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Sl F R RIS -T R R EF LB R AR ERRT MBS T IRE BRARRMWEFR pH L3 AglnS,
T EMMHBHAR L ARG Y EREAN  EEME FTREGRS AgInS;z%‘Eﬁ’J?fu—ﬁ i
K, FHELEAESSEY 6147 nm LA E 6756 nm AR AAT VE In' KR Ag" A, ERET L
T A AEFRMT R BRG I BB EATTFEPHTORFSLSEE, AA TRHIERELHK
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Abstract: Water-soluble AglnS, quantum dots were synthesized via hydrothermal method using L-
glutathione and sodium citrate as ligands. The effects of cation concentration, addition amount of ligands
and pH values on the phase, morphology and fluorescence properties of AglnS, quantum dots were
systematically studied by X-ray diffraction, transmission electron microscopy, UV-Vis absorption spectra
and photoluminescence spectra, respectively. The results showed that the particle size of AgInS, quantum
dots increased with the increase of cation concentration, which caused a systematic red shift from 614.7 nm to
675.6 nm in the photoluminescence spectra. Meanwhile, the Ag’ content in quantum dots decreased
slightly due to the substitution of Ag™ by In’", and the resulted defect of In,, could be served as the
radiation recombination channel of excitons in AglnS, quantum dots, which was propitious to improve its
fluorescence emission efficiency. The fluorescence intensity of AgInS, quantum dots reached to the

maximum with the cation concentration of 0.7 mmol/L. Moreover, the ligands can effectively passivate
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the surface states and improve fluorescence properties of quantum dots. The AgInS, quantum dots
showed the strongest emission with the glutathione/Ag” ratio at 20, and the sodium citrate/In*" ratio at
7. The maximum quantum yields of AglnS, quantum dots reached 10.1% due to the pronounced
passivating effect on surface defects by ligands when the pH value of the solution was adjusted to 9,
however the high pH values interfered with the combination between ligands and quantum dots, which
induced a large number of surface non-radiative recombination defects, leading to the decrease of quantum
yields. The infrared spectrometry results showed that glutathione and sodium citrate were mainly
coordinated with AglnS, quantum dots by the -SH, -NHR and -COO" groups. In addition, the surface of
quantum dots was negatively charged, which demonstrates that the AglnS, quantum dots possess good
dispersibility and excellent chemical stability, showing wide application prospects in the biological
imaging fields.

Key words: Fluorescence  materials; Quantum  dots; Hydrothermal method; AglnS, ;
Photoluminescence; Quantum yield; Stability
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i 5 (Quantum Dots, QDs) , WHK N SARGUK iy, R fe hy 2~10 nm, H L HAT &7 RSP RO L i 7R
SR 3 THT 280 LA 2 200 A T 6 B A R A Dl 2 L A R 2 AR T VIR TV o
R EA T PO IERE AT A 50 R BT R R b & Cd Hg . Pb A BUR M E SR TR, A #H
TR, B BR & T Z 2K ' Tz Y 5 E %0 ot & S A H, FIT-VI % (' CulnS, |
AglInS, .CulnSe, %) = JTH T s A & A B E 48 5 1, 5 R AE R — 200 B 4 (5 FF 07 1 o - s A R BT
ZETEALZEF R AgInS, (AIS) i 7 i th TA S EM &R & 1 (I Cu®' /Cu’) L [ I8 HA % 93 7]
PWPELT | Stokes i B K DL Far K A A A BIBUR oo 0, 78 K FHAE fL b L &G a8 F F1 AR Bt bR il
SR LA TR 4 N AR

