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Objective(s): Natural and artificial enzymes have shown important roles in 
biotechnological processes. Recently, design and synthesis of artificial enzymes 
especially peroxidase mimics has been interested by many researchers. Due 
to disadvantages of natural peroxidases, there is a desirable reason of current 
research interest in artificial peroxidase mimics.

Methods: In this study, magnetic multiwall carbon nanotubes with a structure 
of Fe3O4/MWCNTs as enzyme mimetic were fabricated using in situ co-
precipitation method. The structure, composition, and morphology of Fe3O4/
MWCNTs nanocomposite were characterized using X-ray diffraction (XRD), 
Fourier transform infrared spectroscopy (FTIR), and transmission electron 
microscopy (TEM). The magnetic properties were investigated by the 
vibrating sample magnetometer (VSM). Peroxidase-like catalytic activity of 
nanocomposite was investigated using colorimetric and electrochemical tests 
with 3,3ʹ,5,5ʹ-tetramethylbenzidine (TMB) substrate.

Results: The obtained data proved the synthesis of Fe3O4/MWCNTs 
nanocomposite. The average crystallite size of nanostructures was estimated 
about 12 nm by Debye–Scherer equation. It was found that Fe3O4/MWCNTs 
nanocomposite exhibit peroxidase-like activity. Colorimetric and electrochemical 
data demonstrated that prepared nanocomplex has higher catalytic activity 
toward H2O2 than pure MWCNT nanocatalyst. From electrochemical tests 
concluded that the Fe3O4/MWCNTs electrode exhibited the better redox 
response to H2O2, which is ~ 2 times larger than that of the MWCNTs.

Conclusions: The synthesis of Fe3O4 nanoparticles on MWCNTs was successfully 
performed by in situ co-precipitation process. Fe3O4/MWCNTs nanocatalyst 
exhibited a good peroxidase-like activity. These biomimetic catalysts have 
some advantages such as simplicity, stability and cost effectiveness that can be 
used in the design of enzyme-based devices for various applied fields.
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INTRODUCTION
Enzymes are catalysts have been applied in 

various fields including pharmaceutical and 
chemical industry, food industry, agriculture 
industry and biosensing [1-3]. Despite the 

importance of natural enzymes, their application 
is not economically cost-effective due to the 
sensitivity against the environmental changes and 
low stability, high costs of purification and storage 
[1-6].Therefore, artificial catalysts can be designed 
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and synthesized as enzyme mimetics including 
oxidases, peroxidase, dehydrogenases, esterases, 
and proteases that provide sufficient stability [1,7-
11]. These enzyme mimetics possess activities 
comparable with natural enzymes [3,12]. Peroxidase 
is an enzyme mimic that has been recently 
investigated by some researchers [1-7,12-18]. 
Peroxidases have a wide range of biotechnological 
applications in environment bioremediation, 
immunoassay, detection of biomolecules, industrial 
catalysts and so on [12,13]. It has been found that 
DNA-based molecules (DNAzymes) and nano-
based materials (nanozymes) possess peroxidase-
mimicking activity. A wide variety of nanozymes 
consisting of carbon-based, metal based, metal 
oxide-based and other nanomaterials have been 
studied as peroxidase mimetics [4-7,12,14,19]. 
Compared to natural enzymes, nanozymes have 
considerable potentials including thermal stability, 
low-cost, easy production, and different range pH-
tolerable [20]. It has been found that ferromagnetic 
and paramagnetic nanoparticles such as Fe3O4 
nanoparticles possess intrinsic oxidase-like 
activity [2,12,21]. However, their activity as 
peroxidase-mimetic has been ignored, since Fe3O4 
nanozymes have been conjugated to HRP in 
order to present peroxidase activity in a number 
of applications, such as commercial magnetic 
enzyme linked immunosorbent assay (ELISA) 
kits [22]. Researchers have reported that magnetic 
nanoparticles have enzyme-like Activity [6,23], 
but magnetic nanoparticles tend to aggregate 
which decreases their catalytic activity. Loading 
these nanoparticles on other nanostructures or 
their combination with surfactants reduce the 
aggregation [24, 25]. Carbon-based nanostructures 
such as carbon nanotubes, graphene, fullerene, 
carbon nitride sheets, activated and amorphous 
carbon are a great deal of importance due to 
their unique structural and chemical properties 
[26,27]. Peroxidase-like activity of Fe3O4, CNT, and 
carbon-based nanostructures such as graphene-
iron nanoparticles, poly(styrene sulfonate)/
Pt-modified graphene nanosheets and Fe3O4–
MWCNT nanocomposites has been demonstrated 
[28-35]. These combinational nanostructures, 
have many applications in electronic and magnetic 
instruments, catalysis, and so on. Among various 
nanocomposites, the combination between carbon 
nanotubes and metal oxide nanoparticles especially 

