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ABSTRACT 

We report on a new type of amperometric glucose biosensor that was made by integration of glucose oxidase (GOD) 
with palladium nanoparticles/reduce graphene oxide (Pd/RGO) nanocomposite. The Pd/RGO was prepared by a one- 
step reduction method in which the palladium nanoparticles and the reduced graphene oxide (RGO) were simultane- 
ously accomplished from the reduction of dispersed solution of PdCl2 and graphite oxide (GO) with hydrazine. The 
as-prepared nanocomposite exhibits favorable electrocatalytic activities towards the oxidation of H2O2, which makes it 
a good platform for the construction of the glucose biosensor. The analytical performance of the glucose biosensor is 
fully evaluated. It shows good analytical properties in terms of a short response time (3 s), high sensitivity (14.1 
µA/mM), and low detection limit (0.034 mM). In addition, the effects of pH value, applied potential, electroactive in- 
terference and the stability of the biosensor were discussed as well. 
 
Keywords: Reduced Graphene Oxide; Palladium Nanoparticles; Biosensor; Glucose Oxidase 

1. Introduction 

Though glucose biosensor has been already commercial-
ized for decades, the basic research is still active [1-5]. 
Especially, amperometric biosensor based on glucose 
oxidase (GOD) is extremely popular due to its simplicity, 
reliability, low cost and very stable activity [6-9]. In this 
type, glucose level is indirectly monitored by measure- 
ment of current associated with the electrochemical de- 
tection of hydrogen peroxide produced during the enzy- 
matic reaction in which glucose is oxidized by oxygen 
with the aid of GOD. The side product, hydrogen perox- 
ide, is usually oxidized at conventional solid state elec- 
trodes, and unfortunately the kinetics is very sluggish, 
therefore, high over potentials are often required in order 
to get a sufficient sensitivities. This may give rise to se- 
rious interference from some electroactive species (i.e. 
ascorbate, urate, acetaminophen, etc.) which are usually 
present in real samples. To this end, various approaches 
have been proposed to circumvent or alleviate this issue, 
for example, coating the enzymes with a preoxidizing 
layer or a permselective membrane (e.g. Nafion) [10], or 
incorporation of redox mediators (e.g. porphyrin [11], 
phthalocyanine [12], Prussian blue [13], and peroxidase 
[14]) to diminish the over potential for the detection of  

hydrogen peroxide. Additionally, the oxidation of hy- 
drogen peroxide can be promoted by some precious metal 
nanoparticles thanks to their large active surface area and 
favorable lattice planes compare to the bulks, such as Pt 
and Au [15,16]. Likewise, Pd nanoparticles are also fre- 
quently included into sensory configurations for this pur- 
pose and practically, they are generally dispersed with a 
conducting support to avoid their agglomerations and 
keep their activities. On this aspect, various carbon mate- 
rials have been employed due to their good electrical 
conductivities, biocompatibilities and rich in functional 
groups used for anchoring Pd nanoparticles, for example, 
carbon nanotubes [17], graphite [18] and mesoporous car- 
bon [19]. In this article, we exploit a new carbon material, 
reduced graphene oxide (RGO), as the support for Pd na- 
noparticles for this purpose. 

Reduce graphene oxide (RGO), a flat monolayer of 
graphite packed into a two-dimensional (2D) honeycomb 
lattice, has become one of the most novel and exciting 
stars in material science. This inexpensive material has a 
unique ability to promote fast electron transfer kinetics 
for a wide range of electroactive species when it is em- 
ployed as electrode substrate [20-24]. For example, Kang 
et al. [25] reported that the RGO electrode rich in hy-
droxyl and carboxylic groups showed promoted electro- 
catalytic activity towards the oxidation of paracetamol. *Corresponding author. 
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Kim et al. [26] developed a sensitive sensor for the se- 
lective determination of dopamine without the interfer- 
ence of ascorbic acid based on a RGO modified electrode. 
Shan et al. [27] have used graphene as the electrode ma- 
terial for low-potential NADH detection and biosensing 
for ethanol. The RGO used in most of the works is gen- 
erally obtained by the chemical reduction of graphene 
oxide in solution, and because of the van der Waals and 
π-π stacking interactions, the RGO sheets are especially 
easy to form irreversible agglomerates and even restack 
to form graphite, which may limit their applications. 
Herein, this issue is gotten over by incorporation of Pd 
nanoparticles between the RGO sheets and the agglom- 
eration of Pd nanoparticles is circumvented at the same 
time by supported on RGO in that the Pd nanoparticles 
and RGO are achieved through a one-step reduction of 
PdCl2 and graphite oxide (GO) with hydrazine. During 
the reduction process, Pd nanoparticles are grown on the 
surface of RGO sheets and prevent their restacking. The 
obtained nanocomposite exhibits particularly electrocata- 
lytic activities towards the oxidation of hydrogen perox-
ide. This feature encouraged us to develop a new am- 
perometric glucose biosensor by combination with glu- 
cose oxidase. 

