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Abstract

Porphyrin-based porous organic polymer (POP) with uniformly immobilized platinum nanoparticles (Pt NPs) were designed
and synthesized, and it was demonstrated that such nanocomposites (Pt/POP) have oxidase-like activity. Surprisingly, Hg**
significantly enhanced the oxidase-like activity of Pt/POP. The enhancement was attributed to the capture of Hg>* by the
thioether group in Pt/POP and the subsequent redox reaction of Hg>* with Pt NPs, accelerating the electron transfer. In the
presence of Hg?", Pt/POP catalyzed the colorless 3,3',5,5"-tetramethylbenzidine (TMB) to turn blue rapidly and changed its
absorbance at 652 nm. Based on this, a fast-response colorimetric sensor was constructed for the sensitive detection of Hg>*
with a linear range of 0.2-50 pM and a detection limit of 36.5 nM. Importantly, Pt/POP can be used as an adsorbent for the
efficient removal of Hg?* with a removal efficiency as high as 99.4%. This work provides a valuable strategy for colorimetric

detection and efficient removal of Hg?*.
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Introduction

Hg”" is a highly toxic and non-biodegradable heavy metal
ion that produces harmful effects on a wide range of tissues
and organs [1-3]. Atmospheric deposition and industrial
emissions increase mercury deposition in lakes and soils
[4-6], and Hg?* is biologically taken up and amplified [7,
8], causing ecological and human health problems. Among
various analytical methods, including atomic absorption
spectrometry, inductively coupled plasma mass spectrome-
try, electrochemistry, fluorescence spectroscopy, and colori-
metric methods, colorimetric methods have become increas-
ingly popular because of their simplicity, low cost, and rapid
and naked-eye-visible color change. They have been widely
used for the detection of heavy metal ions [9, 10], small
molecules [11], and organic pollutants [12], among others.
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Currently, nanomaterials play a crucial role in the rapid
detection and effective removal of Hg?*. On the one hand,
composites based on noble metal nanoparticles provide a
sensitive method for detecting Hg?*. For example, Shi et al.
developed MXene/DNA/Pt nanocomposites with peroxi-
dase-like activity, which enabled quantitative detection of
Hg?* due to the inhibition of the peroxidase-like activity
of the nano-enzymes by Hg?* [13]. Li et al. proposed a
novel targeting COFs with sulfur-liganded Au atoms based
on Tz-COF@Au NPs with Hg?* activated peroxidase-like
activity and developed a strategy to detect Hg* [14]. On
the other hand, various functionalized nanomaterials such
as metal—organic frameworks [15], covalent organic frame-
works [16], porous organic materials [17, 18], and carbon
nanotubes [19] have been used to remove ngJr from water.
However, due to the high chemical activity and low affinity
of Hg?*, most of the nanomaterials used for Hg** detection
adsorb only a tiny amount of Hg?** [20, 21], and some of
them do not even remove Hg?* effectively [22—24]. There-
fore, designing and developing bifunctional nanomateri-
als that can detect Hg?* with high sensitivity and rapidity
and adsorb a large amount of Hg?* remains a significant
challenge.
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As emerging porous materials, porous organic polymers
(POPs) have attracted much attention in storage, catalysis,
and adsorption due to their high specific surface area, mul-
tilevel pore structure, and customizable units. In previous
reports, Hg?* can enhance or inhibit the catalytic activity of
noble metal nanomaterials (Au, Ag, Pt, etc.) [25, 26], and
noble metal-based catalysts have been developed as colori-
metric sensors for detecting Hg?*. Remarkably, uniformly
immobilized Pt NPs usually have excellent catalytic proper-
ties [27, 28]. Strong interactions between thioether groups
(-S-R) and Pt NPs have been found [29], and introducing
-S-R in porous materials to control the distribution of Pt
NPs is a new idea. In addition, the high affinity of -S-R for
Hg>* makes it easy to trap Hg?" [30], and the synergistic
interaction between the thioether-functionalized POPs and
the ordered pore structure results in a high mercury adsorp-
tion capacity [31]. Thus, the introduction of -S-R into porous
materials not only homogeneously immobilizes Pt NPs but
also shows excellent potential for Hg>* removal.

