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Note 1: Detail for Mass Action Model

The populations of excitons and charged excitons originated from the equation (1) and

(2) in main text can be derived as:

G
Na () = r Tkt (S1)

kce(n) G
Na-(n) = Tee  Tex + Kee(n) (82)

where the 'y and I, represent the decay rate of the exciton and charged exciton,
respectively. Since the PL intensity of the exciton (I5) and charged exciton (I5") are

proportional to N4 and N, the I, and 15~ can be expressed as follows: !

AGYex
() =5 (83)

Kee(1) AGYece
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where v, and v, express the radiative recombination rate of the exciton and charged
exciton, respectively. The coefficient A expresses the collection efficiency of
luminescence. To previous reports,' for simplicity, the radiative decay rate of exciton

is independent of the carrier density. The values I'ex and I'ce are based on the previously
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reported values.? The fitting parameters AGyex/AGyceis 0.15.! In the condition studied
here (i.e., kee >> T'ex), the PL intensity of the exciton (I,) and trion (I5) can be

approximately expressed as:

AGYex
[p(n) = Kee(1) (S5)
AGyce
h- () ~ o (S6)

The mass action law associated with the charged exciton® is applied to calculate the
electron concentration in the ML MoS2. Based on these above equations, the
corresponding result is demonstrated as follow:!
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where T, kg, and E, are respectively the temperature, Boltzmann constant and the
binding energy of charged exciton (~20 meV)>. The m, (0.35mg) and my; (0.45my)
represent the effective mass of electrons and holes,® respectively, where the my is the
mass of a free electron. Moreover, the effective mass of an exciton (m4) and a charged

exciton (ma”) can be calculated as 0.8my and 1.15m, respectively. Using these

parameters, the PL weight of charged excitons can be presented as:

N

I,— Yex  Na 4 x 10 ~n,
Total Yee Na= T 14+4x10Mn, (58)
Yex Na

Based on the equation S8, the relation between the PL intensity weight of charged

excitons and electron concentration is plotted in Figure 5(c).
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