2. Experimental 

2.1. Reagents 

Glucose oxidase (GOD, 155.6 U/mg, from Aspergillus- 
niger), palladium(II) chloride (PdCl2), graphite powder, 
ascorbic acid (AA), uric acid (UA) and acetaminophen 
(AP) were purchased from Sigma-Aldrich Co. (St. Louis, 
USA). β-D-Glucose was obtained from Beijing Chemical 
Reagent Company. Glucose stock solutions were stored 
at 4˚C and allowed to mutarotate for at least 24 h prior to 
use. All other chemicals were analytical grade and used 
as received. Doubly distilled water was used for the pre- 
paration of aqueous solutions throughout. 

2.2. Preparation of Graphite Oxide 

Graphite oxide (GO) was prepared according to a modi- 
fied Hummer’s method [28]. Briefly, 0.3 g graphite was 
added into a mixture of 2.4 mL H2SO4 (98%), 0.5 g 
K2S2O8, and P2O5, and then the mixture was continuously 
stirred at 80˚C for 4.5 h. The resulted preoxidized prod-
uct was filtrated and rinsed with copious distilled water, 
and dried at room temperature overnight. The preoxidized 
product was added to 12 mL H2SO4 (98%) in an ice-bath. 
And followed with addition of 1.5 g of KMnO4 gradually 
while maintaining vigorous agitation. The temperature of 
the mixture was maintained below 20˚C. The ice-bath 
was then removed and the temperature of the suspension 
was leveled up to 35˚C where it was maintained for 2 h. 
Then 25 mL H2O was added. After 0.5 h, additional 70 

mL H2O, which was heated up early, was added to the 
solution, and 2 mL 30% H2O2 was slowly injected into 
the solution, then a bright yellow solution was obtained. 
After that, the mixture was filtrated and washed with 
water several times to remove the remaining metal ions 
and acid, then dried at 30˚C under vacuum overnight. 

2.3. Synthesis of Pd/RGO Nanocomposite 

Pd/RGO was prepared by the following procedures. In 
brief, 32.0 mg GO, 0.15 mL of 1.13 mM PdCl2, and 170 
mL H2O were added into a flask, and vigorously stirred 
at room temperature for 0.5 h. Then the pH was adjusted 
to 13 by sodium hydroxide solution. Finally 2 mL 85% 
hydrazine solution was added into the flask. The solution 
was refluxed at 90˚C for 3 h, and additionally stirred at 
room temperature overnight. The resulted solution was 
filtrated and washed with copious distilled water, and 
then the filtrate was dried at room temperature overnight. 
RGO was identically prepared only except for the absence 
of PdCl2 in the beginning. 

The particle sizes and morphologies of the Pd/RGO 
nanocomposite were characterized by a JEOL 2010 trans- 
mission electron microscope (TEM) at 200 kV. The X-ray 
diffraction (XRD) pattern was obtained with a Philips 
powder diffraction system (model PW 1830) using a Cu 
Kα source operating at 40 keV at a scan rate of 0.025·s–1. 

2.4. Preparation of GOD/Pd/RGO/GCE 

A glassy carbon electrode (GCE, dia: 3 mm) was polished 
with 0.05 mm alumina slurry on a piece of polishing 
cloth and then ultrasonically cleaned in ethanol and dis- 
tilled water, successively. Pd/RG/GCE was made by cast- 
ing 5 µL of the Pd/RGO suspension (1 mg/mL, dispersed 
in DMF with ultrasonic agitation) on the surface of the 
well-polished GCE. The solvent was allowed to dry un- 
der an infrared lamp for 0.5 h. Then the Pd/RGO/GCE 
was gradually cooled to room temperature. The RGO/ 
GCE was prepared in the same way. 