FATOC T ALS f2 82 0 i & 5 1 DA K Pk R o 42 45 5 T8 MRS T — 28 I WF 55 0F €. 2012 4F . Chung %R
FHA HUAR— 25 1, 38 2 8 55 S il B DA R 1P 5 428 T U 32 5 B TR A AT IR Y ATS & - a5, R S ik
KFE% 610~718 nm 78 [, HHE F 7 % (Quantum Yields, QYs) X H 3~15%. Torimot 2507 3 1 $4 fi%
(AgIn), Zny -, (S,CNCC, Hy o) B M i £ 1 P4 J5 AR B Zn-Ag-Tn-S(ZATS) 7 5 il i Zn*" (952540
il A o 6 A2 R T T i R A 24 06 H R S 4l IR AN . Ogawa G850 R A HLIA
AL T ALS B s, [RV I DL 208 4 5 Ry e AR, A 280kl B Ak 1 6 o 00 3R T B B L L a1 7 Rk
40 Y0 SR b 3R 75 vk B BEH AL R i 9 A AL ) AN AU 1 i 98 A | 38 23 X PR B8 3 S 5 M Ah 7R A R
ao AR T O T T 1 S S R T MR AR OR B AR IR T SR R AR RO ME L T R B8 i 1 RUTE K
FHIRSE o W, Tang 557758 3 Bl A 52 ¥ T2 D b S0 T ATS &t s b 50 /K M ) 35 7K 1 9 7 A48 L SR T
WGP 2R T R B R TH R B L 0l R R A1 R R 17 00 L, BEEAE KA th & il ALS 3+ A2
filt ok bR ] B B9 A SE 1S, Yang 280 DL S EE 5 R (Mercaptopropionic acid, MPA) i Bt 44 , 18 53 7K 48 [8] i 5
fil#& 1T ZAIS T+ A0 2R i T4 B EERAR95°C) , i A A B 22 Bl T R R R 9 5 & BB
SEUHE 7 RER (<10 %) . B J5 , Raevskaya 250 DI % 3 2, W8 (Thioglycolic acid, TGA) i B {4 , i 3 /K
PH— LA T AIS 7 40, JFE S A8 Ag™ M i B3 1 it sl 28 G PE R 0y AT R, (H i 7= AU R
12%.2015 4F , Song 451 % FH 2 I 4 2 (Cysteine, LCS) Sy Bt M R B 2 7 4 R T ZAIS 1 T 4l i Zn®' 1Y
B Ak — DR A RS H  A RCHREAR T AR R S A A T A B R IA B 15 %0, Ma SEH LA
H K (Glutathione, GSH) LA G AL T /K& M ZATS 57 5 38 JFME I GSH AT o 7 20 19 4 K B2 R SR 4 1
FH o 8 2o I8 45 H B8 (8] 49 L 0% ZATS &S BB 45 W b AT T 0 Ak, i 7 R m T ik 27.6 0. Rt L BB
PEATE MBS A Bl i T K U M ATLS & 1 50 & B AR 5 4K il R ik ( Hard And Soft acids and Bases,
HASB) Bt , Ag ™ J&2 IR , 1Ml In’ " J& M R , (R FH B — e A4 WT BE JC 125 7] B A 280 b Y- 79 Ao B 85— 1) Ak 27 B Bz
TP S RN AR ZR 5 7 AR A 4 B A AR SC LA I BRORIAT A5 R 4 (Sodium citrate, SC) Ay 4K 6 A1 AT i , 43 1
A Agt A In® R A A BN TR 3 G K ARG G R T4 i EE R HL BB O D5 A ATS BT i i i
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T BHES e B L BC R IS R pH R, ARAS T AL AE 614.7 ~675.6 nm i [ AT 9 | f g i R A A
10.1 76 B KFEPE AgInS, B 5 45, ) I B 1 S8 W00 HAT 0 57 1 A 78 P A7 B4 i LA A ) 43 ) 19

1 SREWHE

1.1 AglnS, 2F S H &

F AgNO; Fl In(NO;), » 4.5H, O 45 0.021 mmol ## T 60 mL K& F /KT, S22 0.7 mmol/L
(9 Ve T P BB )R L GSH/ Ag=20 Fl SC/In=7 BYEEIR LBl 53 0 A GSH A SC, Rp 255 1 LA R UE TR £ 3
5159805 1 1.0 mol/L 9 NaOH ¥ i 7 51PKF LR iR & 3 W) pH B 7.8.9.10 11,15 313 1 12 W 10
L FMA 0.042 mmol Na,S « 9H, O Hi ¥ 2] J7 #e 8 2K 2 P If B TR N AE 110°C R OB 7 h 15 3
ATS 7 s B 7 1 sV WP I S N BT M 28 8 0 R TR TR T DA S 4531 ATS 1 B K.
1.2 AgInS, =F S B R A R AK

X M D8Advance B X HF4 A7 511 (X-Ray Diffraction, XRD) Xf#E 5 #4790 46 43 #7; F J JEM-2010 %Y
% 5 L T B i ( Transmission Electron Microscopy » TEM) WEHE T ) Wi 4h 44, I 45 G RE B 8 X T4k
7 GG % (Energy Dispersive X-ray spectroscopys EDX) Xt £ 5 09 6 & H W #F 47 40 #r; @ 3 26 |1
PerkinElmer 23 A 42 7 B Lambda850 #158 4hu] WL 73516 5 B2 11 X A i 9 W Wi 3% 7 47 I &+ 5 >R J H &S Hitachi
8 HVEY F-7000 T8 5866 135 A B i 19 Y6 80K O (Photoluminescence, PL) Y63 5 f# F Nicolet 5700 %Y # B
75 e 2T Ah 635 A (Fourier Transform Infrared spectrometry, FT-IR) %FAE S #4721 200, I & I 450
A4 000~400 em ™! ;i 3L 95 E Malvern 2 F B ZEN 3690 Zetasizer HL AL X HE 5L B Zeta HL A 3EAT FRAE. R
S I #F ROt %, Y PH 6G B9 S B AR N PR IES LI (QYs=95%0) , it T/ %
58 R RN W)

QYSZQYRX%X%:XZ:Z

A, AR S AR 435I R AR BT SRS P 6GL T LA (n 43 iR 2 & Dl e 1 B4y T BV VR Y IR O
VLR R O A 5 3 O 1 ke A A OO R 23 i B PR 6 G A T TROR R T T TR AT R L IR
JEEEART 0.1,

