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Abstract; Bimetallic copper-silver nanoclusters( DPA-Cu/Ag NCs) were prepared by one-pot meth-
od using penicillamine as reducing agent and stabilizer, and used as a sensor to detect silver ions in
water samples. The Ag” sensor has the advantages of low price, quick analysis speed and high se-
lectivity. The structure and chemical composition of bimetallic copper-silver nanoclusters were char-
acterized by transmission electron microscopy( TEM ). The results showed that the DPA-Cu/Ag NCs
exhibited a maximum emission at 555 nm with an excitation wavelength of 300 nm. It is a milky
white solution under visible light, and the solution shows bright yellow fluorescence under UV light.
When the preparation conditions of DPA-Cu/Ag NCs are optimized, it can be used as a probe to de-
tect silver ions with high selectivity and sensitivity. The detection limit of silver ion is 0.3 pmol/L

and the linear range is 0 — 500 pmol/L. The DPA-Cu/Ag NCs probe can also be applied to the
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detection of silver ion concentration in natural environmental water samples( lake water, bottled min-

eral water and laboratory tap water, etc. ), and its detection performance is excellent with good per-

cent of accuracy and reproducibility, indicating that the DPA-Cu/Ag NCs probe has extremely high

application value in environmental monitoring.

Key words: metal nanocluster; fluorescence; bi-metal; silver ion detection
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Fig.2 (a) TEM image of DPA-Cu/Ag NCs, scale: 50 nm, illustration is the grain diameter distribution map of DPA-Cu/Ag

NCs. (b)EDS patterns of DPA-Cu/Ag NCs.
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Fig.3 (a)FT-IR spectra of the DPA and DPA-Cu/Ag NCs. (b)XRD pattern of DPA-Cu/Ag NCs.
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Fig.4 DPA-Cu/Ag NCs fluorescence spectra of different [ Cu®* ]: [ Ag* ] molar ratios (a) and their relationship with fluores-

cence intensity(b). DPA-Cu/Ag NCs fluorescence spectra with different reaction time(c¢) and their relationship with flu-

orescence intensity(d).
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Fig. 5
NCs at different excitation wavelengths.
rescence excitation( Ex) and emission( Em) spectra
and ultraviolet absorption spectra( Abs) of DPA-Cu/
Ag NCs. The illustration is the image of DPA-Cu/
Ag NCs under visible light(left) and ultraviolet light

(right).

WA, FRATT A X ] £ 15 2 ) DPA-Cu/Ag NCs
HEAT T AR MR 5, 40 0 3 T I AE AN 7] v i
IR AR R A [ B ] 58 A0 6 IR DA K&
IBE o E — B B JE 2Ok IR AR, e,
LI4E 5 mmol/L A—AHEEHEH T 5 ~30 mmol/L
W8 TR PN A AL B R VA W, I T DPA-Cu/Ag
NCs 75 A [a] v 2 £R % WA 3 b 9 9O sl i S0 e
gimE 6 i, 454 %M, DPA-Cu/Ag NCs [
PR ETER MR R P B R s ek, =
W, FRATH i #5452 DPA-Cu/Ag NCs I W
F RGN 365 nm B ELIMT T E AT B X
Y B 0 Y ] R 10 min, B R GSFK
7 60 min, WA f/f, HAWE 7 o, K £ #fF

A3 AR 26 £ A KT IR SR R 2 A AT IR B AR 9 O 5
BEAE , 45 W EE 5] DPA-Cu/Ag NCs 75 48 4T B
SR f/f, HAE 0.94 ~ 1 ZJa] %45 AL T %

—_
(=]
f

N I I
&~ =)} o]
L

Normalized PL intensity

o
o

O T T T T T T T
0 5 10 15 20 25 30

Concentration of NaCl / (mmol-1.7")

Kl 6 DPA-Cu/Ag NCs 7EAN [V B NaCl ¥ W 19 7
BT
Fig.6  The fluorescence intensity line diagram of DPA-Cu/
Ag NCs in different concentrations of NaCl solution
Loy #— ., . .
<
> 0.8
=
§ 0.6
=
=
o 0.4+
=
< 0.2+
=1
0 T T T T T T T
0 10 20 30 40 50 60
Irradiation/min
[’ 7 DPA-Cu/Ag NCs 7E585MT (365 nm) T HEGHAS [ B ]
R R X0 ¢ I T
Fig.7 The relative fluorescence intensity of DPA-Cu/Ag NCs
irradiated by UV lamp(365 nm) for different time
1.0 -""_'—M—._._.
é 0.8
= 06-
=
T
S 044
<
E
2 021
0 T T T T T T T T T
0 2 4 6 8 10 12 14 16
t/d
¥ 8 DPA-Cu/Ag NCs £ % I P45 T 5 A [7] K B50AH XF

DN 4 %€ S 5 B T £k 5]
Fig. 8 The fluorescence intensity line chart corresponding to
different days were placed by DPA-Cu/Ag NCs at

room temperature



%2

E a8, 2. R MRS E AR /4 XLy i 2 K o 4 b FUTE s 1 AR v A

291

W4 R WIKFERA BRIF P06, &iE, &
1% DPA-Cu/Ag NCs (A7 A2 e M AT 703K,
W 44515 3 19 DPA-Cu/Ag NCs % 77 T %8 I 35 85
FAET A A B ) B R B R R AT — IR
e B E 5 R 8 TR, HUOk iR LT
WA kA G R E , &5 LR Hl &1
F|f DPA-Cu/Ag NCs HA RIFmfEt:, Tl
e DA E I R B2 B A A= S 1 R U
XIS
3.4 DPA-Cu/Ag NCs MR B FHF R IR
Fn g

LR A LB IE LT, AT Ag™ 15 )3k
A0 R R B AT T T, R 9 iR,
9 T 34 DPA-Cu/Ag NCs ¥ Ag ™ Y R 8% |

700

600 0 pwmol -L!
5004
400 1 Ag (1)

300

PL intensity /a. u.

20090 5000 pmol 1!

100

450

500
A/nm

B9 R[E4E FUEE T DPA-Cu/Ag NCs P8 6018
Fig.9 Fluorescence spectra of DPA-Cu/Ag NCs at different
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Fig. 10 The images of DPA-Cu/Ag NCs in ultraviolet lamp(top) and fluorescent lamp ( bottom) in the presence of different con-

centrations of silver ions
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Tab.1 Determination of silver ion in water samples

Ag®
Sample Spiked/ Detected/ Recovery/ RSD/
(pmol + L™") (pmol -+ L") % %

15.00 15.98 106.53 0.47
Lake water 50.00 51.77 103.54 0.26
85.00 83.71 98.48 0.18
15.00 15.07 100. 47 0.32
Mineral water 50.00 48.99 97.98 0.28
85.00 81.16 95.48 0.14
15.00 15.38 102.53 0.41
Tap water 50.00 50.51 101.02 0.35
85.00 83.27 97.96 0.22

& % X #:
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BET UG ERE ST T — ok AR S 4 i R AR IR AR
DPA-Cu/Ag NCs 1% 828 09 & I B o] LLAK 5 0. 3
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