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We present a simple, one-pot approach for synthesizing ultrafine platinum (Pt) nanoclusters (NCs) under alkaline conditions using
lysozyme (Lys) as a template. From the analysis of them by matrix-assisted laser desorption/ionization time-of-flight mass spectrometry,
Lys VlI-stabilized Pt NCs majorly consisted of Pts clusters. The formation of Pt NCs was confirmed using X-ray photoelectron
spectroscopy and Fourier-transformed infrared spectroscopy. The maximal fluorescence of Pt NCs appears at 434 nm with a quantum
yield of 0.08, a fluorescence lifetime of 3.0 ns, and excitation-dependent emission wavelength behavior. Pt NCs exhibit an intrinsic
oxidase-like activity because Pt NC can catalyze Oz oxidation of organic substrates through four-electron reduction process. Compared
with larger Pt nanoparticles, the Pt NCs produce substantially greater catalytic activity in the Oz-mediated oxidation of 2,2'-azino-bis(3-

ethylbenzothiazoline-6-sulphonic acid), 3,3',5,5'-tetramethylbenzidine, and dopamine.

1 Introduction

Molecule-like metal-based (Au, Ag, and Pt) nanoclusters
(NCs), comprising several to tens of atoms, have attracted a
considerable amount of attentionin the fields of heavy metal and
biomolecule sensing, catalysis, biological imaging and labeling,
and fuel cells." 2Compared to metal nanoparticles (NPs) with
diameters greater than 2nm, NCs exhibit greater catalytic
activities and have discrete electronic structures.* A high
percentage of the metal content of metal NCs is exposed to the
nanoparticle surface. For example, in a 2.0-nm NC, 50% of the
metal atoms are exposed. Consequently, metal NCs are highly
active catalysts for several crucial reactions; Au NCs have been
shown to catalyze the oxidation of carbon monoxide,* ° the
reduction of 4-nitrophenol,® and the reduction of oxygen.” Pt NCs
exhibit extraordinarily high levels of activity in oxidizing carbon
monoxide,® the reducing oxygen,” and oxidatively
dehydrogenating propane.'® Metal NPs, including Pt, Au, and Ag
NPs, often exhibit peroxidase- and oxidase-like activities, and can
catalyze the H202-mediated oxidation of peroxidase substrates,
the oxidation of glucose with co-substrate Oz, and the oxidation
of 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) (ABTS)
and 3,3',5,5'-tetramethylbenzidine (TMB) in the presence of O2.'""
15Au NCs exhibit peroxidase-like activity, and can catalyze the
oxidation of TMB in the presence of H20:.'® However, few
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studies have reported using metal NCs to mimic oxidase.

Although these NCs do not possess plasmonic properties, they
interact with light and undergo electronic transitions between
discrete energy levels. The emission wavelength of metal NCs is
tunable from the near-infrared to ultraviolet (UV) regions by
changing the number of metal atoms that are present within the
clusters.'”  For example, poly(amidoamine) dendrimer-
encapsulated Aus, Aus, Auis, Auzs, and Aus; clusters produce UV,
blue, green, red, and near-IR emissions, respectively.'® Moreover,
Ag NCs with core sizes ranging from Ag, to Ags emit over a
range of 400 to 600 nm.'>2° However, in all of the metal NCs,
relatively few studies have been devoted to the preparation of
fluorescent Pt NCs. Kawasaki et al. proposed a one-pot,
surfactant-free approach for synthesizing fluorescent Pt NCs with
4 to 6 Pt atoms in a N,N-dimethylformamide solution without
capping ligands.’!  Poly(amidoamine)  dendrimers  with
terminating hydroxyl groups were used as templates to direct the
growth of fluorescent Pts clusters and non-fluorescent Pt NPs by
reducing HaPtCls with NaBHa4.?2 In another approach, a two-step
process was developed to synthesize Pt NCs. First, nanometer-
sized Pt particles were prepared by reducing H2PtCls with NaBHa
in the presence of a capping agent, mercaptosuccinic acid.”> The
formed Pt particles were then etched to form Pt NCs by ligand
exchange between the capping ligand and glutathione (GSH) on
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reaction times, produce bulky Pt NPs, require the use of toxic
organic solvents, and require multiple steps.

