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1. Additional analysis of unzipped MWCNT

Figure S1. (a~d) SEM images of MWCNT, LU-MWCNT, MU-MWCNT and HU-MWCNT, respectively, which 

intuitive expression of the structural changes of MWCNTs with the opening strength increased.
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Figure S2. (a) FTIR spectra of the different carbon materials; mainly exhibits the characteristic peaks of 

hydrophilic oxygenated groups; (b) TGA weight loss curves of the four samples; as the level of oxidation 

increases, the total amount of weight loss is increased.

2. Additional analysis of Pt/unzipped-MWCNT catalysts 

Figure S3. XRD patterns of commercial Pt/C, Pt/LU-MWCNT, Pt/MU-MWCNT and Pt/HM-MWCNT. The Pt 

loading was ca. 20 wt%.



S-2

Figure S4. The XPS survey spectrum and high-resolution of Pt/MWCNT, Pt/LU-MWCNT, Pt/MU-MWCNT and 

Pt/HU-MWCNT.

Figure S5. Tafel plots of Pt/unzipped-MWCNT and Pt/C-JM: according to the ORR polarization curve, the 

dynamic current densities of different samples were calculated, and their logarithms were taken as abscissa and 

potentials as ordinate.
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Figure S6. (a) The CV comparison diagram of Pt/rGO, Pt/fMWCNT, Pt/fMWCNT-rGO and Pt/MU-MWCNT 

catalysts with a scan rate of 10 mV s-1 in N2 saturated 0.1M HClO4; (b) LSV results for different samples in O2 

saturated atmosphere.

GO was first synthesized from graphite by a modified Hummer's method and then 

loaded with Pt nanoparticles in the same way as before, the Pt/rGO catalyst was 

obtained after reduction at low temperature in hydrogen environment. The preparation 

of functional MWCNT (fMWCNT) refers to the method in literature “Nano Research 

2016, 9(2): 329–343”: A pristine MWCNT (5.0 g), HNO3 (65%, 100 mL, 1.465 mol) 

and H2SO4 (98%, 300 mL, 5.52 mol) were added into a 1,000 mL flask equipped with 

a condenser under vigorous stirring. The flask was immersed in an ultrasonic bath for 

30 min, and then stirred for 30 min under reflux at 80 C. This process was repeated 6 

times. After cooling to room temperature, the reaction mixture was diluted with 500 

mL of deionized (DI) water and then vacuum-filtered through filter paper (Fisher). The 

dispersion, filtering, and washing steps were repeated until the pH of the filtrate reached 

to about 7. The filtered solid was dried under vacuum for 24 h at 60 C, affording 

fMWCNT. Then, GO and fMWCNT were mixed in a mass ratio of 1:1, a certain amount 

of deionized water was added. The mixture was stirred for 24 hours to make it 

physically interwoven to form a three-dimensional structure. After loading of Pt 

nanoparticles, the solid was also reduced at low temperature in hydrogen atmosphere 

to prepared Pt/rGO-fMWCNT. The oxygen reduction performance of Pt/MU-MWCNT 

was compared with that of Pt/rGO, Pt/fMWCNT and Pt/rGO-fMWCNT which was in 

order to highlight the unique three-dimensional structure and better catalytic 
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performance of MU-MWCNT compared with carbon materials treated by traditional 

methods.

Figure S7. ORR polarization curves of (a) Pt/MWCNT, (b) Pt/MU-MWCNT and (c) Pt/C-JM before and after 

ADT tests.

Figure S8. Chronoamperometry (CA) measurements of the different catalysts in O2 saturated 0.1 M HClO4 

solution on the constant potential of 0.6 V(vs. RHE) for 40000 s at a rotation rate of 1600 rpm under room 

temperature.
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Figure S9. Electrochemical impedance spectra of DMFC with different cathode catalysts of Pt/MWCNT, Pt/C-JM 

and Pt/MU-CNT at constant current density of 100 mA cm-2.

Table S1 Performance comparison of oxygen reduction catalysts based on different carrier materials reported in 

literatures

Catalyst BET surface 

area (m2 g-1) 

of the 

carbon 

support

Mean 

particle 

size (nm) 

ECSA 

(m2 gPt
-1)

E1/2 Tafel

(mV/dec)

Mass Activity , 

MA

(A/mgPt)

Cell performance Refrence

Pt/XC-72 254 2.6 99.79 - 86.6 0.065(0.9V) No battery test 

characterization

[1]

Pt/BP2000 1450 3.3 54.0 - 71.1 0,0687(0.7V) No battery test 

characterization

[2]

Pt/rGO 3.2 4.560.08 14.0 0.87(vs.

RHE)

84 0.092(0.9V) maximum power 

density was 56.3 

mW mgPt
-1 cm-2: 

80℃, H2, 0.12 cm3 

min-1 and O2:

0.10 cm3 min-1.

[3]

Pt/MWCNT 51 2.6 - - - 0.0147(0.8V) maximum power

density was 103 

[4]
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mW/cm2; 90℃; 1 

M CH3OH: 1 

mL/min; O2: 0.2 

MPa

Pt/GNP500 1000 4.4 26.69 0.8(vs. 

NHE)

60 0.0801(0.8V) No battery test 

characterization

[5]

Pt/CNT-

MWH

60 2.7 70 - - 0,060(0.9 V) peak power density 

was 365 mWcm-2: 

55 ℃, pure H2 and 

O2 gases were 

passed at

anode and cathode 

side, respectively

[6]

Pt/TiO2-

MWCNT

- - - 0.830.

01(vs. 

RHE)

616 0.0670.002(0.9 

V)

No battery test 

characterization

[7]

Pt/RGO-CB - 5 56.4 0.83(vs. 

RHE)

- 0.158(0.9 V) No battery test 

characterization

[8]

PtCo/Co@N

HPCC

356 64.6 0.883(v

s.RHE)

59 0.566(0.9V) No battery test 

characterization

[9]

Pt–

WN/CNT-

rGO

281.1 3 85.21 0.85(vs.

RHE)

55 151.3(0.9) No battery test 

characterization

[10]

MWCNT-Pt 

(2：1)

- 2 - 4 43.6 - - - peak power density 

was 28.5  0.2 mW 

cm-2; 251℃; 2 M 

methanol; Air

[11]

Pt/CB 222 4.5 - 0.862 

(vs.RH

E)

- - peak power density 

was 95 mW cm-2; 

60℃; 1 M 

methanol solution: 

3 mL/min; Air:  

400 mL/min.

[12]
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Pt/MU-

MWCNT

338.2 2 103.4 0.915(v

s.RHE)

63 174.5 peak power density 

was 106 mW cm-2..; 

80℃; 0.5 M 

methanol solution: 

1 mL/min; Air:  

100 mL/min.

This 

work
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