GOD/Pd/RGO/GCE was prepared according to the fol- 
lowing procedures. 0.5 mg GOD and 2.5 mg BSA were 
dissolved in 50 µL of deoxygenated phosphate buffer so- 
lution (0.05 M, pH 6.85), then 10 µL of glutaraldehyde 
(5%) was added and evenly shaken as soon as possible. 
After that 3 µL of the mixture was casted onto the sur- 
face of the Pd/RGO/GCE. Then the solvent was allowed 
to dry at room temperature. The GOD/RGO/GCE was 
prepared in the same way. Both the bioelectrodes were 
stored in phosphate buffer solution (0.05 M, pH 6.85) at 
4˚C in a refrigerator when not in use. 

2.5. Apparatus 

Electrochemical measurements were performed with a 
CHI660b electrochemical workstation (Chenhua Instru- 
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ments Co., Shanghai, China). Three-electrode system with 
a platinum wire counter and an Ag/AgCl (3 M NaCl) re- 
ference electrode was employed in this study. The work- 
ing electrode was one of the modified GCE described 
above. The counter, reference and working electrodes 
were inserted into a 10 mL beaker through holes in its 
Teflon cover. A magnetic Teflon stirrer provided the con- 
vective transport during the amperometric measurements. 
All the experiments were performed at room temperature 
(20˚C ± 1˚C). 

3. Results and Discussion 

3.1. Characterization of the Pd/RGO  
Nanocomposite 

The X-ray diffraction (XRD) patterns of RGO (a) and 
Pd/RGO (b) are given in Figure 1. The diffraction peak 
at 23.50˚ and 43.00˚ are indexed to the (002) and (100) 
planes of RGO, while the diffraction peaks located at 2θ 
values of 38.59˚, 44.86˚, 66.85˚ and 79.67˚ are attributed 
to the (111), (200), (220) and (311) planes of Pd, respec- 
tively. These peaks indicate that Pd supported on RGO is 
present in the face-centered cubic (fcc) crystal lattice 
structure. We estimate the average particle size of the Pd 
nanoparticles according to the Scherrer equation [29]: 

( )
k l

2 B

0.9

B cos
α

θ

λ
θ⋅

L =  

where L is the average particle size, λkαl is the X-ray 
wave length (0.154056 nm for Cu λkαl radiation), B2θ is 
the peak broadening, and θB is the angle corresponding to 
the peak maximum. The value of the volume averaged 
particle is about 4.09 nm calculated from the full width 
half maximum of the (220) peak.  

Figure 2 shows the transmission electron microscopy 
(TEM) images of the RGO (A) and Pd/RGO (B). It can 
be clearly seen that the thickness of flakes is about 3 - 4 
nm, which corresponds to about 10 reduced graphene 

 

 

Figure 1. X-ray diffraction patterns of RGO (a) and Pd/ 

oxide laye

RGO (b). 

rs, suggesting the electrochemical behavior of 

3.2. Electrochemical Performance of 
 Peroxide 

Figure 3 - 

c properties of 
Pd

RGO prepared here is similar to that of single layer gra- 
phene, as demonstrated by Pumera et al. [30,31]. Yet, 
they are generally not especially flat, and their edges 
often exhibit folding or scrolling shapes. From Figure 2 
(B), we can discern that Pd nanoparticles are clearly 
decorated in the RGO nanosheets. The particles display 
relatively uniform spherical shape with a nominal diameter 
of 3.5 - 4.5 nm, which is conformed to the datum obtained 
by the XRD analysis. 

Pd/RGO/GCE towards Hydrogen

depicts the cyclic voltammograms for the oxi
dation of hydrogen peroxide recorded at Pd/RGO/GCE 
(A) and RGO/GCE (B) in phosphate buffer solution (0.05 
M, pH 6.85) at a scan rate of 50 mV/s. As can be seen, the 
Pd/RGO/GCE shows much more favorable electrochemi- 
cal activities towards the catalysis of H2O2 than does the 
RGO/GCE in terms of the onset potential and current 
response, suggesting the promotion of Pd nanoparticles 
towards the catalytic oxidation of H2O2.  

Because of the significant electrocatalyti
/RGO/GCE, the sensitive detection of hydrogen per- 

oxide is reliable by amperometric method under low over 
potentials. Then the effect of applied potential on the 

 

 

Figure 2. TEM image of RGO (A) and Pd/RGO (B). 

