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ABSTRACT 1 

In the present study, we present a room temperature-, one-pot method for the synthesis of 2 

functional poly (tannic acid) (PTA)-based core@shell nanocomposites (core@PTA). The 3 

addition of tannic acid (TA) to gold (Au) salt solutions at mildly alkaline pH induced 4 

reduction of the metal salts to Au nanoparticles (NPs) while TA was oxidized and 5 

self-polymerized before encapsulating the AuNPs to form Au@PTA. Through the use of 6 

coordination chemistry, the synthesized Au@PTA was utilized as a naked eye sensor for 7 

iron (III) ions and H2O2. In the presence of Fe
3+

, Au@PTA aggregated and resulted in 8 

visible color change, showing high selectivity towards Fe
3+ 

with visual detection limit of 9 

20 M. Extension of the approach is used to detect H2O2 with visual detection limit of 0.4 10 

M. Observation of the UV-vis spectra after the addition of analytes for the two detection 11 

systems revealed an additional peak in the H2O2 detection system at ~ 650 nm. This is due 12 

to the presence of “wire-like” oligomer structures in the H2O2 detection system as opposed 13 

to nanocomposite aggregation observed in the former system. 14 

KEYWORDS: tannic acid (TA); visual detection; naked eye; Fe
3+

;
 
H2O2; core@shell 15 

nanocomposites;  16 

 17 
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Introduction 1 

Polymer coated metal nanoparticles (metal@polymer) are preferred over the 2 

nanoparticles capped with stabilizing agents from the point of view of stability and 3 

dispersion.[1] However, current methods of synthesizing metal@polymer nanocomposites 4 

not only require energy input but also are done in multiple steps. Usually, for the synthesis 5 

of metal@polymer nanocomposites, two reaction steps are generally required: the 6 

reduction of the metal ions to form the core, and subsequent shell formation through 7 

thiol-metal binding or covalent polymerization.[2-4] Here, we hypothesized that 8 

polyphenols capable of undergoing oxidative self-polymerization could self-assemble 9 

polymeric shells of metal@polymer nanocomposites in a single step without the need of 10 

cross-linkers or UV radiation. 11 

One such poly-phenolic material would be tannic acid (TA). TA has been shown to 12 

undergo oxidative self-polymerization to poly-tannic acid (PTA) before coating onto 13 

graphene oxide surface.[5] Furthermore, tannic acid has also been used as a sole reducing 14 

and capping agent in heating-free green synthesis of metal nanoparticles.[6, 7] These two 15 

properties make tannic acid an advantageous candidate for the synthesis of 16 

metal@polymer nanocomposite.[8] Nevertheless, current methods of synthesizing 17 

metal@polyphenol nanocomposite with tannic acid shell as described by Zeng et al. still 18 

relied on iron (III) ions to induce coordination between TA to form the shell.[9]  19 

Here we show that metal@polymer nanocomposite with PTA shell can be 20 

synthesized without any cross-linkers. As proof of concept, gold (Au) was used in our 21 

experiment to form the metal core of our metal@polymer nanocomposite. The 22 



gold@poly-tannic acid (Au@PTA) was further applied as a sensor to detect the presence 1 

of iron (III) ions as well as hydrogen peroxide (H2O2). 2 

Various elements, such as carbon, oxygen and hydrogen are necessary for the 3 

survival of living organisms. Particularly, iron is considered an indispensable element for 4 

life. It exists in both ferrous (Fe
2+

) and ferric (Fe
3+

) states to perform various biological 5 

functions.[10, 11] Many cellular processes, such as oxygen transportation and DNA 6 

synthesis, involve electron transfer between the two iron oxidation states.[12, 13] Iron 7 

levels are also crucial in biochemical, pharmacological, and toxicological functions in 8 

biological systems. Iron deficiency or iron overload can lead to various disorders and 9 

diseases.[14, 15] As such, much effort has been made to develop techniques for iron 10 

detection. These include absorbance measurements,[16] electrochemistry techniques,[17] 11 

magnetic resonance imaging,[18] high-performance liquid chromatography,[19] and 12 

