
S-1 

 

Electronic supplementary information 

 

 

 

Comparison of the peroxidase activities of iron oxide nanozyme with 

DNAzyme and horseradish peroxidase 

 

Chang Lu1, 2, Mohamad Zandieh2, Jinkai Zheng1* and Juewen Liu2* 

 

1. Institute of Food Science and Technology, Chinese Academy of Agricultural Sciences, Beijing 

100193, P. R. China 

Email: zhengjinkai@caas.cn 

2. Department of Chemistry, Waterloo Institute for Nanotechnology, University of Waterloo, 

Waterloo, Ontario, Canada 

Email: liujw@uwaterloo.ca 

 

  

Electronic Supplementary Material (ESI) for Nanoscale.
This journal is © The Royal Society of Chemistry 2023



S-2 

 

 

Figure S1. Stability of HRP after one catalysis of TMB and then adding more HRP and H2O2 in 

pH 4 acetate buffer. The absorbance did not increase, suggesting that the substrate TMB was 

consumed. 
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Calculations #1: Turnover Rates of G4, HRP and Fe3O4 NPs (50 nm)  

 

Length of path of light (100 µL sample, 0.6 cm diameter of the well): 

                                                 𝑙 =
𝑉

𝐴
=

0.1

п×0.32 =
0.1 𝑐𝑚3

0.283 𝑐𝑚2 = 0.35 𝑐𝑚  

Concentration of oxidized TMB: 

(A) 𝐺4:                       [𝑜𝑥_𝑇𝑀𝐵] =
𝐴𝑏𝑠652

𝜀652×𝑙
=

1.39−0.26

3.9×104×0.35
= 82.8 𝜇𝑀 

 

(B) 𝐻𝑅𝑃:                    [𝑜𝑥_𝑇𝑀𝐵] =
𝐴𝑏𝑠652

𝜀652×𝑙
=

3.29−0.22

3.9×104×0.35
= 225 𝜇𝑀 

 

(C) 𝐹𝑒3𝑂4:                   [𝑜𝑥_𝑇𝑀𝐵] =
𝐴𝑏𝑠652

𝜀652×𝑙
=

0.42−0.14

3.9×104×0.35
= 20.5 𝜇𝑀 

Catalytic turnovers during 20 min:     

(A) 𝐺4:                             𝑛 =
𝐶𝑜𝑛𝑐.  𝑜𝑓 𝑜𝑥−𝑇𝑀𝐵

𝐶𝑜𝑛𝑐.𝑜𝑓 𝐺4 
=

82.8×10−6 𝑀

0.5×10−6 𝑀
= 166 𝑐𝑎𝑡𝑎𝑙𝑦𝑡𝑖𝑐 𝑡𝑢𝑟𝑛𝑜𝑣𝑒𝑟𝑠  

 

(B) 𝐻𝑅𝑃:                         𝑛 =
𝐶𝑜𝑛𝑐.  𝑜𝑓 𝑜𝑥−𝑇𝑀𝐵

𝐶𝑜𝑛𝑐.𝑜𝑓 𝐻𝑅𝑃 
=

225×10−6 𝑀

0.5×10−9 𝑀
= 4.5 × 105 𝑐𝑎𝑡𝑎𝑙𝑦𝑡𝑖𝑐 𝑡𝑢𝑟𝑛𝑜𝑣𝑒𝑟𝑠  

 

(C) 𝐹𝑒3𝑂4:              𝑛 =
𝐶𝑜𝑛𝑐.  𝑜𝑓 𝑜𝑥−𝑇𝑀𝐵

𝐶𝑜𝑛𝑐.𝑜𝑓 𝐹𝑒3𝑂4𝑁𝑃𝑠 
=

20.5×10−6 𝑀

0.5×10−9 𝑀
= 4.1 × 104 𝑐𝑎𝑡𝑎𝑙𝑦𝑡𝑖𝑐 𝑡𝑢𝑟𝑛𝑜𝑣𝑒𝑟𝑠 

                         𝑛 =
𝐶𝑜𝑛𝑐.  𝑜𝑓 𝑜𝑥−𝑇𝑀𝐵

𝐶𝑜𝑛𝑐.𝑜𝑓 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝐹𝑒 𝑎𝑡𝑜𝑚𝑠 
=

20.5×10−6 𝑀

28×10−6 𝑀
= 0.73 𝑐𝑎𝑡𝑎𝑙𝑦𝑡𝑖𝑐 𝑡𝑢𝑟𝑛𝑜𝑣𝑒𝑟𝑠  

                               