Lysozyme (Lys) can act as both a reducing and stabilizing
agent in producing a wide variety of NPs, including Au,* Ag,?
S1,2¢ and TiO2-based NPs.2¢ Recently, Lys was successfully used
as a template for synthesizing Au NCs. The resulting Lys-
stabilized Au NCs were shown to inhibit bacterial growth,”’
detect Hg(IT) and CH3Hg(I),?® sense GSH,?® and catalyze H>O»-
mediated oxidation of TMB in the presence of graphene.?® We
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report a one-pot synthesis of fluorescent Pt NCs through the
reduction of HaPtCle with Lys at a low temperature (37 °C). The
as-prepared fluorescent Pt NCs produce an intense blue emission
at 437 nm, and in the presence of dissolved O, exhibit oxidase-
like activity to oxidize ABTS, TMB, and dopamine.

2 Materials and methods

Materials

Lys (chicken eggwhite) was purchased from MP Biomedicals
(Irvine, CA). H2PtCls:6H20, FeCls.6H20, FeCl2.4H20,
HAuCls-3H,0, NaBHsNa;HPOs, NaH:POs, NaCl, dopamine,
ABTS, TMB, methylene blue, sodium acetate, sodium citrate,
catalase (9473 units/mg, from Aspergillusniger), horseradish
peroxidase  (HRP;  50~150  units/mg), anda-cyano-4-
hydroxycinnamic acid were ordered from Sigma-Aldrich (St.
Louis, MO). Milli-Q ultrapure water (Milli-pore, Hamburg,
Germany) was used in all of the experiments.

Characterization of Pt NCs

Absorption, fluorescence, and Fourier-transformed infrared
spectroscopy (FT-IR) spectra of the Pt NCs were measured
usinga double-beam UV-visible spectrometer (Cintra 10e, GBC,
Victoria, Australia), a Hitachi F-7000 fluorometer (Hitachi,
Tokyo, Japan), and a Nicolet 6700 FT-IR spectrometer
(Thermo electron Corporation, Madison, WI) respectively. Time-
resolved fluorescence measurements were conducted on an
OB920  single-photon fluorometer  (Edinburgh
Analytical Instruments) with a pulsed nanosecond nitrogen lamp
as excitation source. The elemental compositions of the Pt NCs
were obtained using JAMP-9500F auger electron spectroscopy
(JEOL, Japan).Matrix-assisted laser desorption/ionization time-
of-flight mass spectrometry (MALDI-TOF MS) (BrukerDaltonics,
Germany) was performed to determine the molecular weight of
the Pt NCs. Prior to MALDI-TOF MS measurement, we mixed
saturated o-cyano-4-hydroxycinnamic acid containing 70%
acetonitrile with an equal volume of the purified Pt NCs and
pipetted the resulting mixture onto a stainless steel 384-well
target (BrukerDaltonics, Germany). In positive ion and reflectron
mode, each final mass spectrum was accumulated as an average
of 2000 single shot spectra. Laser fluence was set to 72 pJ/100
um?, Transmission electron microscopy (TEM) (JEM-1400;
JEOL, Tokyo, Japan) was used to measure the size and
composition of the Fe3O4, Pt, and Au NPs.