fluorescence.[20] However, these methods are inconvenient as they require the use of 13 

measuring instruments. In this work, we have developed a simple and highly visual 14 

method for detecting Fe
3+

. This technique relies on Au@PTA aggregation in aqueous 15 

solutions using coordination chemistry between PTA and Fe
3+

. Fe
3+

 coordinates with the 16 

three galloyl groups in TA to form a stable octahedral complex and cross-linked structure, 17 

resulting in Au@PTA aggregation. The aggregation in turn gave rise to our read-out which 18 

was an observable naked eye color change. H2O2 plays an important role as an 19 

intermediate chemical in various industrial fields, such as food[21], pharmaceutical[22], 20 

clinical[23], and for environmental analysis[24]. As such a convenient and highly sensitive 21 

detection method is required to examine the presence of H2O2. By utilizing H2O2 to 22 



oxidize Fe
2+

 to Fe
3+

, we could induce the aggregation of Au@PTA, thus signaling the 1 

presence of H2O2. 2 

 3 

Results and discussion 4 

Synthesis of Au@PTA nanocomposite 5 

Au@PTA nanocomposite was synthesized by one-pot synthesis mixing of Au
3+

 and 6 

TA under mildly alkaline condition. The TEM image (Figure 1a) showed that Au@PTA 7 

nanocomposites comprised two components with distinct electronic densities as compared 8 

with bare gold nanoparticles (AuNPs) (Figure 1a, inset).[9] The average diameter of the 9 

core of Au@PTA was ~ 20 nm, while the shell thickness was ~ 5 nm. The solution of 10 

Au@PTA nanocomposites exhibited a red color similar to that of typical Au 11 

colloids.[25-27] The UV-Vis spectra of an Au@PTA solution showed an extinction peak at 12 

around 550 nm (Figure 1b). The slight red-shift in the extinction peak of Au@PTA in 13 

comparison with that of 20 nm AuNPs (extinction peak of ~ 520 nm) was due to the 14 

increase of refractive index around AuNPs arising from the PTA coating on AuNPs.[9, 28] 15 

The corresponding element linear mapping of a single nanocomposite (Figure 1c, d) 16 

showed the distribution of the various elements in the nanocomposite, comprising Au 17 

(green), C (red), and O (black), indicating that the nanocomposites were composed of Au 18 

at its core and PTA as its shell.[29] Fourier transform infrared (FTIR) spectra confirmed 19 

that TA was oxidized by HAuCl4 (Figure S1), which was in good agreement with previous 20 

reports.[30] Integration of the PTA shell onto the surface of the Au cores decreased the 21 

zeta potential from -11.5  0.5 mV to -17.2  0.5 mV due to the presence of acidic galloyl 22 

groups in TA (Table S1). 23 



 1 

Figure 1. (a) TEM images of the bare AuNPs (the inset image) and Au@PTA; (b) UV-Vis 2 

spectra of the dispersed suspensions of bare AuNPs and Au@PTA. The inset is its optical 3 

image (c) STEM image of a single Au@PTA nanoparticle; (d) relevant element linear 4 

mapping: Au, C, and O. 5 

To determine the optimal pH for Au@PTA synthesis, we carried out experiments to 6 

synthesize the Au@PTA in various pH conditions. The estimated pKa value of TA is 7 

8.5.[31] TA monomer was stable in solutions at pH  7.0 because oxidation of TA is 8 

inhibited in acidic condition. However, TA solutions underwent oxidation at pH  7.0 with 9 

atmospheric oxygen. When such oxidation occurs, self-polymerization of TA will take 10 

place spontaneously, causing the TA solution to turn faint yellow (Figure S2). Based on 11 

this observation, it could be inferred that, for each Au@PTA nanocomposite, TA were 12 

cross-linked through oxidation by HAuCl4 and oxygen dissolved in the solution before 13 

self-assembling into the shell surrounding the AuNP cores. In this manner, the Au@PTA 14 

nanocomposites can be synthesized in a fast, one-pot synthesis pathway. Nevertheless, if 15 



the pH of the solution was high (i.e., pH > 8.5), the speed of TA oxidation and 1 

self-polymerization would be too fast and the polymerized TA would be further oxidized 2 

and disassembled into smaller soluble molecules.[32] As a result, the shell would be 3 

unable to assemble on the AuNP core and the core@shell structure would not be formed. 4 

