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(a) Na,S0, solution 3 molal, hydrophilic vial (b) Na,SO, solution 3 molal, hydrophilic vial
1 mL (4 samples, 5 cycles), 800 rpm, 1 mL (4 samples, 5 cycles), 1 °C/min
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© Na,SO, solution 2.8 molal, hydrophilic vial (d) Na, S0, solution 2.8 molal,
1 mL (36 cycles), 1 °C/min and 800 rpm 1 mL (4 samples, 5 cycles), 1°C/min, 800 rpm
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Figure S1. Influence of the thermal cycling parameters on the temperatures of
precipitation and dissolution of sodium sulfate heptahydrate in 1 mL samples. (a) Cooling
rate, (b) Stirring rate, (¢) Number of cycles. (d) Influence of the type of glass container used.

Fig. Sla: The higher the cooling rate, the wider the MSZW. This result is in agreement with the
study realized by Guisheng Zeng et al.! who worked with 100 mL solutions.

Fig. S1b: The impact of the stirring rate here is unsignificant. That’s why the temperatures of
precipitation obtained in the freezer (no stirring) and in the Crystal16 (800 rpm) presented Fig.
5 in the paper shows similar values. However, in the work of Guisheng Zeng et al. they have
seen that the MSZW was very dependent on the stirring rate which is understandable as they
have samples 100 times bigger than ours.

Fig. S1c shows that the temperatures of precipitation and dissolution remain stable over many
cycles.

Fig. S1d was used to check if the hydrophobicity of the glass has an impact on the supercooling
and on the mirabilite formation. The results show there is no influence of the hydrophobicity of
the glass since we get the metastable heptahydrate with supercooling in both cases.
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Figure S2. Raman spectra of mirabilite (blue) and heptahydrate sodium sulfate (orange)



(a) Pure water (b) C(Na2S03) = 1.4 molal
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Figure S3. Differential Scanning Calorimetry (DSC) conducted for three samples
containing pure water (a), and sodium sulfate solutions at 1.4 molal (b) and 2.8 molal (c¢).
DSC measurements were performed on a DSC 25 - TA instrument with a ramp of cooling of
1°C/min, nitrogen flow fixed at 40.00 mL/min, on samples of 30 uL in aluminum pans, scanning
between 50 and -20°C over 3 cycles. This figure is an extract from the data, where we show
one representative cooling step of a cycle.

The analysis of the composition of each peak can be done by two methods: quantitative analysis
based on latent heat, or comparative analysis based on peak’s shape differentiation.

1. Quantitative analysis: latent heat calculation

Expected values of latent heat for:
e Ice: 334 kl/kg?
e Mirabilite: 241 kJ/kg?

Relationship between the heat exchanged rate and the enthalpy of crystallization®:
e Derivative form: Q = ‘;—I: (Equation 1)

where H (J) is the enthalpy of crystallization, Q (W) is the heat exchanged rate and t (s)
the time.

By integrating Equation 1 over the phase change, and dividing by the mass of the sample, we
get:

e Mass integrated form: AQ,, X t = % = L (Equation 2)
With AQ,, = %, the heat flow (W/kg) and L (J/kg) the latent heat.

Using Equation 2, we should be able to identify each peak from Figure S3, since the area below
the curve is proportional to the latent heat which is itself a signature of a chemical compound.
The calculated values of latent heat are presented next to each peak in green on the previous
figure. In our case, those values do not match with the expected ones, which may come from
an inexact calibration of the DSC instrument.

Despite it all, the peak’s attribution can still be carried thanks to peak’s shape differentiation.

2. Comparative analysis: peak’s shape differentiation

From the paper of Denecker et al.> who conducted DSC on the system Na,SO,4-H,0, they could
see that:

a. The peak related to water is broader compared to the one mirabilite
b. Both peaks are asymmetric, and their right part of the peaks shows opposite concavities:
ice has a convex shape while mirabilite is concave.



These two characteristic elements on the shape of the peaks are actually observed in Figure S3,
which allow us to conclude that mirabilite forms before ice.

¢. Conclusion

The comparative analysis based on the shape of the peaks obtained by DSC shows that the
formation of mirabilite occurs prior to ice. This measurement is supporting the freezing
experiments presented in the main text of this paper: visual and temperature monitoring
performed in the freezer, and the microcapillary experiment using the Peltier module.
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