magnetic types have been considered due to their 
unique properties [30-32]. Carbon nanotubes have 
been used in imaging techniques such as Raman 
spectroscopy, near-infrared fluorescence and 
ultrasonography [30,31]. A high ratio of surface 
area to weight in nanotubes is an important factor 
for the design of nanocomplexes. These carbon-
based nanocomposites have been used in various 
applications such as drug delivery, biosensing, 
catalysis, fuel cells, capacitors, and decontamination 
purposes [4,31,36]. Due to the disadvantages of 
natural peroxidases, there is a desirable reason of 
current research interest in artificial peroxidase 
mimetics. These nanocatalysts with H2O2-induced 
oxidation can play an important role to reduce the 
environmental pollution. Moreover, by combining 
of peroxidase-like mimics with other compounds 
such as glucose oxidase, a simple and sensitive assay 
for detection of chemical materials is developed. 
In this research, Fe3O4/MWCNTs nanocomposite 
was fabricated, then characterized using X-ray 
diffraction, Fourier transform infrared spectroscopy 
(FTIR), transmission electron microscopy (TEM) 
and vibrating sample magnetometer. Finally, 
the catalytic activity of the nanocomposite was 
determined in the presence of TMB and H2O2 as 
substrates using spectrophotometry and cyclic 
voltammetry.

MATERIALS AND METHODS
Multiwalled carbon nanotubes (MWCNTs) with 

diameter of 5-20nm, length of 6–15mm, purity 
of 97% were obtained from Research Institute of 
Petroleum Industry (RIPI, Iran). H2O2, Ammonium 
iron (II) sulfate, NaOH and were purchased from 
Sigma-Aldrich (USA). TMB, dimethyl sulfoxide 
(DMSO), tris-hydroxymethyl aminomethane 
(Tris), KH2PO4 and K2HPO4 were obtained from of 
Merck (Germany). 

Synthesis of Fe3O4/MWCNTs nanocomposite
Fe3O4/MWCNTs nanocomposite was 

synthesized according to Gong et al method with 
some modifications [37]. In order to synthesize 
of nanocomposite, MWCNTs were modified with 
a mixture of nitric acid/ sulfuric acid as oxidative 
reagents at 150 °C for 2 h. Then, MWCNTs washed, 
filtered, and sonicated for 15 min. Functionalized 
MWCNTs mixed with 100 ml solutions containing 
ammonium ferrous sulfate and ammonium ferric 
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sulfate (the molar ratio of Fe2+: Fe3+ is 1:2) followed 
by the slow addition of 3 mL of 2 molL−1 NaOH 
solution at a constant temperature of 60°C under 
ultrasonic stirring for 20 min. The mixture stirred 
for 30 min in alkaline medium. The final product 
washed with deionized water and dried in the oven 
at 70°C for 18 h.

Characterization of Fe3O4/MWCNTs nanocomposite
The morphology of modified MWCNTs and 

nanocomposite were investigated by TEM (HT-
7700). XRD analysis (Philips PW1730, with 
Cu Kα radiation (λ=1.540598 Å) was used for 
determination of nanomaterial structures. Fourier 
transform infrared spectrophotometer (FTIR, 
Bruker Equinox) was applied to study of chemical 
structure changes. Magnetic properties of Fe3O4/
MWCNTs nanocomposite were investigated by 
VSM (BHV-55, Riken).