Copyright © 2012 SciRes.                                                                                AJAC 



N. N. CHENG  ET  AL. 315

 

Figure 3. Cyclic voltammograms for Pd/RGO/GCE (A) and 

urrent response of the Pd/RGO/GCE (A) and RGO/GCE 

ical amperometric responses 
(A

RGO/GCE (B) in the absence (a) and the presence (b) of 5 
mM H2O2. Scan rate: 50 mV/s, supporting electrolyte: phos- 
phate buffer (0.05 M, pH 6.85). 
 
c
(B) to 1 mM H2O2 had been investigated in detail. The 
effect of applied potential on the response current was 
shown in Figure 4. In the case of Pd/RGO/GCE, the 
current response increases rapidly when the applied po- 
tential changes from 0.3 to 0.5 V but levels off when 
higher than 0.5 V, while the current response is gradually 
increased for RGO/GCE. Therefore, the operation poten- 
tial of 0.5 V was selected for oxidation of H2O2 in the 
following experiments.  

Figure 5 displays the typ
) and the corresponding calibration plots (B) recorded 

at the RGO/GCE (a) and Pd/RGO/GCE (b) by increasing 
levels of 0.5 mM steps under the operation potential of 
0.5 V. Apparently, As directly perceived through current 
staircases, the response of RGO/GCE was almost negli- 
gible while the response of Pd/RGO/GCE was dramati- 
cally increased after each addition of H2O2 indicating the 
effective detection of H2O2 catalyzed by Pd nanoparticles. 
To elaborate this point more in detail, we get the analyti- 
cal data by resolving the calibration curves. The sensi- 
tivities are 3.78 and 0.14 µA/mM for the Pd/RGO/GCE 
and RGO/GCE, respectively. Correspondingly, the de-
tection limit is lowered from 2.31 µM at the RGO/GCE 

to 1.00 µM at the Pd/RGO/GCE. The linear ranges are up 
to around 4.00 and 3.00 mM for the Pd/RGO/GCE and 
RGO/GCE, respectively. 

 

 

Figure 4. Applied potential on the response of the Pd/ 
RGO/GCE (a) and RGO/GCE (b) in the presence of 1 mM 
H2O2. 
 

 

Figure 5. (A) Current-time responses for successive addi-
tion of 0.5 mM H2O2 and (B) corresponding calibration 
curves for RGO/GCE (a) and Pd/RGO/GCE (b) under the 
operation potential of 0.5 V. 
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3.3. Ampermetric Glucose Biosensor 

ivities of the 
etric glucose 

 pH 
va

Due to the outstanding electrocatalytic act
Pd/RGO/GCE towards H O , an amperom2 2

biosensor was constructed by integration of glucose oxi- 
dase (GOD) with the Pd/ORG/GCE, and the evaluation 
of glucose concentration in aqueous solution by the bio- 
sensor was achieved by the catalytic oxidation of hydro- 
gen peroxide. Figure 6 shows the cyclic voltammograms 
for the GOD/Pd/RGO/GCE (A) and GOD/RG/GCE (B) 
recorded in phosphate buffer solution (0.05 M, pH 6.85) 
in the absence (a) and presence (b) of 5 mM glucose. 
Upon the addition of glucose, the GOD/Pd/RGO/GCE 
exhibits typical catalytic cyclic voltammograms associ- 
ated with increased anodic current. While in the case of 
the GOD/RGO/GCE, the current responses are almost 
unchanged before and after the addition of glucose. 

Before the amperometric measurement of glucose, we 
optimized the experimental variables, such as the

lue of the testing media and the applied potential on 
the bioelectrode, which would ultimately affect the per- 
formance of the biosensor. Figure 7(A) shows the effect 

 

 

d/RGO/GCE 
(A) and GOD/RGO/GCE (B) recorded in phosphate buffe

 

Figure 6. Cyclic voltammograms for GOD/P
r 

(0.05 M, pH 6.85) in the absence (a) and the presence (b) of 
5 mM glucose at a scan rate of 50 mV/s.

of pH on the response of the biosensor, and the maxi- 
mum current respond is achieved at around pH 6.85, 
which is similar to a previous report [32]. Figure 7(B) 
shows the effect of the applied potential on the response 
of the biosensor in the presence of 0.05 mM glucose. The 
current response increases rapidly as the applied potential 
shifted from 0.3 V to 0.5 V and then levels off afterward. 
Therefore, the testing media of pH 6.85 and applied po- 
tential of 0.5 V are preferred in the following experi- 
ments. 