Here, we prepared POP by one-step condensation of pyr-
role and 2,5-bis (methylthio) terephthalaldehyde (BMTA).
Then, Pt/POP was prepared by in situ loading of Pt NPs
into the POP material using a thermal reduction method.
Pt/POP alone exhibited weak oxidase-like activity, but the
oxidase-like activity was significantly elevated when coex-
isting with Hg**. The Pt/POP-Hg>* system catalyzed the
chromogenic reaction of TMB, and based on that, a colori-
metric method was developed to detect Hg>*. Notably, the
proposed colorimetric sensor has the advantages of good
selectivity, simplicity, and rapidity in detecting Hg>* and
has been successfully applied to detecting Hg?* in indus-
trial wastewater. Meanwhile, Pt/POP can remove Hg2+ from
aqueous solutions.

Experimental section
Materials and instruments

2,5-dibromo-p-benzaldehyde, propionic acid, pyrrole,
sodium thiomethoxide (NaSCHj3), isopropanol (IPA), and
1,4-benzoquinone (PBQ) were purchased from Anhui Zesh-
eng Technology Co., Ltd. (Anhui, China). Ethylenediamine-
tetraacetic acid disodium salt (EDTA-2Na) was purchased
from Bide Pharmatech Ltd. (Shanghai, China). Histidine
(HD) was purchased from Shanghai Dipper Biotechnology
Co., Ltd. (Shanghai, China). 3,3',5,5'-tetramethylbenzidine
(TMB) was obtained from Aladdin Co., Ltd. (Shanghai,
China).

UV-8000X UV-visible spectrophotometer (Shanghai,
China) obtained the UV-visible absorption spectrum. Scan-
ning electron microscopy (SEM) images were performed on
a Hitachi SU-4800 (Japan) scanning electron microscopy.
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Transmission electron microscope (TEM) images were
obtained on a JEOL JEM-1011 transmission electron micro-
scope with an accelerating voltage of 100 kV. Powder X-ray
diffraction (XRD) patterns were recorded on a Bruker D8
Advanced X-ray diffractometer. X-ray photoelectron spec-
troscopy (XPS) data was collected on Thermo Scientific
K-Alpha.

Synthesis of Pt/POP nanocomposite

Details of the preparation of BMTA and POP were in Exper-
iments S1 and S2. 10 mg POP and 30 mg PVP-K30 were
added to a 20 mL glass vial, then 5 mL ethanol, 4.5 mL
deionized water, and 0.5 mL K,PtCl (0.1 M) were added,
mixed ultrasonically, and stirred for 3 h. The reaction was
carried out under vigorous stirring at 80 ‘C for 3 h. The
product was recovered by centrifugation and washed three
times with a mixture of ethanol and water (1:1). The product
was dried under vacuum at 60 °C for 24 h to obtain a black
powder.

Determination of Hg?*-enhanced oxidase-like
activity

POP was used as a control to investigate the enhancing effect
of Hg?* on the oxidase-like activity of Pt/POP. Pt/POP solu-
tion (200 pL, 25 pg/mL), Hg** (200 pL, 10 uM), and TMB
(200 pL, 100 pM) were added into NaAc-HAc buffer solu-
tion (1.4 mL, pH 4). The mixed system was reacted at room
temperature for 1 min, and then the absorbance was scanned
by a UV-visible spectrophotometer at 652 nm. The effects
of Pt/POP solution concentration, Hg2+ concentration, TMB
concentration, pH, temperature, and reaction time on the
enhancement of Pt/POP oxidase activity by Hg** were also
evaluated.