We determined that the optimal pH for Au@PTA nanocomposite synthesis to be pH = 7.8 5 

(Table S2). 6 

Time-course experiment was conducted to determine the growth mechanism of 7 

Au@PTA nanocomposites by monitoring the morphology of the nanocomposites using 8 

TEM at synthesis time points of 5, 10 and 20 min. Similar to other nanoparticle synthesis 9 

techniques, the electronic density at the beginning of the synthesis process (5 min) was not 10 

uniform and the nanoparticles aggregated in a “like-attracts-like” manner (Figure 2a). The 11 

white halo around the nanoparticles may be attributed to the presence of partially 12 

polymerized PTA. We may attribute the “like-attracts-like” aggregation of nanoparticles to 13 

the fusion between metal nanoclusters, which would grow into larger mesocrystals, as 14 

observed in many biomineralization processes.[33-35]
 
At 10 min, although we observed 15 

capping of PTA onto the mesocrystals, uniformed Au@PTA nanocomposites were still not 16 

fully assembled (Figure 2b). After 20 min, capping of PTA is completed and a shell of 17 

thickness of ~5 nm was observed around the Au core (Figure 2c).  18 

 19 

 20 

Figure 2. TEM images of Au@PTA nanocomposites collected at different times during the 21 

preparation process under pH = 7.8: (a) 5 min, (b) 10 min, and (c) 20 min.  22 
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Detection of Fe
3+

 1 

The synthesized Au@PTA was applied as a sensor to detect iron (III) ions. When 2 

Fe
3+

 was added to the Au@PTA solutions at room temperature, the color changed from red 3 

to blue (Figure 3a), and UV-Vis spectroscopy showed an absorption band shift from 550 4 

nm to 600 nm which was caused by the aggregation of Au@PTA (Figure 3b, Figure S3). 5 

As the process of the resulting color change due to this aggregation can be monitored with 6 

naked eye alone, usage of instruments can be eliminated for the detection of Fe
3+

. 7 

 8 

Figure 3. Assay for Fe
3+

 ions by naked eye (a) Photograph of the solution containing only  9 

Au@PTA nanocomposites (left) and the same solution after the addition of Fe
3+

 (20 M) 10 

(right); (b) UV-Vis spectra obtained from solutions of Au@PTA nanocomposites and after 11 

30 min incubation with Fe
3+

. Solid black line: Au@PTA nanocomposites without Fe
3+

, 12 

dashed red line: Au@PTA nanocomposites + Fe
3+

. 13 

 14 

To evaluate the minimum aqueous concentration of Fe
3+

 ions required for visible 15 

color change, we added Fe
3+

 into the Au@PTA solution at final Fe
3+

 concentrations 16 

ranging from 5 M to 400 M (Figure 4). After 5 min of reaction time, the results showed 17 

obvious color changes when [Fe
3+

]  20 M (Figure 3a), whereas distinct visible changes 18 



of the solution color were not observed when [Fe
3+

] < 5 M (Figure S4). To our 1 

knowledge, our system offers the lowest detection limit for the visual detection of Fe
3+

 2 

ions.[17-20] 3 

Upon analysis of the UV-vis spectra of Au@PTA incubated at varying Fe
3+

 4 

concentrations, we observed two sets of dynamic ranges (Figure 4a). Between 5 

concentrations of 5 M and 40 M, the increase in Fe
3+ 

concentrations corresponded 6 

linearly to an increase in red-shift of the peak up to a maximum of 50 nm (Figure 4b). 7 

