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Figure S1. (a) Raman and (b) PL measurements of a MoS2 monolayer.

To confirm the crystal quality of the CVD-grown MoS; monolayer, Raman and PL
measurements were performed. For the pristine MoS», two characteristic peaks were observed
at 382 cm™ and 401 cm?, which represent in-plane (E'zg) and out-of-plane vibrational modes
(A1), respectively. The difference between the two peaks can be used to confirm the number
of MoS; layers. The measured difference was close to 19 cm™, which implies that the
synthesized MoS: is a monolayer. Photoluminescence measurement shows a strong PL peak
centered at 668 nm. The strong PL intensity also confirms that the synthesized MoS; is a

monolayer with a direct band gap.
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Figure S2. (a) High-resolution TEM image and (b) ADF-STEM image of a MoS, monolayer,
representing the high crystallinity of the MoS2 monolayer with a hexagonal structure. The bright
spots correspond to the Mo atoms and the grey spots represent the S atoms. The inset shows an

SAED image.
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Figure S3. The step height of a) the 4 layers of TBAI-PbS with 2 layers of EDT PbS and b) the
6 layers of TBAI-PbS. The step height profile shows that the measured thickness of both QD

films to be around 150 nm.
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Figure S4. Absorption spectra of PbS QDs in toluene at a concentration of 50 mgmL™* with the

first absorption peak is observed at a wavelength of 953 nm.

The absorption spectrum of PbS CQDs in a solution phase were obtained over the range
from 400 to 1500 nm using Ultraviolet—visible spectroscopy (UV-Vis). The first exciton peak
was observed at 953 nm, which corresponds to a bandgap of 1.30 eV according to Planck-
Einstein equation, E = hc//1 where h is a Planck constant, c is the speed of light in a vacuum,

and A is the wavelength.
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Figure S5. (a) XRD spectrum of a PbS CQDs layer passivated by oleic acid (OA). (b) (i) An

HRTEM image of OA-passivated PbS CQDs (Scale bar: 5 nm). (ii) A magnified image of the

PbS CQDs (Scale bar: 1 nm). (iii) SAED patterns of the PbS CQDs.

Crystallographic characterization of the as-synthesized PbS CQDs was performed using
X-ray diffraction (XRD), high-resolution TEM (HRTEM), and selected area diffraction
(SAED). As shown in Figures S6a,b, the typical rock-salt cubic crystalline structure (fcc) of the

PbS CQDs was identified, which exhibits x-ray diffractions peaks due to the (111), (200), and

(220) planes
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Figure S6. Surface analysis of the PbS CQDs passivated by Oleic Acid (Black), EDT (Red),

and TBAI (Blue) using Fourier transform infrared (FT-IR) spectroscopy.

Characterization of the FT-IR spectra was performed to provide direct evidence of the
removal of oleic acid (OA) from the PbS CQDs surface via an exchange with the EDT and
TBAI ligands. The absence of the C—H and COO" absorption peaks at around 3,000 cm™ and
1400 cm?, respectively, indicate that the OA that was originally on the PbS QD surface has

been successfully replaced with the respective ligands (EDT or TBAI).
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Figure S7. Ultraviolet photoelectron spectroscopy (UPS) measurements of PbS QDs with
either TBAI or EDT ligands and the corresponding band alignment. (a,b) UPS spectra of a PbS
QD film treated with either TBAI or EDT ligands. The cut-off binding energy of the PbS QD
filmis 16.7 (17.1) eV, and this corresponds to a work function of 4.50 (4.10) eV. (c) A diagram
depicting the calculated energy levels of the PbS QDs treated with either TBAI or EDT ligands.
The lower diagram in the figure depicts the energy band alignment for the PbS QDs treated
with both TBAI and EDT ligands, confirming the presence of a large built-in potential of 0.31

eVv.

In order to determine the Fermi level (Er) and the valence band maximum (Ev) of the
PbS QD layers with respect to the vacuum level, ultraviolet photoelectron spectroscopy (UPS)
with a He source (21.2 eV) was employed. As shown in Figures S7a,b, the lower and upper
binding energy edge are obtained using UPS measurements. The work function (@) is
calculated by subtracting the incident photon energy (21.2 eV) from the binding energy of the

secondary electron cut-off (high binding energy edge). The work function with respect to Evac
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of a TBAI-treated and EDT-treated PbS CQD layer is calculated to be 4.50 eV (21.2 eV —
16.7 eV), and 4.10 (21.2 eV — 17.1 eV). The valence band maximum is determined by the
difference between Er and the lower binding energy edge measured from Figures S7a,b. Finally,
the conduction band minimum (Ec) is calculated by adding the bandgap of the PbS CQDs to
the valence band maximum. The top image of Figure S7c illustrates the extracted energy levels
from Figure S7a,b, and the bottom image illustrates the energy band diagram of a QD junction

formed between TBAI- and EDT-treated PbS CQDs layers.
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Figure S8. Photoresponsivity of a MoS,/TBAI and a MoS/TBAI/EDT device with respective

to the incident laser power.
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Table S1. Performance of photodetectors based on MoS> and its hybrid structures.

L aser Photoresponsivi ~ Detectivi Rise Decay
Reference Materials t t Time Time
(nm)
(A/W) (Jones) (s) (s)
[1 Exf. 1L Mo, 561 880 4 9
[2] CVD 1L Mos, 450 178 >30
Exf.
[3] >2L PbS 635 10° 5% 10" 0.35
MoS2
Exf.
[4] t;llgL TiOo/PbS 635 ~10 5x10% 0.012
0
2
Exf.
[5] few layer HgTe g%%a up to 10° 10° 0.004
MoS;
Exf.
[6] thick MAPbI; 500 10%-10° 10t 0.025 0.05
MoS;
CVvD
This work 1L n-PbS/p-PbS 850 5x10° 10" 0.00095 0.001
MoS
2
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