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a  b  s  t  r  a  c  t

In this  paper,  the  work  function  of graphene  doped  by  different  metal  adatoms  and  at  different  concen-
trations  is  investigated.  Density  functional  theory  is used  to  maximize  the  reduction  of the  work  function.
In  general,  the  work  function  drops  significantly  before  reaching  saturation.  For  example  in the  case  of
Cs  doping,  the  work  function  saturates  at 2.05  eV with  a modest  8%  doping.  The  adsorption  of  different
concentrations  on  metal  adatoms  on  graphene  is  also studied.  Our  calculations  show  that  the adatoms
eywords:
educed workfunction
oped-graphene
hermoionic

prefer  to relax  at  hollow  sites.  The  transfer  of  electron  from  metallic  dopants  to the  graphene  for  all  the
studied  systems  shifts  the  Fermi  energy  levels  above  the  Dirac-point  and  the  doped  graphenes  become
metallic.  The  value  of  Fermi  energy  shifts  depends  on  the  type  of  metallic  dopants  and  its concentrations.
A  detail  analysis  of  the  electronic  structure  in  terms  of  band  structure  and density  of  states,  absorption
energy,  and  charge  transfer  for each  adatom-graphene  system  is  presented.

© 2016  Elsevier  B.V.  All  rights  reserved.
. Introduction

Graphene is a flat monolayer of carbon atoms tightly packed
nto a two-dimensional (2-D) honeycomb lattice and constitutes
he basic building block for graphitic nanostructures of varying
imensionalities. It can be wrapped up into zero-dimensional (0-D)

ullerenes, rolled into one-dimensional (1-D) nanotubes or stacked
nto three-dimensional (3-D) graphite [1–3]. Its exceptional elec-
ric and transport properties have attracted wide attention since
ts discovery. Also, it exhibits extraordinary electronic structure

here the � and �* bands merge into a single point at the Fermi
nergy (Dirac point) and display a linear E vs. k dispersion. Such

 unique feature implies that the electrons at the Fermi level (EF )
n graphene behave like massless relativistic particles and leads
o some interesting properties such as the anomalous quantum
all effect [4–6], high electron mobility at room temperature [2,6],
nd exceptional thermal and mechanical [7,8] properties. Because

f such extraordinary characteristics, it is expected that graphene
ill have great potentials in electronic devices and many other

pplications [1,9–18].

∗ Corresponding author at: Qatar Environment and Energy Research Institute,
amad Bin Khalifa University, Doha, Qatar.

E-mail address: falharbi@qf.org.qa (F.H. Alharbi).

ttp://dx.doi.org/10.1016/j.apsusc.2016.10.097
169-4332/© 2016 Elsevier B.V. All rights reserved.
However, there are still many obstacles for graphene to over-
come before being adopted as a device material. Recently, graphene
doping have drawn much interest because it is crucial to fabricate
integrated devices [19]. Thus, metal adatoms on graphene have
been a topic of great interest since they can locally dope or modify
its band structure [20–23]. The interaction of electrons in graphene
with surface metal adsorbates is a desirable feature providing high
electronic mobility, doping, and some other particular applications
pertinent to sensing applications [9–12]. Furthermore, the adsorp-
tion of metal nanoparticles is known to change the structural and
electronic properties of graphene [24,25] and might be employed
as an electrical contact as well, hence the importance of fully under-
standing their impact [26].

Alkali metals (highly reactive chemical species) have a fairly
simple electronic configuration, and their adsorption on a graphite
surface have been investigated for the past 24 years [27]. Metal-
graphene, metal-graphite and metal-nanotube structures are of
particular interest for catalysis, fuel cell technology, hydrogen stor-
age, metal-ion batteries and solar cells [9–18]. Because of the
diversity of properties of the metallic elements, the variety of struc-
tures formed, and the availability of experimental techniques at the
nanoscale, the adsorption of metals on the surface of this mate-

rial is a promising approach to controllably modify graphene work
function as well as electronic properties.

dx.doi.org/10.1016/j.apsusc.2016.10.097
http://www.sciencedirect.com/science/journal/01694332
http://www.elsevier.com/locate/apsusc
http://crossmark.crossref.org/dialog/?doi=10.1016/j.apsusc.2016.10.097&domain=pdf
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In graphene-based electronic devices, the graphene work func-
ion is one of the most important properties that should be taken
nto considerations. In graphene electronics, the contact resistance
etween graphene and metal limits the performance of devices
ue to its effects on carrier mobility [28]. Contact resistance sup-
resses the ON-current, which is determinant to high-frequency
ransistor performance; however, in optoelectronics this effect
an enhance the photocurrent [29], as lower work function can
ramatically enhance the emitting current. The work function of
raphene electrodes is also critical to maximize energy conversion
fficiency in solar cell. Besides good conductivity and transparency
f the electrode, the performance and current density for semi-
onducting electronic devices such as light-emitting diodes and
eld-effect transistors depends strongly on the carrier injection
fficiency through the contact between electrodes and semicon-
ucting material layers. Furthermore, graphene is considered a
rospective conductive material with the desirable properties

ncluding engineered work function for efficient carrier injection.
ifferent approaches have been investigated to tune the work

unction of graphene including reaction with organic and inor-
anic molecules [30–33], chemical modification of the surface [34],
etal doping [23,35,36], substrate orientation [37], self-assembled
onolayer formation [38], and external electric field [39]. Inter-

alation of different species such as H [40], F [41], Li [42], Au [43]
nd Fe (III) Cl [44] has also been identified as a potential method to
une the work function of few-layer graphene [44]. However, con-
rolling the work function of graphene precisely and on demand
as yet to be demonstrated. In this paper using density functional
heory (DFT), we targeted a systematic reduction of work function
y varying the concentration of different metal adatoms (Adatoms:
i, Na, K, Rb, Cs, Be, Ca, Mg,  Sr and Ti). By heavily doping Cs, Rb, K,
a, and Li on the graphene sheet we compute the lowest saturated
alues for the work function of graphene which importantly is in
ood agreement with the experimentally reported value in the case
f K-doped graphene [45].

