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Abstract

Electrochemical oxygen reduction reaction (ORR) represents a crucial cathodic
process of different fuel cells. The development of highly active and stable noble
metal-free ORR electrocatalysts remains as one of major challenges. Herein, we
report cobalt/nitrogen co-doped porous carbon materials (Co-N-C) from
well-designed bimetal-organic frameworks (ZnyCoigox-ZIF) as efficient ORR
electrocatalysts in both pH-neutral and alkaline solutions. The compositional and
structural features, and the corresponding ORR activity can be tailored by tuning the
Zn/Co ratio in the precursor. Remarkable features of large surface-area and suitable
graphitization degree and well-dispersed Co-N-C moieties, enable a high catalytic
efficiency. The optimized electrocatalyst registers considerable ORR performance
with a high half-wave potential of 0.65 V vs RHE and a saturated current density of
5.30 mA cm™ close to the value of the commercial Pt/C in 0.1 M pH 7.0 PBS, and
considerable operational - stability and tolerance to glucose. A preliminary
one-compartment hybrid glucose/O, enzymatic biofuel cell, consisting of Co-N-C-10
abiotic cathode and glucose oxidising bioanode, is constructed and tested.
Furthermore, Co-N-C also presents reasonable ORR electrocatalytic activity and

operational stability in alkaline condition.

Keywords: Cobalt and nitrogen-doped porous carbon; Oxygen reduction reaction;

Neutral solution; Metal-organic frameworks; Electron transfer
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Introduction

Electrochemical oxygen reduction reaction (ORR) is the most significant
cathodic reaction of fuel cells [1, 2]. Pt-based materials have been identified as the
most excellent catalysts toward ORR in acidic conditions. However, crucial
challenges, including the high costs, scarcity, poor durability and possible methanol
crossover, still remain [3, 4]. Alternatively, the preparation of nonprecious alternatives,
such as earth-abundant metal based materials (e.g., alloys, oxides) and metal-free
carbons materials, is thus an active research area [5-7]. Recently, transition metal
nitrogen carbon (M-N-C) composites, such as Co-N-C, have been identified as one of
the most attractive ORR catalysts attributed to their low price, great catalytic activity
and considerable stability [8, 9]. It’s noteworthy that many reported M-N-C materials
suffer from the tedious preparation process and uncontrolled structure and
composition [10]. Therefore, it Is imperative to establish an easy and controlled
strategy for M-N-C materials with attractive characters.

Meanwhile, biofuel cells (EBFCs) are a subclass of electrochemical device
utilizing enzymatic catalysts to harvest electricity from the chemical energy in
biofuels [11]. Due to the intrinsic properties of the enzyme, EBFCs typically operates
at a mild pH between 5 and 8. EBFCs hold the promise to activate implantable and
wearable medical devices [12-14]. Bilirubin oxidase (BOx) [15-19], a type of blue
copper enzyme, is a typical enzyme used for ORR at the biocathode, outperforming Pt
with a lower ORR overpotential at neutral pH [20]. However, the BOx modified
bioelectrodes suffer from significantly poorer operational stability in comparison to Pt.

Irreversible deactivation of the oxidised Cu atoms of BOx [21] and the inhibition by
3
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F" [22] and urate etc. are problematic. Alternatively, using abiotic and non-noble metal
based ORR catalysts that are more robust and tolerant to inhibitors is promising for a
hybrid EBFC [23], i.e. a cell consisting of an enzymatic bioanode and an abiotic
cathode, similar to that in a hybrid microbial fuel cell [24-26]. Atanassov et al. have
explored a large group of Pt-free catalysts for ORR in neutral pH [27-29].

Metal-organic frameworks (MOFs), made of metal ions with coordinative
organic ligands, show attractive features including considerably large surface-area,
high porosity, tuneable structure and composition [30-32]. Zeolitic imidazolate
frameworks (ZIFs), including ZIF-67 and ZIF-8, have been reported to be good
precursors for the preparation of M-N-C catalysts, featuring the abundant carbon and
nitrogen ligands, and uniform spatial distribution of metal ion [33, 34]. Among them,
ZIF-8 can be annealed to generate amorphous carbon materials enjoying large surface
area and rich N content, but with limited satisfying graphitization degree [35, 36].
Meanwhile, ZIF-67 derived Co doped carbon materials exhibit favorable electronic
conductivity but lower surface area in comparison to ZIF-8 [37, 38]. Thus, the rational
combination of ZIF-8/ZIF-67 based precursors will lead to the bimetallic
ZIF-templated porous carbons enjoying large surface area, increased graphitization,
and widely isolated Co-Ny moieties.