Colorimetric detection of Hg**

Pt/POP solution (200 pL, 25 pg/mL) and TMB (200 pL,
80 pM) were added to NaAc-HAc buffer (1.6 mL, pH=4),
and the reaction was carried out at room temperature for
2 min, and the absorbance value at 652 nm was measured
(Ay). Then, the absorbance values of different concentrations
of Hg2+ were measured under the same conditions (A ). The
relationship between AA (A,-A,) and Hg?" concentration
was plotted. In addition, the catalytic performance of Pt/POP
in different cations was explored to evaluate the selectivity
and sensitivity of Pt/POP to Hg?".

Removal of Hg**

The removal efficiency of Pt/POP as an adsorbent for Hg**
from aqueous solutions was investigated. The pH of the
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Scheme 1 A Synthesis of POP. B Preparation of Pt/POP by thermal reduction

aqueous Hg?" solution was adjusted to 7 with HNO; and
NaOH, then 1 mg of Pt/POP was dispersed into 5 mL of
aqueous ngJr solution (60, 70, 80, 90, and 100 ppm), and
the mixture was shaken for 6 h. The supernatant was sepa-
rated by centrifugation, the residual Pt/POP was filtered,
and the concentration of residual Hg?* was determined by
inductively coupled plasma-optical emission spectrometry
(ICP-OES).

Results and discussion
Characterization of Pt/POP

Briefly, POP was prepared by one-step condensation of pyr-
role and BMTA (Scheme 1A), and the two -S-R functional
groups of BMTA bind strongly to the metal NPs, facilitating
the formation of uniformly distributed Pt NPs in POP mate-
rials. Then, K,PtCl¢ was used as a precursor of Pt, and Pt
NPs were immobilized into POP materials using the thermal
reduction method (Scheme 1B).

The morphological characterization of POP and Pt/POP
was performed using transmission electron microscopy
(TEM) and scanning electron microscopy (SEM). As shown
in Fig. 1A, the prepared POP presented a uniform spherical

shape with an average size of 200 nm. The TEM images
of Pt/POP showed (Fig. 1B-C) that the ultra-small Pt NPs
were uniformly distributed in the POP material, and the
average particle size of the Pt NPs was 2.7+ 0.5 nm (inset
in Fig. 1D). The Pt lattice was observed from the inset of
Fig. 1E with a lattice spacing of 0.225 nm in the Pt (111)
plane [32]. After loading Pt NPs, the surface of POP became
rough (Fig. 1F). The energy dispersive X-ray spectroscopy
(EDS) images showed that the C, N, S, and Pt elements were
uniformly distributed on the Pt/POP (Fig. 1G). Due to the
limitation of the EDS method, no Fe was detected in Pt/POP.
Subsequently, further analysis by ICP-MS showed that the
weight percentages of Pt and Fe in Pt/POP were 8.73% and
0.20%, respectively. From the EDS and ICP-MS results, Pt/
POP is almost free of iron, but the addition of FeCl, plays
a crucial role in the size and morphology of the material.
The FT-IR spectra of POP and Pt/POP were comprehen-
sively compared (Fig. 2A). In the FT-IR spectrum of POP,
the C =0 stretching vibrational peak of BMTA (1688 cm™)
almost disappeared, and the C-H stretching vibrational peak
of methyl group (2918 cm™") appeared, indicating the suc-
cessful preparation of POP. In addition, the characteristic
peaks of Pt/POP were the same as those of POP, which
stated that the structure of POP remained intact even when
Pt NPs were formed. 13C CP-MAS NMR spectra further
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Fig.1 TEM images of (A) POP and (B-C) Pt/POP. D HRTEM
image of Pt/POP and the size distribution profile of Pt NPs (inset). E
HRTEM image of Pt/POP and the lattice pattern of the loaded Pt NPs

confirmed the successful synthesis of POP. As shown in
Fig. S1, the strong peak at 13.2 ppm was associated with
the carbon of the methylthio group [33], and the peaks at
100-150 ppm were attributed to the carbon of the benzene
and porphyrin rings. As shown in Fig. 2B, a typical broad
peak of POP (23.80°) appeared in the XRD plot of Pt/POP
since POP is an amorphous polymer, while characteris-
tic diffraction peaks were observed at 39.56°, 46.14°, and
67.08°, which can be attributed to the planar surfaces of the
Pt nanocrystals at (111), (200), and (220).
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(inset). F SEM image of Pt/POP. G HAADF-STEM image of Pt/POP
and the corresponding elemental mapping of C, N, S, and Pt

