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CoTPP/RGO  nanocomposite  was  pre-
pared  by a �–�  stacking  interaction.
CoTPP/RGO  showed  electrocatalytic
activity  for  both  oxidation  and  reduc-
tion  of  H2O2.
The  high  sensitivity  was  due  to the
synergy  effect  between  CoTPP  and
RGO.
The  CoTPP/RGO  electrode  showed
good  anti-interfering  ability.
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a  b  s  t  r  a  c  t

A  novel  cobalt-tetraphenylporphyrin/reduced  graphene  oxide  (CoTPP/RGO)  nanocomposite  was  pre-
pared by  a �–� stacking  interaction  and  characterized  by ultraviolet–visible  absorption  spectroscopy
(UV–vis),  Fourier  transform  infrared  spectroscopy  (FTIR)  and  electrochemical  impedance  spectroscopy
(EIS).  The  CoTPP/RGO  nanocomposite  exhibited  high  electrocatalytic  activity  both  for  oxidation  and
reduction  of  H2O2. The  current  response  was linear  to  H2O2 concentration  with  the  concentration  range
eywords:
obalt-tetraphenylporphyrin
educed graphene oxide
anocomposite
ydrogen peroxide biosensor

from  1.0  ×  10−7 to  2.4 × 10−3 mol  L−1 (R =  0.998)  at the  reductive  potential  of  −0.20  V and  from  1.0  × 10−7

to  4.6  × 10−4 mol  L−1 (R  = 0.996)  at the oxidative  potential  of  +0.50  V. The  H2O2 biosensor  showed  good
anti-interfering  ability  towards  oxidative  interferences  at the  oxidative  potential  of +0.50  V  and  good
anti-interfering  ability  towards  reductive  interferences  at the  reductive  potential  of −0.20  V.

© 2013 Elsevier B.V. All rights reserved.

nti-interfering ability

. Introduction

Porphyrin is a kind of macrocyclic conjugated organic molecules
hich has an extensive system of delocalized �-electrons. The por-
hyrin can coordinate with many metal ions (such as Fe, Co, Cu,
nd Zn) to form stable metal–porphyrin coordination complexes,
hich are widely existed in nature with special physiological activ-
ty and excellent properties in electron transfer, energy conversion,
nd nonlinear optical-limiting [1–3]. As the mimics of the active
ite of many important enzymes, porphyrins have been used as

∗ Corresponding author. Tel.: +86 791 87046351; fax: +86 791 87046320.
E-mail address: zlz@ecjtu.jx.cn (L. Zheng).

003-2670/$ – see front matter ©  2013 Elsevier B.V. All rights reserved.
ttp://dx.doi.org/10.1016/j.aca.2013.01.019
electron media with good electrocatalysis toward reduction or oxi-
dation of many small molecules related to life process [4].  They
are extensively studied for the functionalization of carbon nano-
tubes (CNTs) by both covalent and non-covalent methods [5–7].
Compared with covalent functionalization, non-covalent function-
alization of porphyrin has the advantage of simple, convenient,
avoiding destruction of the structure of some polycyclic and unsta-
ble substance and preserving their unique properties without
serious damage.

Graphene (GR), a new class of two-dimensional carbon nano-

structure, has been extensively studied recently in terms of high
conductivity, large surface-to-volume ratio and superior chemical
and mechanical stability. It has been widely used in nanoelectron-
ics, batteries, supercapacitors and solar cells [8–11]. Considering

dx.doi.org/10.1016/j.aca.2013.01.019
http://www.sciencedirect.com/science/journal/00032670
http://www.elsevier.com/locate/aca
http://crossmark.dyndns.org/dialog/?doi=10.1016/j.aca.2013.01.019&domain=pdf
mailto:zlz@ecjtu.jx.cn
dx.doi.org/10.1016/j.aca.2013.01.019
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ts two-dimensional structure, graphene could be used as excellent
ubstrate for the assembly of porphyrins. Recently, graphene hybrid
aterials functionalized with different porphyrin derivatives have

een well studied [12–15].
In the present manuscript, cobalt-tetraphenylporphyrin

CoTPP) molecules were assembled on the surface of reduced
raphene oxide (RGO). Metal–porphyrin molecules were flat-
ened on the surface of RGO through non-covalent �–� stacking
nteraction and the conjugation of metal–porphyrin is enlarged.
he flattening of metal–porphyrin molecules can further reduce
he distance between the metal–porphyrin planes and RGO,
hich further enhance �–� stacking interaction. The CoTPP/RGO
anocomposite showed high electrocatalytic activity both for
xidation and reduction of H2O2. The CoTPP/RGO nanocomposite
an be a good candidate for the electrochemical detection of H2O2
ith high sensitivity and selectivity.

