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We are reporting a new strategy for preparing carbon nanotubes (CNTs)-based hydrogen peroxide and
glucose amperometric sensors by taking advantage of the dual role of bathocuproine disulfonic acid (BCS)
as dispersing agent of multi-walled carbon nanotubes (MWCNTs) and as ligand for the preconcentration
of Cu(Il). The platform was obtained by casting glassy carbon electrodes (GCE) with the dispersion of
MWOCNTs in BCS (MWCNTSs-BCS) followed by the preconcentration of Cu(Il) by surface complex forma-
tion at open circuit potential (GCE/MWCNTs-BCS/Cu). The resulting electrode was used for the sensitive
amperometric quantification of hydrogen peroxide at 0.400 V catalyzed by the preconcentrated copper,
with a linear range between 5.0 x 107 and 7.4 x 10 M, a sensitivity of 24.3 mA.M™', and a detection
limit of 0.2 M. The adsorption of GOx at GCE/MWCNTSs-BCS/Cu followed by the immobilization of Nafion
(Naf), allowed the construction of a sensitive and selective amperometric glucose biosensor with a linear
range between 5.0 x 106 M and 4.9 x 10 M, a sensitivity of (477 + 3) pA.M! and a detection limit of
2 M. The proposed (bio)sensors were successfully used for the quantification of hydrogen peroxide in

enriched milk samples and glucose in milk and commercial beverages without any pretreatment.

© 2020 Elsevier B.V. All rights reserved.

1. Introduction

Nanomaterials have played a key role in the development
of electrochemical (bio)sensors due to their multiple advantages
to build (bio)analytical platforms and improve the transduction
of (bio)recognition events [1-3]. Particularly, the use of carbon
nanotubes (CNTs) for the development of electrochemical sen-
sors, have demonstrated to be a highly successful strategy due
to their well-known properties mainly connected with the large
surface area, good conductivity, catalytic activity towards the oxi-
dation/reduction of different analytes, and multiple possibilities
of functionalization [4,5]. However, despite these unique prop-
erties, CNTs require some functionalization to disaggregate the
bundles before the incorporation in the electrochemical sensors
[6]. This functionalization, either covalent or non-covalent, has
two main goals, the obvious one, to exfoliate the nanostructures
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and allow their dispersion in aqueous media, and the other one,
more challenging, to give particular properties to the dissaggre-
gated nanostructures [7]. In fact, depending on the nature of
the dispersing agents, these properties can be connected to spe-
cial groups and/or to the biorecognition ability that will allow
the anchoring/preconcentration of diverse species and the direct
biosensing/bioaffinity interaction, respectively [7].

Different strategies have been proposed for de-bundling and
functionalizing CNTs, using ionic liquids, polymers, biomolecules,
organic molecules and euthectyc mixtures, among others [8,9].
Polymers like polyhistidine, polylysine [7], polyarginine [10],
polytyrosine [11], small biomolecules like cysteine [12], and
biomacromolecules such as glucose oxidase [13], cytochrome ¢
[14], calf-thymus double stranded DNA (dsDNA) [15], avidin [16]
and concanavalin A [17] have been successfully used for dissagre-
gating the MWCNTs and building different (bio)sensors.

Hydrogen peroxide is a very important analyte that is receiv-
ing increasing attention due to the connection with important
metabolic routes, the importance in different industries, the signif-
icance as biomarker of diverse pathologies mainly associated with
cancer and degenerative processes [18], and its widespread use as
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indicator for transducing different biorecognition events [19]. In
this sense, the most typical example is the use of hydrogen per-
oxide as indicator for glucose oxidase(GOx)-based first generation
electrochemical glucose biosensors. The oxidation and reduction
of hydrogen peroxide at carbon electrodes require elevated over-
voltages [20]; therefore, different strategies have been used to
overcome this problem. Among them, the incorporation of tran-
sition metal nano/micro-particles, like Cu [21], Au [22], Ir [23], Pd
[24], Rh [25], Ru [26], and alloys like Cu@PtPd/C [27] core-shell
nanoparticles, has demonstrated to be highly successful due to the
catalytic activity of these metals for the oxidation and reduction of
hydrogen peroxide.

Recently [28], we have reported an electrochemical sensor
for the highly sensitive and selective quantification of Cu(Il)
through the use of MWCNTSs non-covalently functionalized with
bathocuproine disulfonic acid (BCS), a compound analogue to the
ligand bathocuproine (BC), that is an excellent ligand for complex-
ing Cu(I) (Cu(I)-BCS, log 3 = 19.8) and Cu(II) (Cu(II)-BCS log B, =
11.9) [29,30].

Here, we propose the use of GCE modified with MWCNTSs non-
covalently functionalized with BCS as Cu(Il)-preconcentration layer
(GCE/MWCNTSs-BCS/Cu) for the development of hydrogen peroxide
sensors and glucose biosensors previous incorporation of glucose
oxidase (GOx), based on the catalytic activity of the accumulated
copper on hydrogen peroxide oxidation. In the following sections
we discuss the optimization of the preparation conditions for
GCE/MWCNTs-BCS/Cu, the construction of the glucose biosensor
and the analytical performance of the resulting analytical platforms
for the quantification of hydrogen peroxide and glucose.

2. Materials and methods
2.1. Chemicals and solutions

Carbon nanotubes (MWCNTs, (30 &+ 15) nm diameter, (1-5) pm
length and 95.5 % purity, bathocuproine disulfonic acid disodium
salt(BCS), glucose, lactose, fructose, galactose, maltose, glucose oxi-
dase (GOx) from Aspergillus niger EC 1.1.3.4 163,400 units/g of
solid)), copper atomic absorption standard solution (1010 pg.mL~!
in 5 % HCl) and Nafion (Naf) were supplied from Sigma-Aldrich.
Hydrogen peroxide was acquired from Carlo Erba. Other chemicals
were of analytical grade and used without further purification.