. Computational details

In this work, Density Functional Theory (DFT) calculations are
onducted to study the electronic structure properties and work
unction of metal-adatom doped graphene (Li, Na, K, Rb, Cs, B,
a, Mg,  Sr and Ti) at different concentrations. All electronic struc-
ures and related properties such as the work function reported
erein were performed using the projector augmented wave (PAW)
46,47] method as implemented in VASP [48]. The exchange-
orrelation interaction was treated in the generalized gradient
pproximation (GGA) in the parameterization of Perdew, Burke,
nd Ernzerhof (PBE) [49] where the kinetic-energy cutoff was set
o 400 eV. A 8 × 8 × 1 Monkhorst-Pack mesh [50] for the Brillouin
one sampling and a Gaussian broadening of 0.2 eV were employed.
and structure was calculated along the �–M–K–� k-path. A semi-
mpirical van der Waals correction term vdW-DF [51–54] was
ncluded which is known to have a significant impact on the adsorp-
ion energies on graphene surfaces.

A supercell technique was adopted for the calculations with
arying surface areas (variable number of carbon atoms) and a vac-
um region equivalent to 12 Å. We  validated the vacuum region
ased on the average electrostatic potential plot. The flat vacuum
egion in the average electrostatic potential plot is one of the indi-
ations for the vanished interaction between the supercells along
he vacuum direction. In other word, the vacuum region is wide

nough. We  started the calculation from small vacuum region (8 Å)
nd then increase it until we obtained the flat vacuum region in the
verage electrostatic potential graph. The graph starts flattening
hen the separation is around 12 Å. The calculations were repeated
Fig. 1. The electrostatic potential 〈V 〉 averaged over the xy plane as function of the
vacuum direction z(Å) for single layer (a) pristine graphene (b) K-doped graphene.

with 14 and 16 Å vacuum region leading to the same results. To
reduce the computational cost, we  keep the optimal 12 Å vacuum
region for the entire calculations. The equilibrium atomic positions
were determined by relaxing the entire system with fixed lattice
vectors. The above computational settings yielded electronic prop-
erties in excellent agreement with those reported experimentally.

2.1. Work function and adsorption of graphene with adatoms

The work function (˚) of any material can be defined as the
energy required to remove an electron from the highest filled level
in the Fermi distribution of a solid to vacuum (i.e., stationary at a
point in a field-free zone just outside the solid) at absolute zero
temperature. The  ̊ of doped graphene is defined as the energy
difference between the vacuum and EF ,

 ̊ = Evac − EF (1)

where Evac is the vacuum level and EF is Fermi level. In the numer-
ical calculations, EF is determined by integrating the density of
states from the lowest energy level to an energy level that gives the
total number of electrons in the unit cell. Evac is obtained using the
planar-average electrostatic potential energy along the z direction

(vacuum direction) [55].

For illustration the average electrostatic potential of 7 × 7 pure
and K-doped graphene are plotted in Fig. 1. As apparent in Panel (a),
the calculated � of pure graphene using equation 1 is 4.38 eV and
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Table 1
The binding energy of adatoms (Eb) and their equilibrium height above graphene
sheet (dM−G).

GrapheneAdatom dM−G (Å) Binding energyEb (eV)

Li 1.91 1.68
Na  2.41 0.05
K  2.82 0.70
Rb  2.98 0.88
Cs  3.13 1.20
Be  – −3.95
Mg  – −1.65
Ca  2.48 1.13
ig. 2. The relaxed structures of a 7 × 7 graphene sheet with metal adatoms. (a) one
datom (b) two adatoms (c) four adatoms, and (d) eight adatoms.

s very close to the experimentally measured � of graphene which
anges between 4.45-4.5 eV [30,56,57]. For Panel (b), the calculated

 in K-doped graphene is 3.22 eV. Using the same approach, we
ave calculated the � of graphene doped by various metal adatoms
see Section 3).

As for the adsorption of the adatom with the graphene, it is
ssessed by the calculated binding energy, defined as:

b = EG + nEM − EG−nM
n

(2)

here EG−nM is the total energy of the graphene sheet with metal,
G is the total energy of the pristine graphene sheet, EM is the total
nergy of the free metal adatom, and n corresponds to the number
f metal adatoms.

.2. Structural analysis of graphene with metal adatoms

The optimization of the metal-graphene system is performed
s follows: First, the geometries of graphene sheets are optimized,
hen doped with metals adatoms occupying the hollow (H) sites
at the center of a hexagon), on top (T), and finally bridge (B)
etween two carbon atoms and above certain height. The distances
etween the metal adatoms and the graphene sheet were set to val-
es slightly smaller than the sum of the adsorbate and carbon atoms
ovalent radii. For each adsorption site, the adatom is relaxed along

he z direction (vacuum direction) while the C atoms’ internal coor-
inates are relaxed in all directions until forces on them become less
han 0.01 eV/Å. In all cases, the adatoms prefer to relax at the hollow
ite which is consistent with experimental and other theoretical
Sr  2.71 0.81
Al  2.28 2.41
Ti  2.47 1.46

studies [23,58–60]. For further calculations, we have only focused
the hollow site structural configurations of metal doped graphene.
In Fig. 2, the relaxed structures of metal adatoms on 7 × 7 graphene
sheets (98C atoms) are shown with increasing concentration of
metallic adatoms.

