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Abstract Ag>Se quantum dots (QDs) is a narrow band-gap (ca. 0.15 eV) nanomaterial, which exhibits great potential in near-
infrared (NIR) fluorescence emission. However, the bad photoluminescence (PL) performance caused by defects in QDs has
limited its application greatly. It is an effective way to improve the photoluminescence performance of Ag>Se QDs by growing
a wide band gap inorganic shell to eliminate surface defects. For AgaSe QDs, AgzS is an ideal shell due to its wider bandgap
(ca. 1 eV) and similar lattice constants (0.488 nm for cubic AgS and 0.499 nm for cubic AgaSe). However, the precise prepa-
ration of AgxSe@Ag2S core-shell QDs at room temperature remains a challenge. In this study, oil-soluble and water-soluble
AgrSe@Ag:S core-shell QDs were synthesized by colloidal atomic layer deposition (c-ALD) and one-pot aqueous phase syn-
thesis at room temperature, respectively. The NIR fluorescence properties of water-soluble Ag2Se@AgzS core-shell QDs were
optimized by regulating ligand chain length. In c-ALD, the oil-soluble Ag>Se@Ag2S core-shell QDs were prepared with 1-
dodecanethiol (DDT) coated AgaSe QDs as seeds, oleamine (OAM) coordinated Ag (OAM-Ag) and NaxS as shell precursors,
the resultant product showed no fluorescence emission. After high temperature annealing, the fluorescence emission of this oil-
soluble AgaSe@AgaS core-shell QDs could not be recovered. Subsequently, water-soluble Ag>Se@Ag2S core-shell QDs with
enhanced NIR fluorescence emission at 1270 nm were prepared by using mercaptocarboxylic (HS-(CH2)»-COOH) coordinated
Ag2Se QDs as seeds, (HS-(CH2)x--COOH) coordinated Ag” and NazS as shell precursors in one-pot water phase synthesis. By
changing the chain length (x=2, 5, 10, 13) of HS-(CH2).-COOH ligand, it is found that the water-soluble Ag>Se@Ag>S core-
shell QDs which took medium chain length (x=10) 11-mercaptoundecanoic acid (MUA) as the ligand exhibited the strongest
fluorescence emission. This work provides a reference for the preparation of Ag2Se@AgS core-shell QDs at room temperature.
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Figure 1 (a) Schematic diagram of the preparation process of oil-soluble Ag,Se@Ag,S core-shell QDs obtained by c-ALD, (b) TEM image (insert: size
distribution rectangular diagram and high-resolution TEM image) of Ag,Se@DDT seeds, (c~i) TEM image (insert: size distribution rectangular diagram)
(c), HAADF image (d), single element of Ag (e), Se (f), S (g) distribution and the overlap of Se, S (h) and Ag, Se, S (i) by EDS mapping of oil-soluble
Ag,Se@Ag,S core-shell QDs, (j~k) high resolution X-ray photoelectron spectrometer (HR-XPS) spectra of Ag 3d region (j) and S 2p region (k) of
Ag,Se@DDT seeds (bottom line) and oil-soluble Ag,Se@Ag,S core-shell QDs (top line)
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Figure 2 (a) Schematic diagram of the preparation process of water-soluble Ag,Se@Ag,S core-shell QDs obtained by one-pot aqueous synthesis, (b) TEM
image (insert: size distribution rectangular diagram and high-resolution TEM image) of Ag,Se@MUA seeds, (c~1i) TEM image (insert: size distribution
rectangular diagram) (c) , HAADF image (d) , single element of Ag (¢), Se (f), S (g) distribution and the overlap of Se, S (h) or Ag, Se, S (i) by EDS mapping

of water-soluble Ag,Se@Ag,S core-shell QDs, (j~k) HR-XPS spectra of Ag 3d region (j) and S 2p region (k) of Ag,Se@MUA seeds (bottom line) and
water-soluble Ag,Se@Ag,S core-shell QDs (top line)
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Figure 3 (a) PL emission spectra of Ag,Se@DDT seeds (black) and oil-soluble Ag,Se@Ag,S core-shell QDs (red) obtained by c-ALD with an excitation
wavelength of 808 nm, (b) PL emission spectra of Ag,Se@MUA seeds (black) and water-soluble Ag,Se@Ag,S core-shell QDs (red) obtained by one-pot
aqueous synthesis with an excitation wavelength of 808 nm, (c) powder XRD patterns of Ag,Se@DDT seeds (black) and oil-soluble Ag,Se@Ag,S core-
shell QDs (red) obtained by c-ALD, (d) powder XRD patterns of water-soluble Ag,Se@MUA seeds (black) and Ag,Se@Ag,S core-shell QDs (red) obtained

by one-pot aqueous synthesis
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A AR S T 240 A O 1 e B 3 R R K
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Figure 4 (a) PL emission spectra of Ag,Se seeds with different mercaptocarboxylic acids ligand. (b~d) PL emission spectra of Ag,Se@Ag,S core-shell

QDs which took Ag,Se@MHA (b), Ag,Se@MUA (c), Ag,Se@MTA (d) as seeds and with different mercaptocarboxylic acids as shell ligand. (¢) Comparison

of PL intensity of different Ag,Se seeds and different Ag,Se@Ag,S core-shell QDs. (f) PL decay curves of Ag,Se@MUA seeds (green) and Ag,Se@Ag,S

core-shell QDs with MUA as shell ligand (red). All PL emission spectra were obtained with an excitation wavelength of 808 nm
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