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1. Experimental Section 

1.1 Materials  

N,N-Dimethylformamide (DMF), acetone, dopamine (DA), urea, uric acid, histi-

dine, lysine, tryptophan, alanine, serine, tyrosine, 2-aminotereph-thalic acid (NH2-BDC), 

sodium hydrogen phosphate dihydrate, hexane, sodium dihydrogen phosphate anhy-

drous were purchased from Sun Chemical Technology (Shanghai) Co., Ltd. Terephthalic 

(TA), H2PtCl6·6H2O, Polyvinyl pyrrolidone (PVP, Mw=58 000), FeCl3·6H2O, CH3COOH, 

CH3COONa, ethylene glycol, 1, 2-diaminobenzene (OPD), hydrogen peroxide (H2O2, 

30%), 2, 2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) were all purchased 

from Shanghai Aladdin Biochemical Technology Co., Ltd. 3, 3', 5, 

5'-tetramethylbenzidine (TMB) was obtained from Shanghai Adamas Reagent Co., Ltd. 

Ultrapure water (≥18 MΩ, Millipore) was used in all experiments 

1.2 Instruments 

The scanning electron microscopy (SEM) images were performed using a Hitachi 

SU8010 (Hitachi, Tokyo, Japan) scanning electron microscope. The transmission electron 

microscope (TEM) images, The high-resolution TEM (HRTEM), and elemental mapping 

analyses were conducted on a JEOL-2100F (JEOL, Tokyo, Japan). Powder X-ray diffrac-

tion (XRD) patterns were obtained from a Rigaku Smart Lab (Rigaku Corporation, Tokyo, 

Japan). A Thermo Fisher K-alpha X-ray photoelectron spectrometer using a monochro-

matic Al Kα radiation excitation source was used to measure X-ray photoelectron spectra 

(XPS) (Thermo Fisher, Massachusetts, USA). The Fourier transform Infrared (FT-IR) 

spectra were characterized by a Nicolet FT-170SX spectrometer within 500–4000 cm-1 

(Thermo Fisher, Massachusetts, USA). The amount of Pt NPs in NH2-MIL-101 was 

measured by an inductively coupled plasma source mass spectrometer (ICP-MS) (Agilent, 

California, USA). The Brunauer-Emmett-Teller (BET) surface area of the samples was 

obtained with Anton Paar Autosorb-IQ analyzer (Anton Paar, Florida, USA). Fluores-

cence spectra were obtained using an FS5 fluorescence spectrometer (Thermo Fisher, 

Edinburgh, United Kingdom). All the Ultraviolet-visible (UV-vis) absorbance spectra 

were measured by UV756CRT (YOKE Instrument, ShangHai, China). 

1.3 Synthesis of NH2-MIL-101 

NH2-MIL-101 was synthesized with minor modifications based on previous reports 

[1]. 36.2 mg NH2-BDC (0.2 mmol) and 108.0 mg FeCl3·6H2O (0.4 mmol) were added to 20 

mL DMF solution. The solution was completely dissolved by ultrasonic treatment at 

room temperature and then stirred for 1 h. The mixture was then transferred to a 30 mL 



 

 

Teflon autoclave and reacted in an oven at 110 °C for 24 h. After the reaction, the sample 

was naturally cooled to room temperature, the precipitate was separated from the reac-

tion mixture by centrifugation (1000 rpm, 10 min), and the unreacted feedstock was 

washed several times with DMF and ethanol to remove. Then, the precipitate was im-

mersed in ethanol for 24 h to achieve the exchange of guest solvent molecules with eth-

anol, and collected by centrifugation. Finally, the obtained brown solid was vacuum 

dried at 60°C for 12 h for further characterization and modification. 

1.4 Synthesis of Pt NPs 

The synthesis of Pt NPs was slightly modified according to the reported [2], and the 

specific operations were as follows: First, PVP (222 mg, Mw = 58,000) was completely 

dissolved in 20 mL ethylene glycol solution under ultrasound, and then 50.75 mg 

H2PtCl6·6H2O was added to the solution until the solution was dissolved by ultrasound. 

The mixed solution was then transferred to a 50 mL round-bottomed flask for 10 min in 

an oil bath at 180 °C. After cooling to room temperature, the obtained dark brown solu-

tion was added to 120 mL acetone and centrifuged at 10,000 rpm for 10 min to obtain 

PVP-coated Pt NPs. Finally, the precipitate was washed several times with ace-

tone-hexane (v/v= 1:1) to remove excess PVP, and the Pt NPs were dispersed in 20 mL 

DMF for later use. 

1.5 Determined the catalytic ability of NH2-MIL-101, Pt NPs, and Pt/NH2-MIL-101 

The specific operation is as follows: 50 µL Pt NPs (2.5 µg/mL), NH2-MIL-101 (1 

mg/mL) and Pt/NH2-MIL-101 (1 mg/mL) were added into three equal volumes of 

HAc-NaAc buffer solution (0.1 M pH = 4.0), respectively. Then 50 µL TMB (10 mM) and 

50 µL H2O2 (10 mM) were added into the mixture and reacted for 10 min. The absorbance 

of the reaction system at 652 nm was determined to evaluate the catalytic ability of each 

material. 

1.6 Evaluate the effect of reaction conditions on the peroxidase-like activity of Pt/NH2-MIL-101 

1.6.1 Optimize pH  

The mixed solution of 50 µL Pt/NH2-MIL-101 (800 g/mL), 50 µL TMB (10 mM) and 

50 µL H2O2 (10 mM) was added into 1850 µL HAc-NaAc (0.1 M) buffer solution with pH 

3.0–9.0, respectively. After reacting at 25 °C for 10 min, recorded the UV absorbance 

values at 652 nm at different pH values, and measured them three times to reduce the 

experimental error. 

