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Figure S1. The installation process of flexible GTE working electrode.
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Figure S2. (A) Low and (B) high magnification SEM images of GTE after it bent for 200 times. 



 

 S-5 

 

Figure S3. The digital pictures of bending (A) Ni-CoNPs/GTE and (B) GOD/AuNPs-CHIT/GTE.
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Figure S4. (A) CVs of GTE in 0.1 M KCl + 0.005 M NiCl2 + 0.005 M CoCl2 at 50 mV s
-1

. (B) 

Low and high (Inset) magnification SEM images of Ni-CoNPs/GTE.
 
(C) CVs of Ni-CoNPs/GTE 

in 0.1 M NaOH at different scan rates by step of 10 mV s
-1

. (D) Plot of peak potential versus the 

root of scan rates. The CVs, EIS and LSV experiments were performed in a quiescent solution. 

EIS was carried out in 0.1 M KCl containing 5.0 mM Fe(CN)6
3-/4- 

at open circuit potential in the 

frequency range from 10
5
 Hz to 0.01 Hz with a signal amplitude of 5 mV.  

Figure S4A showed the CVs curves of the flexible GTE scanned at the voltage window between 

-0.05 V to -1.05 V at 50 mV s
-1

. A cathodic peak appeared at -1.05 V which might be ascribed to 

the reduction of Ni
2+

 and Co
2+

 to form Ni-CoNPs on the GTE surface and the corresponding 

anodic peak was observed at -0.49 V which might originate from the oxidation of the Ni-CoNPs. 

The cathodic peak current decreased with the increasing of the CVs numbers, which indicated 
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that Ni
2+

 and Co
2+

 were reduced and deposited on the surface of GTE gradually. 

The CVs carried out in 0.1 M NaOH solution was used to explore the electrochemical behaviors 

of Ni-CoNPs/GTE. As shown in Figure S4C, a pair of redox peaks with cathodic peak at 0.2 V 

and anodic peak at 0.3 V related to the Ni-CoNPs oxidation and reduction was observed. 

Obviously, with the increasing of the potential scan rate, the peak current enhanced gradually. 

The peak current density increased linearly with the square root of potential scan rate, suggesting 

a diffusion-controlled process (Figure S4D). 
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Figure S5. (A) EDX and (B) XRD of Ni-CoNPs/GTE. 

 

EDX was used to study the composition of the Ni-CoNPs/GTE (Figure S5A). The peaks 

corresponding to Ni, Co, C, O, K and Cl were observed in which C-related peak in the EDX data 

came from the graphene, and the K
-
, Cl

-
, and O-related peaks originated from the electrolyte. The 

ratio of the Ni/Co was calculated to be about 1:1, which was in accordance with the ratio of Ni
2+

 

and Co
2+

 in the electrodepositing solution. The results clearly revealed that the Ni-CoNPs were 

successfully modified on the flexible GT electrode.  

The Ni-CoNPs/GTE was also characterized by XRD (Figure S5B). As can be seen in the XRD 

pattern, the peak at 44.4° was assigned to the (111) planes of Ni.
1,2

 The peaks at 44.6° and 54.7° 

were assigned to the (210) and (004) planes of Co3C, respectively (JSPDS card NO. for Ni is 

04-0850 and for Co3C is 0450). The results were corresponding with the EDX results and confirmed 

the formation of Ni-CoNPs. 

 



 

 S-9 

 

 

Figure S6. Electrocatalytic oxidation of 0.1 mM glucose on Ni-CoNPs/GTE at different applied 

potentials. The chronoamperometry experiments were carried out under a continuous stirring 

solution. 

The performance of the nonenzymatic electrochemical glucose sensor based on the flexible 

Ni-CoNPs/GTE electrode was explored. Figure 3A showed the CVs of the flexible Ni-CoNPs/GTE 

electrode in 0.1 M NaOH solution in the absence (curve a) and presence (curve b and c) of glucose. 

It clearly showed that the oxidation peak at about 0.45 V was obviously increased and the 

corresponding reduction peak decreased, indicating the glucose was oxidized by Ni-CoNPs catalyst 

during the cyclic process. According to previous literatures, the proposed mechanism for the 

catalytic reaction can be described as followed: 

Ni(0) + 2OH
−
 →Ni(OH)2 + 2e                                   (1)  

Co(0) + 2OH
−
 →Co(OH)2 + 2e                                  (2)   

Ni (OH)2 + OH
− 
→ NiOOH + H2O + e                            (3)   

Co(OH)2 + OH
− 
→ CoOOH + H2O + e                            (4)  



 

 S-10

CoOOH + OH
− 
→ CoO2 + H2O + e                               (5) 

NiOOH + glucose
 
→ Ni(OH)2 + glucosone                         (6)  

2CoO2 + glucose
 
→ 2CoOOH + glucosone                        (7) 

In the mechanism, the Ni (0) and Co (0) was firstly transformed into Ni(OH)2 and Co(OH)2 in the 

alkaline conditions, and then the oxides were further oxidized into NiOOH and CoOOH. The 

NiOOH can be used as heterogeneous catalysts and showed good chemical stability and 

electrocatalytic activity. At higher potential, CoOOH was further oxidized into CoO2. Then the 

glucose was oxidized to glucosone by the NiOOH and CoO2. 
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Figure S7. Stability test of the Ni-CoNPs/GTE. 