A 0.050 M phosphate buffer solution pH 7.40 was used as
supporting electrolyte. Ultrapure water (p =18.2 M2 cm) from a
Millipore-MilliQ system was used for preparing all aqueous solu-
tions.

2.2. Apparatus

Ultra-sonication was carried out with an ultrasonic processor
VCX 130 W, Sonics and Materials, Inc. of 20 kHz frequency with a
microtip of titanium alloy of 3 mm-diameter.

Electrochemical experiments were performed with a TEQ_04
potentiostat. Glassy carbon electrodes (GCE, CH Instruments,
3mm-diameter) modified with MWCNTSs dispersed in BCS con-
taining the preconcentrated Cu(ll) (GCE/MWCNTs-BCS/Cu) and
GCE/MW(CNTs-BCS/Cu modified with GOx and Naf (GCE/MWCNTs-
BCS/Cu/GOx/Naf) were used as working electrodes. A Pt wire and
Ag/AgCl, 3 M NaCl (BAS) were used as auxiliary and reference elec-
trodes, respectively. All potentials are referred to this reference
electrode.

Scanning Electron Microscopy (SEM)images were obtained with
a Field Emission Gun Scanning Electron Microscope (FE-SEM, Zeiss,
Y IGMA model) equipped with secondary and back-scattered elec-
tron detectors. The samples were prepared by drop-coating of the

MWCNT-BCS dispersion onto GCE disks followed by the accumula-
tion of Cu(Il) at open circuit potential previous evaporation of the
solvent at room temperature.

2.3. Preparation of the modified electrodes

2.3.1. Preparation of GCE modified with MWCNTs-BCS and Cu
(GCE/MW(CNTs-BCS/Cu)

This electrode was prepared according to reference [28]. Briefly,
MWCNTSs (0.5 mg.mL~!) were dispersed in 1.0 mg mL~! BCS using
a sonicator probe with amplitude of 50 % for 10 min while keeping
in an ice-bath. GCE/MWCNTs-BCS was obtained by casting 10 L of
MWCNTSs-BCS on the top of GCE previously polished with alumina
slurries of 1.0, 0.3 and 0.05 wm, rinsed thoroughly with deionized
water, sonicated for 30 s in water, and finally dried under a N,
stream. The preconcentration of Cu was performed at open circuit
potential (ocp) by immersion of GCE/MWCNTs-BCS in a 2.5 ppm
Cu(II) solution prepared in 0.020 M acetate buffer solution pH 5.00
for 3.0 min under stirring conditions.

2.3.2. Preparation of GCE/MWCNTs-BCS/Cu modified with GOx
and Naf (GCE/MWCNTs-BCS/Cu/GOx/Naf)

The biosensor was prepared by drop-coating 2.0 mg mL~! GOx
onto GCE/MWCNTs-BCS/Cu, followed by the deposition of 5 L of
0.5 % w/v Naf. Fig. 1 shows the scheme for the preparation of the
different platforms.

2.4. Procedure

The quantification of hydrogen peroxide and glucose was
performed by amperometry at 0.400 V. All electrochemical exper-
iments were conducted at room temperature in a 0.050 M
phosphate buffer solution pH 7.40.

Hydrogen peroxide was quantified in a milk sample (La
Serenisima®) enriched with 1.7 x 10~3 M hydrogen peroxide by
transferring a given aliquot of the milk enriched sample to the elec-
trochemical cell containing 5.0 mL of 0.050 M phosphate buffer
solution pH 7.40, performing the quanitification by amperometry
at 0.400 V using GCE/MW(CNTSs-BCS/Cu.

Glucose was quantified in milk (La Serenisima®) and two com-
mercial drinks, Gatorade® and Red-Bull®. The beverages and milk
were obtained from a local supermarket. An aliquot of the given
sample was directly transferred to the electrochemical cell con-
taining 5.0 mL of 0.050 M phosphate buffer pH 7.40 and the
determination of glucose was carried out by amperometry at 0.400
V at GCE/MWCNTs-BCS/Cu/GOx/Naf biosensor using the standard
addition method in the three cases.

3. Results and discussion
3.1. Characterization of GCE/MWCNTs-BCS/Cu

Fig. 2A shows SEM pictures of GCE/MWCNTs-BCS/Cu prepared
by modification of GCE with a dispersion of 0.50 mgmL~! MWCNTs
in 1.0 mg mL~! BCS, followed by the preconcentration of Cu (II)
by immersion in a 2.5 ppm Cu (II) solution for 3.0 min at ocp. The
whole surface of the glassy carbon disk is covered by MWCNTs-
BCS although, in agreement with the pattern obtained for other
MWCNTs-modified GCEs [7] there are areas with different density
of MWCNTSs. As it was previously demonstrated [28], BCS largely
contributes to the exfoliation of MWCNTs due the facilitated inter-
action with the aqueous solvent through the sulfonate groups of the
BCS that supports the MWCNTSs. The EDX map of the glassy carbon
disk shown in Fig. 2A (GCE/MWCNTs-BCS/Cu), demonstrates that
copper is distributed in the whole surface, confirming the efficient
preconcentration of Cu(Il) at GCE/MWCNTs-BCS (Fig. 2B).
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Fig. 1. Schematic representation of the steps involved in the functionalization of MWCNTs with BCS and copper and in the preparation of GCE/MWCNT-BCS/Cu and

GCE/MWCNT-BCS/Cu/GOx/Naf.
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Fig. 2. (A) SEM micrograph of a glassy carbon disk modified with a dispersion of 0.50 mgmL~' MWCNTs in 1.0 mg mL~! BCS, followed by the preconcentration of Cu
(II) by immersion in a 2.5 ppm Cu (II) solution for 3.0 min at ocp. Magnification: 10,000 X (B) EDX of the GCE/MWCNTs-BCS/Cu. C) Cyclic voltammograms obtained at
GCE/MW(CNTs-BCS (black) and at GCE/MWCNTs-BCS/Cu (red) in phosphate buffer solution 0.050 M pH 7.40. Scan rate: 0.050 V s~2. Modification of GCE: same conditions as

in Fig. 2A.