In the present contribution, we prepare a range of cobalt and nitrogen doped
porous carbon catalysts (Co-N-C) through a simple pyrolysis of bimetal-organic
frameworks (ZnxCo100x-ZIF) with various Zn/Co ratios (Scheme 1). During pyrolysis,

the evaporative Zn could enable the resulting Co-N-C with enhanced porosity and
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surface area. Adjusting the original Zn/Co ratio in precursor offers an opportunity for
the optimization of effective surface area, porosity, Co content and graphitization
degree, and thus the corresponding ORR activity of Co-N-C materials. Remarkably,
the optimized Co-N-C exhibits excellent ORR performance via a four-electron
pathway, in comparable to commercial Pt/C in neutral solution. Preliminary results
demonstrate the feasibility of the proposed abiotic cathode for a membrane-less
glucose/O, EBFC in neutral pH. To the best of our knowledge, there are only few

reports in such a membrane-less hybrid EBFC [23].

Co** Zn*
‘ ‘ Carbomzatlon /t/
2-HmIm Zn Co,,, Co-N-C

Scheme 1 lllustration of the synthesis of Co-N-C.

Experimental
1. Reagents and apparatus

Co(NOs3)2:6H,0 (99%), Zn(NOs),-6H,O (99%), Nafion solution (5 wt%),
2-methylimidazole (Hmim, 98%) and KOH (85%) were obtained from Aladdin. N,
and O, were from Shenyang Shuntai Special Gas Co., Ltd.

Scanning electron microscopy (SEM, Hitachi S-4800) equipped with the energy
dispersive X-ray (EDX) detector was used for morphology and elemental

characterization. Transmission electron microscopy (TEM) was performed on FEI
5
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Tecnai G2 F20 electron microscope operated at 200 kV. X-ray diffraction (XRD,
Bruker diffractometer D8 ADVANCE, Germany) patterns and X-ray photoelectron
spectroscopy (XPS, ESCA LAB spectrometer, USA; a monochromatic Al K, source)
were used to analyse the material composition. Brunauer-Emmett-Teller (BET)
method was adopted to determine the specific surface area and the pore size
distribution. Raman spectra were acquired with a confocal microprobe Raman system
(HR800, JobinYvon, 532 nm).

2. Catalyst synthesis

2.1 Synthesis of ZIF-8 nanocrystals.

The ZIF-8 nanocrystals were obtained following the previous report with some
modifications [39]. Briefly, Zn(NO3),-6H,0 (3.36 g) and Hmim (7.40 g) were added
into 160 mL methanol (MeOH), respectively. The above aqueous solutions were then
blended with stirring in a course of 24 h at room temperature, with the product
collected with centrifugation and washing with MeOH, allowed to be dried overnight
at 60°C.

2.2 Synthesis of ZIF-67 nanocrystals.

The ZIF-67 nanocrystals were prepared by following a lightly modified report
[40]. 20 mL aqueous solution of Hmim (5.5 g) was added into 6 mL Co(NO3),-6H,0
(0.90 g) aqueous solution, under vigorous stirring for 24 h, leading to purple
precipitates. The products were then collected by centrifugation, washed with H,O for
three times, and dried at 60°C overnight.

2.3 Synthesis of bimetallic ZIF nanocrystals.
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First, Zn(NO3),-6H,0 was mixed with Co(NO3),-6H,0 in various molar ratios of
Zn**/Co®* (19:1, 9:1, 4:1, 3:2) and dissolved in 160 mL MeOH, into which 160 mL
Hmim (7.40 g) methanolic solution was added, stirring for reaction over 24 h. The
final product was collected with subsequent centrifugation, MeOH washing and
drying at 60°C overnight.

2.4 Preparation of cobalt/nitrogen-doped porous carbon materials.

The as-produced bimetallic ZIF were annealed in a tube furnace (temperature:
910 °C; duration: 3 h; heating rate: 2 °Cmin™) under flowing N, atmosphere.