The chemical composition of Pt/POP was investigated
by X-ray photoelectron spectroscopy (XPS). The appear-
ance of the Pt 4f signal in the XPS full-scan spectra of Pt/
POP reconfirmed the successful growth of Pt NPs on the
POP surface (Fig. 2C). The binding energies of the elec-
trons in the Pt 4f orbitals were decomposed into Pt” and Pt>*
components, with peaks at 70.2 and 73.3 eV coming from
Pt 4f,,, and Pt 4f5), of Pt’, respectively, and peaks at 71.7
and 74.8 eV corresponding to Pt 4f,,, and Pt 4f,, of Pt*",
respectively (Fig. 2D). The pore size distributions of POP
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Fig.2 A FT-IR spectra of BMTA, POP, and Pt/POP. B X-ray diffrac-
tion patterns of POP and Pt/POP. C XPS analysis of Pt/POP. D XPS
spectrum for the Pt 4f species of Pt/POP. E Nitrogen adsorption and

and Pt/POP were analyzed by nitrogen adsorption—desorp-
tion isotherms (Fig. 2E-F). The BET-specific surface area
of POP was 552.98 m2/g, while that of Pt/POP was con-
siderably reduced (252.78 m?/g), which may be attributed
to Pt NPs clogging the pores. The major pore diameters of
POP and Pt/POP were concentrated at~4.30 and ~4.49 nm.
The pore volume of Pt/POP decreased significantly after the
loading of Pt NPs, which indicated that some of the Pt NPs
were located in the pores of POP. As shown in Fig. S2, the
mass loss of both POP and Pt/POP did not exceed 20% when
heated up to 300 °C, indicating both materials' good thermal
stability.

Catalytic activity of Pt/POP

To investigate the oxidase-like catalytic properties of Pt/POP
enhanced by Hg?*, the absorbance at 652 nm was studied
in different systems using TMB as substrate. As shown in
Fig. 3A, no absorption peaks and color changes of ox-TMB
were observed in the TMB or Hg?* + TMB systems. The
Pt/POP + TMB system showed weak absorption peaks and
blue color, but when Pt/POP coexisted with Hg2+, firm
absorption peaks appeared at 652 nm, along with appar-
ent blue color changes in the solution. It was found that
the catalytic performance of Pt/POP with the addition of

desorption isotherms of POP and Pt/POP. F Pore size distribution of
POP and Pt/POP

Hg?* increased 16-fold compared with that of pure Pt/POP
(Fig. 3B), confirming that the Pt/POP catalysts possessed
excellent Hg?"-enhanced oxidase-like activity. In addition,
the oxidase-like activity of the Pt/POP-Hg>* system was
significantly increased by 11 times compared with that of
the POP-Hg?* system. It is evident that the introduction of
Pt NPs accelerated the electron transfer and significantly
enhanced the Hg?*-enhanced oxidase-like activity of the
materials. The possible reason is that Hg>* binds to the -S-R
group in Pt/POP and changes its surface properties. Then,
Pt” undergoes a redox reaction with Hg>*, accelerating the
electron transfer and improving the catalytic performance
of Pt/POP.