 

The stability of the Ni-CoNPs/GTE was also tested (Figure S7), after the Ni-CoNPs/GTE was 

stored in the inverted beaker at room temperature for 45 days, the current response to 1 mM glucose 

was decreased 1.68%, suggesting the good stability of the electrode. 
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Figure S8. (A) CVs of GOD/GTE at different scan rates by step of 10 mV s
-1

 in 0.1 M N2-saturated 

PBS. (B) CVs of GOD/GTE in 0.1 M O2-saturated PBS (pH=7.0) in the presence of glucose with 

various concentrations. 
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Figure S9. CVs responses of GTE (A) and AuNPs-CHIT/GTE (B) under different oxygen partial 

pressures. The constant potential electrodeposition of AuNPs-CHIT/GTE was carried out with a 

three-electrode system by using a saturated calomel electrode (SCE) as the reference electrode, a 

platinum electrode as the counter electrode and the flexible GTE as the working electrode. 
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Figure S10. (A) CVs of GOD /AuNPs-CHIT/GTE in 0.1 M N2-saturated PBS at different pH at a 

scan rate of 50 mV s 
−1 

and (inset) plots of E
0
 versus pH. (B) Plots of peak potential versus the 

natural logarithm of scan rate (lnυ). 
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Figure S11. (A) The effects of some electroactive substance on glucose detection and (B) stability 

test of GOD/AuNPs-CHIT/GTE. Uric acid (UA), ascorbic acid (AA), dopamine (DA), fructose, 

galactose, sucrose and mannose were purchased from Sinopharm Chemical Reagent Co. Ltd 

(Shanghai, China).   
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Table S1. Electrical conductivity of GTE and GCE. 

 GTE GCE 

Electrical conductivity 

(S cm
-1

) 

 

47.62 

 

188.7 
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Table S2. The comparison of performance of various Ni-CoNPs-based glucose sensors.  

Modified electrode 

Detection limit 

µM 

Linear range 

mM 

Sensitivity 

µA cm
-2 

mM
−1

 

References 

3D-NF
a
-G-NiO 10 0.01-0.2 3230 3 

Cu2O NCs
b
/Co3O4 NHs

c
 0.63 0.001-5.330 280 4 

Ni-Co nanosheets/RGO 3.79 0.01–2.65 1773.61 2 

Porous Co nanobeads/RGO 47.5 0.15–6.25 39 5 

Co3O4 NFs-Nafion/GCE 0.97 up to 2.04 36.25 6 

RGO-Ni(OH)2 0.6 0.002-3.1 11.43 7 

NiO@Ag NWs
d
/GCE 1.01 0-1.28 67.51 8 

CAT 
e
-NiO 0.6 0.001-1 159 9 

Ni-CoNPs/GTE 0.16 

1.360-5.464 147 

This work 

0.0006 - 0.26 0.4 

a
Three-dimensional nickel foams; 

b
Copper (I) oxide nanocubes; 

c
Cobalt oxide nanohexagons; 

d
NiO 

nanowires; 
e
Catalase film  
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Table S3. Determination of glucose by using the Ni-CoNPs/GTE in blood serum sample. 

 

Samples 

Diluted 

samples 

(mM) 

Added 

(mM) 

Founded 

(mM) 

Recovery 

(%) 

RSD 

(%,n=5) 

1 

1.69 

1.00 2.73 101.49 4.21 

2 2.00 3.72 100.81 3.94 

3 3.00 4.67 99.57 3.32 
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Table S4. A comparison of the performance of various GOD-based glucose sensors. 

a
Polyvinyl alcohol; 

b
Partially prehydrolyzed tetraethyl orthosilicate; 

c
Electrochemically reduced 

graphene oxide; 
d
Multi-walled carbon nanotubes; 

e
Iron phthalocyanine; 

f
Poly-methacrylic acid; 

h
Mesocellular graphene foam. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Glucose sensors 

 

Detection 

limit mM 

Linear range 

mM 

Sensitivity 

µA cm
−2 

mM
−1

 

Ref. 

GOD/PVA
a
-Au-pphTEOS

b
 0.7 1.0–8.0 

4.905×10
-5 

Amps cm
−2

 mM
−1

 

10 

GOD/ERGO
c
–MWCNTs

d 
4.7 0.01–6.5 7.95 11 

GOD@TiO2/FePc
e
-CNTs 0.03 0.05–4.0 7.11 µA mM

−1
 cm

−2
 12 

GOD/p-MAA
f
 0.01 0.009-8.26 11.98 mA M

−1
 cm

−2
 13 

GOD/GR–CdS/GCE 0.7 2-16 0.2027 14 

GOD/MGF
h
/GCE 0.25 1-12 0.124 15 

GOD/Ag–RGO/GCE
 

0.16 0.5-12.5 0.27 16 

GOD/Au–RGO/GCE 0.01 1-8 0.835 17 

GTE/AuNPs-CHIT/GOD 0.202 0.616 - 14 9 This work 
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Table S5. Determination of glucose by using the GOD/AuNPs-CHIT/GTE in blood serum sample. 

 

sample (mM) 

Diluted 

samples 

(mM) 

Added 

(mM) 

 Founded 

(mM) 

 

Recovery 

(%) 

RSD 

(%,n=5) 

1 

6.45 

1.00 7.48 100.40 3.79 

2 2.00 8.43 99.76 4.25 

3 3.00 9.56 101.16 3.96 
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