
Figure 1 PL spectra of as-prepared (above) and 

F4TCNQ doped (below) monolayer MoS2. 
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1. Introduction 

Monolayer transition metal dichalcogenides (1L-TMDs) 

have attracted much attention as a novel two-dimensional 

direct band gap semiconductor [1], and also are promising 

candidate to realize the future optoelectric devices includ-

ing ‘valleytronic’ dvices [2]. However, the optical proper-

ties of 1L-TMDs is often limited due to the unintentional 

electron doping caused by atomic defects or impurities [3]. 

Therefore, establishing the convenient method to control 

the optical properties of 1L-TMDs is valuable for applica-

tion and fundamental study. In this study, we demonstrate 

that the solution-based chemical doping is an effective 

method to modulate the photoluminescence (PL) properties 

of monolayer MoS2 (1L-MoS2) that is well known 

1L-TMDs [4].  

 

2. Results and Discussion 

1L-MoS2 was prepared by the mechanical exfoliation 

and deposited on SiO2/Si substrate. Excitation light source 

for the PL experiments was the cw solid-state laser (2.33 

eV) or monochromated light pulse (40MHz, 20 ps duration) 

from a super continuum broadband light source. We 

drop-casted a typical p-type dopant F4TCNQ or n-type do-

pant NADH dissolved in solution (toluene or water, respec-

tively) on the surface of the 1L-MoS2. 

Figure 1 shows the PL spectra of as-prepared and 

F4TCNQ-doped 1L-MoS2 at room temperature. The PL 

peak around 1.8–1.9 eV can be decomposed into two com-

ponents corresponding to the exciton (Peak X) and trion 

(Peak X-) PL [3]. In the as-prepared 1L-MoS2, the trion PL 

(X-, ~1.84 eV) is dominant, because excitons can be bound 

by unintentionally doped electrons. On the other hand, ex-

citon PL (X, ~1.89 eV) becomes dominant in the 

F4TCNQ-doped 1L-MoS2 presumably because the 

doped-holes compensate the Fermi energy shift induced by 

doped electrons. Opposite direction control of PL can be 

possible by n-type dopant NADH. The electrons from 

NADH are additionally doped into 1L-MoS2 and the trion 

PL weight is increased. 

We also found that the nonlinear PL response of 1L-TMDs 

[5] is strongly depending on the carrier density. In as pre-

pared 1L-MoS2, the PL intensity is almost linearly in-

creased with increasing excitation laser power. On the other 

hand, the PL intensity is saturated with increasing excita-

tion power after F4TCNQ doping. This result could be in-

duced by the difference of many-body effects between ex-

citons and trions.  

 

3. Conclusions 

  Our findings suggest that both the extraction and the 

injection of carriers in 1L-MoS2 can be realized by the so-

lution-base chemical doping. It provides a strong advantage 

in tuning the optical and electrical properties of 1L-TMDs 

without using the device structures. 
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