Colorimetric assay of peroxidase-like activity of 
nanozyme

To evaluate the colorimetric assay of 
nanocomposite 2 mgml-1 nanocatalyst was added 
to 90 µl TMB (DMSO solution) and 90 µl H2O2 
substrate in Tris solution (0.2 M, pH 6) at 
room temperature for 5-10 min. Subsequently, 
monitoring of oxidized TMB was measured at 652 
nm using UV-Visible Spectrophotometer (Epoch ™ 
Microplate reader). Control experiments were also 
carried out under the same conditions to compare 
the relative catalytic activity of nanocatalysts. 

Electrochemical analysis 
Electrochemical detection of H2O2 was done 

using Fe3O4/MWCNTs-coated electrode in an 
electrochemical working station (µAutolabIII 
electrochemical analyzer). Cyclic voltammetry 
analysis was performed through a three electrode 
setup consisting of glassy carbon working 
electrode, an Ag/AgCl reference electrode, and 
a platinum counter electrode. The GC electrode 
was polished with alumina and modified with 
nanozyme. Nanozyme was dissolved in PBS buffer 
at pH 7 and dispersed with ultrasonic, then 3 µl 
of solution coated on GC electrode. After coating 
phase, electrode dried. Then, electrochemical 
voltammetry measurements were performed in a 
solution of H2O2 and TMB substrates in scanning 
range -0.6 to 1 V at a scan rate of 0.10V s-1. The 

electrochemical changes of the reaction mixture 
investigated under different conditions in the 
presence and absence of H2O2.

RESULTS AND DISCUSSION
Characterization of Fe3O4/MWCNTs nanostructure

The crystalline structures of the synthesized 
Fe3O4/MWCNTs nanocomposite and MWCNTs 
were confirmed with powder XRD measurements, 
and the main peaks of Fe3O4/MWCNTs crystals 
were clearly presented. Peaks in 2θ= 30.54°, 35.87°, 
43.65°, 54.03°, 57.61° and 63.12° are devoted to 
(220), (311), (400), (422), (511) and (440) crystal 
planes are major peaks of Fe3O4/MWCNT (Fig. 1s). 
These data are consistent with reported studies 
[34,38]. The absence of the peak at 25°-30° that 
related to MWCNT indicating MWCNT structure 
is changed in the synthesis process. Also, no 
diffraction peak due to any other new phase is 
observed. The average crystallite size of ferrite 
calculated by Debye–Scherer equation is about 12 
nm.
FTIR spectroscopy of Fe3O4/MWCNTs 
nanocomposite and MWCNTs throughout the 
range of 400–4000 cm-1 was also performed to 
confirm structural changes (Fig. 2) Position of 
bands at 584 cm-1 can be attributed to the Fe–O–
Fe stretching and bending modes, indicating the 
presence of Fe3O4 in the Fe3O4/MWCNTs [38]. It 
was observed that the bands at 1100 cm-1, 1412 cm-1, 
1631 cm-1, 2920 cm-1 and 3438 cm-1 are assigned to 
the stretching and bending modes of C–O, C–C, 
C=O, –CH2 and –OH in the functional groups of 
the MWCNTs.

Fig. 2. FT-IR spectra of Fe3O4/MWCNTs nanocomposite and 
MWCNTs

http://www.nanomedicine-rj.com/jufile?ar_sfile=312339
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The morphology of synthesized nanostructures 
was investigated with TEM (Fig. 3). It is clearly 
seen that Fe3O4 nanoparticles are well attached and 
distributed on the surface of MWCNTs. The size of 
the nanocomposite was estimated about 12-15 nm 
using TEM analysis.
The hysteresis curves of the Fe3O4-coated 
MWCNTs were recorded at room temperature with 
a vibrating sample magnetometer. The saturation 
magnetization Ms, the remanent magnetization 
Mr, and the coercivity Hc are the main technical 
parameters to characterize the magnetism of 
ferromagnetic materials. This nanocomposite 
magnetically could be separated and reused after 
the completion of the reaction. With the magnetic 
separation, it is not required to recover catalyst by 
filtration and centrifugation methods. Resulted 
data showed that the saturation magnetization 
of Fe3O4/MWCNTs nanocatalyst was lower than 
Fe3O4 nanoparticles [38-40]. 