. Experimental

.1. Reagents

Graphite and tetra-phenylporphyrin (TPP) were purchased from
igma–Aldrich. Hydrogen peroxide (30%), hydrazine (50%), CoCl2,
nd other chemicals were of analytical grade and purchased from
eijing Chemical Reagent Co. (Beijing, China). All solutions were
ade up with twice-distilled water.

.2. Apparatus and measurements

The UV–vis absorption spectra were recorded on a Lambda 35
V/VIS Spectrometer (PerkinElmer Precisely, USA).

FTIR spectra were conducted on a Spectrum One FTIR Spectrom-
ter (PerkinElmer Instruments, USA) and transmission spectrum of
he samples were obtained by forming thin transparent KBr pellet.

Atomic force microscopy (AFM) images were revealed by a AFM
J-III (Aijian, Shanghai).

Electrochemical impedance spectra (EIS) measurements were
onducted by a Solartron 1255B frequency response analyzer com-
ined with a Solartron 1286 electrochemical interface (Solartron
arnborough, UK). An IEEE-interface (National Instruments, USA)
as employed to couple the two Solartron instruments with a com-
uter.

Electrochemical measurements were performed on a CHI 660A
lectrochemical workstation (Chenhua, China) with a conventional
hree-electrode system with the modified glassy carbon electrode
CE (  ̊ = 5 mm)  as working electrode, a platinum wire as auxiliary
lectrode, and an Ag/AgCl (saturated KCl) electrode as reference
gainst which all potentials were measured.

.3. Preparation of RGO and CoTPP complex

Graphene oxide (GO) was prepared from natural graphite flakes
y a modified Hummer’s method [16]. Briefly, graphite (3.0 g) was
dded to concentrated H2SO4 (70 mL)  under stirring at room tem-
erature. Then NaNO3 (1.5 g) was added and the mixture was
ooled to 0 ◦C. Under vigorous agitation, KMnO4 (9.0 g) was  added
lowly to keep the temperature of the suspension lower than
0 ◦C. The mixture was stirred at 35 ◦C for 2 h. Then distilled water
150 mL)  was added and the solution was stirred at 90 ◦C for 15 min.
dditional 500 mL  of distilled water was added and followed by

 slow addition of 15 mL  of H2O2 (3%), turning the color of the
olution from dark brown to yellow. The mixture was filtered and

ashed with 1:10 HCl aqueous solution (250 mL)  to remove metal

ons followed by washing with 200 mL  of distilled water to remove
he acid. The resulting solid was dried in air and diluted to make a
O aqueous dispersion (0.5 wt%).
H2TPP CoTPP

Scheme 1. Synthetic scheme of CoTPP.

RGO was prepared through the procedures reported by Li
et al. [17]. Briefly, GO aqueous dispersion (50 mL)  was mixed with
hydrazine hydrate (0.1 mL,  50 wt%) and ammonia solution (0.5 mL,
28 wt%). The mixture was  stirred at 95 ◦C for 1 h. After reduction, a
homogeneous black dispersion with a small amount of black pre-
cipitate was obtained. The dispersion was  filtered by glass cotton
to remove the precipitate and a stable black aqueous dispersion of
RGO was  obtained.

CoTPP was  prepared by a simple complexation reaction
(Scheme 1). Briefly, TPP (3.07 g, 5 mmol) was  dissolved in DMF
(100 mL)  and then CoCl2 (0.65 g, 5 mmol) was  added to the TPP/DMF
solution. The mixture was stirred for 10 min  at room tempera-
ture and then refluxed for 6 h. Then the DMF  solvent was distilled
under reduced pressure and the residue was poured into the cool-
ing water. The product was collected, acidified with concentrated
HCl, and then filtrated. Finally the CoTPP was  washed with dis-
tilled water, dried over, and recrystallized with mixture solvent of
dichloride methane and absolute ethanol.

