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This communication describes a facile but effective method to prepare graphene film electrodes with tun-
able dimensions with Vaseline as the insulating binder. Cyclic voltammetry (CV) studies reveal that the
as-prepared graphene film electrodes have tunable dimensions ranging from a conventional electrode to
a nanoelectrode ensemble, depending on the amount of graphene dispersed into the insulting Vaseline
matrix. A large amount of graphene (typically, 10.0 lg/mL) leads to the formation of the film electrodes
with a conventional dimension, while a small amount of graphene (typically, 1.0 lg/mL) essentially
yields the graphene film electrodes like a nanoelectrode ensemble. As one new kind of carbon-based film
electrodes with tailor-made dimensions and a good electrochemical activity as well as a high stability,
the graphene film electrodes are believed to be potentially useful for fundamental electrochemical stud-
ies and for practical applications.

� 2009 Elsevier B.V. All rights reserved.
1. Introduction

The recent discovery of graphene has triggered enormous inter-
ests both from the fundamental studies and practical aspects due
to its distinctive geometries and novel physicochemical properties
[1,2]. To date, most studies on graphene have been focused on its
preparation, theoretical calculation, physical properties, chemical
functionalization and so forth [3–7]. Recent concerns have also
been made on the electrochemical properties of graphene and such
investigations have demonstrated that, as a new kind of carbon
nanostructures, graphene exhibits good electrochemical activities
and is thus potentially useful both in the fundamental electro-
chemical studies and in the practical applications [8–12]. For in-
stance, graphene is a flat monolayer of carbon atoms tightly
packed into a two-dimensional (2D) honeycomb lattice. Since this
kind of carbon nanostructure can be considered as a basic building
block for other kinds of graphitic materials including 0D fullerenes,
1D nanotubes and 3D graphite [1,14], the study of its electrochem-
ical activity is of fundamental importance in understanding the
carbon-based electrochemistry [15–17]. Moreover, graphene has
recently been demonstrated to show excellent electrochemical cat-
alytic activities towards physiologically important species, such as
neurotransmitters, and the species involved in the oxidase/dehy-
ll rights reserved.
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drogenase enzymatic reactions [9–13]. This property essentially
enables this kind of carbon nanostructure to be potentially used
as a new kind of electrode materials with potential applications
in electrochemical sensing and biosensing.

On the other hand, the enhanced mass transport, the reduced iR
drop and the increased faradiac-to-charging current ratio at the
microelectrodes and their ensembles have substantially made
these kinds of electrodes advantageous over the electrodes with
a conventional dimension both in the fundamental and practical
aspects [18]. For example, the enhanced mass transport at the
microelectrodes essentially enables the fast heterogeneous elec-
tron-transfer kinetic measurements to be readily and reliably car-
ried out under a steady-state condition, rather than a transient one.
Additionally, the small size of this kind of electrodes has made it
possible for the voltammetric measurements in the microenviron-
mental and biological systems [19–21].

Motivated by the striking properties of graphene and the
wide uses of microelectrodes in the fundamental and practical
electrochemical studies, this communication describes a facile
but effective method to prepare graphene film electrodes with
tailor-made dimensions ranging from a conventional electrode
to a nanoelectrode ensemble by using Vaseline as the insulating
binder. To the best of our knowledge, this is the first demon-
stration on the method to prepare the graphene film electrodes
with tunable dimensions and the prepared electrodes are rea-
sonably envisaged to be useful for electrochemical studies and
applications.

http://dx.doi.org/10.1016/j.elecom.2009.08.020
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Fig. 1. Typical CVs for 1.0 mM K3Fe(CN)6 at the graphene film electrodes in 0.10 M
KCl solution. The electrodes were prepared by mixing 10.0 lg/mL (A) and 1.0 lg/mL
(B) graphene into the Vaseline solution. Scan rate, 10 mV s�1.
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2. Experimental

2.1. Reagents and materials

Benzene, hexane, anhydrous sodium sulfate, N,N-dimethyl-
formamide (DMF) and colloidal white Vaseline were purchased
from Beijing Chemical Co. (Beijing, China) and used without further
purification. Aqueous dispersion of pristine graphene oxide
(0.05 wt.%) was prepared according to the modified Hummers
method [22] and aqueous dispersion of graphene (0.01 wt.%) was
prepared by the chemical reduction of graphene oxide with hydra-
zine, as reported previously [3]. Doubly distilled water was used
throughout the experiments.

