WHAT IS THE NATURE OF THE SORET EFFECT IN
SALT SOLUTIONS?

Thermo(dynamic/static) or kinetic
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THERMOPHORESIS

lons in biological systems : lon channels...

dehydrated K* ion

selectivity filter

plasma
membrane
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vestibule
K*ion water molecules
aqueous pore

Bruce et al. (2014): Essential cell biology. 4th edition. New York, NY,
Abingdon: Garland Science.
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lon channels : hydrophilic channels (channel

proteins) through which ions can pass
Channels are ion selective and gated

Doyle et al, Science., 280 (1998), 69
Zhao et al., Int. J. Mol. Sci., 18 (2017), 1838
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THERMOPHORESIS

lons in biological systems : lon channels...

dehydrated K€ Jon ot o releg ity Titer - lon channels react different to temperatures : A theoretical
model predicts a temperature gradient within the ion

channel
 Thermophoresis---->sensitive to interactions----->compare

different salts

plasma
membrane

CYTOSOL

channel protein
vestibule ./.

K*ion  water molecules
aqueous pore

Chen et al, Biophys. J., 69 (1995), 2304
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SORET AND SEEBECK EFFECT IN IONIC SYSTEMS

Applications: liquid-based systems to convert low-grade waste heat into electricity
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https://youtu.be/21ECOIZ0imw?feature=shared

MAXIMIZE S .. Seebeck constant

S25 o .. Electrical conductivity
p T k .. Thermal conductivity
T .. Absolute temperature

ZT =
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MINIMUM OF S; WITH CONCENTRATION

Aqueous salt solutions

T=25°C
experiment

o006@ |

NaCl (our lab)

KClI
LiCl

NaCl (lit.)
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1.5
molality / mol/kg

2.0

M. Jokinen et al., J. Membr. Sci. 499 (2016) 234.
N. Lee, PCCP, 26 (2024) 7830.
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J. Colombani et al., JCP 110 (1999), 8622.
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S. Di Lecce et al.,, PCCP 19 (2017), 9575.

Why S; of many salts shows a minimum with concentration?
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HYDRATION LAYER HYPOTHESIS

Aqueous salt solutions

T=25C Shilpa
Mohanakumar

Wim Briels

¢ Lil

—-— map to LJ
1' 2 3 Prerequisite:

_ « tight hydration shell
molality mol/kg - treatment as ion pairs

Low concentration
range is mapped
to Lennard-Jones
Particles

min Procedure:
® © ® O ® @ - minimum position is selected
‘ . two step process
low “concentration LTI
S. Mohanakumar et al., PCCP 24 (2022), 27380. ‘ ' J U L I C H
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IODIDE SALTS

R=1.38 A . R=1.70 A . R. Heyrovska, Chem. Phys.

Lett., 163(1989), 207
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CAESIUM IODIDE

No minimum at low temperature, but behaviour changes at 1 mol/kg
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MINIMUM OF S; WITH CONCENTRATION

0.2

Lennard-Jones mixture
Kinetic

S.R. de Groot, S. R. de. Thermodynamics of ContributionS?

irreversible processes (1966):

1 M1 qu,
S s= w1
11
ther mod ynamic Onsagerratw
factor

O.R. Gittus & F. Bresme PCCP 25 (2023), 1606.

Conclusion for Lennard Jones particles:

Minimum of S; related to the minimum of
thermodynamic factor I.

Is this approach valid for electrolyte
solutions?
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SIDE NOTE: ONSAGER COEFFICIENTS g. Lo
1
Nature of the Onsager ratio: thermo(dynamic/static) or kinetic n;l : nz”
Il
Change of Entropy: T 1 T
ds = A(%) dU —A(%) dn, —A(%Z) dn, with A(A) = (A') _(A”)
. _ with dn, =—-dn,
ds = A<T> dU — A(“lT“Z) dn,
incouibrium =0 mequibrium driving force for energy and mass flow
In non-equilibrium:
A — grad
introducing Onsager coefficients
factor T is conventional
we know thermodiffusion happens
jn =L, T-gradT-L,T grad™ ;“2
@) JULICH
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SIDE NOTE

Nature of the Onsager ratio: thermo(dynamic/static) or kinetic

-
.

1. Jn=L, T-gradT-L,T grad%

p ol 0. . .
2. :_(qu_l‘ll[hl_hz])$gradT_L11%[H1_Hz]gradc

o J

Ve

L, ;
3. Steady state: S, = : : M Le With a common dynamic factor
RT_ T L L-ratio can be thermodynamic
ther mod ynamic Onsager ratio

factor
Another side note
L L .
Cr=rte[hem]= @ [hiohy]
11 11 heat of transfer
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IS THE APPROACH APPLICABLE FOR SALT SYSTEMS?

Salt sytems show a general trend - exception lithium salts

Cl | guanidinium cation shapes
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THERMODYNAMIC FACTOR FOLLOWS PAULI RADIUS

L-ratio and also S; do not follow rp in the case of Na* and K*

Pauli radii rp

Chloride salts lodide salts
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B.A. Rudani et al., PCCP 27 (2025) 4746. ‘ ' J U L I C H
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L-RATIO AND S; INCREASE WITH HYDRODYNAMIC RADIUS

Estimating r,, 4 from the radial distribution function (RDF)

6 : :
; Cs =304 _JPle) - 1]ar
— K rn,=2.7A hvd = 5

¢ Na 1y, =2.8A J- f [g(r) - 1] dr B.A. Rudani et al., PCCP 27 (2025) 4746.
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A. K. Singh, L. C. Doan, D. Lou, C. r / A
Wen, and N. Q. Vinh, J Chem Phys 157,
54501 (2022).

L
—9 and S; scale with the hydrodynamic radius
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TAKE HOME MESSAGE

Thermodiffusion of salts is

 influenced by hydration layer

* S; of spherical salts scales with r, 4 of the cation
* L,,'/L4; cannot be explained by thermodynamics

&) JULICH
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FINISHED AND FUTURE PROJECTS

Done projects:

« Rudani, B. A., Jakubowski, A., Kriegs, H., Wiegand, S. Deciphering the guanidinium cation: Insights
into thermal diffusion. The Journal of chemical physics 2024,160,214502.

« Rudani, Binny A.; Briels, W. J.; Wiegand, S. Analyzing the concentration-dependent Soret
coefficient minimum in salt solutions: an overview. In Phys Chem Chem Phys 2025,27(9),4746—
4755.

Currently ongoing:

* Rudani, B. A.; Docter, S. ; Schott-Verdugo, S.; Buitenhuis, J.; Stadler A. M.; Gohlke H.; Wiegand, S.
Thermophoresis: The case of apomyglobin: Manuscript in progress, waiting for simulation results.

« Ammonia salts (collaboration Holger Gohlke, IBG 4): experimental part

Future work:

* Protein ligand binding (myoglobin binds with ligand)

9 JULICH
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