Next, the experimental conditions, such as Pt/POP con-
centration, time, pH, temperature, and TMB concentration,
were optimized. As shown in Fig. 3C, when the Pt/POP con-
centration was 25 pg/mL, the absorbance at 652 nm showed
an increasing trend and then stabilized at 120 s. In addition,
the absorbance at 652 nm increased with increasing Hg>*
concentration and reached equilibrium at 120 s as the reac-
tion progressed (Fig. 3D). As shown in Fig. 3E-F, the oxi-
dase-like activity of Pt/POP-Hg>* was optimal at pH 4 and
25 °C. Therefore, 25 pg/mL Pt/POP, reaction time of 120 s,
buffer solution at pH 4, 25 °C, and 80 pM TMB (Fig. S3)
were considered the best conditions for detecting Hg>*.
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Fig.3 A The UV-vis absorption spectra of different systems, Inset:
Color change of Pt/POP+Hg>" +TMB system (1), Pt/POP+TMB
system (2), Hg2++TMB (3) and TMB (4). B Comparison of the
Hg?*-enhanced oxidase-like activity of POP and Pt/POP. C Vari-

Kinetic experiments under added Hg?* conditions ana-
lyzed the catalytic performance of Pt/POP. As shown in
Fig. $4, K,,=0.0259 mM and V. = 1.4x 10~ mM/s were
calculated using the Lineweaver-Menten equation (eq. S1).
The K,,, value of Pt/POP—HgZJr was minimal, which indicated
that Pt/POP had a good affinity with TMB in the presence
of Hg?*. In addition, the V,_ . value of Pt/POP was very
high and the reaction speed was breakneck. Kinetic studies
showed that the affinity of Pt/POP-Hg?* for TMB was sig-
nificantly better than that of other nanoenzymatic materials
(Table S1).

The catalytic mechanism of Pt/POP

Free radical trapping experiments determined the catalytic
process of Hg**-enhanced oxidase-like activity. To deter-
mine the reactive oxygen species (ROS), IPA, HD, PBQ, and
EDTA-2Na were utilized as scavengers of hydroxyl radical
(-OH), superoxide anion (O,:7), singlet oxygen (102) and
hole (h"), respectively. As shown in Fig. 4A and S5, IPA
had a negligible effect on the system, indicating that the
catalytic process did not produce -OH. When PBQ was pre-
sent in the system, the absorbance was slightly decreased,
indicating that the system made a small amount of O,-".
However, the absorbance of the system in the presence of
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POP. D Temporal variation of absorbance at 652 nm for the Pt/
POP+Hg?" + TMB system. Effect of (E) pH of buffer solution and
(F) temperature on the oxidase-like activity of Pt/POP-Hg?*

HD and EDTA-2Na decreased significantly, indicating that
the Hg?"-enhanced oxidase-like activity of Pt/POP origi-
nated from 'O, and h*.

Then, the mechanism of Hg?"-enhanced oxidase-like
activity of Pt/POP was further investigated. To verify the
binding of Pt/POP with Hg?*, we analyzed the surface prop-
erties and chemical compositions of Pt/POP before and after
Hg?* treatment by XPS spectroscopy. Unsurprisingly, com-
pared with the pristine Pt/POP, the complete XPS spectra of
Pt/POP-Hg** exhibited new characteristic peaks correspond-
ing to Hg 4f (Fig. 4B), indicating that Pt/POP can adsorb
Hg?*. It is reported that the -S-R functional group has a
strong affinity for elemental mercury. After the treatment
with Hg?*, the C and N species in the high-resolution C 1 s
and N 1 s remained almost unchanged (Fig. S6). In contrast,
the S species in the high-resolution S 2p shifted significantly
(Fig. 4C), the S 2p,), shifted from 162.05 to 162.55 eV, and
the S 2p,,, shifted from 163.10 to 163.50 eV, suggesting
that there was a strong interaction between the S species
and Hg** [34].