Colorimetric assay of peroxidase-like activity of 
Fe3O4/MWCNTs nanocomposite

In this study, we are reporting the Fe3O4/
MWCNTs nanocomposite prepared according to 
described method possessing intrinsic peroxidase-
like activity. In order to investigate the peroxidase-
like catalytic activity, the colorimetric assay of the 
nanocomposite was performed in the presence of 
TMB and H2O2 as substrates at room temperature. 
A solution of Fe3O4/MWCNTs could catalyze the 
oxidation of a peroxidase substrate, TMB, in the 
presence of H2O2 to produce a blue color, as shown 
on Fig. 5s. It was found in the higher concentrations 
of reaction mixture components was exhibited 
more deep color changes (Fig. 6s). 
Fabrication of graphene-Fe2O3 hybrids (GO-Fe2O3) 

via co-precipitation method with peroxidase-
like activity [5], Fe3O4 nanoparticles loaded on 
graphene oxide-dispersed carbon nanotubes [2], 
CNTs and Fe3O4 have been reported by other 
researchers. Compared to GOCNT–Pt and GCNT–
Fe3O4 nanocomposite, our nanocatalyst exhibited 
the lower catalytic activity. Since the catalytic 
activities of nanocatalyst could be shape- and size-
dependent [2], these properties may be associated 
with the spread graphene sheet and special surface 
morphology of nanocomposite.
Preparation of Fe3O4–MWCNTs nanocomposite for 
purposes such as synthesis of diarylpyrimidinones 
[38] and degradation of orange II [6] has been 
previously performed. 
The oxidized TMB solution, which originated 
from the oxidation of TMB, showed a maximum 
absorbance at 652 nm. The absorption changes of the 
reaction mixture were investigated under different 
conditions (Fig. 7). In the TMB/Nanocatalysts 
(Fe3O4/MWCNTs and MWCNTs) systems exhibit 
no absorption peak in the range of 400-800 nm. 
Also, in the absence of H2O2 without nanocatalysts, 
no absorption peak was observed at 652 nm. 
When nanozymes were added to the solution, the 
absorption maximum at 652 nm appeared as a 
strong response. These data demonstrate that both 
of substrate required for reaction progress (Fig. 7B). 
Also, prepared nanocomposite exhibited higher 
catalytic activity compared to pure MWCNTs.
The Fig. 8 shows nanozymes catalytic activity at 
Abs652 nm in different situations. In the TMB/H2O2 
reaction without nanocatalyst, TMB/Nanozyme 
and H2O2/Nanozyme systems were observed no 
catalytic activity (Fig. 8). But in the presence of 
nanozyme and two substrates, indicated significant 
color variations. 

Fig. 3. Typical TEM images of (A) MWCNTs, (B) Fe3O4/MWCNTs nanocomposite

http://www.nanomedicine-rj.com/jufile?ar_sfile=312339
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Our findings reveal that Fe3O4/MWCNTs can 
be used as a peroxidase mimetic. According 
to peroxidase-like activity of Fe3O4 and CNT 
nanomaterial’s that has been proved in previous 
studies, the combination of Fe3O4 and CNT 
nanostructures, results in a peroxidase mimetic 
with noticeably higher efficiency compared to 
Fe3O4 and CNT.

Effect of H2O2 concentrations
Since H2O2 is a co-substrate of peroxidase to 

catalyze the oxidation of various substrates, it plays 
an important role in the enzyme mimetic system 
because the oxidation efficiency of TMB increased 
in the presence of higher concentration of H2O2. 
Firstly, hydroxyl radicals are formed during the 
catalysis of H2O2 by catalysts and then these radicals 
facilitate the TMB oxidation (Fig. 9). According to 
Fig 8, the absorbance increased by increasing the 
H2O2 concentration.