3. Electrochemical characterization methods

Linear sweep voltammetry (LSV, scan rate: 5 mV s™) measurements were
performed with a CHI 730E electrochemical workstation in 0.1 M pH 7.0 phosphate
buffer solution (PBS) or 0.1 M KOH, with a rotating disk electrode (RDE)/rotating
ring-disk electrode (RRDE) working electrode, a carbon rod counter electrode and a
Ag/AgCI reference electrode (saturated KCI). 3 mg catalyst powders were dispersed
in 1 mL 0.5 wt% Nafion aqueous solution with ultrasonication, with 20 uL of the ink
casting onto a well-polished glassy carbon electrode (GCE, 0.19625 cm™) and dried at
room temperature, leading to the working electrode. All reported potentials, unless
stated otherwise, were against the reversible hydrogen electrode (RHE) (Erne =
Eagagel + 0.197 + 0.059 pH). In prior to ORR experiment, O, was used to bubble the
electrolyte for no less than 0.5 h and maintained in the headspace of the
electrochemical cell throughout the test.

The ORR associated number of electrons (n) transferred is determined by
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Koutecky-Levich equation [41]:

1 1 1 1 1
- =—+4+-=—4+— 1)
JJx N1 Jk Bz

B = 0.2nFc0D0§u‘§ (2)
where j, jx and J, are the measured, kinetic and diffusion-limiting current densities,
respectively, @ is the rotation speed in rpm, F represents the Faraday constant (96485
C mol™Y), C, is the bulk O, concentration (1.2 x 10° mol cm™), D, is the diffusion
coefficient of O, (1.9 x 10° cm? s™), v is the kinetic viscosity of the electrolyte (0.01
cm?s™).

RRDE experiments (1600 rpm) were carried out on a ring-disk electrode with a
scan rate of 5 mV s™ for the disk electrode, while the working potential of ring
electrode was held constantly at 1.4 V vs. RHE.

In the RRDE measurements, the number of electrons transferred (n) and peroxide

percentage can be calculated via [42]:

4x14

n= 3
Id+lﬁr ( )
—op — 200l

HO, % IgXN+Iy ()

where 1y and I, represent the disk and ring currents, respectively, N indicates the
collection efficiency (0.37).
4. A hybrid glucose/O, biofuel cell construction and measurement

A GOx bioanode on a pre-polished GCE was obtained by following our
well-established procedure [43, 44]. Osmium complex modified redox polymer
[0s(2,2"-bipyridine),(polyvinylimidazole);oCI]*#* (Os(bpy):PVI) was used as the

redox mediator of GOx. The GOx bioanode and the cobalt/nitrogen-doped porous
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carbon based abiotic cathode were assembled as a membrane-less EBFC and tested in
air-equilibrated 0.1 M pH 7.0 PBS with 5 mM glucose at room temperature. LSVs at
1 mV s were measured to generate polarization curves.
Results and discussion
1. Catalysts structure and composition

Bimetallic ZIF with a range of Zn/Co molar ratios has been fabricated and well
characterized in terms of composition and morphology. The XRD patterns of
ZnyCoy00x-ZIF (Figure S1) match well with ZIF-8 and ZIF-67 showing identical
crystalline features [33]. SEM images (Figure 1A and Figure S2) display that, as the
Zn/Co molar ratio decreases, the well- defined ZnyCoip0-x-ZIF nanocrystals in a
dodecahedral shape with size gradually increases from ~90 to ~210 nm. The rough
sizes of particles for these samples are ~90, ~ 100, ~ 110, ~ 120, ~ 150 and ~210 nm
for Zn,Coi00x-ZIF (X=0, 5, 10, 20, 40 and 100), respectively. Subsequently, a series of
Co-N-C materials with different Co contents are synthesized through the
carbonization of ZnyCoigo-x-ZIF in N, atmosphere at 910°C for a period of 3 h. The
evaporation of Zn during annealing leads to mesopores structure and thus increased
surface area. Co-N-C materials inherit the polyhedral morphology from their
precursors, without significantly structural collapse (Figure 1B and Figure S3). The
corresponding size decreases by about 30 nm for these samples which are ~ 60, ~ 75,
~ 80, ~ 90, ~ 115 and ~195 nm for N-C and Co-N-C-x (x=5, 10, 20, 40 and 100),
respectively, due to the decomposition and shrinkage during pyrolysis process. It can

be seen in TEM images that Co-N-C-10 presents the symmetric dodecahedral
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framework (Figure S4A). The EDX spectra (Figure 1C) display the signals for Co, N,
C and O elements without the presence of Zn element, confirming the formation of
Co-N-C and the evaporation of Zn. The element O is likely from surface oxidation.
The EDX mapping (Figure 1D-G and Figure S4B-F) shows the homogenously

spatial distribution of C, Co, and N element in the resulting Co-N-C materials.

