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Figure S1. FE-SEM images of MWCNTs at various magnifications.

MWCNTs inherently contain numerous intrinsic defects in their graphene layer, such 

as heptagon–pentagon pairs, which can cause the tube to bend permanently.1 These bent 

MWCNTs exhibit different characteristics than those of straight CNTs, and the bending ratio 

is an important parameter describing their specific characteristics. A quantitative factor for 

characterizing the various shapes of MWCNTs was therefore reported.1–3 The bending ratio (

) is defined as the ratio of the mean-square end-to-end distance ( ) to the square contour 𝐷𝑏 〈𝑅2〉

length ( )):𝐿2
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                                                              (S1)
𝐷𝑏 ≡

〈𝑅2〉
𝐿2

The relationship between the mesoscopic shape and the overall size is given by

,                                        (S2)〈𝑅2〉 = 2𝑙𝑠𝑝𝐿 + 2𝑙 2
𝑠𝑝(𝑒

‒ 𝐿/𝑙𝑠𝑝� ‒ �1)

where  is the static bending persistence length and L is the contour length along the tube 𝑙𝑠𝑝

axis. For , or the “rigid random-coil limit,” . If , or the “rigid rod limit,” 𝐿 ≫ 𝑙𝑠𝑝 〈𝑅2〉 = 2𝑙𝑠𝑝𝐿 𝐿 < 𝑙𝑠𝑝

then . A large or small  value indicates a large or small number of defects in the 〈𝑅2〉 = 𝐿2 𝑙𝑠𝑝

MWCNTs, respectively.

In our study, we used MWCNTs with high persistence length (lsp ~520 nm) to prepare 

chemically unzipped MWCNTs, with high contour length and aspect ratio, as shown in Fig. 

S1.
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Figure S2. Deconvolved Raman spectra for (a) GONRs and (b) C-rGONRs.
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Figure S3. (a) Time vs. transmittance variation plot of GONRs and C-rGONRs dispersion in 

DMF obtained by Turbiscan. (b) Photographs of PVC films containing 0.1 wt% C-rGONR.
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Figure S4. (a) Contact angle data of water on (a) PVC, (b) C-rGONRs and (c) GONRs films, 

and of glycerol on (d) PVC, (e) C-rGONRs and (f) GONRs films.

Table S1. Surface properties of PVC, C-rGONRs and GONRs.

PVC C-rGONR GONR

Dispersion, d𝛾

[mJ/m2]
29.3 28.9 27.8

Polarity p, 𝛾

[mJ/m2]
4.6 3.8 21.1

Surface energy,
+ p𝛾 = 𝛾d 𝛾

[mJ/m2]
33.9 32.7 48.9
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Figure S5. (a) IR spectra of C-rGONRs, PVC, and PVC/C-rGONRs, and XPS Cl 2p spectra 

of (b) PVC matrix and (c) PVC/C-rGONRs nanocomposite.


