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1. Sketch of the experimental setup 

 

 

Figure S1. Experimental setup of femtosecond time-resolved reflectivity measurements. 

 

2. Fitting for the recovery process using different functions 
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Figure S2. Comparison between the fitting effects using different functions for the decay processes of MAPb(I1−xBrx)3 

with x=0.02 and 0.05. 

 

We try to fit the decay processes of MAPb(I1−xBrx)3 using the following equations: 
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which describes the first-order charge carrier diffusion mechanism, the second-order free electron and hole 

recombination mechanism and the combination of these two mechanisms, respectively. Using equation (2), 

the decay processes for MAPb(I0.99Br0.01)3 and MAPb(I0.98Br0.02)3 can be well reproduced, while for 

MAPb(I1−xBrx)3 films with other Br contents, the fitting curves deviate from the experimental data. Using 

equation (3), all the fitting curves deviate significantly from the experimental data. However, using equation 

(4) with a 𝛾𝛾 fluctuating between 0.50 and 0.95, all the decay processes can be well reproduced. These 

phenomena indicate that the photocarriers decay through a complex combination of the two competing 

mechanisms, neither a simple first-order nor a second-order mechanism alone. 
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3. Sample preparation and properties  

The MAPb(I1−xBrx)3 films used in this study were prepared by a spin-coating method. To fabricate 

MAPb(I1−xBrx)3 with different Br contents, precursor solutions with different Br concentration were prepared 

by mixing MAPbI3 and MAPbI2Br solutions in different proportions. The fabrication details have been 

described elsewhere 1. In Figure S3, we present the X-ray diffraction (XRD) patterns for part MAPb(I1−xBrx)3 

films. The XRD peak intensities for MAPb(I0.99Br0.01)3 and MAPb(I0.98Br0.02)3 are much higher than those 

for other films, indicating that MAPb(I0.99Br0.01)3 and MAPb(I0.98Br0.02)3 have better grain morphologies. In 

Figure S4a, we show the absorption spectra of the MAPb(I1−xBrx)3 films. As the Br content rises up, the 

absorption edge of MAPb(I1−xBrx)3 shifts gradually to the blue side, which has been observed in previous 

reports 2-3. In Figure S4b, we summarizes the relationship between the absorption edge ( λ𝑒𝑒  ) of 

MAPb(I1−xBrx)3 and x, which can be described using the following equation  

λ𝑒𝑒(nm) = 777.8 − 279.6x.                                                            (S1) 

 

 

Figure S3. XRD patterns of part MAPb(I1-xBrx)3 films. 
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Figure S4. (a) Absorption spectra of MAPb(I1-xBrx)3 with different Br contents; (b) The relationship between the 

absorption edge and the Br content (x) for MAPb(I1-xBrx)3. 

 

In Figure S5, we reproduce the x dependence of PCE for MAPb(I1-xBrx)3 films from our previous 

reported data 4. For MAPb(I1-xBrx)3 with x≈0.02, the PCE is 19.12%, which is at least 8% higher than that 

for MAPb(I1-xBrx)3 with other Br contents. In previous 4, the MAPb(I1-xBrx)3 films were prepared using a 

two-step fabrication method, i.e. prepare the pure MAPbI3 films firstly, and then treat them using MABr 

solutions with different concentrations. By this two-step fabrication method, the Br contents could not be 

obtained directly. However, the absorption edges of those MAPb(I1-xBrx)3 films show a similar blue shift as 

MAPb(I1-xBrx)3 films used in this study. Thus, the Br contents for those MAPb(I1-xBrx)3 films can be 

estimated using equation (S1). Br contents of MAPb(I1-xBrx)3 fabricated by treating the MAPbI3 film using 

1, 2, 4 and 8 mg ml-1 MABr isopropanol solutions are x=0.006, 0.019, 0.037 and 0.050, respectively.   
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Figure S5. Br content dependence of PCE for MAPb(I1−xBrx)3 films. 
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