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Fluorine-doped carbon materials were successfully synthesized from a mixed solvent of benzene (BZ) and
hexafluorobenzene (HFB) using a solution plasma process. SEM observation showed the aggregate of uniform nano-
sized carbon particles. XRD and Raman spectroscopy measurements revealed that the carbon samples had the (002)
characteristic plane of the turbostratic carbon phase and structural defect sites. The fluorine doping contents increased
from 0.26 at% for BZ+HFB 10 mM to 0.37 at% for BZ+HFB 50 mM. The electrocatalytic activity of the synthesized
carbon samples for oxygen reduction reaction (ORR) was investigated electrochemically in an alkaline medium by
cyclic voltammetry (CV) and linear sweep voltammetry (LSV). The current density of the carbon samples for the ORR
was found to be in the order of: BZ+HFB 50 mM > BZ+HFB 10 mM > BZ+HFB 30 mM > BZ. The results obtained
in this study have demonstrated that the solution plasma process has great potential for the synthesis of metal-free

fluorine-doped carbon electrocatalysts for the ORR.
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Fig.1 SEM images of nanocarbon samples synthesized from (a)
Bz, (b) BZ+HFB 10 mM, (c) BZ+HFB 30 mM, (d) BZ+HFB 50
mM.
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Fig.2 (a) XRD patterns of (i) Bz, (ii) BZ+HFB 10 mM, (iii)
BZ+HFB 30 mM, and (iv) BZ+HFB 50 mM. (b) Raman spectra
of (i) BZ, (i) BZ+HFB 10 mM, (iii) BZ+HFB 30 mM, and (iv)
BZ+HFB 50 mM.
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Fig.3 (a) XPS F1s spectrum of BZ+HFB 10 mM, BZ+HFB 30
mM, and BZ+HFB 50 mM. All the spectra can be deconvoluted
into two components. b) The relative atomic percentage of each
fluorine-bonding configuration of BZ+HFB 10 mM, BZ+HFB 30
mM, and BZ+HFB 50 mM.
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Fig.4 CV curves of the ORR for (a) BZ, (b) BZ+HFB 10 mM, (c)
BZ+HFB 30 mM, (d) BZ+HFB 50 mM in an O,-saturated 0.1 M
KOH solution at a scan rate of rate 100 mV-s™".
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Fig.5 (a) LSV curves of all samples in an O,-saturated 0.1 M KOH solution at a scan rate of 10 mV-s' and a rotation speed of 2000 rpm.
(b) Corresponding K-L plot of nanocarbon sample synthesized from BZ+HFB 50 mM. (c) Calculated n values of different electrodes (BZ,
BZ+HFB 10 mM, BZ+HFB 30 mM, BZ+HFB 50 mM). (d) Comparison of the onset potential and limiting current density of each catalyst with
the electron transfer number n based on the Koutechy—Levich equation determined by LSV. The onset potential was measured at -0.1

mA-cm2 and the limiting current was measured at -0.5 V.

_17_



1)
2)

4
5)

6)

Journal of Flux Growth Vol.10, No.1, 2015

References
B. Winther-Jensen, O. Winther-Jensen, M. Forsyth, D. R.
MacFarlane, Science, 2008, 321, 671.
Y. Zhao, L. Yang, S. Chen, X. Wang, Y. Ma, Q. Wu, Y.
Jiang, W. Qian, Z. Hu, J. Am. Chem. Soc., 2013, 135, 1201.
D. Yu, E. Nagelli, F. Du, L. Dai, J. Phys. Chem. Lett., 2010,
1,2165.
T. Ishizaki, S. Chiba, Y. Kaneko, G. Panomsuwan, J. Mater.
Chem. A4, 2014, 2, 10589.
G. Panomsuwan, S. Chiba, Y. Kaneko, N. Saito, T. Ishizaki,
J. Mater. Chem. 4, 2014, 2, 18677.
L.-Y. Jeon, et al., Sci. Rep., 2013, 3, 1810.
X. Sun, P. Song, Y. Zhang, C. Liu, W. Xu, W. Xing, Sci.
Rep., 2013, 3, 2505.

8)
9)
10)
11)

12)
13)

14)
15)

_18_

D. Kim, O. Li, N. Saito, Phys. Chem. Chem. Phys., 2014, 16,
14905.

J. Senthilnathan, K. Rao, M. Yoshimura, J. Mater. Chem. A,
2014, 2, 3332.

D. Bhattachariya, H.-Y. Park, M.-S. Kim, H.-S. Choi, S. N.
Inamdar, J.-S. Yu, Langmuir, 2014, 30, 318.

A. C. Ferrari, J. Robertson, Phys. Rev. B, 2000, 617, 14095.

R. W. Paynter, Surf. Interface Anal., 1998, 26, 674.

A. Tressaud, S. Flandrois, M. Chambon, C. Guimon, G,
Nanse, E. Papirer, A. Gupta, O. P. Bahl, J. Phys. Chem.
Solids, 1996, 57, 745.

M. Endo, S. lijima, Nanocarbon Handbook, NTS, 2007.

T. Lee, E. K. Jeon, B-Su Kim, J. Mater. Chem. A, 2014, 2,
6167.