1.6.2 Optimizing temperature  

The mixed solution of 50 µL Pt/NH2-MIL-10 (800 g/mL), 50 µL TMB (10 mM) and 

50 µL H2O2 (10 mM) was added into 1850 µL HAc-NaAc (0.1 M, pH=4.0) buffer solution, 

respectively. The mixed solution was reacted at a constant temperature of 25–70 °C for 10 

minutes, and three groups of data were still measured to observe the change in absorb-

ance with temperature and measured three times to reduce the experimental error. 

1.6.3 Steady state dynamic analysis  

The catalytic activity of the Pt/NH2-MIL-101 hybrid nanozyme was mainly evalu-

ated by the Michaelis-Menten equation and double reciprocal linear fitting curve. Kinetic 

parameters ���� , ��  were mainly calculated by Michaelis-Menten and Lineweav-

er-Burk equations: 

� =
���� [�]

�� + [�]
                                        (1) 

1

�
=

��

����

•
1

�
+

1

����

                            (2)   



 

 

Where � was the initial speed, ���� was the maximum reaction rate, �� was the 

Michaelis-Menten constant, and [�] was the concentration of the substrate TMB or H2O2. 

The specific experimental operations were as follows:  

200 µL TMB (0.25–7.0 mM) was added as substrate in 1650 µL HAc-NaAc buffer 

solution (0.1 M, pH = 4.0) mix with 50 µL 800 g/mL Pt/NH2-MIL-101 and 100 µL H2O2 

(10 mM), or 200 µL H2O2 (2.0–14.0 mM) as a substrate, mixed with 50 µL 800 g/mL 

Pt/NH2-MIL-101 and 100 µL TMB (10 mM), and added into 1650 µL HAc-NaAc buffer 

solution. The absorbance change curves of each reaction at 652 nm under different time 

conditions were recorded using a UV-vis spectrometer at room temperature. 

1.7 Selective Experiments 

In the selective experiment of DA detection, K+, Na+, Ca2+, histidine, lysine, trypto-

phan, urea, and other ions or amino acids in the human body with an initial concentra-

tion of 6 mM were selected as interferers substances to replace DA in the above steps, and 

their selectivity was determined. The concentration of the interfering substance was 10 

times that of DA. Each experiment was performed three times to minimize error. 

 

 

Figure S1. TEM image of Pt NPs. 

 

Figure S2. Particle size distribution of Pt NPs. 



 

 

 

Figure S3. The particle size distribution of Pt/NH2-MIL-101. 

 

 

Figure S4. XPS spectrum of Pt/NH2-MIL-101. 

 



 

 

 

Figure S5. (a) pH. (b) Temperature. (c) The concentration of Pt/NH2-MIL-101. (d) The effect of cycles on the peroxi-

dase-like activity of Pt/NH2-MIL-101. 

 

 

Figure S6. The stability of the Pt/NH2-MIL-101. 

 

 



 

 

 

 

Table S1. Elements content of Fe and Pt in Pt/NH2-MIL-101. 

Sample Fe (wt%) Pt (wt%) 

Pt/NH2-MIL-101 4.25 4.59 

 

 

Table S2. Compare the �� and ���� between Pt/NH2-MIL-101 and other nanozymes. 

Catalyst Substrate  ���� (M S−1) �� (mM) Reference 

HRP TMB 1.0010−7 0.43 

[3] 
HRP H2O2 8.7110−8 3.70 

GOD@Cu-hemin MOF TMB 7.1210−8 0.43 

[4] 
GOD@Cu-hemin MOF H2O2 4.1910−8 1.30 

h-CuS NCs TMB 1.6610−7 1.62 

[5] 
h-CuS NCs H2O2 2.5510−8 0.94 

2.6Pt/EMT TMB 4.7210−8 0.16 

[6] 
2.6Pt/EMT H2O2 4.7210−8 0.58 

BNQDs/CeO2@Apt TMB 0.87×10−8 0.19 

[7] 
BNQDs/CeO2@Apt H2O2 1.02×10−7 4.53 

CeO2 Rod TMB 2.74310−9     0.230 

[8] 
CeO2 Rod H2O2 4.30210−8     302 

Fe-MOF TMB 5.610−8     0.026 

    [9] 

 

    [10] 

 

This work 

Fe-MOF 

Pt/CoSn(OH)6 

Pt/CoSn(OH)6 

Pt/NH2-MIL-101 

Pt/NH2-MIL-101 

H2O2 

TMB 

H2O2 

TMB 

H2O2 

2.510−8 

6.8410−8 

1.2110−8 

1.1510−7 

1.9710−7 

    0.013 

   0.12 

   0.02 

   0.12 

   0.48 

 

 



 

 

Table S3. Comparison analytical performance of the Pt/NH2-MIL-101 with that of other reported nanomaterials for do-

pamine detection. 

Material Linear range (M) LOD (M) Reference 

Nf-Ag@HCS/GC 20–70 0.6 [11] 

RGO-ZnO/GCE 3–33 1.08 [12] 

Cu(PDA)(DMF) 10–100 - [13] 

Co3O4@NiO 1–20 1.2 [14] 

Pt/hBBNS 2–50 0.76 [15] 

Cu2+ 1–50 1.0 [16] 

CMCNs 1–10 0.17 [17] 

AuNRs-IO3- 0.8–60 0.62 [18] 

WS2 QDs 3–50 3.3 [19] 

CoFe2O4/CoS 0–50 0.58 [20] 

Pt/NH2-MIL-101 1–60 0.42 This work 
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