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Abstract AglInSe, (AISe) quantum dots (QDs) exhibit large Stokes shift, composition-dependent photoluminescence (PL),
long PL lifetimes and low toxicity, making them exceptional candidates in a wide variety of bioapplications. However, it
remains notoriously challenging to precisely control both the morphology and composition to optimize the PL performance of
AlSe QDs via conventional direct synthesis. Herein, we develop the unique low-temperature (75 °C) template-based synthe-
sis of highly efficient near-infrared (NIR) luminescent AISe QDs from In,Se; QDs via a facile cation exchange method. The
brief synthesis AISe QDs process was as follows: firstly, indium acetate was dissolved in non-coordinating solvent octade-
cene. Selenium precursor was injected into the above mixture at 200 ‘C, followed by nucleation and growth within a few
minutes. Thereafter, In,Se; template QDs can be acquired, and the dispersity of the as-prepared QDs can be improved by
adding zinc. Secondly, silver acetate was added to the In,Ses:Zn** QDs solution with stirring for 15 min at 75 °C. Finally,
AgInSe,:Zn*" QDs were obtained. The proposed method enables the as-prepared AISe QDs to inherit the size and morphol-
ogy of the template QDs. The extent of cation exchange can be controlled by rationally manipulating the Ag/In precursor
molar ratio. We successfully regulate the stoichiometry of Ag/In ratio from 0.26 to 1.09. As a result, highly efficient lumines-
cence of AISe QDs with the maximum absolute quantum yield of 42.5% has been achieved, which is higher than that of the
AlSe counterparts synthesized via the direct method. Moreover, we survey the luminescence mechanism of AlSe QDs by
means of the steady-state, transient and temperature-dependent spectroscopies. AISe nanoprobes were prepared by coating
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the hydrophobic QDs with a layer of 1,2-distearoyl-sn-glycero-3-phosphoethanol-amine-N-[biotin(polyethyleneglycol)-
2000] (DSPE-PEG-Biotin) phospholipids through hydrophobic interaction. By virtue of the excellent biocompatibility and
intense NIR emission, we exemplify the application of AISe nanoprobes in the targeted cancer cell imaging, thus revealing
their promising bioapplications including disease diagnosis and imaging-guided surgery.

Keywords AglnSe,; near-infrared; quantum dots; cation exchange; luminescent nanoprobes
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Figure 1 (a) Transmission electron microscopy (TEM) images of In,Ses:Zn*" QDs with precursor ratios of Zn/In of (a;) 0, (a,) 0.2, (as) 0.4, (as) 0.6 and
(as) 0.8, respectively; (b) TEM images of AgInSe,:Zn*" QDs with precursor ratios of Ag/In of (b;) 0, (b,) 0.3, (bs) 0.6, (bs) 0.9 and (bs) 1.2, respectively.
Insets show their corresponding size distribution histogram by randomly calculating 100 particles in the TEM images
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Figure 3 (a) Absorption spectra, (b) PL emission spectra (1x=365 nm), and (c) PL decays upon excitation at 375 nm by monitoring the peak emission of
In,Se;:Zn*" QDs with different precursor molar ratio of Zn/In. (d) Absorption spectra, (¢) PL emission spectra (Ax=365 nm), and (f) PL decays upon exci-
tation at 375 nm by monitoring the peak emission of AgInSe,:Zn** QDs with different precursor molar ratio of Ag/In. Insets show their corresponding

photographs of QDs dispersed in cyclohexane solution
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TIRAERFLE 90% LA E(WCFHE R, Bl S11). HtbrI i,
Biotin-QDs #REF B A R UF AP 2 4 1.
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B 5 (a) AgInSeyZn® T fEKI &1 DSPE-PEG-Biotin <& K, LA
S OA-QDs Fl Biotin-QDs 7} A Tkt 5 /K HITR £ 77 v i Sy P I
J7: (b) OA-QDs Fll Biotin-QDs [ BLH-2L4M i [5]; Biotin-QDs £
pH=7.1 /KW HI(c) Zeta FRIAFI(d)/KERAZSTTH

