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> Graphene-based electrochemical biosensor for pathogenic virus detection?
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Figure 1. (a) Fabrication of GO films by the
centrifugal vacuum evaporation method. (b) A
typical photograph of a freestanding GO film
(top), and the reduced GO film (bottom). (c) Top
view of a SEM image of the reduced GO film
and the cross-sectional image of the reduced
GO film (inset). Scale bar is 2 xm in (c) and
200 nm in the inset. (d) A representative cyclic
voltammograms by using the bare graphene
film as an electrochemical electrode in the
[Fe(CN)6]3-/4- redox

system.

Figure 2. (a) Fabrication process of a three-
electrode CV system by using a graphene film
as a working electrode and (b) Schematics for
the graphene film-based immuno-biosensor
for rotavirus detection.

Figure 3. (a) CV profiles of the PSE modified graphene
electrode depending on the concentration of PSE and
the corresponding anodic peak current changes at a
scan rate of 50 mVs-1. (b) Cyclic voltammogram of the
bare graphene electrode, G/antibody modified
electrode and G/antibody/rotavirus with 105 pfu/mL
rotavirus incubation and G/antibody/variola virus as a
negative control experiment. (c) LOD study by plotting
the anodic peak current change depending on the
input cell number of the rotavirus from 10 to 103 pfu.
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> Needle-type glucose sensor based on functionalized graphene”
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Figure 4. Schematic of the GOD immobilization on
graphene(a) Peptide bond formation between remaining
carboxylic groups of RGO and GOD (b)Electrostatic
interaction between PIL functionalized graphene surface
and GOD.
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Figure 5. Schematic illustration of the glucose sensing setup
using working electrode comprised of graphene sheets
coated with GOD, along with possible electrochemical
reaction near the electrode.
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Figure 6. Calibration curve showing the electrochemical potential
difference, for the enzyme coated graphene electrode with Ag/AgCl
reference electrode versus Logarithmic concentration range for glucose
solution variation over the range of 1. M to 100 mM.
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> Electrochemical behavior and voltammetric determination of paracetamol
on Nafion/TiO,—graphene modified glassy carbon electrode’
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Figure 8. CVs of 1.0mM paracetamol on Nafion/TiO2—-GR/GCE in 0.1M
PBS with pH values of 4.0, 5.0, 6.0, 7.0 and 8.0. Insert, the plot of
100 + formal potential vs. pH value. Scan rate: 50mVs—'.
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Figure 7. CVs of 1.0mM paracetamol on Nafion/TiO2-GR/GCE at 5
different scan rates (50, 100, 150, 200, 250 and 300mVs~) in 0.1M
PBS (pH 7.0). Insert, the plot of the peak current vs. scan rate. d
I-‘-.-‘-_‘-_'-"‘----__

Potential / V vs. Ag/AgCl

Figure 9. DPVs of 1.0, 2.0, 4.0, 6.0, 8.0, 10, 20, 40, 60, 80 and 100 p M
paracetamol on Nafion/TiO2-GR/GCE in 0.1M PBS (pH 7.0). Insert, the
plot of peak current vs. paracetamol concentration.
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> A voltammetric sensor based on graphene-modified electrode for
simultaneous determination of catechol and hydroquinone?
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Figure 10. Cyclic voltammograms of blank 0.10 M acetate buffer
solution (pH 4.5) at GCE (a) and GR/GCE (b); 5 105 M HQ in
0.10 M acetate buffer solution (pH 4.5) at GCE (c) and GR/GCE
(d) (B) blank 0.10 M acetate buffer solution (pH 4.5) at GCE (a)
and GR/GCE (b); 5 105 M CC in 0.10 M acetate buffer solution
(pH 4.5) at GCE (c) and GR/GCE (d). Scan rate: 0.02 V sl.
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Figure 11. (A) DPV graphs of: (a) 0 M, (b) 1 106 M, (c) 5 106 M,
(d) 1T 105 M, (e) 2 105 M, (f) 3 105 M, (gl 4 105 M, (h) 5 105 M
HQ in the presence of 5 105 M CC. Insert: calibration plots of
HQ. (B) DPV graphs of: (a) 0 M, (b) T 106 M, (c) 5 106 M, (d) 1
105 M, (e) 2 105 M, (f) 3 105 M, (g) 4 105 M and (h) 5 105 M
CC in the presence of 5 105 M HQ. Insert: calibration plots of CC.
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> Direct electrochemistry of hemoglobin on graphene nanosheet-based
modified electrode and Its electrocatalysis to nitrite?
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2 T, chitosan-N, N-dimethylformamide (CS-DMF) , hemoglobin (Hb)=

O| &5t glassy carbon electrode (GCE)E Hb-CS/GR/GCE, CS-DMF/GR/GCE,
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Figure 12. SEM images of GR (a), Hb-CS/GR film (b) and Hb-CS-
DMF/GR film (c) on the glassy carbon.
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Figure 13. Plot of peak current vs. scan rate. Inset: Cyclic
voltammograms of Hb-CS-DMF/GR /GCE in PBS (pH 7.0) under
different scan rates: (curves a~k) 0.05, 0.08, 0.1, 0.15, 0.2, 0.25,
0.3,0.35, 04,045, 05Vs.
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Figure 14. Amperometric response of Hb-CS-DMF/GR/GCE upon successive
additions of 1.1 x 10—3 M NaNO, to 4mL of PBS 4.5 at —0.25 V. Inset: The

relationship between response current and concentration of NO,~



> Review : Recent advances in graphene-based biosensors'®
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++Graphene-based enzymatic electrodes

