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Figure S1. The optimized conditions of a) mole feed ratios of Cu to Fe, b) PVP dosages, c) 

ammonia dosage and d) microwave radiation time.

Figure S2. SEM graph of the proposed Cu-Fe MNPs



Figure S3. a) DLS curve, b) XPS wide angle spectra, high-resolution spectra of c) Cu2p, d) Fe2p, 

e) O1s and f) ζ potential of the proposed Cu-Fe MNPs



Figure S4. The effects of a) pH, b) TMB concentration, c) H2O2 concentration, d) reaction time 

and e) reaction temperature on absorbance intensity at 653 nm (A653) of Cu-Fe MNPs



Figure S5. Steady-state kinetics of Cu-Fe MNPs with a) different cTMB, b) cH2O2; and the 

corresponding double-reciprocal plots of 1/v against c) 1/cTMB and d) 1/cH2O2 with changing cTMB 

or cH2O2 but fixed the others; UV-vis spectra and color changes (Insert) for Cu-Fe MNPs-TMB-

H2O2 system e) in the presence of isopropanol and hydroxylammonium chloride and f) under air-

saturated and N2-saturated conditions



Figure S6. Time response curves of A653 upon the addition of a) o-AP and b) GSH respectively

Figure S7. The comparison for UV-vis absorption spectra of TMB-H2O2 systems catalyzed by 

original Cu-Fe MNPs (Blank), Cu-Fe MNPs after detecting o-AP (Red) and Cu-Fe MNPs after 

detecting GSH (Blue) respectively (0.1 mg/mL Cu-Fe MNPs, pH 3.5, 0.07 mM TMB, 83.3 mM 

H2O2 and incubated 35 min at 25 oC)



Table S1.  Calculation of initial reaction rate: The concentration of TMB-

derived oxidation products was calculated by Lambert-Beer Law with a molar 

absorption coefficient of 39000 M−1·cm−1

Time(s

)

A The concentration of TMB-derived oxidation products 

(M)

(c=A/εb, where ε=39000 M–1·cm–1,b=1 cm)

Rate

R=(c/t)average

(M·s–1)

30 0.111 2.85×10–6

60 0.125 3.21×10–6

90 0.139 3.56×10–6

120 0.152 3.87×10–6

150 0.164 4.21×10–6

180 0.176 4.51×10–6

210 0.188 4.82×10–6

240 0.199 5.11×10–6

270 0.209 5.36×10–6

300 0.219 5.62×10–6

330 0.231 5.89×10–6

360 0.24 6.15×10–6

390 0.252 6.41×10–6

420 0.261 6.67×10–6

450 0.269 6.89×10–6

480 0.278 7.15×10–6

510 0.289 7.38×10–6

540 0.297 7.62×10–6

570 0.305 7.82×10–6

600 0.314 8.05×10–6

2.57×10–8



Table S2. Comparing the steady-state kinetic parameters of the present Cu-Fe MNPs 

with other nanomaterials-based peroxidase mimics reported previously

Nanomaterials Substrates Km (mM) Vmax (10−8 M·s−1) Refs.

Fe3O4 MNPs1 TMB

H2O2

0.098

154

3.44

9.78

1

HRP TMB

H2O2

0.434

3.7

10.00

8.71

1

IrO2/rGO2 TMB

H2O2

0.276

229.4

42.77

372.9

2

MA-Hem/Au-Ag3 TMB

H2O2

2.39

2.71

1.42

11.4

3

Cu NCs TMB

H2O2

0.648

29.16

5.96

4.22

4

Cu-Fe MNPs TMB

H2O2

0.013

56.58

3.01

4.12

This work

1. Fe3O4 MNPs: Fe3O4 magnetic nanoparticles
2. IrO2/rGO: IrO2 nano-particles on reduced graphene oxide (rGO) nanosheets
3. MA-Hem/Au-Ag: gold-silver bimetals into Hemin(Hem)-coupled melamine (MA) polymer 

matrix



Table S3. Comparing the determination of o-AP by Cu-Fe MNPs with other 

nanomaterials reported previously

Materials Method Analytes Linear 

range (μM) 

LOD 

(μM)

Refs.

GNP-modified ITO 

microelectrodes1

dual-channel 

microchip

electrophoresis

o-AP 1-500 0.41 5

gas 

chromatography

o-AP 23.48 6

cationic p-(quaternary 

ammonium) calix[4]-arene

capillary 

electrophoresis

o-AP 2.64 7

SPCE2 Electrochemical o-AP 0.2-100 0.07 8

NH2-SBA-15/CPE3 Electrochemical o-AP 0.3-18 0.05 9

Ce-CDs4 Fluorescent o-AP 0.1-10 0.033 10

modified PDMS microchip5 microchips o-AP 50-400 10.0 11

Triethylamine (pH 8) Liquid 

chromatography

o-AP 9.17-450 4.22 12

Cu-Fe MNPs Colorimetry o-AP 0.33-12.67 0.016 This work

1、GNP-modified ITO microelectrodes: A gold nanoparticle-modified indium tin oxide 
microelectrode
2、SPCE: Electrochemically pretreated screen-printed carbon electrodes.
3、 NH2-SBA15/CPE: Amino-functionalized SBA15 modified carbon paste electrode
4、 Ce-CDs: Ceriumdoped carbon dots
5、 modified PDMS microchip: Modified poly (dimethylsiloxane) (PDMS )microchips



Table S4. Comparing the determination of GSH by Cu-Fe MNPs with other 

nanomaterials reported previously

Materials Method Analytes Linear range 

(μM) 

LOD 

(μM)

Refs.

MCE-CL 1 microchip

electrophoresis

GSH 3-600 0.96 13

Cy-AuNCs2 colorimetric GSH 0-400 10.00 14

Met-AuNCs@MnO2
3 Fluorescent GSH 1-700 0.068 15

AgNPs colorimetric GSH 0-400 4.11 16

TCFCl-GSH4 Fluorescent GSH 0-500 0.45 17

Cu-Fe MNPs Colorimetry GSH 0.66-21.67 0.033 This work

1、 MCE-CL: microchip electrophoresis chemiluminescence
2、 Cy-AuNCs: Cytidine-Au nanoclusters
3、 Met-AuNCs@MnO2: methionine-capped AuNCs and MnO2

4、TCFCl-GSH: Long-wavelength TCF-based fluorescence probes
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