From Fe
3+

 concentrations of 40 M to 200 M, we observed that the intensity of 8 

absorbance at 600 nm (A600) decreased linearly as the Fe
3+

 concentration increased (Figure 9 

4c). This difference was due to the nature of aggregation that had taken place. Below 10 

concentrations of 40 M, coordinate bonds between Fe
3+

 and Au@PTA resulted in the 11 

formation of small perforated aggregates. However, above 40 M concentrations, not only 12 

did these small perforated aggregates form, they also clustered together to form larger 13 

aggregates. Hence, the difference in the dynamic ranges observed. 14 
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Figure 4. (a) UV-Vis spectra obtained from solutions of functionalized Au@PTA 16 

nanocomposites after adding different concentrations of Fe
3+

. (b) A calibration curve 17 

corresponding to part a (5 - 60 M). (c) A calibration curve corresponding to part a (40 - 18 

200 M). Values were normalized by subtracting from the A600 value at 35 M Fe
3+

 19 

concentration. The error bars represent the standard deviations of three replicates.  20 

 21 



We also tested the selectivity of this assay for Fe
3+

 ions by replacing Fe
3+

 (20 M) 1 

with other mono-, di-, or trivalent ions at final concentrations of 50 M. Results show that 2 

only the sample containing Fe
3+

 induced a noticeable color change in Au@PTA (Figure 5 3 

and Figure S5). None of the other metal ions interfered with the assay. Even when the 4 

concentrations of these ions were increased to 10 times the concentration of Fe
3+

 added 5 

(i.e., up to 200 M) no distinct visible color changes or precipitates were observed in the 6 

Au@PTA solutions (data not shown). Furthermore, no color changes (except for Ag
+ 

and 7 

Hg
2+

) or aggregations were observed after incubating the samples for four weeks, 8 

indicating the long term stability of the Au@PTA based detection system. Conclusively, 9 

Au@PTA can be conveniently used to visually detect Fe
3+

in a highly sensitive and 10 

selective manner.  11 

 12 

Figure 5. A photograph of the solutions containing the functionalized Au@PTA 13 

nanocomposites with different metal cations. Ion concentration of Na
+
, K

+
, Rb

+
, Ag

+
, 14 

Mg
2+

, Ca
2+

, Zn
2+

, Fe
2+

, Co
2+

, Cu
2+

, Ni
2+

, Mn
2+

, Cd
2+

, Hg
2+

, Al
3+

, Cr
3+

, Nd
3+

, Gd
3+

, and 15 

Dy
3+ 

is 50 M. [Fe
3+

] = 20 M. 16 

 17 

Detection of H2O2 18 

In addition to Fe
3+

, we also expanded the method to detect (H2O2). H2O2 is an 19 

important intermediary chemical in various industries. Hence, its visual detection is 20 

advantageous for use in resource-scarce regions. As H2O2 is able to oxidize Fe
2+

 to Fe
3+

 21 

(Equation (1)), it presents an attractive extension usage to our detection system. Fe
3+ 

22 



produced from the oxidation of Fe
2+

 when H2O2 was added formed coordination bonds 1 

with the galloyl groups of the PTA shell causing the Au@PTA to aggregate immediately 2 

(Figure S6 - S7). When H2O2 or Fe
2+ 

was added separately to the Au@PTA mixture, no 3 

color changes in the assay were observed even after 30 min. However, when H2O2 and 4 

Fe
2+ 

ions were added together in the assay system, the color of Au@PTA solution turned 5 

blue (Figure 6a). The presence of Fe
2+

 was crucial for the assay to detect H2O2. UV-Vis 6 

spectroscopy analysis showed that the absorbance at 550 nm decreased and the peak 7 

broadened with marked increase at ~ 650 nm (red trace in Figure 6b). 8 

 9 

Figure 6. (a) Photograph of Au@PTA nanocomposites after adding Fe
2+

 (20 μM) with no 10 

oxidant, Fe
2+

 (20 μM) with H2O2 as the reductant, and H2O2, with no Fe
2+

. (b) UV-Vis 11 

spectra obtained from solutions of functionalized Au@PTA nanocomposites and after 30 12 

min in the presence of Fe
2+

 and H2O2. Solid line: Au@PTA nanocomposites, dotted line: 13 

Au@PTA nanocomposites + Fe
2+

/H2O2. 14 

 15 

We also investigated the sensitivity of our Au@PTA-based sensor for the detection of 16 

