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Supplementary Figures

Fig. S1 TG curve of HS-CeO2/MWCNTs.
Fig. S2 SEM (a) and TEM (b) images of CeO2 nanoparticles.
Fig. S3 XPS full spectra of CeO2 nanoparticles (a) and high-resolution XPS spectra of C 1s
(b), O 1s (c) and Ce 3d (d) for CeO2 nanoparticles.
Fig. S4 Fabrication procedures of CeO2 nanoparticles (a); CeO2/bare MWCNTs (b);
HS-CeO2/MWCNTs (c) and CeO2-coated MWCNTs (d).
Fig. S5 Comparison of the specific capacitances of CeO2 nanoparticles, CeO2/bare MWCNTs,
HS-CeO2/MWCNTs and CeO2-coated MWCNTs electrodes at different current densities.
Fig. S6 Survey scan of different MWCNTs (a); XPS C1s spectra of different MWNTs (b).
MWCNTs treated for 1 and 12 h are named as SMMWCNTs-1 and SMMWCNTs-24,
respectively.
Fig. S7 Raman spectra of different MWCNTs. MWCNTs treated for 1 and 12 h are named as
SMMWCNTs-1 and SMMWCNTs-24, respectively.
Fig. S8 FT-IR spectra of different MWCNTs. MWCNTs treated for 1 and 12 h are named as
SMMWCNTs-1 and SMMWCNTs-24, respectively.
Fig. S9 Morphologies of hollow sphere CeO2/carbon composites. SEM images of hollow
sphere CeO2/activated carbon (a) and hollow sphere CeO2/graphene oxide (b).
Fig. S10 SEM image of hollow sphere Fe2O3/MWCNTs (a) and TEM image of hollow sphere
Fe2O3/MWCNTs; XRD diffraction patterns of MWCNTs and HS-Fe2O3/MWCNTs (c). The
inset image of (a) shows broken hollow sphere Fe2O3.
Fig. S11 TEM images of HS-CeO2/MWCNTs formed in the early periods (a) and
HS-CeO2/MWCNTs (b).
Fig. S12 Galvanostatic charge-discharge profiles of CeO2 nanoparticles at different current
densities.
Fig. S13 CV curves of CeO2 nanoparticles (a); graphs of lower anodic peak currents plotted
against v1/2 for HS-CeO2/MWCNTs and CeO2 nanoparticles (b); graphs of higher anodic peak
currents plotted against v for HS-CeO2/MWCNTs and CeO2 nanoparticles (c).
Fig. S14 Capacitive contribution of CeO2 nanoparticles at 10 mV s-1.
Fig. S15 Rate performance of HS-CeO2/MWCNTs and CeO2 nanoparticles.
Fig. S16 The simulation equivalent circuit for the the Nyquist plots of HS-CeO2@MWCNTs
and CeO2 nanoparticles.
Fig. S17 Schematic representation of the device.
Fig. S18 CV curves of AC at the scan rate of 100 mV s-1 (a); galvanostatic
charge-discharge profiles of AC at 1 A g-1 (b).
Fig. S19 CV curves of HS-CeO2/MWCNTs//AC all-solid ASC at various scan rates.
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Fig. S1 TG curve of HS-CeO2/MWCNTs.
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Fig. S2 SEM (a) and TEM (b) images of CeO2 nanoparticles.
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Fig. S3 XPS full spectra of CeO2 nanoparticles (a) and high-resolution XPS spectra of
C 1s (b), O 1s (c) and Ce 3d (d) for CeO2 nanoparticles.

The concentration of the Osur can be estimated using the following equation:
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According to equation 1, the Osur value of HS-CeO2/MWCNTs (45.62%) is much higher than
that of CeO2 nanoparticles (25.77%), indicating the presence of abundant adsorbed surface
oxygen on HS-CeO2/MWCNTs. The higher Osur value reveals the larger amount of oxygen
vacancies in HS-CeO2/MWCNTs and suggests that the HS-CeO2/MWCNTs composite
possesses higher electrochemistry activity[1].

