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Combinatorial materials science is a research methodology for accelerating the pace of materials dis-
covery and optimization. This article reviews issues in combinatorial processing of materials for, and
characterization of materials by, electrochemical methods. In particular the emphasis is on the discovery
of electrocatalysts for energy uses, including batteries, fuel cells, and related applications. The article also

discusses issues in analyzing and using the data obtained from such experiments. Finally, it is empha-
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sized that for most applications it is necessary to confirm results obtained by rapid screening with more
traditional approaches on bulk samples in “real world” environments.
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1. Introduction

The search for materials with improved properties for energy
and other applications has traditionally been performed by
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combinations of various compounds being mixed, reacted and
characterized in serial experimentations. In the drug industry the
field of combinatorial chemistry was pioneered as a means to
permit high throughput experimentation for efficient and system-
atic exploration of various chemical families for signs of biological
or chemical activity. About 20 years ago this approach was first
adapted to the field of solid state materials [1]. Since that time
combinatorial investigations have been utilized to attack a wide
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variety of materials problems spanning many different technologi-
cal areas. Several excellent books and articles have been published
that provide comprehensive reviews of many of these develop-
ments [2-11].

A major attraction of combinatorial approaches to materials
discovery is that they are faster, and generally less costly than
traditional serial experimentation. Upfront costs for combinatorial
experimentation can be high, such as for some types of sophis-
ticated thin film deposition systems or certain characterization
techniques. However, financial models employing discounted cash
flow scenarios incorporating factors including decreased labor cost
per experiment and product cycle time reduction suggest high
throughput experimentation offer significant economic benefits
[12].

In addition, data fidelity can be greater than with traditional
methods since all of the library samples are ostensibly experienc-
ing the same process and measurement conditions. Combinatorial
materials experiments involve three main steps including (1) high
speed automated materials synthesis, (2) automated serial or par-
allel characterization or screening and (3) processing and analysis
of large data sets. Ideally, high throughput experimentation is com-
plemented by computational methods to aid in the identification
of candidate materials systems or compositions.

Combinatorial investigations have proven to be particularly well
suited for development of improved catalysts for electrochemical
energy conversion applications, including fuel cells, batteries, and
photocatalysis. The present work discusses issues in processing
materials for (step 1), and characterization of materials by (step 2)
electrochemical methods, particularly with respect to the discovery
of electrocatalysts for energy uses.

2. Materials synthesis for electrochemical studies

A wide variety of materials synthesis approaches have been
used for combinatorial materials experimentation. They have in
common the desire to synthesize many samples in a rapid man-
ner while trying to vary only one parameter, which typically is
composition. In fewer reported investigations, a constant compo-
sition is subject to varying process or use conditions [13-15]. Since
composition investigations are the most common, they will be the
focus of the discussion that follows. Furthermore, discussion will
be confined to techniques used in generating libraries intended for
electrochemical characterization.

Fabricated composition ‘libraries’ are either discrete, with many
distinct regions of uniform composition, or gradient (also referred
to in the literature as “composition spread”), where composition
varies continuously across the library. Gradient libraries are typ-
ically easier to produce, as overlapping fluxes of constituents can
be directed to a substrate, or through the use of opposing thickness
wedges. They can also be readily produced through the use of diffu-
sion couples or diffusion “multiples”, although these have not been
used in electrochemical studies [5]. Various sample forms can be
processed for combinatorial studies, with libraries from films, pow-
ders and bulks having all been reported. The preferred sample form
is typically dictated by the property to be measured. For electro-
chemical and energy related research which is the focus here, films
and powders are the most common sample forms, so synthesis of
these will be discussed in more detail below.

2.1. Films

Well established physical (PVD) and chemical vapor deposi-
tion (CVD) processes have been adapted for combinatorial film
processing. The use of CVD has been less widespread than PVD,
but a number of different CVD approaches have been described

A

Fig. 1. Co sputtering with overlapping fluxes.

[16-19,14,20-22]. Far more widely reported are the use of PVD
techniques including evaporation, sputtering and pulsed laser
deposition (PLD), which are discussed below.

2.1.1. Gradient thin film libraries

2.1.1.1. Sputtering. In typical sputtering systems (i.e. those not
designed specifically for combinatorial work) it is common to have
the ability to simultaneously deposit from more than source onto
a central spot, but this is less often the case in evaporation sys-
tems. This widespread capability in sputtering systems has resulted
in this being the most commonly used technique to synthesize
compositional gradient samples. Slight non-uniformities in these
systems can produce samples with a continuous change in the
ratio of the components in regions of the sample surface. The most
straightforward means to achieve this is by using separate sources,
asillustrated below (Fig. 1). Through simultaneous deposition from
2 or 3 sources, gradient composition binary or ternary films can be
formed. In contrast, for PLD, although the application of analogous
simultaneous dual laser PLD has been reported, it is a rare capabil-
ity [23,24]. In the absence of multiple lasers, gradient films can be
produced from a segmented target made from different materials
[25], similar to the technique first pioneered for sputtering more
than 40 years ago [26].

An attractive feature of co-sputtering is intimate mixing of
the co-deposited constituents, eliminating the need for anneal-
ing to achieve interdiffusion, as is required for multilayered films.
Brief anneals are only needed if the as-deposited films are amor-
phous, and crystalline alloys are desired. However, achieving
precise spatial compositional control is a challenge in co-sputtering
because of the large number of deposition parameters, including
gun power, chamber background pressure, gun-substrate dis-
tance, carrier gas composition and gun-tilt. The distance and angle
between the substrate and the deposition sources plays a sig-
nificant role in determining the film thickness and distribution.
Hence there has been interest in recent years in developing mod-
els to permit more precise compositional control [27]. One recent
sophisticated combinatorial sputter system design incorporates
deposition sources whose tilt with respect to the substrate can
be robotically controlled to permit optimization of the deposition
geometry for specific combinatorial synthesis experiments [28].
Lacking such models or sophisticated deposition capability, most
researchers determine film composition after deposition by ex
situ energy-dispersive X-ray spectroscopy, wavelength dispersive
spectroscopy or X-ray fluorescence spectroscopy to map composi-
tion as a function of location on the substrate.

2.1.1.2. Evaporation. As with sputtering, overlap of fluxes from
multiple evaporation sources can be utilized to synthesize libraries.
Shadow masks positioned between the evaporation source and the
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Fig. 2. Schematic representation of a composition spread generated by the use of a
rotatable shadow mask containing the entire ternary alloy composition space.

From [31].

substrate can give greater control over the gradient of a particu-
lar constituent, as some positions on the substrate are shadowed
from portions of the flux [29]. A similar approach has been utilized
in conjunction with Knudsen cells [30]. Using shadow masks, one
can generate a linear gradient varying from a maximum in regions
exposed to the entire flux to zero where the substrate is completely
shadowed from the source. Use of rotatable shadow masks allows
for more control [31]. It is possible to generate an entire ternary
composition space as shown in Fig. 2. Alternatively one can rotate
the substrate through successive 120° turns and achieve a similar
result [32]. These approaches are applicable for sputtering, evap-
oration or PLD, which are all line-of-sight deposition processes, in
contrast to CVD.

2.1.1.3. Sequential deposition. Sequential deposition from multiple
sources (sputter, evaporation, PLD) combined with moving masks
can be used to form thickness wedges. Wedges with linear thickness
variation are obtained by combining constant velocity mask motion

1. Mask moving from
right to left blocks
constituent 1

E—
=
i 2. Mask moving from
left to right blocks
constituent 2
3. Unannealed Binai

4. Annealed Composition Gradient

Fig. 3. lllustration of the use of a moving mask to generate a binary gradient library
from thickness wedges.

with a constant deposition rate. The concept is shown in Fig. 3 for
construction of a binary composition gradient.

More complex masks have been designed in the author’s lab for
fabrication of ternary gradients by sequential deposition. This is
illustrated in Fig. 4. Fig. 4A shows a circular substrate covered by
a contact mask with a triangular opening. To the right of the sub-
strate is a moveable mask with three triangular openings colored
red, blue and yellow, positioned vertically as close as possible to
the substrate/contact mask while still permitting movement past
the opening. The leading edge of each of the mask openings is
denoted by an arrow. Fig. 4B shows a series of snapshots as the
yellow mask opening passes over the substrate during deposition
of a constituent. At step 1 the contact mask opening is still blocked
by the mobile mask so no flux reaches the substrate. At step 2, one
corner of the substrate opening defined by the contact mask begins
to “see” the flux. In steps 3 through 5, more of the substrate is pro-
gressively exposed to the flux. As a result, the first corner of the
triangle exposed is subject to the flux for the longest time so ends
up being the thickest. The triangular wedge thins perpendicularly
towards the opposite edge. The resulting wedge thickness gradients
produced by the three openings are shown in Fig. 4C. The resulting
gradient from three stacked wedges is portrayed in Fig. 4D.
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Fig. 4. Translatable mask for generating ternary gradients by sequential deposition of triangular thickness wedges.
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Repeated N times

N Bilayers{

Fig. 5. Illustration of build-up of thickness wedges from deposition with rotating
masks.

From [36].

An alternative approach that yields orthogonal thickness
wedges involves rotation of a substrate on a table that is rotat-
ing beneath deposition fluxes from various sources [33,34]. As the
substrate passes beneath various targets, it is continuously repo-
sitioned in a manner to yield thickness gradients (Fig. 5). This
approach has even been used to generate slices from quaternary
composition gradient libraries [35,36].

Moving mask approaches rely on repetitive deposition of very
thin wedge layers so that, upon heating, vertical interdiffusion is
complete before significant lateral diffusion occurs. For all sequen-
tial routes, control of the reaction pathway and the structure of
the final products relies on the proper modulation of the reac-
tion elements [37-40]. Layers need to be thinner than the critical
nucleation radius of undesired intermediate phases, which is typi-
cally on the order of 2.5-5 nm.

As noted earlier, a significant advantage of co-deposition com-
pared with sequential deposition is that the constituents are

141

intimately mixed as they are deposited, so no annealing step is
required to promote diffusion. This means there is less concern
with undesired interactions between the films and the substrate,
which may eliminate the need for a diffusion barrier. Addition-
ally, with co-deposition it is possible to prepare metastable phases
that may not be able to be synthesized by other routes [41]. The
continuous gradient techniques described above provide excellent
coverage of phase fields, but for some characterization techniques
it is advantageous to have independently addressable, discrete
library elements.

2.1.2. Discrete thin film libraries

Synthesis of thin film discrete composition libraries is achieved
through the use of multiple masks that expose different regions of
the substrate to the incident vapor flux. The concept is illustrated in
Fig. 6 for synthesis of a binary library. Constituents are sequentially
deposited through masks with various openings. After deposition
the library is annealed to produce regions whose composition is
determined by the series of masks utilized during fabrication and
the thickness of individual layers. Thus it is possible to know the
precise composition as a function of position. Quaternary masks,
i.e. n masks used in 4x n depositions to produce 4" discrete
compositions, have been used to create large libraries filled with
combinations from large numbers of elements [42]. For testing
where libraries elements are to be addressed through individ-
ual conductive traces, the masking and fabrication becomes more
complicated, and incorporate lithographic techniques from micro-
electronic fabrication [43]. An example is shown in Fig. 7 [44]. This
is a library intended for parallel electrochemical characterization
by cyclic voltammetry, where every pad needs to have a voltage
applied, but be insulated from other pads. Hence, individual traces
extend from each pad to the periphery of the wafer.

A unique approach described recently relies on serial co-
deposition of discrete compositions that comprise an array [45]. A
single aperture in a shadow maskis sequentially moved to positions
over a substrate. Deposition can either produce up to 64 composi-
tions on a 100 mm wafer, or deposit compositions directly onto
as many as 16 glassy carbon electrodes. The advantageous feature

4 4 83 3838

1. Depositfirst layer of Material A

4 4 4 8 1 18

2. Depositfirst layer of Material B

4 4 43 43433

——
3. Depositsecondlayer of Material A

4, Continue depositingintermixed

Number of Layers

Position

Heat
Treatment

5. Complete “green”library

6. Annealed Binary Library

Fig. 6. Schematic sequence showing development of a thin film discrete composition library by deposition through contact masks.
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50 mm

Fig. 7. Thin film library intended for parallel electrochemical characterization by
cyclic voltammetry deposited on a 50 mm Si wafer.

From [44].

of this system is that after a thin film array is electrochemically
characterized in parallel, specific compositions of interest can be
reproduced atop electrodes for more detailed characterization and
verification in rotating disk electrode (RDE) studies.

As the diverse approaches described above suggest, there is no
best thin film processing route for all materials one might wish
to investigate. Several factors will determine the preferred library
fabrication technique(s) for a particular laboratory. Perhaps the
mostimportant factors are the materials application and the related
characterization technique that will be employed. For example, the
characterization technique may dictate the use of discrete compo-
sitions rather than gradient films.

The materials themselves may require a particular deposition
process to be tested. For example, the stoichiometry of complex
oxides can typically be controlled more readily by PLD than by
sputtering, as exemplified by the high temperature superconduc-
tor YBa,Cu305. Sputtering of this compound is problematic due to

LiNO,

.« - . M

resputtering effects [46]. However, metals are not easily deposited
by PLD, whereas they can be easily processed by sputtering or
evaporation. Deposition of simple oxides is readily performed by
sputtering, but poses more of a challenge for processing by evap-
oration, where oxide formation in the melt is to be avoided. For
applications like battery materials, metallic Li is easily deposited
by evaporation, but is challenging to deposit by sputtering because
of low deposition rates. Hence, a particular set of materials, as
suggested by the application, may favor one deposition technique.
Finally, deposited thin films often exhibit texture, rather than the
random orientation of planes as found in a powder. For applica-
tions like catalysis where activity can vary significantly between
different (hkl) orientations this might be a concern, especially if
films are textured such that they have only a low fraction of
high activity planes. This is a case where the substrate choice
might be important in order to influence the orientation of the
film.

2.2. Liquid deposition of powders

Liquid deposition routes are widely used in combinatorial mate-
rials studies. They are attractive because implementation is usually
relatively inexpensive and straightforward. Costly vacuum systems
associated with thin film techniques are not needed, and in many
cases consumer level printers can be converted for scientific use.
Techniques based on dispensing of liquids (pipettes, inkjets) are
typically used for the synthesis of discrete composition libraries.
Less commonly, electrochemical processes have been used for
synthesis purposes. McFarland and co-workers demonstrated com-
binatorial library synthesis through novel use of etching [47] to vary
porosity in anodized alumina, and combinatorial electrodeposition
of Pt-WOs5 catalysts was also reported [48]. However, by far the
most common deposition techniques employed are inkjet printing
and pipetting [49-52] which are discussed below, but ultrasonic
misting [53,54] (Fig. 8) has also been used.

{fold t o <
B0 . N\ N\
.—.':~ -
Ni(NO,),* 6H,0 \ o~ Syringe Pump }
TiO, nano slurry el
- —
N\
Temp. Controller
Co(NO,),* 6H,0

Fig. 8. Schematic of mist-based system for combinatorial powder synthesis from liquid precursors.

From [53].
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Fig. 9. Spinel precursors dispensed onto an alumina plate coated with stearic acid
to control solution wetting.

From [58].

2.2.1. Inkjet

Inkjet dispensing of liquids is inexpensive and readily adapted
to a variety of precursor chemistries. Both consumer and technical
inkjet devices have been utilized by researchers. The application
of inkjet technology for combinatorial oxide synthesis has been
recently reviewed so will only be briefly recapped here [55,56].
Liquid precursors (e.g. nitrates, acetates) are dispensed into well
plates, onto paper or other absorbing substrates, or coated glass,
silicon or other bulk substrates. Inks made from both soluble and
insoluble colloidal suspensions have been utilized. Polymers have
also been printed, but are beyond the scope of this work. Inks
are dispensed sequentially, but interdiffusion of the constituents
occurs readily in the liquid state. After drying the printed dots are
heated to produce the desired metal or oxide compounds, as is
needed. The wetting of deposited drops on the substrate can be con-
trolled to produce drops of preferred size [57,58] (Fig. 9). The final
compounds may be of a particulate or cracked film nature, so are
not suited for all types of characterization or screening. Inkjetting
is a relatively high speed process, so large libraries can be rapidly
synthesized [59,60], even if multiple passes are required to deposit

(21) (before)
Pd Pd Pd

(after 2 h)

Pd Pd Pd Pd Pd Pd Pd

Pd Pd

Ce Co Pt Ru Ni Ir Ce Co Pt

Ru Ni Ir

enough material to satisfy characterization needs. For libraries
intended for electrochemical studies, conducting substrates (FTO-
coated glass or carbon paper) are often used.

2.2.2. Powder slurry dispensing

Dispensing of powder slurries has also been utilized for discrete
library synthesis in combinatorial research, but to a much more
limited extent [61-65]. A significant challenge is insuring that the
components are suitably mixed and that separation does not occur
[66].

