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Fig. S1. Schematic diagram for the fabrication NiO/ITO electrodes through electrophoretic 
deposition (EPD) method.



Fig. S2. SEM image of mL-NiCPPs.



Fig. S3. Cyclic voltammograms (CVs) recorded at the NiO/ITO electrode prepared using dip 
coating method in a PBS buffer (10 mM; pH 7; NaCl 7%ww) with different scan rate ranging 
from 50 to 300 mV/s.



Fig. S4. Cyclic voltammograms (CVs) recorded at the NiO/ITO electrode prepared using EPD 
method in a PBS buffer (10 mM, pH 7; NaCl 7%ww) with different scan rate ranging from 100 to 
200 mV/s. 



 

Fig. S5. (A) Ultraviolet-Visible (UV-Vis) spectra of urease solution (5 mg/mL, in PBS) before 
(black) and after (red) the immobilization step; (B) Calibration curve plotted between absorption 
peaks (at 278 nm) versus urease concentrations. Regression equation used to determine 
remaining urease concentration: Absorption intensity = 0.05*urease conc. – 0.01 (R2 = 0.9907). 

It is well known that UV-Vis spectrum of urease shows an absorption band with 
maximum peak at 278 nm,9,10 which can be exploited to monitor concentration change of urease 
throughout the immobilization step. The amount of immobilized urease on the NiO/ITO 
electrode was determined as followings. Firstly, the UV-Vis spectrum of urease solution (5 
mg/mL, in PBS) was recorded, showing strong absorption peak at 278 nm (Figure S5 A, black 
line). Two as-prepared NiO/ITO electrodes were then immersed into 2 mL of urease solution (5 
mg/mL) for 2 hours at 25 ºC and this step was repeated 5 times. After the immobilization step, 
the UV-Vis spectrum of the urease solution was again recorded (Figure S5 A, red line). The 
remaining urease concentration estimated from the calibration curve (Figure S5 B) was 0.98 
mg/mL. Therefore, the amount of immobilized urease on each NiO/ITO electrode was around 
4.02 mg.



Fig. S6. FTIR spectra of mL-NiOs (red line) and urease-immobilized mL-NiOs (black line).

As observed in FTIR spectra of mL-NiOs and urease-immobilized mL-NiOs, two strong peaks at 
430 and 3436 cm-1 are assigned to Ni-O vibration band.11 More importantly, the successful 
immobilization of urease onto mL-NiOs was confirmed by emergence of urease characteristic 
peaks at 1535 and 1245 cm-1 corresponding to NH deformation mode and mixed vibration of C-
N and N-H, respectively.12



Fig. S7. Cyclic voltammogram recorded at the NiO/ITO electrode prepared in a PBS buffer (10 
mM, pH 7; NaCl 7%ww) showing no redox peaks corresponding to α-Ni(OH)2/Ni couple arising 
at low potential (~ 0.4 V).



Fig. S8. Schematic diagram of the electrode reactions arising on the Ur-NiO/ITO electrode. 



Fig. S9. Current measured in six repetitive cycles using the same Ur-NiO/ITO bioelectrode in the 
presence of 2 mM urea in PBS solution shows an accuracy of ± 6.58%.



Fig. S10. The variation in the peak oxidation current of Ur-NiO/ITO bioelectrode over a period 
of five days, with a regular interval of one day. The bioelectrode maintained 95% of its activity 
throughout 3 days. 



Table S1. Surface area values of the mL-NiOs and other NiO nanomaterials reported in the 
literature.

Samples SBET
(m2·g-1)

Pore size
(nm)

Pore volume
(cm3·g-1) Ref

NiO microspheres 130.2 5.0 0.163 1
NiO microspheres 113.3 5.4 0.209 1
NiO nanospindles 102.7 5-10 2
NiO nanoparticles 118 6 0.25 3
NiO nanoparticles 131.4 4 0.122 4
NiO nanosheets 194 3.5 5

NiO nanoparticles 88.5 6
NiO nanospheres 80.5 26 7
NiO nanoparticles 72.8 2.7-15 8

mL-NiOs 112 10 0.4224 Current work

* Those values are among the highest number for NiO nanoparticles that we have recorded thus far. Apart 
from that the reported surface area values of other NiO materials are much lower.
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