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Mini Review

The discovery of two-dimensional carbonaceous crystal by
Andre Geim and Konstatin Novoselov in 2004 at the University of
Manchester opened new paths in various fields around the world
[1]. Graphene attracted the researchers around the globe owing
to its unique features such as high surface area, high electric
conductivity, high flexibility and many more which lead to the
announcement of Noble prize in 2010 to its discovers [1]. Graphene
serves as an excellent support to host various metal oxides.
Graphene offers its massive surface to anchor metal oxides along
with preventing the agglomeration of the metal oxide nanoparticles
during their assembly in the process of forming the composite
[2]. Even the small deviation on the surface of the graphene layer
causes significant change in electric conductivity which makes the
developed material extremely sensitive to their environment and
thus elevating the electrochemical performance of the prepared
composites [3]. These two properties make graphene a highly
dependable candidate as a support for the active materials in the
H,0, sensing.

Iron oxides have gained huge attention in the field of
graphene based electrochemical sensors because of the lower
cost, recyclability and better catalytic activities. Karimi et al. [4]
synthesized Fe,0,-rGO composite through self-redox assembly
process in the basic medium. The composite displayed linear range
of 0.05-9.0mmolL?, LoD of 6.0umolL? with long term stability.
Fe,0,-rGO is claimed to have better stability and electrochemical
activity due to its higher electric conductivity over only Fe,O,
without support [5-7]. Ye et al. [8] showed that the size of Fe,0, NPs
could be controlled and maintained within 35-45nm with the use of
graphene support to anchor Fe,0, NPs. Researchers found that iron
oxide displays one of the best synergistic effects with GO as a result
better electrochemical output are achievable [9,10].

The increase in the usage of transition metal oxides as the
electrode material gained remarkable attention in the scientific
community due to their abundance, biocompatibility and low

costs. Kong et al. [11] synthesized Co0,0,-rGO composite through
hydrothermal method. The morphology of Co,0, were found to
be nano wires which formed web like structure over the graphene
surfaces due to the intercalation of nano wires by hydrothermal
method. The composite displayed a comparative electrochemical
performance against H,0, with a linear range of 0.015-0.675
mM, sensitivity of 1.14mA mM* cm?, LoD of 2.4uM. Li et al. [12]
synthesized CoOx-rGO composite through electrodeposition
technique by electrodepositing CoOx over electrochemically
reduced GO. This method provided the homogenous distribution of
CoOx NPs over the surface of graphene. The sensitivity of 148.6mA
mM* cm? and the LoD of 0.2uM were achieved. The enhancement
in the electrochemical performance is attributed to the presence
of graphene. Electro-deposition technique was found more
appropriate for the production of homogenous composites.

The ease of synthesis and handling the researches started
synthesizing more composites based on zinc oxides. Salih et al.
[13] synthesized ZnO-rGO nanocomposite through simple solution
mixing. The microscopic studies revealed the morphology of
pieces of leaf ranging from nm-pum. The conjugation between the
ZnO and the GO enhanced the electron transfer promoting the
electrochemical performance. They also studied the effect of pH
on the working condition. The electrochemical studies showed the
linearrange of 1-15mM and the LoD of 0.8mM with higher sensitivity
and long term stability. Palanisamy et al. [14] synthesized ZnO-rGO
composite through electrochemical reduction method following 30
successive cyclic voltammetry cycles. Firstly, GO was drop casted
onto the glassy carbon electrode and allowed to dry then was
immersed into Zn?* solution for electrodeposition. The flower like
morphology was obtained for the composite. The linear range of
0.2-8.8uM and sensitivity of 8.50pApM-cm= were obtained.

The use of copper oxide as electro-catalyst for hydrogen
peroxide detection is very common as reported in the literature [15-
17]. Liu et al. [15] synthesized graphene wrapped Cu,0 nanocubes
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by chemical reduction method at low temperatures. The composite
showed the linear range of 0.3-7.8mM with the LoD being 20.8uM.
Kumar et al. [16] synthesized Cu,0-rGO composite through
bio-reduction using mango bark extract. The method showed
simultaneous reduction of GO along with the formation of Cu,0 NPs
in one pot. They reported the linear range of 0.2 to 400mM, LoD of
42.35nM and sensitivity of 7.435mA mM. The improvements in the
electrochemical results were mainly attributed to the presence of
graphene. Kumar et al. [17] in another work synthesized Cu,0-rGO
composite through two-step electrochemical deposition technique.
In the synthetic technique followed they first deposited graphene
on the stainless steel substrate over which Cu,0 were anchored.
This technique allowed distribution of Cu,0 NPs homogenously
over the graphene surface without much agglomeration which
greatly enhanced the electrochemical performance. The composite
showed the sensitivity and limit of detection of 52.8595pApMcm™
and 34.32nM, respectively.