3. Electrochemical screening

Characterization or screening of electrochemical properties has
generally involved one of four approaches that will be discussed
below. These are: (1) parallel screening by optical detection of
electrochemical activity, (2) parallel screening in multi-channel
electrochemical cells, (3) serial electrochemical activity charac-
terization by scanning electrochemical microscopy, and (4) serial
characterization by scanning droplet cells. In many cases the
screening technique will determine the best library format, as
it may not be equally well suited for all types of samples.
Screening/characterization techniques can be differentiated by sev-
eral characteristics. A primary distinguishing factor is whether the
technique permits parallel (simultaneous) screening of all library
compositions, or is serial in nature. Additionally some techniques
are specifically designed to characterize samples under actual
or near operational conditions, while others only screen under
approximate conditions. It isimportant to note that deviations from
operational conditions can be particularly important in electro-
catalysis studies as reactivity and catalytic mechanism can be sen-
sitive to electrochemical conditions, in particular the solution pH.

3.1. Parallel screening
3.1.1. Parallel screening by optical detection of electrochemical
activity

Optical detection methods are appealing for use in combinato-
rial studies because they tend to be fast, allowing large numbers

(b) Light intensity

Pa Pa Pa Pa Pa Pd

797979 79|79 | 79 *lffn"’
79 | 73 75 | 74 | 81| 4o
78 | 74 23|74 |ss| MM
78 | 74 73 | 75 | 89

77 | 75 (B98N 75 | 75

4|75 18| 73|75

74 | 73 | 74| 73 | 73
73 | 73|77 | 71| 73
73 It 77 | 77 | 13

Low

Ru Ni Ir Ce Co Pt

Fig. 10. (a) Images from optical screening for Pd based array at a constant potential of 0.8 V (vs RHE); before (left) and after 2 h (right). (b) Degree of brightness of catalyst

spots.
From [70].
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Fig. 11. Schematic diagram of an ECL imaging based screening platform for electrocatalysts used in fuel cells.

From [85].

of candidate compounds to be rapidly screened. They are most
commonly based on the use of a fluorescent indicator to signal the
presence or absence of ions in the diffusion layer near an electrocat-
alyst surface. This approach is equally suited for powders or films. In
the pioneering work of Smotkin and Mallouk, compounds active for
electrooxidation of methanol were screened using quinine as the
fluorescentindicator. It fluoresces ata pH <5, so was an indicator for
the production of H* by active electrocatalysts [49]. This approach
has since been utilized in many other studies searching for electro-
catalysts that promote the oxygen reduction reaction (e.g. Fig. 10)
[67-71], methanol oxidation [72-79], ethanol oxidation [76,80]
and oxygen evolution during electrolysis [81]. The popularity of
this technique is because it is fast, low cost, and relatively easy to
implement.

Photocatalysts have also been the subject of many combina-
torial investigations, as they are well suited for optical screening
[52,82,81,83]. In some cases, fluorescence indicators have been
used for screening and then followed up by traditional electro-
chemical investigation of the most active compositions [81,84].

One variation on the fluorescent approach was described that
uses a biopolar cell, where an electrochemiluminescence (ECL)
reaction at the anode is used to image currents resulting from the
reaction at the cathode [85]. This technique uses the ECL intensity
of one system (Ru(Il)+tripropylamine) to estimate the electro-
chemical reaction currents of another system (the system being
screened). Hence, their test system has an electrochemical call con-
nected to the ECL cell (Fig. 11). The electrochemical cell has an array
of glassy carbon electrodes on which candidate ORR catalysts are
loaded. The ECL cell has a corresponding array of Pt anodes on which
ECL reactions (Ru(II) + tripropylamine) can occur. When sufficient
potential is applied to the system the ORR of the cathode array
will drive the ECL reactions in the anode cell, yielding light that is
detected by a CCD camera.

Another clever adaptation of the fluorescence approach was
recently reported for screening potential water oxidation elec-
trocatalysts [86,87]. This technique employs a fluorescence-based
parallel screening method to directly detect electrolytic oxygen-
evolution activity of catalyst arrays under alkaline conditions. A
stainless steel mesh is coated with a commercially available paint,
widely used to visualize air flow across aerodynamic surfaces, that
contains a fluorescent compound that is sensitive to oxygen. Both
the intensity and the fluorescence lifetime of the paint change
in response to oxygen [88]. The coated mesh is positioned in the
electrolyte parallel and close to the library (an array of oxide com-
pounds deposited by pipetting onto FTO-coated glass) (Fig. 12).
During electrolysis under constant-current conditions, the mesh
was illuminated with an appropriate wavelength of light. Fluores-
cence changes due to the presence of oxygen could be detected by
a camera.

A novel approach was described that used an electrochromic
counter electrode as an optical screen for methanol oxidation on
platinum-based catalysts [89]. Protons from the electrolyte are
intercalated into the electrochromic counter electrode to balance
the charge passed at the working electrode, causing a color change
from colorless to blue in the counter electrode. The intensities of
blue color across the counter electrode correspond to the elec-
trocatalytic activity, with darker shades signifying more current
corresponding to a more active catalyst. Either oxidation or reduc-
tion reactions can be screened, by starting the test with the counter
electrode in the bleached or colored condition, respectively. This
technique is limited to systems with intercalatable species, but that
makes it well suited for fuel cells and Li-ion batteries.

A parallel technique that uses an optical, non-fluorescent tech-
nique was recently reported for evaluating electrocatalysts for the
oxygen reduction [90,91] and hydrogen evolution reactions (HER)
[92]. Candidate compounds are screened in a bipolar electrochem-
ical cell where a pair of driving electrodes are used to produce an
electric field in the electrolyte (Fig. 13a) [90]. Each of the elec-
trodes on a glass slide (36-72 of them) is 4mm long and has a
cathodic pad that is 325 um wide. The candidate compounds are
inkjet deposited on these pads. The functional anode (opposite end)
of each electrode is modified with 100 individual Cr microbands
(5 nm-thick, 10 wm-long, 10 wm separation) (Fig. 13c). When a suf-
ficiently high potential is applied across the driving electrodes, the
HER will proceed at the cathode pad, which, by virtue of its electrical
coupling, will cause anodic dissolution of the Cr microbands at the
opposite end of the electrode. The highest overpotentials occur at
the extreme ends of each bipolar electrode (Fig. 13b) so dissolution
starts there. The better the catalyst, the greater the number of Cr
microbands that will be dissolved (Fig. 13c). As bands are dissolved,
the overpotential will decrease and the rate of dissolution becomes
very small. The number of bands dissolved is easily determined by
optical microscopy, so the relative performance of the electrodes
can be quickly evaluated. By recording videos of the dissolution of
the Cr bands, it is possible to obtain kinetic data about the catalysts,
which may yield quantitative kinetic information.

Finally, an optical technique has been recently reported that
uses detection of bubble evolution to screen of oxygen evolution
reaction (OER) catalysts [93]. A camcorder records bubble devel-
opment during screening in a compact cell (Fig. 14). This was
demonstrated with a (Ni-Fe-Co)Ox electrocatalyst library that was
successfully screened in less than 1 min. Independent screening of
the same library using a scanning droplet cell showed good agree-
ment between the two techniques. With proper data interpretation
to eliminate false negatives, this parallel bubble screening method
permits rapid identification of OER and HER electrocatalysts.

With fluorescence techniques the allowed pH value for the cell
is narrow (e.g. 3-5) to be compatible with both the pH indicators
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views of the screening apparatus.
From [87].

and catalysts. However, this may not be the optimum conditions for
either the electrochemical reaction or for the fluorescent imaging,
and will not be the same as the real conditions during use, such as
for a fuel cell. The bubble detection technique has the advantage,
that unlike the fluorescent techniques it is not limited to a narrow
pH range. It can be applied in strongly acidic or basic environments,
and it also can be used to screen H;, bubbles so screening for HER
catalysts is possible.

As noted above, the choice to use fluorescent detection often
times is based on speed, cost, simplicity, etc. This is used as a
screen to help identify regions of high activity, rather than produce
archival data.

Many of the early studies utilizing fluorescent detection of
electrochemical activity in combinatorial studies were aimed at
electrocatalysts for use in PEM or DMFC fuel cells. This prompted
a study comparing several high throughput screening techniques
used for DMFC anode electrocatalysts, including fluorescence
screening, voltammetry with a rotating disk electrode, a 25
electrode combinatorial array fuel cell with a common counter
electrode, and a conventional DMFC [94]. It was noted that the con-
ditions used in fluorescence screening, as well as other approaches
(e.g. scanning electrochemical microscope) do not closely match
the conditions used in an operating fuel cell. For example the
electrolyte in the fluorescence studies is a liquid rather than a
polymer (e.g. Nafion), a fuel cell typically operates at temper-
atures higher than room temperature unlike most testing, and

catalysts may not be on a support and are often not conditioned
prior to screening as in real fuel cells. It was concluded that
for fuel cells, fluorescence screening is reliable as a first level
screen, but that such studies need to be followed up with a
more precise testing technique [94]. This touches on a recurring
issue in combinatorial screening studies regarding the quality of
data one expects to generate, i.e. identifying promising leads or
generating performance data such as might be used in data min-
ing/materials modeling. Fluorescence-based techniques are well
suited for the former, but not for the latter. Moreover, for all
screening approaches, the further removed the conditions are from
actual use, the more critical it is that follow-on studies by tradi-
tional techniques verify what conclusions can reliably be drawn
regarding functionality under real conditions. In general one needs
to realize the goal is generally to spot trends in data with vari-
ation of a parameter, which is the strength of these screening
approaches. It is often more important to rapidly narrow down the
number of possible candidate for in-depth examination, rather than
to report the actual value of a particular property under specific
conditions.

3.1.2. Parallel screening in multi-channel electrochemical cells
While optical screening electrochemical activity by techniques
like fluorescent detection are quite rapid, screening of elec-
trochemical activity by employing multi-channel potentiostatic
measurements can offer better quantification. Both multichannel
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Fig.13. Schematicdiagram of the operational principles of a bipolar electrochemical
cell for evaluating electrocatalysts for the oxygen reduction reaction.

From [91].

-

Reference electrode

half-cell and multi-channel full-cell techniques have been utilized
for samples in the form of thin films or powders.

In the parallel approach, electrochemical reactions in multiple
cells, usually with small working electrodes, are simultaneously
monitored. These parallel cells can either be isolated, or share a
common electrolyte. In some studies multichannel cells are pre-
pared but not monitored in parallel: this approach offers rapid
preparation of electrolyte contact to an array of working electrodes,
and then each electrode is addressed sequentially by the potentio-
stat while the remaining electrodes are idle [95].

Jiang developed an inexpensive electrochemical cell array
employing a common air-electrode cathode that is suited for
screening of both fuel cells using a polymer electrolyte membrane
or metal/air batteries using a separator and a liquid electrolyte [96].
In both cases serial characterization was performed on ink-based
particulate samples using a moveable probe designed around a
graphite rod. Such an approach can be enhanced if the system is
coupled with another analysis technique like differential electro-
chemical mass spectrometry [97,98]. What these serial approaches
may lack in speed compared with parallel testing, they can make
up for in the quality of data one can obtain. This is especially true if
the material form and test environment is close to that of the real
application conditions.

More rapid analysis is possible if the working electrodes of a
multichannel array are all biased simultaneously by a potentiostat
while the currents are continuously measured in parallel. If a com-
mon electrolyte is used, care must be taken in the cell design such
that neighboring electrodes do not interfere with each other. While
many expensive cells are designed specifically to accommodate
samples from unique synthesis instruments, as discussed below,
inexpensive planar multielectrode arrays are sold commercially for
neuroscience research (e.g. ALA Scientific Instruments). These have
been adapted for combinatorial materials studies, with a common
electrolyte and electrodes being addressed sequentially [99].

More extensive studies have been published involving special
cell designs to accommodate specific deposition or characteriza-
tion equipment [44,45,100-103]. Researchers at Symyx, a pioneer
in the development of combinatorial tools, developed a multielec-
trode microarray consisting of 64 titanium pads (each 1.7 mm in
diameter) formed lithographically on a 3” quartz wafer [100]. The
thin film catalyst compositions were deposited in thickness wedges
utilizing moving shutters, as described above. They used the cell
to simultaneously monitor the performance of ternary composi-
tions of Pt—-Ru-M (M = Co, Ni, W) in methanol electrolyte solutions.
Strasser et al. also demonstrated the use of their multiarray sys-
tem to examine oxygen reduction [104]. They reported a Pt-Co-Cr

Fig. 14. Schematic cross-section of the bubble screening cell, where the green rectangles represent the material library under test and the red bars represent the mesh

counter electrode.
From [93].
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Fig. 15. Schematic of a cell designed for parallel screening of 64 member libraries
deposited on 100 mm wafers.

From [45].

composition with very improved activity and verified its perfor-
mance when fabricated as a high surface area powder and tested
with a rotating disk electrode. A variation of this approach, using
a cell designed around the use of 50 mm Si wafers has been used
for HOR, ORR, and other applications [102,103,105]. A cell designed
for 100 mm wafers coupled to a 64 channel potentiostat has also
recently been described (Fig. 15) [45].

The Dahn group reported array test cells developed to
characterize thin film libraries for both fuel cell and battery
electrode applications (Fig. 16). Their cell design was based on
114mm x 114 mm glass plate substrates [106,107]. A layer of Cu is
sputtered onto the glass substrate and then etched into a pattern of
leads and electrical contacts through photolithography. The com-
binatorial array is then sputtered onto the Cu contact pads using
their moving mask system described earlier. The cathode compo-
sition is varied across the electrically addressable contact pads. For
batteries the O-ring sealed cell is filled with liquid electrolyte, a
separator is inserted, followed by a common lithium foil anode.

clamping bolts

cell top

cell plate

o-ring —
guidepost

e e s e e e <

-
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Fig. 16. Schematic of a combinatorial electrochemical cell for testing thin film Li-ion
battery cathode compositions.

From [107].

Fig. 17. Optical micrograph of solid state microbatteries comprising a thin-film test
cell.

From [113].

In testing, the combinatorial electrochemical cell produced data
comparable to coin-cells with identical active material, but with
increased efficiency and data collection rate.

Guerin and Hayden and co-workers et al., in their earliest combi-
natorial studies fabricated a multiarray with 64 working electrodes
and used it to investigate particle size effects on the ORR [108]
and cathode candidates lithium batteries [109]. These first libraries
were powder based materials, and they subsequently designed a
100 element cell for characterizing thin film samples synthesized
by co-evaporation through a contact mask [110]. In more recent
work they have described a number of innovative related cells for
tackling different electrochemical related issues, and significantly
ramped up their cell sophistication as part of work in a company
they founded (Ilika Technologies Ltd; www.ilika.com). For example,
they developed a cell to study solid electrolytes for Li-ion bat-
teries [30]. Here they deposited an array of compositions in the
LizyLay3_xTiO3 solid solution, which is a solid state lithium ionic
conductor. Impedance spectroscopy measurements were made
through an array of 0.25 mm platinum contacts deposited onto the
library composition. The measurements were automated using a
probe station. They also developed an approach for screening of the
corrosion resistance of Ni-Cr [111] and Ni-W thin film alloys, using
a (10 x 10) silicon nitride micro-fabricated array of independently
addressable working electrodes for high throughput electrochem-
ical screening of the alloys [112].

For any of the parallel cell designs it is important to charac-
terize and understand any effects of cell geometry on measured
signals. For example, in traditional 3-electrode cells ohmic losses
due to resistance between the reference and working electrode (“IR
drop”) are monitored and corrected for. Some parallel screening
cell designs involve parallel working electrode and counter elec-
trode plates, creating a high aspect ratio electrolyte volume. With
such an electrode geometry, it is challenging to ensure a properly
sensed solution potential with a non-optimally positioned refer-
ence electrode, which is not always considered in multi-channel
cell electrochemistry investigations.

Otherresearchers have reported novel microarrays to character-
ize solid-state microbatteries with varying LiyMnyNi,_,04 cathode
compositions (0.2 <x<1.8 and 2.7 <y <3.7) (Fig. 17) [113]. These
batteries were deposited by a combination of sputtering and evap-
oration. Lithium phosphorous oxynitride (LiPON) was sputtered as
the electrolyte, while evaporated Li was the anode. The test cell
substrate fabrication began with deposition of 590 pm x 590 pm
Pt current collectors. A composition gradient of cathodes was sput-
tered, followed by sputtering of LiPON evaporation of Li and a
protective parylene layer. Electrochemical characterization was
performed in parallel using a computer-controlled potentiostat.


http://www.ilika.com/
http://www.ilika.com/
http://www.ilika.com/
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Fig. 18. Schematic cross-sectional view of the combinatorial electrode array for
testing powder compositions for battery cathodes.

From [118].

