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FT-IR Results
Based on figure 7 provided in the main document;
[bookmark: _GoBack]The FTIR spectra of young and old PVC samples is presented in Figure 1a. The bands at 2780-3000 cm-1 range were assigned as C–H stretching vibration (Pandey et al., 2016). The peak at 1720 cm-1 is related to some oxygenated structures indicative of the presence of an additive in the PVC product (Bodîrlău et al., 2009). The peaks around 1400 cm−1 are associated with the C−H vibration (Pandey et al., 2016). The observed peaks at 1258 cm−1, 1267 cm-1 and 1248 cm-1 are for C−H stretching from CH−Cl (Abdellah Ali et al., 2021; Amar et al., 2019; Bodîrlău et al., 2009). The peak at 961 cm-1 assigned to C-H bending vibration of the vinyl groups in PVC (Bodîrlău et al. 2009) The peaks at 1071 and 1101 cm-1 belong to the stretching vibration of the ( C-C) bond (Amar et al., 2019; Bodîrlău et al., 2009). The peak at 873 cm−1 are for (C−O) bending vibration (Abdellah Ali et al., 2021). The bands centered at 703, 639 and 616 cm-1 were related to C-Cl stretching (Bodîrlău et al. 2009). The FTIR spectrum of aged PVC shows peaks at 2519 cm-1, 2359 cm-1 and 1796 cm−1 are related to (C−H) aliphatic stretching vibration, the entrapped CO2 in the polymer cages, (C=O) stretching vibration, respectively (Abdellah Ali et al., 2021; Sharma et al., 2022). 
The FTIR spectra of young and old PS samples is shown in Figure 1b. The broad band of O-H strecthing, which is between 3200-3560 cm-1 in the young sample, is seen in the range of 3130-3620 cm-1 in the old sample.  In baseline-corrected spectra, a background is noticeable across the spectrum of the old sample. There are absorption bands at 3059 cm-1 and 3025 cm-1 due to aromatic C-H (Fang et al., 2010; Wang et al., 2004). The absorption bands at 2921 cm-1 and 2849 cm-1 correspond to the existence of methylenes (Fang et al., 2010). Aromatic C=C stretching vibration is assigned at 1601 cm-1, 1492 cm-1 and 1451 cm-1 ((Fang et al., 2010; Wang et al., 2004). The bands at 1068 and 1028 cm−1 correspond to C-O stretching and skeletal vibrations of C–H respectively (Vinodh et al., 2015). The bands at 906 cm-1, 754 cm-1, 696 cm-1 correspond to C-H out-of-plane bending vibration (Fang et al., 2010; Jang and Wilkie, 2005). Unlike the aged sample, the young sample has a double peak in the 2390-2292 cm−1 range corresponding to the asymmetric stretching vibrations of CO2 (Fernando et al., 2007). The weak peak of 1743 cm-1 in the young sample indicates the presence of the aromatic ring monosubstitution (Haile, 2021).  However, in the old sample, a dominant C-O stretching vibration was observed in 1724 cm-1, covering the weak peaks in the younger sample (Liao et al. 2023). 
The FTIR spectra of samples for Nylon 66 is shown in Figure 7c. The bands at 3296 cm-1 and 3073 cm-1 are caused by N-H and C-H streching respectively (Vasanthan, 2012; Mahdi, 2011). The bands centered at 2932 cm−1 and 2861 cm-1 are caused by CH2 stretching ((Vasanthan, 2012; Khori et al., 2020). The bands centered at 1633 cm-1 and 1538 cm-1 are assosiated with Amide I and Amide II stretching respectively (Khori et al., 2020). N-H deformation/ CH2 scissoring are observed at 1462 cm-1 and 1416 cm-1 (Mahdi, 2011; Manzoor et al., 2020). The band assigned to Amide III band/CH2 wagging is observed at 1374 cm−1 (Charles et al., 2009). The band at about 1263 cm-1 is again for Amide III stretching (Mahdi, 2011). The bands centered at 1200 cm−1 and 1169 cm-1 are related to CH2 twisting ((Charles et al., 2009; Vasanthan, 2012). The bands at 1118cm-1 and at 958 cm-1 belong to C-C stretching (Khori et al., 2020; Charles et al., 2009). C-C bendings are observed at 683 cm-1 and 663 cm-1 (Mahdi, 2011; Manzoor et al., 2020). The band at 574 cm-1 is related to C-C 0 O=C-N bending (Manzoor et al., 2020).