? TBERSHSR

2.1 PFABFREN AginS, B F S B0

Bl BB T E A9 0.4 mmol/L,0.7 204 (12) | 6 mmol/L
mmol/L.1.0 mmol/L.1.3 mmol/L 1 1.6 mmol/L
BF 78 110°C N L7 hiy i AIS it F 219 XRD A
S NI S 51 I 2o N 00 B e o7 N = o i
S 57 L B S ) B AL B G L 3R I T A R R
PR N T I RE S TE 20 = 26.8°,44.6°F1 52.4°
BT =AW G0 AT S 0, G 0 R T DU 5 A ATS
(JCPDS NO.25-1330) #y (112), (204) F1 (312)
TET. B 5 B 285 A B3 % 8 0, ATS T A 0 AT S i

""WWMW 1.3 mmol/L
WMMWWWWWMWW%WW_

1.0 mmol/L

NV o bhasiand o Dadtestoassr MMl

0.7 mmol/L

Intensity/(a.u.)

etlnpdinmspua ) MOV,

|  AglnS, JGPDS No. 251330
m 1 1l 1 1

20 40 60
26/degree

M1 FEMEEFRETARK AIS EF EH XRD

RIS AR YR TR FE- ] SR (Debye—SCherrer)/A.\J_itiuﬂ Fig.1 XRD patterns of AIS QDs synthesized at different
AL B 5 R £ 3 T D S T

B A R T S AR R R A T B Ak oA & B At 2 R %) A3 S 04 L E B 224 BH S B R 0.4~1.6 mmol/L
Ao 38 Ao K AR B AT B 2 AH ) ATS 5 F A5
FERGE ALS T 5 ARLAR BE PH B A9 AR AL R 1] 2 J& BH S TR 43934 0.7 mmol/L.1.0 mmol/L
1.3 mmol/LEf . 7€ 110°C N RN 7 h A AIS #7509 TEM B NE vl 0, A 2iEEk0E - H B A
B B A3 BPE B 2 BH S T3 BE AL 0.7 mmol/L 31 % 1.0 mmol /L, 7 A AORLARAH N Hor 3.27 nm 34K &
4.05 nm, X S A 38 1) BHES 7 Mk B A R 5 7 A 00 A X8 T A R S S N & [ A B A 4 1Y)
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BLR R0 K, AR E T 8 F A A B K Y B B PR B3 R % 1.3 mmol/L, i F1K & v 77 76 1 i ki 4%
Eﬁg T T B A AT SR B BE AL B A 2 () 1 HRTEM B8 5 AT 1, FE & o a] 0022 21 35 B A9 &b

280, U B P i £ 09 B AU A R 4 R LS TET TR B D 0,334 nm, 55 U U7 AR ATS B (112) & I 8] B2
—iﬁt““.%@ 1 il ok EDX W5 A BH B F IR E T A R AIS & 7 S i oo K 4k, k& FH & ?‘%U“M
0.4 mmol/Liﬂﬂi 1.6 mmol/L, & F A Ag.In fl STCR M F B IR R E A AREMN Ag: In: S
BRI T 1 ¢ 1 2 2, BEBHIZ 7 ik T % 7 0 Ak 2 AL A0 o R 45 e Ah s AER 1 38 52 | Ag/In H
0.974 W/NZ 0. 913,LIEEEBJ:T— AIS B F R, Ag-S B T In-S 8 76 & i = IR BT Bl PR 2 5V B 1Y
P s%iiﬁi/l\i In*" Efdt Ag”® fyir“ ﬁﬁﬂiuuﬂlﬂ Ag*ﬁ%ﬁ%ﬁt?ﬁk

(a) 0.7 mmol/L (b) 1.0 mmol/L (¢) 1.3 mmol/L

M2 TREMEETFRETSK AISET AN TEM B K
Fig.2 TEM images of AIS QDs synthesized at different cation concentration

®1 FEMEBFRETER ASEFRANETRSE!LL

Table 1 Content ratio of elements in AIS QDs synthesized at different cation concentration

Cation concentration/(mmol « L™1)  Ag/(at.%)  In/(at. %) S/(at. %) Ag/In ratio
0.4 24.748 25.396 49.856 0.974
0.7 24.577 25.694 49.729 0.957
1.0 24.614 25.915 49.471 0.950
1.3 24.345 25.974 49.681 0.937
1.6 24.566 26.904 48.530 0.913

BRSPS e BE X ATS #8512 PR REAY B2 R L 5E T B S T N 0.4~1.6 mmol/L i, 7E 110°C
NI 7 bR ATS A A PLOBE L S5 RANPE 3 . i 1B AT Bl BH R RS R A O 5
JE RIS E TS T RS Y I T E S 0.7 mmol/L i, i 7 a5 0 & 6 i . X BB R CR
20 B e B AR N o R SR T E AN S T A T R SR BRI L 5 R AR R S A2 S RO PR i e A
AR5 B PH B T BE RO TH i T R R T A A A SE A R T B EDX S5 2R T AL BE A B RS TR A $
i BE AL R AR I BUC A SN TE B8 T, 58 B A D 21 5 R RO AR A Sl L A M T T

