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Effect of Molecular Structure of Amidine-Containing Molecules
Modified Carbon Support on ORR Activity and Durability of Platinum
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Abstract : Two types of Ketjen black modified with amidine-containing molecules having different molecular
structure were prepared by reaction of azo initiators. The catalytic activity for oxygen reduction reaction and
durability were investigated after loading with platinum particles. Both activity and durability were higher than
those of the catalyst using unmodified Ketjen black (KB), demonstrating that modification of the support with
amidine-containing molecules improved ORR activity and durability of the platinum particles. We found that Pt/
KB-N1 modified with 2-methylpropionamidine and Pt/KB-N2 with carboxyethylamidine group at one end had
different properties. Although the durability was comparable, the differences between them were that the XPS
analysis of Pt/KB-N2 showed a smaller ratio of nitrogen bonding to Pt, the formation of Pt oxide was confirmed in
the cyclic voltammogram, and ORR activity at I/C = 0.4 was lower than that of Pt/KB-N1.
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Fig.1 Structures of (a) V-50 and (b) VA-57.
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Table 1 Nitrogen content, BET surface area, total pore volume
and micro pore volume of KB, KB-N1 and KB-N2.

P | /cm3g?t
Nitrogen BET surface ore volume £om-g
Sample

content/ wt% area/m?2g" Total Micro pore
KB 0.13 785 1.38 0.32
KB-N1 1.93 354 1.16 0.13
KB-N2 1.95 479 1.19 0.19
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Fig. 2 N1s spectra of KB, KB-N1, KB-N2, Pt/KB, Pt/KB-N1
and Pt/KB-N2 obtained by XPS.
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&
Fig. 3 Typical FE-SEM images of (a) Pt/KB, (b) Pt/KB-N1 and
(c) Pt/KB-N2.

%2 Pi/KB. Pt/KB-N15 & UPt/KB-N2D) £ #H§F%E, CO/N
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Table 2 Pt loading, specific surface area (SSA) and average

particle diameter (d,) of Pt of Pt/KB, Pt/KB-N1 and
Pt/KB-N2. SSA and d., were estimated by CO pulse
measurements. N-Pt ratios were estimated from XPS
peak analysis.

Catalyst Pt /I?Aizzng SSA/m?g'  dy/nm NF;tigt?(t)e/d%
PH/KB 13.9 129 22

Pt/KB-N1 13.0 133 2.1 20

PYKB-N2 14.0 124 23 15
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Fig. 4 Cyclic voltammograms of Pt/KB (solid line), Pt/KB-N1
(dashed line) and Pt/KB-N2 (dotted line). (a) I/C = 0
and (b) 1/C = 0.4.

%3 Pt/KB. Pt/KB-N1H L U'Pt/KB-N2DECSA. MAE L U'SA
DIHE
Table 3 The average values of ECSA, MA and SA of Pt/KB,
Pt/KB-N1 and Pt/KB-N2.

I/Ic Catalyst /En(]:zSgA_\1 MA/Ag"’ SA / nA cm?
PY/KB 103 535 521
0 Pt/KB-N1 88 532 608
Pt/KB-N2 95 555 591
PYKB 109 363 335
0.4 Pt/KB-N1 87 615 699
Pt/KB-N2 101 531 526
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Fig. 5 Hydrodynamic voltammograms of Pt/KB, Pt/KB-N1 and
Pt/KB-N2. (a)I/C = O and (b)I/C = 0.4.
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