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Preparation of 35-nm AuNPs

Citrate-protected AuNPs were synthesized by means of the classical citrate reduction of 

hydrogen tetrachloroaurate (HAuCl4).1, 2 6 mL of sodium citrate (1%) was rapidly added to 

110 mL of aqueous solution of HAuCl4 (0.01%) that was boiled under vigorous stirring. 

Within 5 min the colour of the solution changed to purple red, and heating continued for 10 

min. Then, the solution of AuNPs was cooled to ambient temperature. 

Preparation of 3-nm AuNPs

A solution of HAuCl4 (2×10-3 M, 1.0 mL) was added to 9.0 mL of a solution of the HPEI-

TMAm (3 mg/mL). Subsequently, a fresh solution of NaBH4 (6×10-3 M, 4.0 mL) was 

added to this mixture under vigorous stirring. Immediately the solution turned brown. 
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Figure S-1 FTIR of HPEI (A) and HPEI-TMAm (B)
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Figure S-2 1H NMR spectra of HPEI-TMAm
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Figure S-3 Typical TEM images of the AuNPs: (A)＆(B) sodium borohydride as the 

reductant; (C)＆(D) sodium citrate as the reductant.
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Figure S-4 Colorimetric response of the sensor: (A) colour changes and (B) absorption spectra of (a) 
0.6 nM HPEI-TMAm-AuNPs; (b) 0.6 nM HPEI-TMAm-AuNPs with 6.3 mM AA (in the absence of 
Ag+); (c) 0.6 nM HPEI-TMAm-AuNPs with 6.3 mM AA in the presence of 4.38 M Ag+ with a red to 
reddish brown colour change; (d) 0.6 nM citrate-capped AuNPs with 6.3 mM AA (in the absence of 
HPEI-TMAm); (e) 0.6 nM HPEI-TMAm-AuNPs with 4.38 M Ag+ (in the absence of AA).
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Figure S-5 The A/A0 value of the absorbance at 400 nm versus the concentration of Ag+. (A 
and A0 are the absorbance at 400 nm obtained from the system with and without Ag+, 
respectively)
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Table S-1 Gold nanoparticle-based sensors for Ag+ detection

Probe Detection techniques LOD(nM) Time (min) Ref

Tween 20-AuNPs
Colorimetry and 

absorption
100 5 3

Tween 20-AuNPs
Colorimetry and 

absorption
10 3 4

Gold nanorod (GNR) Absorption 10 30 5

Au25 nanocluster Fluorometry 200 Up to 3 min 6

Au16NCs@BSA Fluorometry 100 20 7

MUA/THPC-AuNCs Fluorometry 9 No mention 8

Core-shell AuNPs Absorption 10 30 min 9

Oligonucleotide-
functionalized core/shell 

magnetic silica
sphere @ AuNPs

Surface-enhanced 
raman scattering

10 
More than 5 

h
10

Pyridines-functionalized 
AuNPs

Colorimetry and 
absorption

1000
More than 

30 min
11

Cytosine-rich DNA 
decorated AuNPs

Surface-enhanced 
raman-scattering

15 No mention 12

Cationic polymer-
directed AuNPs

Colorimetry and 
absorption

48.6
More than 
120 min

13

DNA probe and AuNPs
Colorimetry and 

absorption
500 22 min 14

AuNPs
Resonance

rayleigh scattering
202 60 min 15

Oligonucleotide/AuNPs
Localized surface 

plasmon resonance 
and colorimetry

62 10 min 16

DNA based AuNPs
Colorimetry and 

absorption

12 nM  by naked 
eyes and 0.59 
nM by UV-vis 

spectra

More than 
30 min

17

Hyperbranched 
ployethylenimine 

derivatives stabilized 
AuNPs

Colorimetry and 
absorption

8.76 nM by 
naked eyes and 

1.09 nM by UV-
vis spectra

1 to 2 
minutes

This 
work



S-6

blank 8.76×10-4 M

(B)

(A)

300 400 500 600 700 800

 1.7510-2 M
 8.7610-3 M
 1.7510-3 M
 8.7610-4 M
 blank

1.8

1.5

1.2

0.9

0.6

0.0

Ag+ concentration increase

 

Ab
so

rb
an

ce

Wavelength (nm)

0.3

1.75×10-3 M 8.76×10-3 M 1.75×10-2 M

Figure S-6 (A) Photographs and (B) Absorption spectra of 0.3 nM HPEI-TMAm-Au NPs 
and 10 mM AA solutions with different Ag+ concentrations.
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Figure S-7 Selectivity of the sensor: Absorption spectra of the colorimetric assay containing 
HPEI-TMAm-AuNPs (0.3 nM) and AA (10 mM) solutions with Ag+ (4.38 M) and several 
other metal ions (43.8M).
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Figure S-8 Colorimetric sensing of Ag+ in tap water: The A-A0 value of the absorbance at 
400 nm versus the concentration of Ag+. (A and A0 are the absorbance at 400 nm obtained 
from the system with and without Ag+, respectively) The error bars represented standard 
deviations based on three independent measurements. (0.3 nM HPEI-TMAm-AuNPs and 10 
mM AA solutions in tap water with different Ag+ concentrations)
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Figure S-9 Colorimetric sensing of Ag+ in drinking water: The A-A0 value of the 
absorbance at 400 nm versus the concentration of Ag+. (A and A0 are the absorbance at 400 
nm obtained from the system with and without Ag+, respectively) The error bars represented 
standard deviations based on three independent measurements. (0.3 nM HPEI-TMAm-
AuNPs and 10 mM AA solutions in drinking water with different Ag+ concentrations)
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