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Supplementary Materials

Fig. S1. Characterization of monolayer MoS2. (A) Optical image (B) fluorescence image (C) Raman
spectra

Fig. S2. High resolution STEM images of Ag-MoS2 complex. The inset of the image highlights the single
Ag atoms on S sites

Fig. S3 STEM simulations of [Au(MoS2)Clx] structures. (A)STEM Simulations of a Au atom on MoS2
with no chlorine, one chlorine atom and three chlorine atoms. (B) Z contrast line scan of the three structures
and comparison with an experimental line scan.

Fig. S4. Spectroscopic studies of the Ag-MoS2 complex. (A) X-ray photoelectron spectroscopy (XPS)
spectra of Ag 3d orbit on Ag-MoS2. The Ag+ reference peak of 368.1 eV was extracted from Ag2S spectra

from reference 23. (B) S 2p orbit of pristine and Ag functionalized MoS2. The Ag-MoS2 XPS measurements
used a different batch of MoS2 samples from the Au-MoS2 XPS measurements. They are also measured in
different batches which leads to different sample charging effects causing shifts in the pristine S 2p binding
energy.

Fig. S5. Peak area analysis of the XPS spectrum of the [Au(MoS2)Clx] complex using CasaXPS. Peak
area is calculated in the green box with the red curve as base line. (A) Au 4f spectra peak area analysis
(peak area=617.91). (B) Cl 2p spectra peak area analysis (peak area=250.81).

Fig. S6. DFT optimized structure showing the bond distance and angles for the Au-MoS2 complex,
considering the chlorine ions on the Au coordination sphere.

Fig. S7. DFT optimized structure showing the bond distance and angles for the Ag-MoS2, bond
distance and angles are shown on Table S1.

Fig. S8. Charge transfer map of [Au(MoS2)Cl] and [Au(MoS2)] complexes showing the hole
concentration as blue surfaces and the electron concentration as red surfaces.

Fig. S9. Micro-absorption measurements of the [Au(MoS2)Clx] Complex. (A) Optical images 5 different
MoS2 flakes were the absorption spectra were measured. The yellow circle shows the size and position of
the laser spot on each flake. (B) Room temperature absorption spectra of pristine MoS2. (C) Room
temperature absorption spectra of [Au(MoS2)Clx] complex. The spectra were measured on the same flakes
before and after the functionalization process.

Fig. S10.Tauc plot of absorption spectroscopy of pristine and AuClx functionalized MoS2.

Fig. S11. Electronic band structures of pristine MoS2, [Au(MoS2)], [Au(MoS2)Cl] , and [Au(MoS2)Cl3]
complexes, calculated without considering spin-orbit coupling.

Fig. S12.Optical image of the fabricated devices showing the lateral structure of 8 devices.

Fig. S13. Analytical Studies of AuClx complexes on MoS2. (A) Threshold change for different Au
concentrations with error bar included. (B) Number of AuClx complexes calculated through threshold shift
for varies Au concentrations.

Fig. S14. Thermodynamic cycle for oxidation-reduction and complexation reactions of Au complexes
considered in order to understand the ligand effect on the Au redox potential.

Fig. S15.Transfer characteristics i.e. drain current (𝐼𝐼𝐷𝐷𝐷𝐷 ) versus back gate voltage (𝑉𝑉𝐵𝐵𝐵𝐵 ) at drain bias,
VDS = 1 V for MoS2 FETs with AuClx coordination doping (A) before and (B) after a year.

Table S1 Calculation details (bond length, bond energy etc.) on [Au(MoS2)Cl3] and Ag-MoS2
complexes
Material

M

Electronic Site

Configuration

Eads

Charge

(eV)

(Metal)

d M-S (Å)

d Mo-S

Angle

(Å)

S-Mo-S

Pristine MoS2

----

----

----

----

-----

2.47

82.48

Ag-MoS2

4d10 5s1

S

-0.96

+0.25

2.84

2.41

81.87o

Ag-MoS2

4d10 5s1

H

-0.87

+0.30

2.63

2.40

81.39o

[Au(MoS2)Cl3] 5d10 6s1

S

-1.41

+0.80

2.63

2.47

82.50o

[Au(MoS2)Cl]

5d10 6s1

S

-1.06

+0.40

2.57

2.47

82.43o

[Au(MoS2)]

5d10 6s2

H

-0.86

+0.30

2.70

2.47

82.27o

Movies S1. Video of Au single atoms in motion.

