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Figure S1| NK edge XAS spectrum of rGO-Am sample obtained in the total electron yield mode 

by recording the drain current of the rGO-Am layer deposited on silicon substrate. 

 

Figure S2 | FTIR spectra of the initial GO (green curve) and aminated rGO (red curve) 



 

 

Figure S3 | High-resolution (a) C1s and (b) O1s XPS spectra of the initial graphene oxide sample 

reduced by annealing at 600 °C for 2 hours. The spectra were used as the references for the 

alignment and interpretation of all obtained in this work XPS spectra of GO and rGO samples.  

 

Figure S4 | UV-Vis spectra of the initial graphene oxide and obtained aminated graphene. The 

observed 230 nm peak redshift to higher wavelengths (~ 277 nm), vanishing of the shoulder at 

300 nm disappears and substantial rise of the overall absorption in the range up to near-infrared 

region signifies nearly complete elimination of functional groups from the GO basal plane and 

restoration of sp2-conjugated graphene network. 



 

Figures S5 | XRD pattern of the initial GO. The d-value is in Å. The (10.l) and ((11.l) indicate 

diffraction reflections, corresponding to the superposition of crystalline reflections of type (hk.l) 

and two-dimensional lattice reflections of type (hk). (Inset) Atomic-force microscopy image of 

graphene oxide deposited on silicon wafer. The corresponding height profile is shown at the 

bottom.  



 

Figure S6 | NK edge XAS spectra of the aminated graphene film obtained under different angles 

of the radiation. All spectra were measure in the total electron yield mode by recording the drain 

current of the rGO-Am layer (~500 nm thick) deposited on silicon substrate. 

 

Figure S7 | (a,b) SEM images and (c) corresponding size distribution histograms of (a-c) the 

initial graphene oxide and (d-f) aminated graphene. The number of GO or rGO-Am platelets 

accounted in the distributions are 653 and 575, respectively. 



 

Figure S8 | FTIR spectrum of the rGO-Am-Benz sample, indicating successful amide bonding 

between the rGO-Am layer and 3-Chlorobenzoyl chloride 

 
Figure S9 | The mixture of CuCl and HCl wih (left flask) and without (right flask) rGO-Am. The 

blue color of the solution indicates the interaction of the amines of rGO-Am with the Cl- ions and 

formation of tetraamine copper hydroxide complex due to amines hydrolysis and their 

detachment from the rGO-Am layers.   

 



 

Figure S10 | The electrode substrate model for conductivity measurements of GO and rGO films. 

Not in scale. 

Determination of the corrugation amplitude of 2D crystals by the means of 

electron diffraction 

Corrugation amplitude of 2D crystals can be measured by electron diffraction (for 

example, D. Kirilenko et al. Measuring the corrugation amplitude of suspended and supported 

graphene. Phys. Rev. B 84, 235417 (2011); J. Thomsen et al. Suppression of intrinsic roughness 

in encapsulated graphene, Phys. Rev. B 96, 014101 (2017)). It can be done by measuring 

diffraction spot intensity decrease with the crystal tilt against the incident electron beam. 

Electron diffraction pattern obtained in TEM represents a practically flat cross-section of the 

crystal reciprocal lattice which direction is defined the angle between electron beam direction 

and the crystal. In the case of corrugated 2D crystal reciprocal lattice consists of vertical rods and 

diffused clouds. Tilting crystal brings cross-sections of the reciprocal lattice nodes at higher 

points what is seen as corresponding change of a diffraction spot as shown in Figure S11.  

 

Figure S11. Side-view of reciprocal lattice of corrugated graphene with shown cross-sections 

representing electron  diffraction patterns acquired at different tilt angles and corresponding 

diffraction spot evolution as it appears in experiment. 



Dependence of the spot intensity and shape on the vertical coordinate w is described by the 

following formula, where h(x,y) – the corrugation profile: 
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As can be derived from (1), the intensity of a diffraction spot I measured in its very center is 

described by the following: 
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Thus, if one measures diffraction spot intensity variation with crystal tilt we can find the average 

square of the corrugation amplitude ℎ2̅̅ ̅. 

The discussed technique has an important advantage in comparison to AFM. Each electron 

diffraction spot corresponding to the graphene structure is formed by summation of electron 

waves coherently scattered by graphene atoms. Thus, dependence of the spot intensity on the 

electron beam incidence angle represents the very information on the graphene lattice distortions. 

At the same time, an AFM tip would move above the functional groups and the corrugation 

amplitude determined by AFM includes not only graphene sheet distortions but also a 

contribution of the functional groups geometry itself (Figure S12).  

 

Figure S12. Schematic of differences in experimental data obtained by TEM and AFM on the 

corrugation of functionalized graphene. 

 

 