H2O2 by adding aliquots containing varying concentrations of the analyte H2O2 into 17 

Au@PTA nanocomposite solutions mixed with Fe
2+

, and observed the result both visually 18 

and with the use of spectrometry. As observed in Figure 7a, the minimum concentration of 19 

H2O2 required for the Au@PTA solution to turn visibly blue was 0.4 M. Between H2O2 20 
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concentrations of from 0.4 M to 2.0 M, an increase in the intensity of blue color was 1 

seen as the added H2O2 concentration increased. Our naked eye H2O2 minimum detection 2 

concentration of 0.4 M was lower than the reported minimum visual detection limit for 3 

H2O2 concentration of 0.5 M reported in the horseradish peroxidase-dependent 4 

nanoflower system developed by Lin et al.[29] To our knowledge, this makes our system 5 

the lowest detection level via naked eye visualization.[21-24]  6 

By observing the UV-vis spectrum with varying concentrations of H2O2 added, we 7 

observed that our assay allowed for a large linear dynamic range between H2O2 8 

concentrations of 10 nM and 1400 nM. We observed that the absorbance at ~ 650 nm 9 

increased linearly as the concentration of H2O2 increased (Figure 7c). Our assay’s linearly 10 

dynamic range was much wider as compared to other previously reported sensors (2.5 - 11 

11.2 mM,[21]
 
0.979 - 17.6 mM,[23] and 0.02 - 0.5 mM[29]) when similar experimental 12 

conditions were used for H2O2 detection. As the H2O2 concentration reached a saturation 13 

limit 1.4 M in our assay, the normalized absorbance at 650 nm increases at a slower rate 14 

as compared to between concentrations of 10 nM and 1400 nM (Figure 7c).  15 

 16 
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Figure 7. Different concentrations of H2O2 were added to a solution containing Au@PTA 1 

nanocomposites in DI water. (a) Photograph showing differing colors and intensities of 2 

Au@PTA nanocomposites solutions after 5 min of reaction time caused by varying 3 

degrees of aggregation. The color of the solution changed from red to blue as the 4 

concentration of H2O2 increased from 0.1 M to 2.0 M. (b) UV–Vis spectra of solution 5 

after 5-minute reactions for different H2O2 concentrations. The localized surface plasmon 6 

resonance peak red shifts when the concentration of H2O2 is 0.1 M or higher. (c) Graph 7 

showing absorbance at ~ 650 nm of the various samples reacted with different 8 

concentrations of H2O2. Values were normalized by subtracting from the A650 value at 0 9 

M H2O2 concentration. The error bars represent the standard deviations of three 10 

replicates. 11 

  12 

 Interestingly, while comparing the UV-vis spectrometry of our two assays (Figure 4a 13 

and Figure 7a), we realized that as increasing H2O2 was added to the H2O2 detection assay, 14 

a second peak appeared at ~ 650 nm with increasing intensity. This peak was absent in the 15 

Fe
3+

 assay regardless of the concentration of Fe
3+

 added. The differing absorbance spectra 16 

suggested that different localized surface plasmon resonance (LSPR) coupling events 17 

occurred in each of the two assays. For the H2O2 detection assay, the second peak at ~ 650 18 

nm was attributed to the formation of aggregates with “wire-like” oligomer structure 19 

visible under SEM giving rise to strong interparticle plasmon coupling resulted from the 20 

aggregation of adjacent Au@PTA (Figure 8).[36] This contrasted differently to SEM 21 

images of the Au@PTA aggregated in the presence of Fe
3+

 (Figure S3). This also 22 

explained the high visual detection of sensitivity of H2O2 (0.4 M) as compared to Fe
3+