Fig. 2C displays the cyclic voltammetric profiles of
GCE/MWCNTs-BCS (black line) and GCE/MWCNTs-BCS/Cu (red
line) in a 0.050 M phosphate buffer solution pH 7.40. No peaks
are observed at GCE/MWCNTs-BCS, while in the presence of
Cu at the electrode surface, there are two anodic peaks due to
the oxidation of Cu to Cu(I) (0.194 V) and Cu(I) to Cu(Il) (0.416
V). The corresponding reduction of Cu(Il) to Cu(l) is observed
at 0.407 V, while the reduction of Cu(I) to Cu mostly occurs at

potentials close to 0 V. Successive voltammograms performed
with GCE/MWCNTs-BCS/Cu in buffer solution did not show sig-
nificant differences in the peak currents for the oxidation and
reduction of Cu, clearly evidencing that BCS retains copper in a
very robust way (not shown). Therefore, BCS successfully works
in the double role of MWCNTSs disaggregation agent and surface
copper preconcentration element.
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Fig. 3. (A) Cyclic voltammograms obtained at GCE/MWCNTs-BCS/Cu in phosphate
buffer solution 0.050 M pH 7.40 (black) and 2.0 x 10-2 M H,0;(red). Scan rate: 0.050
V s1. (B) Hydrodynamic voltagram for 2.0 x 104 M H,0, at GCE/MWCNTs-BCS/Cu
(black) and GCE/MWCNTSs-BCS/Cu (red).
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3.2. Analytical application of GCE/MWCNTs-BCS/Cu for the
quantification of hydrogen peroxide

Fig. 3A displays the potentiodynamic i-E profiles obtained at
GCE/MWCNTs-BCS/Cu in a 0.050 M phosphate buffer solution pH
7.40 without (black line) and with (red line) 2.0 x 10-2 M hydro-
gen peroxide. The cyclic voltammogram obtained in the absence
of hydrogen peroxide presents the expected profile according to
Fig. 2C. The voltammetric response for 2.0 x 10-2 M hydrogen
peroxide shows a huge increment of the oxidation and reduction
currents due to the catalytic activity of copper [21]. Fig. 3B dis-
plays the hydrodynamic voltammograms for 2.0 x 104 M hydrogen
peroxide at GCE/MWCNTs-BCS (black) and GCE/MWCNTs-BCS/Cu
(red). In agreement with Fig. 3A, the presence of copper at the elec-
trode surface produces a drastic decrease in the overvoltages for
the oxidation and reduction of hydrogen peroxide and a notice-
able increment in the associated currents confirming, once more,
the excellent catalytic activity of the copper preconcentrated at the
BCS that supports the MWCNTSs.

The effect of the accumulation time of 2.5 ppm Cu(ll) at
GCE/MW(CNTs- BCS on the sensitivity for the oxidation of hydrogen
peroxide at 0.400 V is shown in Fig. 4A. The sensitivity increases
with the interaction time and reaches a maximum after 3.0 min,
suggesting a saturation of the available sites of the BCS that sup-
ports the MWCNTSs for complex formation. We also evaluated the

- 250f 1 ] ]

= A

< 20.0} ]

-

Z 150} ]

P

S 10.0} ]

2 50l ]

()]

D 00} e T
00 20 40 60 80

Time / min

250} :

S#0 B,

<é 20.0+ /

<150 © :

2

jg 10.0} + ;

2 5.0-/ :

e '@

D ool !

0.00 2.00 4.00 6.00 8.00 10.00
Concentration / ppm

Fig. 4. Sensitivities for hydrogen peroxide obtained from amperometric recordings
at GCE/MWCNTs-BCS/Cu as a function of (A) the accumulation time and (B) Cu(II)
concentration. Working potential: +0.400 V. Supporting electrolyte: 0.050 M phos-
phate buffer solution pH 7.40. Cu(Il) concentration (A): 2.5 ppm. Accumulation time
(B): 3.0 min.

influence of Cu(Il) concentration used for the preconcentration at
GCE/MWCNTSs-BCS for 3.0 min on the sensitivity for hydrogen per-
oxide oxidation (Fig. 4B). It increases with the concentration of
Cu(Il), reaching a maximum after 2.5 ppm Cu(ll). Therefore, the
selected conditions for the preconcentration of Cu at the surface of
GCE/MWCNTSs-BCS were an interaction time of 3.0 min at ocp using
a 2.5 ppm Cu(II) solution.

The amperometric response of H,0, at GCE/MWCNTs-BCS/Cu
at a working potential of 0.400 V is displayed in Fig. 5A. After the
addition of H,0,, the current rapidly increases, reaching the steady-
state in 3s. The inset shows the amperometric response for the
lower concentrations range. The corresponding calibration plot is
depicted in Fig. 5B. The linear range goes from 5.0 x 10~7 M to
7.4 x 10 M, with a sensitivity of 24.3 mA.M™! (r2 = 0.990), and a
detection limit of 0.2 wM (taken as 3.3 o/S, where ¢ is the blank
signal-standard deviation and S the sensitivity). The reproducibil-
ity obtained for 5 electrodes modified with the same MWCNTs-BCS
dispersion was 7.1 %.

