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Fig. S1. XRD patterns of the anatase hollow single crystals synthesized with 100 µL HF (a) at 

various hydrothermal temperature and (b) with different hydrothermal time. 
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Fig. S2. FE-SEM images of anatase hollow TiO2 nanoparticles (S100) at different 

hydrothermal temperature for 6 h, (a) 120 °C, (b) 140 °C, (c) 160 °C, (d) 180 °C and (e) 220 °C.  

 



4 

 

 

Fig. S3. FE-SEM and TEM images of anatase hollow TiO2 nanoparticles (S100), synthesized 

at hydrothermal temperature of 160 °C with different reaction times: (a, g) 1 h, (b, h) 3 h, (c, i) 

6 h, (d, j) 9 h, (e, k) 12 h, and (f, l) 24 h.  
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Fig. S4. (a, c) J−V curves (b, d) EQE spectra of DSSCs based on anatase hollow TiO2 

nanoparticles (S100) prepared at different hydrothermal temperatures and reaction times, 

respectively. 
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Fig. S5. UV-Vis spectra of solutions containing N719 desorbed from sensitized TiO2 

photoelectrodes: (a) different amounts of HF, (b) temperature dependent and (c) time dependent. 
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Fig. S6. (a, c) Diffuse reflectance (b, d) Transmittance spectra of DSSCs based on S100, 

synthesized at different temperatures and reaction times, respectively. 

 

 

Fig. S7. Nyquist plots from electrochemical impedance spectroscopy of the S100 based DSSCs, 

(a) temperature dependent and (b) time dependent. Insets are the simulated equivalent circuits. 
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Table S1. Summarized photovoltaic performance parameters of DSSCs fabricated with DSSCs 

based on anatase hollow TiO2 nanoparticles (S100) prepared at different temperatures, 

measured under one sun AM 1.5 G illumination (100 mW cm−2). 

DSSCs Jsc (mA cm-2) Voc (mV) η (%) FF adsorbed dye (nmol cm-2) 

120 °C 15.53 771 7.95 0.66 108 

140 °C 16.87 774 8.72 0.66 130 

160 °C 17.39 778 8.94 0.66 127 

180 °C 15.95 789 8.47 0.67 116 

220 °C 13.36 793 7.04 0.66 98 

 

Table S2. Summarized photovoltaic performance parameters of DSSCs fabricated with DSSCs 

based on anatase hollow TiO2 nanoparticles (S100) prepared at different reaction times, 

measured under one sun AM 1.5 G illumination (100 mW cm−2). 

DSSCs Jsc (mA cm-2) Voc (mV) η (%) FF adsorbed dye (nmol cm-2) 

1 h 10.96 766 5.57 0.66 83 

3 h 14.79 771 7.57 0.66 119 

6 h 17.39 778 8.94 0.66 127 

9 h 16.53 786 8.63 0.66 121 

12 h 15.66 798 8.11 0.64 113 

24 h 11.55 801 6.40 0.69 95 
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Table S3. Simulated values of resistance R1 and R2 from the EIS spectra of concentration 

dependent TiO2 hollow nanoparticles. 

Sample R1 (Ω) R2 (Ω) 

S0 5.94 152.09 

S50 1.72 176.36 

S100 1.54 72.38 

S250 3.21 83.97 

P25 1.72 121.98 

 

 

Table S4. Simulated values of resistance R1 and R2 from the EIS spectra of temperature 

dependent TiO2 hollow nanoparticles. 

Sample R1 (Ω) R2 (Ω) 

120 °C 1.55 33.14 

140 °C 1.59 41.56 

160 °C 1.54 72.38 

180 °C 3.00 89.57 

220 °C 3.28 135.6 
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Table S5. Simulated values of resistance R1 and R2 from the EIS spectra of time-dependent 

TiO2 hollow nanoparticles. 

Sample R1 (Ω) R2 (Ω) 

1 h 1.25 27.44 

3 h 1.49 68.14 

6 h 1.54 72.38 

9 h 2.16 76.83 

12 h 1.42 105.94 

24 h 3.25 115.22 

 

 

 

 

 

 

 