Preparation of Pt NCs, Pt NPs, Au NPs, and Fe304 NPs

counting

The preparation of the Pt NCs was performed by chemical
reduction of HoPtClewith Lys, as a soft template.A solution of
Lys (5 mL, 1-25 mg/mL) reacted with an equal volume of 10
mMHPtCls. The mixture was vigorously stirred for 2 min,
followed by the rapid addition of NaOH (500 pL, 1 M). The
obtained solution was incubated at 37°C overnight.To remove
excess Lys, a solution of Pt NCs was dialysed with 5 mM
phosphate buffer (pH 3) for two day. The concentration of the
obtained Pt NCs is denoted as 1x. The preparation of Pt NPs (5 £
2 nm and 30 £ 4 nm), Au NPs (13 £ 2 nm), and Fe3O4 NPs (13 £

2 nm) was described in the supporting information.
Pt NCs-induced oxidation reaction

Stock solutions of ABTS, TMB, and dopamine were prepared
in deionized water. Pt NCs (50 pL, 1x) were added to a solution
consisting of ABTS (100 uL, 1 mM), deionized water (350 pL),
and acetate (500 uL, 100 mM; pH 2.0-6.0). The pH of acetate
solution was adjusted by adding NaOH or HCI. The mixture was
incubated at ambient temperature for 0—60 min. The absorption
spectra of the mixture were collected using a visible
spectrophotometer. Under the same reaction conditions, TMB
and dopamine were used instead of ABTS, once at a time. To
study the steady-state mechanism of Pt NC-induced oxidation
reaction, variable concentrations of TMB (0.1-1 mM) was used
as substrates while the concentration of the Pt NCs (0.05x%) was
kept constant. The zero order rate constants were obtained from
linear plotting of the maximal absorbance versus time. Steady-
state kinetic assays were carried out in 50 mM sodium acetate
(pH 3.0). The kinetic parameter, Vmax and Km, were calculated
according to the Michaelis-Menten equation.

3 Results and Discussion
Synthesis and Characterization of Pt NCs

The preparation of Pt NCs was conducted prepared by
reducing H2PtCls with Lys under basic conditions at 37 °C for
12h. When the concentration of Lys varied from 1 to 25
mg/mLat a fixed concentration of H2PtCls (10 mM), the reaction
of H2PtCle with 5 mg/mL (approximately 0.35 mM) Lys showed
the most intense fluorescence intensity at 434 nm (Fig. S1,
ESI).At the Lys concentrations of 1 and 2 mg/mL, the formed Pt
NCs exhibited weaker fluorescence as a result of the production
of large-sized Pt NCs. Similar phenomena were observed when
bovine serum albumin (BSA) and Lys were used to prepare BSA-
and Lys-stabilized AuNCs, respectively.?® 3'In the concentration
range of 10-25 mg/mL Lys, the fluorescence of the as-prepared
Pt NCs progressively decreased with increasing Lys
concentrations. This is probably due to the fact that a large
amount of the precursor was consumed in the formation of nuclei,
resulting in a decrease in the formation of Pt NCs. We suggest
that the role of Lys is to act as the sole reducing agent. Thus, a
high molar ratio of Lys to H2PtCle facilitates the formation of Pt
NCs, while a low molar ratio of Lys to H2PtCls induces the
production of Pt NPs and Pt NCs. Taken together, 5 mg/mL was
selected for the subsequent study. Because the size of the
resulting Pt NCs was too small to be observed in standard TEM.!
Thus, MALDI-TOF MS was used to determine the size of the
metal NCs! and confirm the production of Pt NCs. The molecular
weight of Lys was determined to be 14.3 kDa by using MADLI-
TOF MS (Fig. 1A). When Lys was incubated with a solution of
H2PtCle, the resulting solution was immediately detected using
MALDI-TOF-MS. Fig. S2 (ESI) shows that the formation of
Au*-Lys complexes caused a shift in molecular mass. Compared
to Lys and Au™—Lys complexes, the MALDI-TOF MS spectrum
for Lys-stabilized Pt NCs consisted of several peaks between m/z
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14000 and 16000 (Fig. 1B). One of these peaks appearing at
14318 was assigned to [Lys + H]J", while other peaks with an
average m/z of 15098 corresponded to different sizes of Lys-
stabilized Pt NCs. According to the difference in m/z value
between the above average peak and Lys peak, the average
number of Pt atoms in Lys-stabilized Pt NCs is 4. This signifies
that Pt4 clusters are major products in a mixture of Pt NCs. This
result also reflects that Lys may remain bound to Pt NCs during
the MALDI-TOF MS process. Similar phenomena occurred
during the MALDI-TOF MS analysis of protein-stabilized Aus
and Auas clusters.?®31-32 Differences in the molecular weights of
Lys and Lys-stabilized Pt provide clear evidence for the
formation of Pt NCs. X-ray photoelectron spectroscopy (XPS)
was used to determine the valence state of Pt NCs. The XPS
spectrum of dried Pt NCs revealed a peak indicative of Pt 4f7 at
71.7 eV, which differs from the reported XPS peaks for PtCla,
PtClz, and bulk Pt, which appear at 75.0, 73.2, and 70.9 eV,
respectively (Fig. 2) °.
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Fig. 1 MALDI-TOF mass spectra of (A) Lys and (B) Lys-
stabilized Pt NCs

