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Abstract: With co-reduction method, a new nanocomposite consisting of Cu and Pt (CuPt) was
prepared in household. The morphology of CuPt alloy was characterized by scanning electron
microscope (SEM) and transmission electron microscope (TEM). The diameter of CuPt was ca. 125 nm
measured by dynamic light scattering (DLS). The atom ratio of Cu to Pt was determined to be about
1.2 by energy-dispersive X-ray (EDX). Enzyme-like activities of CuPt, including peroxidase (POD)-like
and ascorbic acid oxidase (AAO)-like activities were examined with UV-Vis-NIR spectrometer.
The CuPt was found to interact with α, α-diphenyl-β-picrylhydrazyl (DPPH) in the presence or
absence of AA. With irradiation by light emitting diode (LED) light, the photocatalysis effect of CuPt
on DPPH was investigated. With the addition of histidine, it was proved that singlet oxygen had
an important role in the interaction involving CuPt. The new nanocomposite and the properties
suggest various potentials of application.
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1. Introduction

In recent years, certain achievements have been made in the metal nanomaterials as heterogeneous
catalysts, and this has led to various applications [1]. Among them, the enzyme-like activity and
antioxidant activities of metal nanomaterials have attracted intensive research interests in recent
years. To date, nanomaterials such as ferromagnetic nanoparticles, FeS, CuS, ZnS, and noble metals
have been reported to hold peroxidase (POD)-like, oxidase-like, catalase-like, superoxide dismutase
(SOD)-like, or ascorbic acid oxidase (AAO)-like properties [2,3], and have shown promising potentials
in several medical and biological detection systems [4]. Due to the economic cost, controlled synthesis,
tunable catalytic activities, and high stability, nanoparticles have been regarded as good candidates as
enzyme mimetics.

The nanocomposite consisting of Cu and Pt (CuPt) is a new kind of nanostructure, which was
expected to own excellent properties of both metals. Nanoparticles containing Cu and Pt element
have been used in various applications: Cu-Pt nanocrystals for CO2 electroreduction reaction [5]
bimetallic core-shell Cu@Pt nanoparticles for antibacterial activity [6], and Pt–Cu bimetallic alloy
nanoparticles supported on anatase TiO2 for photocatalytic aerobic oxidation [7]. As we know,
the morphology of metal nanoparticles is the key to exploring the active sites of catalysts and holds
great promise for the optimization of them [8]. Several groups have reported porous PtCu dendrites [9],
CuO/Pt nanoflowers [10], and PtCu diamond nanoparticle [11] exhibiting enzyme-like activity and
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being employed for detection, however, little is known about the nanoparticle involving the same
elements (Cu and Pt) with sphere morphology, and their enzyme-like properties and the interactions
with antioxidants in applications have been rarely investigated.

In this study, CuPt was synthesized by a co-reduced method and demonstrated to have both
POD-like activity and AAO-like activity, evidenced by the characteristic extinction of POD substrate
and AA. In addition, the scavenging effect of CuPt on DPPH and their photocatalytical effects were
examined, and underlying mechanisms were investigated.

2. Results and Discussion

2.1. Characterizations of the Nanocomposite Consisting of Cu and Pt

As shown in the image of scanning electron microscope (SEM) (Figure 1A), the prepared
nanocomposite was spherical with a rough surface. It can be seen from the image of transmission
electron microscope (TEM) that the nanoparticles’ diameter is about 125 nm (Figure 1B), consistent with
that obtained from the dynamic light scattering (DLS) of 124.9 ± 3.7 nm. The photo of CuPt solution
showed black (Figure 1C), that was possibly due to the full wavelength absorption on light (Figure S1).
Both Cu and Pt atoms were examined in energy-dispersive X-ray (EDX) detection, and the atom ratio
of Cu to Pt was 1.2 (Figure 1D). A powder X-ray diffraction (XRD) pattern of the CuPt displayed
peaks between single Cu (JCPDS 04-0836) and Pt (JCPDS 04-0802) (Figure 1E) [12,13], showing that the
spherical CuPt was an alloy involving Cu and Pt.
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2.2. Peroxidase (POD)-Like Activity of CuPt 