3. Results and discussion

First, the adsorption characteristics of adatoms are investi-
gated, starting with alkali metals known to be highly reactive
with increasing chemical activity while moving from Li to Cs. The
resulted structures from full geometry optimization show indeed
that all the studied alkali atoms (Li, Na, K, Rb and Cs) favour bond-
ing on the hollow sites of the graphene sheet. This results in small
distortion or strain within the graphene sheet. The characteristic
bonding geometries of alkali atoms are summarized in Table 1.
Here, the height of adatoms is calculated as the difference between
the average coordinates of neighboring C atoms and the adsorbate.
The equilibrium distance between the adatom and graphene sheet
monotonically increases with increasing atomic size. These results
are consistent with those in the literature [58,61–66].

In the case of alkali earth metals, the distance between the
adatom and graphene sheet monotonically increases with atomic
size except for Be and Mg.  In fact, the negative binding energies
of both species indicate that they are physisorbed and likely to
desorb from the graphene sheet. Therefore, the interaction dis-
tance between Be and Mg  with graphene sheet isn’t defined. The
physisorption character of Mg  could be well understood by its ion-
ization potential of 7.64 eV, which is higher than that of Ca (6.11 eV)
and Sr (5.69 eV) [55]. The electrons in s orbitals of Mg  cannot be
easily transferred to the graphene. We  therefore conclude that Mg
does not interact with graphene sheet as also suggested before by
other theoretical works [66,67]. This is shortly illustrated by elec-
tron charge density distribution (Fig. 3d). Like Mg,  the interaction
between Be and graphene sheet is very weak and Be also exhibits
a physisorption character. The ionization potential of Be is 9.32 eV
[55], which is higher than all alkali earth metals.

In order to visualize the resulted charge density distribution
of the doped graphene, the calculated charge density distribution
is plotted in Fig. 3. Panel (a) clearly shows the strong interaction
between Cs and graphene sheet. A large portion of the electron
density cloud of Cs is transferred and distributed throughout the
graphene surface. This indicates that the interaction between Cs
and graphene is strongly ionic. In contrast and as shown in Fig. 3(d),
the interaction between Mg  and graphene is almost negligible as
it is physisorption (as discussed above). The charge density distri-
bution of Al and Ti is also plotted in Fig. 3(b and c). For Ti case, the

interaction is weaker and the Ti-donated electron charge density is
highly localized around the interacting carbon atoms. Essentially,
the resulted charge density distributions are consistent with quan-
titative analysis which presented in Table 1.



M.  Legesse et al. / Applied Surface 

Fig. 3. Electron charge density distribution of graphene-doped (a) Cs, (b) Al, (c) Ti
and (d) Mg.

Fig. 4. Band structures of (a) pristine graphene and graphene doped by (b) one-Rb 
Science 394 (2017) 98–107 101

For band structure calculations, the conventional representa-
tion of the energy dispersion relations along the lines between high
symmetry points �, M,  K and � of the first Brillouin zone in recip-
rocal space is used. In this case, we have taken 90 k-points along
the specific direction of the irreducible Brillouin zone to obtain
fine band structure. Graphene have many interesting properties
because of two dimensionality. Electrons in single-layer graphene
exhibit a characteristic linear dispersion relation between energy
and momentum near the K-point. The band structure of pristine
graphene is shown in Fig. 4(a). In this figure you can see that the
EF crosses on the Dirac point (the point, where the � bond touches
the anti-bond �* of carbon atoms) which is typically characteristic
of graphene. In Figs. 4–7, the electronic band structures of Rb, Ca,
Al and Ti adsorbed on graphene are shown as an example, and their
properties fairly represent the overall adatom-graphene system. In
general, the electronic band structure calculations indicate that the
adsorption of Rb, Ca, Al and Ti atoms on graphene results in a shift
of the EF above the Dirac point.

The calculated band structure for various concentrations of
Rb adsorption on graphene sheets are presented in Fig. 4. As a
result of Rb adsorption, the charge donated from 5s orbital of Rb
into 2p orbital of carbons. The unoccupied 2p (antibonding �*)
states become occupied and then the C C bond becomes distorted.
These distortions of C C bond changes the zero-gap semiconductor
behaviour of graphene into metallic. By controlling the concentra-
tion of metal adatoms, we can tune the position of EF in the linear
region of bands crossing at the K-point of the Brillouin zone.
EF for different concentrations of Rb adatom lies in different

levels above the Dirac point. These variations of EF are due to the
fact that the transfer of electrons from adatoms with different con-
centrations to graphene sheet is different. When we change the
concentration Rb from pristine graphene to 4 adatom on graphene
sheet, EF also changes from −2.36 to −0.30 eV. This results in the
reduction of ˚.

By moving to the second group, the band structure of the Ca-
doped graphene at different doping concentrations are shown in

Fig. 5(a–c). It is clear that all the three configurations exhibit metal-
lic character. The 2p states of C crosses the EF due to the electron
transfer from adatoms to graphene. Therefore, the interactions
between the adatoms and graphene are ionic.

atom, (c) two-Rb atoms, and (d) four-Rb atoms. The reference energy is to EF .
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Fig. 5. Band structures of graphene doped by (a) one Ca atom, (b) two Ca atoms and (c) four Ca atoms. The reference energy is to EF .

Fig. 6. Band structures of graphene doped by (a) one Al atom, (b) two  Al atoms and (c) four Al atoms. The reference energy is to EF .
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(b) two Ti atoms and (c) four Ti atoms. The reference energy is to EF .
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Table 2
Shows the work function (˚) of different concentrations of metal-doped graphene
and  charge transfer from adatoms to graphene (QM−G).