680 180
R = 670
: E y —{10
S 8 £
B 2 660 | 2
G 8 4
o = s =
2 = =
k= S
= £ 650 F 4 160
A | 4
640 | )
400 500 600 700 800 900 0.4 0.8 12 1.6
Wavelength/nm Cation concentration/(mmol-L~")
(a) PL spectra (b) Peak position and FWHM

H3 AEMBEFRETARAISEFAMNT LML
Fig.3 Fluorescence properties of AIS QDs synthesized at different cation concentration
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DGR B Y B e 0T AR S v A BH S TR SRR B T AR AR R K L AR S ATLS BT R S5 AR
T A XoF - P R T OB A A R 58 4, B0 B B A T R LAk, IR 3 (h) Rl AT, B 2 BH BT
WeHEM 0.4 mmol/L M Z 1.6 mmol/L, AIS & F s &K SR O AL B M 614.7 nm 2L % 675.6 nm, UL
A O RS R R TR L ATS R R OB Y F 8 98 (Full Width at Half Maximum, FWHM)
S R R A R RO A A R B R B AR T s T AR A A R A IR 4 T SR TG Ak Y B
], G B S RS i AN 5 R S BB VR B 0.7 mmol/L, AT AR A kAR B/ HLBAT IR 5 2
PERERY AIS & 145,

B8 R RT3/, FL R 1 1 R T BC A AN SR T 77 AR R TR X S B T R S R AR AR
T CHFRZS 70 BRI 8 5 & A 800 . o 2O P B B AR TRk L o a5 B9 26 1l 0 A7 18 i A B L B4k
T R T B R R A A RO MERE B O H BN GSH IR IR & AIS BT PLIS A 4 BF
RONER AT, Y GSH/Ag=5 B, i F 5 19 & 658 B AN, 3% AT fBJ2& i T B AR AR i AN 2, TSk it 4
1Y) 2 1T R B HEAT A RO AL s BEE GSH VS It i 38 KL 5 s 09 RO iR RE B 3 R R (R O R O 0 46 3 W
ZI%% .24 GSH/Ag=20 B}, 5 1Y & 65 B 1K B di R MR Ak 22 5 I GSH i I &, & 6o B2 B0 R e, iX 2
PRy 3k w8 1 GSH FH B 51 it 1 0 328 T A T A B30 i S T 3 o, 5 B8 1 o 3 o 7 2k R AR L T T ) A e G A
At

e AIS fEF i, Ag" BER . i In® 2 AR . A4 (UM A GSH CRRBIO /E R FL A4 B 4 In®" B Ak 27 S0 1
P JC L A5 B A3 R S L R e e S B 5] A SC AR LLSEAif In ™t A9 4k 2% S 36 7. 18] 5 S AN TR SC 3 i
R H AIS & 7500 PL % N E F a1, BEE SC/In B3N, ATS 51 5 09 & 6T BB Wi 7, 24 SC/In=
7 W RO ER A B e KAAL AR S i SC O A, o Y AR 5 | R SRR T R AR AR L T R R 1Y e G
SEAE  FBOR T A R G BN BRSO A v 0 A VR B S g | R AR 4y TR R 2 S8 L 53K
SN [OIEIE N SN o S VA7 3 TEA S AEN

----GSH/Ag=25 --- SC/In=11
-« - - GSH/Ag=20 --- SC/Mn=9
= 7/ \ --- GSH/Ag=15 -~ - = SC/Mn=7
= 4, %\ —-—GSH/Ag=10 =z ,. v == SC/Mn=5
s 1,'3 - ‘L\\— GSH/Ag=5 < ; v\ —— SC/In=3
g I{';;- T "“;\ E /, \‘
§ I"/ \‘ ‘é\A\ g 4 T~ ‘\
g i Ny £ ' TN \
= v \,';§ 4 4 e N\ \
= / Na = s % A
N,
_:5’/{4‘ x\
ﬁﬁ-’ - 1 I i = o S i 1 1 L 1 N
400 500 600 700 800 900 400 500 600 700 800 900
Wavelength/nm Wavelength/nm
4 A GSH/Ag & & AIS & F & #y PL % B 5 R SC/In4 ik AIS £ F &ty PL ¥
Fig.4 PL spectra of AIS QDs synthesized with different Fig.5 PL spectra of AIS QDs synthesized with different
GSH/ Ag ratios SC/In ratios

2.2 pHEX AgInS, 2 F S

B pH (E X i F i A R B AR E M B A EEE R . & 6 S FHE N 0.7 mmol/L,
pH B350 7.8.9.10 F1 11 f, 78 110°C F R 7 h & A AIS &7 A 89 XRD Bl 3% K bl 50, 781% pH 18
FEL P 3 0T LA BCaliAH 9 DU T ALS f5 . B pH (B 35 0, B 7% 107 S0 068 558 32 3 YT 0 359, 3K v B2l T
SR SR LR T 2R R R PR E RER (-COO -S AI-NHHO 5 & BB Fa 8 RE &Y . 38U I h
4 IR B BV B SUR R R A T i R A AR