Electrochemical analysis of electrocatalysis activity of 
Fe3O4/MWCNTs nanocomposite

Electrocatalytic behavior of nanostructures was 
evaluated in the presence of TMB and H2O2. Cyclic 
voltammetry was used to investigate the electrons 
transferring ability of different coated materials. 
The Fe3O4/MWCNT and MWCNT nanocatalysts 
were loaded onto the GC electrodes to conduct 
direct electrocatalysis to TMB oxidation in the 
presence of H2O2. The resulted data show that peak 
height is increased by modification of electrodes with 
Fe3O4/MWCNT compared to MWCNT-modified 
electrodes (Fig. 10C). This increased current 
represents an increasing in the catalytic activity that 

could be attributed to the increase in specific surface 
area due to the presence of Fe3O4/MWCNTs and the 
synergistic effect arising from Fe3O4 nanoparticles 
and carbon nanotubes [41].
The direct electrocatalysis of TMB using the 
MWCNT and Fe3O4/MWCNT-modified electrodes 
was also performed. Fig. 10A shows that no 
significant reduction response observed in the 
modified electrodes in the absence of TMB. The 
electron transfer is facilitated on Fe3O4/MWCNT-
modified electrode compared to CNT-modified one 
in the presence of TMB alone [2]. Also, the direct 
electrocatalysis of H2O2 on different electrodes shows 
no remarkable voltammetric response (Fig. 10B). 
The comparison of Fig. 10A, B and C shows, CV 
peak heights were intensified by addition of H2O2. 
According to electrochemical tests, the Fe3O4/
MWCNTs nanocatalyst exhibited better redox 
response to H2O2 reduction and organic substrate 
oxidation in the presence of both substrates. These 
results are consistent with the spectrophotometer 
tests. It is concluded that Fe3O4/MWCNTs 
nanocatalyst possesses higher affinity toward TMB 
than H2O2. 

CONCLUSIONS
In summary, the synthesized Fe3O4/MWCNT 

nanocomposite according to mentioned method 
exhibited a significant peroxidase-like activity. 
The electrochemical signal elevated toward H2O2 
and TMB substrates in compare to MWCNTs 
nanostructure. This magnetic nanozyme may 
exhibit some advantages compared with natural 
protein enzymes due to characteristics of magnetic 
separation and reusability, multifunctionallity and 
direct electrochemistry to substrates. Since active 
site of natural enzymes has within the pocket of the 
enzyme molecule and is not exposed to the surface of 
the enzyme, nanozymes may indicate better responses 
in direct electrochemistry to substrates in compare to 
natural enzymes. We further explore the investigation 
and application of this magnetic nanostructure in 
biocatalysis, biotechnology, etc. Also, this nanocatalyst 
with H2O2-induced oxidation can play an important 
role to reduce the enviromental pollutions.

ACKNOWLEDGEMENTS
Financial supports provided by the Research 

Council of the Malek-Ashtar University of 
technology are gratefully appreciated.

Fig. 4. Hysteresis loops of Fe3O4/MWCNTs nanocomposite



155

Navvabeh Salarizadeh, Minoo Sadri / Preparation and characterization of Fe3O4/MWCNT nanocomposite

Nanomed Res J 2(3): 150-157, Summer 2017

dispersed carbon nanotubes with enhanced peroxidase-like 
catalysis and electrocatalysis. Journal of Materials Chemistry 
B, 2014;2 (28):4442-4448.

3. Wei J, Chen X, Shi S, Mo S, Zheng N. An investigation of 
the mimetic enzyme activity of two-dimensional Pd-based 
nanostructures. Nanoscale, 2015;7(45):19018-26.

4. Zhu S, Zhao XE, You J, Xu G, Wang H. Carboxylic-
group-functionalized single-walled carbon nanohorns 
as peroxidase mimetics and their application to glucose 
detection. Analyst, 2015;140(18):6398-6403.

5.   Song L, Huang C, Zhang W, Ma M, Chen Z, Gu N, Zhang Y. 
Graphene oxide-based Fe2O3 hybrid enzyme mimetic with 
enhanced peroxidase and catalase-like activities. Colloids 
and Surfaces A: Physicochemical and Engineering Aspects, 
2016;506:747-755.

