Article
Pegylated carboxylic graphene oxide for controlled paclitaxel delivery to tumor cells: in vitro evaluation and cell studies
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Synthetic procedure of GO: The oxidation of graphite was performed by adding 5 g of powdered graphite (purum, powder ≤ 0.2 mm, Fluka) to a mixture of concentrated sulfuric acid and nitric acid (200 mL, 95–97 wt.% and 100 mL, 65 wt.%, respectively) while cooling in an ice-water bath for 20 min. After that, 100 g of powdered KClO3 (Fluka) was added to the mixture in small portions under vigorous stirring. The product was washed until the pH reached 6.0. Finally, the obtained sample was dried at room temperature.
Synthetic procedure of CGO: 500 mg of graphite oxide were dispersed in 250 mL of distilled water by stirring. 25 g of ClCH2COOH and 30 mL of NaOH (1M) were then added and the mixture was sonicated for 3 h. After that time an aqueous HCl solution (1M) was added in small portions until the pH value reached 7. The resulting mixture was centrifuged and washed with distilled water before being dried at room temperature.
[image: ]Characterization of GO and CGO: XRD analysis was applied to justify the crystal structure of the synthesized GO and CGO (Figure S1). The XRD patterns of CGO are compared with those of GO and starting graphite. In the XRD pattern of the initial graphite (black line), we observe the characteristic diffraction peak at 2θ = 26.46o, which is distinctive to graphite. The basal spacing of CGO, as deduced from the reflection at 2θ = 10.7◦, is 8.23 Å [1], while for GO, the d001 reflection at 2θ = 12.7o is calculated at 7.0 Å. This difference in the interlayer space between two adjacent layers of GO and CGO is due to the increased number of carboxyl groups after the carboxylation process.    

Figure S1. XRD pattern of graphite (black line), GO (purple line) and CGO (green line).

In Figure S2, FT-IR spectra were performed to investigate the functional groups GO and CGO. In the FT-IR spectrum of graphite (black line), there is no characteristic peak because of no asymmetric stretching vibrations. As shown in the FT-IR spectrum of GO (purple line), the bands centered at 3420, 1710, 1630, 1395 cm-1, and 1060 cm-1 are attributed to the stretching vibrations of –OH, C=O, C=C, C-O, and C–O- (epoxy) groups, respectively [2, 3]. Concerning the FT-IR spectrum of CGO (green line), the characteristic peaks of GO appear in the spectrum of CGO as well. However, the peak at 1710 cm-1 is more intense due to the increase of carboxyl groups after modification of GO. Moreover, the band of GO at 1630 cm-1 has been downshifted to 1602 cm-1, and this is an indication of the increase of carboxylic groups because they have high electronegativity attracting electrons from the graphitic domain, leaving low charge density on C=C bonds [4]. [image: ]

Figure S2. FTIR spectra of graphite (black line), GO (purple line) and CGO (green line).

The Raman spectra of initial graphite (black line), GO (purple line), and carboxylated GO (green light) are presented in Figure S3. The two major peaks at ~1346 cm−1 (D band) and ~1596 cm−1 (G band) for GO and carboxylated GO are due to the existence of sp3 hybridized carbon atoms mentioned as defects for the graphitic domain (D band) and caused due to the oxidation process which causes the brake of C=C bonds on the aromatic rings creating oxygen functionalities. G band is characteristic of the sp2 hybridized carbon atoms due to the stretching vibration of C-C bonds of graphene. The ratio of the D to G band is a bit higher for CGO ID/IG=0.95 compared to GO ID/IG=0.88, declaring more defects on the final carboxylated structure. However, the difference in the ratios is so tiny that it shows that the carboxylation took place mainly on the oxygen functionalities after the oxidation of graphite and not in the planar structure of graphene. As for initial graphite, the ratio of D to G band is very low because of the negligible defects of the graphitic plane. Moreover, the ratio between 2D and D+G bands (I2D/ID+G) expresses the destruction of sp2 carbons and is lower for CGO, which implies that the oxidation occurred more [image: ]efficiently due to the increased number of carboxyl groups [5]. 

  Figure S3. Raman spectra of graphite (black line), GO (purple line) and CGO (green line).














Figure S4. 1H NMR Spectra of A) nCGO formulations, B) PEG (10 kDa) -NH2 polymer, C) nCGO-PEG(10 kDa) formulations in D2O. Comparatively of the nCGO-PEG (C) spectra revealed a shift at 2.21 ppm attributed to the nCGO methylene (–CH2-) protons, varied weak peaks at the range 1.0 - 2.0 ppm of the aliphatic area attributed to the - CH - CH protons of GO, a peak at 3.69 ppm ascribed to the methylene (-CH2-) protons of the PEG units and a peak at 8.5 ppm attributed to the aromatic protons of the graphite lattice
[image: ]
Figure S5. TGA of nCGO-PEG formulations (blue line) in comparison with the specific mPEG-NH2 polymer (red line) and nCGO (black line). The thermograms are of A) nCGO-PEG(2 kDa), B) nCGO-PEG(20 kDa) and C) nCGO-4-arm PEG(10 kDa). 
[image: ]

Figure S6. TEM micrographs of nCGO (A), nCGO-PEG(2 kDa) (B), nCGO-PEG(20 kDa) (C), and nCGO-4 arm PEG(10 kDa). The scale bar in all micrographs is 200 nm.
[image: ]














Figure S7. Colloidal stability of nCGO and nCGO-PEG formulations in biological media (RPMI 1640, and PBS). Average variations of A) main peak by DLS and B) PDI
[image: ]

Figure S8. Cytotoxicity of nCGO-PEG(10 kDa) against A549 cancer cells at 5 hours (h) of incubation
[image: ]
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