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Chitosan—gold nanocomposite and its
functionalized paper strips for reversible visual
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To eliminate mercury contamination in agueous environment, chitosan—gold nanocomposite and its
functionalized paper strips were designed and developed for visual sensing and removal of trace ngf By
simply immersing a common filter paper into the resultant composite dispersion, gold nanochromo-
phores could be well dispersed with minor aggregation by virtue of the dual supporting roles of the chito- 20
san and the filter paper. Under optimized conditions, the colour of both the chitosan—-gold nano-
composite and its functionalized paper strips could change from dark red to yellow upon addition of
Hg?*, with a detection limit of 3.2 x 107° mol L™ and 5.0 x 1078 mol L™, respectively. Importantly, the
chitosan—gold nanocomposite was non-toxic and could be utilized repeatedly for sensing trace Hg?* in
both environmental aqueous solutions and some fruit or vegetable juice samples, with satisfactory results.
Furthermore, using the resulting functionalized filter-paper, more than 93.5% Hg?" in aqueous solution
with an initial concentration as high as 1.0 x 10~> mol L™* could be enriched and separated by a simple fil-
tration process. The proposed operating mechanism is based on the reversible gold amalgam formation
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rsc.li/analyst visually detect, enrich and remove Hg>* with minimal secondary pollution. 30
1. Introduction could be absorbed onto AuNP to form a gold amalgam.>*>¢°
A series of AuNP-based sensors have been developed for the
Accompanying the rapid development of modern industry, par- ~ determination and separation of Hg>".******"* For example,
ticularly the modern mining and electronic industries, various  using unmodified gold nanoparticles as indicators, Memon 3
heavy metals have been unscrupulously released into the et al.*® developed a method for Hg>" colorimetric detection,
natural environment, and the resultant contamination is which provided in-depth insight into the rational design of
becoming increasingly severe." > Among all the heavy metal ~mercury-specific oligonucleotides sensors. Our group®® also
pollutants, Hg”" is one of the most dangerous for human developed an environment-friendly graphene-AuNP composite 40
beings owing to its special affinity to the S element in proteins for the “naked-eye” detection, enrichment, and separation of
and enzymes."* "> Exposure to Hg>" even at low levels could Hg>" by virtue of the high specific area of the graphene
cause diseases in the brain, kidney, and central nervous scaffolds and the synergistic interaction between graphene
system."®® Furthermore, Hg>" is non-biodegradable and and AuNP. However, the expensive graphene matrix was quite
accumulates in the bio-environment.>* Therefore, it is difficult to produce and high specific area would result in the ;5
urgent for us to develop some rapid steps to determine, enrich easy aggregation of graphene-AuNP, which could not be
and remove Hg”" on-site. An enormous number of methods applied widely and conveniently in practice.”’*° Therefore,
have been developed for Hg>" detection or separation in prac- improving the performance-price ratio by optimizing the struc-
tice. However, most of the existing reports are limited to ture of the sensing materials remains a huge challenge for
detecting or separating Hg”* alone. Moroever, most of them their future application. 50
cannot be utilized reversibly, which would result in severe sec- With this aim in mind, in this study, chitosan-AuNP com-
ondary pollution. posite and its functionalized paper strips were designed and
It is well known that gold nanoparticles (AuNP) exhibit developed for sensing and removing Hg”" in aqueous environ-
special affinity to mercury by virtue of the fact that mercury ment. By virtue of the dual supporting roles of the chitosan
55
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and the filter paper, AuNP chromophores could be well dis-
persed either in solution or in the solid state. This sensor is
expected to selectively and reversibly recognize Hg”" with a
visible colour change based on the special interaction between
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gold and mercury. To the best of our knowledge, this is the
first report for the environment-friendly sensing and removal
of Hg>" based on common paper-based sensors.

2. Experimental
2.1 Reagents and apparatus

Gold(m) chloride trihydrate, chitosan, mercury(n) nitrate,
ascorbic acid and all the other chemicals were of analytical
grade and purchased from Shanghai Chemical Reagent
Company, and used without any purification. Water used was
doubly deionized. A series of mouse fibroblast cells (L929)
were obtained from Institute of Biochemistry and Cell Biology
(the Chinese academy of Sciences, Shanghai, China).

