
Effects of hydrothermal reaction and annealing temperature on the 

quality of nitrogen-doped graphene 

M. Coroș, F. Pogăcean, C. Socaci, A. Turza, S. Pruneanu

 National Institute for Research and Development of Isotopic and Molecular Technologies, 67-

103 Donat Street, 400293 Cluj-Napoca, Romania. 

Tel:+40 264 58 40 37; e-mail: maria.coros@itim-cj.ro 

1. Introduction – Graphene, a new two-dimensional material, is of great interest due to its unique

electrical and mechanical properties and perspective applications in many fields including

nanoelectronics, sensors, photocatalysts, batteries and supercapacitors [1].

Doping graphene with other chemical elements (such as nitrogen) can

modulate its electronic properties, manipulate surface chemistry, and open

the bandgap in graphene for device applications. In our study, the nitrogen-

doped graphenes (NGr) were prepared by hydrothermal method using

graphene oxide (GO) as the raw material and urea as the reducing-doping

source. The best composite material (Image 1) was characterized by

Transmission Electron Microscopy (TEM), Scanning Electron Microscopy

(SEM), (EDX), X-ray diffraction (XRD), elemental analysis, Fourier 

Transform Infrared (FTIR) and Raman spectroscopy. The results showed

that nitrogen was successfully doped in the graphene. The highest nitrogen

content was 5.94%.

2. Experimental – Typically, a given amount of urea was added to an aqueous dispersion of GO

(previously sonicated for 25 minutes). The mixture was sealed in an autoclave and placed in an oven at

160°C for different periods of time (3, 8, 12 hours). After cooling to room temperature the product was

filtered, washed with distilled water and dried by lyophilization.

3. Results and Discussion – We performed a series of experiments to investigate the effects of

experimental parameters (influence of the starting GO; reaction time; GO:urea ratio) on the quality of the

final materials. The sample with the highest nitrogen doping (5.94%) was obtained in the following

reaction conditions: 3 hours reaction time, 160°C reaction temperature; GO: urea ratio of 1:5.

Table I. Elemental analysis for 3 of the most representative samples

4. Conclusions – The present study is describing the synthesis and characterization of nitrogen doped

graphene prepared by hydrothermal method. Compared to the existing methods in the literature our

method involves a smaller GO:urea ratio (1:5 compared with 1:30 and above) and shorter reaction time (3

hours versus 8, 12 or 18 hours) to obtain a material with similar doping degree as those presented in other

studies [2].
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Image 1. Representative TEM

image for NGr-1 

Sample 
Reaction 

time (h) 
C% H% N% 

NGr-1 3 81.96 1.56 5.94 

NGr-2 8 75.33 1.6 5.35 

NGr-3 12 45.23 1.57 3.82 
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