8 × 8  ̊ QM−G

Dopant 1:98(eV) 2:98(eV) 3:98(eV) 4:98(eV) 8:98(eV)

Li 3.53 3.07 2.82 2.63 2.57 0.90
Na 3.34 2.75 2.54 2.46 2.45 0.92
K  3.22 2.49 2.25 2.23 2.23 0.93
Rb 3.15 2.34 2.21 2.20 2.18 0.95
Cs 3.04 2.26 2.06 2.06 2.05 0.98
Ca 3.46 3.24 2.92 2.91 2.91 0.68
Sr 3.38 3.22 3.00 2.84 2.71 0.72
Fig. 7. Band structures of graphene doped by (a) one Ti atom, 

To complete the analysis by considering transition metals (Al
nd Ti are considered), the band structure of Al and Ti-doped
raphene resulting from various concentrations are shown in
igs. 6 and 7 respectively. The trend of electronic properties Al-
oped graphene is similar to Ti-doped graphene. As can be observed

rom the band structure in Fig. 7 and the corresponding PDOS
Fig. 8) of Ti-doped graphene, the Ti 3d states hybridized with the C
p states below and above the EF . This interaction is different from
lkali metal doped graphene where simply the extra electron from
etallic dopants transfers to the 2p states of carbon. Unlike in Ti

ase where the interaction depends on hybridization between Ti
d and 2p states of C. Due to this reason, the Ti-donated electron

s shared between Ti and the interaction carbon atom and hence it
s highly localized (Fig. 3(c)). Thus, EF shift from the Dirac-point is
mall compared to alkali-metal doped graphene.

In the next step, the projected density of states (PDOS) for
he equilibrium geometry of adatom-graphene was  computed. The
DOS of single adatom Rb, Ca, Al and Ti-doped graphene are plot-
ed and presented in Fig. 8. In Fig. 8(a), the Rb 5s state lies above EF
nd it is unoccupied, this indicates that a very large charge trans-
er takes place between the Rb and graphene. The result suggests
hat Rb-graphene bonding is of ionic nature and 0.95 eV electron
ransfer from the 5s state of Rb to 2p sates of graphene.

For Al-doped graphene PDOS, similar to Rb-doped graphene
DOS, the p states of Al lie above EF . However, Al-graphene bonding

s weak compared to Rb-graphene bonding because electron trans-
er from the 3p state of Al to 2p graphene is 0.3 eV. In Fig. 8(c and
) the PDOS states of Ca and Ti-doped graphene is shown. In both
ases the EF lies on p and d states of Ca and Ti adatoms respectively.
s a result unlike Rb and Al-doped graphene, higher concentration
f Ti and Ca-doped graphene result in a smaller shift of EF toward
he conduction band.
Different concentration of Rb and Ti-doped graphene PDOS is
hown in Fig. 9(a–d). For Rb (see Fig. 9(a and b)), it clearly shows
hat the shifting of EF toward the conduction band upon addition of
Al 3.62 3.34 3.10 3.06 2.98 0.31
Ti 3.73 3.46 3.19 3.10 3.07 1.06

more concentration Rb adatom. Therefore, the more electron from
Rb adatom transfer to graphene sheet. The consequence of shifting
the EF to conduction band is the reduction of ˚.

The full results of the calculations are summarized in Table 2
and Fig. 10 for alkali metals. All the studied metal-doped graphene
examples show a reduction of ˚.  However, the reduction varies
for each metal adatoms and its concentration. Specially, alkali met-
als doped graphene reduce the  ̊ significantly compared to other
studied metal adatom as shown in Table 2. The charge transfer is
quantified by the difference of the partial charges (QM−G) between
the graphene and the metallic adatom. The partial charges are cal-
culated by the Density Derived Electrostatic and Chemical charges
method (DDEC) [68,69]. The resulted QM−G are shown in Table 2.
For alkali metals, QM−G increases as we go down in the group for
0.90 (Li) to 0.98 (Cs). This is because within the group, the ionization
energies decrease due to the increasing atomic size in their respec-
tive periods. In large atoms, the valence electrons are loosely held

by the nucleus and are easily lost. These high values suggest that
electrons transfer easily from alkali metals to graphene sheet. For
alkali earth metals, the same trend is observed but with smaller
charge transfer. However, Mg  and Be have the lowest QM−G of 0.09
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Fig. 8. Projected density of states (PDOS) of (a) Rb-doped graphene, (b) Al-doped graphene, (c) Ca-doped graphene and (d) Ti-doped graphene. The reference energy is EF .
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nd 0.11 respectively. This is because the ionization potential of
g and Be are higher than all alkali earth metals. For Al and Ti the
M−G are 0.3 eV and 1.06 eV. Al has low QM−G and the interaction
eakly ionic. But Ti has high QM−G . However, the interaction with

raphene is weak this is due to the fact that the adsorption Ti-doped

raphene is very low.

In Fig. 10, the  ̊ values of electropositive adsorbates, Li, Na, K,
b, and Cs-doped graphene are presented. For single adatom-doped
raphene (black solid line in Fig. 10),  ̊ decreases as we  go down
els adatom s, p and d states (shown as red, green and blue solid line respectively)
 the web  version of this article.).

in the group. As we showed in Table 2, doping by Cs results in
the largest charge transfer to the graphene. Therefore, Cs-doped
graphene has the lowest ˚. By increasing the concentration,  ̊ of
graphene is reduced further till it gets saturated. For Cs-, Rb-, K-,
Na-, and Li-doped graphene, the saturation values of  ̊ are 2.05,

2.18, 3.24, 2.42 and 2.49 eV respectively. In the case of K-doping,
the present results agree well with experimentally reported values
(2.2 eV) [45].
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Fig. 9. PDOS of (a) two Rb-doped graphene, (b) three Rb-doped graphene, (c) two  Ti-doped graphene, and (d) three Ti-doped graphene. The reference energy is EF . The
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. Conclusions

In graphene based electronic devices, the graphene work func-
ion is one of the most important properties that should be taken
nto considerations. In this work, the work function of graphene

oped by different metallic dopants and different concentrations
as been studied using DFT. In general, the work function of metal-

ic doped graphene decreases with increasing the concentration of
atom s, p and d states (shown as red, green and blue solid line respectively) (For
 web  version of this article.).

metal adatoms and saturated at certain values. For Cs-, Rb-, K-, Na-,
and Li-doped graphene, the saturation values of � are 2.05, 2.18,
3.24, 2.42 and 2.49 eV respectively. The transfer of electron from
metal dopants to the pristine graphene for all the studied systems
shift E above the Dirac point. As a result doped graphene becomes
F

metallic. These Fermi energy shift is one of the main consequence
of the significant reduction of �.



