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Graphene bilayers can either be stacked in Bernal (AB) stack or in a random orientation (turbostratic) 

and the properties can change depending on the stacking order. The stacking order can be 

determined by Raman spectroscopy [1], namely observing the 2D band, at around 2700 cm
-1

 (at 2.41 

eV). However, to distinguish the contributions of each layer can be difficult, since they yield very 

similar Raman signals. In order to be able to differentiate between the two layers, isotopically labelled 

bilayer graphene was studied. That is, one layer consists of 
12

C atoms and the other layer of 
13

C 

atoms. The different mass of the two layers results in a frequency shift of the Raman peaks, which 

clearly can be seen in the Raman spectrum. Because of the synthesis process (CVD), both labelled 

bilayers and bilayers containing only one isotope can be found on the same sample. The samples 

were fluorinated using XeF2 crystals. 

Using a WITec system to record high resolution Raman maps of bilayer structures a lot of information 

can be obtained. For example, the different isotopic regions can clearly be distinguished (Figure A), as 

well as regions of different stacking order (Figure B) and with or without the defect band, D band 

(Figure C). It was also observed that both types of stacking order can be found within the same grain. 

Monolayer graphene was found to be significantly more sensitive to fluorination than bilayers. For 

bilayers doped by fluorination it was found that AB regions presented D bands with lower intensities 

than turbostratic regions. Therefore, the fluorination process is more effective for turbostratic bilayer 

graphene.   
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Figure A: Intensity map of the spectral region 1560-1620 cm
-1
. The yellow areas show regions with 

bilayer graphene containing both isotopes, orange areas highlight 
13

C bilayer whereas darker areas 

represent monolayer graphene.  

Figure B: Spectral width of the 2D peak originating from 
13

C bilayer. Bright areas highlight AB stacked 

regions, whereas dark areas show turbostratic regions. Monolayer 
13

C and bilayer regions containing 
12

C are shown in black and are not fitted in this image. 

Figure C: Intensity of the 
13

C D peak in all bilayers. Comparing this image with Figure B, it can be seen 

that the D peak is larger in turbostratic than in AB regions. A high intensity of D band can also be 

observed in the edges of the grains, were more structural defects are present. 


