww q—'

11 ,
Ezlpbare-l_AH (3—H)
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So for the same we correct effect t by adding delta epsilon. Solving for this gives us a values. 
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LET'S FOCUS ON DILUTED SOLUTIONS

Backup
Molecular dynamic simulations of LJ mixtures slide
1.5
10 i | 05 _ """"""""""
Nl O O w=1.0 - i
\ 05_ O $=1.2 0.4}
™ vV =138
o 0.0 03l
T ol 2 03
3 01 ] 0.2
-1.01 -
. 0.1
-1.5¢ .
. 1 . I . L ! . 0.0 -,,-:.& ------------
0.0 0.2 0.4 0.6 \\ ? 1.0 0.0:,., P 2 0.4 0.6 0.8 1.0
mole fraction = "~ e 1y,
Artola et al., Phys Rev Lett 98, 2007, 125901 ‘ ' J U LI c [H]
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1.	M. F. Kropman, H.-K. Nienhuys, and H. J. Bakker, Phys. Rev. Lett. 88, 77601 (2002).
Li

This indicated hydrodynamic radii of the anions of 0.213 nm for Cl−, 0.237 nm for Br–, but only 0.205 nm for iodide (smaller than the crystal ionic radius, 220 nm!)
nk: Now I would like to present my first results:
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WHAT ARE WE TRYING TO UNDERSTAND?

¢

* What is the reason for the occur
minimum?

 How does the arrangement of w
with increasing salt concentratio

@) JULICH
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This indicated hydrodynamic radii of the anions of 0.213 nm for Cl−, 0.237 nm for Br–, but only 0.205 nm for iodide (smaller than the crystal ionic radius, 220 nm!)
nk: Now I would like to present my first results:
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LET'S FOCUS ON DILUTED SOLUTIONS
Molecular dynamic simulations of LJ mixtures

Mapping of our system into LJ mixture of Artola and Rousseau

Salt with perturbed water molecules : hydrated salt molecule

ol o =
Rys = 6.3 A°

Not so clear us the equation from the ..
maple script: ‘J JULICH
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1.	M. F. Kropman, H.-K. Nienhuys, and H. J. Bakker, Phys. Rev. Lett. 88, 77601 (2002).
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This indicated hydrodynamic radii of the anions of 0.213 nm for Cl−, 0.237 nm for Br–, but only 0.205 nm for iodide (smaller than the crystal ionic radius, 220 nm!)
nk: Now I would like to present my first results:


[® studied systems results

summary & outlook

HOW DOES INTERACTION BETWEEN SALT MOLECULES
CHANGE?

. SR .
o O..

ESS

rij

Member of the Helmholtz Association

self
[

E

N, : Number of salt molecules

NS NS
1 T ;
self 2 _ lj

i=1 i<j

& ) JULICH
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1.	M. F. Kropman, H.-K. Nienhuys, and H. J. Bakker, Phys. Rev. Lett. 88, 77601 (2002).
Li

This indicated hydrodynamic radii of the anions of 0.213 nm for Cl−, 0.237 nm for Br–, but only 0.205 nm for iodide (smaller than the crystal ionic radius, 220 nm!)
nk: Now I would like to present my first results:
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HOW DOES INTERACTION BETWEEN SALT MOLECULES
CHANGE?

o E®Y: Energy released when one salt molecule is dissolved
O O O N, : Number of salt molecules
O gfsare
& This gives the total interaction energy

Es = Epare + 16KkH?(3 — H)

Dividing this equation by ¢,,,,, thus expressing in terms of y,
1 —
l/) l/)bare

& p JULICH
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nk: Now I would like to present my first results:


@ studied systems results summary & outlook

MOLECULAR DYNAMIC SIMULATIONS OF LJ MIXTURES

1.5 - I ' I ' I ' I '
. - Constant decrease in S; with

10 | g - concentration for different k,,

05 .
- Include more water to the salt
3 00 Mole fraction spans over a higher
= range compared to our mole
o 05 | 1 fraction Psi dependence

1.0 F .

No theoretical concepts
-1.5 | .
0.0 | 0.2 | 0.4 | 0.6 | 0.8 | 1.0

9 JULICH
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This indicated hydrodynamic radii of the anions of 0.213 nm for Cl−, 0.237 nm for Br–, but only 0.205 nm for iodide (smaller than the crystal ionic radius, 220 nm!)
nk: Now I would like to present my first results:
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HOW DOES SALT INTERACT WITH WATER?

immobilized
water (A)

normal
bulk water

oncentration of salt

9 JULICH
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This indicated hydrodynamic radii of the anions of 0.213 nm for Cl−, 0.237 nm for Br–, but only 0.205 nm for iodide (smaller than the crystal ionic radius, 220 nm!)
nk: Now I would like to present my first results:
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MOLECULAR DYNAMIC SIMULATIONS OF LJ MIXTURES

ST vs
e Constant decrease in S; with
| . concentration for different k.,
T . .
05 - Mole fraction spans over a higher
v range compared to our mole
5 O° fraction
¢ 05} .
1ol ] K12 : parameter to define
cross interaction
-1.5 | -
0.0 | 0.2 | 0.4 | 0.6 | 0.8 | 1.0 l x LICH
Member of the Helmholtz Association X Page 30 J :c!rschhungszgrum