2.4. Preparation of CoTPP/RGO modified electrode

Before modification, the bare GCE was  polished with 0.3 �m and
0.05 �m alumina slurry, then washed successively with anhydrous
ethanol and distilled water in an ultrasonic bath for 10 min  and
dried in N2 blowing.

The CoTPP/RGO nanocomposite was  prepared by �–� stack-
ing interaction. First, RGO aqueous dispersion (0.25 mg mL−1, 1 mL)
was dropped into a CoTPP/DMF solution (5 �M,  1 mL)  dropwise
under vigorous stirring. After dropping, the mixed solution was
treated by ultrasonic waves for 30 min  for complete interaction
between CoTPP and RGO. The CoTPP/RGO dispersion was filtrated
and washed with absolute ethanol for 3 times and then dried at
60 ◦C for 4 h in a vacuum. Then, 0.2 mg  CoTPP/RGO was dispersed
in 1 mL  DMF  and then 10 �L Nafion solution (5%, Aldrich) was
added and sonicated for 30 min. Finally, 5 �L CoTPP/RGO dispersion
was casted on the freshly prepared GCE surface by a micropipette
to form a thin layer and stored at 4 ◦C in a refrigerator before
use.

For comparison, CoTPP modified electrode was  prepared using
the same method. 10 �L Nafion solution (5%, Aldrich) was  added in
1 mL  of 5 �M CoTPP/DMF solution and then sonicated for 30 min.
Finally, 5 �L CoTPP solution was  casted on the freshly prepared GCE
surface by a micropipette to form a thin layer and stored at 4 ◦C in
a refrigerator before use.

2.5. Measuring procedure

Cyclic voltammetric measurements were done in an unstirred
electrochemical cell. Amperometric experiments were carried out

by applying a potential step of −200 or 500 mV to a stirred
electrochemical cell. Aliquots of a standard solution of H2O2
were successively added to the solution. Current–time data
were recorded after a steady-state current was achieved. All
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persion. An intense Soret band at 415 nm was  observed in the
ig. 1. UV absorption spectra recorded during the process of titration of 2 mL of
 �M CoTPP DMF  solution with various volumes of 0.25 mg  mL−1 RGO dispersion.

xperimental solutions were deaerated by high pure nitrogen for
0 min, and a nitrogen atmosphere was kept over the solutions
uring measurements.

The impedance spectra were recorded using an AC perturba-
ion signal of 5 mV  within the frequency range of 106–0.01 Hz.
he impedance data were fitted with an equivalent circuit using
he Z plot/Z view software (Scribner Associates Inc., England).
he equivalent circuit provided an electrical analogue of the
hemical/physical processes probed by EIS. Impedance mea-
urement was performed in the presence of a 1.0 mmol  L−1
3[Fe(CN)6]/K4[Fe(CN)6] (1:1) mixture containing 1.0 mol  L−1

Cl as a redox probe at the formal potential of the sys-
em.

Fig. 3. AFM images of RGO (left) and
Wavelength / cm

Fig. 2. FTIR spectra of CoTPP, RGO and CoTPP/RGO complex.

3. Results and discussion

3.1. Characterization of CoTPP/RGO nanocomposite

The planar CoTPP molecule can be assembled onto the two-
dimensional surface of RGO to form CoTPP/RGO nanocomposite
through �–� stacking interaction. The interplay between CoTPP
molecule and RGO during the process of assembly was  stud-
ied by UV–vis spectroscopy. Fig. 1 showed the UV–vis spectra of
CoTPP/DMF solutions titrated with different amounts of RGO dis-
spectrum of CoTPP. During the titration process, the intensity of
the original Soret band at 415 nm decreased gradually and a new
Soret band at 433 nm appeared and intensified with an isosbestic

 CoTPP/RGO complex (right).
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Table  1
Comparison of H2O2 sensor performance based on different electrode modified materials.

