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Confocal Raman microscopy 

The graphitization degree was confirmed by Raman spectroscopy using a Confocal Raman Microscope 

(CRM, Alpha300 R, Witec, Germany) equipped with a 532nm class 3B laser having a spatial resolution in 

the x-y axis of 0.25 um and 0.5um in the z axis. The raw Raman data were processed using Witec 

software. Background and cosmic ray subtraction were performed to create identical baseline for each 

spectra and to remove spikes present due to cosmic rays hitting the spectrometer. Analysis of the Raman 

peaks were performed with the help of numerical filters. Two such filters were used: sum filters and 

gaussian filters. The sum filter acts as an integrator and sums the intensities of each bin within the given 

range (for example the start and end of the G peak), whereas the gaussian filter fits a gaussian curve to the 

data within a given range. All Raman data were processed and compared with these filters for each of the 

flakes edge and basal plane is indicated in table S1. In general Gauss filters tend to give lower D/G ratios, 

as the filter minimize the high S/N regions which are at the base of the peak. (Γ/Γs)% is the percentage of 

surface coverage of the graphene flake by the polymer determined by normalizing the surface coverage by 

the specific surface of graphene taken at 2630 m2/g.1. In confocal Raman microscopy, graphene leaflets 

are first located by optical microscopy which has not a high enough resolution to image the smallest 

graphene flakes. Thus, the size of the flakes measured by confocal Raman microscopy is larger than the 

size of the flakes measured by AFM. 
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Table S1 Average ID/IG for the edge and center of the graphene flakes convoluted with the instrument 

functions nonlinear filters; Gauss fit and sum signal filters. 

 

Polymer 

(mg.mL-1) 

Sum filter Gauss filter  

ID/IG 

Edge 

ID/IG 

Center 

ID/IG 

Edge 

ID/IG 

Center 

(ΓΓΓΓ/ΓΓΓΓs)% 

0 0.17 0.12 0.14 0.08 -------- 

0.5 0.40 0.29 0.28 0.19 23 

1 0.54 0.43 0.37 0.28 65 

2 0.63 0.49 0.46 0.35 80 

4 0.28 0.22 0.20 0.15 86 

6 0.33 0.19 0.21 0.13 75 
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Figure S1 Raman images of graphite (A (1-5)) and of graphene flakes (B-F (1-5)). Graphene flakes 

were prepared with different polymer concentrations B(1-5) 0.5 mg.mL-1, C(1-5) 1 mg.mL-1, D(1-5) 2 

mg.mL-1, E(1-5) 4 mg.mL-1, F(1-5) 6 mg.mL-1. All the images have been treated the Gaussian filter and 

are color-coded according to D/G ratio 
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X-ray photoelectron spectrometry (XPS) 

Samples for XPS were prepared by depositing a few drops of the graphene dispersions on silicon wafer. 

Once dried, the excess polymer was removed by immersing the slides in pure hexane for a few minutes. 

In order to calibrate the spectrum, the carbon peak was set at 285 eV. The quality of the sp2 domains and 

chemical change in the graphitic structure was confirmed by XPS, as shown in Figure S2. In XPS, The C 

1s signals of the graphene can be deconvoluted into three signals indicating different types of bonds, 

namely the C=C bond in aromatic rings (285.0 eV), C-O bond (285.5 eV) and C=O bond (286.5 eV).2,3 

The intensity of the C=C peak decreases and the one of the C-O and C=O peaks increases with increasing 

polymer concentrations indicating that C-O and C=O peaks originate from the polymer. 

 

 

Figure S2 C 1s XPS spectra of graphene dispersion at different polymer concentration (a) 1.0 (b) 4.0 (c) 

6.0 mg.mL-1, and deconvolution in C=C (red), C-C (blue) and C-O (green) peaks. 
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Atomic Force Microscopy (AFM) 

 
Figure S3 AFM images of graphene flakes before removing the unbound polymer. 
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Figure S4 AFM images of graphene flakes prepared after removing the unbound polymer. 
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Scanning Electron Microscopy (SEM) 

 