106 M.  Legesse et al. / Applied Surface 

F
g

A

R
p
A

R

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[45] P.T. McCarthy, S.J. Vander Laan, D.B. Janes, T.S. Fisher, Photonically excited
electron emission from modified graphitic nanopetal arrays, J. Appl. Phys. 113
ig. 10. Work function (˚) of different concentrations of alkali metal-doped
raphene.

cknowledgements

Funding for this research was provided by Qatar National
esearch Foundation (QNRF), grant no. NPRP 7-317-1-055. Com-
utational resources are provided by research computing at Texas
&M University at Qatar.

eferences

[1] A.K. Geim, K.S. Novoselov, The rise of graphene, Nat. Mater. 6 (3) (2007)
183–191.

[2] K.S. Novoselov, A.K. Geim, S.V. Morozov, D. Jiang, Y. Zhang, S.V. Dubonos, I.V.
Grigorieva, A.A. Firsov, Electric field effect in atomically thin carbon films,
Science 306 (5696) (2004) 666–669.

[3] K.S. Novoselov, Z. Jiang, Y. Zhang, S.V. Morozov, H.L. Stormer, U. Zeitler, J.C.
Maan, G.S. Boebinger, P. Kim, A.K. Geim, Room-temperature quantum Hall
effect in graphene, Science 315 (5817) (2007) 1379.

[4] L. Wang, Y. Gao, B. Wen, Z. Han, T. Taniguchi, K. Watanabe, M.  Koshino, J.
Hone, C.R. Dean, Evidence for a fractional fractal quantum Hall effect in
graphene superlattices, Science 350 (6265) (2015) 1231–1234.

[5] I. Skachko, X. Du, F. Duerr, A. Luican, D.A. Abanin, L.S. Levitov, E.Y. Andrei,
Fractional quantum Hall effect in suspended graphene probed with
two-terminal measurements, Philos. Trans. A: Math. Phys. Eng. Sci. 368
(1932) (2010) 5403–5416.

[6] Y. Zhang, Y.W. Tan, H.L. Stormer, P. Kim, Experimental observation of the
quantum Hall effect and Berry’s phase in graphene, Nature 438 (7065) (2005)
201–204.

[7] C. Lee, X. Wei, J.W. Kysar, J. Hone, Measurement of the elastic properties and
intrinsic strength of monolayer graphene, Science 321 (5887) (2008) 385–388.

[8] A.A. Balandin, S. Ghosh, W.  Bao, I. Calizo, D. Teweldebrhan, F. Miao, C.N. Lau,
Superior thermal conductivity of single-layer graphene, Nano Lett. 8 (3)
(2008) 902–907.

[9] E.V. Castro, K.S. Novoselov, S.V. Morozov, N.M. Peres, J.M. Lopes dos Santos, J.
Nilsson, F. Guinea, A.K. Geim, A.H. Castro Neto, Electronic properties of a
biased graphene bilayer, J. Phys. Condens. Matter 22 (17) (2010) 175503.

10] S.A. Das Sarma, S. Hwang, E.H. Rossi, Electronic transport in two-dimensional
graphene, Rev. Mod. Phys. 83 (2011) 407–470.

11] L. Li, R. Qin, H. Li, L. Yu, Q. Liu, G. Luo, Z. Gao, J. Lu, Functionalized graphene for
high-performance two-dimensional spintronics devices, ACS Nano 5 (4)
(2011) 2601–2610.

12] X. Cao, Y. Shi, W.  Shi, G. Lu, X. Huang, Q. Yan, Q. Zhang, H. Zhang, Preparation
of novel 3D graphene networks for supercapacitor applications, Small 7 (22)
(2011) 3163–3168.

13] X. Huang, Z. Yin, S. Wu,  X. Qi, Q. He, Q. Zhang, Q. Yan, F. Boey, H. Zhang,
Graphene-based materials: synthesis, characterization, properties, and
applications, Small 7 (14) (2011) 1876–1902.

14] X.M. Chen, G.H. Wu,  Y.Q. Jiang, Y.R. Wang, X. Chen, Graphene and
graphene-based nanomaterials: the promising materials for bright future of

electroanalytical chemistry, Analyst 136 (22) (2011) 4631–4640.

15] M.  Pumera, Graphene-based nanomaterials for energy storage, Energy
Environ. Sci. 4 (668-674) (2011).

[

Science 394 (2017) 98–107

16] J. Liu, G. Cao, Z. Yang, D. Wang, D. Dubois, X. Zhou, G.L. Graff, L.R. Pederson, J.G.
Zhang, Oriented nanostructures for energy conversion and storage,
ChemSusChem 1 (8–9) (2008) 676–697.

17] Dale A.C. Brownson, Dimitrios K. Kampouris, Craig E. Banks, An overview of
graphene in energy production and storage applications, J. Power Sources 196
(196) (2011) 4873–4885.

18] Y.-X. Yu, Can all nitrogen-doped defects improve the performance of
graphene anode materials for lithium-ion batteries, Phys. Chem. Chem. Phys
15 (2013) 16819–16827.

19] M.I. Katsnelson, F. Guinea, A.K. Geim, Scattering of electrons in graphene by
clusters of impurities, Phys. Rev. B 79 (2009) 195426.

