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a  b  s  t  r  a  c  t

Solid-state  potentiometric  sensors  based  on  surface  charge  change  are well-established  tools  for  measur-
ing ions  and  biological  species.  However,  their  use  for detection  of  small  molecules  with  high  sensitivity
and  good  selectivity  is  still  elusive.  In  this  work,  a novel  potentiometric  aptasensing  platform  for  small
molecules  is  presented,  using  bisphenol  A (BPA)  as a model.  The  proposed  sensor  can  be prepared  by
layer-by-layer  assembling  of  carboxylated  multiwall  carbon  nanotubes,  poly(diallyldimethylammonium
chloride) (polycation),  and  aptamer  (polyanion)  on the  electrode  surface.  The  presence  of BPA  induces
the  conformational  change  and  detachment  of  the aptamer  at the  surface  of the  modified  electrode,
which  leads  to a variation  of  the surface  charge  (negative  to  positive)  and  therefore  a  potential  change.
The  introduction  of polyions  can  cause  substantial  charge  change  on the  electrode  surface,  thus  improv-
otentiometry
urface charge
olid state

ing  the  sensitivity  of  the  sensor.  The  morphology  and  electron-transfer  properties  of the  electrode  have
been  characterized.  Under  optimum  conditions,  the  present  sensor  shows  a stable  response  to BPA in
the  concentration  range  from  3.2  × 10−8 to 1.0  × 10−6 M with  a  detection  limit  of  1.0  ×  10−8 M. The  pro-
posed  methodology  can be used  for sensitive  potentiometric  sensing  of other  small  molecules  involved
in  aptamer/target  binding  events.

©  2017  Elsevier  B.V.  All  rights  reserved.
. Introduction

Potentiometric sensors based on solvent polymeric membrane
on-selective electrodes (ISEs) were developed in the 1970s [1]. In
ecent years, they have been improved in terms of sensitivity, selec-
ivity, reversibility, and reliability [2–4]. With the introduction of
arious synthetic receptors, new materials, and deeper theoretical
odels [5–8], potentiometry based on solvent polymeric mem-

rane ISEs has become a well-established tool for ion analysis. In
arallel, researchers have designed solid-state potentiometric sen-
ors, which are tailored with recognition elements on the surfaces
f the electrodes. In these solid-state sensors, the target-induced
dsorption, desorption, or uptake of ions or charged molecules on
he surfaces of electrodes can change the surface potentials of the
lectrodes [9–12].
Early researches on solid-state sensors focused mainly on the
etection of ions such as Cu2+ and Pb2+ by using the precipitate-
ased electrodes [10,13]. The introduction of nanomaterials and

∗ Corresponding authors.
E-mail addresses: jwding@yic.ac.cn (J. Ding), wqin@yic.ac.cn (W.  Qin).

ttps://doi.org/10.1016/j.snb.2017.12.067
925-4005/© 2017 Elsevier B.V. All rights reserved.
novel recognition molecules was  a key turning point in this field. In
2012, Michalska et al. [14] developed a potentiometric sensor based
on the dithizone modified gold nanoparticle film for the determi-
nation of copper ions. In this method, the cations diffuse into the
gold nanoparticle layer and interact with dithizone to produce the
surface charge change. Similarly, a solid-state potentiometric sen-
sor with improved selectivity for copper ions was  designed using
an ion-selective gold–thiol film [15].

Solid-state potentiometric sensors for macromolecules and
whole cells have also been developed. In 1975, Janata developed
an immunoelectrode based on surface recognition [16]. The target
antigen with net electrical charges could induce a charge change
on the surface, along with a subsequent potential change. How-
ever, the low efficiency of the immobilization procedures restrict
its wide applications. Subsequently, research in this area encoun-
tered a bottleneck until the introduction of novel materials and the
optimization of the modification processes. In 2009, Rius et al. [17]
developed a potentiometric aptasensor using aptamer functional-

ized single-walled carbon nanotubes as a transducing material for
immediate detection of living bacteria. Although the sensor could
detect bacteria rapidly, the potential changes are small, even with
the introduction of dual aptamers [18]. So far, none solid-state

https://doi.org/10.1016/j.snb.2017.12.067
http://www.sciencedirect.com/science/journal/09254005
http://www.elsevier.com/locate/snb
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Fig. 1. (A) Cyclic voltammograms recorded in 0.1 M KCl containing 5 mM
Fe(CN)6