 23 

(20 M) in their respective Au@PTA based sensor assays.   24 



 1 

Figure 8. (a) SEM images of Au@PTA nanocomposites + Fe
2+

. (b) SEM image of the 2 

Au@PTA nanocomposites + Fe
2+

 + H2O2 with lower and higher magnification (inset). 3 

 4 

To account for the “wire-like” oligomer structure present in the H2O2 detection assay 5 

but absent in the Fe
3+

 detection assay, we examine the chemistry taking place for each 6 

assay. In the Fe
3+ 

detection assay, the addition of Fe
3+

 Au@PTA resulted in an aggregation 7 

induced by the coordination between Fe
3+

 and the galloyl groups of PTA. However, when 8 

H2O2 was added to the mixture of Au@PTA and Fe
2+

 ions, a multi-step reaction took place. 9 

When added, H2O2 induced oxidation of Fe
2+

 to Fe
3+

 which was accompanied by the 10 

generation of ·OH free radicals (Equation (1)). The ·OH free radicals then reacted with the 11 

galloyl groups of PTA by capturing proton from them (Equation (2-3)) converting the 12 

polyphenol into phenoxyl radicals. Unlike galloyl groups which coordinated efficiently 13 

with Fe
3+

, no coordination takes place between phenoxyl radicals and Fe
3+

 ions. The 14 

absence of galloyl groups which had been replaced with phenoxyl radicals resulted in the 15 

slowing down of Au@PTAs aggregation. Thus, the formation and aggregation of 16 

oligomers was more favorable than the aggregation of Au@PTAs.  17 

 18 



 1 

 2 

Conclusion 3 

In conclusion, we have developed a highly sensitive Fe
3+

 and H2O2 sensor based on 4 

Au@PTA core@shell nanocomposites. The one-pot synthesis of Au@PTA was prepared 5 

by mixing TA and gold salt together in mildly alkaline pH condition under constant vortex 6 

for 20 min at room temperature. TA reduced the gold salt to form AuNP and itself oxidized 7 

into PTA. The PTA then assembled onto the AuNP to form Au@PTA nanocomposites. 8 

Relying on Fe
3+

 coordination to galloyl groups on TA, we developed a highly 9 

selective and sensitive sensor for detecting Fe
3+

. The minimum detection limit for naked 10 

eye color change from red to blue in the presence of Fe
3+

 only is a hitherto unreported low 11 

of 20 M. Leveraging on the oxidation of Fe
2+

 to Fe
3+

 by H2O2, we were able to develop 12 

our sensor further to detect H2O2 when Au@PTA was mixed together with Fe
2+

. The 13 

naked eye detectable color change for this assay was 0.4 M of H2O2. The high sensitivity 14 

of the H2O2 assay maybe explained by the formation of “wire-like” oligomer formed due 15 

to the presence of phenoxyl groups and the absence of galloyl groups. 16 

As iron and its ions are important biological minerals while H2O2 is an important 17 

chemical intermediary in various industries, it is imperative that a highly sensitive, 18 

selective and easily visible read-out is available to detect the presence of Fe
3+

 and H2O2. 19 

Herein, we have developed a PTA coated Au core@shell nanocomposite that fulfills these 20 

criteria. Coupled with its green, one-pot and one-step synthesis method, our assay is 21 

highly advantageous.  22 



Experimental 1 

Materials. Hydrogen Tetrachloroaurate Hydrate (HAuCl43H2O), Hydrogen Peroxide 2 

(H2O2), Trisodium Citrate, Tannic Acid (TA), Sodium Borohydride (NaBH4), Silver 3 

Nitrate (AgNO3), Rubidium Chloride (RbCl), Calcium Chloride (CaCl2), Manganese 4 

Chloride Tetrahydrate (MnCl24H2O), Colbalt(II) Nitrate Hexhydrate (Co(NO3)24H2O), 5 