Modified material Applied
potential (V)

Linear range
(�M)

Detection limit
(�M)

Sensitivity
(�A mM−1 cm−2)

Reference

CAT/nanoNiO/MWCNTs Red: −0.45 200–2530 19 338 [18]
CS/Hb/AgNP Red: −0.4 0.08–250 0.05 – [19]
FeS/FTO Red: −0.4 0.5–1300 0.12 2488 [20]
MnO2/OMC Ox: 0.45 0.5–600 0.07 807 [21]
Cu-Co alloy dendrite Red: −0.4 1–11,000 0.75 1274 [22]
CuO/CPE Ox: 0.60 0.05–1000 0.02 1746 [23]
FTS-PPy Red: −0.73 10–4000 5 653 [24]

0.001 1813 [25]
0.02 6.6 Present
0.03 4.2 Present
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LaNi0.6Co0.4O3 Ox: 0.55 0.01–100 

CoTPP/RGO Ox: 0.50 0.1–460 

Red:  −0.20 0.1–2400 

oint at 420 nm.  A large bathochromic shift (18 nm), a narrower
alf-bandwidth, and stronger extinction of CoTPP/RGO dispersion
ere obtained compared with that of pure CoTPP solution. The phe-
omenon can be explained by molecular flattening mechanism.
hen CoTPP molecule was  flattened on the surface of RGO with

ig � structure via �–� stacking interaction, the � conjugation
ffect of CoTPP will be enhanced. As a result, the Soret band of
oTPP showed a large bathochromic shift. So it can be concluded
hat CoTPP/RGO nanocomposite was formed with CoTPP molecule
xtensively adsorbed on the surface of RGO by simply mixing CoTPP
olution and RGO dispersion together.

The FTIR spectra of CoTPP, RGO, and CoTPP/RGO nanocomposite
ere shown in Fig. 2. The band of RGO at 1628 cm−1 was due to the

 C stretching vibration of RGO. The band of CoTPP at 1630 cm−1

as due to the C N stretching vibration of CoTPP. When CoTPP
as immobilized on RGO, the �C C and �C N bands of CoTPP/RGO
anocomposite were positively shifted to 1668 cm−1. The positive
hift (40 cm−1) can be attributed to the �–� interaction between
oTPP molecule and RGO. It showed that planar RGO could be a
ood platform for the immobilization of CoTPP molecule.

The morphology of the CoTPP/RGO nanocomposite was  charac-
erized by AFM. Fig. 3 showed the AFM images of CoTPP/RGO and

GO. The thickness of RGO was found to be 0.97 nm.  In the case
f CoTPP/RGO nanocomposite, the thickness increased to 3.6 nm
uggesting that CoTPP molecules are adsorbed on the both sides of
GO.
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ig. 5. Cyclic voltammograms of bare GCE (dotted line) and CoTPP/GCE (solid line) (A) a
nd  presence (red line) of 1.0 mM H2O2. Scan rate: 50 mV s−1.
Fig. 4. Electrochemical impedance spectra of bare GCE, RGO/GCE, CoTPP/RGO/GCE
and CoTPP/GCE electrodes in 1.0 M KCl + 1.0 mM K4Fe(CN)6/K3Fe(CN)6 aqueous solu-
tion.
The conductivity of the CoTPP/RGO nanocomposite was mea-
sured by electrochemical impedance spectroscopy (EIS). Fig. 4
compared the impedance spectrum of CoTPP/RGO nanocomposite
with that of CoTPP and RGO. The electron-transfer resistance (Ret)

. Ag/Ag Cl)
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4 B

nd CoTPP/RGO/GCE (B) electrodes in 0.1 M PBS (pH 7.0) in the absence (black line)
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Fig. 6. (A) Cyclic voltammograms of 1.0 mM H2O2 at CoTPP/RGO electrod

f CoTPP/RGO nanocomposite was 280 �,  which was much lower

han that of CoTPP (700 �).  It demonstrated that RGO can promote
he electron transfer between CoTPP and electrode surface and the
onductivity of CoTPP/RGO nanocomposite was greatly enhanced.
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ig. 7. Chronoamperometric responses of CoTPP/RGO electrode to successive addi-
ions of H2O2 at the applied potentials of 0.50 V (A) and −0.20 V (B). Insets: the
alibration curves of the oxidation current and reduction current on the concentra-
ion of H2O2.
pH

ifferent pH from 5.7 to 8.0. (B) Dependence of the peak potential on pH.