20] C. Liu, F. Li, L.P. Ma, H.M. Cheng, Advanced materials for energy storage, Adv.
Mater. 22 (8) (2010) E28–62.

21] K.T. Chan, J.B. Neaton, M.L. Cohen, First-principles study of metal adatom
adsorption on graphene, Phys. Rev. B 77 (2008) 235430.

22] Y. Mao, J. Yuan, J. Zhong, Density functional calculation of transition metal
adatom adsorption on graphene, J. Phys. Condens. Matter 20 (11) (2008)
115209.

23] G. Giovannetti, P.A. Khomyakov, G. Brocks, V.M. Karpan, J. van den Brink, P.J.
Kelly, Doping graphene with metal contacts, Phys. Rev. Lett. 101 (2) (2008)
026803.

24] R.S. Sundaram, M.  Steiner, H.Y. Chiu, M.  Engel, A.A. Bol, R. Krupke, M.
Burghard, K. Kern, P. Avouris, The graphene-gold interface and its
implications for nanoelectronics, Nano Lett. 11 (9) (2011) 3833–3837.

25] F. Xia, V. Perebeinos, Y.M. Lin, Y. Wu,  P. Avouris, The origins and limits of
metal-graphene junction resistance, Nat. Nanotechnol. 6 (3) (2011) 179–184.

26] G. Eda, M.  Chhowalla, Graphene-based composite thin films for electronics,
Nano Lett. 9 (2) (2009) 814–818.

27] M.  Caragiu, S.E. Finberg, Alkali metal adsorption on graphite: a review, J. Phys.
Condens. Matter 17 (2005) R995–R1024.

28] S.M. Song, J.K. Park, O.J. Sul, B.J. Cho, Determination of work function of
graphene under a metal electrode and its role in contact resistance, Nano Lett.
12  (8) (2012) 3887–3892.

29] F. Xia, T. Mueller, R. Golizadeh-Mojarad, M.  Freitag, Y.M. Lin, J. Tsang, V.
Perebeinos, P. Avouris, Photocurrent imaging and efficient photon detection
in  a graphene transistor, Nano Lett. 9 (3) (2009) 1039–1044.

30] K.P. Loh, Q. Bao, P.K. Ang, J. Yang, The chemistry of graphene, J. Mater. Chem.
20 (2010) 2277–2289.

31] R. Garg, N. Dutta, N. Choudhury, Work function engineering of graphene,
Nanomaterials 4 (2) (2014) 267.

32] Y.-X. Yu, A dispersion-corrected DFT study on adsorption of battery active
materials anthraquinone and its derivatives on monolayer graphene and
h-BN, J. Mater. Chem. A 2 (2014) 8910–8917.

33] Y.X. Yu, Binding energy and work function of organic electrode materials
phenanthraquinone, pyromellitic dianhydride and their derivatives adsorbed
on  graphene, ACS Appl. Mater. Interfaces 6 (18) (2014) 16267–16275.

34] Y. Shi, K.K. Kim, A. Reina, M.  Hofmann, L.J. Li, J. Kong, Work function
engineering of graphene electrode via chemical doping, ACS Nano 4 (5)
(2010) 2689–2694.

35] A. Benayad, H.J. Shin, H.K. Park, S.M. Yoon, Controlling work function of
reduced graphite oxide with Au-ion concentration, Chem. Phys. Lett 475
(2009) 91–95.

36] B.G. Wang, S. Wintterlin, J. Peridoicity, work function and reactivity of
graphene on Ru(001) from first principles, New J. Phys. 12 (2010),
043041:1–043041:15.

37] Y. Murata, E. Starodub, B.B. Kappes, C.V. Ciobanu, N.C. Bartelt, K.F. McCarty, S.
Kodambaka, Orientation-dependent work function of graphene on Pd(111),
Appl. Phys. Lett. 97 (2010), 143114:1–143114:3.

38] J. Park, W.H. Lee, S. Huh, S.H. Sim, S.B. Kim, K. Cho, B.H. Hong, K.S. Kim,
Work-function engineering of graphene electrodes by self-assembled
monolayers for high-performance organic field-effect transistors, J. Phys.
Chem Lett. 2 (8) (2011) 841–845.

39] R. Gholizadeh, Y.X. Yu, Work functions of pristine and heteroatom-doped
graphenes under different external electric fields: an ab initio DFT study, J.
Phys. Chem. C 118 (2014) 28274–28282.

40] D.C. Elias, R.R. Nair, T.M. Mohiuddin, S.V. Morozov, P. Blake, M.P. Halsall, A.C.
Ferrari, D.W. Boukhvalov, M.I. Katsnelson, A.K. Geim, K.S. Novoselov, Control
of  graphene’s properties by reversible hydrogenation: evidence for graphane,
Science 323 (5914) (2009) 610–613.

41] Y.C. Cheng, T.P. Kaloni, G.S. Huang, U. Schwingenschlögl, Origin of the high
p-doping in F intercalated graphene on SiC, Appl. Phys. Lett. 99 (5) (2011)
053117.

42] C. Virojanadara, S. Watcharinyanon, A.A. Zakharov, L.I. Johansson, Epitaxial
graphene on 6H-SiC and Li intercalation, Phys. Rev. B 82 (20) (2010) 205402.

43] B. Premlal, M.  Cranney, F. Vonau, D. Aubel, D. Casterman, M.M.  De Souza, L.
Simon, Surface intercalation of gold underneath a graphene monolayer on
SiC(0001) studied by scanning tunneling microscopy and spectroscopy, Appl.
Phys. Lett. 94 (26) (2009) 263115.