K7 RpHEN7~11 0, HE FHE N 0.7 mmol/L.GSH/Ag=20 LI & SC/In=7,%F 110°C T JZ
7 hE R ALS =T SO R AR IR A5 BN 7 ) AT AT, ATS T o5 0 W S HL A TG I S g IR BE IX A7
FEH R G SR X 5 = ot i T A I T R AL AR R Y S 2 Bl R AL A A O A B pH (A
B, i SR O R BE B R IO T RCR T R E RE B W R A L AR AR OF S U R T R
g4 A SO AL S R T B A MR pH (E =9 B i A 98O R K B i KM (B 7(b)) s #F
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ARSI R pH (B ROESRBEZHT T R R i TAERGS B pH A 0F T WP A e R E R OH L, T4
T BRSO B I RO B SR TR L T BOIR R O S O 5L 1T 7 (o) AN TR pH ELARAE TR ATS
AR TR YRR pH (EDY 9 IR AR B B ORME 10,100, UM E I AR R i B B
fi4 A A, O L TR R X 3 I B A ) i A BB D e

Vg WWWWM«#,, iy b Npljlfl‘l

M P b

—_ H=10
3 WWWWWA‘ AN wp o
<
S et o esat P
g pH=8
pH=7
| AglnS, JCPDS No. 25-1330
A 1 2l 1
20 40 60
20/(°)

BH6 AF pHMETAEMKAISEF & XRD H
Fig.6 XRD patterns of AIS QDs synthesized at different pH values

= <
< <
= oy
8 Z
5 5
< =]
g 2
= ~
300 400 500 600 700 800 400 500 600 700 800 900
Wavelength/nm Wavelength/nm
(a) Uv-vis absorption spectra (b) PL spectra
11
s 7
=
& L
’7 L
7 9 11
pH
(0) QYs

B 7 TR pHMETA K AIS BT & 8%t s
Fig.7 Fluorescence properties of AIS QDs synthesized at different pH values

BT HRFAE pH A FHELR SC At GSH 5 AIS & F 5 g AR 00 & 8 45 T pH (E 4310 7.9 Fil 11
Bf, BB F R 0.7 mmol/L,7E 110°CF J i 7 h & A AIS & F s DL SC.GSH By 2L 40 #i%. i it 4k a 7]
H1.1395 cm 'AT 1 420 em ' SC H-COO BYXF FRAPAR R 30 .1 591 cm™ ' SH-COO 19 52X FR A 46 B 2l 0
M3 272 ecm A1 3 452 e "X F H. O v O-H M0 45 B gh 1 T4 b AT 0,1 395 em ™ '.1 713 em !
A1 599 em 4351 GSH Fr-COO™ il X Bk A 45 3 3 W A1 S X Bk A 46 38 306, 2 525 em ' A1 3 127 em ™' 435
XTI T-SH Fl C-O B4 45 9% 804 1 3 023 em 1.3 250 em ™ '.3 346 ecm ™ ' Fl 1 536 cm ' 43 % H-NHR f4 i
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4 W sh s s i A S ogt o g5 A oo d B e AL 5 GSH #H I, AR pH E 414 T H1 4510 AIS & 1 5 78
2 525 em™ ' (Y-SH P& PR 30 2 LR AE 3 346 cm ™!
BY-NHR i 45 9% 2006 968 55 . U4 WH 78 % pH {E 78 Fl N,

GSH 3 j$-SH FI-NHR 5 & J8 B 7 45 &7 5 i IS z;(;H Veho 2

55 SC I He . ATS B F 4546 1306 em ' BY-OH 4 S W

1R 3 i . W BI-OH 5 & B B 7 H A A 1E g RURE AT e

FZ Ak ATS dF U5 7E 1 713 em ™ AL I-COO 1 g N\ % s Nﬁé

X Aol 246 4 B 0 9 2K L LA B -C OO 1Y i % i fil 4 4 & W

BN 1591 ecm 1599 ecm "B E 1612 cm ' % o e

1615 cm 'AI1 613 em "7 RUAKEE pH {H 1 2 B2 .,
4000 3000 2000 1000

BN -COO 5 4 5 A BE AL F 3% 7 43 58 , PR i % Wavenumbers/em-!

