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S1 IR-Thermal diffusion Forced Rayleigh scat-
tering set-up

A detailed description of the thermal diffusion forced Rayleigh scattering
technique can be found in the literature [1, 2, 3, 4, 5, 6]. We used the
infrared thermal diffusion forced Rayleigh scattering (IR-TDFRS) setup [7],
which is optimal for aqueous solutions. The main difference is that no dye
is needed to convert the light energy into heat energy in aqueous solutions,
due to the absorption of water at the wavelength of the infrared laser beam
(Ap=980 nm).

Summarizing what is explained in more detail in the above given refer-
ences, the infrared laser beam is split into two beams that interfere in the
sample cell, creating an intensity grating. The intensity grating is absorbed
by the fluid and as a consequence, a temperature gradient builds up, which in
turn causes a concentration grating by the effect of thermal diffusion. Both
temperature and concentration gratings contribute to a combined refractive
index grating which is read out by the Bragg diffraction of an He-Ne laser
(Ay=633 nm). The typical fringe spacing of the grating is 20pum and the am-
plitude of the temperature grating will be in the order of 100K [7]. The total
heterodyne scattering intensity (pe (£) assuming an ideal excitation with a
step function is given by

G () = 1—cxp (—i) (s1)
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with the steady state amplitude A
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where c is the mass concentration, 7y, the heat diffusion time, (On/dc), ; and
(On/0T),,, are refractive index contrast factors in respect to mass concentra-
tion at constant pressure and temperature, and in respect to temperature at
constant pressure and mass concentration, respectively. The Soret coefficient
St = Dt/D can be expressed as ratio of the thermal diffusion coefficient,
Dr, and the collective diffusion coefficient, D. Whereas D = 1/(¢*7) can be
calculated from the diffusion time, 7, in Eq. S1 using ¢ the magnitude of the
grating vector which is given by
4T 0

q= Esmﬁ (S3)
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Figure S1: Sketch of the infrared TDFRS setup.

where 6 is the angle between the two writing beams at the wavelength A,,.
The transport coefficients are determined by fitting Eq. S1 to the measured
heterodyne signal and deconvoluting the excitation function [8, 9].

A sketch of the IR-TDFRS setup is shown in Fig. S1. We simultaneously
record the excitation function and diffracted signal (through the cell), so
any external disturbance (thermal or mechanical) will affect both recorded
signals in the same way. This has been achieved by replacing the original flip
mirrors [7] in front of the cell and the camera, by a glass plate with a high
transmission and a low reflectivity and by a grey filter, respectively. Using
a grey filter in front of the camera avoids ghost images on the camera due
to internal reflections within the glass. For the phase synchronization of the
excitation function we use a line grating, with the same period as the optical
grating in its image plane. This line grating is mounted on a motorized
translational stage. This can be moved perpendicular to the optical axis, so
that the phase of the excitation function can be determined and adjusted.
Using this additional grating reduces the noise in the determination of the
phase.
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S2 Refractive index contrast measurements
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Figure S2: Contrast factor calculated from the refractive index measurements
(On/0c),r for (a) KI, (b) Nal and (c) Lil are plotted against temperature.
Concentration follows the order 0.5, 1, 2, 3 and 4 mol/kg from top to botton
with highest concentration corresponding to darkest of symbols.

In order to calculate the Soret coefficient St from the intensity of the

diffracted read-out beam, it is necessary to know the dependence of the
refractive index on concentration. This was measured with an Abbe refrac-
tometer (Anton Paar Abbemat MW) at a wavelength of 632.8 nm. Fig.S2
shows the derivative of n(c,T") with respect to concentration determined by
linear fitting of the experimental refractive index values. (On/dc), r decreases
with increase in temperature. Measurements of the refractive index were con-
ducted for 7 concentrations.
The dependence of the refractive index on temperature, (On/9T),., is also
necessary for the calculation of the Soret coefficient. This was measured
interferometrically [10]. For the calculation of St from the IR-TDFRS mea-
surements, the contrast factors were interpolated from these measurement
series for temperatures and concentrations at which the TDFRS experiment
had been performed. In the measured concentration and temperature range,
(On/O0T),,., is negative for all salts. The absolute value of (On/0T),. in-
creases with increasing salt concentration.
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Figure S3: Results of the interferometrically measured contrast factors
(On/0T),. for (a) KI, (b) Nal and (c) Lil at different concentrations. Con-
centration follows the order 0.5, 1, 2, 3 and 4 mol/kg from top to botton
with highest concentration corresponding to darkest of symbols.