It has been reported that platinum (Pt) based or copper (Cu) based nanoparticles have excellent 
enzyme-like characteristics [14]. Therefore, we next examined whether CuPt had enzyme-like activity. 
Following the protocol for the catalytic activity of peroxidase (POD) evaluation [15], the colorimetric 
substrate o-phenylenediamine (OPD) in the presence of H2O2 was employed. Due to the fact that 2,3-
diaminophenazine has an extinction peak at 450 nm, which is produced by POD-catalyzed oxidation 
of OPD in the presence of hydrogen peroxide [16], we investigated the change of extinction at 450 nm 
to determine the oxidation degree of OPD. In the neutral phosphate buffer saline (PBS) solution, the 
addition of CuPt made the solution color change to yellow, while the solution without CuPt was still 
colorless (Figure 2A). This colorimetric reaction indicated the POD-like activity of CuPt. The POD-
like activity of CuPt in PBS with different pHs was also investigated (Figure S2), showing that the 
extinction at 450 nm changed larger in the solution of pH 3.65 than that in the neutral and alkaline 
PBS solutions (Figure 2B). Furthermore, the effects of different concentrations of CuPt were 

Figure 1. Characterizations of the nanocomposite consisting of Cu and Pt (CuPt). (A) Scanning Electron
Microscope (SEM) image of CuPt, (B) Transmission electron microscope (TEM) image. (C) Photo of
CuPt solution. (D) Energy-dispersive X-ray (EDX) images for CuPt. (E) Powder X-ray diffraction (XRD)
pattern of CuPt.

2.2. Peroxidase (POD)-Like Activity of CuPt

It has been reported that platinum (Pt) based or copper (Cu) based nanoparticles have excellent
enzyme-like characteristics [14]. Therefore, we next examined whether CuPt had enzyme-like activity.
Following the protocol for the catalytic activity of peroxidase (POD) evaluation [15], the colorimetric
substrate o-phenylenediamine (OPD) in the presence of H2O2 was employed. Due to the fact that
2,3-diaminophenazine has an extinction peak at 450 nm, which is produced by POD-catalyzed oxidation
of OPD in the presence of hydrogen peroxide [16], we investigated the change of extinction at 450 nm
to determine the oxidation degree of OPD. In the neutral phosphate buffer saline (PBS) solution,
the addition of CuPt made the solution color change to yellow, while the solution without CuPt was still
colorless (Figure 2A). This colorimetric reaction indicated the POD-like activity of CuPt. The POD-like
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activity of CuPt in PBS with different pHs was also investigated (Figure S2), showing that the extinction
at 450 nm changed larger in the solution of pH 3.65 than that in the neutral and alkaline PBS solutions
(Figure 2B). Furthermore, the effects of different concentrations of CuPt were monitored at pH 3.65
(Figure S3). The extinctions at 450 nm were changed in a dose-dependent manner with time in the
presence of CuPt (Figure 2C,D).
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Figure 2. Peroxidase (POD)-like activity of CuPt in phosphate buffer saline (PBS).
(A) Ultraviolet-visible-near infrared (UV-Vis-NIR) spectra of 1 µL CuPt with o-phenylenediamine
(OPD) and H2O2 in PBS (pH = 7.51) for every 2 min. The insert shows the photograph of corresponding
systems in the absence (left) and presence (right) of CuPt. (B) Effect of pH on POD-like activity
of 1 µL CuPt in PBS with different pH. (C) Effect of CuPt concentration in PBS (pH 3.65). (D) The
concentration-dependent absorbance changes after incubation for 5 min in PBS (pH 3.65). The solutions
contain 4.60 mM OPD and 0.50 M H2O2 for (A), (B), (C) and (D).

The POD-like activity was detected in water as well (Figure 3). As shown in the UV-Vis-NIR
spectra of OPD, the extinction at 450 nm in the presence of CuPt (Figure 3B) increased more than
that in the absence of CuPt (Figure 3A) within the same time period. Similarly, with the real enzyme
horseradish peroxidase (HRP), the extinction at 450 nm of OPD changed (Figure 3C), proving the
POD-like activity of CuPt. The extinction change was related to the concentration of H2O2 in the
solution (Figure 3D). With exponential fitting the curve of extinction was at 450 nm vs. various H2O2

concentrations (R2 = 0.995), suggesting that the POD-like activity of CuPt could be used to detect
H2O2 level.
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Figure 3. Peroxidase (POD)-like activity of CuPt in water and its application in detection of H2O2

concentrations. The time-dependent changes of UV-Vis-NIR spectra with (A) or without (B) the addition
of CuPt measured by every 2 min. UV-Vis-NIR spectra were collected in water containing 4.60 mM
OPD and 0.50 M H2O2 for 30 min. (C) UV-Vis-NIR spectra of horseradish peroxidase (HRP) oxidize
OPD in the presence of H2O2 for every 1 min. [HRP] = 2.3 nM, [OPD] = 4.60 mM, and [H2O2] = 0.50 M.
(D) Dependence of the extinction at 450 nm on different concentrations of H2O2 in water with 1 µL
CuPt and 4.60 mM OPD after incubation for 10 min.