Figure 1 SEM images of (A) ZngyCo10-ZIF and (B) Co-N-C-10. (C) EDX spectrum

and (D-G) elemental mapping of Co-N-C-10.

The XRD patterns further demonstrate the complete conversion of bimetallic ZIF
into Co, N-doped porous carbon after carbonization (Figure 2A). Carbon is found in
the resulting materials, with two peaks at ca. 25° and 44° attributed to its (002) and
(101) planes, respectively. The broad peak at around 25° shifts positively and
becomes relatively sharper with increasing Co content, suggesting the improved
graphitization. This conclusion is further validated by the declined Ip/lg ratio in

Raman spectra (Figure 2B). The higher Co/Zn ratio in Zn,Coipo-x-ZIF leads to the
10
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enhanced graphitization of resultant Co-N-C materials at the same pyrolysis condition,
because of the catalytic Co. The presence of metallic face-centred cubic (fcc) Co
(JCPDS 15-0806), generated from the reduction of carbon for ZnyCoigo-x-ZIF, is
confirmed by XRD, with peaks at around 44.2°, 51.5° and 75.8° associated with the
(111), (200) and (220) planes, respectively. Nitrogen adsorption was performed to
investigate the pore features of Co-N-C materials at 77 K. The Co-N-C materials
(Figure S5A) display a classic type-IV isotherm showing an H4-type hysteresis loop,
indicative of the existence of both micr-/meso-pores. Furthermore, the pore size
distribution plot in Figure S5B reveals that all samples show a narrow size
distribution of micropore, located at ~ 1.4 nm and numerous mesopores. The
Brunner-Emmet-Teller (BET) surface areas are 570.4, 538.2, 468.8, 412.5, 377.9, and
223.6 m? g* for N-C and Co-N-C-x (x= 5, 10, 20, 40 and 100), respectively,
comparable to published reports of MOFs-derived M-N-C materials [45-49]. These
results manifest that that manipulation the Zn/Co ratio in the precursor without
tedious processes couid adjust the specific surface area of Co-N-C. The accessibility
of active sites and the diffusion of dissolved dioxygen can be improved by the
manipulated large surface area. XPS displays the existence of C, Co, N and O species
(Figure 2C), matching the observation from the EDX mapping results. Co 2p XPS
spectrum displays two spin-orbit doublets and their corresponding satellite peaks
(Figure 2D). The Co 2p3;, and 2p., peaks are further split into subpeaks of Co° (778.3
and 793.6 eV), Co*" (780.4 and 796.3 eV) and Co?* (782.2 and 798.8 eV). The

appearance of Co?* and Co®" could be originated from the partial oxidation of metallic

11
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Co surface in air. In N 1s XPS spectrum, five groups of nitrogen species can be
identified, including pyridinic type N (398.3 eV), Co-Nx (399.1 eV), pyrrolic type N
(400.7 eV), graphitic type N (402.1 eV), and oxidized type N (404.7 eV) (Figure 2E),

with all N species involved in the ORR besides the oxidized-N [47, 50].

A [ o B
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Figure 2 (A) XRD patterns and (B) Raman spectra of N-C, Co-N-C-5, Co-N-C-10,
Co-N-C-20, Co-N-C-40 and Co-N-C-100. (C) The survey XPS spectrum and detailed

XPS spectra of (D) Co 2p and (E) N 1s of Co-N-C-10.
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2. Electrocatalytic activity and durability toward ORR in neutral solution

The ORR performance of the Co-N-C samples are investigated by LSV on a
RDE in O,-saturated 0.1 M pH 7.0 PBS. As shown in Figure 3A and B, Co-N-C-100
and N-C exhibit relatively poor ORR activity. Remarkably, among all the Co-N-Cs
prepared in this study, Co-N-C-10 exhibits the best ORR activity, with a positive
half-wave potential (Ey;;) of 0.65 V vs. RHE and a high diffusion-limiting current
density (J.) of 5.30 mA cm?at 0 V vs. RHE, very close to those of commercial 20 wt %
Pt/C (0.70 V vs. RHE, 5.37 mA cm). The onset potential (Eonset) is determined to be
0.90 V vs. RHE for Co-N-C-10 and 0.94 V vs. RHE for Pt/C, respectively, although
lower than the formal redox potential of the CuT1 of BOx (1.08 V vs. RHE [15, 51]),
one of the most common ORR enzymes used for EBFCs [15]. The comparable E;/,
and J. of Co-N-C-10 catalyst demonstrates its rapid kinetics for ORR. Because of the
presence of Co, the graphitization degree of carbon is greatly improved, confirmed by
XRD and Raman analysis (Figure 2A and 2B). The graphitic carbon is an important
component to achieve the good ORR activity due to its fast electron transfer and high
conductivity [52, 53]. Meanwhile, the active site is directly associated with the
Co-N-C moieties to adsorb and catalyze oxygen reduction [53, 54]. On the other hand,
nitrogen dopants with the lone pair electron could induce structural and electronic
alterations on the neighbour carbon atoms, that can increase the turnover of the
adsorption and activation of molecular oxygen, thus allowing accelerated overall