Table 1-SI (Supplementary Information) compares the ana-
lytical performance of our H,0, sensor with the most relevant
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Fig. 5. (A) Amperometric recording obtained at GCE/MWCNTSs-BCS/Cu for succes-
sive additions of 5.0 x 10~7 M (a), 1.0 x 10 M (b), 5.0 x 10 M (c), and 1.0 x
103 (d) M H»0,. Inset: amperometric recording for the lower concentrations range.
(B) Calibration plot obtained from the amperometric recording shown in Fig. 5 A.
Inset: calibration plot in a more restricted concentrations range. (C) Sensitivities
for H,0, obtained from amperometric experiments using GCE/MWCNTs-BCS and
CGE/MWCNTs-BCS/Cu. Inset: amperometric recordings for successive additions of
hydrogen peroxide at GCE/MWCNTs-BCS (black) and GCE/MWCNTs-BCS-Cu (red).
Working potential: +0.400 V. Supporting electrolyte: 0.050 M phosphate buffer
solution pH 7.40.

non-enzymatic hydrogen peroxide amperometric sensors reported
since 2017. The proposed H,0, sensor possesses a competitive
detection limit which is lower than those obtained in [1-6,10,12],
comparable to those reported in the references [24,7,8,11] and
higher than those presented in [26,9,14]. However, even when
the detection limit of the proposed sensor is higher than those
reported in ref. [9,14], is important to remark that, these sensors
require a more complex and expensive preparation, either using
GCE modified with MWCNTs-SnO, nanofibers, hemoglobin and
chitosan [45] or CF@N-CNTAs-AuNPs [50]. In addition, the work-
ing potentials for these sensors [9,14] are very negative (-0.40
and -0.30 V, respectively), making necessary the desoxygenation
of the solution and longer times to stabilize the base line cur-
rents. GCE/MWCNTs-Av/Ru [26] was proposed recently by our
group and allowed to reach detection limits three times smaller
than GCE/MWCNTs-BCS/Cu, with a considerably wider linear range,
although the sensitivity is comparable to that of our sensor. One
advantage of our sensor, is that the element responsible for the
catalytic activity (Cu) is considerably cheaper than the one used
in the case of GCE/MWCNTs-Av/Ru. In summary, the sensor pro-
posed in this work is a very competitive alternative compared to
the already existing ones.

Fig. 5C compares the sensitivity for hydrogen peroxide obtained
from amperometric recordings at 0.400V at GCE/MWCNTs-BCS and
GCE/MWCNTSs-BCS/Cu. As expected, the sensitivity for hydrogen
peroxide obtained at GCE/MWCNTs-BTC is negligible compared to
the one obtained at GCE/MWCNTs-BCS/Cu.

We evaluate the analytical application of the sensor, determin-
ing the recovery of hydrogen peroxide in a milk sample enriched
with 1.7 x 103 M hydrogen peroxide without any pre-treatment.
The recovery percentage was (94 + 9) % demonstrating the ana-
lytical usefulness of the proposed sensor for the highly sensitive
and selective quantification of hydrogen peroxide in untreated milk
samples.

3.3. Analytical applications of GCE/MWCNTs-BCS/Cu/GOx/Naf for
the quantification of glucose

Fig. 6A displays the amperometric response of glucose at
GCE/MWCNTSs-BCS/Cu/GOx/Naf at 0.400 V. A well-defined and fast
response is observed after each addition of glucose. The corre-
sponding calibration plot, displayed in Fig. 6B, shows a linear range
between 1.0 x 10-> M and 4.9 x 10 M, with a sensitivity of (477 +
3) pAM! (r2 =0.9996), and a limit of detection of 2 wM (calculated
as it was previously indicated).

Different concentrations of GOx and dilutions of Naf were eval-
uated and the best compromise between sensitivity, stability and
reproducibility was obtained using 2.0 mg/mL GOx and 0.5 % w/v
Naf (results not shown).

The reproducibility, obtained from the sensitivity of 5 biosensors
prepared with the same MWCNTs-BCS dispersion, was 9.3 %. The
selectivity of GCE/MWCNTs-BCS/Cu/GOx/Naf was evaluated in the
presence of 1.0 x 10~4 M lactose, galactose, fructose and maltose.
No interference was obtained for lactose and maltose, while for
galatose and fructose it was just (7.7 £ 0.9) % and (7.2 &+ 0.1) %,
respectively, demonstrating the selectivity of the biosensor in the
presence of other sugars.

Table 2-SI (Supplementary Information) summarizes the ana-
lytical performance of the most representative enzymatic glucose
biosensors with electrochemical trasnduction reported since 2018.
The detection limit of our biosensor is better than those reported
in references [23-28, 31-33], comparable to the ones obtained in
[17-22,30] and higher than those reported in references [15, 16, 29,
34]. GCE/AuNF/GS-IL-AuNRs/GOx/GA/Naf [ 16], Pt/GOx/gelatin [29]
and Pt/IrNPs/Ludox/GOx [34] involve expensive noble metals like
Au, Pt, and Pt-Ir, respectively. Therefore, our biosensor represents a
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Fig. 6. (A) Amperometric recording obtained at GCE/MWCNTs-BCS/Cu/GOx/Naf for
successive additions of 1.0 x 107> M(a), 5.0 x 10~> M (b),and 1.0 x 104 M (c) glucose.
Inset: shows the amperometric recording for the lower concentrations range. (B)
Calibration plot obtained from the amperometric recording shown in Fig. 6 A. Inset:
calibration plot in a more restricted concentrations range.

competitive bioanalytical platform for glucose quantification with
a relatively simple preparation of the bioanalytical platform.