It was found that the thin-film cathodes had similar structural
and electrochemical performance parameters as their bulk coun-
terparts, suggesting this is a viable approach to investigate novel
cathode chemistries. Kawamura reported a combinatorial micro-
battery array with LiCoO,-LiMn,04 mixed cathodes prepared by
PLD and characterized by parallel cyclic voltammetry [114,115].

In a later study Whitacre et al., described development of a 36
electrode microarray to study DMFC anode electrocatalysts (Pt/Ru
and two compositional regimes of the quaternary Ni/Zr/Pt/Ru sys-
tem) [116,117]. They developed a 36-channel pseudopotentiostat
like that reported earlier by Dahn and co-workers [106]. The
array was immersed in the electrolyte, along with a reference and
counter electrode. A novel feature was the incorporation of a hot
plate/stirrer permitting the solution to be heated up to 60 °C while
also continuously stirring, approximating the conditions encoun-
tered with a rotating disk electrode [ 117]. The variability of oxygen
flow between test electrodes was found to depend on the rate
of stirring, the oxygen flow rate into the solution, and the cell
geometry. Hence, results needed to be corrected for mass transfer
effects. This illustrates the need with any combinatorial cell design
to properly evaluate any possible geometric effects by measuring a
single composition library, such that any variability in results can
be attributed to cell geometry.

Takada et al. also developed a cell for characterizing combina-
torial battery electrode materials in powder form (Fig. 18) [118].
Powder was synthesized and sintered in the reactor plate/cell, and
subsequently electrolyte was added to each well. A piece of glass
wool was used as a separator, and then Li foil was attached to the
current collector as a counter electrode, completing the cell. Multi-
channel potentiostats were used for characterization. Performance

(6]
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was lower than typically processed materials because the materials
were sintered and there was no carbon conductor in the electrodes.
However, repeatability was good, suggesting that this combina-
torial electrode array is well suited as a first-level screening of
electrode materials.

Strasser co-authored studies with two different groups describ-
ing development of 16 cell 4 x4 arrays for testing of powder
versions of electrocatalysts [119]. The catalysts were deposited on
polished glassy carbon working electrodes. The electrodes were
isolated in individual electrolyte wells, with each sample being
independently controlled by a multipotentiostat [119]. The sys-
tems were used to examine Ru-containing OER electrocatalysts
[120] and Ni-based binary and ternary alloy catalysts for hydrazine
electrooxidation for use in anion exchange membrane fuel cells.

As noted above, the cell described by Whitacre [117] used a
stirred electrolyte to approximate the electrolyte convection of
rotating disk electrode (RDE) studies. Rather than approximating
RDEs, the approach of Honda researchers utilized 16 parallel RDE
cells [121-123]. This apparatus was specially designed to use thin
film samples deposited directly onto RDE electrodes in a combi-
natorial sputtering system. The obvious appeal of this approach is
that one can directly compare thin film and powder versions of a
composition using the same characterization technique. A similar
approach using five parallel RDE units has also been described by
Hatchard et al. for testing of thin film electrocatalysts [124].

Once the data acquisition and electronics are developed for one
array cell design, a variety of other cells can be designed to attack
other applications. For example, the Dahn group adapted the tech-
nology they developed for testing arrays of lithium-ion battery
electrode materials to a 64-electrode fuel cell test platform [125].
In this cell individual contact is made to powder catalyst electrode
gas diffusion layer disks by 6 mm graphite rods. The electrode block
has a serpentine flow field to supply gases to the catalysts under
test. The cell also incorporates a common counter/reference elec-
trode. The advantage of such a cell is that it offers conditions closer
to the actual operating conditions used in a fuel cell.

Finally, an improved fuel cell design offered commercially
by Nuvant ($21,000 US; http://nuvant.com/products/fuel-cell-
reactors/array-fuel-cell/) has five independent flow field columns
with five electrode spots each, allowing one to vary gas flow to
particular sections of the array so that gas flow/humidification can
be a variable under test in addition to composition. This is a good
example of how specialized cells can be designed to attack specific
industry problems. Of course, the size of an array that can be mea-
sured in parallel may be limited by the complexity and cost of the
associated instrumentation. Hence complex, “real world” cells are
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Fig. 19. Schematic diagrams of the SECM working under feedback mode for studying HOR (A) and under the current modified TG-SC mode for studying ORR in acidic media

(B).
From [128].
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more commonly found in industrial rather than academic settings.
However, these are the types of cells needed in industry with actual
operating conditions in order to have confidence in the applicability
of the test results.

3.2. Serial electrochemical activity characterization

A few examples of serial characterization of electrochemical
activity were mentioned above in the context of fuel cell testing.
More extensive serial characterization has occurred through the
application of two relatively new electrochemical characterization
tools, scanning electrochemical microscopy (SECM) and scanning
droplet cells. These techniques both make use of robotic posi-
tioning of an electrochemical probe across a sample surface. The
most significant difference between these two techniques is that in
SECM investigations the entire library is continuously immersed in
the electrolyte, whereas in droplet cells the only composition/area
under investigation is exposed to the electrolyte, and the elec-
trolyte is replaced between measurements.

3.2.1. Scanning electrochemical microscopy

A scanning electrochemical microscope (SECM) consists of an
Xxyz positioning system and an ultramicroelectrode (UME) tip.
Characterization using a SECM involves the measurement of elec-
trochemical currents as the UME tip is scanned across the sample
surface while immersed in an electrolyte at a controlled separa-
tion distance. Hence it is easily adapted for use in characterizing
combinatorial libraries. SECM has been used for screening potential
electrocatalysts for ORR [126-128]and HOR [129-133] for PEM fuel
cell applications, as well as OER for solar fuel applications [ 134,135].
Recent reviews detail much of this work [136-138].

Electrocatalysts screening is usually performed in one of two
ways: feedback mode (tip collection) or tip generation-substrate
collection mode.

The characterization of potential hydrogen oxidation catalysts
for a fuel cell anode illustrates the use of feedback mode (Fig. 19A).
Here one uses the proton/hydrogen redox couple as the tip reaction,
with the substrate (combinatorial library) potential set at 0 V while
the tip is held at a constant potential such that the tip reaction is the
diffusion-limited reduction of protons to generate hydrogen. With
very small tip-substrate separation, the hydrogen generated at the
tip diffuses to the sample surface, where it can be oxidized if the
sample surface is electrochemically active. The protons created by
oxidation can then diffuse back to the tip surface, where they are
reduced by the reverse reaction, resulting in additional tip current.
The rate of hydrogen oxidation at the substrate determines their
concentration near the tip, and hence the probe tip current. Varia-
tions in the tip current as the tip position is moved over different
regions in a combinatorial library can be used to characterize the
relative reactivity of the sample.

For reactions like the ORR in an acidic solution, the reaction can-
not be studied efficiently in feedback mode. Since water is in the
bulk electrolyte and plentiful around the tip, and is also the ORR
product, its feedback diffusion to the tip will not cause tip current
to change. In this case the tip generation-substrate collection (TG-
SC) mode is used, as developed by Bard [126,127]. In TG-SC mode
(Fig. 19B), a constant oxidation current is supplied to the tip from
an external source so oxygen is generated at the tip (i.e. tip gener-
ation TG) which diffuses to the substrate. The substrate is held at
a potential where oxygen is reduced on ORR active areas (i.e. sub-
strate collection). In this mode, the substrate current is monitored
instead of the tip current. Again, by comparing the current from
different compositional regions, the ORR catalytic activity can be
mapped.

A typical SECM has relatively high sensitivity, with a diffusion
limited current for a 1 wm radius tip in a 1 mM solution of a typical

redox species being approximately 200 pA [139]. The spatial resolu-
tion of a SECM depends on the tip diameter, which is not a concern
for characterization of discrete libraries where the pad dimensions
will far exceed a relatively large tip diameter (e.g. 50 wm). For con-
tinuous gradient libraries, the composition increment resolved will
be governed by the tip dimensions. For feedback mode, precise con-
trol of the tip-substrate separation distance is critical and must be
carefully controlled. This makes scanning over large areas challeng-
ing. Improved functionality has been reported with development
of an exchangeable tip instrument that combines scanning differ-
ential electrochemical mass spectrometry with a SECM [140].

However, the biggest experimental challenge with using SECM
for combinatorial characterization is that the entire library is sub-
merged in the electrolyte for extended periods of time. This can lead
to changes in surface properties of compositions due to adsorp-
tion or corrosion processes. Thus some library elements may be
degraded in the electrolyte before they are characterized. Addition-
ally, there is the possibility of tip fouling or passivation over long
times in the electrolyte bath. Pipet- or droplet-based techniques
can overcome many of these issues.

3.2.2. Serial characterization by scanning droplet cells

The primary characteristic of a scanning droplet cell or micro-
capillary cell is that it utilizes a standard 3-electrode configuration
cell of a microliter volume that contacts only a small surface region
at any time [141]. Like a SECM it relies on Xyz positioning of the
cell. However, the scanning droplet cell technique offers signifi-
cant advantages compared to SECM for combinatorial work because
only a certain confined location of the sample is exposed to the
electrolyte at any time, and the electrolyte can be refreshed, or
even analyzed downstream [142,143]. This is a real benefit for large
libraries with hundreds of samples. Although the area sampled by
a droplet cell may be larger than the smallest tipped SECMs [144],
this is not a significant limitation for combinatorial studies, espe-
cially for discrete composition libraries. Among the experimental
challenges with droplet cells is achieving a good seal to the sample
surface, with silicone being the usual choice as a pliable gasket-
ing material [145]. This is especially critical in combinatorial work
where the tip will be repositioned numerous times in the course
of characterizing a library. Recently, Gregoire reported a novel gas-
ketless design [146]. It relies on pumping electrolyte outlet ports
at approximately twice the inlet flow rate. This excess pump rate
leads to a suction of ambient gas into the probe region, eliminating
the need for a gasket. A variety of cell configurations have been
reported, as discussed in a recent review [147]. An example of
one cell design is shown in Fig. 20. As depicted, only a small vol-
ume of electrolyte (microliters) is needed to fill the cell. The most
significant development, especially for combinatorial work is the
evolution of flow-cell designs, which permit downstream analy-
sis of gases or reaction byproducts [145,146,148]. With the ability
to refresh the electrolyte between measurements, the possibility
of cross sample contamination is greatly reduced. A flow-cell also
has the added benefit that electrolyte flow over the working elec-
trode mitigates mass transport effects, as in RDE experiments. With
the use of 3D printing, cells can be customized to offer optimized
fluid dynamics in cell designs that would otherwise be difficult to
machine [149].

Haber et al. have demonstrated the power of scanning droplet
cell screening in investigations of oxygen evolution reaction elec-
trocatalysts [150,151], including one report where they scanned
over 5456 (!) discrete compositions produced by inkjet printing
[60]. Such screening has been extended by the same group. Shinde
et al. characterized both the catalytic and the optical properties
to better evaluate the characteristics required of photocatalysts
for solar fuel generation, where the transparency of a cata-
lyst is also important. Combined electrochemistry-spectroscopy
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Fig. 20. Illustration of a flow-through scanning droplet cell design.
From [145].

measurements were performed on over 1000 individual inkjet-
ted compositions with a scanning drop cell with integrated optical
illumination and detection [152]. In this application the catalyst
is deposited on the surface of the light absorber, so the catalyst
transparency controls how much light reaches the absorber.

4. Discussion

The majority of electrochemical combinatorial investigations
have utilized either thin film deposition or inkjet/pipette synthe-
sis techniques. As the survey of processing approaches describes,
a library of samples may be processed to yield powders or films
that may be either discrete or continuous in nature. For either thin
films or powders, it is difficult to ensure that no property other than
composition changes by small amounts. For example, in films there
can be subtle changes in grain size or stress that accompany com-
positional variations [153], while in powders the surface area may
change [154]. In most cases these will be relatively minor or can
be minimized by process conditions, but it reinforces the empha-
sis on searching for changes in performance, based on some figure
of merit, that exceeds any effects that minor materials variations
might have. With a primary screen, the researcher is hoping to spot
trends in a property with a parameter (e.g. composition) variation
that can be further explored by more traditional routes, such as in
real application conditions.

In screening of activity one desires to avoid both false positives
(incorrect assessments of enhanced activity) and false negatives
(incorrect assessments of activity, either none or reduced from
the actual case). False positives will result in unnecessary work in
subsequent testing, as one is testing a composition that in real-
ity merits no further consideration. False negatives are potentially
more undesirable if they result in missing a highly active catalyst.
Hence it is a good experimental practice to design libraries that
include a standard reference sample (i.e. a widely used, well char-
acterized electrocatalyst), perhaps positioned at several locations
inalibrary, as well as routine characterization of duplicate libraries.
The use of reference samples allows better comparison between
libraries in case a particular deposition run was marred by some
undesired parameter variation (e.g. variation in background gas
partial pressure during a thin film deposition).

Smotkin et al. [155] defined 4 criteria that a high quality combi-
natorial investigation of fuel cell catalysts should aim to include,
comprising: (1) Inclusion of a relevant state-of the-art control
composition. For a direct methanol fuel cell this would be a com-
mercially available industry standard for methanol oxidation (e.g.

Pt50Ru50). (2) Catalyst fabrication should be by a scalable method:
testing of a catalyst that cannot be mass produced is of less practical
value. (3) The screening method should be decoupled from the cat-
alyst fabrication technique. (4) The screening should be performed
in as realistic conditions as possible.

The vast majority of combinatorial fuel cell investigations fail
to meet several of the suggested criteria. These criteria are excel-
lent for focusing an investigation and returning meaningful data,
but they apply more to investigations that have already identified
promising candidates and are at the stage of a secondary or tertiary
screening investigation. More nimble screening techniques, per-
haps farther from realistic conditions, can more rapidly sift through
screening work thousands of candidate compositions. For example,
the sample fabrication technique (criterion 3) may not be econom-
ically scalable, or not the preferred synthesis route for a particular
application. Insuch a case, a combinatorial investigation needs to be
followed up by an investigation of promising leads (compositions)
in the final form and environment in which it will be applied.

Among the challenges for combinatorial experiments utilized
for electrocatalysis applications is developing means to adequately
assess catalyst stability. Material evaluation in combinatorial stud-
ies is designed to be rapid. Hence long term stability, of vital
importance to manufacturers of batteries and fuel cells cannot
be realistically evaluated. Some researchers have reported cursory
evaluations of durability as part of their library evaluation [102],
but such evaluations still need to be followed up by longer term
evaluations. More recently, the need for durability characterization
has been addressed in two studies using a cell design that permits
extended stability measurements [156,157].

Assessing the selectivity of catalysts in complex reactions, such
as the electroreduction of CO,, is also challenging. The incorpo-
ration of downstream analysis of scanning droplet cell electrolyte
helps to address this issue, but there is the possibility that such
characterization may introduce a new bottleneck in the screening
process.

Finally, many of the studies cited in this review identify new
compounds that show superior properties to industry standard cat-
alyst compositions (e.g. Pt for ORR). Reviewing all of these new
compositions is not the subject of the present work, but it is
worth noting that most of the novel materials resulted from stud-
ies that involved screening alloy systems with some prior known
activity. In the future, the application emphasis of combinatorial
electrochemistry experimentation may shift more towards verifi-
cation of predicted materials properties rather than an emphasis
on screening to accelerate materials optimization. This shift may
be driven by a combination of the emergence of the Materi-
als Genome Initiative (https://www.mgi.gov), wider availability of
computational data bases such as The Materials Project (https://
materialsproject.org) and continued improvement in materials
modeling and simulation.

References

[1] X.D.Xiang, X.D.Sun, G. Briceno, Y.L. Lou, K.A. Wang, H.Y. Chang, W.G. Wallace-
Freedman, S.W. Chen, P.G. Schultz, A combinatorial approach to materials
discovery, Science 268 (1995) 1738-1740.

[2] A. Hagemeyer, B. Jandeleit, Y.M. Liu, D.M. Poojary, H.W. Turner, A.F. Volpe,
W.H. Weinberg, Applications of combinatorial methods in catalysis, Appl.
Catal. A: Gen. 221 (2001) 23-43.

[3] H. Koinuma, I. Takeuchi, Combinatorial solid-state chemistry of inorganic
materials, Nat. Mater. 3 (2004) 429-438.

[4] R.A.Potyrailo, W.F. Maier, Combinatorial and High-Throughput Discovery and
Optimization of Catalysts and Materials, Taylor & Francis, 2006.

[5] J.C. Zhao, Combinatorial approaches as effective tools in the study of phase
diagrams and composition-structure-property relationships, Prog. Mater.
Sci. 51 (2006) 557-631.

