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Detection of mercury ions in water environment based on bi-color quantum
dot multilayer films
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ABSTRACT: Objective To establish a method for determination of mercury ions in water environment.
Methods The functional multilayer films were assembled by layer-by-layer (LbL) deposition of oppositely
charged CdTe quantum dot (QDs) and poly (dimethyldiallylemmonium chloride) (PDDA). The bi-color quan-
tum dot multilayer films were used as fluoresce probes for the quantitative determination of trace amounts of
Hg”" based on the evident quenching action of Hg”" on the fluorescence of CdTe QDs. Results Experimental
results showed that the quenching in fluorescence intensity of multilayer films was linearly proportional to the
concentration of Hg”" in the range of 1.0x10 " to 1.0x10"> mol/L and the detection limit was 2.5x10™° mol/L.
Conclusion Compared with the traditional Hg*" detection method, this method has the advantages of simpli-
fication, rapidness, high selectivity and high sensitivity. Furthermore, the proposed method was applied to the
determination of trace Hg*" in water samples with satisfactory results.

KEY WORDS: quantum dot; layer-by-layer assembly; fluorescence quenching; mercury ion

B 2il=R (LNSAKF2013012)
Fund: Supported by Open Foundation of Food Safety Key Laboratory of Liaoning Province (LNSAKF2013012)
*BHIESE: , , , E-mail: 1ijr6491@163.com

*Corresponding author: LI Jian-Rong, PhD, Professor, College of Chemistry, Chemical Engineering and Food Safety, Bohai University, Jinz-
hou 121013, China. E-mail: 1ijr6491@163.com



3680

5
. Sigma-Aldrich
1 5l & , 18 MQ/cm
’ e , RF-5301 PC ( ),
, DNA 1 cm ; PHS-3C pH (
T-Hg*"-T , ); ( )
, 22 FEWAHE
[1] .
g ’ 2.2.1 7KA8 CdTe & -F & 694 %,
CdTe s
, (AAS), (MPA) (NaBH,)
(ICP-MS) 231, (Te) 2:1 (NaHTe)
, Cd*"/MPA/NaHTe=1:2.4:0.5 ,
Hg*' , NaHTe MPA  CdCl,
100 C
a CdTe
> > 5 585 nm 695 nm
Hg*' vl . 222 W& CdTe ¥F .5/ LMF S B GH &R
, Hg 4952 24
(quantum dots, QDs), H,SO4/H,05(v:v=7:3) 30 min,
2~20 nm, , ’
PDDA
30 min s R
, 100 PDDA
CdTe(695 nm)
. [8-11] 30 min R
CdTe PDDA CdTe
PDDA , PDDA CdTe
Hg®  CdTe , CdTe(695 nm) /
Hg* CdTe
2 MRl5A% PDDA/CdTe QDs PDDA/PSS
PDDA/PSS
2.1 MHRSNER CdTe(585 nm) , (PDDA/ CdTe

(NaBH,), 99%;
(CdCl,-2.5H,0), 99 %,

sodium sulphonatestyrene) (PSS);

(Te), 99.8%;
Aldrich- Chemical
(PDDA); Poly (4-
(MPA, ) 99%,

QDs(695 nm))s/(PDDA/PSS)y(PDDA/ CdTe QDs(585

nm))s
Hg* 20 min,

Hg2+

CdTe



11 , 3681

3 HR5ITE CdTe 2
Hg2+
275z 2R ’
31 X& CdTe BFRE RIRAIIER ., HZ 1L0x10°  1.0x10° mol/L :
CdTe (Isgs/lees)  Hg®'
CdTe , 585 nm ¢ lsgs/
695 nm ) lgos=-1.98-0.5310gChg+, 0.9988( 3)
CdTe PDDA
’ 30 r
CdTe / 1 R
CdTe , CdTe 25
’ £ 20
( Al1-AS5, B1-B5 ), 5
=
, = 15t
[12] s
Yan , , 2
& g 10 f
) &
, 05 |
od ’ 0.0 D=
Te > 450 500 550 600 650 700 750
Wavelength(nm)
CdTe 5 2 Hg"
(A) 1.0x10° mol/L, (B) 1.0x10™®* mol/L, (C) 5.0x10"* mol/L, (D)
600 1.0x107 mol/L, (E) 5.0x107 mol/L, (F) 1.0x10° mol/L, (G) 5.0x10°°
mol/L, (H) 1.0x10"° mol/L
500 - A5 Y Fig. 2 The PL emi.ssiqn spectra of bi-col‘or CdTe Qz]?s mu?tilayer
. films immersed in different concentrations of Hg™" solution.
. : (A) 1.0x10° mol/L, (B) 1.0x10™®* mol/L, (C) 5.0x10"* mol/L, (D)
5 400 1.0x107 mol/L, (E) 5.0x10”7 mol/L, (F) 1.0x10° mol/L, (G) 5.0x10"
g mol/L, (H) 1.0x10™ mol/L
% 300
|
= 200 - 3.0
25
100
w 2'0
0 =
500 550 600 650 700 750 % 15
Wavelength (nm)
1.0
1 (A1-A5 BI-B5S
1-5 585nm 695 nm ) 03
Fig. 1 The PL spectra of bi-color CdTe QDs multilayer
films and that of the quartz slides deposited with 1-5 layers -9 -8 =7 -6 =3
QDs (585 nm) and QDs (695 nm), respectively (spectra Log (C,2)
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Fig.3 The linear relation between the PL intensity of bi-color
s Hg2+ CdTe QDs multilayer films and the concentration of Hg?".
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Fig. 4 Interference of some metal ions on the PL emission
intensity of bi-color CdTe QDs multilayer films
(the concentration of Hg*" is 1.0x10°° mol/L, for the other metal ions,
the concentration is 5.0x10~ mol/L).
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Table 1 Determination of mercury ions in water samples.

(10 mol/L) (10 mol/L) (%) RSD (%, n=5)
5 4.89 97.8 1.8
10 10.12 101.2 1.3
5 5.49 109.8 1.0
10 10.70 107 1.6
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