Moreover, the peak position of Pt 4f;, for Pt NCs appears
between the Pt(0) and Pt(II) peak positions. Relative to the
binding energy of bulk Pt, Pt NCs showed the positive shift in the
Pt 472 peak position. This shift is attributed to the fact that the
binding energy of metal clusters increases with reducing cluster
size. The best fit of the data reveals that the Pt NCs contained
approximately 67% Pt(I) and 33% Pt(0); there was no evidence
for the presence of an oxidized precursor, Pt(I)Cls>. This is
similar to the reported composition of glutathione-protected Pt
NCs, which contained 90% Pt(I) and a complementary Pt(0)
content.?3 Lin and Tseng reported that Hg?" induces fluorescence
quenching of Auas clusters through the formation of metallophilic
bonds between Hg(II) (4f'45d'%) and Au(I) (4£45d').2® This
effect could be applied to demonstrate the presence of Pt(0) in Pt
NCs because Pt(0) (4f'*5d'%) can bind to Hg(Il) through
metallophilic interactions.®®> Fig. S3 (ESI) shows that
fluorescence quenching of Pt NCs occurs when the Hg(I) ion is
added, confirming the presence of Pt(0) in Pt NCs. FT-IR was
used to examine the interactions between Lys and Pt NCs. The
FT-IR spectrum of Lys contains two major bands at 1664 and

1543 cm’!, which correspond to amide I (C=O stretching) and
amide II (N-H bending coupled with C-N stretching) bonds,
respectively (curve a in Fig. S4, ESI). By contrast, the FT-IR
spectrum of Lys-stabilized Pt NCs shows less intense absorptions
at 1664 and 1543 cm’!, suggesting that there are fewer amide I
and II bonds present because the occurrence of the Lys secondary
structure decreased (curve b in Fig. S4, ESI). Comparing the Lys
and Lys-stabilized Pt NC spectra reveals that the Lys amide I and
II bonds are blue-shifted in the complex, suggesting that Pt NCs
interact with the Lys peptide bonds. Sennuga et al. reported that
the interaction between Pt NPs and apoferritin results in similar
shifts in the amide I and II absorption bands.>*

6260
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5864

5732
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Binding energy (eV)

Fig. 2 X-ray photoelectron spectrum of Lys-stabilized Pt NCs.
The original spectrum is in black, the fitted spectrum is in red, the
Pt(I) 4f72 spectrum is in blue, and the Pt(0) 4f72 spectrum is in
green.