S3 Concentration dependence of St,Dt and
D

As it can be seen in Fig. S4 and Fig. S5, both KI and Lil show minimum
with concentration for St and Dt. D shows a monotonous increase with
concentration for both salts. Thus behavior of these coefficients is very sim-
ilar to that of Nal discussed in the main manuscript. Lil for concentrations
¢ > 0.75 mol/kg shows thermophilic behavior for all temperatures. Where
as KI shows thermophilic behavior at very low concentrations, ¢ < 2 mol/kg
at T=15°C.
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Figure S4: Concentration dependence of St,Dt and D of KI at four different
temperatures. In each panel temperatures are 15, 25, 35 and 45 °C in the
order with the darkest symbol corresponding to lowest temperature as shown
in inset.
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Figure S5: Concentration dependence of St,Dt and D of Lil at four different
temperatures. In each panel temperatures are 15, 25, 35 and 45 °C in the
order with the darkest symbol corresponding to lowest temperature as shown
in inset.
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S4 Temperature dependence of St, Dy and D
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Figure S6: Temperature dependence of St,Dt and D of KI at different con-
centrations as shown in inset. The darkest symbol corresponds to the highest
concentration 4 mol/kg followed by lower concentrations of 3, 2, 1 and 0.5
mol/kg (faded symbol).

Temperature dependence of St,Dt and D for KI, Nal and Lil is shown

in Fig.S6, Fig.S7 and Fig.S8, respectively. St,Dt and D of all the systems
increases with temperature at all concentrations measured.
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Table S1: The table enlists the fitting parameters obtained for KI using Eq.2
in the main manuscript for all the concentrations studied

m / mol/kg | S5° /1073 K~ T/ K T /K
0.5 2.40 £ 0.03 2245 £ 0.21 | 22.7 &+ 3.8
1 3.54 £ 0.08 29.45 £ 0.06 | 59.4 + 6.8
2 2.61 £ 0.04 17.88 +1.04 | 32.9 £9.1
3 7.23 + 0.09 8.40 £ 0.49 | 67.5 £ 10.1
4 8.54 £ 0.06 1745+ 233 | 694 £ 7.8
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Figure S7: Temperature dependence of St,Dt and D of Nal at different
concentrations as shown in inset. The darkest symbol corresponds to the
highest concentration 4 mol/kg followed by lower concentrations of 3, 2, 1

and 0.5 mol/kg (faded symbol).
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Table S2: The table enlists the fitting parameters obtained for Nal using
Eq.2 in the main manuscript for all the concentrations studied

m / mol/kg | S5° /1073 K~! T/ K T /K
0.5 10.32 £+ 0.01 2492 + 2.16 52.7 £+ 29
1 4.56 + 0.12 23.31 £ 0.02 60.4 £+ 2.3
2 3.20 £ 0.03 9.92+ 0.52 44.1 £ 6.0
3 4.03 £ 0.02 -3.80 £ 0.50 67.0 = 5.3
4 6.28 £+ 0.01 -46.78 + 10.28 | 81.00 £ 10.5
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Figure S8: Temperature dependence of St,Dt and D of Lil at different
concentrations as as shown in inset. The darkest symbol corresponds to the
highest concentration 4 mol/kg followed by lower concentrations of 3, 2, 1
and 0.5 mol/kg (faded symbol).
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Table S3: The table enlists the fitting parameters obtained for Lil using Eq.2
in the main manuscript for all the concentrations studied

m / mol/kg | S5° /1073 K T/ K T /K
0.5 1.91 + 0.06 20.24 £+ 0.49 | 28.2 £ 11.0
1 -2.58 £+ 0.02 23.31 £0.02 | 23.1 £ 24
2 -2.39 £ 0.03 28.954 0.089 | 32.6 4.6
3 -3.59 + 0.17 36.29 + 0.59 | 46.9 + 2.9
4 -8.95 £ 0.03 42.56 &£ 1.03 | 48.5 + 3.8
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