Figure 5 (a) Schematic illustration of biotinylation of AgInSe,:Zn>*
QDs and photographs of OA-QDs and Biotin-QDs dispersed in hexane
and water mixed solvent, respectively. (b) Fourier-transform infrared
spectra of the OA-QDs and Biotin-QDs, (c) Zeta-potential and (d) hy-
drodynamic diameter distribution of Biotin-QDs dispersed in aqueous
solution (pH 7.1)

H T AW E A AV = 2R B R R B E A, 3R
{13t Biotin-QDs AENIT ZL4M R A4 K EREH F T4
) AR R SR R A B AR B (B 6a). ARV 2 /2 4 i
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it (M 109).« 45 1798 (Colo-26)F1 2 K (HeLa)4H g 2%,
FRA T3k A W 5 A 22 TE ¥ HeLa 40 MIVE N 5256 % %2,
DL RS2 RIE I N IE B FF(L-02) 40 B A o Xt FE 21
BEAT BEGE . 3 )R R B 3 18 (Bright), 40 M A% 4L
(Nucleus) ! QDs ¥ £L4h 5 A5 5 (PL)(E 6b # 6¢). 45 5H
RIL: 7E 408 nm ¥R, R HeLa 4 & FEAS I H 5
ZUH) QDs KIGAE T MAEXT AR, L-02 40 i B J L7
F A5 A3 QDs %% ). X A2 BN Biotin-QDs #R 4 R THI 1
e Z N HeLa 40 A 2 2R AR T R 4

—4E BAEW] Biotin-QDs 1] LAME AL LL A5 Y g KA
EF, AR Hh S B R £ B 1) A

3 g

FATE RS InySes:Zn® &7 BUMMAR, JH &
TATHIEEH G T AgInSey:Zn® BT 4. X — 7 kAl
P IRAR Gt LB B IS 2, SEBGS = T SR 4 5y
RS HE 4%, B R AL RS A Ag/in 4y, 153
PLQY N 42.5%[] AgInSe,:Zn* ¥4I AME T /. FIHIFa
B BESAREERE 4T, FATER T AgInSey:Zn®' &
TR IERIET D-AXF, H Ag R 1 BB
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B 6 (a) Biotin-QDs #RENHE [ 41 il % 7~ = &, Biotin-QDs %1 7)1
A(b) HeLa 211, LAK(c) L-02 4HHLHTH 2 h JFIKILRER ML 1
2 4 5153 3991718 <408 nm BUR T 4,6- JREE-2- IR IENG (D APT)
REOMPEZE . BT RTOUERUEMEE

Figure 6 (a) Schematic illustration of targeted cell imaging based on
Biotin-QDs nanoprobe. Confocal laser scanning microscopy images of
Biotin-QDs incubated with (b) HeLa cells and (c¢) L-02 cells after 2 h.
Panel 1 is the bright-field images. DAPI stained cell nucleus images
(Aex=408 nm) that indicate the nuclear regions are shown in panel 2.
Panel 3 is the PL images (1.x=408 nm) of QDs, and panel 4 is the overlay
images of panels 1, 2 and 3
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PRITRE VRGN, IhSEI T 5T AlSe ML 4L AME T A5
PREF () I Rg A PR 1) AR AR AR N T3 6 B 80ROt
AlSe &1 AL TR EES, tOR A IE I AlSe K
HoAth T-II-VI = e s I AU RS .
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I 50 mL )= MRS, A 10 mL +/\Ud
(ODE), 1 mL J#fi&(0A), 1 mL jifZ(OAm)FI 1 mL 1E+—
B B2 (DDT), J= B4 2 N B RY, Fik R n#g)
120 C, BR/K 1 h. SRJEHRRIM#AE 200 C, WEMA
Se J5(0.4 mmol Se ¥3¥A 4T 0.6 mL ) OAm #1 0.3 mL
f) DDT IR&VAW ), Zn/In=0 F1 0.2 A &4 200 CF
S 2 min, HAtAR RSN 15 min. NG R ARG
AEEZR, AR LR 10 DTk
VUVE, SRJETE 12000 r/min #43# F 2.0 5 min, PREE O
PR,
42 AginSe,Zn*'EFEHIERK

B Zn/In=0.6 % 3KFF10 InySey:Zn & T 45— 2L i
WO 50 mL ()RS, AR EMA 6 mL
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SN EE R G KA B =R, IR SR 2 (R AR
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