6. Deng J, Wen X, Li J. Fabrication highly dispersed Fe3O4 
nanoparticles on carbon nanotubes and its application as 
a mimetic enzyme to degrade Orange II. Environmental 
technology, 2016;37 (17):2214-2221.

7.  Shu J, Qiu Z, Wei Q, Zhuang J, Tang D. Cobalt-porphyrin-
platinum-functionalized reduced graphene oxide hybrid 
nanostructures: A novel peroxidase mimetic system for 
improved electrochemical immunoassay. Scientific reports, 
2015;5:15113.

8.  Li B, Chen D, Wang J, Yan Z, Jiang L, Duan D, He J, Luo Z, 
Zhang J, Yuan F. MOFzyme: Intrinsic protease-like activity 
of Cu-MOF. Scientific reports, 2014;4.

9.  Wang G-L, Jin L-Y, Dong Y-M, Wu X-M, Li Z-J. Intrinsic 
enzyme mimicking activity of gold nanoclusters upon visible 
light triggering and its application for colorimetric trypsin 
detection. Biosensors and Bioelectronics, 2015;64:523-529.

10. Köhler V, Turner NJ. Artificial concurrent catalytic processes 
involving enzymes. Chemical Communications, 2015;51 
(3):450-464.

11.Lin Y, Li Z, Chen Z, Ren J, Qu X. Mesoporous silica-
encapsulated gold nanoparticles as artificial enzymes for self-
activated cascade catalysis. Biomaterials, 2013;34(11):2600-
10.

12.Wei H, Wang E. Nanomaterials with enzyme-like 
characteristics (nanozymes): next-generation artificial 
enzymes. Chemical Society Reviews, 2013;42 (14):6060-
6093.

13. Torres E, Ayala M. Biocatalysis based on heme peroxidases: 
peroxidases as potential industrial biocatalysts: Springer 
Science & Business Media; 2010.

14.Yang Z, Cao Y, Li J, Lu M, Jiang Z, Hu X. Smart CuS 
nanoparticles as peroxidase mimetics for the design of novel 
label-free chemiluminescent immunoassay. ACS applied 
materials & interfaces, 2016;8(19):12031-8.

15.Yang Z, Cao Y, Li J, Lu M, Jiang Z, Hu X. Smart CuS 

Fig. 7. UV-Vis absorption spectra of the oxidized TMB in Tris 
solution pH 6 for different 

CONFLICTS OF INTEREST
The authors declare that there are no conflicts of 

interest regarding the publication of this manuscript.

SUPPLEMENTARY MATERIAL 
The Supplementary Material for this article can 

be found online at: http://www.nanomedicine-rj.
com/jufile?ar_sfile=312339

REFERENCES 
1. Zhao K, GW, Zheng S, Zhang C, Xian Y. SDS–MoS2 

nanoparticles as highly-efficient peroxidase mimetics 
for colorimetric detection of H2O2 and glucose. Talanta, 
2015;141:47-52.

2.   Wang H, Li S, Si Y, Sun Z, Li S, Lin Y. Recyclable enzyme mimic 
of cubic Fe3O4 nanoparticles loaded on graphene oxide-

http://www.nanomedicine-rj.com/jufile?ar_sfile=312339
http://www.nanomedicine-rj.com/jufile?ar_sfile=312339


156Nanomed Res J 2(3): 150-157, Summer 2017

Navvabeh Salarizadeh, Minoo Sadri / Preparation and characterization of Fe3O4/MWCNT nanocomposite

nanoparticles as peroxidase mimetics for the design of novel 
label-free chemiluminescent immunoassay. ACS applied 
materials & interfaces, 2016;8 (19):12031-12038.

16.Zhao K, Gu W, Zheng S, Zhang C, Xian Y. SDS–MoS2 
nanoparticles as highly-efficient peroxidase mimetics 
for colorimetric detection of H2O2 and glucose. Talanta, 
2015;141: 47-52.