ORR process [55, 56]. Moreover, the large specific surface areas resulting from the

13
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evaporation of Zn during pyrolysis can expose more active sites. All these factors,
including large surface area, porosity, optimized graphitization degree and abundant
Co-N-C moieties, are likely to synergistically contribute to the superior ORR activity
of Co-N-C-10 catalyst. Actually, the Co-N-C-10 also registers excellent ORR

performance in comparison to the other non-nobel metal based ORR catalysts (Table

S1).
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Figure 3 (A) LSVs of NC, Co-N-C-5, Co-N-C-10, Co-N-C-20, Co-N-C-40,
Co-N-C-100 and commercial Pt/C catalyst in O,-saturated 0.1 M pH 7.0 PBS at 1600

rpm; Scan rate: 5 mV s™. (B) Comparison of Ey, and J,_ for N-C, Co-N-C-10,

14
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Co-N-C-100 and commercial Pt/C catalysts. (C) LSVs of Co-N-C-10 at different
rotation speeds; Scan rate: 5 mV s™. (D) Koutecky-Levich plots of Co-N-C-10
generated from the LSVs in (C) at various potentials. (E) HO," yields and number of
electrons transferred (n) of Co-N-C-10 and Pt/C calculated from RRDE. (F) LSVs of

Co-N-C-10 before and after 3000 cycles continuous CV sweeps; Scan rate: 5 mV s,

ORR Kkinetics of the Co-N-C-10 sample and other counterparts are further
evaluated by RDE at various rotating speeds in a range of 100 to 2500 rpm (Figure
3C). The limiting cathodic current density rises with rotating speed, indicative of the
enhanced mass transport of dioxygen from the bulk electrolyte to the Co-N-C-10
surface. The good linearity of the Koutecky-Levich (K-L) plots (Figure 3D) suggests
similar number of electrons transferred (n) at various potentials ranging from 0 to 0.2
V vs. RHE. The value of n is calculated to be ~3.88 based on the K-L plots,
illustrating Co-N-C-10 favors a 4e” ORR pathway, close to the benchmark Pt/C
catalyst (~3.94, Figure S6). In contrast, the other as-prepared samples register rather
smaller n of ~3.60 for N-C, ~3.69 for Co-N-C-5, ~3.46 for Co-N-C-20, ~3.02 for
Co-N-C-40, and ~2.87 for Co-N-C-100, respectively (Figure S7-S11).

To further quantify the yield of HO, in the process of ORR, RRDE technique is
applied to test the Co-N-C-10 and Pt/C catalyst (Figure 3E). The HO, yield of
Co-N-C-10 is below 10% and the value of n is in a range of 3.87-3.89 between -0.05
and 0.60 V vs. RHE, comparable to those of Pt/C and in agreement of the

observations of the RDE derived K-L plots (Figure 3D). These results demonstrate

15
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that the ORR process catalysed by Co-N-C-10 prefers a four-electron pathway, as
effective as that on commercial Pt/C.

The long-term operational stability of the catalysts is another crucial parameter.
Co-N-C-10 remains high durability with little variation in LSV curves after 3000
continuous CV cycles in a course of 25 h (Figure 3F). Such a stability outperforms
the enzymatic biocathode counterparts, which generally exhibit a half-life time in
several hours [11, 15] under continuous operation due to the fragile nature of enzymes.
After long-term stability test, the Co-N-C-10 catalyst has been further analyzed by
TEM and XPS. It is found in TEM images (Figure S12A and B) that the Co-N-C-10
still maintains its original structure and morphology. The XPS of Co-N-C-10 after the
3000 continuous CV cycles exhibits that the fraction of Co® has an obvious decrease
and the content of Co-O phase increases (Figure S12C and D), indicative of the
oxidation of metal Co.