4−/3− , for the electrodes: (a) GC, (b) GC/CNTs, (c) GC/CNTs/PDDA, and
(d) GC/CNTs/PDDA/aptamer. (B) Open circuit potentials of (a) GC/CNTs, (b)
GC/CNTs/PDDA, (c) GC/CNTs/PDDA/aptamer, and (d) GC/CNTs/PDDA/aptamer after
incubation with 10−7 M BPA for 15 min. Potential responses of the modified elec-
trodes were recorded for 100 s. (C) UV spectra of (a) the incubation solution alone
after incubation for 15 min, and (b) the incubation solution in the presence of 10−5

BPA after incubations for 10, and (c) 15 min with the GC/CNTs/PDDA/aptamer elec-
trode. 5 �L of 10−5 M aptamer was used to prepare the electrode. (D) Potentiometric
responses of the electrodes to 10−6 M BPA with different incubation times. Error bars
64 E. Lv et al. / Sensors and A

otentiometric sensors have been developed for sensitive detection
f small molecules.

In this paper, a novel potentiometric aptasensing platform
or small molecules based on surface charge change is pro-
osed. Bisphenol A (BPA), which is an endocrine disrupter, was
elected as a model. An aptamer with excellent selectivity and
igh binding affinity to BPA is used as a recognition element
19]. In recent years, a number of aptasensors for BPA based on
ptical, electrochemical, and mass-sensitive transductions have
een developed [20,21]. Among these methods, electrochemical
ptasensors have been received considerable attention due to
heir advantages of rapid response, ease of use, and low cost. As
ne kind of simple, field-portable, and widespread electrochem-
cal methodology, potentiometric sensors have been adopted as
romising transducers for aptasensing. In our previous research,

 potentiometric aptasensing strategy based on DNA nanostruc-
ures has been designed for the detection of BPA with high
ensitivity [22]. However, our previous system for BPA needs addi-
ional signal reporter of protamine, thus adding more complexity.
erein, a simple and direct potentiometric aptasensing platform

s designed via a layer-by-layer technique. For the present work,
he charged materials, carboxylated multiwall carbon nanotubes
CNTs), poly(diallyldimethylammonium chloride) (PDDA, polyca-
ion), and the aptamer (polyanion), are immobilized layer-by-layer
n the electrode surface. The target-binding induced release of the
ptamer from the surface of the electrodes causes a charge distribu-
ion change and subsequently a potential change. It is anticipated
hat the introduction of an aptamer for the specific target allows the
ensing methodology with high generality and good selectivity.

. Experimental section

.1. Materials

An aptamer with a dissociation constant of 8.3 nM toward BPA
as used [19]. The sequence was: 5′-CCG GTG GGT GGT CAG GTG
GA TAG CGT TCC GCG TAT GGC CCA GCG CAT CAC GGG TTC GCA
CA-3′. More information of the materials is available in the Sup-
orting Information.

.2. Electrode preparation

As illustrated in Scheme 1, chemically modified glass carbon
lectrodes (GC/CNTs/PDDA/aptamer) were fabricated using the
ayer-by-layer technique. The detailed procedures are shown in the
upporting Information.

.3. Electrochemical measurements

Potentiometric measurements were performed using a double-
unction Ag/AgCl (3.0 M KCl) reference electrode with 1.0 M LiOAc
s a salt bridge electrolyte in the galvanic cell as follows:
g/AgCl/3.0 M KCl/1.0 M LiOAc/binding buffer/modified electrode.
he binding buffer was Tris-buffered saline solution (50 mM Tris
ase, 100 mM NaCl, 25 mM KCl, 10 mM MgCl2, pH 7.4). The elec-
romotive force (EMF) measurements were carried out using a CHI
60D electrochemical workstation (Shanghai Chenhua Apparatus
orporation, China). In this work, the open circuit potential (OCP)
f the proposed sensor recorded in the binding buffer was  used as
he baseline. Then, 20 �L of BPA at different concentrations was
dded on the electrode surface for incubation. After incubation for

5 min  and washing with binding buffer, the potential response
as recorded in the binding buffer. The potential change between

he baseline and the potential recorded at 100 s was used for quan-
ification of BPA.
represent one standard deviation for three measurements.