Figure 7d shows the difference spectrum between the spectra of young and aged PP samples. A broad band in the 3600–3000 cm−1 range is present in the FTIR spectrum of young PP due to the stretching of OH. A very broad band centered at about 3350 cm−1 related to hydroxyl (–OH) stretching from absorbed or molecular water (Lasagabaster et al., 2006). In the aged sample, this band is not seen due to the aging effect in nature. In addition, unlike the aged PP, the peak observed at 2360 cm-1 in the 2400-2300 range is related to the asymmetric stretching vibrations of CO2 (Fernando et al., 2007). Polypropylene has characteristic peaks at 809 caused by C-C vibration, at 840 cm-1 related to vibration of C-H, at 972, 997 and 1165 cm-1 caused by CH3 rocking vibration at 1376 cm-1 associated with symmetric bending vibration CH3, at 1460 cm-1 caused by bending vibration of C-H.   Four bands are observed between 3029-2753 cm-1. These bands are centered at 2950 cm−1 and 2866 cm-1 caused by vibrations of CH3, at 2916 cm-1 and 2837 cm−1 associated with vibrations of CH2 (Fang et al., 2012; Gopanna et al., 2019).
When Figure 1(d) is examined, the disappearance of the wide band structure of water in the molecular structure with the effect of aging and the increase in asymmetrical CO2 stretching vibration are indicators of carbon dioxide adherence to the structure with the effect of aging. 
The FTIR spectra of young and old PET samples is shown in Figure 7e. The bands centered at 2963 cm−1 and 1713 cm-1 are caused by C-H symmetric stretching and C-C ring stretching/C=O stretching respectively (Charles and Ramkumaar, 2009). Vibrations aromatic skeleton with stretching C=C are observed at 1578 cm-1 and 1505 cm-1 (Pereira et al., 2017). The band centered at 1454 cm-1 attributed to stretching of the C-O group deformation of the O-H group (Pereira et al., 2017). The band located at 1408 cm-1 caused by phenyl ring vibrations (C-H bend coupled with ring C-C stretch) (Drobota et al., 2013; Rodríguez-Hernández et al., 2019). The bending vibration characteristic of -CH2 groups assigned at 1339 cm-1 and 1175 cm-1 (Charles and Ramkumaar, 2009; Drobota et al., 2013). The strong absorption bands at 1242 cm−1 due to CCH asymmetric bending/C-O-C asymmetric stretching (Charles and Ramkumaar, 2009; Rodríguez-Hernández et al., 2019). C-O stretching is observed at 1116 cm-1 (Charles and Ramkumaar, 2009). The bands centered at 1095 cm-1 and 1044 cm-1 are assigned as methylene group 21 and vibrations of the ester C-O bond (Pereira et al. 2017).  The bands at 1017 cm-1, 971cm-1, 872 cm-1 and 846 cm-1 are associated with the vibration of aromatic ring ((Drobota et al., 2013; Pereira et al., 2017). OCH symmetric bending is observed at 792 cm-1 (Charles and Ramkumaar, 2009). The strong band at 722 cm-1 related to interaction of polar ester groups and benzene rings (Pereira et al., 2017). The band at 502 cm-1 is caused by C-C bending/CCO asymmetric bending (Charles and Ramkumaar, 2009).
PET structure showed a different response to the aging processes compared to other structures. In Figure 7(e), in fact, the increase in intensity of all peaks in the molecular structure was observed with aging, indicating that the structure has transformed into a more crystalline phase (supported by the decrease in nanosize).
The detection of ionizable carboxylic group indicates that association equilibria will play an important role. Also, 	ionically dissociable polymer end-groups may exist on the particle surface contributing to ionic association equilibrium and hence colloidal stability (Jia et al. 2006). 
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