SEIERER MO R, A S AR M pH HE 11, s R pH T4 4 AISET % # FT-IR i
HF OH T4 17-COO 5 & F A R4, F 8L Fig.8 FT-IR spectra of AIS QDs synthesized at different
2 T G5 5 220 R 38 L DR e ek BE R R pH values

Zeta B R MW ABEENEERNEZ - KIS HE T pHEN 7T~11 B, HE FKE N
0.7 mmol/L,#E 110°C F I 7 h & i AIS & F s 1 Zeta HLAL A AT AT, 781 pH {ELYE BBL A L B i 19
Zeta BLALY N B L 302 1 T TR TR AR R 25 B 1Al S B A7 9 DI RE AL ] (CNH -S ,-COO ) , i
— U T A MLELR GSH fil SC Xt ALS & F 837 T & 800 R S5 W e pH H=9 B, H Zeta
LA —33.2 m'V . i B 1 R J e ) A e ek B e A P s s ATS i B B B 4 HCkEL 1B 10 S pHL M
g9 WF L BHES PN 0.7 mmol/L,7E 110°C R 7 h & i ATS 5 7 5 7 1Y 58 2 1 I3 4% . DA 18] T
HLFEH I T EAF 12 Ji U5 51 a5 09 & OG5 B RN g A7 oA i 30 BH S i 0 8l » 3R BH HE LA A 5= i) Ak 2 f e L ]
Bf o T ATLS S o5 3 10 A7 78 K 1 T RE 3L A1, 78 A ) A% S5 sk HL oA T 1) 1 o2 FH i 5.

760 3500
—10 I =}
F e g e, L = .
. L 13300 ~
£ - E 720} 7
= £ I =
§ —30 F %ﬂ r 13100 =%
2 3 §
| z 630 £
K I = | 12900 2
_50 -l I Il Il Il 640 [ 1 1 1 1 1 1 ] 2700
7 9 11 2 6 10
pH Time/weeks

B 10 pHE=9 B, AIS & F & 8y & ot 8 fn i A0 H o 7
it JE B A Ak
Fig.10 Temporal evolution of PL intensity and peak position
of AIS QDs synthesized at pH value of 9

H9 FFE pHMETAMK AIS EF &M Zeta WAL
Fig.9 Zeta potential of AIS QDs synthesized at different
pH values

3 e

LI GSH fit SC A BEC A 3 33 K $43k & BT DU 7 AH A ALS 5 F 45200 % 88 1 PHES 13k 3 L T AR % Jonn 2 A
pH (X ALS £ s 19 A Bl B H 5 6 M B 1 5% Wi F 5% 245 SR 28 T, 10 R PH B 7 Wk B o 42 /& 8 1 U A Rl
R, SR AR W KL L ATS TS A RGN BT B GSH/Ag=20.SC/In=7 LA K& pH =9
B AR AR S U A o - ok 2 1T BRI A B AL O e AR L R ATS = F A R OG5 B IR Bl K (E . & TR e
K 10.1%, 52 E kR EE R KB =08 AR TR T 2B L A R 3 2
1-SH.-NHR.-COO Fli ¥ s A AR slifl 15 7 i R A, FE AIS & 8 R TAFTE R 20 Ul
1 Ty e KL AT, DR B A O S i A2 A M (FE TR T AR AF 12 JE S 5 SR A D' 5 3 R 06 5 A 1 9L ) A ) i
3, R W HLAE A W) WA 55 U EL A R A 1 o T 5% L A e B KA M B R R A 3R A T S

0716002-7



S %k

[1]

[2]

[3]

[4]

L6]