Regarding to the selectivity, which is an issue for Pt based catalysts [57, 58], the
presence of 20 mM glucose poses little effect upon the onset potential of Co-N-C-10,
causing a slight decrease of the ORR current density (Figure S13). Given its excellent
selectivity towards ORR, Co-N-C-10 based cathode can be directly assembled with a
GCE/Os(bpy).PVI/GOx bioanode for a hybrid EBFC without using separative
membranes (Figure 4A). In air-equilibrated 0.1 M pH 7.0 PBS with 5 mM glucose,
the resultant hybrid EBFC registers a maximum power density (Pma) of 3.9 pW cm™
at 0.087 V, an open circuit voltage (OCV) of 0.335 V and a short-circuit current
density of 74 pA cm? (Figure 4B). Although the Pna of the hybrid EBFC here
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doesn’t reach 1 mW cm™ [11] and the OCV is far below the theoretical value of 1.18
V of a glucose/O, fuel cell undergoing 2e” involved glucose oxidation at standard
conditions [11], the results here demonstrate the feasibility of the abiotic cathode for
membrane-less hybrid EBFC. The current collector used here is GCE, which can be
replaced with porous carbon electrode featuring high-surface-area to improve the
output power density [59, 60]. The delivered OCV can be enhanced by reducing the
overpotentials of the anode/cathode, especially the bioanode here can be replaced with
a glucose dehydrogenase [23] with a much negative onset potential for glucose

oxidation.
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Figure 4 (A) Schematic drawing of the single-compartment hybrid EBFC with a
GCE/Os(bpy).PVI/GOx bioanode and a GCE/Co-N-C-10 abiotic cathode. (B)
Polarization and power density profiles of the hybrid EBFC in 0.1 M pH 7.0 PBS

(air-equilibrated, 5 mM glucose).
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3. Electrocatalytic ORR and stability in alkaline solution

The remarkable ORR activity of Co-N-C-10 under neutral conditions prompts us
to investigate their performance in alkaline media. Co-N-C-10 catalyst shows superior
ORR activity over the 20 wt% commercial Pt/C catalyst regarding to Ej, (0.95 and
0.94 V vs. RHE) and J,. (5.90 and 5.69 mA cm?) (Figure 5A). Similar to the
observation in neutral electrolyte, the catalyzed ORR on Co-N-C-10 also undergoes a
four-electron route according to the K-L plots, which is further validated by the low
HO, yield (Figure 5B and 5C). Furthermore, the methanol tolerance of Co-N-C-10
and commercial Pt/C was also evaluated by chronoamperometric (CA) responses
experiencing the dosing of 3 M methanol. Notably, negligible interference effect upon
catalytic current density is observed on the Co-N-C-10. However, Pt/C catalyst
exhibits a chopped drop by ca. 25% under the similar condition (Figure 5D),
confirming better electrocatalytic selectivity toward ORR for Co-N-C-10. Through
the comparative analysis between proposed catalyst and non-precious metal
containing catalysts in literature (Table S2), the comparable ORR performances of
Co-N-C-10 suggest that it’s great potential for the cathodic catalyst in alkaline fuel

cells.
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Figure 5 (A) LSVs (scan rate: 5 mV s™) of Co-N-C-10 and commercial Pt/C in
O,-saturated 0.1 M KOH solution at 1600 rpm. (B) LSV polarization curves (scan rate:
5 mV s™) of Co-N-C-10 at different rotation rates; Inset: Koutecky-Levich plots of
Co-N-C-10. (C) HO; yields and n of Co-N-C-10 and Pt/C derived from RRDE. (D)
Amperometric profiles for Co-N-C-10 and Pt/C in O,-saturated 0.1 M KOH solution

upon the dosing of 3.0 M methanol; operation voltage: 0.5 V vs. RHE.

Conclusion

We have described a feasible method to fabricate Co and N codoped porous
carbon materials based ORR electrocatalysts using one-step pyrolysis of the
well-tailored Zn/Co bimetal-organic frameworks (ZnyCoi00x@ZIF). The resultant
Co-N-C materials features large surface area, high porosity, suitable graphitic
structure decorated with well-dispersed Co-Nx moieties. The optimal Co-N-C-10

exhibits considerable ORR activity with a positive half-wave potential, high
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diffusion-limited current densities, 4e” transfer pathway and superior stability,
comparable to those of benchmark Pt/C in neutral solution. In addition, Co-N-C-10
also presents efficient ORR activity and outstanding methanol tolerance than Pt/C in
alkaline condition. This report may hold great potential for fabrication of other
transition metal and nitrogen doped carbon material toward energy conversion, such
as hybrid enzymatic biofuel cells.
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