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Fig. S1 FTIR spectra of the as-prepared GO nanosheets (a), H-Nb2O5/GO nanocomposites (b), 

and H-Nb2O5/rGO nanocomposites (c).

4000 3500 3000 2500 2000 1500 1000 500

1730

1636

C-OH

C=O

Nb-O
Nb-O690
851

1402

C-O-C
1080

 O-H

c

b
Tr

an
sm

itt
an

ce
 (a

.u
.)

Wavenumber (cm-1)

a

O-H

The FT-IR spectrum of GO (Figure S1a) indicates the presence of C−O−C (vC–O–C at 

1080 cm−1), C−OH (vC–OH at 1402 cm−1), C=O in carboxylic acid and carbonyl moieties (vC=O at 

1730 cm−1). The broad absorption peak between 3000 and 3500 cm−1 is due to the presence of 

surface hydroxyl groups, and a peak at 1636 cm−1 is attributed assigned to the bending vibration 

of water molecules. As shown in the FT-IR spectra of nanocomposites (Figure S1b and S1c), 

there are two new peaks at 690 and 851 cm−1, which are the Nb–O characteristic vibrations, 

demonstrating well complexation of Nb2O5 and GO or rGO in the nanocomposites. Moreover, 

compared with the curve b, the peaks of C−O−C and C=O are absent in curve c, indicating the 

successful deoxygenation of GO during the annealing process.

As mentioned above, the FT-IR results are in good accordance with the Raman and XPS 

analyses in the main text, which further demonstrate that: (i) the as-prepared GO nanosheets 

contain many functional groups, including C−O−C, −COOH, C=O, and −OH; (ii) the successful 

combination of Nb2O5 with GO; and (iii) the effective reduction of GO to rGO in the 

nanocomposites by annealing. 
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Fig. S2 C 1s (top) and O1s (bottom) core level XPS spectra of GO nanosheets.
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Fig. S3 STEM images and EDX elemental mapping images of the as-prepared H-Nb2O5 

microflowers composed of nanoflakes (top), H-Nb2O5/GO nanocomposites (middle), and H-

Nb2O5/rGO nanocomposites (bottom), respectively.
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Fig. S4 FE-SEM images of the as-prepared Zn2Ti3O8/rGO (a), Si/rGO (b), NaNbO3/rGO (c), 

Nb4N5/rGO (d), and H-Nb2O5/2D g-C3N4 nanocomposites (e and f), respectively.
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Fig. S5 Low- and high-magnification FE-SEM images of the pristine H-Nb2O5 electrode (a and 

b) and H-Nb2O5/rGO nanocomposite electrode (c and d) after cycling for 500 times. 
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Fig. S6 (a) Nitrogen adsorption–desorption isothermal and the BJH pore size distribution curves 

(inset) of the SCCB nanopowders. Electrochemical performance of the SCCB nanopowder 

electrode in a half cell between 3.0 and 4.5 V vs. Li/Li+ in the 1 M LiPF6 electrolyte: (b) CV 

curves at different sweep rates ranging from 1.0 mV s−1 to 50 mV s−1; (c) Galvanostatic charge-

discharge curves at different current densities of 0.1−5.0 A g−1; (d) Gravimetric capacitance as a 

function of current density; (e) Cycling performance at the current density of 1.0 A g−1. 
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To design and assemble a high performance LIHS, the commercial super conductive carbon 

black (SCCB) nanopowder was chosen as cathode to couple with the pre-lithiated H-Nb2O5/rGO 

anode. Fig. S6a shows the nitrogen adsorption–desorption isothermal and its corresponding BJH 

pore size distribution curves (inset) of the SCCB nanopowders, indicating large specific surface 

area (SBET) of 1439 m2 g−1 and mesoporous structure with the main pore size distribution of 4 nm. 

Fig. S6b shows the CV curves of SCCB nanopowder in the potential range of 3.0−4.5 V (vs. 