Phosphate buffers were prepared by mixing 0.001 mol L™*
H,;PO,, 0.001 mol L™* K,HPO,, 0.001 mol L' KH,PO, or
0.001 mol L™' KOH aqueous solution in a proper ratio to
obtain the desired pH (pH = 3.0, 4.0, 4.5, 5.0, 5.5, 6.0, 7.0, 8.0).

The as-prepared chitosan-AuNPs were characterized via
transmission electron microscopy (TEM) using a JEOL
JEM-2100F TEM (operated at 200 kV). FT-IR spectra were
recorded using samples as KBr pellets on a PerkinElmer
Model 882 infrared spectrometer scanning from
4000-500 cm ™. Hg”" concentration in the filtrate was deter-
mined using an inductively coupled plasma mass spectro-
meter (PerkinElmer, Elan DRC Plus). UV-vis spectra were
recorded on a Lambda 35 UV/Vis spectrometer (PerkinElmer
Precisely) using a 1 cm? quartz cell. pH was measured using a
PHS-25 pH meter.

2.2 Preparation of chitosan-AuNP

Into a 100 mL round-bottom flask, 0.375 g (0.025 mol) chito-
san, 35.0 mL doubly deionized water and 0.7 mL glacial acetic
acid were added and maintained at 55 °C for 5.0 h. To the
mixture, 3.0 mL 10.0 ¢ L™" gold(m) chloride trihydrate solution
was added, and the mixture was further stirred for 45 min.
After the temperature was increased to 85 °C, 0.75 mL
0.1 mol L™ ascorbic acid was added to reduce gold(m) chloride
trihydrate to nanogold, resulting in the color change to dark
red. After maintaining the temperature for another 20 min, the
resulting composite was cooled to room temperature, centri-
fuged and washed with enough deionized water, and then
dried under vacuum at 50 °C to obtain dark red chitosan-
AuNP.

2.3 Preparation of paper strips functionalized by chitosan-
AuNPs

A common filter paper with a diameter of 7.0 cm (No: GB/
T1914-2007) was immersed overnight in a chitosan-AuNP dis-
persion in water (3.5 x 107 g L™, pH 5.0 and Cascorbic acid =
1.0 x 10~ mol L"), and then dried under vacuum.*™** The
resulting filter paper functionalized with chitosan-AuNP
chromophore was then cut into the shape needed for colori-
metric detection or removal of Hg>".

2 | Analyst, 2018, 00, 1-7
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2.4 Preparation of environmental water samples

Three different environmental water samples were taken ran-
domly from the Yi River, underground water and tap water on
campus, which were further filtered several times and concen-
trated by 100 times using the N, blowing methods. The as-pre-
pared samples were stored at room temperature for sub-
sequent analyses.

2.5 Preparation of fruit or vegetable samples

Fresh fruits or vegetables were all purchased from the local
farm produce market near Qufu Normal University, China.
After all the fruits or vegetables were washed and dried in the
air, the edible parts were cut into 0.5 cm® and blended using a
juice extractor. Next, 20 mL suspensions of each were taken
and then, they were further centrifuged at 5000 rpm for
20 min. The as-prepared fruit or vegetable samples were stored
at 4 °C for direct UV-vis spectral or colorimetric analyses.

2.6 Cytotoxicity analysis

Cytotoxicity of the present chitosan-AuNP was estimated by 3-
(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2 H-tetrazolium bromide
assay (5 mg mL™" MTT in PBS). To perform this assay, a series
of mouse fibroblast cell lines (L929) were seeded into 96-well
microculture plates (6 x 10* cells per mL, 100 pL per well) for
24 h. Subsequently, the medium (5 mg mL™" MTT in PBS) was
changed into chitosan-AuNP solution with different concen-
trations from 0 to 10~ ¢ L™" and cultured for another 48 h.
After treatment, the cytotoxicity of chitosan-AuNP was
obtained using a microplate reader by comparing the number
of viable cells treated with chitosan-AuNP against those
untreated (BioTek, Power Wave XS).

2.7 Hg™ detection procedure

For testing the paper-based sensor, a paper strip functiona-
lized by chitosan-AuNP was immersed into an Hg>" sample
solution for 5 min in a closed vial under ambient condition.
After it was taken out, the color of the paper strip was recorded
and compared with the color of the strip before immersion.