3. Results and discussion

As illustrated in Scheme 1, CNTs, PDDA, and the aptamer were
successively modified on the electrode via electrostatic and �-�
interactions, thus forming an electric double layer at the elec-
trode/solution interface. The presence of BPA could induce the
conformational change and further detachment of the aptamer
from the surface of the modified electrode. This causes the charge
distribution change of the electric double layer and therefore
induces a potential change. Indeed, previous reports demonstrated
that an increase of any excess negative or positive charges on the
surface of the electrode can lead to a potential response [16,23].
More importantly, polyions with large amounts of charges assem-
bled on the surface could induce much larger surface charge
changes for improving the sensitivity of the potentiometric sensors.

To characterize the fabrication process of the layer-by-layer
assembly, cyclic voltammetry (CV) was  performed (Fig. 1A). Com-
pared with the bare glass carbon electrode (GC) (Fig. 1A, curve
a), the electrode modified with CNTs exhibits better conductivity
(Fig. 1A, curve b). However, PDDA and the aptamer could block the
electron transfer and induce lower peak currents (Fig. 1A, curve c
and d). Field-emission scanning electron microscopy pictures also
indicate the layer-by-layer modification process (Fig. S1). More-
over, the charge distribution or density on the electrode surface will
change during the process of the layer-by-layer assembly. There-
fore, the open circuit potentials of the modified electrode were
measured (Fig. 1B). Compared with GC/CNTs (Fig. 1B, column a),
the modification of PDDA with a large positive charge changes
the charge distribution on the electrode surface from negative to
positive, which induces a large increase of the potential change
(Fig. 1B, column b). Furthermore, the adsorption of aptamer leads to
a decrease of the OCP (Fig. 1B, column c). These results demonstrate

that the electrode was successfully prepared by the layer-by-layer
assembly.



E. Lv et al. / Sensors and Actuators B 259 (2018) 463–466 465

S  film by successively assembling (a) negatively charged CNTs on GC, (b) positively charged
P

fi
t
t
f
c
t
(
b

r
D
o
a
w
T
s
p
s
a
o
t
d
f

o
t
i
e
w
b
l
t
c
f
a
t
t
c
[

o
t
f
t
t
p
d
p

w
t
b
o
i

e

Fig. 2. (A) Potential responses of the electrodes after incubation in binding
buffer with BPA of 10−9, 10−8.5, 10−8, 10−7.5, 10−7, 10−6.5, and 10−6 M with (a)
the  GC/CNTs/PDDA/aptamer electrode and (b) the GC/CNTs/aptamer electrode.
Potential responses of the modified electrodes were recorded for 100 s. (B) Cali-
bration curves for BPA with (a) the GC/CNTs/PDDA/aptamer electrode and (b) the
GC/CNTs/aptamer electrode, respectively. (C) The potential changes of the control
DNA and BPA aptamer modified electrode in the presence of 10−6 M BPA. (D) Poten-
cheme 1. Schematic illustrations of the preparation of the GC/CNTs/PDDA/aptamer
DDA, and (c) negatively charged aptamer, and (d) the interaction with the target.

According to Fig. 1B (column d), the incubation of the modi-
ed electrode with the target molecules induces the recovery of
he OCP, which is probably due to the detachment or release of
he aptamer into the sample solution. The release of the aptamer
rom the electrode was confirmed by using UV spectroscopy. In
ontrast to the incubation solution without BPA (Fig. 1C, curve a),
he incubation solution with BPA causes an obvious UV absorption
Fig. 1C, curve b). Moreover, the amount of released aptamer can
e increased by increasing the incubation time (Fig. 1C, curve c).