[6] B.Narasimhan, S. Mallapragada, M.D. Porter, Combinatorial Materials Science,
Wiley, 2007.


https://www.mgi.gov/
https://www.mgi.gov/
https://www.mgi.gov/
https://www.mgi.gov/
https://materialsproject.org/
https://materialsproject.org/
https://materialsproject.org/
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0790
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0790
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0790
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0790
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0790
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0790
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0790
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0790
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0790
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0790
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0790
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0790
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0790
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0790
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0790
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0790
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0790
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0790
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0790
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0790
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0790
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0790
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0790
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0790
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0790
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0790
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0790
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0790
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0790
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0790
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0790
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0795
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0795
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0795
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0795
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0795
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0795
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0795
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0795
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0795
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0795
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0795
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0795
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0795
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0795
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0795
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0795
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0795
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0795
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0795
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0795
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0795
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0795
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0795
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0795
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0795
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0795
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0795
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0795
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0795
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0800
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0800
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0800
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0800
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0800
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0800
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0800
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0800
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0800
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0800
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0800
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0800
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0800
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0800
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0800
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0800
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0800
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0805
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0805
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0805
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0805
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0805
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0805
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0805
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0805
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0805
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0805
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0805
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0805
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0805
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0805
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0805
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0805
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0805
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0805
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0810
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0810
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0810
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0810
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0810
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0810
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0810
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0810
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0810
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0810
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0810
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0810
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0810
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0810
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0810
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0810
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0810
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0810
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0810
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0810
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0810
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0810
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0810
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0810
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0810
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0810
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0810
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0810
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0815
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0815
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0815
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0815
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0815
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0815
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0815
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0815
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0815
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0815
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0815

PJ. McGinn / Materials Discovery 1 (2015) 38-53 51

[7] W.E. Maier, K. Stowe, S. Sieg, Combinatorial and high-throughput materials
science, Angew. Chem. Int. Ed. 46 (2007) 6016-6067.

[8] Z.H.Barber, M.G. Blamire, High throughput thin film materials science, Mater.
Sci. Technol. 24 (2008) 757-770.

[9] K.Rajan, Combinatorial materials sciences: experimental strategies for accel-
erated knowledge discovery, Ann. Rev. Mater. Res. 38 (2008) 299-322.

[10] R. Potyrailo, K. Rajan, K. Stoewe, I. Takeuchi, B. Chisholm, H. Lam, Combinato-
rial and high-throughput screening of materials libraries: review of state of
the art, ACS Comb. Sci. 13 (2011) 579-633.

[11] T.H. Muster, A. Trinchi, T.A. Markley, D. Lau, P. Martin, A. Bradbury, A.
Bendavid, S. Dligatch, A review of high throughput and combinatorial elec-
trochemistry, Electrochim. Acta 56 (2011) 9679-9699.

[12] J.Hewes, Economicimpact of combinatorial materials science on industry and
society, in: R. Potyrailo, E. Amis (Eds.), High-Throughput Analysis, Springer,
US, 2003, pp. 15-30.

[13] S. Noda, H. Sugime, K. Hasegawa, K. Kakehi, Y. Shiratori, A simple combina-
torial method aiding research on single-walled carbon nanotube growth on
substrates, Jpn. J. Appl. Phys. 49 (2010) 7.

[14] D.L. Lahr, J.L. Hertz, S. Semancik, A combinatorial study of thin-film process
variables using microhotplates, ]. Microelectromech. Syst. 19 (2010) 239-245.

[15] C.M. Caskey, R.M. Richards, D.S. Ginley, A. Zakutayev, Thin film synthesis and
properties of copper nitride: a metastable semiconductor, Mater. Horiz. 1
(2014) 424-430.

[16] X.A. Li, T.A. Gessert, T. Coutts, The properties of cadmium tin oxide thin-film
compounds prepared by linear combinatorial synthesis, Appl. Surf. Sci. 223
(2004) 138.

[17] G. Hyett, M.A. Green, L.P. Parkin, The use of combinatorial chemical vapor
deposition in the synthesis of Tiz_sO4N with 0.06<3§<0.25: a titanium
oxynitride phase isostructural to anosovite, J. Am. Chem. Soc. 129 (2007)
15541-15548.

[18] R. Sreenivasan, R.A. Adomaltis, G.W. Rubloff, A comparative study of reactor
designs for the production of graded films with applications to combinatorial
CVD, J. Cryst. Growth 310 (2008) 270-283.

[19] A. Kafizas, CW. Dunnill, L.P. Parkin, Combinatorial atmospheric pressure
chemical vapour deposition (cAPCVD) of niobium doped anatase; effect of
niobium on the conductivity and photocatalytic activity, J. Mater. Chem. 20
(2010) 8336-8349.

[20] A. Dabirian, Y. Kuzminykh, E. Wagner, G. Benvenuti, S.A. Rushworth, P. Hoff-
mann, Chemical vapor deposition kinetics and localized growth regimes in
combinatorial experiments, ChemPhysChem 12 (2011) 3524-3528.

[21] M. Jobin, S. Jotterand, C. Pellodi, S. dos Santos, C.S. Sandu, E. Wagner, G. Ben-
venuti, Full wafer metrology for chemically graded thin films, in: C. Gorecki,
AK. Asundi, W. Osten (Eds.), Optical Micro- and Nanometrology. IV, SPIE —
Int. Soc. Optical Engineering, Bellingham, 2012.

[22] M. Wilkinson, A. Kafizas, S.M. Bawaked, A.Y. Obaid, S.A. Al-Thabaiti, S.N. Basa-
hel, CJ. Carmalt, I.P. Parkin, Combinatorial atmospheric pressure chemical
vapor deposition of graded TiO,-VO, mixed-phase composites and their dual
functional property as self-cleaning and photochromic window coatings, ACS
Comb. Sci. 15 (2013) 309-319.

[23] R.Gazia, T.C. May-Smith, R.W. Eason, Growth of a hybrid garnet crystal multi-
layer structure by combinatorial pulsed laser deposition, J. Cryst. Growth 310
(2008) 3848-3853.

[24] J. Sakai, C. Autret-Lambert, T. Sauvage, B. Courtois, J. Wolfman, F. Gervais,
Epitaxial composition-graded perovskite films grown by a dual-beam pulsed
laser deposition method, J. Cryst. Growth 380 (2013) 106-110.

[25] H.vonWenckstern,Z.P.Zhang, F. Schmidt, ]. Lenzner, H. Hochmuth, M. Grund-
mann, Continuous composition spread using pulsed-laser deposition with a
single segmented target, CrystEngComm 15 (2013) 10020-10027.

[26] ].J. Hanak, the “multi-sample concept” in materials research: synthesis, com-
positional analysis and testing of entire multicomponent systems, ]. Mater.
Sci. 5 (1970) 964-971.

[27] J.K. Bunn, CJ. Metting, ]. Hattrick-Simpers, A semi-empirical model for tilted-
gun planar magnetron sputtering accounting for chimney shadowing, JOM
67 (2015) 154-163.

[28] S.K.Suram, L. Zhou, N. Becerra-Stasiewicz, K. Kan, RJ.R. Jones, B.M. Kendrick,
J.M. Gregoire, Combinatorial thin film composition mapping using three
dimensional deposition profiles, Rev. Sci. Instrum. 86 (2015) 6.

[29] S. Guerin, B.E. Hayden, Physical vapor deposition method for the high-
throughput synthesis of solid-state material libraries, J. Comb. Chem. 8 (2006)
66-73.

[30] M.S.Beal, B.E. Hayden, T. Le Gall, C.E. Lee, X.J. Lu, M. Mirsaneh, C. Mormiche, D.
Pasero, D.C.A. Smith, A. Weld, C. Yada, S. Yokoishi, High throughput method-
ology for synthesis, screening, and optimization of solid state lithium ion
electrolytes, ACS Comb. Sci. 13 (2011) 375-381.

[31] B. Fleutot, ].B. Miller, A.J. Gellman, Apparatus for deposition of composition
spread alloy films: the rotatable shadow mask, J. Vac. Sci. Technol. A30 (2012)
10.

[32] P.Ahmet,Y.Z. Yoo, K. Hasegawa, H. Koinuma, T. Chikyow, Fabrication of three-
component composition spread thin film with controlled composition and
thickness, Appl. Phys. A: Mater. Sci. Process. 79 (2004) 837-839.

[33] J.R. Dahn, S. Trussler, T.D. Hatchard, A. Bonakdarpour, J.R. Mueller-Neuhaus,
K.C. Hewitt, M. Fleischauer, Economical sputtering system to produce large-
size composition-spread libraries having linear and orthogonal stoichiometry
variations, Chem. Mater. 14 (2002) 3519-3523.

[34] S. Borhani-Haghighi, M. Kieschnick, Y. Motemani, A. Savan, D. Rogalla, HW.
Becker, J. Meijer, A. Ludwig, High-throughput compositional and structural

evaluation of a Lig(NixMn,Co.)O; thin film battery materials library, ACS
Comb. Sci. 15 (2013) 401-409.

[35] V. Chevrier, ].R. Dahn, Production and visualization of quaternary combina-
torial thin films, Meas. Sci. Technol. 17 (2006) 1399-1404.

[36] D.A.R. Barkhouse, A. Bonakdarpour, M. Fleischauer, T.D. Hatchard, J.R. Dahn,
A combinatorial sputtering method to prepare a wide range of A/B artificial
superlattice structures on a single substrate, ]. Magn. Magn. Mater. 261 (2003)
399-409.

[37] M. Noh, ]. Thiel, D.C. Johnson, Synthesis of crystalline superlattices by con-
trolled crystallization of modulated reactants, Science 270 (1995) 1181-1184.

[38] M. Noh, C.D. Johnson, M.D. Hornbostel, J. Thiel, D.C. Johnson, Control of reac-
tion pathway and the nanostructure of final products through the design of
modulated elemental reactants, Chem. Mater. 8 (1996) 1625-1635.

[39] L.Fister, D.C. Johnson, Controlling solid-state reaction-mechanisms using dif-
fusion length in ultrathin-film superlattice composites, J. Am. Chem. Soc. 114
(1992) 4639-4644.

[40] M.D. Anderson, J.0. Thompson, D.C. Johnson, Avoiding binary compounds
as reaction intermediates in solid state reactions, Chem. Mater. 25 (2013)
3996-4002.

[41] A. Subramaniyan, J.D. Perkins, R.P. O'Hayre, D.S. Ginley, S. Lany, A. Zaku-
tayev, Non-equilibrium synthesis, structure, and opto-electronic properties
of Cuy_2xZn(y 0 alloys, J. Mater. Sci. 50 (2015) 1350-1357.

[42] ].S. Wang, Y. Yoo, C. Gao, 1. Takeuchi, X.D. Sun, H.Y. Chang, X.D. Xiang, P.G.
Schultz, Identification of a blue photoluminescent composite material from a
combinatorial library, Science 279 (1998) 1712-1714.

[43] M.A. Aronova, K.S. Chang, 1. Takeuchi, H. Jabs, D. Westerheim, A. Gonzalez-
Martin, J. Kim, B. Lewis, Combinatorial libraries of semiconductor gas sensors
as inorganic electronic noses, Appl. Phys. Lett. 83 (2003) 1255-1257.

[44] ].S. Cooper, P.J. McGinn, Combinatorial screening of fuel cell cathode catalyst
compositions, Appl. Surf. Sci. 254 (2007) 662-668.

[45] A. Falch, V. Lates, RJ. Kriek, Combinatorial plasma sputtering of Pt,Pd, thin
film electrocatalysts for aqueous SO, electro-oxidation, Electrocatalysis 6
(2015) 322-330.

[46] T.L Selinder, G. Larsson, U. Helmersson, S. Rudner, Resputtering effects on the
stoichiometry of YBa,Cu3 Oy thin-films, J. Appl. Phys. 69 (1991) 390-395.

[47] C. Brandli, T.F. Jaramillo, A. Ivanovskaya, E.W. McFarland, Automated syn-
thesis and characterization of diverse libraries of macroporous alumina,
Electrochim. Acta 47 (2001) 553.

[48] S.H. Baeck, T.F. Jaramillo, C. Brandli, E.W. McFarland, Combinatorial elec-
trochemical synthesis and characterization of tungsten-based mixed-metal
oxides, ]. Comb. Chem. 4 (2002) 563.

[49] E. Reddington, A. Sapienza, B. Gurau, R. Viswanathan, S. Sarangapani, E.S.
Smotkin, T.E. Mallouk, Combinatorial electrochemistry: a highly parallel, opti-
cal screening method for discovery of better electrocatalysts, Science 280
(1998) 1735-1737.

[50] J. Scheidtmann, P.A. Weiss, W.F. Maier, Hunting for better catalysts and
materials-combinatorial chemistry and high throughput technology, Appl.
Catal. A: Gen. 222 (2001) 79-89.

[51] J.W. Saalfrank, W.F. Maier, Doping, selection and composition spreads, a
combinatorial strategy for the discovery of new mixed oxide catalysts for
low-temperature CO oxidation, C.R. Chim. 7 (2004) 483-494.

[52] M. Woodhouse, G.S. Herman, B.A. Parkinson, Combinatorial approach to iden-
tification of catalysts for the photoelectrolysis of water, Chem. Mater. 17
(2005) 4318-4324.

[53] K. Fujimoto, K. Onoda, S. Ito, Exploration of layered-type pseudo four-
component Li-Ni-Co-Ti oxides, Appl. Surf. Sci. 254 (2007) 704-708.

[54] KW. Kim, M.K. Jeon, K.S. Oh, T.S. Kim, Y.S. Kim, S.I. Woo, Combinato-
rial approach for ferroelectric material libraries prepared by liquid source
misted chemical deposition method, Proc. Natl. Acad. Sci. U.S.A. 104 (2007)
1134-1139.

[55] X.N. Liu, T.J. Tarn, F.F. Huang, J. Fan, Recent advances in inkjet printing syn-
thesis of functional metal oxides, Particuology 19 (2015) 1-13.

[56] A.Lesch, F. Cortes-Salazar, V.C. Bassetto, V. Amstutz, H.H. Girault, Inkjet prin-
ting meets electrochemical energy conversion, Chimia 69 (2015) 284-289.

[57] G.H. Carey, J.R. Dahn, Combinatorial synthesis of mixed transition metal
oxides for lithium-ion batteries, ACS Comb. Sci. 13 (2011) 186-189.

[58] E. McCalla, Consequences of Combinatorial Studies of Positive Electrodes for
Li-ion Batteries, Springer, 2014.

[59] X.N. Liu, Y. Shen, R.T. Yang, S.H. Zou, X.L. Ji, L. Shi, Y.C. Zhang, D.Y. Liu, L.P.
Xiao, X.M. Zheng, S. Li, ]. Fan, G.D. Stucky, Inkjet printing assisted synthesis of
multicomponent mesoporous metal oxides for ultrafast catalyst exploration,
Nano Lett. 12 (2012) 5733-5739.

[60] J.A. Haber, Y. Cai, S.H. Jung, C.X. Xiang, S. Mitrovic, J. Jin, A.T. Bell, ].M. Gre-
goire, Discovering Ce-rich oxygen evolution catalysts, from high throughput
screening to water electrolysis, Energy Environ. Sci. 7 (2014) 682-688.

[61] J.R.G. Evans, M]. Edirisinghe, P.V. Coveney, ]J. Eames, Combinatorial searches
of inorganic materials using the ink jet printer: science, philosophy and tech-
nology, J. Eur. Ceram. Soc. 21 (2001) 2291-2299.

[62] I Yanase, T. Ohtaki, M. Watanabe, Combinatorial study for ceramics powder
by X-ray diffraction, Solid State Ion. 154 (2002) 419-424.

[63] J. Wang, J.R.G. Evans, London University Search Instrument: a combinato-
rial robot for high-throughput methods in ceramic science, J. Comb. Chem. 7
(2005) 665-672.