7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

YANG Gao-ling, ZHONG Hai-zheng. Organometal halide perovskite quantum dots: synthesis, optical properties, and
display applications[]J]. Chinese Chemical Letters, 2016, 27(8): 1124-1130.
XU Hao-min, WANG Huan-chun, SHEN Yang, et al. Low-dimensional nanostructured photocatalysts[J]. Journal of
Advanced Ceramics, 2015, 4(3) . 159-182.
DING Ke, JING Li-hong, LIU Chun-yan, et al. Magnetically engineered Cd-free quantum dots as dual-modality probes
for fluorescence/magnetic resonance imaging of tumors[]]. Biomaterials, 2014, 35(5): 1608-1617.
BAE W K, PADILHA L A, PARK Y S, et al. Controlled alloying of the core-shell interface in CdSe/CdS quantum dots
for suppression of Auger recombination[]J]. ACS Nano. 2013, 7(4): 3411-3419.
MAO Bao-dong, CHUANG Chi-huan, WANG Jun-wei, et al. Synthesis and photophysical properties of ternary I-11I-V1
AgInS, nanocrystals: intrinsic versus surface states| J]. The Journal of Physical Chemistry C, 2011, 115(118) . 8945-
8954,
CHUNG W, JUNG H. LEE C H, et al. Extremely high color rendering white light from surface passivated carbon dots
and Zn-doped AgInS, nanocrystals[J]. Journal of Materials Chemistry C, 2014, 2(21): 4227-4232.
TORIMOTO T, ADACHI T, OKAZAKI K 1, ez al. Facile synthesis of ZnS-AgInS, solid solution nanoparticles for a
color-adjustable luminophorel J]. Journal of the American Chemical Society, 2007, 129(41) . 12388-12389.
OGAWA T, KUZUYA T, HAMANAKA Y. et al. Synthesis of Ag-In binary sulfide nanoparticles—structural tuning
and their photoluminescence properties[ J 1. Journal of Materials Chemistry, 2010, 20(11): 2226-2231.
TANG Xiao-sheng, HO W B A, XUE Jun-min. Synthesis of Zn-doped AglnS, nanocrystals and their fluorescence
properties[ J]. Journal of Physical Chemistry C, 2012, 116(17): 9769-9773.
YANG Wen-tao, GUO Wei-sheng, ZHANG Ting-bin, et al. Synthesis of aqueous AglInS,/ZnS @ PEI as a self-
indicating nonviral vector for plasmid DNA self-tracking delivery[J 1. Journal of Materials Chemistry B, 2015, 3(43) ;
8518-8527.
RAEVSKAYA A E, IVANCHENKO M V, STROYUK O L, er al. Luminescent Ag-doped In, S; nanoparticles
stabilized by mercaptoacetate in water and glycerol[J]. Journal of Nanoparticle Research , 2015, 17(3); 135.
SONG Jiang-lu-qi, JIANG Tong-tong, GUO Tian-yi, et al. Facile synthesis of water-soluble Zn-doped Agln; Ss/ZnS
core/shell fluorescent nanocrystals and their biological application[J]. Inorganic Chemistry, 2015, 54(4): 1627-1633.
SONG Jiang-lu-qi. MA Chao, ZHANG Wen-ting. et al. Tumor cell-targeted Zn; In, S; and Ag-Zn-In-S quantum dots for
color adjustable luminophores[J]. Journal of Materials Chemistry B, 2016, 4(48): 7909-7918.
JING Li-jing, KERSHAW S V, LI Yi-lin. et al. Aqueous based semiconductor nanocrystals[J]. Chemical Reviews ,
2016, 116(18): 10623-10730.
CHEN Jun-jun. WANG Jing, HUI Xiang. Preparation and characterization of sodium zirconium phosphate powder with
peculiar morphology[J]. Journal of Inorganic Materials, 2014, 29(8): 839-844.
MRAZZE, £, B, FeORE SRR 5 00 IR A il 4 5 R AELT]. TCHLA B2, 2014, 29(8) : 839-844.
DENG Da-wei, QU Ling-zhi, CHENG Zhi-giang, er al. Highly luminescent water-soluble quaternary Zn-Ag-In-S
quantum dots and their unique precursor S/In ratio-dependent spectral shifts[J]. Journal of Luminescence, 2014, 146
364-370.
HE Chun-yan, JIANG Hao-xi, ZHANG Min-hua. Preparation of alumina nanoparticles by supercritical antisolvent
process[ J]. Chinese Journal of Catalysis, 2007, 28(10): 890-894.
& He, 208, a8 G AT R & 9ok A AR B ORI LT ). kA4, 2007, 28(10): 890-894.
XIANG Wei-dong, XIE Cui-ping. WANG Jing. et al. Studies on highly luminescent AgInS, and Ag-Zn-In-S quantum
dots[J]. Journal of Alloys and Com pounds, 2014, 588, 114-121.
LI Meng-ying, GE Ying-xin, CHEN Qi-fan, et al. Hydrothermal synthesis of highly luminescent CdTe quantum dots
by adjusting precursors’ concentration and their conjunction with BSA as biological fluorescent probes[J]. Talanta ,
2007, 72(1): 89-94.
KRUSTOK J, RAUDOJA J. KRUNKS M, et al. Nature of the native deep localized defect recombination centers in the
chalcopyrite and orthorhombic AgInS,[J]. Journal of Applied Physics, 2000, 88(1): 205-209.
JIN Min, HUANG Yu-hua, LUQO Ji-xiang. Effect of quantum dots CdSe/ZnSe’ concentration on its fluoresence[ J].
Spectroscopy and Spectral Analysis, 2015, 35(2) . 420-423.
L, EEA, B, &AL CdSe/ZnS Wk BEXT L AEG R w5 [T ], Stk 5063 44, 2015, 35(2): 420-423.
MAO Wei-yong. GUO Jia, YANG Wu-li, et al. Synthesis of high-quality near-infrared-emitting CdTeS alloyed
quantum dots via the hydrothermal method[J]. Nanotechnology, 2007, 18(48);: 485611.
JIANG Qing-song, ZHU Yue-hua, WANG Hai-bo, er al. Synthsis and characterization of water soluble CdTe quantum
dots[ J1. Journal of Functional Materials, 2014, 45(16): 16074-16078.
LHEW, KA, T, F. KGR CdTe & T 24 LI MERERAELT]. REM B, 2014, 45(16): 16074-16078.
VEMPATI S, ERTAS Y, UYAR T. Sensitive surface states and their passivation mechanism in CdS quantum dots[]].

0716002~ 8



BRI, 5. AglnS, it T S A K B G B H 6 PERE M BT 5T

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

Journal of Physical Chemistry C, 2013, 117(41): 21609-21618.

LUO Zhi-shan, ZHANG Hua, HUANG Jing, et al. One-step synthesis of water-soluble AgInS, and ZnS-AglnS,
composite nanocrystals and their photocatalytic activities[J]. Journal of Colloid and Interface Science, 2012, 377(1) :
27-33.