A similar phenomenon can also be observed when potentiomet-
ic measurements with different incubation times were carried out.
uring the incubation, a conformational change of the aptamer
ccurred that weakened the interactions between PDDA and the
ptamer. The conjugate of the aptamer and BPA dropped away
hen the electrodes were rinsed or placed in the stirring solution.

he decrease of the aptamer on the electrode surface induced the
urface charge change of the working electrode, thus changing the
otential of the electrode. Furthermore, the higher binding con-
tant of BPA and the aptamer made the separation between the
ptamer and PDDA easier [24]. As shown in Fig. 1D, the response
f the modified electrode increases with the incubation time for up
o 15 min, and then decreases gradually, which might be duo to the
issolution of PDDA. The incubation time of 15 min  was selected
or further experiments.

BPA at different concentrations could lead to the detachments
f aptamer to variable extents. The potential responses to BPA in
he concentration range of 1.0 × 10−9 to 1.0 × 10−6 M are shown
n Fig. 2A. Under the optimal experimental conditions, the sensor
xhibits a linear response range from 3.2 × 10−8 to 1.0 × 10−6 M
ith a slope of 52.7 mV/dec. The detection limit was  calculated to

e 1.0 × 10−8 M (3�).  In our previous research, a lower detection
imit of 80 pM for BPA could be obtained, which is probably due
o the multiple target-binding sites (aptamer) on each of the long
oncatamer [22]. Compared with our previous aptasensing plat-
orm that couples to a signal amplification strategy based on DNA
ssembly, the present sensor is simple and easy to use. More impor-
antly, the proposed sensor exhibits better sensitivity than that of
he existing potentiometric solid-state sensors based on surface
harge change, which were designed for proteins and whole cells
17,25–27].

Without the polycation, the aptamer also could be modified
n the electrode by utilizing �-� stacking interactions between
he nucleic acid bases and the carbon nanotubes’ walls [28]. The
abricated electrode (GC/CNTs/aptamer) was tested for the detec-
ion of BPA. Likewise, the target/aptamer recognition could release
he aptamer from the CNTs layer, inducing the change of surface
otential. Fig. 2 shows that the sensor indeed responds to BPA at
ifferent concentrations (Fig. 2B, a). However, the sensor shows a
oor performance in sensitivity (Fig. 2B, b).

Control experiments reveal that no significant potential change
as observed for the control DNA (Fig. 2C). More importantly,

he presence of other structurally similar molecules (bisphenol B,
iphenyl, OH-biphenyl and 2-OH-biphenyl) could not lead to an

bvious potential change (Fig. 2D), which confirms the specific
nteraction between BPA and the aptamer.

To investigate the regeneration of the proposed sensor, 5 regen-
ration cycles were tested. As shown in Fig. S3, a decrease of ca 20%
tial  responses of the electrodes to BPA and other structurally similar molecules.
The  concentrations of BPA and its analogues were 10−6 M.  Error bars represent one
standard deviation for three measurements.

of the potentiometric response was  observed after 3 regeneration
cycles, which is probably due to the release of PDDA from the mem-
brane into the aqueous sample solution. Experiments revealed that
no obvious loss of response was observed after dry storage of the
modified electrode at 4 ◦C for 7 days (see Supporting Information,
Fig. S4). The deterioration of the sensor response could be attributed
to the dissolution of PDDA.

4. Conclusions

In summary, a potentiometric aptasensing platform for small
molecules based on surface charge change has been demonstrated.
Polyions with large amounts of charges can be introduced and mod-
ified on the electrode for improving sensitivity. The target induced
detachment of the aptamer leads to the surface charge change from
negative to positive, which can amplify the potential response. Our
proposed approach significantly improves the sensitivity and can
be extended to determine other analytes that can interact with
their aptamers, such as bacteria, proteins, and metal ions. Further
applications of the present sensing configuration are currently in
progress in our laboratory.
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14] E. Woźnica, M.M. Wójcik, M.  Wojciechowski, J. Mieczkowski, E. Bulska, K.
Maksymiuk, A. Michalska, Dithizone modified gold nanoparticles films for

potentiometric sensing, Anal. Chem. 84 (2012) 4437–4442.

15] M.  Li, H. Zhou, L. Shi, D.W. Li, Y.T. Long, Ion-selective gold-thiol film on
integrated screen-printed electrodes for analysis of Cu(II) ions, Analyst 139
(2014) 643–648.