[64] S. Suehara, T. Konishi, K. Fujimoto, T. Takeda, M. Fukuda, M. Koike, S. Inoue,
M. Watanabe, A combinatorial sample-preparation robot system using the
volumetric-weighing method, Appl. Surf. Sci. 252 (2006) 2456-2460.


http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0820
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0820
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0820
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0820
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0820
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0820
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0820
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0820
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0820
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0820
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0820
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0820
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0820
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0820
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0820
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0820
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0820
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0820
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0820
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0820
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0825
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0825
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0825
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0825
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0825
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0825
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0825
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0825
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0825
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0825
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0825
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0825
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0825
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0825
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0825
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0825
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0825
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0825
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0830
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0830
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0830
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0830
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0830
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0830
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0830
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0830
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0830
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0830
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0830
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0830
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0830
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0830
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0830
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0830
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0830
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0830
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0830
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0830
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0830
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0835
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0835
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0835
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0835
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0835
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0835
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0835
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0835
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0835
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0835
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0835
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0835
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0835
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0835
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0835
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0835
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0835
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0835
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0835
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0835
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0835
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0835
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0835
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0835
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0835
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0835
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0835
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0835
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0835
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0835
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0835
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0835
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0835
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0835
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0840
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0840
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0840
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0840
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0840
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0840
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0840
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0840
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0840
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0840
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0840
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0840
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0840
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0840
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0840
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0840
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0840
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0840
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0840
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0840
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0840
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0840
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0840
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0840
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0840
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0840
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0840
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0840
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0840
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0840
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0840
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0840
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0845
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0845
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0845
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0845
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0845
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0845
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0845
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0845
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0845
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0845
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0845
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0845
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0845
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0845
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0845
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0845
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0845
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0845
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0845
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0845
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0845
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0845
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0845
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0845
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0845
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0845
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0845
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0850
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0850
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0850
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0850
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0850
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0850
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0850
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0850
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0850
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0850
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0850
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0850
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0850
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0850
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0850
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0850
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0850
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0850
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0850
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0850
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0850
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0850
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0850
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0850
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0850
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0850
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0850
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0850
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0850
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0850
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0850
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0855
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0855
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0855
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0855
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0855
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0855
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0855
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0855
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0855
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0855
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0855
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0855
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0855
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0855
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0855
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0855
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0855
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0855
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0855
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0855
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0855
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0855
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0855
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0860
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0860
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0860
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0860
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0860
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0860
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0860
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0860
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0860
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0860
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0860
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0860
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0860
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0860
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0860
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0860
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0860
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0860
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0860
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0860
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0860
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0860
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0860
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0860
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0860
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0860
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0865
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0865
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0865
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0865
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0865
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0865
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0865
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0865
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0865
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0865
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0865
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0865
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0865
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0865
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0865
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0865
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0865
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0865
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0865
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0865
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0865
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0865
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0865
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0865
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0865
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0870
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0870
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0870
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0870
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0870
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0870
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0870
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0870
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0870
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0870
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0870
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0870
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0870
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0870
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0870
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0870
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0870
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0870
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0870
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0870
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0870
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0870
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0870
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0870
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0870
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0870
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0870
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0870
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0870
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0870
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0870
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0870
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0870
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0870
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0870
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0870
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0870
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0870
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0870
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0870
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0870
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0870
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0870
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0870
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0870
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0870
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0875
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0875
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0875
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0875
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0875
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0875
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0875
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0875
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0875
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0875
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0875
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0875
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0875
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0875
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0875
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0875
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0875
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0875
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0875
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0875
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0875
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0875
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0875
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0875
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0875
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0875
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0875
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0875
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0875
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0875
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0875
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0880
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0880
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0880
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0880
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0880
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0880
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0880
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0880
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0880
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0880
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0880
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0880
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0880
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0880
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0880
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0880
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0880
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0880
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0880
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0880
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0880
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0880
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0880
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0880
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0880
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0880
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0880
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0880
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0880
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0880
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0880
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0880
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0880
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0880
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0885
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0885
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0885
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0885
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0885
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0885
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0885
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0885
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0885
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0885
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0885
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0885
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0885
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0885
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0885
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0885
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0885
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0885
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0885
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0885
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0885
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0885
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0885
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0885
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0885
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0885
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0885
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0885
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0885
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0885
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0890
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0890
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0890
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0890
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0890
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0890
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0890
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0890
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0890
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0890
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0890
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0890
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0890
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0890
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0890
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0890
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0890
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0890
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0890
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0890
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0890
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0890
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0890
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0890
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0890
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0890
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0890
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0890
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0890
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0890
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0890
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0890
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0890
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0890
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0890
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0890
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0890
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0890
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0890
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0890
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0890
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0890
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0890
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0890
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0890
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0895
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0895
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0895
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0895
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0895
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0895
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0895
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0895
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0895
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0895
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0895
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0895
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0895
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0895
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0895
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0895
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0895
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0895
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0895
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0895
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0895
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0895
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0895
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0895
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0895
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0895
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0895
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0895
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0895
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0895
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0895
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0895
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0895
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0895
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0895
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0895
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0895
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0895
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0895
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0895
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0895
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0895
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0895
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0895
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0895
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0895
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0895
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0895
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0895
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0895
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0900
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0900
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0900
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0900
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0900
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0900
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0900
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0900
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0900
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0900
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0900
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0900
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0900
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0900
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0900
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0900
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0900
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0900
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0900
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0900
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0900
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0900
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0900
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0900
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0900
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0900
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0900
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0900
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0905
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0905
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0905
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0905
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0905
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0905
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0905
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0905
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0905
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0905
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0905
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0905
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0905
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0905
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0905
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0905
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0905
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0905
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0905
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0905
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0905
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0905
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0905
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0905
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0905
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0905
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0905
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0905
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0905
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0905
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0905
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0905
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0910
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0910
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0910
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0910
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0910
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0910
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0910
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0910
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0910
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0910
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0910
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0910
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0910
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0910
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0910
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0910
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0910
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0910
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0910
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0910
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0910
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0910
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0910
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0910
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0910
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0910
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0910
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0910
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0910
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0910
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0910
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0915
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0915
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0915
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0915
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0915
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0915
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0915
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0915
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0915
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0915
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0915
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0915
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0915
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0915
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0915
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0915
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0915
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0915
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0915
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0915
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0915
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0915
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0915
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0915
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0915
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0915
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0920
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0920
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0920
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0920
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0920
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0920
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0920
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0920
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0920
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0920
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0920
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0920
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0920
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0920
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0920
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0920
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0920
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0920
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0920
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0920
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0920
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0920
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0920
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0920
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0920
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0925
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0925
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0925
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0925
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0925
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0925
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0925
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0925
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0925
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0925
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0925
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0925
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0925
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0925
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0925
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0925
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0925
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0925
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0925
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0925
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0925
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0925
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0925
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0925
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0925
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0925
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0925
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0925
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0925
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0925
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0930
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0930
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0930
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0930
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0930
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0930
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0930
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0930
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0930
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0930
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0930
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0930
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0930
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0930
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0930
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0930
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0930
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0930
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0930
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0930
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0930
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0930
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0930
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0930
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0930
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0935
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0935
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0935
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0935
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0935
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0935
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0935
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0935
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0935
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0935
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0935
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0935
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0935
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0935
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0935
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0935
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0935
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0935
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0935
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0935
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0935
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0935
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0935
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0935
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0935
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0935
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0935
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0935
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0935
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0935
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0935
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0935
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0935
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0935
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0935
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0935
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0935
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0935
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0935
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0935
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0935
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0935
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0935
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0935
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0935
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0935
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0935
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0935
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0940
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0940
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0940
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0940
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0940
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0940
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0940
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0940
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0940
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0940
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0940
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0940
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0940
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0940
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0940
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0940
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0940
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0940
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0940
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0940
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0940
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0940
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0940
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0940
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0940
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0940
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0945
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0945
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0945
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0945
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0945
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0945
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0945
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0945
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0945
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0945
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0945
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0945
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0945
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0945
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0945
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0945
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0945
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0945
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0945
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0945
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0945
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0945
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0945
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0945
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0945
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0945
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0945
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0945
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0945
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0945
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0945
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0945
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0945
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0945
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0950
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0950
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0950
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0950
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0950
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0950
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0950
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0950
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0950
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0950
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0950
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0950
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0950
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0950
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0950
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0950
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0950
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0950
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0950
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0950
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0950
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0950
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0950
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0950
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0950
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0950
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0950
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0950
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0950
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0950
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0950
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0950
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0950
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0950
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0950
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0950
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0955
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0955
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0955
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0955
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0955
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0955
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0955
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0955
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0955
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0955
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0955
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0955
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0955
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0955
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0955
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0955
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0955
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0955
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0955
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0955
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0955
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0955
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0955
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0955
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0955
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0955
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0955
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0955
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0955
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0955
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0955
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0955
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0955
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0955
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0955
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0955
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0955
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0955
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0955
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0955
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0955
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0955
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0955
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0955
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0955
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0955
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0960
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0960
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0960
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0960
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0960
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0960
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0960
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0960
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0960
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0960
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0960
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0960
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0960
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0960
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0960
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0960
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0960
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0960
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0960
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0960
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0960
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0965
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0965
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0965
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0965
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0965
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0965
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0965
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0965
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0965
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0965
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0965
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0965
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0965
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0965
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0965
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0965
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0965
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0965
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0965
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0965
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0965
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0965
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0965
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0965
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0965
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0965
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0965
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0965
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0965
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0965
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0965
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0965
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0965
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0965
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0965
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0965
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0965
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0970
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0970
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0970
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0970
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0970
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0970
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0970
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0970
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0970
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0970
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0970
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0970
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0970
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0970
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0970
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0970
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0970
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0970
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0970
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0970
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0970
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0970
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0970
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0975
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0975
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0975
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0975
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0975
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0975
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0975
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0975
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0975
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0975
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0975
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0975
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0975
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0975
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0975
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0975
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0975
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0975
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0975
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0975
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0975
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0975
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0975
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0975
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0975
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0975
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0975
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0975
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0975
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0975
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0975
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0975
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0975
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0975
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0975
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0980
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0980
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0980
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0980
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0980
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0980
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0980
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0980
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0980
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0980
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0980
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0980
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0980
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0980
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0980
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0980
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0980
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0980
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0980
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0980
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0980
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0980
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0980
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0980
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0985
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0985
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0985
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0985
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0985
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0985
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0985
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0985
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0985
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0985
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0985
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0985
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0985
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0985
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0985
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0985
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0985
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0985
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0985
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0985
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0985
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0985
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0985
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0990
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0990
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0990
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0990
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0990
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0990
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0990
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0990
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0990
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0990
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0990
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0990
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0990
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0990
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0990
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0990
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0990
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0990
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0990
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0990
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0990
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0990
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0990
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0990
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0990
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0990
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0990
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0990
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0990
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0990
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0990
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0990
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0990
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0990
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0990
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0990
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0990
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0990
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0990
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0995
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0995
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0995
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0995
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0995
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0995
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0995
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0995
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0995
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0995
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0995
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0995
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0995
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0995
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0995
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0995
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0995
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0995
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0995
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0995
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0995
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0995
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0995
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0995
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0995
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0995
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0995
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0995
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0995
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0995
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0995
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0995
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref0995
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1000
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1000
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1000
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1000
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1000
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1000
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1000
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1000
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1000
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1000
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1000
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1000
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1000
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1000
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1000
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1000
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1000
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1000
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1000
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1000
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1000
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1000
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1000
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1000
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1000
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1000
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1000
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1000
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1000
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1000
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1000
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1000
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1000
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1000
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1000
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1005
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1005
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1005
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1005
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1005
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1005
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1005
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1005
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1005
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1005
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1005
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1005
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1005
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1005
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1005
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1005
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1005
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1005
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1005
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1005
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1010
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1010
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1010
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1010
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1010
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1010
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1010
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1010
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1010
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1010
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1010
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1010
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1010
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1010
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1010
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1010
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1010
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1010
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1010
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1010
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1010
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1010
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1010
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1010
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1010
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1010
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1010
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1010
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1015
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1015
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1015
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1015
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1015
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1015
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1015
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1015
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1015
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1015
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1015
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1015
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1015
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1015
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1015
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1015
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1015
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1015
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1015
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1015
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1015
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1015
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1015
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1015
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1015
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1015
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1015
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1015
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1015
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1020
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1020
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1020
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1020
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1020
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1020
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1020
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1020
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1020
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1020
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1020
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1020
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1020
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1020
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1020
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1020
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1020
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1020
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1020
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1020
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1020
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1020
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1020
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1020
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1025
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1025
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1025
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1025
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1025
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1025
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1025
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1025
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1025
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1025
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1025
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1025
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1025
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1025
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1025
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1025
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1025
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1025
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1025
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1025
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1025
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1025
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1025
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1025
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1030
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1030
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1030
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1030
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1030
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1030
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1030
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1030
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1030
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1030
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1030
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1030
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1030
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1030
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1030
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1030
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1030
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1030
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1030
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1030
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1030
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1030
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1030
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1030
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1030
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1030
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1030
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1030
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1030
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1030
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1030
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1030
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1030
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1030
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1035
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1035
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1035
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1035
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1035
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1035
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1035
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1035
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1035
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1035
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1035
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1035
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1035
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1035
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1035
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1035
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1035
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1035
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1035
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1035
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1035
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1035
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1035
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1035
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1035
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1035
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1040
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1040
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1040
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1040
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1040
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1040
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1040
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1040
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1040
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1040
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1040
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1040
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1040
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1040
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1040
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1040
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1040
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1040
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1040
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1040
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1040
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1040
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1040
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1040
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1040
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1040
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1040
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1040
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1040
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1040
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1040
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1045
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1045
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1045
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1045
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1045
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1045
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1045
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1045
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1045
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1045
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1045
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1045
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1045
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1045
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1045
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1045
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1045
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1045
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1045
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1045
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1045
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1045
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1045
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1045
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1045
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1050
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1050
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1050
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1050
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1050
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1050
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1050
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1050
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1050
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1050
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1050
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1050
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1050
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1050
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1050
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1050
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1050
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1050
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1050
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1050
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1050
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1050
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1055
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1055
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1055
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1055
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1055
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1055
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1055
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1055
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1055
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1055
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1055
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1055
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1055
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1055
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1055
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1055
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1055
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1055
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1055
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1055
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1055
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1055
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1055
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1055
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1055
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1055
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1055
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1055
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1055
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1055
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1055
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1055
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1055
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1055
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1055
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1055
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1055
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1060
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1060
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1060
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1060
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1060
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1060
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1060
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1060
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1060
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1060
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1060
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1060
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1060
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1060
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1060
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1060
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1060
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1060
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1060
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1060
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1060
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1060
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1060
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1060
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1060
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1065
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1065
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1065
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1065
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1065
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1065
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1065
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1065
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1065
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1065
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1065
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1065
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1065
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1065
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1065
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1065
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1065
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1065
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1065
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1065
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1065
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1065
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1065
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1070
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1070
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1070
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1070
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1070
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1070
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1070
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1070
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1070
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1070
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1070
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1070
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1070
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1070
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1070
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1070
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1070
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1070
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1070
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1070
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1070
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1070
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1075
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1075
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1075
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1075
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1075
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1075
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1075
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1075
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1075
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1075
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1075
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1075
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1075
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1075
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1080
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1080
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1080
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1080
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1080
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1080
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1080
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1080
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1080
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1080
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1080
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1080
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1080
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1080
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1080
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1080
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1080
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1080
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1080
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1080
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1080
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1080
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1080
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1080
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1080
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1080
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1080
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1080
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1080
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1080
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1080
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1080
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1080
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1080
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1080
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1080
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1080
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1080
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1080
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1080
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1080
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1080
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1080
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1080
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1080
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1080
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1085
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1085
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1085
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1085
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1085
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1085
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1085
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1085
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1085
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1085
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1085
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1085
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1085
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1085
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1085
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1085
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1085
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1085
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1085
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1085
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1085
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1085
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1085
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1085
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1085
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1085
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1085
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1085
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1085
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1085
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1085
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1085
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1085
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1085
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1085
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1085
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1085
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1090
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1090
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1090
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1090
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1090
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1090
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1090
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1090
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1090
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1090
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1090
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1090
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1090
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1090
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1090
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1090
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1090
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1090
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1090
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1090
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1090
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1090
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1090
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1090
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1090
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1090
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1090
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1090
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1090
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1090
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1090
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1090
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1095
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1095
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1095
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1095
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1095
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1095
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1095
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1095
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1095
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1095
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1095
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1095
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1095
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1095
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1095
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1095
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1095
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1095
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1095
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1095
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1095
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1095
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1100
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1100
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1100
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1100
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1100
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1100
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1100
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1100
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1100
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1100
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1100
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1100
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1100
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1100
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1100
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1100
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1100
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1100
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1100
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1100
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1100
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1100
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1100
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1100
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1100
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1100
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1105
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1105
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1105
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1105
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1105
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1105
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1105
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1105
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1105
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1105
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1105
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1105
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1105
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1105
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1105
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1105
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1105
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1105
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1105
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1105
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1105
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1105
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1105
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1105
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1105
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1105
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1105
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1105
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1105
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1105
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1105
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1105
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1105

52 PJ. McGinn / Materials Discovery 1 (2015) 38-53

[65] Y. Zhan, LF. Chen, S.F. Yang, J.R.G. Evans, Thick film ceramic combinatorial
libraries: the substrate problem, QSAR Comb. Sci. 26 (2007) 1036-1045.

[66] J. Wang, ].R.G. Evans, Segregation in multicomponent ceramic colloids during
drying of droplets, Phys. Rev. E 73 (2006) 8.

[67] J.H.Liu, M.K. Jeon, S.I. Woo, High-throughput screening of binary catalysts for
oxygen electroreduction, Appl. Surf. Sci. 252 (2006) 2580-2587.

[68] J.S.Yu, M.S. Kim, J.H. Kim, Combinatorial discovery of new methanol-tolerant
non-noble metal cathode electrocatalysts for direct methanol fuel cells, Phys.
Chem. Chem. Phys. 12 (2010) 15274-15281.

