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Abstract Growing numbers of quantum dots (QDs) have been applied in biological fluorescence imaging, especially those
QDs with near-infrared-II fluorescence emission, avoiding the interference of autofluorescence of biological tissues, have
broad application prospects in the field of fluorescence imaging. In particularly, AgzS quantum dots (Ag2S QDs) have drew
great attention of researchers in biological fluorescence imaging due to the near-infrared fluorescence emission, large Stokes
shift, good light and chemical stability. However, the Ag.S QDs synthesized in organic phase usually experienced poor water
solubility and biocompatibility, while the fluorescence of the Ag>S QDs synthesized in aqueous phase is difficult to reach the
near-infrared-II region, which severely restricts the promotion of Ag>S QDs in biological fluorescence imaging. Therefore, it
is of great significance to optimize and explore the water-phase synthesis method of Ag:S based quantum dots with
near-infrared-1I fluorescence emission. The goal of this work is to synthesize AgzS QDs with near-infrared-II region fluores-
cence emission by aqueous phase method. First, captopril modified Ag>S QDs (Ag2S@Cap QDs) were prepared in water, and
its fluorescence emission peak lied in the near-infrared-II region at 1005 nm. Then a series of Zn:Ag2S@Cap QDs were pre-
pared in aqueous by introducing ZnS to the AgsS core. The results showed that the fluorescence emission peaks of
Zn:AgaS@Cap QDs blue shifted in a core-doping ZnS-dose dependent manner. Next, a series of Ag2S@Cap-Zn QDs were
prepared in aqueous by introducing Zn?' to the ligand-shell of Ag,S QDs. The fluorescence emission peaks of these
Ag>S@Cap-Zn QDs also blue shifted in a Zn2"-dose dependent manner. Finally, Ag2S@MUA QDs were prepared by replac-
ing the shell ligand from Cap to 11-mercaptoundecanoic acid (MUA). The fluorescence emission peak of these Ag2S@MUA
QDs red shifted to 1105 nm, locating in the near-infrared-II region, and the width of the fluorescence curve at half-maximum
height became narrower, implying better application prospect in biological fluorescence imaging. This work not only suc-
cessfully prepared a kind of Ag>S QDs with near-infrared-II fluorescence emission in aqueous phase, but also opened an av-
enue for the preparation and optimization of semiconductor QDs with near-infrared fluorescence.
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Figure 1 (a) TEM image of Ag,S@Cap QDs (insert: high resolution
image), (b) hydrated particle size of Ag,S@Cap QDs, (c¢) Zeta potential of
Ag,S@Cap QDs, (d) FT-IR spectra of Ag,S@Cap QDs (black curve) and
Cap (red curve), (¢) UV-Vis absorption spectrum of Ag,S@Cap QDs, and
(f) near-infrared fluorescence spectrum of Ag,S@Cap QDs
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ak.
2.3 FRME Zn* MR AgeS EE T ERIELI NG
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Figure 2 (a) HAADF images of Zn:Ag,S@Cap QDs via core doping
ZnS, single element of Ag (b), S (c) and Zn (d) distribution by EDS map-
ping, hydrated particle size (e), Zeta potential (f), FT-IR spectra (g) and
near-infrared fluorescence spectra (h) of Ag,S@Cap QDs and three
Zn:Ag,S@Cap QDs core-doped with different dose of ZnS
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Figure 3 (a) HAADF images of Ag,S@Cap-Zn QDs prepared by ligand
cationic modification of Zn>", single element of Ag (b), S (c) and Zn (d)
distribution by EDS mapping, hydrated particle size (¢), Zeta potential (),
FT-IR spectra (g) and near-infrared fluorescence spectra (h) of
Ag,S@Cap QDs and three Ag,S@Cap-Zn QDs prepared by ligand cati-
onic modification of Zn?" with different doses
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Figure 4 (a) TEM image of Ag,S@MUA QDs (insert: high resolution
image), (b) hydrated particle size and (c) Zeta potential of Ag,S@Cap
QDs and Ag,S@MUA QDs, (d) FT-IR spectra of Ag,S@MUA QDs and
MUA and (e) UV-Vis absorption spectra and (f) near-infrared fluores-
cence spectra of Ag,S@Cap QDs and Ag,S@MUA QDs
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T FREL Cap BAS[HB S LK) CIREER B IR, KR
BT INNGER N, B H SRR WOt mAN, H
NaOH BRI &V pH. BCH] NaoS ¥R, JktL
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Ll 2 A AgeS@Cap &1 il i 2.
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FHE Tk, 53] AgS@Cap-Zn &1 . BAKE R
B K S3, RARERAE WM B, JR2fal, @ik,
KR TR FE R AgoS@Cap &1 4.

AgS@MUA & T fifil &l f2 5 AgS@Cap & T
R, RIS BCAATE 0 MUA.
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