16] J. Janata, Immunoelectrode, J. Am.  Chem. Soc. 97 (1975) 2914–2916.
rs B 259 (2018) 463–466

17] G.A. Zelada-Guillén, J. Riu, A. Düzgün, F.X. Rius, Immediate detection of living
bacteria at ultralow concentrations using a carbon nanotube based
potentiometric aptasensor, Angew. Chem. Int. Ed. 48 (2009) 7334–7337.

18] T. Goda, D. Higashi, A. Matsumoto, T. Hoshi, T. Sawaguchi, Y. Miyahara, Dual
aptamer-immobilized surfaces for improved affinity through multiple target
binding in potentiometric thrombin biosensing, Biosens. Bioelectron. 73
(2015) 174–180.

19] M.  Jo, J.Y. Ahn, J. Lee, S. Lee, S.W. Hong, J.W. Yoo, J. Kang, P. Dua, D.K. Lee, S.
Hong, S. Kim, Development of single-stranded DNA aptamers for specific
bisphenol A detection, Oligonucleotides 21 (2011) 85–91.

20] K.V. Ragavan, N.K. Rastogi, M.S. Thakur, Sensors and biosensors for analysis of
bisphenol-A, TrAC-Trend Anal. Chem. 52 (2013) 248–260.

21] H. Mirzajani, C. Cheng, J. Wu,  J. Chen, S. Eda, E. Najafi Aghdam, H. Badri
Ghavifekr, A highly sensitive and specific capacitive aptasensor for rapid and
label-free trace analysis of bisphenol A (BPA) in canned foods, Biosens.
Bioelectron. 89 (2017) 1059–1067.

22] J.W. Ding, Y. Gu, F. Li, H.X. Zhang, W.  Qin, DNA nanostructure-based magnetic
beads for potentiometric aptasensing, Anal. Chem. 87 (2015) 6465–6469.

23] R. Resnick, D. Halliday, Physics, 3rd ed., John Wiley & Sons Inc., 1978.
24] Y. Sultan, R. Walsh, C. Monreal, M.C. DeRosa, Preparation of functional

aptamer films using layer-by-layer self-assembly, Biomacromolecules 10
(2009) 1149–1154.

25] Y.T. Wang, Y.X. Zhou, J. Sokolov, B. Rigas, K. Levon, M. Rafailovich, A
potentiometric protein sensor built with surface molecular imprinting
method, Biosens. Bioelectron. 24 (2008) 162–166.

26] X. Zhang, A. Tretjakov, M.  Hovestaedt, G. Sun, V. Syritski, J. Reut, R. Volkmer, K.
Hinrichs, J. Rappich, Electrochemical functionalization of gold and silicon
surfaces by a maleimide group as a biosensor for immunological application,
Acta Biomater. 9 (2013) 5838–5844.

27] A. Düzgün, A. Maroto, T. Mairal, C. O’Sullivan, F.X. Rius, Solid-contact
potentiometric aptasensor based on aptamer functionalized carbon
nanotubes for the direct determination of proteins, Analyst 135 (2010)
1037–1041.

28] A.P. Washe, S. Macho, G.A. Crespo, F.X. Rius, Potentiometric online detection
of  aromatic hydrocarbons in aqueous phase using carbon nanotube-based
sensors, Anal. Chem. 82 (2010) 8106–8112.

Biographies

Enguang Lv is pursuing a doctor’s degree at Yantai Institute of Coastal Zone
Research, Chinese Academy of Sciences. His research interest is electrochemical
biosensors.

Jiawang Ding is currently working as an associate professor at Yantai Institute of
Coastal Zone Research, Chinese Academy of Sciences. From 2016 to 2017, he did
his  joint research at Åbo Akademi University (Finland) and University of Geneva
(Switzerland). His research interests include electrochemical sensors and biosen-
sors.