17.Kermani HA, Shockravi A, Moosavi-Movahedi Z, Khalafi-
Nezhad A, Behrouz S, Tsai F-Y, Hakimelahi G, Seyedarabi 
A, Moosavi-Movahedi A. A surfactant–heme–sulfonyl 
imidazole system as a nano-artificial enzyme. Journal of the 
Iranian Chemical Society, 2013;10 (5):961-968.

18.Moosavi-Movahedi Z, Gharibi H, Hadi-Alijanvand H, 
Akbarzadeh M, Esmaili M, Atri MS, Sefidbakht Y, Bohlooli 
M, Nazari K, Javadian S. Caseoperoxidase, mixed β-casein–
SDS–hemin–imidazole complex: a nano artificial enzyme. 
Journal of Biomolecular Structure and Dynamics, 2015;33 
(12):2619-2632.

19.Kosman J, Juskowiak B. Peroxidase-mimicking DNAzymes 
for biosensing applications: a review. Analytica chimica acta, 
2011;707 (1):7-17.

20.Zhang Y, Xu C, Li B. Self-assembly of hemin on carbon 
nanotube as highly active peroxidase mimetic and its 
application for biosensing. RSC Advances, 2013;3 (17):6044-
6050.

21.Luo L, Zhang Y, Li F, Si X, Ding Y, Deng D, Wang T. Enzyme 
mimics of spinel-type Cox Ni 1− x Fe2O4 magnetic 
nanomaterial for eletroctrocatalytic oxidation of hydrogen 
peroxide. Analytica chimica acta, 2013;788:46-51.

22.Gao L, Zhuang J, Nie L, Zhang J, Zhang Y, Gu N, Wang T, 
Feng J, Yang D, Perrett S. Intrinsic peroxidase-like activity 
of ferromagnetic nanoparticles. Nature nanotechnology, 
2007;2 (9):577-583.

23.Liu T, Zhao K, Jin L, Zhu J, Dong Y, Yan Y, Wang P, He D. 
Peroxidase-Like Properties of Multiple Nano-Metallic 
Oxides under Various Conditions. General Chemistry, 
2016;2 (1).

24.Shi Y, Huang J, Wang J, Su P, Yang Y. A magnetic nanoscale 
Fe3O4/P β-CD composite as an efficient peroxidase mimetic 
for glucose detection. Talanta, 2015;143:457-463.

25.Zubir NA, Yacou C, Motuzas J, Zhang X, Da Costa JCD. 
Structural and functional investigation of graphene oxide–
Fe3O4 nanocomposites for the heterogeneous Fenton-like 
reaction. Scientific reports, 2014;4.

26.Zhu M, Diao G. Review on the progress in synthesis and 
application of magnetic carbon nanocomposites. Nanoscale, 
2011;3 (7):2748-2767.

27.Lin L, Song X, Chen Y, Rong M, Zhao T, Wang Y, Jiang Y, Chen 
X. Intrinsic peroxidase-like catalytic activity of nitrogen-
doped graphene quantum dots and their application in 

the colorimetric detection of H2O2 and glucose. Analytica 
chimica acta, 2015;869:89-95.

28.Chen J, Ge J, Zhang L, Li Z, Qu L. Poly (styrene sulfonate) 
and Pt bifunctionalized graphene nanosheets as an artificial 
enzyme to construct a colorimetric chemosensor for highly 
sensitive glucose detection. Sensors and Actuators B: 
Chemical, 2016;233:438-444.

29.Li L, Zeng C, Ai L, Jiang J. Synthesis of reduced graphene 
oxide-iron nanoparticles with superior enzyme-mimetic 
activity for biosensing application. Journal of Alloys and 
Compounds, 2015;639:470-477.

30.Zuo X, Peng C, Huang Q, Song S, Wang L, Li D, Fan C. 
Design of a carbon nanotube/magnetic nanoparticle-based 
peroxidase-like nanocomplex and its application for highly 
efficient catalytic oxidation of phenols. Nano Research, 
2009;2 (8):617-623.

31.Cui R, Han Z, Zhu JJ. Helical carbon nanotubes: intrinsic 
peroxidase catalytic activity and its application for 
biocatalysis and biosensing. Chemistry-A European Journal, 
2011;17 (34):9377-9384.