The practical application of the biosensor was evaluated using
milk (La Serenisima®) and two beverages (Gatorade® and Red
Bull®). The average concentration of glucose in milk, obtained
from 5 determinations, was (2.0 £+ 0.1) g/100 mL, value that is in
excellent agreement with the one reported by the company (1.9
g.mL~1). The glucose contents in Gatorade and Red Bull obtained
with our biosensor were (2.5 + 0.3) g/100 mL and (3.4 + 0.3)
g/100 mL, respectively, values that also show an excellent cor-
relation with the reported values (2.3 g/100 mL and 3.6 g/100
mL, respectively). These results confirmed the analytical useful-
ness of MWCNTs-BCS/Cu/GOx/Naf nanohybrid platform for the
development of an efficient electrochemical glucose biosensor that
demonstrate practical applicability for the quantification in several
untreated samples.

4. Conclusions

The platforms proposed in this work represent a fast, easy-
to-prepare, reproducible, sensitive and selective alternative to
develop hydrogen peroxide and glucose sensors with very compet-
itive analytical performance and interesting practical applications
in untreated samples, without the requirement of sophisticated

instruments or complicated protocols. These platforms are the
result of an efficient integration of MWCNTs, that offer a large
surface and the robustness for the efficient immobilization of BCS
and GOx; BCS, that allows the disaggregation of the carbon nanos-
tructures and the preconcentration of the catalyst; and Cu, that
efficiently catalyzes the oxidation of hydrogen peroxide.

This strategy to build a biosensing platform can be considered
a prototype for further developments of other (bio)sensors, either
based on the catalytic activity of copper for building non-enzymatic
sensors, or biosensors based on hydrogen peroxide-producing oxi-
dases.

Declaration of Competing Interest

The authors declare that they have no known competing finan-
cial interests or personal relationships that could have appeared to
influence the work reported in this paper.

Acknowledgements

Financial support from CONICET, ANPCyT, SECyT-UNC is grate-
fully acknowledged. P. G. acknowledges the fellowship to CONICET.

Appendix A. Supplementary data

Supplementary material related to this article can be found,
in the online version, at doi:https://doi.org/10.1016/j.jpba.2020.
113526.

References

[1] K.E. Sapsford, W.R. Algar, L. Berti, K.B. Gemmill, B.J. Casey, E. Oh, M.H. Stewart,
L.L. Medintz, Functionalizing nanoparticles with biological molecules:
developing chemistries that facilitate nanotechnology, Chem. Rev. 113 (2013)
1904-2074.

[2] Alireza Sanati, Mahsa Jalali, Keyvan Raeissi, Fathallah Karimzadeh, Mahshid
Kharaziha, Sahar Sadat Mahshid, Sara Mahshid, A review on recent
advancements in electrochemical biosensing using carbonaceous
nanomaterials, Microchim. Acta 186 (2019) 773.

[3] Samiul Alim, Jaya Vejayan, Mashitah M. Yusoff, A.K.M. Kafi, Recent uses of
carbon nanotubes & gold nanoparticles in electrochemistry with application
in biosensing: a review, Biosens. Bioelectron. 121 (2018) 125-136.

[4] Fahimeh Movahedifar, Somayeh Tajik, Shohreh Jahani, A review on the effects

of introducing CNTs in the modification process of electrochemical sensors

hadi beitollahi, Electroanal 31 (2019) 1195-1203.

G.A. Rivas, M.C. Rodriguez, M.D. Rubianes, F.A. Gutierrez, M. Eguilaz, P.R.

Dalmasso, E.N. Primo, C. Tettamanti, M.L. Ramirez, A. Montemerlo, P. Gallay,

C. Parrado, Carbon nanotubes-based electrochemical (bio)sensors for

biomarkers, Appl. Mater. Today 9 (2017) 566-588.

Elham Asadiana, Masoumeh Ghalkhanib, Saeed Shahrokhiana,

Electrochemical sensing based on carbon nanoparticles: a review, Sens.

Actuators B Chem. 293 (2019) 183-209.

E.N. Primo, F.A. Gutiérrez, G.L. Luque, P.R. Dalmasso, A. Gasnier, Y. Jalit, M.

Moreno, M.V. Bracamonte, M.E. Rubio, M.L. Pedano, M.C. Rodriguez, N.F.

Ferreyra, M.D. Rubianes, S. Bollo, G.A. Rivas, Comparative study of the

electrochemical behavior and analytical applications of (bio)sensing

platforms based on the use of multi-walled carbon nanotubes dispersed in

different polymers, Anal. Chim. Acta 805 (2013) 19-35.

Ali Abo-Hamad, Maan Hayyan, Mohammed Abdul Hakim AlSaadi, Mohamed

E.S. Mirghani, Mohd Ali Hashim, Functionalization of carbon nanotubes using

eutectic mixtures: a promising route for enhanced aqueous dispersibility and

electrochemical activity, J. Mol. Liq. 297 (2020), 111919.

Syed Tayyab Raza Naqvi, Tahir Rasheed, Dilshad Hussain, Muhammad

Najamul Haq, Saadat Majeed, Sameera shafi, Ahmed. Nisar, Rahat Nawaz,

Modification strategies for improving the solubility/dispersion of carbon

nanotubes, J. Mol. Liq. 297 (2020), 111919.

[10] Alejandro Gutiérrez, Fabiana Gutierrez, Marcos Eguilaz, Concepcién Parrado,
Gustavo A. Rivas, Non-covalent functionalization of multi-wall carbon
nanotubes with polyarginine: characterization and analytical applications for
uric acid quantification, Electroanal 30 (2018) 1416-1424.