Optical Properties and Stability of Pt NCs

In a solution,H2PtCls has an absorbance maximum at 260 nm
(Fig 3A), which results from a ligand-to-metal charge transfer
within the [PtCls]* ions.>* Following the addition of Lys to a
solution of the [PtCls]* ions, the absorbance intensity at 260 nm
decreases (Fig. 3A), whereas the fluorescence gradually increases
(Fig. 3B). After incubating overnight at 37 °C, the fluorescence
intensity of a mixture of the [PtCls]> complex ions and Lys was
remarkably larger than that of Lys (Fig. S5, ESI). These results
suggest that the observed blue emission arises from the Pt NCs,
and not from Lys. Thus, a mixture of the [PtCls]* complex ions
and Lys progressively converted to Pt NCs over time. The
maximal emission shifts to longer wavelengths when the
excitation wavelength increases from 350 to 500 nm, suggesting
that the as-prepared solution contains a mixture of Pt NCs with
different particle sizes (Fig. 3C). When a long pass filter (475 nm
cut-off filter) was used to block scattering from the excitation
wavelength, we still observed that the maximal emission shifted
from 510 to 556 nm by changing excitation wavelength from 425
to 465 nm (Fig. S6, ESI). We rule out that excitation-dependent
change in spectra is due to scattering from Lys and Pt NCs. Thus,
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excitation-dependent fluorescence behavior arises from different
sized NCs in the as-prepared solution. Kawasaki et al. found that
the maximal fluorescence emission wavelength for ligand-free Pt
NCs increases when the excitation wavelength increases.?! The
most intense fluorescence emission occurs at 434 nm when the
solution was excited at 370 nm, indicating that Pts clusters are
dominant in a mixture of Pt NCs, according to the spherical
Jellium model:3®
EFermi/N"3 (Efermi = 4.28 €V for Pt).

A tetrahedral geometry provides the lowest energy structure for
Pts clusters.’” Using quinine sulfate as the reference, we
estimated that the Pt NCs provide a quantum yield of 8% (Fig. S7,
ESI). Numerically fitting the fluorescence at 434 nm (excitation
at 370 nm) revealed a fluorescence lifetime of 3.0 ns for the blue-
emitting Pt NCs (Fig. 3D). This short lifetime may originate from
singlet transitions between the filled d- and sp-conduction bands.
To demonstrate the formation of different sized Pt NCs, lifetime
values of green-emitting Pt NCs were obtained by numerically
fitting the fluorescence at 520 nm (excitation at 485 nm). Fig. S8
(ESI) shows that Pt NCs exhibited two lifetime of 5.4 (73%) and
36.1 ns (27%). We tested the stability of Pt NCs by monitoring
their fluorescence in a 50-mM phosphate solution (pH 7.0)
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containing 0—400 mM NaCl (Fig. S9, ESI).The fluorescence
remained constant for the range of test conditions, indicating that
Pt NCs have potential for molecular sensing under physiological
conditions.

Pt NCs Mimic Oxidase Activity

HRP catalyzes the H2O2-mediated oxidation of ABTS and
TMB. These dyes have applications in bioassay, such as enzyme-
linked immunosorbent assay (ELISA), and Dbiosensing
applications. Recently, NP-based materials, including Fe3Os and
Au NPs, were used in place of HRP because they offer greater
resistance to denaturation and protease digestion and are simpler
to prepare and store.!'33% However, the peroxidase-catalyzed
reactions require H2O2 as an electron acceptor. CeO2 NPs, Pt
nanodot-coated Au nanorods, and PdPt alloy nanodot-coated Au
nanorods exhibit oxidase-like activity in the catalytic Oz
oxidation of ABTS and TMB.*-#> Because the template-based
direct synthesis of metal NCs does not require using stabilizing
ligands, metal clusters located in templates can provide non-block,
active surfaces for catalyzing chemical reactions.! We used Lys
as a template for synthesizing Pt NCs and investigated whether

6000
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1 1
500 550
Wavelength (nm)

650

Original spectrum
— Fitted spectrum

Counts

Time (ns)

