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Characterization of Graphene Oxide (GO)  

GO was prepared from graphite with the Hummers method according to the 

procedure reported by the literature
1
 with some modification. The formation of GO 

was characterized by FTIR and TEM. GO exhibited some identical IR absorption 

peaks as graphite, such as C=C stretching vibration (νC=C) near 1620 cm
−1

, and 

skeletal vibrations from graphitic domains (νGD) at 1384 cm
−1

 (Figure S1 and Table 

S1).
2,3

 However, the C=O stretching vibration peak (νC=O) observed at 1728 cm
−1

 and 

the C−O stretching vibration peak (νC−O) at 1054 cm
−1

 were only found in GO but not 

in graphite (Figure S1 and Table S1), indicating that graphite is successfully oxidized 

to GO. The TEM image of GO showed wrinkle morphology, also supporting the 

formation of GO sheets with thin layers (Figure S2).
4,5

 

 

REFERENCES 

(1) Hummers, W. S.; Offeman, R. E. Preparation of Graphitic Oxide. J. Am. Chem. 

Soc. 1958, 80, 1339-1339. 

(2) Jeong, H.-K.; Lee, Y. P.; Jin, M. H.; Kim, E. S.; Bae, J. J.; Lee, Y. H. Thermal 

Stability of Graphite Oxide. Chem. Phys. Lett. 2009, 470, 255-258. 

(3) Tran, M.-H.; Yang, C.-S.; Yang, S.; Kim, I.-J.; Jeong, H. K. Influence of Graphite 

Size on the Synthesis and Reduction of Graphite Oxides. Curr. Appl. Phys. 2014, 14, 

S74-S79. 

(4) Shao, Y.; Wang, J.; Engelhard, M.; Wang, C.; Lin, Y. Facile and Controllable 

Electrochemical Reduction of Graphene Oxide and its Applications. J. Mater. Chem. 



S3 
 

2010, 20, 743. 

(5) Zhang, S.; Shao, Y.; Liao, H.; Engelhard, M. H.; Yin, G.; Lin, Y. 

Polyelectrolyte-Induced Reduction of Exfoliated Graphite Oxide: A Facile Route to 

Synthesis of Soluble Graphene Nanosheets. ACS nano 2011, 5, 1785-1791. 

 

 

2400 2000 1600 1200 800

1053

1538

1620

1644

1728Graphite

GO

rGO/PNIPAA

PNIPAA

NIPAA

 

 

R
el

a
ti

v
el

y
 T

r
a
n

sm
it

ta
n

ce

Wavenumbers (cm
-1)

 

Figure S1. FTIR spectra of NIPAA, PNIPAA, rGO/PNIPAA, GO, and graphite 

samples.  
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Table S1. Assignment of Characteristic IR Absorption Peaks for Different 

Samples 

Samples 
Wavenumbers (cm

−1
) 

νGD νC=C νC=O νC−O AmideⅠ AmideⅡ 

graphite 1384 1623 − − − − 

GO 1385 1620 1728 1054 − − 

rGO/PNIPAA 1382 1620 1726 1053 1644 1536 

PNIPAA − − − − 1644 1538 

NIPAA − 1620 − − 1647 1540 

 

 

Figure S2. TEM image of GO on the carbon-supported TEM grid.  
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Figure S3. (A) CV Ipa of 0.5 mM Fc(COOH)2 at 0.1 V s
−1

, pH 8.0 and 25 
ο
C for 

rGO/PNIPAA films vs the testing time at applied potential of (a) −0.5, (b) −0.7 and (c) 

−0.9 V after the films were treated at 0 V for 30 min. (B) CV Ipa of 0.5 mM 

Fc(COOH)2 at 0.1 V s
−1

, pH 8.0 and 25 
ο
C for rGO/PNIPAA films vs the testing time 

at applied potential of (a) 0 and (b) 1.0 V after the films were treated at −0.7 V for 7 

min.  
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Figure S4. CV of 0.5 mM Fc(COOH)2 at 0.1 V s
−1

 at PNIPAA film electrodes in pH 

8.0 buffers at 25 
ο
C after the film electrode was treated at (a) −0.7 V for 7 min, and (b) 

0 V for 30 min. 
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Figure S5. CV of 0.5 mM Fc(COOH)2 at 0.1 V s
−1

 and 25 
ο
C after the electrodes 

were treated at 0 V for 30 min at (A) bare Au and (B) PNIPAA film electrodes in (a) 

pH 5.0 and (b) 8.0 buffers. 
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Figure S6. CVs of (A) 0.5 mM FcOH, (B) 0.5 mM Fe(CN)6
3−

, and (C) 0.5 mM MB at 

0.1 V s
−1

 for rGO/PNIPAA films in buffers at different pH after the film electrodes 

were treated at 0 V for 30 min. 
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Figure S7. XPS spectra of (a) PNIPAA, (c) rGO/PNIPAA, and (e) rGO films after the 

films were treated at 0 V for 30 min, (b) PNIPAA (d) rGO/PNIPAA, and (f) rGO 

films after the films were treated at −0.7 V for 7 min. 
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Figure S8. XPS profiles in C1s region for (A) rGO films after treated at 0 V for 30 

min with fitted data of different C-bonds, (B) rGO and (D) PNIPAA films after 

treated at 0 V for 30 min and −0.7 V for 7 min, respectively, and (C) for 

rGO/PNIPAA films after treated at 0 V for 30 min, −0.7 V for 7 min, and after CV 

electrodeposition, respectively. 



S9 
 

0.0 0.2 0.4 0.6 0.8
-3

-2

-1

0

1

2

3

 

 

I
/ µµ µµ

A

E/V

pH 5.0

pH 8.0

 

Figure S9. CV of 0.5mM Fc(COOH)2 at 0.1 V s
−1

 and 25 °C at different pH for 

rGO/PNIPAA films without treatment by potentials.  
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Figure S10. Influence of the concentration of (a) Na2SO4, (b) NaCl, and (c) NaBr on 

CV Ipa of Fc(COOH)2 in buffers at pH 5.0 and 25 °C at rGO/PNIPAA film electrodes. 
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Figure S11. CV of 0.5 mM Fc(COOH)2 at 0.01 V s
−1

 and 25 ° C for rGO/PNIPAA 

films in pH 5.0 buffers containing 1.0 mg mL
−1

 GOx and glucose with the 

concentration of (a) 0, (b) 2, (c) 4, and (d) 6 mM. Inset: the variation of CV Ipa with 

the concentration of glucose. 
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Figure S12. Dependence of CV Ipa of 0.5 mM Fc(COOH)2 at 0.1 V s
−1

 for 

rGO/PNIPAA films in buffers containing 1.0 mg mL
−1

 GOx and 6 mM glucose on (A) 

the solution pH switched between 5.0 and 8.0 at 25 
ο
C after the films were treated at 0 

V for 30 min, (B) the potential switched between −0.7 V and 0 V in pH 8.0 buffers at 

25 
ο
C, (C) the solution temperature switched between 25 and 35 

ο
C in pH 5.0 buffers, 

and (D) the Na2SO4 concentration switched between 0 and 0.28 M at pH 5.0 and 25 

ο
C . 


