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Experimental section

Characterizations

X-ray powder diffraction (XRD) patterns were measured on an X-ray 

diffractometer (Rigaku D/Max-rB) with an interval of 0.02° at a scanning step of 8o 

min–1. The BET specific surface area and BJH pore size distribution were determined 

at 77 K on a fully automatic specific surface area and porosity analyzer (MIKE 

Micromeritics ASAP2460) after degassing the samples at 120 oC for 12 h. Scanning 

electron microscopy (SEM) images and elemental dispersive spectroscopy (EDS) 

were determined on a FEI APREO microscope operating at 20 kV. High resolution 

transmission electron microscopy (HRTEM) images and elemental mapping images 

were collected on a TEM system (FEI Tecnai G2 F20) operating at 200 kV. X-ray 

photoelectron spectra (XPS) were measured by using a Multifunctional imaging 

electron spectrometer (Thermo ESCALAB 250Xi) with Al Kα radiation operating at 

250 W.

Peroxidase-like activity

The peroxidase-like activity of Fe-CoO NCs was initially evaluated for TMB 

oxidation with H2O2 as additive. In short, 200 μL catalyst (0.3 mg mL−1), 200 μL 

H2O2 solution (200 mM) and 200 μL TMB solution (1 mM) were added into 1400 μL 

buffer (pH of 4.0), respectively. After reacting for 60 s at room temperature (25 ± 2 

oC), the specific absorbance of oxidized TMB (ox-TMB) at 652 nm was measured on 

a UV-visible spectrophotometer (Persee Analytics, TU1810). The 0.15Fe-CoO NCs 

possessed the highest peroxidase-mimicking activity. Then, control experiments were 
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conducted to confirm the dual enzyme-like activities of 0.15Fe-CoO NCs. 

Furthermore, the influences of pH and temperature were investigated to achieve the 

best performance of 0.15Fe-CoO nanozymes.

Kinetic tests

The steady kinetics of 0.15Fe-CoO NCs as peroxidase mimics were studied by 

varying the concentration of one substrate and keeping that of another a constant. The 

initial reaction velocity (v) can be obtained by linear fitting the specific absorbances 

versus reaction times. The relationship of v against the substrate concentration (C) 

should well match the typical second-order Michaelis-Menten (M-M) curve. The 

M-M constant (Km) and maximum initial reaction rate (Vm) can be calculated from the 

slope and intercept of the evolved double reciprocal curve: v–1 = (Km/Vm)C–1 + Vm
–1. 

A smaller Km value means a higher affinity between mimics and the substrate.

Determination of H2O2 and DA

Based on the superior peroxidase-like activity of 0.15Fe-CoO NCs, a 

colorimetric sensor was developed for sensitive and selective detection of H2O2 and 

DA. The LOD value towards H2O2 was obtained by varying the H2O2 from 1 to 100 

μM. The selectivity was studied in comparison with various interferences which has 

ten times higher concentration than that of H2O2, including metal ions, carbohydrates 

and amino acids. Similarly, after reacting for 60 s, DA was added into 

0.15Fe-CoO+H2O2+TMB system, then immediately measuring the absorbance at 652 

nm. Due to the inhibition of DA for the catalytic oxidation of TMB, the absorbance 

difference (∆A) before and after adding DA should be linearly related with the DA 
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concentration within a certain range. And the sensitivity and selectivity of the 

proposed sensor toward DA were also investigated.

Mechanism research

To understand the plausible catalytic mechanism of 0.15Fe-CoO NCs, 

fluorescence probe experiments were performed on a fluorescence spectrophotometer 

(HACHI, F-4600 FL) with the excitation wavelength of 315 nm. The non-fluorescent 

PTA easily reacts with •OH to produce the highly fluorescent 2-hydroxy terephthalic 

acid (HTA) which has the maximum fluorescence intensity at around 432 nm. 

Therefore, PTA can be applied as the fluorescence probe to confirm whether the 

generation of •OH was catalyzed by 0.15Fe-CoO NCs or not. Moreover, radical 

trapping experiments were performed by using IPA, PBQ, and EDTA-2Na to 

scavenge •OH, •O2
–, and hole (h+), respectively.

Results and discussion

Figure S1. XRD standard cards of CoO, FeO, and γ-Fe2O3, and Co2O3.
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Figure S2. (a) XRD patterns of (1) 0.05, (2) 0.10, (3) 0.20, (4) 0.30, (5) 0.40, (6) 0.60, (7) 0.80, 

and (8) 1.00Fe-CoO NCs; (b) peak splitting and fitting result for the XRD pattern of 0.15Fe-CoO 

NCs.

Table S1. The ratios of peak areas due to γ-Fe2O3 and CoO in CoO and Fe-CoO.
No. CoO 0.05 0.1 0.15 0.2 0.3 0.4 0.6 0.8 1.0

γ-Fe2O3 0.00 5.13 7.66 10.0 11.5 19.9 27.6 22.6 31.3 35.4

CoO 100 46.1 40.4 45.8 36.6 54.4 55.9 39.5 42.9 37.4

Ratio 0.00 0.11 0.19 0.22 0.31 0.37 0.49 0.57 0.73 0.95
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Figure S3. N2 adsorption/desorption isotherms of (a) 0.05Fe-CoO, (b) 0.1Fe-CoO, (c) 

0.20Fe-CoO, (d) 0.3Fe-CoO, (e) 0.4Fe-CoO, (f) 0.6Fe-CoO, (g) 0.8Fe-CoO, (h) 1.0Fe-CoO NCs.