By deconvolution of Ce3+ and Ce4+ in Ce 3d spectrum, the concentration of Ce3+ in the
composites can be calculated using the following equation:

(2)

The higher Ce3+ concentration (21.85%) after the introduction of MWCNTs indicates that
HS-CeO2/MWCNTs contains much higher density of electrochemical active sites compared
with CeO2 nanoparticles (13.1%). The higher Ce3+ concentration can effectively catalyze the
redox reaction of Ce3+/Ce4+ and enhance the bulk conductivity[2], which is highly desirable for
the materials' electrochemical applications.
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Fig. S4 Fabrication procedures of CeO2 nanoparticles (a); CeO2/bare MWCNTs (b);
HS-CeO2/MWCNTs (c) and CeO2-coated MWCNTs (d).
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Fig. S5 Comparison of the specific capacitances of CeO2 nanoparticles, CeO2/bare
MWCNTs, HS-CeO2/MWCNTs and CeO2-coated MWCNTs electrodes at different

current densities.
.
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Fig. S6 Survey scan of different MWCNTs (a); XPS C1s spectra of different MWNTs
(b). MWCNTs treated for 1 and 12 h are named as SMMWCNTs-1 and

SMMWCNTs-24, respectively.
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Fig. S7 Raman spectra of different MWCNTs. MWCNTs treated for 1 and 12 h are
named as SMMWCNTs-1 and SMMWCNTs-24, respectively.
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Fig. S8 FT-IR spectra of different MWCNTs. MWCNTs treated for 1 and 12 h are
named as SMMWCNTs-1 and SMMWCNTs-24, respectively.



11

Fig. S9Morphologies of hollow sphere CeO2/carbon composites. SEM images of
hollow sphere CeO2/activated carbon (a) and hollow sphere CeO2/graphene oxide (b).
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Fig. S10 SEM images of hollow sphere Fe2O3/MWCNTs (a) and TEM image of
hollow sphere Fe2O3/MWCNTs (b); XRD diffraction patterns of MWCNTs and

HS-Fe2O3/MWCNTs (c). The inset image of (a) shows broken hollow sphere Fe2O3.
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Fig. S11 TEM images of HS-CeO2/MWCNTs formed in the early periods (a) and
HS-CeO2/MWCNTs (b).
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Fig. S12 Galvanostatic charge-discharge profiles of CeO2 nanoparticles at different
current densities.
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Fig. S13 CV curves of CeO2 nanoparticles (a); graphs of lower anodic peak currents
plotted against v1/2 for HS-CeO2/MWCNTs and CeO2 nanoparticles (b); graphs of
higher anodic peak currents plotted against v for HS-CeO2/MWCNTs and CeO2

nanoparticles (c).
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Fig. S14 Capacitive contribution of CeO2 nanoparticles at 10 mV s-1.
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Fig. S15 Rate performance of HS-CeO2/MWCNTs and CeO2 nanoparticles.
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Fig. S16 The simulation equivalent circuit for the the Nyquist plots of
HS-CeO2@MWCNTs and CeO2 nanoparticles.



19

Fig. S17 Schematic representation of the device.
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Fig. S18 CV curves of AC at the scan rate of 100 mV s-1 (a); galvanostatic
charge-discharge profiles of AC at 1 A g-1(b).
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Fig. S19 CV curves of HS-CeO2/MWCNTs//AC all-solid ASC at various scan rates.
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Supplementary Tables

Table S1 Comparison of rate performance for CeO2 nanoparticles, CeO2/bare MWCNTs,
HS-CeO2/MWCNTs and CeO2-coated MWCNTs at varied current density from 0.5 to 10 A g-1.