Conclusion

In the above discussion various composites where graphene
was used as a support for metal oxides was discussed in detail.
Various strategies undertaken by researchers for achieving better
electrochemical performance were also highlighted in brief.
Researchers around the globe affirmed the importance of graphene
as a support for metal oxides in enhancing electro-catalysis and
achieving homogeneity in the composition.

References

1. Kuila T, Bhadra S, Yao D, Kim NH, Bose S, et al. (2010) Recent advances
in graphene based polymer composites. Prog Polym Sci 35(11): 1350-
1375.

2. Kuila T, Bose S, Mishra AK, Khanra P, Kim NH, et al. (2012) Chemical
functionalization of graphene and its applications. Prog Mater Sci 57(7):
1061-1105.

3. Jana M, Kumar JS, Khanra P, Samanta P, Koo H, et al. (2016) Superior
performance of asymmetric super capacitor based on reduced graphene
oxide-manganese carbonate as positive and sono-chemically reduced
graphene oxide as negative electrode materials. ] Power Sources 303:
222-233.

4. Karimi MA, Banifatemeh F, Mehrjardi AH, Tavallali H, Eshaghia Z (2015)
A novel rapid synthesis of Fe,0,/graphene nanocomposite using
ferrate(VI) and its application as a new kind of nanocomposite modified
electrode as electrochemical sensor. Mater Res Bull 70: 856-864.

@ @ Creative Commons Attribution 4.0
oy International License
For possible submissions Click Here [EELLIIENGEE

10.

11.

12.

13.

14.

15.

16.

17.

Hes ey & Eevriopmtts
i Matenat Scence

Fang HT, Pan YL, Shan WQ, Guo ML, Nie Z, et al. (2014) Enhanced
nonenzymatic sensing of hydrogen peroxide released from living cells
based on Fe,0,/self-reduced graphene nanocomposites. Anal Methods
6: 6073-6081.

Xiong LY, Zheng LZ, Xu JP, Liu W, Kang XW, et al. (2014) A non-enzyme
hydrogen peroxide biosensor based on Fe,0,/RGO nanocomposite
material. ECS Electrochem Lett 3: B26-B29.

Zhu SM, Guo ]J], Dong JP, Cui ZW, Lu T, et al. (2013) Sonochemical
fabrication of Fe,0, nanoparticles on reduced graphene oxide for
biosensors. Ultrason Sonochem 20(3): 872-880.

Ye YP, Kong T, Yu XF, Wu YK, ZhangK, etal. (2012) Enhanced nonenzymatic
hydrogen peroxide sensing with reduced graphene oxide/ferroferric
oxide nanocomposites. Talanta 89: 417-421.

Liu XX, Zhu H, Yang XR (2011) An amperometric hydrogen peroxide
chemical sensor based on graphene-Fe,0, multilayer films modified ITO
electrode. Talanta 87: 243-248.

Yang X, Wang LN, Zhou GZ, Sui N, Gu YX, et al. (2015) Electrochemical
detection of H,0, based on Fe,0, nanoparticles with graphene oxide and
polyamidoamine dendrimer. ] Cluster Sci 26: 789-798.

Kong LJ, Ren ZY, Zheng NN, Du SC, Wu J, et al. (2015) Interconnected
1D Co,0, nanowires on reduced graphene oxide for enzymeless H,0,
detection. Nano Research 8(2): 469-480.

Li SJ, Du JM, Zhang JP, Zhang M]J, et al. (2014) A glassy carbon electrode
modified with a film composed of cobalt oxide nanoparticles and
graphene for electrochemical sensing of H202. Microchim Acta 181:
631-638.

Salih E, Mekawy M, Hassan RYA, El-Sherbiny IM (2016) Synthesis,
characterization and electrochemical-sensor applications of zinc oxide/
graphene oxide nanocomposite. ] Nanostruct Chem 6(2): 137-144.

Palanisamya S, Chen SM, Sarawathi R (2012) A novel nonenzymatic
hydrogen peroxide sensor based on reduced graphene oxide/ZnO
composite modified electrode. Sens Actuators B Chem 166-167: 372-
377.

Liu MM, Liu R, Chen W (2013) Graphene wrapped Cu,0 nanocubes:
Non-enzymatic electrochemical sensors for the detection of glucose
and hydrogen peroxide with enhanced stability. Biosens Bioelectron 45:
206-212.

