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Figure S1. (a) Schematic image of the experimental procedure for CA and PCA films stretched at different temperatures (Ts) and draw ratios (DR). (b) Representative photos of PCA0.023 film before and after stretching.
Table S1. The average refractive index for PCA with different degrees of propionyl substitution
	DSPr
	nav
	

	0.023
	1.4819
	11.88113

	0.303
	1.4787
	11.85314

	0.537
	1.4739
	11.81136


Table S1 shows the nav of PCA films with different DSPr. It can be seen that nav decreases from 1.4819 to 1.4739 as the DSPr increases from 0.023 to 0.537. According to the following equation (S1) using the model of the statistical segment method introduced by Kuhn and Grun (Kuhn and Grün 1942), the intrinsic birefringence() varies proportionally to the 
     (S1)
where , ρ and  are the refractive index, density and Avogadro’s number, respectively.  and  are the molecular weight and polarizability anisotropy of the chain segment for the oriented polymer, respectively (Manaf et al. 2011). In this study, the , represented by , which decreases with the increase of DSPr. This result indicates that the introduction of propionyl groups can attenuate the  of CA.
[image: ]
[bookmark: _Hlk119395549]Figure S2. The Δnin and Δnth at the wavelength of 550 nm for CA and PCA films stretched at Tg-10 and Tg+10 with different DR.
[image: ]
[bookmark: _Hlk120350021][bookmark: _Hlk120349983][bookmark: _Hlk101880425]Figure S3. Polarized Fourier infrared spectra of CA, PCA0.023 PCA0.303 and PCA0.537 films at different wavenumber ranges. All samples were stretched to different DR, where L and H stand for the hot stretching of CA and PCA films at Tg-10 and Tg+10, respectively.
[bookmark: OLE_LINK118][bookmark: OLE_LINK119][bookmark: OLE_LINK120][bookmark: OLE_LINK121][bookmark: _Hlk120369816][bookmark: OLE_LINK122][bookmark: OLE_LINK123][bookmark: _Hlk120369797][bookmark: _Hlk120369076][bookmark: OLE_LINK130][bookmark: OLE_LINK131]Figure S3(a-d) displays the polarized infrared spectra of CA and PCA films stretched at different Ts and DR. As can be seen, the absorbance parallel (A||) and vertical (A⊥) to the stretching direction differs remarkably. It can be clearly seen that for the intensity in the parallel direction is greater than that in the vertical direction. Based on the intensity differences, the preferred orientations of the CA backbone, the acetyl group, and the propionyl group are detected, and then the infrared dichroism ratio (D = A||/A⊥) can be obtained (Min et al. 2022).
[image: ]
[bookmark: _Hlk117022946]Figure S4. DSC curves of (a) CA, (b) PCA0.023, (c) PCA0.303, and (d) PCA0.537 with different stretching temperatures and draw ratios, where L and H denote that Ts is 10 ℃ lower and higher than Tg, respectively.
[bookmark: _Hlk119423970]The DSC curves of CA and PCA films at different Ts and DR are shown in Figure S4. The results showed that all samples have no crystallization peaks during the heating process and the crystallinity is contributed by the reparation process of the film sample. The wide heat absorption peak from 30 to 150 °C is due to the evaporation of absorbed moisture, and the heat absorption peak near 240 °C is attributed to the melting of crystal (Nobukawa et al. 2017). A second melting peak near 285 °C is observed for PCA0.537, which is similar to TAC (An et al. 2019) is worth noting. Given that the heat of fusion of perfect crystals of PCA is unknown, we chose the enthalpy of fusion of crystal (ΔHf) to characterize the crystallinity. The ΔHf was estimated from the DSC curves as shown in Figure S5. ΔHf of CA and PCA films present a downtrend with increasing DR, which suggests a drop of crystallinity. Furthermore, with the increase of DSPr, ΔHf of PCA film at the same DR rises, indicating the increase of crystallinity. 
[image: ]
[bookmark: OLE_LINK1]Figure S5. The enthalpy of fusion of crystal (ΔHf) of CA and PCA films stretched at (a)Tg-10 and (b) Tg+10 with different DR.
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