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One-pot hydrothermal synthesis of biligand gold nanoclusters for
the detection of lead ions

Chen-Ning Jiang, Bo-Wei Huang, Cho-Chun Hu*

Department of Applied Science, National Taitung University.

Abstract

In this study, protein and thiol were used to synthesize biligand gold nanoclusters, and the
gold nanocluster was used to detect the lead ion in the real samples. After adjusting the ratio of
4-mercaptophenylboronic acid (MPBA), bovine serum albumin (BSA) and sodium hydroxide
(NaOH), gold nanoclusters with red fluorescence can be synthesized. Compared with the single
ligand gold nanoclusters, our biligand gold nanoclusters can detect lead ions more sensitively.
After the lead ion is added, the MPBA on the cluster will generate a new attraction with the lead
ion. This attraction causes the aggregation of gold nanoclusters, and the quenching of
fluorescence. This characteristic could be used to monitor the lead ions in water samples. The
results exhibit that the linear range is 1-30 uM, R? is 0.998, and the detection limit is 0.16 uM.
The sensor also could be applied to the detection of lead ions in the real water samples.

Keywords: gold nanocluster, Bi-ligand, Bovine Serum Albumin (BSA), lead ion, 4-
mercaptophenylboronic acid (MPBA).
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2019 #d Junwei Di ##FZEFf} 22 0 F o v SHEFE LA TEp L 1.5 n0m
AuAg nano clusters (AUAg NCs) > g2 & 470 nm> 2z i+ & 650nm e 5 ¥ Cys Jk & e 4o >
AUAgNCs chg et £ 4 = - R & 2uM-100 M 2 FF > R? =0.999 » LOD =
11 uM e & 8-H 75 #2304 f s :‘rfcv‘ 4 iR 0 Hwoled A 93.40 9% - 102.50
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al., 2020) - Figure 3(e) % N1s 3 » & 400.62eV 3 %R N-H -
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Scheme 1. The schematic illustration of the synthetic method of MPBA-BSA@AUNCSs and detection of
Pb?".
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Figure 1. The UV-vis absorption (Abs, blue line), fluorescence excitation (Ex, black line) and emission
(Em, red line) spectra of MPBA-BSA@AUNCs
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Figure 2. FT-IR spectra of MPBA , BSA, MPBA-BSA@AUNCs
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Figure 3. XPS survey of (a)MPBA-BSA@AUNCs (b)Au 4f (¢)O 1s (d)C 1s (e)N 1s.
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Figure 4. Fluorescence intensity changes of BSA@AUNCs and MPBA-BSA@AUNCSs at different pH.
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Figure 5. (a)The fluorescence stability MPBA-BSA@AUNCS in 7 days. (b) Effect of the concentration
of NaCl on the MPBA-BSA@AUNCs. (c)Light stability of MPBA-BSA@AUNCs
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Figure 6. The selectivity of the BSA@AUNCs and MPBA-BSA@AUNCSs to different metal ions.
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Figure 7. Fluorescence emission spectra of BSA@AUNCs and MPBA-BSA@AUNCs with Pb? in the
concentration range of 0.001 mM - 1 mM.
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Figure 8. Fluorescence responses of the MPBA-BSA@AUNCs to Pb?* and Cu?*in the presence
and absence of Glycine.
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Figure 9. Fluorescence emission spectra of MPBA-BSA@AUNCs with different concentrations of Pb?*
(Xex:330 nm) (b)Plot of fluorescence intensity versus Pb?* concentration in the range of 1 uM -
30 puM.
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Table 1. Comparison proposed method with other analytical methods for Pb?* detection.

Probe Liner range LOD References

(Nurhayati, Juang, Hu, &
Muniyadi, 2015)

Chit-CNT 1.9uM-11.2 uM 1.8 uM (Xiao, Rowe, & Plaxco, 2007)
(Shrivastava, Jain, Kumar,

BD-NCD 1M -225uM 1.34 uM

PVA/AgNPs 0.03M-30 M 3IM _
Jain, & Nagpal, 2021)
PVA/chitosan 3 mM - 150 mM 0.15mM  (Nguyen et al., 2021)
SPGE-AUNPs 0.06 M-0.6 M 6.6 MM (Wan et al., 2015)
i (J. Li, Guo, Zhai, & Wang,
Nafion-graphene 1.5mM-150mM  0.06 mM
2009)
RGO/Bi nanocomposite  0.06 M - 0.36 M 1.7mM (Sahoo et al., 2013)
BiOCI/MWCNT 15 mM - 150 mM 1.7mM (Cerovac et al., 2015)
MPBA-BSA@AUNCs 1 puM -30 uM 0.16 uM  Thiswork
Table 2. Analytical results of Pb?* in real sample. (n = 3).
Sample Add (uM) Found (uM) Recovery (%) RSD (%)
10.0 10.3 102.8 3.2
Drink water 20.0 2.0 100.0 1.4
30.0 29.9 99.9 1.6
10.0 9.7 97.8 4.8
Tap water 20.0 19.1 95.6 4.2
30.0 30.3 101.1 1.0

7 ~ MPBA-BSA@AUNCS #r Pb?*2_% 414 %

H_TEM 22 Zeta § i f M B ¢ % 4 BB R % > FigurelO(a) 5 MPBA-
BSA@AUNCs -+ TEM ) Figure 10(b) 3 MPBA-BSA@AUNCs 4c » Pb?* 15t TEM He
T LA PR B AT ok S 40 nm s e~ PO 5 Taod L 61 0m s &7 R
By 2 o Figure 11(a) MPBA-BSA@AUNCs 1 Zeta & -18.9 mV - Figure 11(b) ¥ 12 5
7] MPBA-BSA@AUNCs #+4r » Pb% 5> Zeta % % -04mVeZeta T =% 7 H3fk2 R
I ETERG SRR A F AL AR]  Zeta T B HE (LA ) ARG 0K
Z o Zeta T B E (F N ) ARM > AR 3R R > Tl 4 AgiE 0 x4 o d gy
SEEM e r PO i g3 RBSIG 0 2 TEM ehT o m £ & che Flpt &K o
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