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and bi- layers of GO on a Si/polymer substrate. From the difference between the measured 
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2 
3 
4 
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10 
11 

adhesion force on GO monolayer and on GO bilayer (Figure 1.a, b respectively), capillary and 

electrostatic forces, and the VdW interactions between tip and underlying substrate cancel. 

Hence, we obtain the interaction force between a levitating GO nanosheet and the AFM tip, at 

a distance d corresponding to the thickness of the GO top layer, as if they were separated by a 
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12 vacuum spacer with a thickness equal to that of the intervening GO top layer. 
13 
14 Sample preparation and morphology of the Si/PEI/GO structures depicted in Figure 1.a and b 
15 
16 
17 are summarised and illustrated in Figure 2, and described in the sample preparation section. 
18 
19 The surface morphology of the Si/PEI/GO sample as drawn in Figure 2.c.5, was characterized 
20 
21 

using HybriD Mode AFM, by which we obtain simultaneously a height image and an 
23 
24 adhesive-force image (for details see the Instrumentation and methods part). Figure 3 shows 
25 
26 results collected at different locations of the same sample. Height images are shown in Figure 
28 
29 3.a, d. GO flakes are recognisable by their larger height, by about 5 nm, relative to the silicon. 
30 
31 This 5 nm represents the combined thickness of GO and underlying PEI. Features in the 
33 
34 adhesion-force image coincide with features in the height counterpart. However, inspection of 
35 
36 the adhesion-force image reveals features not visible in the height image. Folding and 
37 
38 
39 overlapping of GO, which forms a bilayer at some places, causes variations of the adhesion 
40 
41 force. In adhesion-force images (Figure 3.b, 2.e) and profiles (Figure 3.c, 3.f) we recognise 
42 
43 

two distinct levels at the GO flakes. In Figure 3.d and 3.e we observe a straight edge, quite 
45 
46 different from other more irregular edges of the GO flakes, which represents a fold of a flake. 
47 
48 Adjoining this edge there must be a GO bilayer. Indeed, in the adhesion-force image (Figure 
50 
51 3e), and profile (Figure 3f), we clearly recognise the bilayer patch adjoining this fold. The 
52 
53 bilayer is characterised by a larger adhesive energy than the monolayer patches. Also in other 
54 
55 
56 places (e.g. image 2.b and profile 2.c) we recognise patches with this higher-level adhesive 
57 
58 force. After the tape treatment, both the GO monolayer and bilayer are rough. For the 
59 
60 

subsequent analysis, we selected regions on the monolayer and on the bilayer where the 
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Figure 2. 
1 
2 (a) AFM height images of GO deposited on a Si/PEI surface. GO flakes are clearly visible 
3 
4 

with thickness of about 1 nm, [28]  as well as areas exhibiting a 2-fold increase of the height. 
6 
7 The latter is interpreted as two GO nanosheets overlapping (indicated by the green circle). (b) 
8 
9 AFM height images of the Si/PEI/GO sample after tape treatment.  The inset of 2.b shows the 
11 
12 sample being pressed on the tape. (c) Schematic illustration of the sample preparation. Clearly, 
13 
14 GO flakes have remained at the sample upon the tape treatment. Their height increased to 4 
15 
16 
17 nm, the heights for monolayer and bilayer sections are now the same. Furthermore, the 
18 
19 surface roughness increased. There are two possible explanations for the increased height of 
20 
21 

the GO-covered regions: (c.3) the tape/PEI interaction is so strong that (part of) the PEI next 
23 
24 to GO flakes was removed by the tape, and the tape/GO interaction is so much weaker that 
25 
26 GO and PEI covered by it were not removed. (c.4) polymer molecules from the tape were left 
28 
29 behind, and their quantity on GO was larger than that on PEI. After plasma treatment, the 
30 
31 sample has flakes of GO with PEI underneath on Si. The area not covered by GO is simply 
33 
34 bare Si, as illustrated in (c.5). As discussed in detail, this structure is confirmed by AFM 
35 
36 height and force images, simultaneously obtained by the HybriD Mode method.[29] 
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anyway. Therefor we will not spend attention to its actual detailed structure. The fact that also the AFM tip 
consists of Silicon covered by a native Silica layer will be addressed in the next section. 
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59 there is a bilayer of GO on the outside. In this difference the contributions due to the substrate cancel out 
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23 Fig S4. Evaluate the contribution from native silica layer and bulk silicon in the total VdW 
25 
26 energy between GO and Si surface with 2 nm thick native oxidized silica layer. 
27 
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32 3.  Determination of the normalized adhesion force 
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