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Supporting figure captions:

Figure S1. The size of Bi2O3 quantum dots and EDS spectra of Bi2O3@TiO2 NTAs with 

multiple SILAR processes for 1 (a,b), 4 (c,d), 7 (e,f) cycles, respectively.

Figure S2. TEM image of  pristine TiO2 NTAs.

Figure S3. The time-resolved photoluminescence (TRPL) spectrum of TiO2 NTAs and 

Bi2O3@TiO2 NTAs with ultrasonication-assisted SILAR deposition for 1, 4 and 7 cycles.

Figure S4. Bode phase plots of TiO2 NTAs at 450°C and Bi2O3@TiO2 NTAs with repeated 

SILAR processes for 4 cycles at the low open-circuit condition under solar light illumination, 

respectively.
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Figure S1. The size of Bi2O3 quantum dots and EDS spectra of Bi2O3@TiO2 NTAs with 

multiple SILAR processes for 1 (a,b), 4 (c,d), 7 (e,f) cycles, respectively.

Figure S2. TEM image of pristine TiO2 NTAs.
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Figure S3. The time-resolved photoluminescence (TRPL) spectrum of TiO2 NTAs and 

Bi2O3@TiO2 NTAs with ultrasonication-assisted SILAR deposition for 1, 4 and 7 cycles.

The time-resolved photoluminescence (TRPL) measurements were carried out at room 

temperature by using fluorescence spectroscopy (made by HOKIBA, FL3-TCSPC) with a 

Xenon lamp as excitation source (λex = 370 nm, 300 nm laser). The time-resolved 

photoluminescence (TRPL) decay profiles were fitted using the biexponential decay function 

expressed as follows,

I(t)=A1 exp(-t/τ1) + A2 exp(-t/τ2)

Where A1 and A2 are the amplitudes (or weighing factors), and τ1 and τ2 are the corresponding 

lifetimes. As calculated, the average decay lifetime of TiO2 NTAs and Bi2O3@TiO2 NTAs 

with ultrasonication-assisted SILAR deposition for 1, 4 and 7 cycles are 6.6 ns, 3.4 ns, 1.8 ns 

and 4.2 ns, respectively. Compared to the pristine TiO2 NTAs, Bi2O3@TiO2 NTAs showed 

more decay lifetime. Shorter decay lifetime clearly indicates lower recombination and higer 

separation efficiency of electron-hole pairs. What’s more, lower recombination of electron-

hole pairs will lead to weaker photoluminescence and higher photocatalytic activity, which is 
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consistent with the PL spectra. Bi2O3@TiO2 NTAs with ultrasonication-assisted SILAR 

deposition for 4 cycles owns the longest decay lifetime and the highest photocatalytic activity.

Figure S4. Bode phase plots of TiO2 NTAs at 450°C and Bi2O3@TiO2 NTAs with repeated 

SILAR processes for 4 cycles at the low open-circuit condition under solar light illumination, 

respectively.

The electron lifetime (τn) in photonode is correlated with the characteristic frequency peaks 

(fmax) in Bode phase plots,

τ1 
=

1
2Π𝑓𝑚𝑎𝑥

As shown in Figure S4, the fmax value for TiO2 NTAs and Bi2O3@TiO2 NTAs with repeated 

SILAR processes for 4 cycles was 1.2 Hz and 0.8 Hz at the open-circuit condition under 

simulated solar light illumination. Therefore, the electron lifetimes are calculated to be 0.132 

ms and 0.199 ms for TiO2 NTAs and Bi2O3@TiO2 NTAs with repeated SILAR processes for 

4 cycles. The longer electron lifetimes revealed longer electron migration distance with fewer 

trappings and lower combination of electron-hole pairs. These results suggest the presence of 

Bi2O3 quantum dots can prolong the electron lifetimes and facilitate the charge transport.


