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Fig. S1 SEM images of TP-300 TP-400, of TP
low magnifications. There are no obvious changes from high and low magnitfied SEM

images.
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Fig. S2 TP-600 sample: (a) the XPS spectra and the atomic fraction; (b) the EDS and

the atomic fraction.
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Fig. S3 O 1s core-level XPS spectra of the TP-600 and T-600 samples.
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Fig. S4 Schematic illustration of the status of doped P and the electrochemical
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reaction of the electrode.
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Fig. S5 (a) XPS and (b) P content of the P-doped TiO, nanotube arrays prepared at



different temperatures.
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Fig. S6 UV-Visible spectroscopy of TP-600 and T-600.

The UV-visible spectra of TP-600 and T-600 are shown in Fig. S6. They showed a
weak absorption in the range of 300-500 nm. The energy of the band gap of the TP-
600 and T-600 samples could be calculated by the following equation: [1]

ohv = A(hv - E,)!?
Where a, hv, A, and E, are the optical absorption coefficient, energy of the incident
photon, proportionality constant, and band gap energy, respectively. The inset in Fig.
S6 shows the plot of (ahv)? versus hv, and the band gap energies calculated from the

intercept of the tangent of the plot are 2.96 eV of TP-600 and 3.06 eV of T-600.
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Fig. S7 UPS spectra of TP-600 and T-600.

From the UPS spectra, the secondary electron cutoff edge (left vertically downward
arrow) and the valence band edge (right) can be found. Due to the very sharp
secondary electron cutoff edge, the work function can be directly obtained from the
spectra by subtracting the binding energy of the secondary electron cutoff from the
excitation energy of Helium source (21.22 eV). In the UPS spectra of the TP-600 and
T-600 samples, the secondary electron cutoff are 17.26 eV and 16.95 eV. Thus, the
work functions of TP-600 and T-600 are 3.96 and 4.27 eV, respectively.

Because the valence band edge is gentle, the valence band maximum (Ey) cannot be
obtained directly by UPS spectra. The linear extrapolation of the leading edge to the
extended baseline of the valence band spectra is used to calculate the position of Ey
(inset in Fig. S7). That means the Ey is the intersection’s abscissa of the extension
line of the valence band leading edge and the background channel. The deduced Ey of
TP-600 and T-600 are 1.61 eV and 1.57 eV, respectively.[2, 3]



QO
N

——TP-300
@ TP-400
L} —@— TP-500
@ @ TP-600
o @ TP-700

N
N
1

-
(00}
L
(]

Current (mA)
o

-
N
Fﬂ
e

Areal capacitance (mF cm'z) o
-
®

1 —TP-300 —e— 9
—TP-400 6
— TP-500 %0,07_”177_ S
——TP-600 ————— ¢
21 —TP-700 5 ° e * »
00 02 04 06 08 0 200 400 600 800 1000
Potential (V vs SCE) Scan Rate (mV 5’1)

Fig. S8 TP-300 TP-400, TP-500, TP-600, and TP-700 samples: (a) CV curves; (b)
areal capacitance versus scan rate.
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Fig. S9 P-doped TiO; nanotube arrays prepared at different temperatures: (a) Nyquist
plots and the fitting plots; (b) The deduced R from EIS.
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Fig. S10 Nyquist and fitted plots of the TP-600 and T-600 samples.
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Fig. S11 The GCD curves of device at different current densities.
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Fig. S12 (a) XPS spectra of the pristine TP-600, the TP-600 samples as positive and
negative electrodes after cycling; (b) the corresponding P core-level XPS spectra and

atomic fraction of (a).



Fig. S13 SEM images of the TP-600 sample as positive (a and b) and negative (c and
d) electrode after 10000 charging-discharging cycles. There is no obvious change in

high and low magnified SEM images between the sample after cycle and the original

sample.
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Fig. S14 CV curves of the device before and after 10000 cycles
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Fig. S15 Nyquist plots of the device before and after 10000 cycles.
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