2.3. Effect of CuPt on AA

As an active reducing agent, ascorbic acid (AA) can be oxidized by oxygen slowly. Optical
analysis methods for AA oxidation have attracted considerable attention as the optical analysis holds
the features of low cost, rapidity, simplicity and realization of color discrimination. Herein, the effect of
CuPt on AA oxidation was investigated by UV-Vis-NIR spectroscopy. It was found that the extinction
at 260 nm (characteristic absorption peak for AA) had leveled off after the initial ramp-down with
time (Figure 4A) in dose-dependent manner with CuPt (Figure 4B and Figure S4). Ascorbyl radical is
an intermediate formed during the oxidation of ascorbic acid by oxygen, and Electron spin resonance
(ESR) can directly detect this radical [17]. Thus, the ESR spectra of the ascorbyl radical were measured
both at CuPt and AA oxidase (AAO) (Figure 4C). This effect of CuPt on AA was similar to AA
oxidase [3,17], indicating CuPt had AA oxidase-like activity. As it is well known, reactive oxygen
species (ROS) play a key role in oxidation-reduction reactions. To figure out what kind of ROS play
an important role in the effect of CuPt on AA, mannitol (·OH scavenger) and histidine (scavenger of
singlet oxygen) [18] were supplemented in the system, which led to the decrease of extinction change
of the solution to different degrees. The extinction decreased significantly in the presence of histidine,
which suggested the singlet oxygen play a major role in the reaction of AA and CuPt (Figure 4D).
These results demonstrated that CuPt can reduce the antioxidant activity of AA.
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[AA] = 50 μg/mL, [AAO] = 0.2 U/mL, and the volume of CuPt was 0.005 μL. (D) The inhibitory effect 
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[AA] = 57 μM, [mannitol] = 5.50 mM, and [histidine] = 6.40 mM, and CuPt = 4 μL. 

2.4. Antioxidant Activity of AA Detected by DPPH 

Figure 4. Antioxidant assay of AA. (A) UV-Vis-NIR spectra of AA after incubation with 1 µL CuPt
for every 3 min. Insert was the change of extinction at 260 nm with time. (B) The extinction changed
with different concentrations of AA. (C) Electron spin resonance (ESR) spectrum of the ascorbyl radical.
[AA] = 50 µg/mL, [AAO] = 0.2 U/mL, and the volume of CuPt was 0.005 µL. (D) The inhibitory effect
on the oxidation of AA by incubating with mannitol and histidine for 2 min. The concentrations were
[AA] = 57 µM, [mannitol] = 5.50 mM, and [histidine] = 6.40 mM, and CuPt = 4 µL.

2.4. Antioxidant Activity of AA Detected by DPPH

α, α-diphenyl-β-picrylhydrazyl (DPPH), is a free radical scavenger to determine the antioxidant
activity of a compound [19]. The antioxidant activity of AA in the absence or present of CuPt was
investigated with the extinction spectra. Both the extinctions at 520 nm (characteristic absorption peak
for DPPH) and 260 nm changed over time (Figure 5A). To evaluate the antioxidant activity of AA
after reacted with CuPt, the extinction of mixed solution with different concentrations of CuPt was
monitored. The extinction at 260 nm decreased, while the one at 520 nm had no obvious changes
(Figure 5B,C), which indicated the DPPH method was not adaptive to determinate the antioxidant
activity of AA in the presence of CuPt. Note, the change of extinction at 260 nm was more obvious than
that at 520 nm, indicating CuPt reduced the ability of AA to scavenge DPPH. This also showed that
AA preferred to interact with CuPt instead of DPPH. By adding histidine, the change rate of extinction
at 260 nm decreased (Figure 5D). This was consistent with the effect of CuPt on AA, indicating that
histidine can inhibit the interaction between CuPt and AA.
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Figure 5. Antioxidant capacity of AA measured by α, α-diphenyl-β-picrylhydrazyl (DPPH) assay.
The concentration-dependent acceleration of CuPt reacted with the mixture containing DPPH and AA
measured by every 5 min. The concentrations are [DPPH] = 25 µM, [AA] = 57 µM, CuPt anocomposite
were 0 µL for (A), 1 µL for (B) and (D), 4 µL for (C), [histidine] = 6.40 mM for (D).