The characteristic peaks of high-resolution Pt 4f were
decomposed into Pt® and Pt>* components (Fig. 4D), and
the relative contents of Pt’ and Pt>* were analyzed before
and after Hg>" treatment. As shown in Fig. 4F, the rela-
tive content of Pt” decreased to 44.3%, and that of Pt**
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Fig.4 A Inhibition of Pt/POP-Hg>* + TMB system by different scav-
engers. B XPS spectra of Pt/POP before and after Hg?* incubation.
XPS spectra of Pt/POP before and after Hg?* incubation with high-

increased to 55.7%, indicating that the presence of Hg>*
accelerated the oxidation reaction. The high-resolution
Hg 4f of Pt/POP-Hg”" displayed two characteristic peaks
belonging to Hg 4f,, and Hg 4f5, of Hg-S bonding,
respectively (Fig. 4E), of which the peaks at 98.8 eV and
102.65 eV were related to Hg®, suggesting that there is a
process of reduction of Hg?* to Hg" on the surface of Pt/
POP, which may be similar to that of reduction of Hg** by
Pt NP@UiO-66-NH, [35]. In addition, the presence of ele-
mental mercury on the Hg?*-treated Pt/POP surface was
further verified by SEM and the corresponding elemental
mapping analysis (Fig. 4G). In summary, the mechanism
of the enhanced oxidase-like activity of Hg>* may be that
Hg?* binds to the S elements in Pt/POP to form Hg-S
bonds, which changes the surface properties of Pt/POP,
and the interaction between Pt’ and Hg?* accelerates the
electron transfer.

resolution (C) S 2p, (D) Pt 4f, and (E) Hg 4f. F Relative content of
Pt’ and Pt>* in Pt/POP before and after Hg?" incubation. G SEM
image and elemental maps of Pt/POP after Hg>* incubation

Colorimetric detection of Hg**

In the presence of Pt/POP, different concentrations of Hg2+
enhanced the color development reaction of TMB to vari-
ous degrees. Therefore, a colorimetric platform for detect-
ing Hg?* was constructed based on the Hg?*-enhanced
oxidase-like activity of Pt/POP (Scheme 2). As shown in
Fig. 5A, AA increased with increasing Hg?* concentration
and exhibited good linearity in the range of 0.2-50 pM, with
a limit of detection of 36.5 nM calculated according to the
306/k rule, which is lower than most of the nanomaterials
used for ngJr detection (Table S2). Next, the effects of other
interfering ions on the oxidase-like activity of Pt/POP were
investigated. As shown in Fig. 5B, the response intensity of
Hg?* at 652 nm was about 10 times higher than that of other
interfering ions, and the solution containing Hg?* showed
a distinct blue color, which indicated that Pt/POP had good

@ Springer
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Scheme 2 Colorimetric detection of Hg?* using Hg?**-enhanced oxidase-like activity of Pt/POP
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Fig.5 A Linear calibration plot of Hg?" at 652 nm (AA=A,-A,, A,, and A, represent absorbance at 652 nm before and after adding Hg>",
respectively). B Selectivity of detection of Hg?* compared to other interfering substances

selectivity for Hg>". In addition, the catalytic activity of
Pt/POP remained above 90% after two months of storage
(Fig. S7).

The Pt/POP + TMB sensing platform's feasibility for
detecting Hg?* was verified in actual water samples (indus-
trial wastewater). The wastewater was determined to be free
of Hg** by ICP-OES, so different concentrations of Hg>*
standard solutions (5, 10, and 30 pM) were added to the
actual samples, which were then analyzed using the Pt/
POP + TMB colorimetric platform. As shown in Table 1,
the recoveries were in the range of 96.1%-107.4% with the
relative standard deviations (RSD) of 1.97-2.28%, which
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indicated that the Pt/POP +TMB colorimetric platform has
good accuracy and practicability for the determination of
Hg?" in actual water samples.

Removal of Hg**

The -S-R functional group in Pt/POP strongly bonds with
mercury. In addition, Pt/POP has a large specific surface
area and rich pore structure. The removal efficiencies (eq.
S2) of Pt/POP were investigated with the initial concentra-
tions of Hg** of 60, 70, 80, 90, and 100 ppm, respectively.
Figure 6A showed the removal of Hg?" by Pt/POP for
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Fig.6 A Performance of Pt/POP as an adsorbent for Hg?" removal.
B Removal efficiencies at different pH values. C Adsorption of Hg?*
as a function of time. D Equilibrium isotherms for Hg?* adsorption

different concentrations of Hg*" with the highest removal
rate of more than 99.4%. The result indicated that Pt/POP
is a promising adsorbent that can effectively capture Hg>*
from aqueous solution.