For UV-vis spectral determination, into a 10 mL volumetric
flask, 1.0 mL 3.5 x 10~ g L™" chitosan-AuNP, 1.0 mL pH 5.0
buffer, 1.0 mL 1.0 x 10™* mol L™ ascorbic acid and 1.0 mL
Hg”* sample of different concentrations were transferred. The
mixture was then diluted to 10 mL with doubly deionized
water and vibrated thoroughly. After incubation for 5.0 min,
UV-vis spectra were recorded from 300 nm to 700 nm, and the
inverse of the absorption intensity (1/4) at 521 nm was used
for Hg>* quantitative analyses.

3. Results and discussion
3.1 Optimized fabrication and characterization

To make sure that AuNPs could be grafted tightly and evenly
onto the surface of chitosan, the mixture of chitosan gel and
HAuCl, was continuously stirred for 45 min at room tempera-
ture before the reaction temperature was maintained at 85 °C

This journal is © The Royal Society of Chemistry 2018
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Fig. 1 (a) TEM image; (b) UV-vis spectrum and (c) FTIR spectra of the
resultant chitosan—AuNPs.

upon the addition of ascorbic acid. It is expected that the
electrostatic interaction can occur between the empty d-orbits
in the Au atoms and the lone-pair electrons in the O or N
atoms before HAuCl, is reduced to gold nanoparticles.

The as-prepared chitosan-AuNP was characterized by trans-
mission electron microscopy (TEM), and FTIR and UV-vis
absorption spectroscopy, as shown in Fig. 1. From the TEM
image (Fig. 1a), we find that the resultant AuNP chromophores
were uniformly distributed onto the surface of chitosan, with
an average diameter of ca. 15 nm. The reason may be attribu-
ted to the strong chelating interaction between the empty
d-orbits in the AuNPs and the lone-pair electrons of the O or N
atoms in chitosan, as expected. In the UV-vis spectrum, there
is a distinct absorption peak at 521 nm, accompanied by two
shoulder peaks at 252 nm and 283 nm (Fig. 1b). The peak at
521 nm originates from the surface plasmon of the AuNPs®®
and the peaks at 252 nm and 283 nm result from the n — n*
transition of O-H, N-H and C=O bonds in chitosan main
chains. All the characterized UV-vis peaks suggest that the as-
prepared composite is composed of both AuNP and chitosan.
Furthermore, from the FTIR spectra shown in Fig. 1c, we find
that the characteristic peaks of pure chitosan are centered at
ca. 3427, 1621 and 1074 cm™', ascribed to the stretching
vibration of N(O)-H, C-N and C-O bonds, respectively. In the
FTIR spectrum of the as prepared chitosan-AuNP composite,
all the three characterized peaks shift to longer wavenumbers,
i.e., from 3427 to 3435 cm™" for the N(O)-H bond, 1621 to
1644 cm™" for the C-N bond and 1074 to 1089 cm™" for the C-
O bond. The shift in the FTIR peaks to higher wavenumbers
further confirm that AuNPs graft on the surface of the chitosan
via electrostatic interactions between the empty d-orbit of the
Au atom and the lone-pair electron in O atom or N atom,
resulting in increased electronegativity of the N or O atoms on
coordinating with the electron-deficient Au atoms.

3.2 Cytotoxicity of chitosan-AuNP

To evaluate the environment-friendly nature of the as-prepared
chitosan-AuNP, its cytotoxicity towards a series of mouse fibro-
blast cell lines (L929) was measured and the results are shown
in Fig. 2. From Fig. 2, we could find that more than 88% cells
are still kept viable in the tested cell line after they have been
exposed to the chitosan-AuNP medium even at the highest
concentration of 10~ g L™" for 48 h. Accordingly, the as-pre-
pared chitosan-AuNP composite expresses quite low toxicity to
mammalian cells at the concentrations applied for colori-
metric sensing of Hg”" in environmental samples.

This journal is © The Royal Society of Chemistry 2018
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Fig. 2 The cytotoxicity of chitosan—AuNP to a series of mammalian cell
lines of L929.

3.3 Enrichment and removal ability of Hg>* by chitosan-AuNP

To illustrate the removal ability of Hg*" by the as-prepared chit-
osan-AuNP composite, the content of Hg>" in some given
aqueous samples before and after treating with the as-pre-
pared chitosan-AuNP functionalized filter-paper were
measured by inductively coupled plasma spectrometry (ICP).
For this experiment, 50.0 mL aqueous samples with different
Hg>" concentrations (1.0 x 107>, 5.0 x 107® and 1.0 x 107°
mol L") were filtered repeatedly for 3 times through the
chitosan-AuNP functionalized filter-paper. The Hg>* content
remaining in the resultant filtrates were measured repeatedly for
5 times. The results are shown in Table 1. More than 93.5% Hg>*
in the aqueous samples could be absorbed and removed by the
as-prepared chitosan-AuNP-functionalized filter-paper, with an
initial Hg®* concentration as high as 1.0 x 107> mol L7,
suggesting that the resultant chitosan-AuNP functionalized filter
paper, as a stationary phase, will be potentially useful for the
enhanced removal Hg>" in aqueous media.