3.2. Electrocatalysis of H2O2 at CoTPP/RGO electrode

Fig. 5 compared cyclic voltammograms of CoTPP/RGO/GCE with
those of CoTPP/GCE and bare GCE in the absence and presence
of H2O2. The electrochemical response of H2O2 at the bare GCE
is very small and at lower reductive potential of −0.6 V. A large
catalytic reduction peak of H2O2 at −0.6 V and a small catalytic
oxidation peak of H2O2 at 0.6 V were observed at CoTPP/GCE elec-
trode. However when CoTPP was adsorbed on the surface of RGO,
the catalytic reduction peak potential shifted to −0.25 V, which was
350 mV  more positive than that of CoTPP/GCE. And the catalytic
oxidation peak potential shifted to 0.55 V, which was 50 mV more
negative than that of CoTPP/GCE. The responding reduction cur-
rent of 1.0 mM H2O2 was  3.10 �A, which was 118% higher than
that of CoTPP/GCE (1.42 �A). The responding oxidation current
of 1.0 mM H2O2 was  2.60 �A, which was  25 times higher than
that of CoTPP/GCE (0.10 �A). The results indicated that RGO can
enhance the electrocatalytic activity of CoTPP and CoTPP/RGO/GCE
electrode can electrocatalyze both oxidation and reduction of
H2O2.

3.3. The mechanism of electrocatalytic oxidation and reduction of
H2O2 at CoTPP/RGO electrode

The effect of pH on the electrochemical behavior of H2O2 at
CoTPP/RGO electrode was carefully investigated by cyclic voltam-
metry in a wide pH range (pH 5.7–8.0) (as shown in Fig. 6). It showed
that both the cathodic and anodic peak potentials increased with
the increase of pH. Two  linear relationships were obtained with
the regression equations of Epa (V) = −0.037pH + 0.784 for the H2O2
oxidation process and Epc (V) = −0.034pH + 0.0462 for the H2O2
reduction process. The slopes of the reduction and the oxidation
curves were close to half of the theoretical value of 59 mV pH−1.
It indicated that the electrochemical reaction process of H2O2 at
CoTPP/RGO electrode involved one electron and two  protons. The
electrode reaction mechanism can be described as follows:

Cathodic reactions:

Co(III)TPP + e− → Co(II)TPP

2Co(II)TPP + 2H+ + H2O2 → 2H2O + 2Co(III)TPP

Anodic reactions:
Co(III)TPP − e− + (1/2)H2O2 → Co(IV)TPP OH

2Co(IV)TPP OH → 2Co(III)TPP + O2 + 2H+
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ig. 8. The amperometric H2O2 responses of CoTPP/RGO electrode in the presence
pecies  that have both oxidative and reductive activity (E and F) at the applied pote

.4. Chronoamperometric responses of H2O2 at CoTPP/RGO
lectrode

Fig. 7A showed steady-state amperometric response of H2O2 at
oTPP/RGO electrode at an applied potential of 0.50 V. The response
ime of the electrode was less than 5 s until steady state value was
btained. The oxidative peak current increased linearly as the H2O2
oncentration increased. The linear range of H2O2 concentration
as from 1.0 × 10−7 to 4.6 × 10−4 M with a correlation coefficient

f 0.998 and a slope of 0.0013 �A �M−1. The detection limit was
.0 × 10−8 M at the signal to noise ratio of 3. Fig. 7B showed steady-
tate amperometric response of H2O2 at CoTPP/RGO electrode at an
pplied potential of −0.20 V. The reductive peak current increased
inearly as the H2O2 concentration increased. The linear range of

2O2 concentration was from 1.0 × 10−7 to 2.4 × 10−3 M with a cor-
elation coefficient of 0.996 and a slope of 0.00082 �A �M−1. The
etection limit was 3.2 × 10−8 M at the signal to noise ratio of 3. The
igh sensitivity of CoTPP/RGO electrode may  be due to the synergy
ffect of CoTPP and RGO in the functional nanocomposite, which
ccelerate the oxidation of H2O2 at lower potential and reduction
f H2O2 at higher potential.

Table 1 compared the applied potential, linear range, and detec-
ion limit of the CoTPP/RGO electrode with those of previously
eported enzymatic and non-enzymatic H2O2 biosensors [18–25].
he CoTPP/RGO electrode showed wide linear range and low detec-
ion limit. Moreover, in this work, both oxidation potential and
eduction potential can be applied for the detection of H2O2.

Repeated use of the electrodes did not affect the longterm

tability. The variation coefficients of the current signals for 8
epeated injections of 10 �M and 40 �M H2O2 were 3.5% and
.8%, respectively. The H2O2 biosensor showed good reproducibil-

ty with a relative standard deviation of 7.8% at six freshly prepared
uctive interferences (A and B), oxidative interferences (C and D) and interference
f −0.20 V (A, C, E) and 0.50 V (B, D, F).