The pH of the aqueous Hg?* solution (4-9) was adjusted
using HNO; and NaOH, and the initial concentration of
Hg?* was 150 ppm. The highest removal efficiency was
achieved at pH 7 (84.35%), as shown in Fig. 6B. The effect
of contact time on the adsorption performance was also
investigated. The adsorption capacity increased slowly
with the increase of contact time and reached equilibrium
within 8 h (Fig. 6C). The adsorption performance of Pt/
POP was evaluated by studying the adsorption capacity
of Pt/POP for Hg*". Equilibrium isotherms were meas-
ured for the adsorption of Hg?* by the Pt/POP, and the
equilibrium capacity (eq. S3) increased with increasing
equilibrium concentration (Fig. 6D). The adsorption char-
acteristics of Pt/POP were analyzed using Langmuir and
Freundlich models (eq. S4-5). The fitted parameters were

by Pt/POP at room temperature. E Pseudo-first-order model fitting. F
Pseudo-second-order model fitting

listed in Table S3, and the correlation coefficient of the
Langmuir model was 0.741, and the isothermal data were
more suitable for the Freundlich model (R*=0.995). In
addition, the Freundlich fitting results showed that the pre-
pared Pt/POP was readily adsorbed, and the adsorption
process was not uniform.

To better characterize the adsorption kinetics of Pt/POP
on Hg?*, pseudo-first-order and pseudo-second-order kinetic
models (eq. S6-7) were used to fit the experimental data of
q, and t. As shown in Fig. 6E-F, the correlation coefficient
of the pseudo-first-order kinetic equation was 0.9668, and
the linear fit of g, and t was more in line with the pseudo-
second-order kinetic equation (R2=0.9986), which indicated
that the adsorption of Pt/POP on Hg*" was mainly chem-
isorption. In addition, the adsorption capacity value (q,, ¢y,
621.12 mg/g) calculated by the pseudo-second-order model
was closer to the experimentally measured adsorption capac-
ity (qe, exp» 611.4 mg/g), further proving the accuracy of the
pseudo-second-order kinetic model (Table S4).
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Pt/POP was compared with other materials (Table S5).
Compared with the bifunctional materials, although the
detection limit of Pt/POP for Hg>* was slightly higher, its
adsorption capacity of Hg?™ was as high as 632.7 mg/g,
demonstrating the superiority in adsorption performance.
Moreover, the adsorption capacity of Pt/POP for Hg** was
even higher than that of most adsorbents, mainly attributed
to the abundant -S-R groups in Pt/POP, its inherent poros-
ity, and large specific surface area. Therefore, Pt/POP, as a
bifunctional nanocomposite, exhibits excellent potential for
application in catalysis and adsorption.

Conclusion

POP was synthesized using pyrrole and BMTA as mono-
mers, and then, Pt/POP was prepared by homogeneously
immobilizing Pt NPs into the POP material. It was found
that the oxidase-like activity of the Pt/POP-Hg?" system was
significantly increased 16-fold compared to the Pt/POP sys-
tem. A colorimetric method for the detection of Hg** was
developed based on the Hg?"-enhanced oxidase-like activity
of Pt/POP, which has the advantages of excellent selectivity,
wide detection range, and rapidity, and satisfactory recover-
ies in the detection of Hg?" in industrial wastewater. Mean-
while, Pt/POP, as an efficient adsorbent, showed potential
application in removing Hg?*. Nevertheless, the adsorption
mechanism of Pt/POP on Hg?" still needs to be explored
more comprehensively and deeply so that we can understand
its adsorption behavior more accurately. This work provides
new ideas for the rational design of multifunctional nanoma-
terials, which will expand the application of nanomaterials
in heavy metal detection and removal.
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