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1. UV–Vis spectra 

Fig. S1 shows a UV–Vis spectrum of GO dissolved in water, exhibiting two 

absorption peaks in the visible and near-infrared range. The maximum absorption at 229 nm 

corresponds to π → π* transitions of aromatic C–C bonds, and the shoulder at 300 nm 

originates from n → π* transitions of C–O bonds.1 

 

 

 

Fig. S1. UV–Vis absorbance spectrum of the GO solution in water. 

 

 

 

2. Raman spectra 
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To characterize the structural information for GO (e.g., crystal size and disorder level), 

micro-Raman spectra (Fig. S2) were obtained using a 514.5 nm laser. The spectra exhibited 

three main characteristic peaks: G band (~1603 cm−1), D band (~1347 cm−1), and 2D band 

(~2700 cm−1). The relative intensity ratio of the D and G peaks (ID/IG) was about 0.975. The 

feature at ~2920 cm−1 is associated with a D + G combination mode induced by disorder.  

 

 

 

Fig. S2. Raman spectrum of single-layer GO recorded using a 514.5 nm laser and 

calibrated using the 521 cm−1 Si peak as reference. 

 

3. Fourier transform infrared spectra (FT-IR) 
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FT-IR was used to verify the presence of functional groups in GO. We observed 

dominant peaks at 3423, 1733, 1619, 1360, 1222 and 1051 cm−1. The peak at 1619 cm−1 

corresponds to C–C bonds associated with skeletal vibrations of the graphitic sp2 domains. 

The other peaks are all attributed to oxygen functional groups: The peak at 3423 cm−1 

corresponds to stretching vibrations from O–H bonds of hydroxyl groups or adsorbed water. 

The peak at 1733 cm−1 is attributed to C=O bonds in carboxylic acid and carbonyl groups. 

The peaks at 1360, 1222, and 1051 cm−1 correspond to C–O bonds in carboxylic acid, 

epoxide, and alkoxy groups, respectively.  

 

 

Fig. S3. FT-IR spectrum of GO. 

 

4. X-ray photoelectron spectroscopy (XPS) 
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XPS was employed to analyze the components of the oxygen functional groups of GO. 

Fig. S4a shows a wide-scan spectrum characterized by two main peaks: O1s and C1s. The 

intensity ratio of O/C was about 1.84. The C1s core-level spectrum revealed three major 

peaks, which are assigned to sp2 and sp3 C–C bonds at 284.8 eV; C–O bonds of epoxy groups 

at 286.9 eV; and carboxylic groups at 288.7 eV in Fig. S4b.2-5 

  

 

Fig. S4. XPS spectra of GO: (a) wide-scan spectrum and (b) C1s spectrum. 
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5. Height profile of GO on SiO2/Si 

 

Fig. S5. (a) Topography and (b) cross-section profile (along the red solid line in (a)) 

of the GO sheet on SiO2/n-Si. The average height of the GO sheet is about 0.8 nm. 
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6. Friction loop of the GO sheet on SiO2/Si 

Fig. S6 shows the friction loop for the data in Fig. 3. The regions with sp2- and sp3-

rich phases, and SiO2 substrate are clearly distinguished. The sp2-rich phase does not exactly 

correspond with the pristine graphene. The GO sheet can have higher friction than that of the 

SiO2 substrate due to a high concentration of –OH groups, creating a reactive, polar surface 

with a higher density of silanol groups on the GO sheet.6, 7 

 

Fig. S6. Friction loop of the GO sheet on SiO2/Si substrate. 

 

7. Magnified friction image of GO 

Fig. S7 shows a friction image with small scans on a mixture of hydroxyl and 

carboxyl groups, and epoxy bridges within the 2-dimensional carbon layer, which includes 

both sp2- and sp3-rich domains. The contrast of friction is clearly shown in Fig. S9b. 
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Fig. S7. (a) Topography (400 ൈ 400 nm2) and (b) friction mapping of the GO surface 

taken using C-AFM. (c) Line profiles of the height and friction along the blue lines in (a) and 

(b). 

 

8. Statistical difference of friction 

Fig. S8 shows a histogram showing the statistical difference for friction from multiple 

GO flakes. It clearly shows two main peaks for the friction on sp2- and sp3-rich regions. 
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Fig. S8. Histogram of the friction on GO flakes with a Gaussian-fitted blue line. 

 

9. Energy levels of a sample junction 

Fig. S9 show the energy levels of a sample junction that includes Pt from the C-AFM 

tip, single-layer GO, SiO2, and n-Si (100). 
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Fig. S9. The energy levels of the elements composing the metal–oxide–semiconductor 

(MOS) structure. 

 

10. SEM images of AFM tip 

Fig. S10 shows scanning electron microscopy (SEM, Magellan400) images of the Pt-

coated tip before and after the AFM measurements. The tip size and shape before and after 

the AFM measurements did not change, within the error of measurement; the curvature radius 

remained at 50 nm േ 10. 
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Fig. S10. SEM images of the Pt-coated tip (a) before and (b) after AFM 

measurements on the GO sheet. 

 

11. Scanning transmission X-ray microscopy (STXM) 

Fig. S11 shows STXM images and C K-edge spectra of the GO sheet on lacey carbon 

at a photon energy of 304.6 eV. The A and B regions show the free-standing GO sheet, and 

the C region shows the GO sheet on lacey carbon. The ߪ/∗ߨ∗ ratio in the A region is higher 

(0.66) than in the B (0.41) and C (0.59) regions. The peak of I3 (288.5 eV) in the C region, 

which originated from the ߨ∗(C=O) states of COOH, is relatively low. Therefore, the lacey 

carbon shows a distinct ratio of ߪ/∗ߨ∗, compared with the A and B regions. 
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Fig. S11. STXM images (a) before and (b) after marking the C region. The I0 region is 

marked by red in an empty area for reference. (c) C K-edge spectra of the C region in (b). I1 

and I4 are the unoccupied ߨ∗ and ߪ∗ states, respectively, and I2 and I3 originate from ߨ∗(C-

O-C) with the ߨ∗(C-OH) and ߨ∗(C=O) states of COOH, respectively. (d) Bar graph of the 

-ratio at different positions. A, B, and C are the bright and dark regions in the free ∗ߪ/∗ߨ

standing GO sheet, and the lacey-carbon-supported GO sheet, respectively. 
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