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1. Size distribution of gold nanoparticles generated on ND surface 

The size distribution of gold nanoparticles was measured based on 10 TEM images (n = 258). 

Gold nanoparticles had diameters between 3–55 nm.  

 

 

Figure S1. Size distribution of gold nanoparticles generated on the nanodiamond surface. 
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2. EDX analysis of NDAus 

Energy dispersive X-ray spectra of NDAus exhibited a peak due to gold, supporting the 

presence of gold nanoparticles on the ND surface.  

 

  

 

Figure S2. (a) EDX spectrum and (b) corresponding TEM image of NDAus. The pink box 

indicates the sample area where EDX signals were collected.  

  

(a) (b) 
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3. Size and apparent zeta potential of ND and NDAus 

The characteristics of aqueous NDAus dispersions were examined using the zeta potential 

and dynamic light scattering. The sizes of NDAus were significantly increased to 109 ± 6.9 

nm compared to those of bare ND particles (66 ± 9.5 nm). The apparent zeta potential of 

NDAus was slightly increased to –39 mV compared to –36 mV for bare ND-COOH.  

 

 

 

Figure S3. Hydrodynamic diameter and zeta potential of intact ND, NDAus, and gold 

nanoparticles. All data are average ± standard deviation (n = 5).  
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4. HPLC-Mass spectrometry of 2,3-diaminophenazine produced by the OPD oxidation 

2,3-Diaminophenazine was produced by the catalytic oxidation of o-phenylenediamine 

(OPD). After the catalytic oxidative reaction of OPD (10 mM), the solution was analyzed 

using HPLC-mass spectrometry (TSQ Quantiva, Thermo Scientific, Thermo Hypersil gold 

C18 column). The mass spectrum shows production of 2,3-diaminophenazine (Mw: 210.23) 

without other by product. Absence of OPD (Mw: 109.56) trace implies almost complete 

conversion of the OPD substrate by the catalytic oxidative reaction.  
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Figure S4. HPLC-mass spectrum of 2,3-diaminophenazine produced by the catalytic 

oxidation of o-phenylenediamine. 
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5. Comparison of KM with other carbon-metal composite catalysts 

Michaelis constant (KM) of NDAu was compared with those of other carbon-metal catalyst 

reported in literatures. All carbon-metal catalysts cited here used TMB (3,3',5,5'-

tetramethylbenzidine) as an organic substrate, not OPD (o-phenylenediamine). Therefore, 

direct comparison of kinetic parameter is improper.  

Table S1. Comparison of Michaelis constants of various carbon-metal composite catalysts 

Catalyst 

KM (mM) 

Ref.
†
 

TMB H2O2 

GO-AuNCs 0.16 142.4 1 

Graphene-Au NPs 0.14 140.5 2 

Fe-doped GO 0.76 0.36 3 

SWCNT-AuNPs n/a 0.21 4 

Silica-coated graphene-AuNPs 0.005 5.98 5 

SWCNT-AuNPs 0.48 0.65 6 

Graphene-Fe3O4-AuNPs 0.20 0.20 7 

Graphene-AuNPs 0.38 26.4 8 

Graphene-Pt nanoflowers 0.52 25.31 9 

ND-AuNPs (this work)* 6.4-48.7 89.7-208.7  

* OPD was used as an organic substrate, while other KM values were obtained from the experiments 

using TMB as a substrate.   

†References are given at the end of this Supporting Information.  
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6. Change of gold nanoparticles after reuse 

Re-used NDAus had larger gold nanoparticles than fresh ones. TEM imaging of re-used 

NDAu was conducted after five reuse cycles (see below). Every catalytic reuse experiment 

was carried out at pH 7.2 using OPD (5 mM) and H2O2 (20 mM) substrates in the presence of 

0.12 mg mL
–1
 NDAus for 400 seconds.  

 

   

 

Figure S5. TEM images of NDAus. (a) Fresh NDAus, (b) NDAus after five reuse cycles 

(scale bar: 50 nm). 
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7. Combinational catalysis of XOD and NDAus for the detection of xanthine 

The solution color changed only when both XOD and NDAus were present. In absence of 

one of these components, the solution remained transparent, indicating no oxidation of OPD. 

 

 

Figure S6. Oxidation of OPD in the presence of both XOD and NDAus. The solutions are (a) 

NDAus + OPD, (b) NDAus + OPD + xanthine, (c) NDAus + OPD + XOD, and (d) NDAus + 

OPD + xanthine + XOD. The concentrations of each component were 0.04 mg mL
–1

 NDAus, 

10 mM OPD, 1 mM xanthine, and 1.83 units of XOD, respectively.  

 

  



S-9 

 

8. UV-vis spectra of the OPD oxidation reaction mixture  

The progress of OPD oxidation utilizing the combinational catalysis of XOD and NDAus was 

monitored using the intensity change of the UV-vis absorbance peak at 430 nm.  

 

Figure S7. UV-vis spectra representing the progress of OPD oxidation with time. The sample 

system shown here is composed of 0.04 mg mL
–1

 NDAus, 10 mM OPD, 1 mM xanthine, and 

1.83 units of XOD. 
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