3.4 The action mechanism between chitosan-AuNP and Hg>*

To experimentally confirm the action mechanism of chitosan-
AuUNP to absorb Hg?', TEM images with elemental analysis
and high-resolution TEM were performed to illustrate the
chemical composition of the present chitosan-AuNP in the
absence or presence of Hg”" (Fig. 3). From Fig. 3, we find that
after reaction with Hg?', the resultant gold amalgam nano-
particles are slightly larger than the original chitosan-AuNP.
This might result from the reaction between chitosan-AuNP
and Hg>" to form a new layer of gold amalgam onto the chito-
san-AuNP in the presence of ascorbic acid.**** The corres-
ponding elemental analysis intuitively confirms that no
mercury is found in the original chitosan-AuNP (Fig. 3c),

Table 1 Hg?* removal ability for chitosan—AuNP-functionalized filter-
paper (n = 5)

Crger Spiked g found Relative

in sample in the filtrate Hg>" absorption standard
(1078 M) (1078 M) efficiency (%) deviation (%)
1000 65 93.5 3.7

500 30 94.0 2.5

100 4.8 95.2 4.4

Analyst, 2018, 00, 1-7 | 3
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Fig. 3 TEM images of chitosan—AuNP (a) before and (b) after inter-
action with Hg?*; elemental analyses of the resultant nanoparticles (c)
before and (d) after reaction with Hg®* and their corresponding high-
resolution TEM images (Inserts in c and d).

while both Au and Hg emerge after chitosan-AuNP reacts with
Hg>" (Fig. 3d). Furthermore, from the high-resolution TEM
images (insets in Fig. 3c), we find that the fringe spacing was
0.238 nm in the pure gold nanoparticle, which well matches
the [111] interplanar spacing of nanogold.*® Moreover, the
lattice fringe spacing enlarges to 0.245 nm upon addition of
Hg”" in the presence of ascorbic acid (insert in Fig. 3d),
hinting that Hg>" is reduced to elemental mercury, which
further diffuses onto the AuNP to form a highly defective gold
amalgam. The action mechanism between chitosan-AuNP and
Hg”" in the presence of ascorbic acid is accordingly proposed
to form a gold amalgam, in accordance with previous literature
reports,>®*>4¢

3.5 Application for visually sensing trace Hg>*

3.5.1. Optimization of analytic conditions. It is well known
that pH will have a large effect on the redox potential. The
effect of pH over 3.0-8.0 was investigated first. As shown in
Fig. 4, it is easy to observe that the absorption intensity of the
chitosan-AuNP aqueous dispersion at 521 nm remains nearly
unchanged in the entire tested pH range, suggesting that the
present chitosan-AuNP is quite stable in the acidic or weakly
basic media. Upon addition of Hg>* in the presence of

0.30
0.25]* P . .

3

< .20

= - R

§ 0.154

£

(-]

£ 0.10

2 0,054 —n— Chitosan-Nano Au+Hg™
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0.00-L - . : - ;
3 4 5 6 7 8
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Fig. 4 The effect of pH on the absorption intensity in the presence of
the chitosan—AuNP system at 521 nm in the absence or presence of
ng+ (Cchitosan—aunp = 3.5 X 107* g Lill CHg2+ = 2.0 x 107° mol Lilr Cascorbic
acia = 1.0 x 107> mol L™Y).
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ascorbic acid, the absorption intensity at 521 nm decreases
gradually with the decrease in pH, and reaches a minimal plat-
form when pH is ca. 5.5. This may result from the fact that the
redox potential of Hg>" decreases with the increase in pH.
Moreover, the higher OH™ concentration makes the solubility
of Hg** lower in aqueous solution. These two reasons will
result in less Hg>" to be reduced accompanying along with
weaker response. Accordingly, pH 5.0 was selected for all the
subsequent experiments.