Figure 8(A) depicts the current-time curves for the 
GOD/Pd/RGO/GCE (a) and COD/RGO/GCE (b) upon 
the successive addition of different concentrations of glu- 
cose in a stirred buffer solution under the optimal ex- 
periment conditions. Both the glucose biosensors have 
rapid responses to the each addition of glucose, less than 
3 s (reaching 95% of stabilized current signal), which are 
less than previous reports [33,34]. But the amperometric 
response of the GOD/Pd/RGO/GCE is much higher than 
that of the GOD/RGO/GCE with respect to the same 
amount of glucose. Then we only conclude the analytical 

 

 

Figure 7. Effect of pH (A) and applied (B) on the response 
of the biosensor (GOD/Pd/RGO/GCE) in the presence o
0.01 mM glucose. 

f 
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data for the GOD/Pd/RGO/GCE biosensor from the cali- 
bration curves shown in Figure 8(B), while the data of 
the GOD/RGO/GCE biosensor is obviously very poor. A 
sensitivity of 14.1 µA/mM, which is higher than those 
reported based Pd nanoparticles [35,36], a estimated de-
tection limit (based on the signal to noise ratio of 3) of 
0.0337 mM, which is much lower than the previous re- 
ports [37,38], and a broad dynamic range up to 0.1mM, 
were obtained for the GOD/Pd/RGO/GCE. The apparent 
Michaelis-Menten constant ( app

MK ) was calculated to be 
0.0571 mM for the GOD/Pd/RGO/GCE, according to the 
lineweaver-burk equation [39]. 

The operational and long-term stability (shelf lifetime) 
of the glucose biosensor was studied. The GOD/Pd/ 
RGO/GCE was incorporated in the electrochemical cell 
with stirred 0.01 mM glucose solution to study its opera- 
tional stability under continuous use for 5 h, the current 
response decreases by only about 10.0% within the 5 h, 
which indicates the biosensor has a good operational 
stability and enough for continuous usage for hours. The 
storage stability of the biosensor was investigated by per- 
forming triplicate measurements of 0.01 mM glucose 
solution in phosphate buffer solution (0.05 M, pH 6.85) 

 

 

Figure 8. Current-time curves for successive addition of 
0.005 mM glucose in a stirring phosphate buffer (0.05 M, 
pH 6.85) (A) and the corresponding calibration curves (B) 

This article demonstrates that palladium nanoparticles/ 
posite has excellent catalytic activities 
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Niu, “Graphe ocomposites Film 
for Glucose B nd Bioelectronics, 

for GOD/RGO/GCE (a) and GOD/Pd/RGO/GCE (b) recorded 
at 0.5 V. 

daily. When not in use, the biosensor was kept in phos- 
phate buffer solution (0.05 M, pH 6.85) at 4˚C. The bio 
sensor retained approximately 85% of the initial sensitiv- 
ity after 4 days of continual measurments. With the stor-
age time prolonged, the response continues dropping but 
still retains approximately 60.0% of its initial sensitivity 
after two weeks of continual measurements. 

The interferences from electroactive compounds com- 
monly present in physiological samples of glucose such 
as uric acid (UA), ascorbic acid (AA) and acetami no- 
phen (AP) used to cause problems in the accurate deter- 
mination of glucose. The effects of those possible inter- 
fering substances upon the response of the glucose bio- 
senseor were evaluated at the operation potential of 0.5 V. 
It was easily discovered that addition of 0.004 mM UA to 
0.01 mM glucose solution did not cause any impact on 
the response of the biosensor, whereas 0.002 mM AA 
and 0.002 mM AP brought significant interference on the 
response of the biosensor in the presence of 0.01 mM 
glucose. To this end, several approaches have been pro- 
posed to overcome this problem, for instance, coating the 
enzymes with a preoxidizing layer or a permselective 
membrane (e.g. Nafion) [12], or selective catalysts (e.g. 
porphyrin [13], phthalocyanine [14], and metallic parti-
cles [17,18]) to diminish the over potential for the anodic 
oxidation of hydrogen peroxide. 

4. Conclusion 

graphene nanocom
towards the oxidation of H2O2. After immobilizing the 
glucose oxidase on the nanocomposite Pd/RGO/GCE, a 
new amperometric glucose biosensor has been success- 
fully developed. The glucose biosensor shows good ana- 
lytical characteristics such as a short response time (3 s), 
high sensitivity (14.1 µA/mM), low detection limit (0.0337 
mM) and good stability under the optimized experimental 
conditions. What more, the novel biosensor are not in- 
terfered by UA due to the lower operation potential af-
forded by the catalytic ability of the presence of Pd 
nanoparticles. All those facts suggest that the GOD/Pd/ 
RGO/GCE holds great promise in electrobiosensor. 
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