Figure S5 SEM images of the films prepared with graphene inks (0.5 mg.mL-1, Γ/Γs = 23%) written with 

a ballpoint pen on aluminum foil.   
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Figure S6 SEM images of the films prepared with graphene inks (1 mg.mL-1, Γ/Γs = 65%), written with a 

ballpoint pen on glass on aluminum foil.   
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Figure S7 SEM images of the films prepared with graphene inks (2 mg.mL-1, Γ/Γs = 80%), written with a 

ballpoint pen on glass on aluminum foil.   
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Figure S8 SEM images of the films prepared with graphene inks (0.5 mg.mL-1, Γ/Γs = 23%) transferred 

to untreated glass plates via a Langmuir Blodgett transfer technique. 
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Figure S9 SEM images of the films prepared with graphene inks (1 mg.mL-1, Γ/Γs = 65%) transferred to 

untreated glass plates via a Langmuir Blodgett transfer technique.   
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Figure S10 SEM images of the films prepared with graphene inks (2 mg.mL-1, Γ/Γs = 80%) transferred to 

untreated glass plates via a Langmuir Blodgett transfer technique. 
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Figure S11 Raman spectrum and graphitization degree (ID/IG) of the films obtained by Langmuir Blodgett 

transfer to glass. The graphitization degree (ID/IG) and polymer concentration used for the preparation of 

the ink are indicated in the figure. 
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Figure S12 SEM images of the films prepared with graphene inks (0.5 mg.mL-1, Γ/Γs = 23%) transferred 

to HMDZ treated glass via a Langmuir Blodgett transfer technique. 
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Figure S13 SEM images of the films prepared with graphene inks (0.5 mg.mL-1, Γ/Γs = 23%) transferred 

to polymer treated glass via a Langmuir Blodgett transfer technique. 
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Figure S14 SEM images of the coated polymer/glass plates. 
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Ink drying rate measurement 

To assess the ink drying rate, 50 µl of the solvent or of the ink was deposited on the ATR crystal 

(diamond) of the FTIR instrument, and the absorbance spectrum was saved automatically every 3 

seconds. A characteristic band of the solvent is chosen to monitor the drying rate (in the case of isooctane, 

the band at 1450 cm-1 is chosen). When the band has disappeared, the ink is dried. 

 

Figure S15 A. FTIR spectrum of isooctane vs time. B. FTIR spectrum of graphene ink (c = 0.5 mgmL-1) 

vs time. C. %loss of the intensity of the isooctane and graphene ink vs time. At 125 s, isooctane is fully 

dried, while 50% of isooctane in the graphene ink was evaporated. At 250 s, the graphene ink is fully 

dried. 
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Contact angle measurements 

 

A drop of 5 µl of isooctane was applied to a freshly cleaned glass slide, or a HMDZ treated glass slide or 

a polymer treated glass slides. The drop of isooctane was photographed with a digital SLR camera, and 

the image was analyzed using the ImageJ freeware and the Dropsnake plugin. 

 

 
Figure S16 Contact angle of graphene ink (c = 0.5 mgmL-1) with various substrates. A. untreated glass 

plate. B. HMDZ – treated glass plate. C. Poly(CEM11-b-EHA7) coated glass plate 
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Table S2 Sheet resistance Rs of films prepared with graphene inks reported in literature 

 

 Solvent  Additive  Rs (kΩ/seq) substrate 

Torrisi et al., 

20126 

NMP --------------- 30  hexamethyldisilazane 

(HMDS)-treated Si 

wafer 

Han, X. et al., 

20137 

NMP -------- 1 PET 

Li, J. et al., 

20138 

terpineol poly(ethyl cellulose) 

(EC) 

30 Glass 

Arapov et al., 

20149 

isopropanol 

(IPA) and n-

butanol (n-

BuOH) 

copolymer of N-vinyl-

2-pyrrolidone and 

vinyl acetate 

1–2 FS3 and LumiForte 

special application 

papers 

Ciesielski et 

al., 201410 

NMP 1-phenyloctane and 

arachidic acid 

10-25 HMDZ-treated Si wafer 

Jabari et 

Toyserkani, 

201611 

cyclohexanone/t

erpineol 

---------------- 0.93 HMDZ-treated Si 

wafers 

Capasso et al., 

201512 

water/ethanol ------------------- 13 PET 

Del et al., 

201513 

terpineol EC 30 Glass slide 

Higashi et al., 

201614 

 p-C18-ac-2EG3 25 Filter paper 

Majee, 

Subimal et al., 

201615 

ethanol, DMF, 

and NMP 

EC 0.26 Glass and PET 

Mousset et al., 

201616 

water/ethanol Nafion 5.1 polytetrafluoroethylene 

(PTFE)-treated carbon 

textile 
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