[69] S.H. Park, C.H. Choi, J.K. Koh, C. Pak, S.A. Jin, S.I. Woo, Combinatorial high-
throughput screening for highly active Pd-Ir-Ce based ternary catalysts
in electrochemical oxygen reduction reaction, ACS Comb. Sci. 15 (2013)
572-579.

[70] YJ.Jun, S.H. Park, S.I. Woo, Combinatorial high-throughput optical screening
of high performance Pd alloy cathode for hybrid Li-air battery, ACS Comb. Sci.
16 (2014) 670-677.

[71] C.Dogan, K. Stowe, W.F. Maier, Optical high-throughput screening for activity
and electrochemical stability of oxygen reducing electrode catalysts for fuel
cell applications, ACS Comb. Sci. 17 (2015) 164-175.

[72] M. Prochaska, J. Jin, D. Rochefort, L. Zhuang, FJ. DiSalvo, H.D. Abruna, R.B. van
Dover, High throughput screening of electrocatalysts for fuel cell applications,
Rev. Sci. Instrum. 77 (2006) 8.

[73] J. Jin, M. Prochaska, D. Rochefort, D.K. Kim, L. Zhuang, F.J. DiSalvo, R.B. Van
Dover, H.D. Abruna, A high-throughput search for direct methanol fuel cell
anode electrocatalysts of type Pt,Bi,Pb;, Appl. Surf. Sci. 254 (2007) 653-661.

[74] ].M. Gregoire, M. Kostylev, M.E. Tague, P.F. Mutolo, R.B. van Dover, F.J. DiSalvo,
H.D. Abruna, High-throughput evaluation of dealloyed Pt-Zn composition-
spread thin film for methanol-oxidation catalysis, ]J. Electrochem. Soc. 156
(2009) B160-B166.

[75] G.S. Chai, ].S. Yu, Highly efficient Pt-Ru-Co-W quaternary anode catalysts
for methanol electrooxidation discovered by combinatorial analysis, J. Mater.
Chem. 19 (2009) 6842-6848.

[76] Y.H. Chu, Y.G. Shul, Combinatorial investigation of Pt-Ru-Sn alloys as an
anode electrocatalysts for direct alcohol fuel cells, Int. J. Hydrogen Energy
35(2010) 11261-11270.

[77] F.G. Welsch, K. Stowe, W.F. Maier, Fluorescence-based high throughput
screening for noble metal-free and platinum-poor anode catalysts for the
direct methanol fuel cell, ACS Comb. Sci. 13 (2011) 518-529.

[78] F.G. Welsch, K. Stowe, W.F. Maier, Rapid optical screening technology for
direct methanol fuel cell (DMFC) anode and related electrocatalysts, Catal.
Today 159 (2011) 108-119.

[79] M.E. Tague, ].M. Gregoire, A. Legard, E. Smith, D. Dale, R. Hennig, F.J. DiSalvo,
R.B. van Dover, H.D. Abruna, High throughput thin film Pt-M alloys for fuel
electrooxidation: low concentrations of M (M= Sn, Ta, W, Mo, Ru, Fe, In, Pd,
Hf, Zn, Zr, Nb, Sc, Ni, Ti, V, Cr, Rh), J. Electrochem. Soc. 159 (2012) F880-F887.

[80] T.S. Almeida, A.R. Van Wassen, R.B. VanDover, A.R. de Andrade, H.D. Abruna,
Combinatorial PtSnM (M =Fe, Ni, Ru and Pd) nanoparticle catalyst library
toward ethanol electrooxidation, J. Power Sources 284 (2015) 623-630.

[81] D. Seley, K. Ayers, B.A. Parkinson, Combinatorial search for improved metal
oxide oxygen evolution electrocatalysts in acidic electrolytes, ACS Comb. Sci.
15(2013) 82-89.

[82] M.Woodhouse, B.A. Parkinson, Combinatorial discovery and optimization of a
complex oxide with water photoelectrolysis activity, Chem. Mater. 20 (2008)
2495-2502.

[83] C.P.Jiang, R.L. Wang, B.A. Parkinson, Combinatorial approach to improve pho-
toelectrodes based on BiVO4, ACS Comb. Sci. 15 (2013) 639-645.

[84] A.G. Dokoutchaev, F. Abdelrazzaq, M.E. Thompson, ]J. Willson, C. Chang, A.
Bocarsly, Multicomponent electrodes for water oxidation: from combinato-
rial to individual electrode study, Chem. Mater. 14 (2002) 3343-3348.

[85] X.M.Lin,L.Y.Zheng, G.M. Gao, Y.W. Chi, G.N. Chen, Electrochemiluminescence
imaging-based high-throughput screening platform for electrocatalysts used
in fuel cells, Anal. Chem. 84 (2012) 7700-7707.

[86] J.B. Gerken, J.Y.C. Chen, R.C. Masse, A.B. Powell, S.S. Stahl, Development of
an 0-2-sensitive fluorescence-quenching assay for the combinatorial discov-
ery of electrocatalysts for water oxidation, Angew. Chem. Int. Ed. 51 (2012)
6676-6680.

[87] J.B.Gerken, S.E. Shaner, R.C. Masse, N.J. Porubsky, S.S. Stahl, A survey of diverse
earth abundant oxygen evolution electrocatalysts showing enhanced activity
from Ni-Fe oxides containing a third metal, Energy Environ. Sci. 7 (2014)
2376-2382.

[88] M. Schaferling, The art of fluorescence imaging with chemical sensors, Angew.
Chem. Int. Ed. 51 (2012) 3532-3554.

[89] K.M. Brace, B.E. Hayden, A.E. Russell, ].R. Owen, A parallel optical screen for
the rapid combinatorial electrochromic analysis of electrochemical materials,
Adv. Mater. 18 (2006) 3253.

[90] S.E. Fosdick, R.M. Crooks, Bipolar electrodes for rapid screening of electrocat-
alysts, J. Am. Chem. Soc. 134 (2012) 863-866.

[91] S.E.Fosdick, S.P. Berglund, C.B. Mullins, R.M. Crooks, Parallel screening of elec-
trocatalyst candidates using bipolar electrochemistry, Anal. Chem. 85 (2013)
2493-2499.

[92] S.E. Fosdick, S.P. Berglund, C.B. Mullins, R.M. Crooks, Evaluating electrocata-
lysts for the hydrogen evolution reaction using bipolar electrode arrays: bi-
and trimetallic combinations of Co, Fe, Ni, Mo, and W, ACS Catal. 4 (2014)
1332-1339.

[93] CX. Xiang, S.K. Suram, ].A. Haber, D.W. Guevarra, E. Soedarmadji, J. Jin,
J.M. Gregoire, High-throughput bubble screening method for combinatorial

discovery of electrocatalysts for water splitting, ACS Comb. Sci. 16 (2014)
47-52.

[94] B.C. Chan, RX. Liu, K. Jambunathan, H. Zhang, G.Y. Chen, T.E. Mallouk, E.S.
Smotkin, Comparison of high-throughput electrochemical methods for test-
ing direct methanol fuel cell anode electrocatalysts, J. Electrochem. Soc. 152
(2005) A594-A600.

[95] R.Z.]Jiang, D. Chu, A combinatorial approach toward electrochemical analysis,
J. Electroanal. Chem. 527 (2002) 137.

[96] R.Z. Jiang, Combinatorial electrochemical cell array for high throughput
screening of micro-fuel-cells and metal/air batteries, Rev. Sci. Instrum. 78
(2007) 7.

[97] K. Jambunathan, A.C. Hillier, Measuring electrocatalytic activity on a local
scale with scanning differential electrochemical mass spectrometry, J. Elec-
trochem. Soc. 150 (2003) E312.

[98] K. Jambunathan, S. Jayaraman, A.C. Hillier, A multielectrode electrochem-
ical and scanning differential electrochemical mass spectrometry study
of methanol oxidation on electrodeposited PtyRuy,, Langmuir 20 (2004)
1856-1863.

[99] M.G. Sullivan, H. Utomo, PJ. Fagan, M.D. Ward, Automated electrochem-
ical analysis with combinatorial electrode arrays, Anal. Chem. 71 (1999)
4369-4375.

[100] P. Strasser, Q. Fan, M. Devenney, W.H. Weinberg, P. Liu, J.K. Norskov, High
throughput experimental and theoretical predictive screening of materials —
a comparative study of search strategies for new fuel cell anode catalysts, J.
Phys. Chem. B 107 (2003) 11013-11021.

[101] P. Strasser, Combinatorial optimization of ternary Pt alloy catalysts for the
electrooxidation of methanol, J. Comb. Chem. 10 (2008) 216-224.

[102] ].S. Cooper, P.J. McGinn, Combinatorial screening of thin film electrocatalysts
for a direct methanol fuel cell anode, J. Power Sources 163 (2006) 330-338.

[103] Y. Zhang, P.J. McGinn, Combinatorial screening for methanol oxidation cata-
lysts in alloys of Pt, Cr, Co and V, J. Power Sources 206 (2012) 29-36.

[104] P. Strasser, S. Gorer, M. Devenney, W.H. Wienberg, Combinatorial Electro-
chemical Techniques for the Discovery of New Fuel-Cell Cathode Materials,
Electrochemical Society, Washington, DC, 2001.

[105] J.G. Hauck, P.J. McGinn, Screening of novel Li-air battery catalyst materials
by a thin film combinatorial materials approach, ACS Comb. Sci. 17 (2015)
355-364.

[106] V.K. Cumyn, M.D. Fleischauer, T.D. Hatchard, J.R. Dahn, Design and testing of
a low-cost multichannel pseudopotentiostat for quantitative combinatorial
electrochemical measurements on large electrode arrays, Electrochem. Solid
State Lett. 6 (2003) E15-E18.

[107] M.D. Fleischauer, T.D. Hatchard, G.P. Rockwell, ].M. Topple, S. Trussler, S.K.
Jericho, M.H. Jericho, J.R. Dahn, Design and testing of a 64-channel combina-
torial electrochemical cell, ]. Electrochem. Soc. 150 (2003) A1465-A1469.

[108] S. Guerin, B.E. Hayden, C.E. Lee, C. Mormiche, J.R. Owen, A.E. Russell, B.
Theobald, D. Thompsett, Combinatorial electrochemical screening of fuel cell
electrocatalysts, . Comb. Chem. 6 (2004) 149-158.

[109] A.D. Spong, G. Vitins, S. Guerin, B.E. Hayden, A.E. Russell, ].R. Owen, Combina-
torial arrays and parallel screening for positive electrode discovery, J. Power
Sources 119 (2003) 778-783.

[110] S. Guerin, B.E. Hayden, C.E. Lee, C. Mormiche, A.E. Russell, High-throughput
synthesis and screening of ternary metal alloys for electrocatalysis, J. Phys.
Chem. B 110 (2006) 14355-14362.

[111] T.A. Aljohani, B.E. Hayden, A. Anastasopoulos, The high throughput elec-
trochemical screening of the corrosion resistance of Ni-Cr thin film alloys,
Electrochim. Acta 76 (2012) 389-393.

[112] T.A. Aljohani, B.E. Hayden, A simultaneous screening of the corro-
sion resistance of Ni-W thin film alloys, Electrochim. Acta 111 (2013)
930-936.

[113] J.F. Whitacre, W.C. West, B.V. Ratnakumar, A combinatorial study of
LiyMnyNi,_xO4 cathode materials using microfabricated solid-state electro-
chemical cells, J. Electrochem. Soc. 150 (2003) A1676-A1683.

[114] J. Kawamura, K. Naoaki, O. Kamishima, Y. Matsuda, Thin film micro-batteries
prepared by combinatorial PLD method, in: Meeting Abstracts, MA2008-02,
2008, p. 687.

[115] R.Z. Jiang, D.R. Chu, An electrode probe for high-throughput screening of
electrochemical libraries, Rev. Sci. Instrum. 76 (2005) 5.

[116] J.F. Whitacre, T. Valdez, S.R. Narayanan, Investigation of direct methanol fuel
cell electrocatalysts using a robust combinatorial technique, J. Electrochem.
Soc. 152 (2005) A1780-A1789.

[117] J.F. Whitacre, T.I. Valdez, S.R. Narayanan, A high-throughput study of PtNiZr
catalysts for application in PEM fuel cells, Electrochim. Acta 53 (2008)
3680-3689.

[118] K.Takada, K. Fujimoto, T. Sasaki, M. Watanabe, Combinatorial electrode array
for high-throughput evaluation of combinatorial library for electrode mate-
rials, Appl. Surf. Sci. 223 (2004) 210-213.

[119] T. Sakamoto, K. Asazawa, J. Sanabria-Chinchilla, U. Martinez, B. Halevi, P.
Atanassov, P. Strasser, H. Tanaka, Combinatorial discovery of Ni-based binary
and ternary catalysts for hydrazine electrooxidation for use in anion exchange
membrane fuel cells, J. Power Sources 247 (2014) 605-611.

[120] K.C.Neyerlin, G. Bugosh, R. Forgie, Z.C. Liu, P. Strasser, Combinatorial study of
high-surface-area binary and ternary electrocatalysts for the oxygen evolu-
tion reaction, J. Electrochem. Soc. 156 (2009) B363-B369.

[121] T. He, E. Kreidler, L. Xiong, ]. Luo, C.J. Zhong, Alloy electrocatalysts — com-
binatorial discovery and nanosynthesis, J. Electrochem. Soc. 153 (2006)
A1637-A1643.