2.2. Preparation of graphene film electrodes

Glassy carbon electrodes (GC, 3 mm diameter) were used as the
substrate to prepare the graphene film electrodes. GC electrodes
were first polished with emery paper and then with aqueous slur-
ries of fine alumina powders (0.3 and 0.05 lm) on a polishing
cloth. After that, the electrodes were then rinsed with doubly dis-
tilled water and acetone in an ultrasonic bath, each for 5 min, and
were finally rinsed with doubly distilled water. In a typical exper-
iment, Vaseline (50 mg) was dissolved into 5 mL of hexane or ben-
zene and the mixture was vigorously stirred for 10 min to obtain a
homogeneous solution. Aqueous dispersion of graphene was first
diluted with isopyknic DMF, then dehydrated with excess anhy-
drous sodium sulfate, and finally stored at room temperature over-
night. Then, different amounts of the resulting graphene was added
to the Vaseline solution and the as-prepared dispersions were son-
icated for 10 min to give homogeneous dispersions containing dif-
ferent contents of graphene, i.e., 10.0 and 1.0 lg/mL in this study.
An aliquot of 0.5 lL of the dispersion was dip-coated on GC elec-
trodes and the electrodes were allowed for solvent evaporation
at ambient temperature for 30 min. Alternatively, the graphene
film electrodes could also be prepared by first mixing 50 lL or
5.0 lL of the aqueous dispersion of graphene into 50 mg colloidal
Vaseline, and then grinding the mixtures in an agate mortar for
ca. 30 min to form a homogeneous gel. The film electrodes were
prepared by rubbing GC electrodes on the gels placed on a smooth
glass plate.

2.3. Electrochemical measurements

Electrochemical measurements were carried out with a com-
puter-controlled electrochemical analyzer (CHI 660A, Chenhua,
China) in a two-compartment electrochemical cell with graphene
film electrodes as working electrode, a platinum spiral wire as
counter electrode, and an Ag/AgCl electrode (KCl-saturated) as ref-
erence electrode. A 0.10 M KCl solution was used as supporting
electrolyte. All electrochemical measurements were conducted at
room temperature.
3. Results and discussion

Fig. 1 depicts typical cyclic voltammograms (CVs) obtained at
the graphene film electrodes prepared with different contents of
graphene in Vaseline in 0.10 M KCl solution containing FeðCNÞ3�6 .
A large difference in the CV shape was clearly observed at the film
electrodes. Typically, a pair of well-defined and peak-shaped redox
wave was recorded at the electrodes when the content of graphene
in the Vaseline solution was as high as 10.0 lg/mL (Fig. 1A), indi-
cating that the process of the redox couple at such electrodes
was semi-infinite linear diffusion-controlled and that the film elec-
trodes essentially act as a conventional electrode. In addition, the
near unity of the ratio of the cathodic-to-anodic peak current
(0.99 at 10 mV s�1) and the small peak-to-peak separation
(73 mV at 10 mV s�1) essentially suggest a fast electron-transfer
process of FeðCNÞ3�=4�

6 at the graphene film electrodes prepared
here with Vaseline as the binder. Interestingly, when the content
of the graphene dispersed in the Vaseline solution was decreased
to 1.0 lg/mL, the CV obtained at the as-prepared graphene film
electrodes for the FeðCNÞ3�=4�

6 redox couple changed dramatically
as shown in Fig. 1B. A typical sigmoidal-shaped voltammetric re-
sponse was obtained at the film electrodes, demonstrating that a
nonlinear diffusion process was involved in the redox process of
FeðCNÞ3�=4�

6 couple and that the film electrodes behave as a nano-
electrode ensemble. The dependency of the CV shape of the graph-
ene film electrodes on the graphene content in the Vaseline matrix
could be understood by the different exposure of graphene from
the insulting Vaseline layer and thereby the possibility of overlap-
ping of the diffusion layer of the exposed graphene nanoelectrodes,
as schematically shown in Scheme 1. For instance, the peak-shaped
CV result obtained with the graphene film electrodes with a large
amount of graphene in the Vaseline matrix was attributed to the
close spacing of the graphene nanoelectrodes exposed from the
insulting Vaseline matrix and thus the overlap of diffusion layer
of each graphene nanoelectrode (Scheme 1A). Meanwhile, the sig-
moidal-shaped voltammetric response obtained with the graphene
film electrodes with a small amount of graphene in the Vaseline
matrix was ascribed to the low surface density of graphene nano-
electrodes exposed from the Vaseline matrix [18,23]. In such a
case, the diffusion layer of each exposed graphene nanoelectrode
was well separated, resulting in a radial diffusion process at the
as-prepared nanoelectrode ensemble (Scheme 1B).
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Scheme 1. Schematic illustration of the strategy for preparation of graphene film
electrodes with tailor-made dimensions ranging from a conventional electrode (A)
to a nanoelectrode ensemble (B) by using Vaseline as the insulating binder.
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Fig. 2. Typical CVs for 1.0 mM K3Fe(CN)6 at the graphene film electrodes in 0.10 M
KCl solution with various potential scan rates. The electrodes were prepared by
mixing 10.0 lg/mL (A) and 1.0 lg/mL (B) graphene into the Vaseline solution. Scan
rates in A were 5, 10, 20, 30, 50 and 100 mV s�1 (from inner to outer). Inset, plots of
anodic and cathodic peak currents against the square root of scan rates. Scan rates
in B were 5 mV s�1 (short-dotted blue curve), 10 mV s�1 (short-dashed red curve)
and 50 mV s�1 (solid black curve). (For interpretation of the references to colour in
this figure legend, the reader is referred to the web version of this article.)
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The formation of the graphene film electrodes with tailor-made
dimensions were further verified with the CVs obtained with the
electrodes for the FeðCNÞ3�=4�

6 redox couple at various potential
scan rates, as shown in Fig. 2. At the film electrodes prepared with
a large amount of graphene dispersed into the Vaseline matrix (i.e.,
10.0 lg/mL), both anodic and cathodic peak currents clearly in-
crease with increasing potential scan rate and are linear with the
square root of the potential scan rate within a range from 5 to
100 mV s�1 (Fig. 2A). These again demonstrate a semi-infinite lin-
ear diffusion-controlled feature of the redox process of the
FeðCNÞ3�=4�

6 couple at the electrodes, which is characteristic of
the electrodes of a conventional dimension. While, at the film elec-
trodes prepared with a low content of graphene in the Vaseline
matrix (i.e., 1.0 lg/mL), the limiting currents are almost indepen-
dent of potential scan rate up to 50 mV s�1 (Fig. 2B), suggesting
that the electrodes behave as a nanoelectrode ensemble.

The results described above substantially demonstrate that the
simply varying the content of graphene in the insulting Vaseline
matrix could efficiently tune the dimensions of the as-prepared
graphene film electrodes from a conventional electrode to a nano-
electrode ensemble. Although some methods, such as sol–gel [24]
and self-assembly monolayer [25], have been previously reported
to prepare the electrodes with different dimensions, the method
demonstrated here is still remarkable in terms of the method sim-
plicity by simply adjusting the content of graphene into the Vase-
line matrix and the use of low-cost Vaseline as the insulting binder
as well as the biocompatibility of the Vaseline binder that could
eventually enable the entrapments of biocatalysts, such as en-
zymes and proteins into the matrix to fabricate graphene-based
biosensors.

In addition to the tailor-made dimensions, the graphene film
electrodes with Vaseline as the insulating binder also possess a
good electrochemical activity, which was evident from the small
peak-to-peak separation obtained at the conventional electrodes
(Fig. 1A) and the very slight hysteresis between the forward and
backward sweeps obtained at the nanoelectrode ensemble
(Fig. 1B). Moreover, both the conventional electrode and the nano-
electrode ensemble prepared in this study were durable for con-
secutive potential cycling and almost no decrease in the currents
was observed after continuously scanning the electrodes in
0.10 M KCl solution containing 1.0 mM K3Fe(CN)6 for at least 50 cy-
cles. All these properties of the graphene film electrodes are envis-
aged to substantially enable them very useful not only for
fundamental electrochemical studies but also for electroanalytical
applications.

4. Conclusions

We have demonstrated a facile and effective method for the
preparation of graphene film electrodes by simply using Vaseline
as the insulting matrix to confine graphene onto electrode surface.
The dimensions of the as-prepared film electrodes could be readily
tailored from a conventional electrode to a nanoelectrode ensem-
ble by adjusting the content of graphene into the Vaseline matrix.
The electrodes prepared here process a good electrochemical activ-
ity and stability and are thus envisaged to be useful for fundamen-
tal studies on carbon-based electrochemistry and for practical
electrochemical applications.