[11] M. Eguilaz, F. Gutierrez, ].M. Gonzdlez-Dominguez, M.T. Martinez, G. Rivas,
Single-walled carbon nanotubes covalently functionalized with polytyrosine:
a new material for the development of NADH-based biosensors, Biosens.
Bioelectron. 86 (2016) 308-314.

[12] F.A. Gutierrez, ].M. Gonzalez-Dominguez, A. Ansén-Casaos, J.
Herndndez-Ferrer, M.D. Rubianes, M.T. Martinez, G. Rivas, Single-walled

[5

6

17

8

[9


https://doi.org/10.1016/j.jpba.2020.113526
https://doi.org/10.1016/j.jpba.2020.113526
https://doi.org/10.1016/j.jpba.2020.113526
https://doi.org/10.1016/j.jpba.2020.113526
https://doi.org/10.1016/j.jpba.2020.113526
https://doi.org/10.1016/j.jpba.2020.113526
https://doi.org/10.1016/j.jpba.2020.113526
https://doi.org/10.1016/j.jpba.2020.113526
https://doi.org/10.1016/j.jpba.2020.113526
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0005
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0005
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0005
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0005
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0005
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0005
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0005
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0005
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0005
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0005
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0005
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0005
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0005
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0005
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0005
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0005
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0005
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0005
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0005
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0005
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0005
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0005
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0005
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0005
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0005
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0005
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0005
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0005
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0005
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0005
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0005
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0005
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0005
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0010
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0010
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0010
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0010
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0010
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0010
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0010
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0010
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0010
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0010
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0010
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0010
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0010
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0010
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0010
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0010
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0010
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0010
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0010
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0010
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0010
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0010
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0010
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0010
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0010
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0010
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0010
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0010
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0010
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0010
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0010
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0015
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0015
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0015
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0015
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0015
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0015
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0015
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0015
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0015
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0015
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0015
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0015
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0015
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0015
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0015
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0015
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0015
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0015
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0015
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0015
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0015
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0015
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0015
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0015
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0015
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0015
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0015
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0015
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0015
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0015
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0015
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0015
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0020
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0020
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0020
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0020
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0020
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0020
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0020
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0020
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0020
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0020
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0020
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0020
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0020
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0020
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0020
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0020
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0020
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0020
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0020
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0020
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0020
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0020
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0020
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0020
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0020
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0020
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0020
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0020
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0020
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0025
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0025
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0025
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0025
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0025
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0025
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0025
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0025
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0025
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0025
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0025
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0025
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0025
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0025
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0025
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0025
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0025
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0025
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0025
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0025
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0025
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0025
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0025
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0025
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0025
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0025
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0025
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0025
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0025
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0025
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0025
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0025
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0025
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0025
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0025
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0025
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0025
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0025
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0030
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0030
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0030
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0030
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0030
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0030
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0030
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0030
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0030
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0030
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0030
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0030
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0030
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0030
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0030
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0030
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0030
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0030
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0030
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0030
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0030
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0030
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0030
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0035
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0040
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0040
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0040
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0040
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0040
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0040
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0040
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0040
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0040
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0040
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0040
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0040
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0040
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0040
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0040
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0040
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0040
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0040
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0040
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0040
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0040
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0040
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0040
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0040
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0040
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0040
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0040
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0040
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0040
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0040
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0040
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0040
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0040
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0040
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0040
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0040
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0040
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0045
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0045
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0045
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0045
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0045
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0045
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0045
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0045
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0045
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0045
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0045
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0045
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0045
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0045
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0045
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0045
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0045
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0045
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0045
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0045
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0045
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0045
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0045
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0045
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0045
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0045
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0045
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0045
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0045
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0045
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0045
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0045
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0045
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0045
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0050
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0050
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0050
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0050
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0050
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0050
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0050
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0050
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0050
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0050
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0050
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0050
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0050
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0050
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0050
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0050
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0050
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0050
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0050
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0050
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0050
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0050
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0050
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0050
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0050
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0050
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0050
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0050
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0050
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0050
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0050
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0050
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0050
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0055
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0055
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0055
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0055
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0055
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0055
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0055
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0055
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0055
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0055
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0055
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0055
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0055
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0055
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0055
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0055
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0055
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0055
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0055
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0055
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0055
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0055
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0055
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0055
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0055
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0055
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0055
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0055
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0055
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0055
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0055
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0055
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0055
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0060
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0060
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0060
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0060
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0060
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0060
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0060
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0060
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0060
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0060
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0060
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0060
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0060
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0060
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0060

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

P. Gallay, M. Rodriguez, M. Eguilaz et al. / Journal of Pharmaceutical and Biomedical Analysis 191 (2020) 113526

carbon nanotubes covalently functionalized with cysteine: a new alternative
for the highly sensitive and selective Cd(II) quantification, Sens. Actuators B
Chem. 249 (2017) 506-514.

F. Gutierrez, M.D. Rubianes, G.A. Rivas, Dispersion of multi-wall carbon
nanotubes in glucose oxidase: characterization and analytical applications for
glucose biosensing, Sens. Actuators B Chem. 161 (2012) 191-197.

M. Eguilaz, A. Gutiérrez, G. Rivas, Non-covalent functionalization of
multi-walled carbon nanotubes with cytochrome c: enhanced direct electron
transfer and analytical applications, Sens. Actuators B Chem. 225 (2016)
74-80.

E.N. Primo, M.B. Oviedo, C.G. Sanchez, M.D. Rubianes, G.A. Rivas,
Bioelectrochemical sensing of promethazine with bamboo-type multiwalled
carbon nanotubes dispersed in calf-thymus double stranded DNA,
Bioelectrochemistry 99 (2014) 8-16.

