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1. Experimental Section 

1.1 QDs preparation  

Synthesis of ZQDs. ZQDs were synthesized by a modified colloidal procedure. 1 In 

brief, Zn(CH3COO)2·2H2O powder (3.324g) was dissolved into absolute ethanol 

(100ml) and stirred for 3h at 80℃ with continuous refluxing. Then the mixture (clear 

zinc acetate solution) was cooled down in an ice bath. Meanwhile, the LiOH solution 

was prepared by mixing LiOH.H2O powder (0.756g) with absolute ethanol (50ml) and 

stirring for 0.5h. Next, the LiOH solution was slowly added to the zinc acetate solution, 

stirring for 10 min at 70℃ with refluxing, and making it cooled down in the same way 

above to obtain colorless and transparent solution which contains ZQDs. The ZQDs 

was collected by pouring the solution above to 300ml N-hexane and it was washed and 

centrifuged repeatedly with anhydrous ethanol and then dispersed into anhydrous 
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ethanol to obtain 0.25, 1, 2, 4 and 8mg/ml dispersion liquid or dried at 50℃ in a vacuum 

drier for further use.  

Synthesis of TQDs. Briefly, the monodisperse TQDs were synthesized by a modified 

microemulsion-solvothermal method reported before. 2 First, 10 ml of Tebrabutyl 

titanate was dissolved in 100 ml oleic acid under continuous stirring at 25 C for 1h. 

Then 1.78ml lauryl amine was added into this solution drop by drop. After that, the 

mixture solution was vigorous stirring for another 2h at room temperature to obtain a 

microemulsion precursor. The TQDs were harvested by putting the precursor into a 

polytetrafluoroethylene autoclave keeping at 220℃ for 24 hours and then centrifuged 

and washed with ethanol for several times. Next, they were dispersed into cyclohexane 

to obtain 0.25, 1, 2, 4 and 8mg/ml dispersion liquid or dried at 50℃ in a vacuum drier 

for further use.  

1.2 Film and Device Fabrication 

Partially patterned fluorine-doped tin oxide (FTO, 8Ω square-1) glass substrates with 

dimensions of 2.5cm x 2.5cm were ultrasonically cleaned using methylbenzene, 

acetone and ethanol for 20 min respectively. The bl-TiO2 was fabricated using the 

reported method.3 Subsequently, the diluted TiO2 pastes (Dyesol 18NR-T, 1:5 mass 

ratio with ethanol) was spin coated on the bl-TiO2 at different speeds (2500, 3000, 3500, 

4000, 5000 rpm) for 30 s and sintered at 500℃ for 30 min as mp-TiO2 layer. To fabricate 

the quantum dots modified devices, different concentration (0.5, 1, 2, 4 and 8mg/ml) of 

prepared ZQDs / QDs dispersion liquid were spin coated on the mp-TiO2 layer at 3000 

rpm for 30 s, followed by annealing at 100℃ for 30 min. The perovskite layer was 

fabricated using the anti-solvent method reported before. 3Herein, a mixture of 0.461 g 

PbI2 and 0.159 g MAI in a mixed solvent of 0.6 g dimethylformamide and 0.078 g 

dimethyl sulfoxide was used as the perovskite precursor solution. It was spin coated at 

4000 rpm for 30 s with 500 μL diethyl ether dropped on it at the first 10 s. The MAPbI3 

film was formed by heat-treatment at 100℃ for 2 min. MAI was synthesized according 

to a reported procedure. 4 The HTM layer was deposited by spin coating a HTM solution 

at 4000 rpm for 30 s, which was prepared by mixing 1ml spiro-OMeTAD (2,2′,7,7′-
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tetrakis (N,N-di-p-methoxyphenylamine)-9,9 spirobifluorene, 72.3 mg/ml in 

chlorobenzene), 28.8 μl TBP (4-tert-butylpyridine), 17.5 μl LiTFSI (lithium bis 

(trifluoromethylsulphonyl) imide, 520 mg/ml in acetonitrile) and 29μl FK209 (tris (2-

(1H-pyrazol-1-yl)-4-tert-butylpyridine) cobalt (III) bis (trifluoromethylsulphonyl) 

imide, 300 mg/ml in acetonitrile). Then, 80 nm thick Au was thermally evaporated on 

the HTM layer to yield the complete device.  