Kumar JS, Jana M, Khanra P, Samanta P, Koo H, et al. (2016) One pot
synthesis of Cu,0/RGO composite using mango bark extract and
exploration of its electrochemical properties. Electrochim Acta 193:
104-115.

Kumar JS, Murmu NC, Samanta P, Banerjee A, Ganesh RS, et al. (2018)
Novel synthesis of a Cu,0-graphene nanoplatelet composite through a
two-step electrodeposition method for selective detection of hydrogen
peroxide. New ] Chem 42: 3574-3581.

Research & Development in Material Science
Benefits of Publishing with us

o High-level peer review and editorial services

e Freely accessible online immediately upon publication
¢ Authors retain the copyright to their work

¢ Licensing it under a Creative Commons license

o Visibility through different online platforms

Volume 4 - Issue - 2

How to cite this article: J Sharath K, Naresh C M, Tapas K. Graphene Supported Metal Oxide for Non-Enzymatic H,0, Sensing. Res Dev Material Sci. 4(2).

RDMS.000584.2018. DOI: 10.31031/RDMS.2018.04.000584

368


http://dx.doi.org/10.31031/RDMS.2018.04.000584
https://www.sciencedirect.com/science/article/pii/S0079670010000699
https://www.sciencedirect.com/science/article/pii/S0079670010000699
https://www.sciencedirect.com/science/article/pii/S0079670010000699
https://www.sciencedirect.com/science/article/pii/S0079642512000254
https://www.sciencedirect.com/science/article/pii/S0079642512000254
https://www.sciencedirect.com/science/article/pii/S0079642512000254
https://www.sciencedirect.com/science/article/pii/S0378775315304948
https://www.sciencedirect.com/science/article/pii/S0378775315304948
https://www.sciencedirect.com/science/article/pii/S0378775315304948
https://www.sciencedirect.com/science/article/pii/S0378775315304948
https://www.sciencedirect.com/science/article/pii/S0378775315304948
https://www.sciencedirect.com/science/article/pii/S0025540815003803
https://www.sciencedirect.com/science/article/pii/S0025540815003803
https://www.sciencedirect.com/science/article/pii/S0025540815003803
https://www.sciencedirect.com/science/article/pii/S0025540815003803
http://eel.ecsdl.org/content/3/12/B26.abstract
http://eel.ecsdl.org/content/3/12/B26.abstract
http://eel.ecsdl.org/content/3/12/B26.abstract
https://www.sciencedirect.com/science/article/pii/S135041771200274X
https://www.sciencedirect.com/science/article/pii/S135041771200274X
https://www.sciencedirect.com/science/article/pii/S135041771200274X
https://www.sciencedirect.com/science/article/pii/S0039914011011222
https://www.sciencedirect.com/science/article/pii/S0039914011011222
https://www.sciencedirect.com/science/article/pii/S0039914011011222
https://www.sciencedirect.com/science/article/pii/S0039914011008770
https://www.sciencedirect.com/science/article/pii/S0039914011008770
https://www.sciencedirect.com/science/article/pii/S0039914011008770
https://link.springer.com/article/10.1007/s10876-014-0746-9
https://link.springer.com/article/10.1007/s10876-014-0746-9
https://link.springer.com/article/10.1007/s10876-014-0746-9
https://link.springer.com/article/10.1007/s12274-014-0617-6
https://link.springer.com/article/10.1007/s12274-014-0617-6
https://link.springer.com/article/10.1007/s12274-014-0617-6
https://link.springer.com/article/10.1007/s40097-016-0188-z
https://link.springer.com/article/10.1007/s40097-016-0188-z
https://link.springer.com/article/10.1007/s40097-016-0188-z
https://www.sciencedirect.com/science/article/pii/S0925400512002262
https://www.sciencedirect.com/science/article/pii/S0925400512002262
https://www.sciencedirect.com/science/article/pii/S0925400512002262
https://www.sciencedirect.com/science/article/pii/S0925400512002262
https://www.sciencedirect.com/science/article/pii/S0956566313001085
https://www.sciencedirect.com/science/article/pii/S0956566313001085
https://www.sciencedirect.com/science/article/pii/S0956566313001085
https://www.sciencedirect.com/science/article/pii/S0956566313001085
https://www.sciencedirect.com/science/article/pii/S0013468616303024
https://www.sciencedirect.com/science/article/pii/S0013468616303024
https://www.sciencedirect.com/science/article/pii/S0013468616303024
https://www.sciencedirect.com/science/article/pii/S0013468616303024
http://crimsonpublishers.com/online-submission.php

	Graphene Supported Metal Oxide for Non-Enzymatic H2O2 Sensing
	Mini Review
	Conclusion
	References