Table S2. Specific surface area (ABET), pore volume (PV) and average pore size (PS) of CoO and 
Fe-CoO.

NO. ABET (m2/g) PV (cm3/g) PS (nm)

CoO 216.1638 0.882486 14.4553
0.05Fe-CoO 139.0821 0.444407 11.8825
0.10Fe-CoO 146.5244 0.504599 12.4933
0.15Fe-CoO 205.3850 0.655105 11.5848
0.20Fe-CoO 166.1699 0.500521 11.0423
0.30Fe-CoO 129.1306 0.30397 8.4357
0.40Fe-CoO 124.1001 0.44052 12.8422
0.60Fe-CoO 123.5661 0.404191 11.7936
0.80Fe-CoO 113.6521 0.299565 9.5858
1.00Fe-CoO 110.6212 0.440364 14.4259
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Figure S4. The suspension of 0.15Fe-CoO NCs after ultrasound for 5min (left) and the 

corresponding state after applying a magnet for 30 min (right).

Figure S5. SEM photos of (a) CoO, (b) 0.05, (c) 0.10, (d) 0.15, (e) 0.20, (f) 0.30, (g) 0.40, (h) 

0.60, (i) 0.80, and (j) 1.00Fe-CoO NCs.

Table S3. Surface atomic ratios (at.%) of Fe/Co on CoO and Fe-CoO determined by EDS.
No. CoO 0.05 0.1 0.15 0.2 0.3 0.4 0.6 0.8 1.0

Fe (at.%) 0.00 11.5 16.1 18.4 22.1 25.9 29.7 40.0 45.5 49.1

Co (at.%) 100 88.5 83.9 81.6 77.9 74.1 70.3 60.0 54.5 50.9

Fe/Co (%) 0.00 0.13 0.19 0.23 0.28 0.35 0.42 0.67 0.83 0.97
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Figure S6. TEM photos of single CoO NP and 0.15Fe-CoO NP.

Table S4. Atomic ratios (at.%) of surface elements on CoO and 0.15Fe-CoO measured by XPS.

No. Fe3+ Fe2+ Co3+ Co2+ Oα Oβ Oγ

CoO 0 0 24.9 75.1 43.2 29.0 27.8

0.15Fe-CoO 59.5 40.5 21.1 78.9 53.0 37.3 9.7

Figure S7. Catalytic oxidation of TMB by (a) CoO NPs and (b) 0.15Fe-CoO NCs without H2O2 

after high-purity N2 was continuously purged before reaction.

Figure S8. (a) Durability and (b) repeatability performance of 0.15Fe-CoO NCs as peroxidase 

mimics.
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Table S5. Comparison of kinetic parameters of 0.15Fe-CoO, HRP and other peroxidase mimics.
H2O2 TMB

No.
Km (mM) Vm (×10−8 M s−1) Km (mM) Vm (×10−8 M s−1)

Ref.

0.15Fe-CoO NCs 11.2 24.1 0.170 50.9 This work

HRP 3.70 8.71 0.434 10.0 1

Fe3O4 MNPs 154 9.78 0.098 3.44 1

WS2 NSs 15.2 65.2 0.805 22.0 2

Au21Pd79 NCs 5.89 8.19 0.295 19.7 3

Pd NPs/meso-C 58.0 – 0.130 – 4

Cu-Ag/rGO NCs 8.62 7.02 0.634 4.26 5

KFePW12O40 NPs 165 6.9 0.346 3.7 6

Table S6. Comparison of the analytical parameters for H2O2 sensing with published reports.
Samples Method Time/s Linear range/μM LOD/μM Ref.

0.15Fe-CoO NCs Colorimetric 60 6–20 4.40 This work

CePO4-CeO2 NRs Colorimetric 240 5–150 2.90 7

Au-Hg/rGO NCs Colorimetric 60 5–100 3.25 8

NiFe-LDHNS Colorimetric 600 10–500 4.40 9

Au/Co3O4-CeOx NCs Colorimetric 180 10–100 5.29 10

FePt-Au HNPs Colorimetric 180 20–700 12.33 11

Au@Ag NRs Colorimetric 600 10–10000 6.00 12

MOF-808 Colorimetric 1800 10–15000 4.50 13

Te@PEDOT NCs Colorimetric 600 10–100 4.83 14

rGO/Cu8S5/PPy NSs Fluorescence – 0–20 0.688 15

FeS (NNs)/GCE Electrochemical – 5–140 4.30 16

FeSe (NSs)/GCE Electrochemical – 5–100 3.00 16
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Table S7. Comparison of the analytical parameters for DA sensing with published reports.
Samples Method Time/s Linear range/μM LOD/μM Ref.

0.15Fe-CoO NCs Colorimetric 60 2–10 1.99 This work

Co3O4@NiO NTs Colorimetric 400 1–20 1.21 17

CuS-BSA-Cu3(PO4)2 Colorimetric 1200 0.05–100 0.13 18

Cys-AgInZnS QDs Fluorescence – 15–120 0.65 19

ZnO@Cys NPs Fluorescence – 26.3–68.5 0.79 20

Pdots@AMP-Cu Fluorescence – 10–400 4.00 21

Au/RGO/GCE Electrochemical – 6.8–41 1.40 22

PtTi NPs/GCE Electrochemical – 4–500 3.20 23

ENA/ITO Electrochemical – 0.25–20 0.228 24

UiO-66-NH2@P(ANI-

co-ANA)/GCE

Electrochemical – 10–110 0.30 25
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