1.3 Characterization and measurement 

XRD analyses were carried out on PANalytical B.V. X’ Pert PRO X-ray 

diffractometer using Cu Kα irradiation (λ=1.5406 Å, V=40 kV, I=30 mA). TEM images 

were acquired from a JEM 2100 microscope (JEM, Japan). SEM images were 

investigated by a FEI Quanta 650 FEG field-emission electron microscopy (FEI, USA). 

AFM were performed by using Shimadzu SPM 9700 (Shimadzu Co., Japan). The J-V 

characterizations of the devices were performed by using a Keithley 2400 digital source 

meter under a simulated sunlight of 100 mw /cm2 (AM 1.5). The light source was 

provided by an AULTT solar simulator which was calibrated with an Optical power 

meter. During the photovoltaic measurements, the active area was defined to 7 mm2 

with a nonreflective black mask about 3mm in diameter. IPCE was measured using a 

150 W xenon lamp (Oriel) fitted with a monochromator (Cornerstone 74004) as a 

monochromatic light source. UV-vis absorption spectra were recorded on a Shimadzu 

UV-3600 UV–visible photospectrometer (Shimadzu Co., Japan). The PL measurements 

were carried out on Laser Confocal Micro-Raman Spectroscopy (LabRAM HR800, 

Horiba Jobin Yvon) with a laser source operated at 532 nm. TRPL decay curves were 

recorded with a Picosecond Photon Detection Module (PPD900, Horiba Jobin Yvon). 

EIS was carried out on a potentiostat (EG&G,M2273) in the frequency range of 100 

mHz to 1 MHz with 700 mV applied bias under ambient condition in dark. The BET 

surface area test was conducted on a nitrogen adsorption–desorption apparatus (ASAP 

2020, Micromeritics). UPS measurement was carried out using He I discharge lamp 

(Kratos Analytical) with a resolution of 0.025 eV, and the energy of He I is 21.22 eV.  
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Figure S1. UV-visible absorption spectrum of (a) the mp-TiO2 film; (b) the ZQDs film (c) the TQDs 

film. UPS spectra of (d) the mp-TiO2 film; (e) the ZQDs film; and (f) the TQDs film. UPS spectra 

describe the cut-off energy (Ecut-off) and Fermi edge (Efermi).  

 

References 

(1) Kong, W.; Liu, B.; Ye, B.; Yu, Z. P.; Wang, H.; Qian, G. D.; Wang, Z. Y. An 

Experimental Study on the Shape Changes of TiO2 Nanocrystals Synthesized by 

Microemulsion-solvothermal Method. J. Nanomater. 2011, 2011, 99-110.   

(2)  Burschka, J.; Pellet, N.; Moon, S. J.; Humphry-Baker, R.; Gao, P.; Nazeeruddin, 

M. K.; Grätzel, M. Sequential Deposition as a Route to High-performance 

Perovskite-sensitized Solar Cells. Nature 2013, 499, 316-319.  

(3)  Ahn, N.; Son, D. Y.; Jang, I. H.; Kang, S. M.; Choi, M.; Park, N. G. Highly 

Reproducible Perovskite Solar Cells with Average Efficiency of 18.3% and Best 

Efficiency of 19.7% Fabricated via Lewis Base Adduct of Lead(II) iodide. J. Am. 

Chem. Soc. 2015, 137, 8696-8699.  

(4)  Wu, Y.; Islam, A.; Yang, X.; Qin, C.; Liu, J.; Zhang, K.; Peng, W.; Han, L. 

Retarding the Crystallization of PbI2 for Highly Reproducible Planar-structured 

Perovskite Solar Cells via Sequential Deposition. Energy Enviro. Sci. 2014, 7, 

2934-2938.  