F.A. Gutierrez, M.D. Rubianes, G.A. Rivas, New bioanalytical platform based on
the use of avidin for the successful exfoliation of multi-walled carbon
nanotubes and the robust anchoring of biomolecules. Application for
hydrogen peroxide biosensing, Anal. Chim. Acta 1065 (2019) 12-20.

E. Ortiz, P. Gallay, L. Galicia, M. Eguilaz, G. Rivas, Nanoarchitectures based on
multi-walled carbon nanotubes non-covalently functionalized with
Concanavalin A: a new building-block with supramolecular recognition
properties for the development of electrochemical biosensors, Sens. Actuators
B Chem. 292 (2019) 254-262.

Hamed Shamkhalichenar, Jin-Woo Choi, Review—non-Enzymatic hydrogen
peroxide electrochemical sensors based on reduced graphene oxide, J.
Electrochem. Soc. 167 (2020), 037531.

M. Eguilaz, P. Dalmasso, M. Rubianes, F. Gutierrez, M. Rodriguez, P. Gallay, M.
Lépez Mujica, M. Ramirez, C. Tettamanti, A. Montemerlo, G. Rivas, Recent
advances in the development of electrochemical hydrogen peroxide carbon
nanotube-based (bio) sensors, Curr. Opin. Electrochem. 14 (2019) 157-165.
Keerthy Dhara, Debiprosad Roy Mahapatra, Recent advances in
electrochemical nonenzymatic hydrogen peroxide sensors based on
nanomaterials: a review, J. Mater. Sci. 54 (2019) 12319-12357.

[21] M.C. Rodriguez, G.A. Rivas, Highly selective first generation glucose biosensor
based on carbon paste containing copper and glucose oxidase, Electroanal 13
(2001) 1179-1184.

[22] M.S. Celej, G.A. Rivas, Amperometric glucose biosensor based on
gold-dispersed carbon paste, Electroanal 10 (1998) 771-775.

[23] J. Wang, G. Rivas, M. Chicharro, Glucose microsensor based on
electrochemical deposition of iridium and glucose oxidase onto carbon fiber
electrodes, J. Electroanal. Chem. 439 (1997) 55-61.

[24] B. Huang, Y. Wang, Z. Lu, H. Du, ]. Ye, One pot synthesis of palladium-cobalt
nanoparticles over carbon nanotubes as a sensitive non-enzymatic sensor for
glucose and hydrogen peroxide detection, Sens. Actuators B Chem. 252 (2017)
1016-1025.

[25] J. Wang, ]. Liu, L. Chen, F. Lu, Highly selective membrane-free, mediator-free
glucose biosensor, Anal. Chem. 66 (21) (1994) 3600-3603.

[26] P. Gallay, M. Eguilaz, G. Rivas, Designing electrochemical interfaces based on
nanohybrids of avidin functionalized-carbon nanotubes and ruthenium
nanoparticles as peroxidase-like nanozyme with supramolecular recognition
properties for site-specific anchoring of biotinylated residues, Biosens.
Bioelectron. 148 (2020), 111764.

[27] F.A. Gutierrez, LS. Giordana, V.C. Fuertes, A. Montemerlo, ].M. Sieben, A.E.
Alvarez, M.D. Rubianes, G.A. Rivas, Analytical applications of Cu@PtPd/C
nanoparticles for the quantification of hydrogen peroxide, Microchem. J. 141
(2018) 240-246.

[28] J. Saldaiia, P. Gallay, S. Gutierrez, M. Eguilaz, G. Rivas, Multi-walled carbon
nanotubes functionalized with bathocuproinedisulfonic acid: analytical
applications for the quantification of Cu (II), Anal. Bioanal. Chem. (2020) 1-8.

[29] D. Chen, N. Darabedian, Z. Li, T. Kai, D. Jiang, F. Zhou, An improved
Bathocuproine assay for accurate valence identification and quantification of
copper bound by biomolecules, Anal. Biochem. 497 (2016) 27-35.

[30] P. Gayathri, A.S. Kumar, Electrochemical behavior of the 1,10-Phenanthroline
ligand on a multiwalled carbon nanotube surface and its relevant
electrochemistry for selective recognition of copper ion and hydrogen
peroxide sensing, Langmuir 30 (2014) 10513-10521.