To express the response rate and stability of the proposed
chitosan-AuNP to heavy metal Hg>", the absorption intensity
at 521 nm was recorded from 0 to 1.0 h after addition of Hg>*
in the presence of ascorbic acid. From Fig. 5, we observe a fast
response of less than 5.0 min for the proposed chitosan-AuNP
towards Hg”*, which remains unchanged over the following
1 h. Furthermore, the effect of ionic strength on the absorp-
tion peak at 521 nm was investigated by changing the NaCl
concentration from 2.0 x 107> mol L™" to 1.0 x 10~ mol L™".
No distinct change takes place, hinting that the proposed chit-
osan-AuNP is stable for application in various complicated
environments.

3.5.2. Special selectivity towards Hg>". To illustrate the
sensing selectivity of the proposed chitosan-AuNP towards
Hg>", its UV-vis spectra from 300 nm to 700 nm were recorded
in the presence of some environmentally relevant metal ions
as their nitrate salts, namely, AI**, Ba**, K*, Mg*", Na*, Ni*",
Pb>*, sr**, €d*", Co®", Cu®’, Fe*" and Ag” in 2.0 x 10™* mol L™,
except for Hg>" in 2.0 x 107° mol L™". As shown in Fig. 6, the
absorption intensity at 521 nm shows negligible changes upon
addition of all the metal ions except Hg”", which is less than
5% compared with that in the presence of Hg>" even at a 1/100
concentration. In addition, Hg”" could exclusively change the
color of the proposed chitosan-AuNP dispersion and its func-
tionalized paper strips from dark-red to yellow (Fig. 6b),
suggesting that the proposed chitosan-AuNP system either in
solution or as a solid possesses excellent selectivity for the
colorimetric sensing of Hg”".

3.5.3. Analytical parameters and sample analyses. To dis-
close the rule for chitosan-AuNP to sense Hg”", UV-vis spectral
titration experiments have been performed with different con-
centrations from 0 to 200.0 x 10~® mol L™". The obtained titra-

03
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5.0 min

Absorption Intensity (a.u.)
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=
>

0 10 20 30 40 50 60

Time {min)
Fig. 5 Time response curve of the proposed chitosan—AuNP system at
521 nm to ng+ in the presence of ascorbic acid (Ccpitosan—aunp = 3.5 X
107* g L™ chger = 2.0 X 107 mol L™, Cascorbic acia = 1.0 x 107 mol L%,
pH = 5.0).
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Fig. 6 The selectivity of the proposed chitosan—AuNP system to
different metal ions by (a) UV-vis spectra (from top to bottom: A%,
Ba%*, K*, Mg?*, Na*, Ni?*, blank, Pb%*, Sr?*, Cd?*, Co®*, Cu®*, Fe3*, Ag*
and Hg?*"); (b) the color change of chitosan—AuNP functionalized paper-
strips (Cchitosan—aunp = 3.5 X 10_4 9 L_ll Cascorbic acid = 1.0 X 10_5 mol L_ll
pH =5.0).

tion results accompanied by the visual color change are shown
in Fig. 7. From Fig. 7, some key analysis parameters, namely,
the calibration graph, detection limit and precision could be
obtained under optimized conditions. A linear relationship
between 1/A at 521 nm and cyg- is exhibited over the range of

B

Absorption Inbansity (a.u.)

Fig. 7 (a) Absorption spectra of the proposed chitosan—AuNP system in
the presence of different cyge. (from top to bottom: 0, 5.0, 10.0, 20.0,
30.0, 50.0, 75.0, 100.0, 125.0, 150.0, and 200.0 x 1078 mol L™); (b) a
linear relationship between 1/A at 521 nm and cygqe+; the corresponding
color change of (c) chitosan—AuNP aqueous solution and (d) its functio-
nalized paper-strips (Cchitosan-aunp = 3.5 X 107* g Lill Cascorbic acid = 1.0 X
10~ mol L™, pH = 5.0).