Wei  Qin received his doctor’s degree from Nanjing University in 1998. From 1999
(ETH), University of South Carolina and University of Michigan, respectively. He has
been working as a professor at Yantai Institute of Coastal Zone Research, Chinese
Academy of Sciences since 2006. His research interests include chemical sensors
and biosensors for environmental analysis.

https://doi.org/10.1016/j.snb.2017.12.067
https://doi.org/10.1016/j.snb.2017.12.067
https://doi.org/10.1016/j.snb.2017.12.067
https://doi.org/10.1016/j.snb.2017.12.067
https://doi.org/10.1016/j.snb.2017.12.067
https://doi.org/10.1016/j.snb.2017.12.067
https://doi.org/10.1016/j.snb.2017.12.067
https://doi.org/10.1016/j.snb.2017.12.067
https://doi.org/10.1016/j.snb.2017.12.067
https://doi.org/10.1016/j.snb.2017.12.067
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0005
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0005
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0005
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0005
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0005
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0005
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0005
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0005
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0005
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0005
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0005
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0005
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0005
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0005
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0005
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0005
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0005
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0005
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0005
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0005
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0005
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0005
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0010
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0010
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0010
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0010
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0010
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0010
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0010
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0010
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0010
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0010
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0010
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0010
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0010
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0010
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0010
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0015
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0015
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0015
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0015
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0015
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0015
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0015
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0015
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0015
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0015
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0015
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0015
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0015
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0015
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0015
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0015
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0020
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0020
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0020
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0020
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0020
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0020
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0020
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0020
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0020
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0020
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0020
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0020
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0020
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0020
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0020
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0020
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0020
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0020
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0025
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0025
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0025
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0025
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0025
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0025
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0025
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0025
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0025
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0025
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0025
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0025
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0025
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0025
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0025
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0025
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0025
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0025
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0025
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0025
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0025
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0025
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0025
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0030
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0030
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0030
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0030
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0030
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0030
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0030
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0030
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0030
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0030
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0030
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0030
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0030
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0030
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0030
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0030
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0030
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0030
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0030
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0030
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0030
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0030
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0030
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0030
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0035
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0035
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0035
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0035
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0035
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0035
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0035
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0035
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0035
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0035
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0035
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0035
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0035
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0035
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0035
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0035
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0035
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0035
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0035
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0035
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0035
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0035
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0035
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0035
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0035
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0035
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0035
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0035
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0035
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0035
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0035
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0035
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0040
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0040
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0040
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0040
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0040
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0040
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0040
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0040
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0040
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0040
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0040
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0040
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0040
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0040
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0040
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0040
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0040
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0040
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0040
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0040
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0040
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0040
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0040
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0040
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0040
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0040
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0040
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0040
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0040
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0040
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0040
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0040
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0045
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0045
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0045
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0045
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0045
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0045
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0045
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0045
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0045
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0045
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0045
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0045
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0045
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0045
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0045
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0045
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0045
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0045
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0045
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0045
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0050
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0050
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0050
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0050
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0050
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0050
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0050
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0050
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0050
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0050
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0050
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0050
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0050
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0050
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0050
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0050
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0050
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0050
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0050
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0050
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0050
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0050
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0050
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0050
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0050
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0050
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0050
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0050
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0055
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0055
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0055
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0055
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0055
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0055
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0055
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0055
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0055
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0055
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0055
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0055
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0055
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0055
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0055
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0055
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0055
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0055
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0055
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0055
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0055
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0055
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0055
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0055
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0055
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0055
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0055
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0055
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0055
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0060
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0060
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0060
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0060
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0060
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0060
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0060
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0060
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0060
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0060
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0060
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0060
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0060
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0060
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0060
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0060
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0060
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0060
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0060
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0060
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0060
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0060
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0060
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0060
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0060
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0060
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0060
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0060
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0060
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0060
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0060
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0060
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0060
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0065
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0065
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0065
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0065
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0065
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0065
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0065
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0065
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0065
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0065
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0065
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0065
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0065
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0065
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0065
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0070
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0070
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0070
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0070
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0070
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0070
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0070
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0070
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0070
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0070
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0070
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0070
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0070
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0070
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0070
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0070
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0070
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0070
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0070
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0070
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0070
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0070
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0070
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0070
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0070
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0070
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0070
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0070
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0070
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0070
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0070
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0075
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0075
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0075
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0075
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0075
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0075
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0075
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0075
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0075
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0075
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0075
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0075
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0075
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0075
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0075
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0075
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0075
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0075
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0075
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0075
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0075
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0075
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0075
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0075
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0075
