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1 Data analysis

All data was processed and analyzed using custom Wolfram Mathematica scripts. Example Mathematica notebook files
showing details of the implementation of data processing methods can be downloaded from the article webpage.

1.1 Spectrum analysis

Spectrum pre-processing was the same for ZnPa-LO and PbPa-LO experiments. The following steps were executed for
each spectrum in a measurement series:

* spectra were normalized to the ester C=0 stretch vibration band around 1740 cm~! to account for variations in
sample contact between samples or within a series.

* spectra were chopped to the region of the asymmetric carboxylate stretch vibration band (1500-1650 cm~* for
ZnPa, and 1480-1600 cm~! for PbPa).

* alinear background was subtracted between the edges of the spectral window (only for ZnPa).

* the chopped spectra were normalized to the total area of the entire envelope, to remove the effect of temperature
on the absolute intensity of the carboxylate band envelope (only for ZnPa).

After pre-processing, the extracted and corrected carboxylate band envelopes were fit to obtain fractional concentra-
tion curves for each non-crystalline and crystalline metal soap species.

ZnPa: A hybrid non-linear spectral fit was performed with the NonlinearModelFit function in Mathematica, where
the carboxylate band envelope was modeled as a sum of pure reference spectra for type A and type B ZnPa and a set
of Gaussian bands for oxo (1 band) and chain complexes (3 bands).! Constraints were imposed on the Gaussian band
parameters. The position and width of each Gaussian band was allowed to vary slightly around the typical value for
each parameter, and the relative magnitude of the two largest bands of the chain complex spectrum was limited to a
small window. All fits converged well, and for each series, at least 10 fits at various points of the measurement run
were inspected manually to ensure the absence of fitting artefacts.

PbPa: Singular value decomposition of each spectral series was applied to confirm that the crystallization process
was a clear A—B transition without any intermediates. After setting ¢ = 0 on the last spectrum before crystallization
started, the spectra were modeled as a linear combination of the spectrum at ¢ = 0 and the last spectrum in a series.
All fits converged well, and for each series, at least 5 fits at various points of the measurement run were inspected
manually to ensure the absence of fitting artefacts.

1.2 Kinetic analysis

The fractional concentration curves that were produced by fitting of the ATR-FTIR spectra were analyzed further by
the application of kinetic models.

ZnPa: the three curves describing the concentrations of oxo, chain and crystalline ZnPa (sum of type A and type B
structures) were fit simultaneously with a single set of fit parameters using the global parameter optimization function
MultiNonlinearModelFit in Mathematica, and the model described in more detail in the main text:
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IThis approach is adaption of the methods previously published in Beerse et al. (2020), ACS Applied Polymer Materials 2, 12, 5674-5685.



All data points before the onset of crystallization were not taken into account for the fit. Without constraints on
the model parameters, the optimization algorithm had trouble converging to global minimum solutions. To obtain
reasonable results we employed the following constraints:

* keap1 and koap1 had to be in a similar order of magnitude as manually estimated values.
* keap1 and koap1 Were forced to be in the same order of magnitude.

* keap1/100 > keagz > 0 and keap1/100 > keaz > 0.

* t; > 0.

*1>s.>0and 1> s, >0,

* f.and f, had to be very close to the experimental data points for the fractional chain and oxo concentration at
the onset of crystallization.

c fetfo=1

All these constraints are either dictated by logic or follow directly from observations of the data. Apart from the mea-
surements at 1 min heating time at 150 °C, where crystallization was too fast to be modeled, all runs were described
excellently by the model.

PbPa: a simple exponential model
[PbPalcrys

[PbPa]

was fit to the concentration curves of crystalline PbPa without constraints using the NonlinearModelFit function in
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Mathematica, excluding data points before the onset of crystallization. For comparison, a second-order kinetics model

[PbPa]crys W a )
[PbPa] 1+t —t)/7
was also fit on the crystalline PbPa concentration curves corresponding to 60 and 120 min heating time. All fits
converged neatly.
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Linear correlation between diamond phonon signal and temperature
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Figure S1 (a) Series of ATR-FTIR spectra recorded without a sample at 25-155 °C with a background at 25 °C, showing the

temperature-dependent changes in the phonon signal of the ATR diamond. (b) Linear regression of the intensity at 2155 cm™!

i

demonstrating that the background signal is approximately linear with temperature. Therefore, the diamond background signal can
be used as a 'thermometer’ for sample temperature during temperature-dependent ATR-FTIR experiments.



3 Long-term ZnPa crystallization processes in LO

0.30F
0.25}
0.20f

0.15}

absorbance

0.10f

0.05}

0.00 F

1500 1520 1540 1560 1580 1600
wavenumber (cm™)

Figure S2 ATR-FTIR spectra of a mixture of ZnPa in LO measured 3 and 52 days after heating for 60 min at 150 °C.



4 ATR-FTIR spectra of pure ZnPa crystallization
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Figure S3 ATR-FTIR spectra of ZnPa recorded during cooling from 150 °C to room temperature, showing a rapid and direct conversion
from the chain complex to crystalline ZnPa in the type B polymorph.



5 Comparison of first and second order kinetics for ZnPa crystallization
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Figure S4 Comparison between (a) first order and (b) second order kinetics for the crystallization of ZnPa in LO heated at 150 °C

for 15 min.



6 Kinetics of crystalline polymorph conversion of ZnPa in LO
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Figure S5 The fraction of crystalline ZnPa in the type A polymorph over time, for various degrees of matrix polymerization expressed
as heating times at 150 °C. Apart from the mixture heated for just 1 min, most curves have a similar slope, suggesting that the type

A — type B conversion process is largely independent of the level of polymerization or chemical properties of the oil matrix.



7 Comparison of first and second order kinetics for PbPa crystallization
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Figure S6 Comparison between first order and second order kinetics for the crystallization of PbPa in LO heated at 150 °C for 60 min

and 120 min.