Acknowledgements

The work is financially supported by NSF of China (20625515,
90813032 and 20721140650), National Basic Research Program
of China (2007CB935603 and 2010CB933502), and Chinese Acad-
emy of Sciences.

References

[1] D. Li, R.B. Kaner, Science 320 (2008) 1170.



S. Yang et al. / Electrochemistry Communications 11 (2009) 1912–1915 1915
[2] J. Wu, W. Pisula, K. Müllen, Chem. Rev. 107 (2007) 718.
[3] D. Li, M.B. Müller, S. Gilje, R.B. Kaner, G.G. Wallace, Nat. Nanotechnol. 3 (2008)

101.
[4] X. Li, G. Zhang, X. Bai, X. Sun, X. Wang, E. Wang, H. Dai, Nat. Nanotechnol. 3

(2008) 538.
[5] G.K. Dimitrakakis, E. Tylianakis, G.E. Froudakis, Nano Lett. 8 (2008) 3166.
[6] C. Di, D. Wei, G. Yu, Y. Liu, Y. Guo, D. Zhu, Adv. Mater. 20 (2008) 3289.
[7] S. Stankovich, D.A. Dikin, G.H.B. Dommett, K.M. Kohlhaas, E.J. Zimney, E.A.

Stach, R.D. Piner, S.T. Nguyen, R.S. Ruoff, Nature 442 (2006) 282.
[8] C. Wang, D. Li, C.O. Too, G.G. Wallace, Chem. Mater. 21 (2009) 2604.
[9] L. Tang, Y. Wang, Y. Li, H. Feng, J. Lu, J. Li, Adv. Funct. Mater. 19 (2009) 1.

[10] S. Alwarappan, A. Erdem, C. Liu, C. Li, J. Phys. Chem. C 113 (2009) 8853.
[11] M. Zhou, Y. Zhai, S. Dong, Anal. Chem. 81 (2009) 5603.
[12] E. Yoo, T. Okata, T. Akita, M. Kohyama, J. Nakamura, I. Honma, Nano Lett. 9

(2009) 2255.
[13] Z. Wang, X. Zhou, J. Zhang, F. Boey, H. Zhang, J. Phys. Chem. C 113 (2009)

14071.
[14] A.K. Geim, K.S. Novoselov, Nat. Mater. 6 (2007) 183.
[15] C.E. Banks, T.J. Davies, G.G. Wildgoose, R.G. Compton, Chem. Commun. (2005)
829.

[16] R.L. McCreery, in: A.J. Bard (Ed.), Electroanalytical Chemistry, Dekker, New
York, 1991, p. 17.

[17] K. Gong, S. Chakrabarti, L. Dai, Angew. Chem. Int. Ed. 47 (2008) 5446.
[18] A.J. Bard, L.R. Faulkner, Electrochemical Methods: Fundamentals and

Applications, second ed., John Wiley and Sons Inc., New York, 2001.
[19] M. Zhang, K. Liu, L. Xiang, Y. Lin, L. Su, L. Mao, Anal. Chem. 79 (2007)

6559.
[20] A.G. Ewing, J.C. Bigelow, R.M. Wightman, Science 221 (1983) 169.
[21] X. Li, H. Zhou, P. Yu, L. Su, T. Ohsaka, L. Mao, Electrochem. Commun. 10 (2008)

851.
[22] W.S. Hummers, R.E. Offeman, J. Am. Chem. Soc. 80 (1958) 1339.
[23] R.G. Compton, G.G. Wildgoose, N.V. Rees, I. Streeter, R. Baron, Chem. Phys. Lett.

459 (2008) 1.
[24] K. Gong, M. Zhang, Y. Yan, L. Su, L. Mao, S. Xiong, Y. Chen, Anal. Chem. 76

(2004) 6500.
[25] L. Su, F. Gao, L. Mao, Anal. Chem. 78 (2006) 2651.


	A facile method for preparation of graphene film electrodes with tailor-made dimensions with Vaseline as the insulating binder
	Introduction
	Experimental
	Reagents and materials
	Preparation of graphene film electrodes
	Electrochemical measurements

	Results and discussion
	Conclusions
	Acknowledgements
	References