Li/Li+) at different scanning rates from 1.0 to 50 mV s−1, which exhibit typical rectangular shape, 

indicating its superior electrical double-layer characteristic. The galvanostatic charge-discharge 

(GCD) curves at various current densities (Fig. S6c) exhibit excellent symmetry, revealing its 

good reversibility. Its specific capacitance is calculated to be 132 F g−1 (corresponding to 55 mAh 

g−1) at a current density of 0.5 A g−1, and still remains 89 F g−1 at a high current density of 5.0 A 

g−1, as shown in Fig. S6d. More importantly, the SCCB electrode exhibits outstanding cycling 

stability with 97% capacitance retention after 3000 cycles at 1.0 A g−1, as shown in Fig. S6e. 

These results reveal that the SCCB nanopowder has high specific capacitance, remarkable rate 

capability, and long cycle life, which is very suitable for high-performance hybrid capacitors. 
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Fig. S7 Nyquist plot with the fitted impedance data plotted by solid line and the equivalent 

electrical circuit model of the H-Nb2O5/rGO//SCCB LIHS.

Rs R1

CPE1

Rct

CPE2

Zw

Element Freedom Value Error Error %
Rs Free(+) 5.333 0.17229 3.2306
R1 Free(+) 31.73 1.1878 3.7435
CPE1-T Free(+) 0.0053617 0.0004085 7.6189
CPE1-P Free(+) 0.30993 0.010044 3.2407
Rct Free(+) 7.978 0.89497 11.218
CPE2-T Free(+) 0.00065379 0.00010305 15.762
CPE2-P Free(+) 0.89838 0.040129 4.4668
Zw-R Fixed(X) 6.923 N/A N/A
Zw-T Fixed(X) 0.017596 N/A N/A
Zw-P Fixed(X) 0.39043 N/A N/A

Chi-Squared: 9.4231E-05
Weighted Sum of Squares: 0.0029212

Data File: C:\Users\Administrator\Desktop\Nb2O5 EIS\F22 EIS.DTA
Circuit Model File:
Mode: Run Fitting / Freq. Range (0.001 - 1000000)
Maximum Iterations: 100
Optimization Iterations: 0
Type of Fitting: Complex
Type of Weighting: Calc-Modulus
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Table S1 The parameters derived from the fitted data of Nyquist plots using ZView software.

Sample H-Nb2O5 electrode H-Nb2O5/rGO electrode H-Nb2O5/rGO//SCCB LIHS

Rs (Ω) 11.6 2.8 6.3
R1 (Ω) 44.2 6.9 8.1
Rct (Ω) 86.4 11.7 31.5
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Table S2 Electrochemical performance of our H-Nb2O5/rGO//SCCB LIHS in comparison with 

other previously reported hybrid supercapacitors.

Anode//Cathode Reference Energy Density 
(W h kg−1)

Power Density 
(W kg−1) Cycling Life

H-Nb2O5/rGO//SCCB  Present work 100.2 20000 82%@3000 cycles

T-Nb2O5@C//MSP-20 1 63 16528 ~90%@1000 cycles

M-Nb2O5-C//AC 2 74 18510 90%@1000 cycles

T-Nb2O5/graphene//AC 3 47 18000 93%@2000 cycles

CNTs/Nb2O5//AC 4 33.5 4000 Nil

Nb2O5//AC 5 95.55 5350.9 81%@1000 cycles

Nb2O5@C/rGO//AC 6 76 20800 ~100%@3000 cycles

T-Nb2O5/rGO//AC 7 45.1 9100 82%@5000 cycles

TNO@C//CFs 8 110.4 5464 77%@1500 cycles

TiNb2O7//graphene 9 74 7500 81.25%@3000 cycles

TiO2/CNT//AC/CNT10 104 5000 71%@2000 cycles

TiO2@EEG//EEG 11 72 2000 68%@500 cycles

TiC//PHPNC 12 101.5 67500 82%@5000 cycles
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