http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0060
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0060
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0060
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0060
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0060
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0060
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0060
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0060
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0060
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0060
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0060
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0060
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0060
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0060
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0060
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0060
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0060
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0060
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0060
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0060
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0060
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0060
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0060
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0060
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0060
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0060
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0065
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0065
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0065
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0065
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0065
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0065
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0065
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0065
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0065
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0065
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0065
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0065
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0065
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0065
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0065
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0065
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0065
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0065
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0065
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0065
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0065
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0065
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0065
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0065
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0065
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0065
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0065
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0065
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0065
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0065
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0070
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0070
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0070
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0070
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0070
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0070
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0070
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0070
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0070
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0070
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0070
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0070
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0070
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0070
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0070
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0070
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0070
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0070
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0070
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0070
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0070
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0070
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0070
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0070
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0070
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0070
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0070
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0070
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0070
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0070
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0070
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0075
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0075
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0075
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0075
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0075
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0075
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0075
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0075
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0075
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0075
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0075
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0075
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0075
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0075
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0075
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0075
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0075
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0075
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0075
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0075
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0075
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0075
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0075
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0075
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0075
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0075
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0075
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0075
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0075
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0075
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0075
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0080
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0080
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0080
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0080
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0080
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0080
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0080
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0080
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0080
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0080
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0080
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0080
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0080
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0080
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0080
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0080
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0080
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0080
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0080
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0080
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0080
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0080
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0080
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0080
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0080
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0080
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0080
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0080
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0080
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0080
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0080
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0080
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0080
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0080
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0080
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0080
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0080
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0080
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0080
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0080
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0080
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0080
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0085
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0085
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0085
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0085
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0085
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0085
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0085
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0085
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0085
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0085
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0085
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0085
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0085
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0085
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0085
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0085
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0085
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0085
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0085
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0085
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0085
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0085
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0085
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0085
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0085
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0085
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0085
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0085
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0085
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0085
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0085
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0085
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0085
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0085
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0085
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0085
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0085
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0085
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0085
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0085
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0085
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0085
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0085
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0090
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0090
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0090
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0090
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0090
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0090
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0090
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0090
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0090
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0090
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0090
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0090
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0090
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0090
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0090
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0090
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0090
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0090
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0090
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0090
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0090
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0090
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0095
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0095
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0095
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0095
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0095
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0095
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0095
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0095
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0095
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0095
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0095
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0095
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0095
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0095
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0095
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0095
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0095
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0095
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0095
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0095
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0095
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0095
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0095
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0095
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0095
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0095
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0095
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0095
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0095
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0095
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0095
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0095
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0095
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0095
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0095
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0095
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0095
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0095
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0095
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0095
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0095
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0095
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0095
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0095
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0095
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0095
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0100
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0100
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0100
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0100
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0100
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0100
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0100
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0100
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0100
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0100
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0100
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0100
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0100
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0100
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0100
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0100
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0100
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0100
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0100
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0100
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0100
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0100
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0100
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0100
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0100
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0100
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0105
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0105
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0105
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0105
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0105
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0105
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0105
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0105
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0105
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0105
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0105
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0105
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0105
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0105
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0105
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0105
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0105
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0105
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0105
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0105
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0105
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0105
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0105
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0105
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0105
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0110
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0110
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0110
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0110
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0110
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0110
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0110
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0110
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0110
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0110
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0110
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0110
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0110
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0110
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0110
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0110
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0110
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0110
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0115
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0115
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0115
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0115
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0115
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0115
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0115
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0115
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0115
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0115
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0115
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0115
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0115
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0115
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0115
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0115
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0115
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0115
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0115
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0115
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0115
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0115
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0115
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0115
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0115
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0115
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0115
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0115
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0115
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0120
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0120
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0120
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0120
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0120
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0120
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0120
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0120
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0120
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0120
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0120
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0120
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0120
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0120
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0120
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0120
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0120
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0120
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0120
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0120
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0120
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0120
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0120
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0120
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0120
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0120
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0120
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0120
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0120
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0120
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0120
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0120
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0120
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0120
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0120
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0120
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0120
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0120
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0120
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0125
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0125
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0125
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0125
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0125
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0125
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0125
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0125
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0125
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0125
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0125
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0125
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0125
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0125
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0125
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0125
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0125
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0125
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0125
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0125
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0125
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0125
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0130
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0130
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0130
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0130
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0130
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0130
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0130
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0130
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0130
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0130
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0130
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0130
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0130
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0130
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0130
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0130
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0130
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0130
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0130
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0130
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0130
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0130
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0130
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0130
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0130
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0130
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0130
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0130
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0130
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0130
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0130
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0130
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0130
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0130
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0130
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0130
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0130
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0135
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0135
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0135
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0135
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0135
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0135
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0135
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0135
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0135
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0135
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0135
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0135
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0135
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0135
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0135
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0135
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0135
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0135
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0135
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0135
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0135
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0135
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0135
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0135
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0135
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0135
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0135
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0135
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0135
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0135
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0135
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0135
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0135
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0135
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0140
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0140
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0140
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0140
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0140
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0140
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0140
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0140
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0140
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0140
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0140
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0140
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0140
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0140
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0140
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0140
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0140
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0140
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0140
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0140
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0140
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0140
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0140
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0140
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0140
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0140
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0140
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0140
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0140
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0140
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0140
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0140
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0140
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0140
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0145
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0145
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0145
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0145
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0145
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0145
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0145
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0145
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0145
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0145
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0145
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0145
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0145
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0145
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0145
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0145
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0145
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0145
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0145
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0145
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0145
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0145
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0145
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0145
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0145
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0145
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0145
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0145
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0145
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0145
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0145
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0145
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0145
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0145
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0150
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0150
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0150
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0150
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0150
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0150
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0150
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0150
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0150
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0150
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0150
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0150
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0150
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0150
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0150
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0150
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0150
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0150
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0150
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0150
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0150
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0150
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0150
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0150
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0150
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0150
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0150
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0150
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0150
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0150
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0150
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0150
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0150
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0150
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0150
http://refhub.elsevier.com/S0731-7085(20)31412-6/sbref0150

	Doble role of bathocuproine disulfonic acid as multi-walled carbon nanotubes dispersing agent and copper preconcentration ...
	1 Introduction
	2 Materials and methods
	2.1 Chemicals and solutions
	2.2 Apparatus
	2.3 Preparation of the modified electrodes
	2.3.1 Preparation of GCE modified with MWCNTs-BCS and Cu (GCE/MWCNTs-BCS/Cu)
	2.3.2 Preparation of GCE/MWCNTs-BCS/Cu modified with GOx and Naf (GCE/MWCNTs-BCS/Cu/GOx/Naf)

	2.4 Procedure

	3 Results and discussion
	3.1 Characterization of GCE/MWCNTs-BCS/Cu
	3.2 Analytical application of GCE/MWCNTs-BCS/Cu for the quantification of hydrogen peroxide
	3.3 Analytical applications of GCE/MWCNTs-BCS/Cu/GOx/Naf for the quantification of glucose

	4 Conclusions
	Declaration of Competing Interest
	Acknowledgements
	Appendix A Supplementary data
	References