32.Turdean GL, Popescu IC, Curulli A, Palleschi G. Iron (III) 
protoporphyrin IX—single-wall carbon nanotubes modified 
electrodes for hydrogen peroxide and nitrite detection. 
Electrochimica Acta, 2006;51 (28):6435-6441.

33.Liang M, Fan K, Pan Y, Jiang H, Wang F, Yang D, Lu D, Feng 
J, Zhao J, Yang L. Fe3O4 magnetic nanoparticle peroxidase 
mimetic-based colorimetric assay for the rapid detection 
of organophosphorus pesticide and nerve agent. Analytical 
chemistry, 2012;85 (1):308-312.

34.Lee JW, Jeon HJ, Shin H-J, Kang JK. Superparamagnetic 
Fe3O4 nanoparticles–carbon nitride nanotube hybrids for 
highly efficient peroxidase mimetic catalysts. Chemical 
Communications, 2012;48 (3):422-424.

35.Song Y, Wang X, Zhao C, Qu K, Ren J, Qu X. Label‐free 
colorimetric detection of single nucleotide polymorphism by 
using single‐walled carbon nanotube intrinsic peroxidase‐
like activity. Chemistry-A European Journal, 2010;16 
(12):3617-3621.

36.Singh C, Bansal S, Kumar V, Singhal S. Beading of cobalt 
substituted nickel ferrite nanoparticles on the surface of 
carbon nanotubes: a study of their synthesis mechanism, 
structure, magnetic, optical and their application as 
photocatalyst. Ceramics International, 2015;41 (3):3595-3604.

37.Gong J-L, Wang B, Zeng G-M, Yang C-P, Niu C-G, Niu Q-Y, 
Zhou W-J, Liang Y. Removal of cationic dyes from aqueous 
solution using magnetic multi-wall carbon nanotube 
nanocomposite as adsorbent. Journal of hazardous materials, 
2009;164 (2):1517-1522.

38.Safari J, Gandomi-Ravandi S. Fe3O4–CNTs nanocomposites: 
a novel and excellent catalyst in the synthesis of 



157

Navvabeh Salarizadeh, Minoo Sadri / Preparation and characterization of Fe3O4/MWCNT nanocomposite

Nanomed Res J 2(3): 150-157, Summer 2017

diarylpyrimidinones using grindstone chemistry. RSC 
Advances, 2014;4 (22):11486-11492.

39.Xu Z, Ding L, Long Y, Xu L, Wang L, Xu C. Preparation 
and evaluation of superparamagnetic surface molecularly 
imprinted polymer nanoparticles for selective extraction 
of bisphenol A in packed food. Analytical methods, 2011;3 
(8):1737-1744.

40.Zhang P, Mo Z, Wang Y, Han L, Zhang C, Zhao G, Li Z. 
One-step hydrothermal synthesis of magnetic responsive 

TiO2 nanotubes/Fe3O4/graphene composites with desirable 
photocatalytic properties and reusability. RSC Advances, 
2016;6 (45):39348-39355.

41.Lu K, Jiang R, Gao X, Ma H. Fe3O4/carbon nanotubes/
polyaniline ternary composites with synergistic effects for 
high performance supercapacitors. RSC Advances, 2014;4 
(94):52393-52401.


	INTRODUCTION 
	Electrochemical analysis
	Characterization of Fe3O4/MWCNTs nanocomposite 
	Synthesis of Fe3O4/MWCNTs nanocomposite 
	Colorimetric assay of peroxidase-like activity of nanozyme
	RESULTS AND DISCUSSION 
	Characterization of Fe3O4/MWCNTs nanostructure 
	Colorimetric assay of peroxidase-like activity of Fe3O4/MWCNTs nanocomposite
	Effect of H2O2 concentrations
	Electrochemical analysis of electrocatalysis activity of Fe3O4/MWCNTs nanocomposite

	CONCLUSIONS
	ACKNOWLEDGEMENTS 
	CONFLICTS OF INTEREST 
	SUPPLEMENTARY MATERIAL 
	REFERENCES  