LIU Ying-fan. YU Jun-sheng. Selective synthesis of CdTe and high luminescence CdTe/CdS quantum dots: the effect of
ligands[J]. Journal of Colloid and Interface Science, 2009, 333(2): 690-698.

YASUSHI H, TETSUYA O, MASAKAZU T, et al. Photoluminescence properties and Its origin of AglnS, quantum
dots with chalcopyrite structure[ J]. The Journal of Physical Chemistry, 2011, 115(5): 1786-1792.

MAO Bing-xue, JIANG Hong-ji. Effects of different environmental parameters on the growth kinetics of aqueous CdTe
quantum dots[ J]. Chinese Journal of Inorganic Chemistry, 2012, 28(9): 1817-1826.

TINE, 2R, AR EFER T AREME CdTe QDs WA K 1 #BF 5T 1], AL # 4, 2012, 28(9): 1817-
1826.

CHEN Ru-fen, ZHANG Yun., ZHAO Jian-rong, et al. Synthesis of variable-sized Fe; O, nanocrystals and their
magnetic propertiesJ]. Chinese Journal of Inorganic Chemistry, 2010, 26(7): 1207-1212.

MRit oy, ik, SR, . W HERARIK Fe, O, T8 R AT 52 [T]. AL =444k, 2010, 26(7): 1207-1212
CHENG Jing-wei, LI Dong-mei, CHENG Tao, et al. Aqueous synthesis of high-fluorescence CdZnTe alloyed quantum
dots[ J1. Journal of Alloys and Com pounds, 2014, 589 539-544.,

ZHANG Bu-tian, WANG Yu-cheng, YANG Cheng-bin, et al. The composition effect on the optical properties of
aqueous synthesized Cu-In-S and Zn-Cu-In-S quantum dot nanocrystals[ J]. Physical Chemistry Chemical Physics,
2015, 17(38): 25133-25141.

YU Yong-li, XU Lin-ru, CHEN Jing, et al. Hydrothermal synthesis of GSH-TGA co-capped CdTe quantum dots and
their application in label colorectal cancer cells[J]. Colloids and Surfaces B: Biointer faces, 2012, 95 247-253.
FENG Jian, YANG Xiu-rong. Tunable fluorescence emission of ternary nonstoichiometric Ag-In-S alloyed nanocrystals
[J]1. Journal of Nanoparticle Research , 2012, 14(8): 1044,

WANG Qi-sui, FANG Ting-ting, LIU Peng, et al. Direct synthesis of high-quality water-soluble CdTe:Zn*" quantum
dots[J]. Inorganic Chemistry, 2012, 51(17): 9208-9213.

JIANG Tong-tong, SONG Jiang-lugi, WANG Hui-jie, et al. Aqueous synthesis of color tunable Cu doped Zn-In-S/ZnS
nanoparticles in the whole visible region for cellular imaging[J]. Journal of Materials Chemistry B, 2015, 3(11):
2402-2410.

CHIREA M., PEREIRA C M. SILVA F. Hydrogen bonding: a bottom-up approach for the synthesis of films composed
of gold nanoparticles[J]. Journal of Nano Research , 2008, 2: 115-128.

HHUANG Peng-cheng, JIANG Qin, YU Ping, et al. Alkaline post-treatment of Cd (II)-glutathione coordination
polymers: toward green synthesis of water-soluble and cytocompatible CdS quantum dots with tunable optical properties
[J]. ACS Applied Materials & Interfaces, 2013, 5(11): 5239-5246.

HU Miao, YU Hai-lin, WEI Fang-di, et al. Citrate-capped Mn-modified CdSe/CdS quantum dots as luminescent probes
for levodopa detection in aqueous solution [ J]. Spectrochimica Acta Part A: Molecular and Biomolecular
Spectroscopy s 2012, 91: 130-135.

REGULACIO M D, WIN K Y, LO S L, et al. Aqueous synthesis of highly luminescent AgInS,-ZnS quantum dots and
their biological applications[ J]. Nanoscale, 2013, 5(6): 2322-2327.

PETICA A, GAVRILIU S, LUNGU M, et al. Colloidal silver solutions with antimicrobial properties[ ]J]. Materials
Science and Engineering : B, 2008, 152(1-3) . 22-27.

Foundation item: The National Nature Science Foundation of China (Nos. 51402135, 51402136)., the Projects of Jiangxi Provincial
Department of Science and Technology (No.20171BAB216008) and the Fund for Distinguished Young Scholars of Jiangxi Province (No.
20171BCB23071)

5| #% 2L . HU Xiao-bo, CHEN Ting., XU Yan-qiao, et al/. Hydrothermal Synthesis and the Study of Fluorescence Properties of AglnS,
Quantum Dots[ J|. Acta Photonica Sinica, 2018, 47(7):0716002
BAE I, BRI ARy, 4. AgInSy T AR B G B HESOL PERE R BT 52 [T .0 72411, 2018,47(7) : 0716002

0716002~ 9



