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TiO2@CNT-5nm: pristine-CNTs with 5 nm thick TiO2 coating
TiO2@CNT-20nm: pristine-CNTs with 20 nm thick TiO; coating
TiC/TIO@CNT-5nm: TiC-modified CNTs as prepared from TiO,@CNT-5nm
TiC/TIO@CNT-20nm: TiC-modified CNTs as prepared from TiO,@CNT-20nm
TiC@CNT-20nm: The TiC/TIO@CNT-20nm sample after HF solution etching

Note S1: TEM images of the TiC/TIO@CNT-20nm sample with a 4 h

annealing time

The transmission electron microscope (TEM) images of the TiC/TIO@CNT-20nm
sample with a 4 h annealing time are shown in Fig. S1. The TiC layers/nanoparticles
with crystalline and amorphous phases are observed on the surface of CNTs. The
lattice fringes provided in Fig. S1b and Slc confirm the existence of (111) and (200)
planes of TiC in the TiC/TIO@CNT-20nm sample?.

Fig. S1 (a) TEM images of TiC/TIO@CNT-20nm sample with a 4 h annealing time. (b) and (c) high-
resolution TEM (HRTEM) images in different regions of TiC/TIO@CNT-20nm sample (inset:

corresponding lattice fringe).

Note S2: SEM characterizations of the TiO@CNT-20nm and

TiC/TIO@CNT-20nm samples

SEM images of the TiC/TIO@CNT-20nm samples with different annealing time confirm



that the morphologies of CNTs have changed significantly after annealing, as shown in
Fig. S2. As the annealing time increases, the TiO; layer on the surface of CNTs gradually
transforms into TiC/TinO2n-1 Nanoparticles, and the agglomerations of nanoparticles
become more significant> 3. Compared with the TiC/TIO@CNT-5nm sample, the

TiC/TIO@CNT-20nm sample contains larger grains and more active materials.
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Fig. S2 SEM images of (a) TiO2@CNT-20nm sample, and TiC/TiIO@CNT-20nm samples with an annealing
time of (b) 1 h, (c) 2 h, and (d) 4 h, respectively.

Note S3: SEM characterizations of the TiC/TIO@CNT-20nm and

TiC@CNT-20nm samples

The morphologies for the TiC/TIO@CNT-20nm and TiC@CNT-20nm samples are
shown in Fig. S3. It is found that the surface roughness of CNTs increases after HF
etching, indicating a larger active surface area of TiC after the etching of TiO,, which is

beneficial to the electron/ion transportation of the electrode/electrolyte interface®.



Fig. S3 SEM images of (a) TiC/TIO@CNT-20nm sample, and (b) TIC@CNT-20nm sample with a 4 h

annealing time.

Note S4: Raman spectra of the unannealed and annealed TiO,@CNT-

20nm samples

Raman spectra of the TiO,@CNT-20nm and TiC/TIO@CNT-20nm samples with an
annealing time of 1 h, 2 h, and 4 h are demonstrated in Fig. S4. A shift of Raman peaks
from TiO2 to TiC is observed for the TiO2@CNT-20nm sample after annealing® ®.
Moreover, as the annealing time increases, the Raman intensity of TiC peaks increases

under the same test conditions, revealing the synthesis of more TiC nanomaterials.
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Fig. S4 Raman spectra of (a) TiO2@CNT-20nm sample and TiC/TIO@CNT-20nm sample with a 4 h
annealing time, (b) TiC/TiIO@CNT-20nm samples with various annealing time.

Note S5: XRD and XPS spectra of the TiC/TIO@CNT-20nm and TIC@CNT-

20nm samples

Compared with the TiC/TIO@CNT-20nm sample, the titanium oxidation diffraction
peaks of the TIC@CNT-20nm sample are reduced or disappeared (Fig. S5a), revealing

that the titanium oxidation has been etched by HF solution. The intensities of TiC peaks



are low and almost unchanged, due to the amorphous TiC and residual TiO,. The Ti 2p
peaks are observed in the XPS spectra of both samples, which is consistent with the
results of the XRD spectra. In addition, the F 1s core level spectrum of TIC@CNT-20nm
sample at 685.0 eV reveals that F ion is physically absorbed on the surface of the film

after HF etching, rather than F doping into TiO,” 8.
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Fig. S5 (a) XRD spectra, (b) XPS spectra, and (c) high-resolution XPS spectra of F 1s region of
TiC/TIO@CNT-20nm and TiIC@CNT-20nm samples with a 4 h annealing time.

Note S6: Electrochemical performances of the TIC@CNT-20nm electrode

with a 4 h annealing time

Fig. S6 shows symmetric cyclic voltammetry (CV) curves for the TIC@CNT-20nm
electrode with a scan rate from 5 to 80 mV s, revealing the faradic reaction at the
interface of electrode/electrolyte®. Quasi-triangular shapes for the galvanostatic
charge-discharge (GCD) curves with different current densities demonstrate superior

electrochemical reversibility of the TIC@CNT-20nm electrode.
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Fig. S6 Electrochemical properties of TIC@CNT-20nm electrode with a 4 h annealing time in a three-
electrode system (vs. Ag/AgCl) with 1 mol L' Na>SO4 aqueous solution: (a) CV curves for different scan

rates; (b) GCD curves with different current densities.



Note S7: Electrochemical performances of the TiC/TIO@CNT-20nm

electrode with a 4 h annealing time

The symmetrical shapes of CV curves and GCD curves demonstrate that the energy
storage capability of TiC/TIO@CNT-20nm electrode arises from typical EDLC behaviour.
The series resistance (Rs) of TiC/TIO@CNT-20nm electrode is relatively low due to the

synthesis of TiC materials.
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Fig. S7 Electrochemical properties of TiC/TIO@CNT-20nm electrode with a 4 h annealing time in a
three-electrode system (vs. Ag/AgCl) with 1 mol L' Na,SO4 aqueous solution: (a) CV curves; (b) GCD
curves; (c) Nyquist plot.
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