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Figure S-1. DSC thermograms for the sample of neat CNTs (CNT0) and D-CNT1 

In Figure S-2, both D-CNT1 and D-CNT2 samples show major peaks at around 724, 965, 1023, 1198, 

1381, 1464, and 1581 cm−1. The sample D-CNT1 show absorption peaks at 1023 and 1198 cm−1 which 

were shifted to a higher wavenumber side (1063 cm−1) and 1223 cm−1 in D-CNT2, respectively. The 

peak at 1381 cm−1 corresponds to the characteristic absorbance of single C–N bonds [1]. The peaks at 

1464 and 1581 cm−1attributed to C N stretching modes. The peak in the 1464 cm−1 region appears 

strong in D-CNT2. Besides, pronounced bands at 1747, 1980, 2029, 2136, 2854, and 2928 cm−1 were 

assigned to C–H bonding and appear strong in D-CNT2. A small peak at 1508 cm−1 was observed in  

D-CNT2. The absorption in the 1200–1600 cm−1 region could be assigned to the imine bond (C=N) and 
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C-N/N-H stretching. In addition, the features at 3245 and 3486 cm−1 that could be assigned to the 

stretching and deformation mode of the NH2 group appear only in D-CNT2. The FTIR spectra revealed 

that the N atoms are bonded into the carbon network. We therefore strongly believe that N doping 

of graphene sheets may be taking place and a C–N bond identical to the sp3 bonded carbon nitride 

sample may be forming. The features between 2851 and 2925 cm−1 are consistent with C–Hx 

stretching vibrations of chemisorbed hydrogen of various types presents in all carbon films [2,3]. 

Furthermore, a peak at 1063 cm−1 appears in D-CNT2 coming from the S=O stretching [4]. 

 
Figure S-2. FT-IR spectra for the sample of D-CNT1 and D-CNT2 

  

 

Figure S-3. SEM-EDS mapping of (a) Neat CNTs, (b) 
D-CNT2, (c) D-CNT3 

1000 1500 2000 2500 3000 3500

10

12

14

16

18

20

Tr
an

sm
it

ta
n

ce
, %

 

Wavenumber, cm -1

D-CNT1

D-CNT2



T. H. H. Elagib et al. J. Electrochem. Sci. Eng. 00(0) (2023) 000-000 

http://dx.doi.org/10.5599/jese.1664  S3 

References  

[1] T. Maiyalagan, B. Viswanathan, Template synthesis and characterization of well-aligned 
nitrogen containing carbon nanotubes, Materials Chemistry and Physics 93 (2005) 291-295. 
https://doi.org/10.1016/j.matchemphys.2005.03.039  

[2] A. Misra, P.K. Tyagi, M.K. Singh, D. Misra, FTIR studies of nitrogen doped carbon nanotubes, 
Diamond and Related Materials 15 (2006) 385-388. 
https://doi.org/10.1016/j.diamond.2005.08.013 

[3] A. Ariharan, B. Viswanathan, V. Nandhakumar, Nitrogen-incorporated carbon nanotube 
derived from polystyrene and polypyrrole as hydrogen storage material, International 
Journal of Hydrogen Energy 43 (2018) 5077-5088. 
https://doi.org/10.1016/j.ijhydene.2018.01.110 

[4] W. Lin, Y. Xiu, L. Zhu, K.-S. Moon, C. Wong, Assembling of carbon nanotube structures by 
chemical anchoring for packaging applications, 58th Electronic Components and Technology 
Conference, IEEE 2008, Lake Buena Vista, FL, USA, pp. 421-426. 
https://doi.org/10.1109/ECTC.2008.4550005  

 
 

http://dx.doi.org/10.5599/jese.1664
https://doi.org/10.1016/j.matchemphys.2005.03.039
https://doi.org/10.1016/j.diamond.2005.08.013
https://doi.org/10.1016/j.ijhydene.2018.01.110
https://doi.org/10.1109/ECTC.2008.4550005