Eink-1o

= 2| enzymatic electrodess & Table 20|

[ype of bicsensos Sensar malsriak RS0 Delaction fimi RefErencey

(itueoss (raphens-FPy JpM 05 pM Alvearappan =t aL (2010]
Metal decorated rraphene [ uM Babry et al. (2010
Graphene/Nafion 421 10« 10N Chen et al. (2010)
VD growm sraphene 1.1 mM Huanp &t al. {20002
C-CR 51 (102 i Kareg l ol [2009)
G0 LB L bl (20 )
PO protected praphene 12 2-1dmM Shan et al. (2008
C5-GR-AuMP 47 B0 Shan e al. {21 a)
o Wiang =t ol (2000}
(raphene{d5 51 17 mM Wiy =t al {111}
5 GR- AP &0 G Wt ol (20002}
Graphens 15 LIEAH, | Wit all (2001 0h)
MG 137 5mM Yangetal (2010
Graphens .18 mM Zengetal (2010
RGO 43 2luM Thou et al. [EI0)
Graphens 12 fuM Fhou et al. (301ia)

NADH Il lunctionalized praphens 42 SuM Shan-et al. [(210k)
Craphene 15 Tang et al. (2009)

Hh el raphene LB O5uM He et al [2011)
Graphens 51 10-TM Muet 2l (20107

HRtF Graphens LK 105 107 M Lo et ol (2011)
41185 pranbeng 1010 M Lengetal (20006
AuNR.graphene 14 |00 Thou et a. {51106
5 GRiFe; OurHRP G0<107"M Thouetal (2011)

Choleszerod PilP-graphens 15aM Dy andd Hag (2000]

Table 2. Various types of enzymatic electrodes made from graphene and GO. In all the cases the mode of
detection is change in electrical current.



++Graphene-based non-enzymatic electrodes

- Enzyme-modified electrodes? 2 X & 2 2 instability, enzymes2 117} H| &,
immobilization?] 2 £H/d 5 °l A1 enzymes2| activity’t 2 &, pH, toxic
chemicalsSoll 943 HiCE 0|25t 22X E Z|5t7] Q1510 2t2 R XS O| non-
enzymatic electrodes 2 125t I H,0, AA, DA UAC ti 3t non-enzymatic
biosensors ©l tistS{ Table 39 2|5t &2 13t

Sermsor material: Distectionn mode [t alement Utection Hmit Referunoss

MG Change in electrical current [ 001 M How-et al. ()
MNRILCR Chanpe in electrical carrenl A aned D4 Li et 3k [2010a)
MnlhIG0 [Change in #lectrical current ] (L8 e L2 =t ak {20108
MGKE Change in electrical current Ak, DA and LA (117 A Shang et al. [208)
(-CINGR [hange in lectrical current [14 0 M Tametal (2010
(zraphens Chanpe in electnicd] current [ Wang et 2l (2053)
Mafan Hb-IL-GRICCT Change in electncal corresi Halh 30 M Yagin =t al [2008)
PP CR Change in electrical currest Hally 10nd Thamg et al (2010
CM Change in electrical corrent AN, D and LA o et al. {2008

Table 3. Various types of non-enzymatic electrodes made from graphene and GO.



<+Graphene-based nano-electronic devices

| 2| 3t nano-electronic
MM = Z Table 49f

YA A, gas/water vapor, heavy metal ionss &
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Sensor matenals Detection mode Detecied element Detection limm Refenences
Hydraine-reduced G Change in requency of 45, 00 -125 ppm £ Arsat et al. (2005
surface acousbic waves <G00 ppems Ha
GRIPANw Changes in electrical OIMNA 135 = 10" M Boetal. (20116}
current
Graphene Changes in electrical 7= 200 uzl-t Browm=on and Hanks {2011}
current
Hypdra ine-red poced GO Changes in electrica] Py, NEL,, OINT =5 ppm N0 and MH;: Fowler et al. (20003
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current
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current
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Huamp et al (2001)
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curren H;) vapor

GO Change in flaorescence A 103 plam fumg et 2l (HIT0)
imb=n=ity

Graphe=ne Charges in electriral P and O OO g L ez al. [2005a)
current

EC Charpes inelectrical DA I jpmi Lirrs &€ 3l {20000
current

Go Changein {luoresceree WA 0 oM Limet af [ HH02b)
Imt=nziby

Go Charge in floorescemce ONA L et all {20053
im=n=iby

Thermally reduced GO Chanpes in electrical By 2ppm Lis =t all {20050 2}
current

oo Chanze= in flucrescence ONA 2.0nM Lu =t al {20100}

Hydrame-reduced GO

intensity
Chanmes in =lectrical
camdurzance

HCN, CEES, DMME, DNT

70 ppb HCN; 1.5 pph
CEES; 5 pph DMME;

Robimson et al [ HHIE)

(.1 ppl DNT
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imt=nzity
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A ] Change in fluorescence Az and Hg* 20 znd 5.7 nM Thang etal [2011k)
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CR-GO Changes in =lecincal ONA Thoa et al. (2009)

currernil

Table 4. Various types of sensors made from graphene and GO.
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