44] W.  Zhao, P.H. Tan, J. Liu, A.C. Ferrari, Intercalation of few-layer graphite flakes
with FeCl3: Raman determination of fermi level, layer by layer decoupling,
and stability, J. Am. Chem. Soc. 133 (15) (2011) 5941–5946.
(19) (2013) 193710.
46] P.E. Blöchl, Projector augmented-wave method, Phys. Rev. B 50 (24) (1994)

17953–17979.

http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0005
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0005
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0005
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0005
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0005
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0005
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0005
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0005
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0005
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0005
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0005
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0005
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0005
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0005
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0005
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0005
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0010
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0010
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0010
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0010
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0010
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0010
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0010
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0010
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0010
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0010
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0010
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0010
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0010
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0010
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0010
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0010
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0010
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0010
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0010
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0010
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0010
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0010
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0010
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0010
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0010
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0010
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0010
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0010
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0010
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0010
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0010
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0015
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0015
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0015
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0015
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0015
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0015
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0015
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0015
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0015
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0015
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0015
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0015
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0015
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0015
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0015
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0015
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0015
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0015
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0015
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0015
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0015
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0015
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0015
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0015
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0015
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0015
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0015
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0015
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0015
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0015
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0015
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0020
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0020
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0020
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0020
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0020
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0020
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0020
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0020
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0020
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0020
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0020
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0020
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0020
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0020
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0020
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0020
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0020
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0020
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0020
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0020
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0020
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0020
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0020
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0020
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0020
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0020
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0020
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0020
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0020
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0020
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0020
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0020
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0020
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0020
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0020
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0020
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0025
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0025
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0025
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0025
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0025
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0025
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0025
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0025
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0025
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0025
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0025
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0025
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0025
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0025
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0025
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0025
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0025
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0025
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0025
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0025
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0025
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0025
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0025
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0025
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0025
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0025
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0025
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0025
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0025
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0025
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0025
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0025
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0025
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0025
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0025
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0025
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0025
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0025
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0030
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0030
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0030
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0030
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0030
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0030
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0030
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0030
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0030
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0030
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0030
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0030
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0030
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0030
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0030
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0030
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0030
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0030
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0030
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0030
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0030
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0030
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0030
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0030
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0030
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0030
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0030
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0035
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0035
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0035
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0035
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0035
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0035
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0035
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0035
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0035
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0035
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0035
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0035
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0035
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0035
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0035
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0035
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0035
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0035
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0035
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0035
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0035
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0035
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0035
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0035
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0035
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0035
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0040
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0040
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0040
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0040
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0040
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0040
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0040
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0040
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0040
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0040
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0040
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0040
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0040
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0040
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0040
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0040
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0040
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0040
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0040
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0040
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0040
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0040
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0040
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0040
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0040
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0040
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0040
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0040
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0045
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0045
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0045
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0045
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0045
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0045
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0045
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0045
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0045
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0045
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0045
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0045
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0045
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0045
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0045
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0045
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0045
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0045
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0045
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0045
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0045
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0045
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0045
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0045
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0045
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0045
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0045
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0045
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0045
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0045
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0045
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0045
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0045
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0045
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0045
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0045
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0050
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0050
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0050
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0050
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0050
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0050
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0050
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0050
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0050
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0050
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0050
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0050
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0050
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0050
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0050
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0050
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0050
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0050
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0050
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0050
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0055
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0055
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0055
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0055
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0055
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0055
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0055
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0055
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0055
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0055
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0055
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0055
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0055
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0055
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0055
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0055
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0055
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0055
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0055
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0055
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0055
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0055
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0055
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0055
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0055
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0055
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0055
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0055
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0055
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0055
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0055
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0060
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0060
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0060
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0060
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0060
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0060
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0060
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0060
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0060
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0060
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0060
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0060
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0060
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0060
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0060
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0060
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0060
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0060
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0060
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0060
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0060
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0060
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0060
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0060
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0060
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0060
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0060
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0060
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0060
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0060
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0060
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0060
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0065
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0065
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0065
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0065
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0065
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0065
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0065
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0065
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0065
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0065
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0065
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0065
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0065
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0065
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0065
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0065
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0065
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0065
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0065
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0065
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0065
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0065
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0065
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0065
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0065
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0065
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0065
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0065
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0065
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0065
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0065
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0065
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0070
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0070
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0070
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0070
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0070
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0070
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0070
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0070
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0070
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0070
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0070
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0070
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0070
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0070
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0070
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0070
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0070
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0070
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0070
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0070
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0070
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0070
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0070
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0070
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0070
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0070
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0070
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0070
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0070
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0070
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0075
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0075
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0075
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0075
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0075
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0075
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0075
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0075
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0075
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0075
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0075
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0075
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0075
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0080
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0080
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0080
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0080
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0080
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0080
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0080
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0080
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0080
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0080
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0080
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0080
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0080
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0080
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0080
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0080
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0080
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0080
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0080
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0080
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0080
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0080
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0080
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0080
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0080
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0080
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0080
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0080
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0080
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0080
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0080
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0080
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0080
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0080
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0085
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0085
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0085
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0085
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0085
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0085
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0085
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0085
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0085
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0085
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0085
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0085
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0085
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0085
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0085
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0085
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0085
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0085
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0085
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0085
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0085
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0085
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0085
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0085
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0085
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0085
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0085
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0085
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0090
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0090
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0090
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0090
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0090
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0090
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0090
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0090
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0090
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0090
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0090
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0090
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0090
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0090
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0090
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0090
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0090
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0090
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0090
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0090
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0090
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0090
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0090
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0090
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0090
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0095
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0095
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0095
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0095
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0095
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0095
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0095
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0095
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0095
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0095
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0095
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0095
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0095
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0095
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0095
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0095
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0095
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0095
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0095
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0095
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0095
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0100
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0100
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0100
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0100
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0100
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0100
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0100
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0100
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0100
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0100
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0100
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0100
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0100
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0100
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0100
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0100
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0100
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0100
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0100
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0100
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0100
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0105
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0105
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0105
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0105
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0105