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0075
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0075
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0075
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0080
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0080
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0080
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0080
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0080
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0080
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0080
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0080
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0080
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0080
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0080
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0080
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0085
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0085
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0085
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0085
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0085
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0085
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0085
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0085
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0085
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0085
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0085
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0085
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0085
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0085
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0085
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0085
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0085
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0085
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0085
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0085
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0085
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0085
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0085
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0085
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0085
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0085
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0085
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0085
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0085
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0085
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0085
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0085
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0090
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0090
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0090
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0090
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0090
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0090
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0090
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0090
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0090
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0090
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0090
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0090
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0090
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0090
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0090
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0090
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0090
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0090
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0090
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0090
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0090
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0090
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0090
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0090
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0090
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0090
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0090
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0090
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0090
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0090
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0090
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0090
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0090
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0095
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0095
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0095
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0095
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0095
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0095
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0095
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0095
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0095
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0095
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0095
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0095
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0095
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0095
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0095
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0095
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0095
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0095
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0095
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0095
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0095
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0095
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0095
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0095
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0095
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0095
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0095
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0095
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0095
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0095
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0095
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0095
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0095
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0095
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0095
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0095
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0095
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0095
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0100
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0100
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0100
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0100
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0100
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0100
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0100
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0100
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0100
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0100
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0100
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0100
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0100
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0100
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0100
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0100
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0100
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0100
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0100
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0100
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0100
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0105
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0105
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0105
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0105
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0105
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0105
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0105
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0105
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0105
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0105
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0105
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0105
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0105
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0105
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0105
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0105
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0105
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0105
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0105
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0105
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0105
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0105
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0105
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0105
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0105
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0105
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0105
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0105
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0105
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0105
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0105
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0105
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0105
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0105
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0105
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0105
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0105
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0105
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0105
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0105
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0105
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0105
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0105
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0110
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0110
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0110
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0110
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0110
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0110
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0110
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0110
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0110
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0110
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0110
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0110
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0110
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0110
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0110
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0110
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0110
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0110
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0110
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0110
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0110
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0110
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0110
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0110
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0115
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0115
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0115
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0115
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0115
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0115
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0115
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0115
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0115
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0115
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0115
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0115
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0115
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0120
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0120
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0120
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0120
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0120
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0120
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0120
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0120
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0120
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0120
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0120
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0120
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0120
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0120
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0120
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0120
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0120
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0120
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0120
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0120
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0120
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0120
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0125
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0125
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0125
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0125
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0125
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0125
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0125
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0125
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0125
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0125
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0125
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0125
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0125
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0125
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0125
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0125
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0125
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0125
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0125
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0125
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0125
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0125
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0125
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0125
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0125
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0125
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0125
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0125
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0125
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0130
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0130
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0130
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0130
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0130
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0130
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0130
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0130
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0130
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0130
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0130
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0130
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0130
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0130
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0130
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0130
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0130
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0130
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0130
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0130
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0130
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0130
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0130
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0130
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0130
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0130
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0130
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0130
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0130
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0130
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0130
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0130
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0130
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0130
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0130
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0130
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0130
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0130
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0130
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0130
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0130
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0130
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0135
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0135
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0135
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0135
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0135
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0135
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0135
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0135
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0135
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0135
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0135
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0135
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0135
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0135
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0135
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0135
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0135
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0135
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0135
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0135
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0135
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0135
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0135
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0135
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0135
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0135
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0135
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0135
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0135
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0135
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0135
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0140
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0140
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0140
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0140
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0140
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0140
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0140
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0140
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0140
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0140
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0140
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0140
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0140
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0140
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0140
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0140
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0140
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0140
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0140
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0140
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0140
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0140
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0140
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0140
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0140
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0140
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0140
http://refhub.elsevier.com/S0925-4005(17)32393-6/sbref0140

	Potentiometric aptasensing of small molecules based on surface charge change
	1 Introduction
	2 Experimental section
	2.1 Materials
	2.2 Electrode preparation
	2.3 Electrochemical measurements

	3 Results and discussion
	4 Conclusions
	Acknowledgments
	Appendix A Supplementary data
	References
	Biographies