Nickel Sulfate Hexahydrate (Ni2SO46H2O), Copper(II) Sulfate Pentahydrate 6 

(CuSO45H2O), Zinc Sulfate Heptahydrate (Zn2SO46H2O), Cadmium Chloride (CdCl2), 7 

Mercury(II) Chloride (HgCl2), Aluminium Postassium Sulfate Dodecahydrate 8 

(AlKO8S212H2O), Potassium Chromium(III) Sulfate Dodecahydrate (CrKO8S212H2O), 9 

Neodymium(III) Chloride Hexahydrate (NdCl36H2O), Gadolinium(III) Chloride 10 

Hexahydrate (Cl3Gd6H2O), Dysprosium(III) Chloride Hexahydrate (Cl3Dy6H2O), 11 

Iron(III) Chloride Hexahydrate (FeCl36H2O), and Iron(II) Chloride (FeCl2),  were 12 

purchased from Sigma-Aldrich, Sodium Chloride (NaCl), Potassium Chloride (KCl) were 13 

purchased from Merck. Magnesium Sulfate Anhydrous (MgSO4) was purchased from MP 14 

Biomedicals. All chemicals were used as received. Phosphate buffer (PB), sodium salt (pH 15 

= 7.8, 10 mM) was used for synthesizing PTA-based core@shell nanocomposites. Water 16 

used in all experiments was deionized and ultrafiltered to 18 Mcm using a Milipore 17 

Milli-Q gradient system. 18 

Synthesis of core-shell metal@PTA nanocomposites. Au@PTA nanocomposites were 19 

prepared by pipetting 50 L of TA (40 mg mL
-1

) into 10 mL HAuCl4·3H2O (1 mM) in 10 20 

mM PB (pH = 7.8) at room temperature in Corning conical tube. It is to be noted that 21 

synthesis in other tubes (e.g. BD Falcon) did not yield any nanoparticle. The suspension 22 



was then vigorously mixed with a vortex mixer for 20 min. The color of the solution 1 

turned red and gradually deepened until no further color change was observed. The 2 

obtained Au@PTA were collected by centrifugation (9000 x g for 15 min) and rinsed with 3 

water twice. Bare AuNPs were synthesized with the same method, except that PB solution 4 

(pH = 7.8, 10 mM) was replaced with DI water. When conducting pH-dependent  5 

experiments,  various  buffer  systems  were  used  to  adjust  the  pH  value:  6 

pH = 3.3, glycine - HCl (10 mM); pH = 6.0, 7.0, 7.8, PB (10 mM); pH = 8.5, Tris-HCl (10 7 

mM). 8 

Characterization. The size and morphology of the synthesized materials were 9 

characterized using field-emission scanning electron microscopy (FE-SEM, JEOL 10 

JSM-6700F) at an acceleration voltage of 5 kV, transmission electron microscope (TEM, 11 

Hitachi H-7500), and HRTEM with an energy dispersive X-ray spectrometry 12 

(HRTEM-EDX, FEI, Tecnai G2 F20). Zeta-potential measurements were conducted in 13 

water by a potential analyzer (Zetasizer Nano ZS, Malvern Instruments). UV-Vis 14 

absorption tests were carried out on Shimadzu UV-2450 spectrophotometer in 15 

transmission mode. 16 

Highly selective visual detection of iron(Ⅲ) cations. The standard procedure is as 17 

follows. Briefly, aliquots of 1 mM Fe
3+ 

were added to the aqueous Au@PTA solutions (1 18 

mL) to yield the final concentration series (1.0 μM - 400μM). We also investigated the 19 

selectivity of our new approach for Fe
3+

 over other metal ions (Na
+
, K

+
, Rb

+
, Ag

+
, Mg

2+
, 20 

Ca
2+

, Mn
2+

, Fe
2+

, Co
2+

, Ni
2+

, Cu
2+

, Zn
2+

, Cd
2+

, Hg
2+

, Al
3+

, Cr
3+

,
 
Dy

3+
, Gd

3+
, Nd

3+
) under 21 

the same conditions. The color change from red to blue indicates successful detection of 22 

specific ions. It is to be noted that aggregates may form after a few days. UV-Vis spectra 23 

were acquired to investigate the interaction between the ions and Au@PTA.  24 



Visual detection of H2O2. Au@PTA solution was added to a 96-well plate to a volume of 1 

100 L. Subsequently, Fe
2+

 was added to final concentration of 20 M. The reaction was 2 

started by adding various volume of 100 M H2O2.  3 
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