Assessing the limitations of COSMO-RS thermodynamic model and the Gaussian output for solubility
prediction of plastic additives and monomers
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1. Introduction

Chemical recycling is essential for plastic waste streams that are unsuitable for mechanical recycling, enabling
monomer recovery through processes such as glycolysis and hydrolysis. However, real waste streams contain
many additives that are released during depolymerization and must be separated from the monomers, often making
separation the most energy-intensive step. Thermodynamic models such as COSMO-RS are widely used to predict
solubility and guide solvent selection, but their limitations become pronounced for complex plastic additives. This
study examines where and why COSMO-RS struggles, based on a detailed solubility analysis of additives and
Monomers.

2.  Materials and Methods

COSMO-RS predicts activity coefficients from quantum-chemically derived o-profiles, but the results are highly
sensitive to the chosen level of theory, conformational treatment, and solid-state data such as melting points and
heats of fusion. These factors can dominate solubility errors, even when liquid-phase interactions are well
described. A list of addtives and monomers were selected for conformational analysis, and DSC measurments.
Three basis sets were investigated in gaussian and the resulting solubilities were compared with experimental
values.

Table 1:List of additives, monomers, and solvents investigated in this study

Chemical

Comp. ID Components Formula Chemical Family Cas no

1 Irganox 3114 CusHesN306 Primary phenolic 27676-62-6
2 Irganox 1330 Cs4H7505 Primary phenolic 1709-70-2
3 Irganox 1010 C73Hi05012 Primary phenolic 6683-19-8
4 Chiguard 234 C30H2N;0 Hydroxyphenyl benzotriazole 70321-86-7
5 Uv1577 C»H27N50; Hydroxyphenyl tri-azine 147315-50-2
6 TPhP CisHis04P Aromatic phosphate ester 115-86-6
7 Cyasorb UV-3638F CH12N04 Benzoxazinone 18600-59-4
8 FR-522 (DBNPG) C;sH10Br,0, Hydroxyl - Brominated 3296-90-0
9 BHET C12H1405 Terephthalate diol ester 959-26-2
10 Methyl Paraben CsHsOs Aromatic ester - Parabens 99-76-3
11 Anthranilamide C;HsN,O Amide 88-68-6
12 C.L Solvent Green 3 CysH2:N,0, Anthraquinones 128-80-3
13 TPA CgHgO4 Terephthalate 100-21-0
14 DMT C1oH100s4 Terephthalate 120-61-6

3. Results
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The DSC analysis of additives and monomers and comapring the results with QSPR-estimated values shows that,
in cases where thermal data are not available or are impossible to acquire, QSPR provides reasonable first-order
estimations. When DSC data are available, the deviation is reduced by approximately 0.24 log units. The
comparison between the three basis sets during QC calculations shows a balance between accuracy and
computational cost for 6-311++G(d,p), while 3-21+G(d) provides sufficiently accurate qualitative and relative
estimates, and only marginal improvements are observed for 6-311++G(3df,3pd).(Klajmon, 2022) We also
observe an upward trend in deviation with increasing molecular size and flexibility.(Hyttinen et al., 2020; Hyttinen
& Prisle, 2020) As polarity decreases, and consequently solubility in water decreases, the deviation rise.(Klamt et
al., 2002) Finally, increasing crystal thermal stability, expressed as the Gibbs free energy of fusion, is associated
with an increase in deviation.
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Figure 1: Experimental vs. estimated solubility and comparing the case by case accuracy versus molecular properties such
as MW, rotatable bonds, and thermal properties

4. Conclusion

Estimating the solubility of solutes in depolymerization media, although mostly within the typical error range of
COSMO-RS for some components, remains challenging. The main difficulties arise for large, flexible molecules
with multiple functional groups. In addition, for crystals with high melting points and high enthalpies of fusion,
the accuracy of thermal data becomes critical, and providing the heat capacity difference upon melting further
improves the quality of the estimations.
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