2.5. Interaction of CuPt with DPPH

As mentioned in Section 2.4, CuPt interfered with the reaction of AA and DPPH; we further
investigated whether CuPt had influences on DPPH in the absence of AA. The extinction of DPPH
changed in the presence of CuPt, showing CuPt interacted with DPPH alone (Figure 6A). This reaction
was also in a concentration dependent manner (Figure 6B and Figure S5). In the presence of histidine,
the extinction changes were inhibited significantly (Figure 6B and Figure S5). A LED light source with
full wavelength was used to irradiate the solution of CuPt and DPPH. The temperature of solution
reached no more than 30 ◦C after irradiating 5 min (Figure S6) using thermoelectric pair. It was found
that the extinction of DPPH changed more after the irradiation than that without light irradiation or
the solution at 30 ◦C in the presence of CuPt (Figure 6C), showing the photocatalysis effect on DPPH in
the presence of CuPt. To rule out the influence of light on DPPH itself, the extinction change of DPPH
solutions was investigated in the absence or presence of CuPt. As shown in Figure 6D, the extinction
of solutions containing DPPH and being irradiated by light changed more in the presence of CuPt than
that in the absence of CuPt. As DPPH is a stable radical and the signal attenuation of DPPH is one of
the criteria widely used to demonstrate the ability to scavenge ROS [20], and this result showed the
quenching effect of CuPt on DPPH both in the absence or present of light, therefore, the photocatalytical
effect of CuPt on DPPH required much attention to be paid in the application of DPPH.
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Figure 6. DPPH scavenging capacity and the photo-enhanced activity of CuPt. (A) UV-Vis-NIR
spectra of DPPH after incubation with 4 µL CuPt for 30 min at the time interval of 5 min. (B) The
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(C) The photo-enhanced oxidation of DPPH with 1 µL CuPt after 5 min. The temperature was 30 ◦C
under the light after 5 min. (D) The photo-enhanced oxidation of DPPH with 4 µL CuPt after 15 min.
The concentrations were [DPPH] = 25 µM, [histidine] = 6.40 mM for (A), (B), (C) and (D).

According to the literature, Pt-based nanoparticle has excellent properties with POD-like
activity [21], AAO-like activity [22], scavenge DPPH [23], and photocatalytic effect [24]. Incorporation
of metals resulted in the change of electronic structure of Pt, and it is an effective way to improve
catalytic and photocatalytic activity [24,25]. The catalytic and photocatalytic activity of Pt-based NPs
mainly resulted from the production of ROS and light-induced electron−hole separation [26], and the
mechanism of CuPt might be similar.

3. Materials and Methods

3.1. Materials

Potassium tetrachloroplatinate (II) (K2PtCl4), poly(styrenesulfate) (PSS), histidine, ascorbic acid
(AA), and mannitol were all purchased from Alfa Aesar. Horseradish peroxidase (HRP) and ascorbate
oxidase (AAO) were purchased from Sigma Aldrich (St. Louis, MO, USA). Hydrogen peroxide
(H2O2, 30 %) was purchased from Beijing Shiji (Beijing, China). Copper sulphate (CuSO4), α,
α-diphenyl-β-picrylhydrazyl (DPPH) was purchased from Shanghai Macklin Biochemical Co., Ltd.
(Shanghai, China). O-Phenylenediamine (OPD) was purchased from Aladdin Co., Ltd. (Shanghai,
China). All the reagents were used as received. Milli-Q water (18 MΩ cm) was used for preparation of
all solutions.

3.2. Preparation of CuPt

With 1.2 mM CuSO4 and 0.4 mM K2PtCl4 in the solution containing 0.05 mg mL-1 PSS (containing
3 mM NaCl), AA (160 mM) was added to co-reduction Cu2+ and Pt2+. The mixed solution was
incubated in the water bath (30 ◦C) for 2 h. The suspension was centrifuged once (12000 rpm 5 min)
and the precipitate was dispersed in 100 µL H2O, and then used directly in experiments.

3.3. Characterization

Scanning electron microscopy (SEM) images were taken on a field emission scanning electron
microscope (FESEM, Hitachi S-4800, Tokyo, Japan). Transmission electron microscopy (TEM) images
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were captured at an accelerating voltage of 200 kV from TEM-1400 plus microscope (JEOL, Tokyo,
Japan). Elemental analysis was performed with energy-dispersive X-ray (EDX) from SEM. X-ray
diffraction (XRD) was performed with Bruker D8 Advance powder X-ray diffractometer (Billerica, MA,
USA). All UV-Vis-NIR spectral data were collected from suspensions in cuvettes and were conducted
on a Lambda 950 ultraviolet-visible-near infrared (UV-Vis-NIR) spectrometer (PerkinElmer Co., Ltd.,
Waltham, MA, USA).

