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height profile (Fig. 5), where the height amplitude is also within 
the range of 10 nm, but there do not occur any flat areas and 
it is difficult to indicate any specific creases like those present 
in graphene after delamination – the surface is more developed 
here. Aritmetical mean height (Sa) for delaminated graphene 
sample is 0.91 nm, for etched graphene Sa equals 1.90 nm. 
Similarly root mean square height (Sq) is 1.50 nm to 2.41 nm. 
Higher surface development in case of graphene after etching 
may indicate that the contact side of graphene, in this case being 
in contact with silicon oxide, is much purer after delamination. 
The side of graphene that adhered to the growth substrate, not 
the one onto which the polymer was applied, is laid on the target 
substrate during the transfer. Thus, it is the remains of copper, 
iron chloride, chlorine or copper chloride that determine impedi-

ment transfer to a new substrate. Contaminations are locations 
with tendency to retain e.g. water during the transfer, which is the 
cause behind creases and development of the surface. Graphene 
after delamination is on the opposite end of this spectrum since 
it is pure and therefore its surface is less developed, allowing us 
to notice smooth areas between creases.

3.3. Evaluation of graphene defectiveness degree 
by means of Raman spectroscopy

When analysing the Raman spectra of graphene (Fig. 6) 
separated from the growth substrate using the two methods 
concerned, it can be noticed that in case of graphene after 

Fig. 3. Preview of graphene on an optical microscope compatible with the atomic force microscope a) after delamination, b) after chemical etching

Fig. 4. AFM image and height profile (red line – scan axis) of graphene 
after delamination. Sample after hot soaking

Fig. 5. AFM image and height profile (red line – scan axis) of graphene 
after chemical etching. Sample after hot soaking
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electrochemical delamination the ratio of intensity of peak G to 
intensity of peak D is almost two times lower than in case of gra-
phene after chemical etching. The D band itself is less intensive 
after delamination, while the D’ peak is more pronounced after 
etching. This indicates a lower number of defects after delamina-
tion. The half width of the 2D peak indicates defectiveness as 
well. When dealing with a monolayer without defects, the half 
width for 2D is 25-30 cm–1. Graphene after delamination is very 
close to that value (31 cm–1), while graphene after etching is 
characterised by greater half width of that peak (41 cm–1). The 
presence of graphene monolayer is confirmed by symmetry of 
the 2D peak in both cases [26]. The quotient of 2D peak intensity 
and G peak intensity amounting to 3.94 is very close to the value 
of 4 present in the literature, which testifies to presence of a layer 
with thickness of a single atom. The lower quotient of intensity 
of these peaks for graphene after etching is caused by a greater 
amount of defects, not by the presence of the multilayer. The 
D+G peak occurs more clearly for the sample after etching, while 
for the delaminated sample it is practically imperceptible. The 
lack presence of this peak or very low intensity thereof indicate 
better structural arrangement. According to the relationship 
presented in the literature [27], the average calculated distance 
between defects for the etched sample is 15 nm, while for the 
sample after delamination it is 21 nm.

3.4. Impact of graphene separation method 
on the degree of its contamination

An examination with the use of transmission electronic 
microscopy of samples separated by means of electrochemical 
delamination and chemical etching was performed in order to 
evaluate the degree of contamination of graphene surface.

Fig. 6. Raman spectrum of graphene after chemical etching and after 
hydrogen delamination

Fig. 7. Spectrum of elements in the graphene sample after chemical etching. EDS TEM analysis

Fig. 8. Spectrum of elements in the graphene sample after electrochemical delamination. EDS TEM analysis