CoTPP/RGO electrodes. No obvious decrease in the response to
H2O2 was observed after two  months of storage. Therefore,
CoTPP/RGO nanocomposite provided an excellent platform for the
construction of H2O2 biosensor.

3.5. Interference studies at CoTPP/RGO electrode

The effects of foreign interference species on the determination
of H2O2 at CoTPP/RGO electrode were investigated and presented
in Fig. 8. The reductive interferences like UA, DA, AA, HQ, did
not affect the measurement of H2O2 at the applied potential of
−0.2 V (Fig. 8A). However, when the CoTPP/RGO electrode was
applied at an oxidative potential of 0.5 V, their interfering effects
were severely (Fig. 8B). The oxidative interferences like MnO4

−,
Cr2O7

2−, Fe3+, Cu2+, (NH4)2S2O8 did not affect the measurement
of H2O2 at the applied potential of 0.5 V (Fig. 8D). However, when
the CoTPP/RGO electrode was  applied at a reductive potential of
−0.2 V, their interfering effects were severely (Fig. 8C). Therefore,
excellent interference resistibility of CoTPP/RGO electrode can be
achieved at reductive potential of −0.2 V for reductive interference
species and at oxidative potential of 0.5 V for oxidative interfer-
ence species. The interference species which have both oxidative
and reductive activity, such as p-nitrophenol, Ni2+, and Fe2+ were
also investigated (Fig. 8E and F). It showed that they did not affect
the measurement of H2O2 at both the oxidative potential of 0.50 V
and the reductive potential of −0.20 V.

3.6. H2O2 testing in real samples
The performance of CoTPP/RGO electrode was  compared with
that of spectrofluorometry for measuring H2O2 in raw whole milk
samples. Firstly, 1.8 g (NH4)2SO4 was  added to 10 mL  raw whole
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Table  2

Samples Measured by
spectrofluorometer
(�M)

Detected (�M) Added (�M) Found (�M) Recovery (%) R.S.D. (%)

Determination of H2O2 in raw whole milk samples at the potential of −0.2 V (n = 3)
1 8.58 7.96 20 28.35 102.5 3.1
2  7.08 6.75 20 25.97 96.3 2.2
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Determination of H2O2 in raw whole milk samples at the potential of 0.5 V (n = 3)
1  8.58 8.25 

2 7.08  7.17 

ilk with vigorous stirring for 30 min. Then the suspension was
entrifuged at 8000 rpm for 10 min, and the supernatant liquid
as collected. And then amperometric detection was  carried out

t the applied potential of −0.2 V and 0.5 V in 10 mL  of 0.1 M PBS
pH 7.0) under stirring conditions with 0.5 mL  of the supernatant
iquid injected. Table 2 summarized the results obtained from the
nalysis of the two samples by the standard addition method.
ompared with the results measured by spectrofluorometer, the
esults detected by CoTPP/RGO electrode at both −0.2 V and 0.5 V
re approximately consistent.

. Conclusion

In summary, electroactive CoTPP molecules were self-
ssembled on the surface of two-dimensional RGO by �–�
tacking interaction and a novel CoTPP/RGO nanocomposite was
ormed. The CoTPP/RGO modified electrode exhibited excellent
lectrocatalytic activity both for oxidation and reduction of H2O2.
he oxidative peak current was linear to the H2O2 concentration
ith the concentration range from 1.0 × 10−7 to 4.6 × 10−4 M with
etection limit of 2.0 × 10−8 M.  And the reductive peak current was

inear to the H2O2 concentration with the concentration range from
.0 × 10−7 to 2.4 × 10−3 M with detection limit of 3.2 × 10−8 M.  The
igh sensitivity may  be due to the synergy effect of CoTPP and RGO

n the functional nanocomposite to accelerate the oxidation of
2O2 at lower potential and reduction of H2O2 at higher potential.
t the low oxidative potential of 0.5 V, CoTPP/RGO modified elec-

rode showed good anti-interfering ability towards the oxidative
nterferences like MnO4

−, Cr2O7
2−, Fe3+, Cu2+, (NH4)2S2O8. And at

he high reductive potential of −0.2 V, CoTPP/RGO modified elec-
rode showed good anti-interfering ability towards the reductive
nterferences like UA, DA, AA, HQ. The CoTPP/RGO nanocomposite
an be a promising electrode material for H2O2 biosensor.
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