3.4. Peroxidase (POD)-like Activity of CuPt

The peroxidase-like property of CuPt was investigated using H2O2 and OPD as substrates.
Phosphate buffer solution (PBS) as the solvent which contains 2 mM KH2PO4, 8 mM Na2HPO4, 136 mM
NaCl, 2.6 mM KCl. Mixture of 2.0 mL PBS, 100 µL H2O2 (10 M), 10 µL OPD (0.92 M), were added
in a quartz colorimetric pool in the absence or presence of 1 µL CuPt solution. The pH dependence
analysis was conducted using PBS with pH ranging from 2 to 10 adjusted with HCl (12 M) or NaOH
(1 M). The concentration-dependent absorbance changes of CuPt were consecutively recorded at
450 nm.

3.5. H2O2 Detection

For detection of H2O2, 1 µL CuPt solution was added into 2.0 mL water, containing 100 µL H2O2

with different concentrations (0–50 µM), and 10 µL OPD solution (0.92 M). The mixture was subjected
to room temperature for 10 min. Then the absorbance at 450 nm was recorded by using the Synergy
H1 Hybrid Multi-Mode microplate reader (BioTek Instruments, Winooski, VT, USA).

3.6. Effect of CuPt on AA

The oxidation of AA was also detected by a spectrophotometric method. Mixture of 2.0 mL ascorbic
acid (AA, 57 µM) and CuPt solution with different volumes (1–4 µL) were added. Then the absorbance
at 260 nm was recorded. Electron spin resonance (ESR) technique was employed to investigate the
activity of AAO and CuPt on AA. ESR measurements were performed with a Bruker EMX ESR
spectrometer (Billerica, MA, USA) at ambient temperature. Specifically, aliquots of approximately
50 µL of samples were pipetted into glass capillary tubes with 1 mm internal diameter and sealed.
The spectra of the capillary tubes were recorded at 4 min. Other settings included 30 G scan range and
1 G field modulation, 20 mW microwave power for detection of AA radical.

3.7. Antioxidant Activity of AA Detected by DPPH

The antioxidation activity of AA measured by DPPH method was examined. The experimental
system contains different volume (1 and 4 µL) CuPt solution, 2 µL AA (57 mM), and 2.0 mL DPPH (25 µM).

3.8. Interaction of CuPt with DPPH

Free radical scavenging activities of CuPt were measured by the mixture of 2.0 mL DPPH solution
(25 µM) and CuPt with different volumes (1–4 µL).

3.9. The Photo-Enhanced Aactivity on DPPH

The photo-enhanced activities for the DPPH scavenging capacity of CuPt were detected as the
above method. The light source was a LED with the power of 15 W. The temperature was recorded
during the light by a thermoelectric pair. And the experiment was repeated without light in the water
bath at the same temperature for the same time to avoid the effect of temperature caused by light.

To examine the possible radicals in experiment system, 20 µL histidine (0.64 M) and 10 µL mannitol
(1.10 M) were added to the mixed solutions.
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3.10. Statistical Analysis

The experiments were performed three times and presented as mean values ± standard deviation.
Statistical significances were analyzed using the Student’s t-test and ANOVA. P < 0.05, *; P < 0.01, **.

4. Conclusions

In summary, the CuPt with diameter ca. 125 nm were synthesized with a simply co-reduction
method. This CuPt showed a POD-like activity on the substrate of OPD and AAO-like activity by
investigating their UV-vis-NIR spectra. CuPt was found to interfere with the reaction between AA and
DPPH when using DPPH method to determinate the antioxidant activity of AA. In the presence of
light, the reaction between DPPH and CuPt were enhanced, which indicates a photocatalysis role of
CuPt on DPPH. With adding histidine, the AA oxidase-like activity and effects on DPPH were inhibited.
We hope the findings here benefit the research on the properties and applications of nanocomposites.

Supplementary Materials: The following are available online at http://www.mdpi.com/2073-4344/9/10/813/s1,
Figure S1: Characterizations of the nanocomposite consisting of Cu and Pt (CuPt), Figure S2: Extinction spectra of
OPD in the presence of 1 µL CuPt in PBS with different pH, Figure S3: Extinction spectra of OPD with different
concentrations of CuPt in PBS (pH = 3.65), Figure S4: Extinction spectra of AA with different concentrations of
CuPt, Figure S5: UV-Vis-NIR spectra of DPPH after incubation with different concentration of CuPt without and
with histidine. Fiugre S6: Temperature curve of solution containing DPPH and 1µL CuPt.
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