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Colorimetric Detection of Mercury(ll) Based on Silver Nanoparticles

Luo, Jinshang Wang, Yingying Tan, Kejun*
(Education Ministry Key Laboratory on Luminescence and Real-Time Analysis, College of Chemistry and Chemical
Engineering, Southwest University, Chongqing 400715)

Abstract  In this work, the colorimetric detection assay of mercury has been proposed based on silver nanoparticles
(AgNPs) aggregation. In basic medium with 1.75 mmol/L NaOH, the stable and monodisperse silver nanoparticles, which
coated by polydopamine, was prepared by a one-pot reduction process using dopamine as a reducing agent. The polydopa-
mine adsorption with Hg*" can induce the aggregation of silver nanoparticles resulting in the decrease of absorption signal of
AgNPs at 405 nm and the color change of the solutions. It was found that the decreased absorption signal intensity was pro-
portional to the mercury content in a range of 0.5~5.0 umol/L. According to this, the ultraviolet-visible absorption spectrum
method and colorimetric method for determination of Hg*" was developed. The limit of detection is 50 nmol/L. In this work,
UV-vis absorption spectrum, scanning electron microscope (SEM) and infrared (IR) spectrum were investigated. The mecha-
nism of this reaction was discussed. The IR spectrum of special functional groups approved that polydopamine was formed
on the surface of AgNPs. The UV-Vis absorption peak at 405 nm and SEM photos indicated that the stable and monodisperse
AgNPs was prepared and the aggregation of AgNPs was occurred after the addition of Hg*'. The tolerance of coexisting for-
eign substances in system was also studied and the experimental results indicated that the interferences of other common
metal ions were small. The experimental condition optimization results show that when the NaOH concentration is 1.75
mmol/L and dopamine concentration is 40 pmol/L, the system has a good response for Hg>". The proposed method was suc-
cessfully used to detection of Hg?" in tap water with a recovery range of 93.0% to 105.5% and RSD<{4.4%. This method
show some advantages including low-cost, rapidity, simplicity and selectivity. Moreover, it can achieve a visual sensing of
Hg2+.
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Figure 1 Absorption spectrum and the color-changing photos of the
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Figure 2 Schematic reaction mechanism of the system
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Figure 3 IR spectrum of dopamine and the AgNPs reduced by dopa-
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Figure 4 Scanning electron microscope photos
a: cpg2+, 0 Umol/L; b: cyg2+, 4.0 pmol/L
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Figure 5 Contrast of the common metal ions (4.0 umol/L) effect on the
absorption signals (4¢/4) and the corresponding color-changing of the
solutions

From left to right: control, Cr6+, Cu2+, Pb2+, Cdﬁ, Cr”, Znﬁ, Mg2+, Baﬁ,
C02+, Al”, Mn“, CaH, Na+, Hg2+
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Figure 6 Effect of NaOH concentration on absorbing intensity
¢pp, 40 pmol/L; cagno,, 320 pmol/L; cye2+, 3.0 pmol/L; A, 405 nm
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Figure 7 Effect of Dp concentration on absorbing intensity
cNaoH, 1.75 mmol/L; cagno,, 320 pmol/L; cgge+, 3.0 pmol/L; 4, 405 nm

SEBE TR, T T VAL B KR
239k Cd*, Co*™ 40 umol/L; Ba**, Ca**, Pb*", Cu*",
Zn** 12 pmol/L; Cr**, Mg®*, Mn*", Na* 8.0 pmol/L;
AP', Cr'" 4.0 pmol/L. FJULH H, EARSLI AT, L
CEHESE S AR TIE/N. SR Fe’ fE R
KT, A8 SEBRAE Sl e i, Gl AR S SRR o 2 s
SETRALEE, WV BRTL.

LR &M T, 2L ARHEKRE He 'Y
AgNPs WV, FFIEL 405 nm AbRBOGIEREAT 0 #T, S5
gEYLTTRN, WG ISR He " R (3K B3
Wt hkRUEIIZE T 15, AgNPs I s 1 He® k%
7 0.5~5.0 pmol/L Ju Fil N I R APk oG &, W 8,
LM TTFE N 4=3.14—0.43¢, RN —0.9949, RSD
<4.4%, KR4 50 nmol/L.

1 HEKTHHS HME
Tablel Detection of Hg*" in tap sample

Cyg? /(mol -L™)

B8 ZMLRE
Figure 8 Linear relationship
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Sample Found/(umolsL ") Added/(umolsL ") Detected/(umolsL ") (n=5) Recovery/% (n=5) RSD/% (n=35)
Tap water 1 0 2.00 1.99, 1.89, 1.92,2.04, 2.11 94.5~105.5 4.4
Tap water 2 0 4.00 3.93,3.72,3.94,3.83,4.14 93.0~103.5 40

“ cpp, 40 pmol/L; cnaon, 1.75 mmol/L; cagnos, 320 pmol/L; 4, 405 nm.
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