http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1110
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1110
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1110
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1110
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1110
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1110
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1110
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1110
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1110
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1110
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1110
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1110
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1110
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1110
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1110
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1110
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1110
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1110
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1110
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1110
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1110
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1110
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1110
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1110
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1115
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1115
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1115
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1115
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1115
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1115
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1115
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1115
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1115
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1115
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1115
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1115
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1115
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1115
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1115
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1115
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1115
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1115
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1115
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1120
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1120
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1120
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1120
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1120
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1120
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1120
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1120
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1120
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1120
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1120
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1120
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1120
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1120
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1120
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1120
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1120
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1120
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1120
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1120
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1120
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1120
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1125
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1125
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1125
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1125
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1125
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1125
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1125
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1125
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1125
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1125
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1125
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1125
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1125
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1125
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1125
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1125
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1125
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1125
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1125
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1125
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1125
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1125
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1125
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1125
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1125
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1125
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1125
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1125
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1125
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1130
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1130
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1130
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1130
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1130
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1130
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1130
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1130
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1130
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1130
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1130
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1130
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1130
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1130
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1130
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1130
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1130
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1130
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1130
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1130
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1130
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1130
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1130
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1130
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1130
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1130
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1130
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1130
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1130
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1130
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1130
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1130
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1130
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1130
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1130
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1130
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1130
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1130
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1130
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1130
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1135
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1135
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1135
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1135
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1135
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1135
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1135
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1135
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1135
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1135
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1135
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1135
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1135
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1135
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1135
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1135
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1135
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1135
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1135
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1135
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1135
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1135
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1135
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1135
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1135
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1135
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1135
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1135
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1135
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1135
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1140
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1140
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1140
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1140
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1140
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1140
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1140
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1140
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1140
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1140
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1140
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1140
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1140
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1140
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1140
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1140
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1140
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1140
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1140
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1140
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1140
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1140
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1140
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1140
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1140
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1140
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1140
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1140
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1140
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1140
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1140
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1145
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1145
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1145
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1145
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1145
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1145
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1145
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1145
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1145
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1145
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1145
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1145
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1145
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1145
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1145
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1145
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1145
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1145
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1145
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1145
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1145
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1145
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1145
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1145
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1145
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1145
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1145
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1145
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1145
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1145
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1150
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1150
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1150
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1150
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1150
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1150
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1150
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1150
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1150
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1150
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1150
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1150
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1150
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1150
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1150
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1150
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1150
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1150
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1150
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1150
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1150
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1150
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1150
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1150
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1150
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1150
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1150
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1150
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1150
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1150
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1150
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1150
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1150
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1150
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1150
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1150
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1150
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1150
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1150
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1150
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1150
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1150
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1150
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1150
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1155
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1155
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1155
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1155
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1155
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1155
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1155
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1155
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1155
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1155
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1155
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1155
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1155
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1155
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1155
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1155
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1155
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1155
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1155
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1155
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1155
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1155
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1155
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1155
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1155
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1155
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1155
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1155
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1155
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1155
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1155
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1155
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1155
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1155
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1155
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1155
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1155
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1160
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1160
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1160
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1160
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1160
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1160
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1160
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1160
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1160
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1160
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1160
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1160
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1160
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1160
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1160
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1160
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1160
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1160
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1160
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1160
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1160
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1160
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1160
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1160
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1160
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1160
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1160
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1160
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1160
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1160
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1160
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1165
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1165
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1165
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1165
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1165
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1165
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1165
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1165
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1165
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1165
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1165
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1165
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1165
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1165
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1165
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1165
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1165
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1165
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1165
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1165
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1165
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1165
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1165
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1165
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1165
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1165
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1165
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1165
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1165
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1165
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1165
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1170
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1170
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1170
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1170
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1170
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1170
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1170
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1170
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1170
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1170
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1170
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1170
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1170
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1170
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1170
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1170
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1170
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1170
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1170
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1170
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1170
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1170
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1170
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1170
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1170
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1170
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1170
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1170
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1170
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1170
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1170
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1175
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1175
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1175
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1175
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1175
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1175
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1175
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1175
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1175
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1175
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1175
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1175
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1175
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1175
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1175
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1175
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1175
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1175
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1175
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1175
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1175
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1175
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1175
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1175
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1175
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1175
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1175
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1180
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1180
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1180
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1180
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1180
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1180
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1180
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1180
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1180
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1180
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1180
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1180
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1180
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1180
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1180
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1180
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1180
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1180
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1180
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1180
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1180
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1180
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1180
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1180
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1180
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1180
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1180
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1180
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1180
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1180
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1180
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1180
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1180
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1180
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1180
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1180
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1180
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1180
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1180
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1180
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1180
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1180
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1180
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1180
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1180
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1180
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1180
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1180
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1180
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1180
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1180
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1180
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1180
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1180
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1180
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1180
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1180
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1180
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1180
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1180
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1180
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1180
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1185
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1185
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1185
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1185
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1185
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1185
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1185
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1185
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1185
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1185
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1185
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1185
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1185
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1185
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1185
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1185
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1185
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1185
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1185
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1185
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1185
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1185
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1185
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1185
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1185
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1185
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1185
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1185
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1185
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1185
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1185
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1185
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1185
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1185
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1185
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1190
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1190
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1190
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1190
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1190
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1190
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1190
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1190
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1190
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1190
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1190
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1190
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1190
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1190
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1190
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1190
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1190
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1190
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1190
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1190
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1190
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1190
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1190
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1190
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1190
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1190
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1195
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1195
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1195
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1195
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1195
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1195
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1195
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1195
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1195
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1195
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1195
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1195
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1195
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1195
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1195
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1195
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1195
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1195
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1195
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1195
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1195
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1195
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1195
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1200
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1200
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1200
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1200
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1200
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1200
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1200
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1200
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1200
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1200
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1200
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1200
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1200
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1200
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1200
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1200
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1200
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1200
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1200
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1200
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1200
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1200
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1200
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1200
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1200
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1205
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1205
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1205
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1205
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1205
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1205
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1205
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1205
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1205
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1205
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1205
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1205
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1205
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1205
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1205
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1205
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1205
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1205
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1205
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1205
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1205
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1205
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1205
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1205
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1205
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1205
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1205
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1205
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1205
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1205
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1205
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1210
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1210
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1210
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1210
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1210
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1210
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1210
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1210
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1210
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1210
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1210
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1210
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1210
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1210
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1210
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1210
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1210
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1210
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1210
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1210
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1210
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1210
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1210
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1210
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1210
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1210
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1210
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1210
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1215
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1215
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1215
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1215
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1215
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1215
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1215
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1215
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1215
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1215
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1215
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1215
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1215
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1215
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1215
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1215
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1215
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1215
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1215
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1215
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1215
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1215
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1215
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1215
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1215
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1215
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1215
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1215
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1215
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1215
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1215
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1215
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1215
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1215
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1215
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1220
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1220
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1220
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1220
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1220
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1220
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1220
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1220
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1220
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1220
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1220
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1220
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1220
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1220
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1220
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1220
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1220
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1220
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1220
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1220
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1220
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1220
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1220
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1220
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1220
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1220
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1220
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1220
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1220
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1220
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1220
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1220
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1220
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1220
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1220
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1220
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1220
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1220
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1220
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1225
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1225
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1225
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1225
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1225
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1225
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1225
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1225
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1225
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1225
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1225
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1225
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1225
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1225
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1225
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1225
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1225
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1225
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1225
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1230
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1230
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1230
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1230
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1230
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1230
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1230
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1230
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1230
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1230
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1230
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1230
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1230
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1230
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1230
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1230
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1230
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1230
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1230
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1230
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1230
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1230
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1230
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1230
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1230
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1230
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1235
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1235
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1235
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1235
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1235
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1235
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1235
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1235
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1235
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1235
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1235
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1235
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1235
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1235
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1235
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1235
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1235
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1235
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1235
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1235
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1235
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1240
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1240
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1240
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1240
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1240
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1240
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1240
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1240
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1240
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1240
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1240
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1240
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1240
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1240
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1240
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1240
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1240
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1240
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1240
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1240
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1240
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1240
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1240
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1240
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1245
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1245
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1245
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1245
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1245
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1245
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1245
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1245
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1245
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1245
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1245
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1245
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1245
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1245
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1245
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1245
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1245
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1245
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1245
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1245
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1245
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1245
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1245
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1245
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1245
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1245
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1245
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1245
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1245
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1245
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1245
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1245
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1245
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1245
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1245
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1245
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1245
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1245
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1250
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1250
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1250
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1250
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1250
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1250
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1250
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1250
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1250
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1250
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1250
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1250
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1250
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1250
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1250
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1250
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1250
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1250
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1250
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1250
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1250
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1250
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1250
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1250
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1250
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1250
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1250
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1250
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1250
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1250
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1250
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1250
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1250
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1250
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1255
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1255
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1255
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1255
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1255
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1255
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1255
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1255
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1255
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1255
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1255
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1255
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1255
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1255
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1255
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1255
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1255
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1255
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1255
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1255
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1255
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1255
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1255
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1255
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1255
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1255
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1255
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1255
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1255
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1255
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1255
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1255
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1255
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1255
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1255
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1255
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1260
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1260
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1260
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1260
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1260
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1260
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1260
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1260
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1260
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1260
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1260
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1260
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1260
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1260
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1260
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1260
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1265
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1265
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1265
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1265
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1265
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1265
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1265
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1265
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1265
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1265
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1265
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1265
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1265
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1265
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1265
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1265
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1265
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1265
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1265
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1265
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1265
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1270
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1270
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1270
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1270
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1270
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1270
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1270
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1270
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1270
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1270
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1270
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1270
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1270
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1270
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1270
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1270
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1270
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1270
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1270
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1270
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1270
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1270
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1270
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1270
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1275
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1275
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1275
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1275
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1275
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1275
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1275
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1275
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1275
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1275
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1275
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1275
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1275
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1275
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1275
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1275
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1275
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1275
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1275
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1275
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1275
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1275
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1275
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1275
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1275
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1275
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1275
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1275
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1275
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1275
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1275
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1275
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1275
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1280
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1280
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1280
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1280
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1280
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1280
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1280
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1280
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1280
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1280
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1280
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1280
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1280
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1280
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1280
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1280
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1280
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1280
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1280
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1280
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1280
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1280
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1280
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1285
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1285
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1285
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1285
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1285
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1285
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1285
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1285
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1285
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1285
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1285
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1285
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1285
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1285
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1285
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1285
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1285
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1285
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1285
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1285
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1285
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1285
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1285
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1285
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1285
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1285
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1285
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1285
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1285
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1285
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1285
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1285
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1285
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1285
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1285
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1285
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1285
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1285
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1285
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1285
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1285
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1285
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1285
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1290
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1290
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1290
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1290
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1290
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1290
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1290
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1290
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1290
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1290
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1290
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1290
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1290
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1290
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1290
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1290
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1290
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1290
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1290
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1290
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1290
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1290
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1295
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1295
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1295
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1295
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1295
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1295
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1295
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1295
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1295
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1295
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1295
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1295
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1295
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1295
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1295
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1295
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1295
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1295
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1295
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1295
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1295
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1295
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1295
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1295
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1295
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1300
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1300
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1300
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1300
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1300
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1300
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1300
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1300
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1300
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1300
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1300
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1300
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1300
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1300
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1300
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1300
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1300
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1300
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1300
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1300
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1300
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1300
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1300
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1300
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1300
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1300
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1300
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1305
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1305
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1305
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1305
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1305
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1305
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1305
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1305
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1305
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1305
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1305
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1305
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1305
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1305
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1305
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1305
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1305
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1305
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1305
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1305
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1305
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1305
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1305
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1305
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1305
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1310
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1310
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1310
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1310
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1310
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1310
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1310
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1310
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1310
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1310
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1310
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1310
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1310
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1310
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1310
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1310
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1310
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1310
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1310
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1310
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1310
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1310
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1310
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1310
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1310
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1310
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1310
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1310
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1315
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1315
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1315
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1315
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1315
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1315
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1315
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1315
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1315
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1315
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1315
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1315
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1315
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1315
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1315
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1315
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1315
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1315
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1315
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1315
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1315
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1315
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1315
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1315
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1315
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1315
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1315
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1315
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1315
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1315
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1315
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1315
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1315
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1315
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1320
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1320
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1320
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1320
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1320
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1320
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1320
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1320
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1320
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1320
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1320
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1320
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1320
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1320
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1320
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1320
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1320
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1320
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1320
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1320
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1320
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1320
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1320
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1320
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1320
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1320
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1320
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1320
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1320
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1320
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1320
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1320
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1320
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1320
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1325
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1325
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1325
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1325
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1325
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1325
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1325
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1325
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1325
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1325
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1325
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1325
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1325
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1325
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1325
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1325
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1325
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1325
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1325
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1325
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1325
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1325
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1325
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1325
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1325
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1325
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1325
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1325
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1325
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1325
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1325
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1330
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1330
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1330
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1330
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1330
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1330
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1330
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1330
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1330
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1330
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1330
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1330
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1330
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1330
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1330
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1330
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1330
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1330
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1330
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1330
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1330
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1330
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1330
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1330
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1330
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1330
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1330
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1330
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1330
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1330
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1335
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1335
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1335
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1335
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1335
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1335
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1335
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1335
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1335
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1335
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1335
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1335
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1335
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1335
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1335
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1335
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1335
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1335
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1335
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1335
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1335
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1335
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1335
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1335
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1335
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1335
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1335
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1335
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1335
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1340
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1340
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1340
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1340
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1340
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1340
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1340
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1340
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1340
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1340
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1340
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1340
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1340
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1340
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1340
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1340
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1340
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1340
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1340
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1340
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1340
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1340
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1340
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1340
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1340
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1340
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1340
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1340
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1340
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1340
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1345
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1345
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1345
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1345
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1345
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1345
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1345
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1345
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1345
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1345
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1345
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1345
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1345
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1345
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1345
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1345
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1345
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1345
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1345
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1345
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1345
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1345
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1345
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1345
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1345
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1345
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1350
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1350
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1350
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1350
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1350
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1350
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1350
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1350
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1350
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1350
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1350
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1350
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1350
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1350
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1350
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1350
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1350
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1350
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1350
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1350
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1350
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1350
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1350
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1350
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1350
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1350
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1350
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1350
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1350
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1350
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1350
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1350
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1350
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1350
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1350
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1350
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1355
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1355
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1355
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1355
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1355
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1355
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1355
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1355
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1355
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1355
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1355
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1355
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1355
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1355
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1355
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1355
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1355
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1355
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1355
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1355
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1355
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1355
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1355
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1360
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1360
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1360
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1360
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1360
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1360
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1360
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1360
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1360
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1360
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1360
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1360
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1360
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1360
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1360
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1360
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1360
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1360
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1360
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1365
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1365
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1365
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1365
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1365
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1365
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1365
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1365
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1365
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1365
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1365
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1365
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1365
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1365
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1365
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1365
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1365
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1365
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1365
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1365
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1365
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1365
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1365
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1365
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1365
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1365
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1370
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1370
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1370
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1370
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1370
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1370
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1370
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1370
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1370
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1370
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1370
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1370
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1370
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1370
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1370
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1370
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1370
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1370
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1370
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1370
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1370
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1370
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1370
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1370
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1370
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1375
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1375
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1375
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1375
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1375
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1375
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1375
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1375
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1375
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1375
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1375
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1375
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1375
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1375
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1375
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1375
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1375
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1375
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1375
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1375
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1375
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1375
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1375
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1375
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1375
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1375
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1375
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1375
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1375
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1380
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1380
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1380
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1380
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1380
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1380
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1380
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1380
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1380
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1380
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1380
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1380
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1380
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1380
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1380
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1380
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1380
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1380
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1380
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1380
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1380
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1380
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1380
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1380
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1380
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1380
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1380
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1380
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1380
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1380
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1380
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1380
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1380
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1380
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1380
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1380
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1380
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1380
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1380
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1380
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1380
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1380
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1380
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1385
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1385
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1385
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1385
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1385
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1385
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1385
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1385
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1385
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1385
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1385
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1385
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1385
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1385
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1385
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1385
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1385
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1385
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1385
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1385
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1385
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1385
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1385
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1385
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1385
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1385
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1385
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1385
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1385
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1385
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1385
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1385
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1390
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1390
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1390
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1390
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1390
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1390
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1390
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1390
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1390
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1390
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1390
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1390
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1390
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1390
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1390
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1390
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1390
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1390
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1390
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1390
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1390
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1390
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1390
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1390
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1390
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1390

PJ. McGinn / Materials Discovery 1 (2015) 38-53 53

[122] T. He, E. Kreidler, LF. Xiong, E.R. Ding, Combinatorial screening and nano-
synthesis of platinum binary alloys for oxygen electroreduction, ]. Power
Sources 165 (2007) 87-91.

[123] T.He, E.Kreidler, Combinatorial screening of PtTiMe ternary alloys for oxygen
electroreduction, Phys. Chem. Chem. Phys. 10 (2008) 3731-3738.

[124] T.D. Hatchard, J.E. Harlow, D.A. Stevens, G.C.K. Liu, RJ. Sanderson, N. van
der Bosch, J.R. Dahn, G.M. Haugen, G.D. Vernstrom, R.T. Atanasoski, Rapid
rotating-disk-electrode evaluation of catalyst performance and durability
during transient conditions: the Pt-Hf binary system, Electrochim. Acta 56
(2011) 10436-10442.

[125] D.A. Stevens, ].M. Rouleau, R.E. Mar, A. Bonakdarpour, R.T. Atanasoski, A.K.
Schmoeckel, M.K. Debe, J.R. Dahn, Characterization and PEMFC testing of
Pt;_xMy (M=Ru, Mo, Co, Ta, Au, Sn) anode electrocatalyst composition
spreads, J. Electrochem. Soc. 154 (2007) B566-B576.

[126] J.L.Fernandez, D.A. Walsh, AJ. Bard, Thermodynamic guidelines for the design
of bimetallic catalysts for oxygen electroreduction and rapid screening by
scanning electrochemical microscopy. M-Co (M: Pd, Ag, Au), J. Am. Chem.
Soc. 127 (2005) 357-365.

[127] D.A. Walsh, ].L. Fernandez, AJ. Bard, Rapid screening of bimetallic electro-
catalysts for oxygen reduction in acidic media by scanning electrochemical
microscopy, . Electrochem. Soc. 153 (2006) E99-E103.

[128] G.J. Ly, J.S. Cooper, P.J. McGinn, SECM imaging of electrocatalytic activity for
oxygen reduction reaction on thin film materials, Electrochim. Acta 52 (2007)
5172-5181.

[129] S.Jayaraman, A.C. Hillier, Construction and reactivity mapping of a platinum
catalyst gradient using the scanning electrochemical microscope, Langmuir
17 (2001) 7857-7864.

[130] S. Jayaraman, A.C. Hillier, Screening the reactivity of PtyRu, and PtyRu,Mo,
catalysts toward the hydrogen oxidation reaction with the scanning electro-
chemical microscope, J. Phys. Chem. B 107 (2003) 5221-5230.

[131] M. Black, J. Cooper, P. McGinn, Scanning electrochemical microscope char-
acterization of thin film combinatorial libraries for fuel cell electrode
applications, Meas. Sci. Technol. 16 (2005) 174.

[132] GJ. Lu, J.S. Cooper, P.J. McGinn, SECM characterization of Pt-Ru-WC and
Pt-Ru-Co ternary thin film combinatorial libraries as anode electrocatalysts
for PEMFC, J. Power Sources 161 (2006) 106-114.

[133] Y.C. Weng, C.T. Hsieh, Scanning electrochemical microscopy characterization
of bimetallic Pt-M (M=Pd, Ru, Ir) catalysts for hydrogen oxidation, Elec-
trochim. Acta 56 (2011) 1932-1940.

[134] A.Minguzzi, M.A. Alpuche-Aviles, J.R. Lopez, S. Rondinini, A]J. Bard, Screening
of oxygen evolution electrocatalysts by scanning electrochemical microscopy
using a shielded tip approach, Anal. Chem. 80 (2008) 4055-4064.

