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Supplementary Figure 2. Complex refractive index and absorption coefficient. (a) The complex 

refractive index measured by ellipsometry. The real and imaginary components are denoted as n 

(refractive index) and k (extinction coefficient). (b) The absorption coefficient, α, calculated from 

α=4πk/λ. 
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Supplementary Figure 3. TR kinetics and first order bulk recombination. (a) TR kinetics 

recorded at 2.38 eV for different intensities and the best fitting curve based on first order carrier 

recombination model. The large disagreement between TR kinetics and fitting curves suggests the 

incorrect fitting model. (b) The photoluminescence (PL) decay kinetics of the single crystal excited at 

2.48 and 3.10 eV. The PL decay curves show two decay components. The fast component is attributed 

to the surface recombination that depends on the pump penetration depth (or pump energy). The slow 

component is due to the first order bulk carrier recombination that is independent of the pump 

penetration depth. The time constant of the slow decay component is determined from a single-

exponential fit of the PL tail and indicated in the figure. 
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Supplementary Figure 6. Reproducibility test. (a) The normalized TR kinetics of two different 

samples pumped at 3.1 eV. Sample A is the one used for the experiment in main text. Sample B is a 

different single crystal. For sample A, the measurements were conducted on the front and back 

surfaces. The side surface is too small for optical measurement. (b) The normalized TA kinetics of 

two different samples pumped at 2.48 eV. Sample C is a third single crystal. This figure shows that the 

kinetics is only dependent on the pump energy. The consistence TR kinetics for different samples or 

different surfaces demonstrates the high reproducibility of our measurement and also confirms the 

high quality of our samples. 
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Supplementary Table. 

 

Supplementary Table 1. List of Parameters for the absorption coefficient fitting shown in Fig. 1 in 

the main text. 

Eg (eV) Rex(meV) σc (meV) σex(meV) A(104cm-1) 

2.394±0.0005 41.6±0.01 22.9±0.05 29.5±0.02 5.23±0.0008 

 

In supplementary Table 1, Eg is bandgap, Rex is exciton binding energy, σc(meV) and σex(meV) are the 

standard deviation of the Gaussian broadening functions for continuum and excitonic absorption, 

respectively. A is the constant in Equation 1 in the main text, related to the transition matrix element. 

 


