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Abstract — Terephthalaldehyde (TPA) is introduced as a cross liker to enhance electron transfer of hemin-based
cathodic catalyst consisting of polyethyleneimine (PEI), carbon nanotube (CNT) for hydrogen peroxide reduction
reaction (HPRR). In the cyclic voltammetry (CV) test with 10 mM H,O, in phosphate buffer solution (pH 7.4), the
current density for HPRR of the suggested catalyst (CNT/PEl/hemin/PEI/TPA) shows 0.2813 mA cm ™ (at 0.2 V vs. Ag/
AgCl), which is 2.43 and 1.87 times of non-cross-linked (CNT/PEl/hemin/PEI) and conventional cross liker
(glutaraldehyde, GA) used catalyst (CNT/PEl/hemin/PEI/GA), respectively. In the case of onset potential for HPRR, that
of CNT/PEIl/hemin/PEI/TPA is observed at 0.544 V, while those of CNT/PEI/hemin/PEI and CNT/PEI/hemin/PEI/GA
are 0.511 and 0.471 V, respectively. These results indicate that TPA plays a role in facilitating electron transfer between
the electrodes and substrates due to the m-conjugated cross-linking bonds, whereas conventional GA cross-linker

"To whom correspondence should be addressed.

E-mail: ychung@ut.ac.kr

fo] =g Fedigtu 1A wd] AdE 71dstel FuEglsuch
This is an Open-Access article distributed under the terms of the Creative Com-
mons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-
nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduc-
tion in any medium, provided the original work is properly cited.

588

Effect of Terephthalaldehyde to Facilitate Electron Transfer in Heme-mimic Catalyst
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increases the overpotential by interrupting electron and mass transfer. Electrochemical impedance spectroscopy (EIS)
results also display the same tendency. The charge transfer resistance (R,,) of CNT/PEI/hemin/PEI/TPA decreases about
6.2% from that of CNT/PEl/hemin/PEI, while CNT/PEI/hemin/PEI/GA shows the highest R . The polarization curve
using each catalyst also supports the superiority of TPA cross liker. The maximum power density of CNT/PEl/hemin/
PEI/TPA (36.34+1.41 uWem™) is significantly higher than those of CNT/PEI/hemin/PEI (27.87+0.95 uWcm™2)
and CNT/PEl/hemin/PEI/GA (25.57+1.32 pWem 2), demonstrating again that the cathode using TPA has the best

performance in HPRR.
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Fig. 1. a) Chemical structures of GA and TPA, b) catalytic struc-
ture of CNT/PEl/hemin/PEI/TPA.
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employed as the electrolyte, and the scan rates were varied
as 20, 40, 60, 80, 100, 120, 140, and 160 mV s ..
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Fig. 5. Nyquist plots of CNT/PEl/hemin/PEI, CNT/PEIl/hemin/PEl/
GA, and CNT/PEl/hemin/PEI/TPA with 10 mM potassium
ferricyanide in 0.1 M PBS.
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Table 1. MPD and OCV of CNT/PEl/hemin/PEI, CNT/PEl/hemin/
PEI/GA, and CNT/PEl/hemin/PEI/TPA

Cathodic catalyst OCV (V) MPD (uWcm ™)
CNT/PEI/hemin/PEI 0.287+0.002 27.87+0.95
CNT/PEI/hemin/PEI/GA 0.280+0.005 25.57+1.32
CNT/PEI/hemin/PEI/TPA 0.312+0.016 36.34+1.41
0.6 50
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Fig. 6. a) Photograph of 3D printed flow-type membraneless fuel cell, and b) the polarization curves of HPFC using CNT/PEI/hemin/PEI,
CNT/PEI/hemin/PEI/GA, and CNT/PEl/hemin/PEI/TPA as cathodes (10 mM H,0, injected). For the test, 20 mL min~' (10 mM H,0,

in 0.1 M PBS) of fuel was supplied to the cell.
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