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Selective Nitrogen Doping of Carbon Nanotubes Through Different
Mechanical Mixing Methods with Melamine

Seon-Yeon Kim*, Taewoo Kim**', Seung-Yeol Jeon***'

ABSTRACT: The formation of bonding configurations such as pyridinic-N, pyrrolic-N, and graphitic-N by nitrogen
doping plays a crucial role in imparting distinct physical properties to carbon nanomaterials. In this study, we propose
a simple and cost-effective approach to regulate nitrogen dopant configurations in carbon nanotubes (CNTs) by
mixing melamine as a dopant source. We employed three distinct mechanical mixing techniques, namely magnetic
stirring, bath sonication and tip sonication. The higher the ratio of melamine to CNT, the higher the ratio of Pyrrolic-
N, and when mixed through stirring, the highest ratio of Pyridinic-N was shown. The facile method proposed in this
study, which can easily form various types of nitrogen dopants in carbon nanotubes, is expected to facilitate the
application of nitrogen-doped carbon nanomaterials.
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Fig. 1. Bonding configurations of N atoms in carbon nanomate-
rials and examples of nitrogen doping with melamine
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Fig. 2. Nitrogen doping of SWCNTs through different mechani-
cal mixing methods with melamine
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Fig. 3. TGA graph of SWCNTs with melamine physically adsorbed
using various mixing methods before nitrogen doping
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melamine mixed using different mechanical mixing
methods
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Table 1.1/l ratio of nitrogen-doped SWCNTs

Mixing I/, ratio
method Ref 1:2 1:4 1:8
Stirrin 2.6 4.1 3.98 3.7
& | (026) | (+050) | (£0.05) | (+0.65)
Bath 2.6 2.9 3.6 4.1
sonication (£0.26) (+£0.30) (+0.31) (x£0.12)
Tip 2.6 3.2 33 3.1
sonication | (+0.26) (+£0.50) (+0.28) (+£0.19)
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Fig. 6. XPS graphs of differently treated SWCNTs
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Table 2. Relative intensity ratio of XPS peaks of differently
treated SWCNTSs
C=C C-C C-0 | C=0 [0-C=0| m-m*
(%) (%) | (%) | (%0 | (%) | (%)
Pristine 60.63 | 12.77 9.47 4.38 7.38 5.37
H,SO,/HNO, | 60.28 | 12.64 | 1291 | 9.60 | 458 | -

KMnO, 58.86 | 12.52 | 11.83 | 6.92 9.87 -
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Fig. 7. Nitrogen dopant configuration according to the ratio of
SWCNT and melamine mixed using different mechanical
mixing methods
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Table 3. Percentage of nitrogen configurations of doped SWNCTs

Stirring Total N | Pyridinic- |Pyrrolic-N|Graphitic- | Oxidized-
(%) N (%) (%) N (%) | N(%)
1:2 6.12 36.87 25.96 20.52 16.63
1:4 5.06 35.08 26.41 20.89 17.61
1:8 6.43 36.49 27.14 19.88 16.48

Bath Total N | Pyridinic- |Pyrrolic-N| Graphitic- | Oxidized-

sonication| (%) N (%) (%) N (%) N (%)
1:2 4.23 35.37 25.31 21.23 18.09
1:4 4.10 34.85 25.49 20.61 18.70
1:8 4.93 31.50 30.17 20.83 17.48

Tip Total N | Pyridinic- [Pyrrolic-N|Graphitic- | Oxidized-

sonication| (%) N (%) (%) N (%) N (%)
1:2 4.21 32.11 25.89 23.99 18.00
1:4 3.65 35.33 23.45 20.45 20.77
1:8 4.51 29.78 28.32 25.09 16.80
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Fig. 8. SEM and EDS images of nitrogen-doped SWCNTs with
melamine through various mechanical mixing methods
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