 

Turnover rate:                                                                                        

(A) 𝐺4:                                                        𝑇 =
166

1200 𝑠
= 0.14 𝑠−1  

 

(B) 𝐻𝑅𝑃:                                                   𝑇 =
4.5×105 

1200 𝑠
= 375 𝑠−1  

 

(C) 𝐹𝑒3𝑂4:                                   𝑇 =
4.1×104

1200 𝑠
= 34.2 𝑠−1     (each NP= 1 active site)  

                                               𝑇 =
0.73

1200 𝑠
= 6.1 × 10−4 𝑠−1     (each surface Fe= 1 active site) 
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Calculations #2: Rates Normalized to Mass Concentration of G4, HRP and Fe3O4 NPs (50 

nm)  

(A) 𝐺4:          𝑟 =
𝑠𝑙𝑜𝑝𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑘𝑖𝑛𝑒𝑡𝑖𝑐𝑠 𝑐𝑢𝑟𝑣𝑒

𝑚𝑎𝑠𝑠 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛
=

9.2×10−4  𝑠−1

3.18 𝑚𝑔.𝐿−1 = 2.9 × 10−4  𝐿. 𝑚𝑔−1. 𝑠−1      

 

(B) 𝐻𝑅𝑃:          𝑟 =
𝑠𝑙𝑜𝑝𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑘𝑖𝑛𝑒𝑡𝑖𝑐𝑠 𝑐𝑢𝑟𝑣𝑒

𝑚𝑎𝑠𝑠 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛
=

2.5×10−3  𝑠−1

0.02 𝑚𝑔.𝐿−1 = 0.125  𝐿. 𝑚𝑔−1. 𝑠−1      

 

(C) 𝐹𝑒3𝑂4:          𝑟 =
𝑠𝑙𝑜𝑝𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑘𝑖𝑛𝑒𝑡𝑖𝑐𝑠 𝑐𝑢𝑟𝑣𝑒

𝑚𝑎𝑠𝑠 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛
=

2.2×10−4  𝑠−1

110 𝑚𝑔.𝐿−1 = 2 × 10−6  𝐿. 𝑚𝑔−1. 𝑠−1      

 

 

Calculations #3: Molar Concentration of Fe3O4 NPs (50 nm) and the Surface Fe Atoms 

Surface area of each Fe3O4 NP:                                       𝐴𝑁𝑃 = 4𝜋 × 252 = 7854 𝑛𝑚2  

Surface area of each hexagonal surface unit cell:            𝐴𝑢𝑛𝑖𝑡 𝑐𝑒𝑙𝑙 = 2 ×
√3

4
× (0.594)2 = 0.305 𝑛𝑚2  

Number of surface unit cells per NP:                               𝑁𝑢𝑛𝑖𝑡 𝑐𝑒𝑙𝑙 =
𝐴𝑁𝑃

𝐴𝑢𝑛𝑖𝑡 𝑐𝑒𝑙𝑙
=  

7854

0.305
= 25751 

Number of surface Fe atoms per NP:                             𝑁𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝐹𝑒 = 25751 × 2 = 51502  (*) 

 

Mass of each NP:                              𝑚𝑎𝑠𝑠 = 𝐷 × 𝑉 = 5.17 
𝑔

𝑐𝑚3 ⁄ ×
4

3
 𝜋 (25 × 10−7)3 = 3.38 × 10−16 𝑔 

Number of NPs per 110 mg Fe3O4 NP:                𝑁𝑁𝑃𝑠 =
110×10−3 𝑔

3.38×10−16 𝑔
=  3.25 × 1014 𝑛𝑎𝑛𝑜𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒𝑠 (**) 

Molar concentration of Fe3O4 NP:                          𝑁𝑁𝑃𝑠 = 3.25 × 1014  ×
1 𝑚𝑜𝑙

6.022×1023 = 0.5 𝑛𝑚𝑜𝑙  

 

 

Using (*) and (**)                

 

Number of total surface Fe atoms:                   𝑁𝑡𝑜𝑡𝑎𝑙 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝐹𝑒 = 51502 × 3.25 × 1014 = 1.67 × 1019 

Concentration of total surface Fe atoms (catalytic active sites): 

                                                                 [𝐸] = 1.67 × 1019 ×
1 𝑚𝑜𝑙

6.022×1023 = 28 µ𝑚𝑜𝑙 

 

 