[135] H. Ye, ]. Lee, ].S. Jang, AJ. Bard, Rapid screening of BiVOs-based photo-
catalysts by scanning electrochemical microscopy (SECM) and studies
of their photoelectrochemical properties, J. Phys. Chem. C 114 (2010)
13322-13328.

[136] P.Bertoncello, Advances on scanning electrochemical microscopy (SECM) for
energy, Energy Environ. Sci. 3 (2010) 1620-1633.

[137] S.CSS.Lai,].V. Macpherson, P.R. Unwin, In situ scanning electrochemical probe
microscopy for energy applications, MRS Bull. 37 (2012) 668-674.

[138] AJ. Wain, Scanning electrochemical microscopy for combinatorial screening
applications: a mini-review, Electrochem. Commun. 46 (2014) 9-12.

[139] M.V. Mirkin, B.R. Horrocks, Electroanalytical measurements using the scan-
ning electrochemical microscope, Anal. Chim. Acta 406 (2000) 119-146.

[140] E.D. Rus, H.S. Wang, A.E. Legard, N.L. Ritzert, R.B. Van Dover, H.D. Abruna, An
exchangeable-tip scanning probe instrument for the analysis of combinatorial
libraries of electrocatalysts, Rev. Sci. Instrum. 84 (2013) 8.

[141] M.M. Lohrengel, A. Moehring, M. Pilaski, Electrochemical surface analysis with
the scanning droplet cell, Fresen. J. Anal. Chem. 367 (2000) 334-339.

[142] S.0. Klemm, A.A. Topalov, C.A. Laska, KJ.J. Mayrhofer, Coupling of a high
throughput microelectrochemical cell with online multielemental trace anal-
ysis by ICP-MS, Electrochem. Commun. 13 (2011) 1533-1535.

[143] S.0.Klemm, J.C. Schauer, B. Schuhmacher, A.W. Hassel, A microelectrochemi-
cal scanning flow cell with downstream analytics, Electrochim. Acta 56 (2011)
4315-4321.

[144] M.M. Lohrengel, S. Heiroth, K. Kluger, M. Pilaski, B. Walther, Microimpedance
- localized material analysis, Electrochim. Acta 51 (2006) 1431-1436.

[145] A.K. Schuppert, A.A. Topalov, I. Katsounaros, S.0. Klemm, K.J.J. Mayrhofer, A
scanning flow cell system for fully automated screening of electrocatalyst
materials, J. Electrochem. Soc. 159 (2012) F670-F675.

[146] J.M. Gregoire, C.X. Xiang, X.N. Liu, M. Marcin, J. Jin, Scanning droplet cell for
high throughput electrochemical and photoelectrochemical measurements,
Rev. Sci. Instrum. 84 (2013) 6.

[147] F. Arjmand, A. Adriaens, Microcapillary electrochemical droplet cells: appli-
cations in solid-state surface analysis, ]. Solid State Electrochem. 18 (2014)
1779-1788.

[148] L. Small, A. Cook, C. Apblett, J.F. Ihlefeld, G. Brennecka, D. Duquette, An auto-
mated electrochemical probe for evaluation of thin films, J. Electrochem. Soc.
159 (2012) F87-F90.

[149] ].P. Kollender, M. Voith, S. Schneiderbauer, A.l. Mardare, A.W. Hassel, Highly
customisable scanning droplet cell microscopes using 3D-printing, J. Elec-
troanal. Chem. 740 (2015) 53-60.

[150] J.A. Haber, C.X. Xiang, D. Guevarra, S.H. Jung, J. Jin, J.M. Gregoire, High-
throughput mapping of the electrochemical properties of (Ni-Fe-Co-Ce)Ox
oxygen-evolution catalysts, ChemElectroChem 1 (2014) 524-528.

[151] J.A. Haber, D. Guevarra, S.H. Jung, J. Jin, J.M. Gregoire, Discovery of new
oxygen evolution reaction electrocatalysts by combinatorial investigation
of the Ni-La-Co-Ce oxide composition space, ChemElectroChem 1 (2014)
1613-1617.

[152] A.Shinde, D. Guevarra,].A. Haber, ]. Jin, ].M. Gregoire, Identification of optimal
solar fuel electrocatalysts via high throughput in situ optical measurements,
J. Mater. Res. 30 (2015) 442-450.

[153] D.Grochla, A. Siegel, S. Hamann, P.J.S. Buenconsejo, M. Kieschnick, H. Brunken,
D. Konig, A. Ludwig, Time- and space-resolved high-throughput characteri-
zation of stresses during sputtering and thermal processing of Al-Cr-N thin
films, J. Phys. D: Appl. Phys. 46 (2013) 10.

[154] H.M. Reichenbach, P.J. McGinn, Combinatorial synthesis of oxide powders, J.
Mater. Res. 16 (2001) 967.

[155] E.S. Smotkin, J.H. Jiang, A. Nayar, R.X. Liu, High-throughput screening of fuel
cell electrocatalysts, Appl. Surf. Sci. 252 (2006) 2573-2579.

[156] A. Shinde, RJ.R. Jones, D. Guevarra, S. Mitrovic, N. Becerra-Stasiewicz, J.A.
Haber, ]. Jin, .M. Gregoire, High-throughput screening for acid-stable oxy-
gen evolution electrocatalysts in the (Mn-Co-Ta-Sb)O(,) composition space,
Electrocatalysis 6 (2015) 229-236.

[157] RJ.R.Jones, A. Shinde, D. Guevarra, C.X. Xiang, ].A. Haber, J. Jin, ].M. Gregoiret,
Parallel electrochemical treatment system and application for identifying
acid-stable oxygen evolution electrocatalysts, ACS Comb. Sci. 17 (2015)
71-75.


http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1395
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1395
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1395
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1395
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1395
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1395
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1395
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1395
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1395
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1395
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1395
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1395
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1395
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1395
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1395
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1395
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1395
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1395
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1395
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1395
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1395
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1395
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1395
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1395
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1395
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1395
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1395
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1395
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1400
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1400
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1400
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1400
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1400
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1400
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1400
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1400
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1400
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1400
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1400
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1400
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1400
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1400
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1400
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1400
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1400
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1400
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1400
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1400
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1400
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1400
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1405
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1405
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1405
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1405
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1405
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1405
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1405
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1405
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1405
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1405
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1405
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1405
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1405
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1405
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1405
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1405
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1405
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1405
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1405
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1405
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1405
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1405
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1405
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1405
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1405
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1405
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1405
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1405
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1405
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1405
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1405
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1405
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1405
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1405
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1405
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1405
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1405
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1405
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1405
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1405
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1405
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1405
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1405
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1405
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1405
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1405
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1410
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1410
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1410
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1410
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1410
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1410
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1410
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1410
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1410
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1410
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1410
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1410
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1410
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1410
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1410
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1410
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1410
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1410
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1410
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1410
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1410
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1410
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1410
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1410
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1410
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1410
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1410
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1410
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1410
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1410
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1410
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1410
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1410
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1410
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1410
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1410
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1410
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1410
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1410
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1410
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1410
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1410
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1410
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1410
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1410
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1410
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1410
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1415
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1415
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1415
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1415
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1415
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1415
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1415
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1415
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1415
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1415
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1415
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1415
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1415
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1415
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1415
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1415
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1415
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1415
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1415
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1415
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1415
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1415
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1415
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1415
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1415
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1415
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1415
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1415
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1415
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1415
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1415
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1415
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1415
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1415
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1415
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1415
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1415
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1415
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1415
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1415
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1420
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1420
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1420
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1420
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1420
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1420
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1420
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1420
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1420
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1420
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1420
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1420
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1420
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1420
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1420
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1420
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1420
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1420
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1420
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1420
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1420
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1420
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1420
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1420
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1420
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1420
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1420
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1420
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1420
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1420
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1425
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1425
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1425
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1425
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1425
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1425
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1425
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1425
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1425
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1425
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1425
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1425
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1425
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1425
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1425
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1425
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1425
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1425
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1425
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1425
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1425
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1425
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1425
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1425
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1425
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1425
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1430
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1430
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1430
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1430
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1430
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1430
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1430
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1430
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1430
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1430
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1430
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1430
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1430
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1430
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1430
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1430
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1430
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1430
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1430
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1430
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1430
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1430
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1430
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1430
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1435
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1435
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1435
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1435
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1435
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1435
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1435
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1435
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1435
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1435
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1435
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1435
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1435
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1435
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1435
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1435
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1435
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1435
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1435
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1435
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1435
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1435
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1435
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1435
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1435
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1435
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1435
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1435
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1435
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1435
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1435
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1435
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1435
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1435
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1435
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1435
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1435
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1435
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1435
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1435
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1440
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1440
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1440
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1440
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1440
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1440
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1440
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1440
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1440
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1440
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1440
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1440
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1440
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1440
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1440
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1440
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1440
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1440
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1440
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1440
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1440
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1440
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1440
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1440
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1440
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1440
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1440
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1445
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1445
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1445
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1445
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1445
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1445
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1445
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1445
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1445
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1445
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1445
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1445
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1445
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1445
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1445
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1445
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1445
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1445
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1445
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1445
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1445
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1445
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1445
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1445
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1445
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1445
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1445
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1445
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1445
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1445
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1445
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1445
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1445
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1445
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1445
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1445
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1445
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1445
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1450
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1450
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1450
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1450
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1450
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1450
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1450
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1450
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1450
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1450
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1450
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1450
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1450
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1450
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1450
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1450
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1450
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1450
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1450
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1450
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1450
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1450
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1450
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1450
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1450
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1450
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1450
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1450
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1450
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1450
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1455
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1455
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1455
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1455
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1455
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1455
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1455
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1455
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1455
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1455
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1455
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1455
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1455
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1455
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1455
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1455
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1455
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1455
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1455
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1455
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1455
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1455
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1455
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1455
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1455
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1455
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1455
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1455
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1455
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1455
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1455
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1460
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1460
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1460
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1460
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1460
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1460
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1460
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1460
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1460
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1460
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1460
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1460
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1460
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1460
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1460
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1460
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1460
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1460
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1460
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1460
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1460
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1460
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1460
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1460
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1460
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1460
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1460
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1460
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1460
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1460
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1460
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1460
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1460
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1460
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1460
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1460
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1465
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1465
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1465
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1465
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1465
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1465
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1465
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1465
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1465
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1465
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1465
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1465
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1465
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1465
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1465
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1465
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1465
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1465
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1470
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1470
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1470
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1470
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1470
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1470
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1470
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1470
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1470
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1470
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1470
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1470
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1470
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1470
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1470
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1470
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1470
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1470
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1470
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1470
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1470
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1470
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1475
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1475
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1475
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1475
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1475
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1475
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1475
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1475
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1475
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1475
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1475
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1475
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1475
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1475
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1475
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1475
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1475
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1475
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1480
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1480
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1480
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1480
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1480
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1480
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1480
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1480
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1480
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1480
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1480
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1480
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1480
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1480
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1480
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1480
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1480
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1480
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1480
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1480
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1485
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1485
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1485
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1485
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1485
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1485
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1485
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1485
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1485
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1485
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1485
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1485
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1485
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1485
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1485
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1485
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1485
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1485
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1485
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1485
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1485
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1485
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1485
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1485
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1485
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1485
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1485
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1485
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1485
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1485
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1485
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1485
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1490
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1490
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1490
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1490
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1490
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1490
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1490
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1490
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1490
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1490
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1490
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1490
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1490
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1490
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1490
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1490
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1490
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1490
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1490
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1490
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1490
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1490
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1490
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1495
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1495
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1495
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1495
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1495
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1495
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1495
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1495
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1495
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1495
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1495
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1495
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1495
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1495
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1495
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1495
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1495
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1495
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1495
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1495
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1495
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1495
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1495
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1495
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1495
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1495
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1495
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1495
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1495
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1495
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1500
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1500
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1500
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1500
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1500
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1500
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1500
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1500
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1500
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1500
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1500
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1500
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1500
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1500
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1500
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1500
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1500
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1500
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1500
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1500
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1500
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1500
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1500
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1500
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1505
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1505
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1505
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1505
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1505
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1505
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1505
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1505
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1505
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1505
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1505
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1505
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1505
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1505
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1505
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1505
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1505
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1505
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1505
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1505
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1505
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1505
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1510
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1510
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1510
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1510
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1510
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1510
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1510
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1510
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1510
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1510
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1510
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1510
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1510
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1510
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1510
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1510
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1510
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1510
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1510
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1510
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1510
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1510
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1510
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1510
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1510
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1510
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1510
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1510
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1510
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1510
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1515
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1515
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1515
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1515
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1515
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1515
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1515
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1515
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1515
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1515
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1515
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1515
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1515
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1515
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1515
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1515
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1515
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1515
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1515
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1515
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1515
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1515
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1515
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1515
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1515
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1515
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1520
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1520
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1520
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1520
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1520
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1520
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1520
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1520
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1520
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1520
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1520
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1520
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1520
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1520
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1520
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1520
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1520
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1520
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1520
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1520
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1520
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1520
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1520
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1525
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1525
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1525
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1525
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1525
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1525
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1525
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1525
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1525
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1525
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1525
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1525
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1525
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1525
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1525
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1525
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1525
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1525
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1525
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1525
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1525
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1525
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1525
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1525
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1525
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1525
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1525
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1525
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1525
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1525
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1530
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1530
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1530
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1530
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1530
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1530
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1530
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1530
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1530
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1530
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1530
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1530
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1530
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1530
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1530
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1530
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1530
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1530
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1530
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1530
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1530
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1530
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1530
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1530
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1530
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1530
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1530
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1535
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1535
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1535
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1535
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1535
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1535
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1535
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1535
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1535
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1535
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1535
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1535
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1535
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1535
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1535
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1535
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1535
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1535
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1535
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1535
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1535
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1535
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1535
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1535
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1535
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1535
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1535
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1535
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1535
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1540
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1540
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1540
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1540
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1540
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1540
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1540
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1540
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1540
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1540
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1540
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1540
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1540
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1540
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1540
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1540
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1540
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1540
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1540
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1540
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1540
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1540
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1540
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1540
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1540
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1540
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1540
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1540
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1540
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1540
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1540
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1540
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1540
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1540
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1540
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1540
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1540
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1540
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1545
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1545
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1545
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1545
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1545
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1545
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1545
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1545
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1545
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1545
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1545
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1545
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1545
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1545
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1545
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1545
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1545
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1545
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1545
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1545
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1545
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1545
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1545
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1545
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1545
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1545
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1545
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1545
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1545
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1545
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1545
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1550
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1550
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1550
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1550
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1550
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1550
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1550
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1550
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1550
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1550
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1550
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1550
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1550
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1550
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1550
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1550
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1550
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1550
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1550
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1550
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1550
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1550
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1550
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1550
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1550
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1550
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1550
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1550
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1550
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1550
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1550
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1550
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1550
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1550
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1550
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1550
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1550
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1550
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1550
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1550
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1550
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1550
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1550
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1550
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1550
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1555
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1555
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1555
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1555
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1555
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1555
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1555
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1555
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1555
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1555
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1555
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1555
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1555
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1555
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1555
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1560
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1560
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1560
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1560
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1560
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1560
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1560
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1560
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1560
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1560
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1560
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1560
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1560
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1560
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1560
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1560
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1560
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1560
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1560
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1560
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1560
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1560
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1565
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1565
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1565
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1565
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1565
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1565
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1565
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1565
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1565
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1565
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1565
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1565
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1565
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1565
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1565
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1565
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1565
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1565
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1565
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1565
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1565
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1565
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1565
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1565
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1565
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1565
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1565
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1565
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1565
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1565
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1565
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1565
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1565
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1565
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1565
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1565
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1565
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1565
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1570
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1570
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1570
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1570
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1570
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1570
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1570
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1570
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1570
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1570
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1570
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1570
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1570
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1570
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1570
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1570
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1570
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1570
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1570
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1570
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1570
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1570
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1570
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1570
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1570
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1570
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1570
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1570
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1570
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1570
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1570
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1570
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1570
http://refhub.elsevier.com/S2352-9245(15)00003-4/sbref1570

	Combinatorial electrochemistry – Processing and characterization for materials discovery
	1 Introduction
	2 Materials synthesis for electrochemical studies
	2.1 Films
	2.1.1 Gradient thin film libraries
	2.1.1.1 Sputtering
	2.1.1.2 Evaporation
	2.1.1.3 Sequential deposition

	2.1.2 Discrete thin film libraries

	2.2 Liquid deposition of powders
	2.2.1 Inkjet
	2.2.2 Powder slurry dispensing


	3 Electrochemical screening
	3.1 Parallel screening
	3.1.1 Parallel screening by optical detection of electrochemical activity
	3.1.2 Parallel screening in multi-channel electrochemical cells

	3.2 Serial electrochemical activity characterization
	3.2.1 Scanning electrochemical microscopy
	3.2.2 Serial characterization by scanning droplet cells


	4 Discussion
	References