Sample
Specific capacitance (F g-1) Retention (%)

0.5
A g-1

1
A g-1

2
A g-1

3
A g-1

5
A g-1

10
A g-1

1
A g-1

2
A g-1

3
A g-1

5
A g-1

10
A g-1

CeO2

nanoparticles
78.5 65.9 59.8 56.4 54.5 50.8 83.9 76.2 71.8 69.4 64.7

CeO2/bare

MWCNTs
136.8 123.9 118.2 114.3 110.2 103.6 90.6 86.4 83.6 80.6 75.7

HS-CeO2/

MWCNTs
450.4 434.6 431.9 417.6 406.9 389.7 96.5 95.9 92.7 90.3 86.5

CeO2-coated

MWCNTs
386.4 371.3 338.2 322.8 305.7 281.7 96.1 87.5 83.5 79.1 72.9
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Table S2 Comparison of capacitance values for various structural morphologies of CeO2 based
electrodes.

Materials Mass loading Capacitance Current density

or scan rates

Electrolyte Retention Ref

RGO/CNT/CeO2 Glassy carbon

electrode

215 F g-1 0.1 A/g 1 M Na2SO4 1000 cycles

85%

3

CeO2 /graphene 2–3 mg cm-2 208 F g-1 1 A/g 3 M KOH - 4

Ceria/Graphene 1 mg cm-2 185 F g-1 2A/g 0.5 M Na2SO4 4000 Cycles

94.4%

5

CeO2/Fe2O3 2 mg cm-2 142.6 F g-1 5 mV/s 6 M KOH 1000 cycles

94.8%

6

Nano CeO2 /AC - 162 F g-1 2 mA/cm2 1 M H2SO4 1000 cycles

99%

7

RGO/CeO2 - 265 F g-1 5 mV/s 3 M KOH 1000 cycles

96.2%

8

CeO2/PPy 8 mg cm-2 193 F g-1 1 A/g 1 M NaNO3 500 cycles

90%

9

(Ce–V) mixed

oxide

- 179 F g-1 20 mV/s 1 M LiClO4 - 10

CeO2 NSs - 134.6 F g-1 1 A/g 1 M KOH 1000 cycles

92.5%

11

Graphene-ceria Glassy carbon

electrode

110 F g-1 10 mV/s 1 M H2SO4 - 12

Hierarchical

cerium oxide

5 mg cm-2 235 F g-1 1 A/g 2 M KOH 10000

cycles

91%

13

CeO2/GO 3 mg cm-2 383 F g-1 3 A/g 6 M KOH 500 cycles

86.05%

14

NiO-CeO2 1 mg cm-2 305 F g-1 1 A/g 3 M KOH 1000 cycles

91%

15

MnO2/CeO2 - 274.3 F g-1 0.5 A/g 3 M KOH 1000 cycles

93.9%

16

CeO2

nanoparticles

CeO2 nanorods

CeO2 nanocubes

2-3 mg cm-2

97.72 F g-1

162.47 F g-1

149.03 F g-1

1 A/g

3 M KOH 1000 cycles

86.4%

90.1%

88.3%

17

PANI/5 wt %

N,S-GQDs@CeO2

nanocomposite

1.3 mg cm-2 189 C g-1 1 A/g

1M H2SO4 1000 cycles

75 % 18

HS-CeO2/MWCN

Ts

5 mg cm-2 450.5 F g-1 0.5 A/g 3 M KOH 5000 cycles

90.1%

This

work
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Table S3 Comparison of rate performance for HS-CeO2/MWCNTs and CeO2 nanoparticles at varied
current density from 0.5 to 10 A g-1.

Sample
Specific capacitance (F g-1) Retention (%)

0.5
A g-1

1
A g-1

2
A g-1

3
A g-1

5
A g-1

10
A g-1

1
A g-1

2
A g-1

3
A g-1

5
A g-1

10
A g-1

CeO2

nanoparticles
78.5 65.9 59.8 56.4 54.5 50.8 83.9 76.2 71.8 69.4 64.7

HS-CeO2/

MWCNTs
450.4 434.6 431.9 417.6 406.9 389.7 96.5 95.9 92.7 90.3 86.5
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