Table 2 Hg?* sensing results for some real environmental samples (n = 5)

Paper

5.0 to 200.0 x 10~® mol L™ with a correlation coefficient of
0.9926. The regression equation is 1/A = —3.9212 + 9.08 x 10~°
¢ (107 mol L™"). Based on the definition of the detection limit
(LOD),*”"*® the LOD for sensing Hg”" was determined to be up
to 3.2 x 10~° mol L™" by spectral analysis (Fig. 7b) and 5.0 x
10"® mol L™ by paper-based visible colorimetric analysis
(Fig. 7c and d). Both of the obtained LODs could meet the
requirement for detecting Hg”" in drinking water, as defined
by the WHO.**

Furthermore, the proposed chitosan-AuNP sensing system
was used to detect Hg>" in 3 real environmental water samples
(from the Yi River, underground water and tap water in
campus) and 4 fruit-vegetable samples (Table 2). For the recov-
ery study, a known concentration of Hg>* (100.0 x 10~® mol L)
was added and the total Hg>* content was calculated using the
proposed method as well as by ICP-MS. As shown in Table 2,
the recoveries are between 96.2% and 104.6% with R.S.D.
<2.6%. Importantly, all the data obtained from the proposed
chitosan-AuNPs system agree well with the results either from
our reports before using other sensors,*®*® or the results
obtained from inductively coupled plasma mass spectrometry
(ICP-MS), validating the reliability and practicality of the
proposed methods.

3.6 Reusability of chitosan-AuNP for Hg”* sensing

To make the best utilization of the proposed chitosan-AuNP
sensing system, its reusability was studied in detail (Fig. 8).
For the chitosan-AuNP aqueous solution, upon addition of
Hg>*, a color change from dark-red to yellow (Fig. 8a) was
observed due to the formation of gold amalgam onto AuNP. By

EDTA rinsing
— —_—
stirring enough

Fig. 8 The reversibility of (a) chitosan—AuNP solution and (b) its func-
tionalized paper-strips.

Samples Cuge- in sample (10~° M) Spiked (107 M) Found (107% M) Recovery (%) R.S.D. (%) Crigr by ICP-MS
The Yi river 39.4° 100.0 136.6 98.2 1.6 136.9
Under-ground 76.1° 100.0 184.7 104.6 3.3 185.2
Pure water 0.00° 100.0 96.2 96.2 0.9 95.9
Asparagus lettuce 0.00 100.0 103.5 103.5 2.6 100.6
Spinacia oleracea 0.00 100.0 97.1 97.1 1.7 99.7
Dang-shan pear 0.00 100.0 99.4 99.4 1.6 100.8
Red apple 0.00 100.0 104.2 104.2 3.1 100.2

“phosphate buffer, pH 5.0. ” The real values are the table values x1072 for the detected water samples concentrated by 100 times using N,

blowing methods.

This journal is © The Royal Society of Chemistry 2018

Analyst, 2018, 00, 1-7 | 5

10

@N
3

30

w
9]

9]
93]



10

30

w
93]

40

45

[9)]
9]

Paper

virtue of the strong coordination between ethylenediaminete-
traacetic acid (EDTA) and Hg®', addition of a sufficient
amount of EDTA into the mixture under vigorous overnight
stirring in oxygen atmosphere results in a colorful sediment.
Chitosan-AuNP is accordingly regenerated by extracting
mercury from the resulting Au-Hg assembly. After the colorful
sediment is filtered and washed with enough water, it could be
re-dispersed to regenerate a dark-red uniform dispersion by
sonication, possessing the same UV-vis spectrum shown in
Fig. 1b. The proposed chitosan-AuNP functionalized paper
strips could also be regenerated after reacting with a sufficient
amount of EDTA and rinsing with pure water several times
(Fig. 8b). The above results suggest that the proposed chito-
san-AuNP sensing systems can be repeatedly regenerated and
utilized.

4. Conclusions

An  environment-friendly  chitosan-Au  nanocomposite
(chitosan-AuNP) and its functional paper strips have been
identified and developed for the reversible colorimetric
sensing and removal of Hg>", accompanied by a visible color
change from dark-red to yellow. By virtue of the high affinity
between nanogold and mercury to form a gold amalgam, the
proposed chitosan-AuNP and its functionalized paper strip
could enrich and remove more than 93.5% of Hg** in an
aqueous solution with an initial concentration as high as
1.0 x 107> mol L™ by a simple filtration process. Both the
chitosan-AuNP dispersion and its functionalized paper strips
are efficiently applied as reusable colorimetric sensors to
recognize Hg”>" in real aqueous and some fruit or vegetable
juice samples with excellent recoveries between 96.2% and
104.6% and a low R.S.D. of <2.6%. Owing to their low toxicity,
the proposed chitosan-AuNP sensing systems would provide
general and effective insight for constructing environment-
friendly composites for the sensing and removal of various
toxic materials without sophisticated instruments.
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