Vorführender
Präsentationsnotizen
1.	M. F. Kropman, H.-K. Nienhuys, and H. J. Bakker, Phys. Rev. Lett. 88, 77601 (2002).
Li
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nk: Now I would like to present my first results:
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S, /102 K

MOLECULAR DYNAMIC SIMULATIONS OF LJ MIXTURES

1.5 - I - I - I ' |
b o - Sign change conc changes with psi
0.5 F -
Finding a psi_0 corresponding to
0.0 X0 where the sign change
happens
-0.5 .
_ Add xo for the salts to the 1/psiO
10k i plot
15} _- Show the relation between psi
. l . l . | : l . and X
0.0 0.2 04 0.6 0.8 1.0
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This indicated hydrodynamic radii of the anions of 0.213 nm for Cl−, 0.237 nm for Br–, but only 0.205 nm for iodide (smaller than the crystal ionic radius, 220 nm!)
nk: Now I would like to present my first results:
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MOLECULAR DYNAMIC SIMULATIONS OF LJ MIXTURES

, Interaction energy of molecule with water has different
Interaction model

contributions:

Three major interactions:

o Salt-salt
« Salt-water * Repulsive in the transition zone

* Water-water « Gradual transitior = - -

« Strongly bound first layer

to the

bulk water o(r)

A
Q Depends on the conc E

Salt with the strongly bound

=

&

water layer is considered as

a single LJ particle ‘J JULICH
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This indicated hydrodynamic radii of the anions of 0.213 nm for Cl−, 0.237 nm for Br–, but only 0.205 nm for iodide (smaller than the crystal ionic radius, 220 nm!)
nk: Now I would like to present my first results:


[® studied systems results summary & outlook _ _
MOLECULAR DYNARE ﬂ\ﬁEngAﬁB?\'f "OF LI MIXPURES
contribuuons.

Interaction model

« Strongly bound first layer

Three major interactions: ,
« Salt-salt

« Salt-water « Gradual transition that happens from first layer to the
« Water-water

Repulsive in the transition zone

bulk water

o(r)

A
Q Depends on the conc E

Salt with the strongly bound
water layer is considered as

a single LJ particle ‘J JULICH
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This indicated hydrodynamic radii of the anions of 0.213 nm for Cl−, 0.237 nm for Br–, but only 0.205 nm for iodide (smaller than the crystal ionic radius, 220 nm!)
nk: Now I would like to present my first results:
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MOLECULAR DYNAMIC SIMULATIONS OF LJ MIXTURES

Assumption 2 : Beyond minimum concentration, water layers of salt molecules overlap

1/psi equation

lJ JULICH
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This indicated hydrodynamic radii of the anions of 0.213 nm for Cl−, 0.237 nm for Br–, but only 0.205 nm for iodide (smaller than the crystal ionic radius, 220 nm!)
nk: Now I would like to present my first results:
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MOLECULAR DYNAMIC SIMULATIONS OF LJ MIXTURES

Interaction model

Dissolve one salt molecule In

Three major interactions: water

o Salt-salt
o Salt-water

* Water-water Interaction energy of molecule with water has different

contributions:

« Strongly bound first layer
@ « Gradual transition that happens from first layer to the

bulk water
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PRIGOGINE‘S ARGUMENT

If the cross interactions are stronger than the pure interaction ...

™ water
& > &y
@® solute
812 > 822
T>T,
— e—glz/le > e—glz/sz
%K_J %K—J
«E(T;) «E(Ty)

For energetic reasons most mixed
interaction take place on the cold side

.. Minority component goes to the cold side
l. Prigoglne et al., Physica, 16 (1950), 851 ‘ ' J U L I c H

Member of the Helmholtz Association Page 36 Forschungszentrum


Vorführender
Präsentationsnotizen
1.	M. F. Kropman, H.-K. Nienhuys, and H. J. Bakker, Phys. Rev. Lett. 88, 77601 (2002).
Li

This indicated hydrodynamic radii of the anions of 0.213 nm for Cl−, 0.237 nm for Br–, but only 0.205 nm for iodide (smaller than the crystal ionic radius, 220 nm!)
nk: Now I would like to present my first results:


	Understanding the minimum of soret coefficient for alkali halides in water
	motivation
	Thermophoresis of salt systems
	Concentration dependence of ST
	Can we map to LJ for diluted solutions?
	What is the reason for this minimum?
	change with concentration
	Hypothesis: Random close packing at the minimum
	Let‘s focus on diluted solutions
	INTERACTION MODEL
	interaction model
	Mapping our system to simulations
	Mapping our system to simulations
	 procedure
	Let‘s focus on diluted solutions
	 results
	summary
	 Conclusion
	acknowledgement
	Fitting of data by artola
	Mapping our system into simulations
	Mapping our system to simulations
	Let‘s focus on diluted solutions
	What are we trying to understand?
	Let‘s focus on diluted solutions
	Foliennummer 26
	HOW DOES INTERACTION BETWEEN SALT MOLECULES CHANGE?
	Molecular Dynamic simulations of LJ mixtures
	How does Salt interact with water?
	Molecular Dynamic simulations of LJ mixtures
	Molecular Dynamic simulations of LJ mixtures
	Molecular Dynamic simulations of LJ mixtures
	Molecular Dynamic simulations of LJ mixtures
	Molecular Dynamic simulations of LJ mixtures
	Molecular Dynamic simulations of LJ mixtures
	Prigogine‘s argument