35 Fig. 3 (A) Absorption and (B) fluorescence spectra obtained from the synthesis of Pt NCs at different growth times. (C) Fluorescence
spectra of Pt NCs with excitation of different wavelength. (D) Fluorescence lifetime decay of Pt NCs.
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30 Fig. 4 (A) Effect of solution pH on the catalytic rate of Pt NCs. 0.05x Pt NCs were incubated with a solution containing 0.1 mM ABTS
and 50 mM sodium acetate. (B) Photographs of colored product obtained from the reaction of 0.05x Pt NCs with 0.1 mM ABTS, 0.1 mM
TMB, and 0.1 mM dopamine at pH 2.0, 3.0, and 7.0, respectively. (C) Double reciprocal plot of activity of Pt NCs with the constant
concentration of Pt NCs. The velocity (v) obtained from the incubation of Pt NCs with different concentration of TMB at pH 4.0. (D)
The intensity of the absorbance at 414 nm of oxidized ABTS obtained in the absence (a) and presence of (b) Lys, (c) HRP, (d) 13 nm
35 diameter Au NPs, (e) 13 nm diameter Fe3O4 NPs, (f) 30 nm diameter Pt NPs, (g) 5 nm diameter Pt NPs, and (h) Pt NCs. ABTS (0.1 mM,
pH 2.0) was incubated with nanomaterial/protein at ambient temperature for 10 min. The concentration of each nanomaterial and protein

was fixed at 5 mg/mL.

Lys-stabilized Pt NCs catalyze the oxidation of ABTS and
TMB. Lys-stabilized Pt NCs were incubated with ABTS in 50
mM acetate solution at pH 2.0-6.0.Fig. 4A and 4B show the
time-dependent absorbance at 414 nm and color changes of 0.1
mM ABTS following the addition of 0.05x Lys-stabilized Pt
NCs to an ABTS solution with a pH ranging from 2.0 to
6.0.Fig. S10 (ESI) shows their corresponding visible spectra. In
the absence of H202, the maximal catalytic rate for Pt NC-
catalyzed oxidation of ABTS was at pH 2.0. In the absence of
Pt NCs, no oxidation of ABTS is apparent over the pH range of
2.0 to 6.0 (Fig. S11, ESI).Under the same concentration of Pt
NCs, 0.1 mM TMB underwent Pt NC-induced oxidation and
color change at acidic pH levels (Fig. 4B; Fig. S12, ESI). By
monitoring the change in absorbance at 650 nm, the maximal
catalytic rate for Pt NC-catalyzed one electron oxidation of
TMB was at pH 3.0. This result is inconsistent with our
prediction that the most rapid oxidation of TMB occurs at pH
2.0 in the presence of Pt NCs. This is probably attributed to the
fact that Pt NCs catalyze two electron oxidation of TMBat pH

2.0, generating the oxidized TMB with an absorbance
maximum at 450 nm.*> We used dopamine to verify the Pt NCs
oxidation properties because of its resistance to oxidation.
Adding 0.05x Pt NCs to a solution of 0.1 mM dopamine at pH
7.0 caused the solution to change from colorless to orange
(Fig. 4B) and the characteristic absorption bands in the UV-
visible spectrum to emerge (Fig. S13, ESI). These changes are
characteristic of dopamine conversion to aminochrome, a major
oxidation product.** In the absence of Pt NCs, the UV-visible
spectrum and color of the dopamine solution remain almost
constant, even after days of incubation. Taken together, these
results clearly demonstrate the intrinsic oxidase-like activity of
Pt NCs. Fig. 4C shows that, at a pH of 4.0, the catalytic activity
of Pt NCs toward the oxidation of TMB follows a Michaelis-
Menten mechanism. The Michaelis constant (Km) and maximal
velocity (Vmax) were determined to be 0.63 mM and 2.7 pM s°1,
respectively, by using the Michaelis-Menten equation.
Compared to HRP- and Fe3;O04 NP-catalyzed oxidation of TMB
in the presence of H202,3 Pt NCs provide a relatively small
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Fig. 5 Absorption spectra of a solution containing 0.1 mM
ABTS, 0.05x Pt NCs and 50 mM sodium acetate (pH 2.0)
under (a) N2-saturated and (b) aerobic conditions.

