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B ST EE(TEM) ZLAMRIOERE (IR) (X SF4OGH F R (XPS) X HHEATHT (XRD) Mo otk 4 F B
XPHFEAT T 3RAE, 50 A, Si-QDs 7E 378 nm AU DCIRGS T | AT 77 AR BB AL T 468 nm (1Y 984 &G TEKH
W S INGE i Cu®* AN Si-QDs 1Y &G ARSI K, FIHZOUIE SRR 5 Cu®* Wk BE Z AR 1 AH G
PERTSZEXT Cu® W A, P25 T, Si-QDs 2GR AL 5 Cu® " VREETE 16.7 ~ 1 670 nmol - L™ i [Hl
N FaE PRI SCE , (Fy - F)/F, =0. 18808InC ( Cu®* ) —0.41377 (R* =0.998) , & i FRAK 2 4. 7 nmol -
L' (S/N=3) , XZFpSEBRARE ST AR mISCR IS | TR A T 89.47% ~ 106. 75% Z. (8], AWF5T il &
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Synthesis, Characterization of Silicon
Quantum Dots and High Sensitivity Sensing for Cu**

LIU Zhen-ping' ", PANG Ke-jing' , JIANG Rong', GAN Fang-yuan', XIA Ming-xing’", NIE Qing-yu®"
(1. Chongqing Vocational Institute of Safety & Technology, Chongqing 404020, China;
2. Chongging Customs Technical Center, Chongging 400020, China;
3. Chongqing Three Gorges Vocational College, Chongqing 404155, China)
* Corresponding Authors, E-mail: nping305@ 126. com; 3199170@ ¢q. com; nqy318@ 163. com

Abstract; In this study, silicon quantum dots( Si-QDs) with good luminous stability and water solu-
bility were synthesized by one-pot solvent-free method and characterized by the transmission electron
microscopy ( TEM ) , infrared spectroscopy (IR), X-ray photoelectron spectroscopy ( XPS) , X-ray
diffraction( XRD) and fluorescence spectroscopy. It was found in the experiment that the Si-QDs
emit broadband luminescence at 478 nm under the excitation at 378 nm. The luminescence of Si-
QDs can be quenched statically by adding Cu®* in aqueous solution. The stable correlation between
the degree of quenching of fluorescence signal and the concentrations of Cu’* was used to realize the
quantitative detection of Cu’*. Under the optimized conditions, there was a stable correlation be-
tween the fluorescence intensity change of Si-QDs and the concentrations of Cu’" in the range of

16.7 =1 670 nmol - L™", (F, - F)/F, =0.18808InC(Cu**) —0.41377 (R* =0.998), and the

detection limit was down to 4.7 nmol - L ™' (S/N =3). Several actual water samples were detected
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the recovery rates ranged from 89.47% to 106.75% . The Si-QD prepared in this study had good re-

peatability and stability for the rapid and highly sensitive detection of Cu’* in water.

Key words: silicon quantum dots; fluorescence sensing material ; copper ions; water
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2.6 HnEREIERIKIE K SERREE ST

AAIFGE IR (kT B SRk T R K B A
LI SR TK ) SAAGEI Xof 2 Sk 3 35 5 6 A5 SR A ek 1)
Si-QDs X SZBRFE S Cu®* K 0 S R e, 2 BR
IKFE 2 T B B U8 5 T Co®* A
(] B SR FH I S5 6 BE VR A T % R iR
ANE A ZKFESS S A 80,400,1 000 nmol + L~"
Cu®* , T I s3I

3 ZR55
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Fig. 1 TEM image of Si-QDs, the inset is a particle size dis-
tribution diagram and a high-resolution TEM of indi-
vidual particle.
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Fig.2 FT-IR spectrum of Si-QDs
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Fig.4  XRD curve of Si-QDs
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Fig.5 Excitation and emission fluorescence spectra of Si-QDs
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Fig.6 Emission spectra of Si-QDs at different Cu®* concen-

trations, the inset figures a and b were luminescent
images of the Si-QDs under the UV before and after

fluorescence quenched by Cu®* | respectively.
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Fig.7 Fluorescence attenuation curves and double exponen-
tial fitting curves before and after adding Cu** to
Si-QDs
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Fig. 10 Fluorescent emission spectra of Si-QDs at different
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Fig. 11  Effect of pH on the fluorescence intensity of Si-QDs
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Tab.1 Si-QDs fluorescence sensing system compared with other methods
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Tab.2 Detection for Cu’" in water samples

. Jnbrit/ AT VRN E B/ JE T
% SRERN » . [FCR/ % RSD/% -
(nmol « L7") (nmol + L7") GGG

1 =R 80 83.71 104. 64 3.61 72.47
400 389.72 97.43 3.47 392.15

1 000 903.22 90.32 4.59 1043.22
2 TR Rk 80 74. 60 93.25 4.68 71.21
400 357.88 89.47 5.40 381.52

1 000 971.84 97.18 4.92 1 033.59
3 UZINIIE Y 80 85.4 106.75 5.89 74.45
400 376.72 94.18 3.59 378.36

1 000 938.93 93.89 6.05 1 054. 44
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