value of Km (high affinity for the substrate), and a relatively
large value for Vmax. This result clearly indicates that Pts
clusters provide higher catalyst efficiency even in the absence
of H202. Additionally, in comparison with oxidase-like activity
of CeO2 NPs (size = 5-100 nm, Km = 0.8-3.8mM, Viax =
0.3-0.7 uM 71,40 Pt Ncs show lower Kim value and higher Vinax
value than CeO2 NPs. In addition to examining Pt NCs, we
investigated whether HRP, Lys, Fe3Os4 NPs (13 £2 nm), Au
NPs (13 £ 2 nm), Pt NPs (30 + 4 nm), and Pt NPs (5 £ 1 nm)
catalyze the oxidation of ABTS in the absence of H20a.
However, Fig.4D reveals that only Pt NCs exhibited high
performance in the catalytic oxidation of ABTS.

The catalytic oxidation of ABTS by Pt-based nanomaterials
follows the trend Pt NCs > Pt NPs (5 nm) > Pt NPs (30 nm),
suggesting that the catalytic activity of Pt-based nanomaterials
is highly dependent on particle size. This is attributed to the
fact that Pt NCs has a high surface area to volume ratio, thus
providing more active sites for the catalysis of ABTS. This
result also suggests that the use of a template did not block the
active surfaces of metal clusters during catalysis. Previous
studies have demonstrated that Pt NCs can efficiently catalyze
the reduction of oxygen to water through a four-electron
reduction reaction in electrocatalytic processes.” 4 He et al.
coated Au nanorods with Pt nanodots and used them as oxidase
mimetics for the catalytic oxidation of TMB through a four-
electron process.*! They suggested that Au-Pt nanostructures,
dissolved O, and TMB served as a catalyst, an electron
acceptor, and an electron donor, respectively. Fig. 5 shows that
the as-prepared Pt NCs cannot catalyze the oxidation of ABTS
under Nz-staturated conditions, which indicates the importance
of Oz in the oxidation process. Because Pt NCs could reduce Oz
to H2O2 through a two-electron reduction process [O2(g) +
2H*(aq)+ 2e— H202(aq)] and then catalyze H20z-mediated
oxidation of organic substrate, catalase converting H.O: into
water was used to exclude this possibility. Because the
absorption spectrum of oxidized ABTS overlaps that of
catalase, TMB was used instead of ABTS. Fig.S14 (ESI)
shows that catalase rarely inhibited the Pt NC-catalyzed O2
oxidation of TMB. According to previous studies and our

present findings, we propose that the possible mechanism of Pt
NC-catalyzed O oxidation of organic substrates involves a
four-electron reduction process [O2(g) + 4H'(aq) + 4e—
2H20(/)]. Moreover, dissolved Oz and ABTS act as an electron
acceptor and an electron donor, respectively.These findings
motivated us to apply Pt NCs to the oxidation of pollutants in
environmental water. Following the addition of Pt NCs, the
665-nm maximal absorbance of methylene blue in lake water
samples gradually decreased (Fig. S15, ESI). Pt NCs degrade
methylene blue in a complex matrix in the absence of H2O2. By
contrast, previous studies have reported that high
concentrations of HxO2 are required for metal NP-induced
degradation of environmental pollutants.*6

Conclusions

This study has reported a straightforward one-pot approach
to preparing blue-emitting and oxidase-like Pt NCs using Lys
as a template at a pH of 12.0. This result is helpful to realize
that protein can act as unique template for synthesizing not
only Au and Ag NCs, but also Pt NCs. Lys-stabilized Pt NCs
catalyze the Oz oxidation of ABTS, TMB, and dopamine
through a four-electron reduction process. We demonstrated the
practical applicability of Lys-stabilized Pt NCs in degrading
methylene blue in the absence of H202. We found that the
fluorescence quenching of Pt NCs occurs in the presence of
Hg(I) and Cu(ll), and this is a subject requiring further
investigation.
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