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0105
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0105
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0105
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0105
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0105
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0105
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0105
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0105
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0105
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0105
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0105
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0105
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0105
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0105
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0105
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0110
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0110
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0110
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0110
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0110
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0110
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0110
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0110
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0110
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0110
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0110
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0110
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0110
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0110
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0110
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0110
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0110
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0110
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0110
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0110
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0110
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0110
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0110
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0110
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0115
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0115
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0115
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0115
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0115
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0115
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0115
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0115
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0115
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0115
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0115
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0115
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0115
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0115
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0115
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0115
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0115
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0115
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0115
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0115
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0115
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0115
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0115
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0115
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0115
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0115
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0120
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0120
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0120
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0120
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0120
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0120
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0120
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0120
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0120
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0120
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0120
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0120
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0120
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0120
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0120
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0120
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0120
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0120
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0120
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0120
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0120
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0120
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0120
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0120
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0120
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0120
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0120
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0120
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0120
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0120
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0120
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0120
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0120
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0120
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0125
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0125
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0125
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0125
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0125
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0125
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0125
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0125
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0125
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0125
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0125
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0125
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0125
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0125
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0125
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0125
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0125
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0125
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0125
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0125
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0125
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0125
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0125
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0125
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0125
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0125
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0130
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0130
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0130
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0130
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0130
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0130
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0130
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0130
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0130
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0130
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0130
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0130
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0130
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0130
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0130
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0130
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0130
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0130
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0135
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0135
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0135
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0135
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0135
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0135
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0135
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0135
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0135
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0135
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0135
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0135
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0135
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0135
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0135
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0135
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0135
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0135
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0135
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0135
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0140
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0140
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0140
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0140
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0140
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0140
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0140
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0140
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0140
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0140
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0140
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0140
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0140
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0140
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0140
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0140
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0140
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0140
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0140
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0140
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0140
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0140
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0140
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0140
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0140
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0140
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0140
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0140
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0140
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0140
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0140
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0140
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0145
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0145
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0145
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0145
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0145
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0145
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0145
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0145
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0145
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0145
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0145
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0145
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0145
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0145
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0145
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0145
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0145
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0145
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0145
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0145
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0145
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0145
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0145
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0145
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0145
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0145
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0145
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0145
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0145
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0145
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0145
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0145
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0145
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0145
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0150
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0150
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0150
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0150
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0150
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0150
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0150
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0150
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0150
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0150
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0150
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0150
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0150
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0150
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0150
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0150
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0150
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0150
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0150
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0150
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0155
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0155
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0155
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0155
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0155
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0155
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0155
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0155
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0155
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0155
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0155
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0155
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0155
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0155
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0155
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0155
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0160
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0160
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0160
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0160
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0160
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0160
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0160
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0160
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0160
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0160
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0160
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0160
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0160
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0160
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0160
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0160
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0160
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0160
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0160
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0160
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0160
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0160
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0160
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0160
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0160
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0160
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0160
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0160
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0160
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0160
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0165
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0165
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0165
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0165
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0165
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0165
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0165
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0165
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0165
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0165
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0165
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0165
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0165
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0165
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0165
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0165
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0165
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0165
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0165
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0165
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0165
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0165
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0165
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0165
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0165
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0165
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0165
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0165
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0165
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0165
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0170
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0170
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0170
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0170
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0170
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0170
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0170
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0170
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0170
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0170
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0170
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0170
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0170
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0170
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0170
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0170
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0170
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0170
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0170
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0170
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0170
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0170
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0170
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0170
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0170
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0170
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0170
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0170
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0170
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0175
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0175
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0175
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0175
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0175
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0175
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0175
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0175
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0175
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0175
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0175
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0175
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0175
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0175
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0175
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0175
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0175
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0175
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0175
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0175
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0175
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0175
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0175
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0175
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0175
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0175
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0180
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0180
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0180
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0180
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0180
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0180
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0180
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0180
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0180
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0180
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0180
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0180
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0180
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0180
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0180
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0180
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0180
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0180
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0180
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0180
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0180
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0180
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0180
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0180
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0180
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0185
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0185
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0185
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0185
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0185
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0185
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0185
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0185
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0185
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0185
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0185
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0185
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0185
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0185
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0185
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0185
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0185
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0185
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0185
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0185
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0185
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0185
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0185
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0185
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0185
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0185
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0185
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0185
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0185
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0190
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0190
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0190
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0190
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0190
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0190
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0190
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0190
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0190
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0190
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0190
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0190
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0190
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0190
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0190
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0190
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0190
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0190
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0190
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0190
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0190
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0190
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0190
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0190
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0190
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0190
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0190
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0190
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0190
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0190
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0190
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0190
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0190
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0190
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0190
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0190
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0190
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0190
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0190
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0195
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0195
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0195
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0195
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0195
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0195
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0195
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0195
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0195
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0195
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0195
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0195
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0195
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0195
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0195
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0195
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0195
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0195
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0195
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0195
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0195
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0195
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0195
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0195
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0195
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0195
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0195
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0195
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0195
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0195
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0200
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0200
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0200
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0200
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0200
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0200
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0200
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0200
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0200
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0200
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0200
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0200
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0200
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0200
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0200
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0200
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0200
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0200
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0200
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0200
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0200
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0200
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0200
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0200
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0200
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0200
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0200
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0200
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0200
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0200
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0200
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0200
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0200
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0200
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0200
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0200
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0200
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0200
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0200
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0205
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0205
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0205
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0205
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0205
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0205
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0205
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0205
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0205
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0205
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0205
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0205
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0205
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0205
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0205
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0205
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0205
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0205
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0205
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0205
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0205
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0205
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0205
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0205
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0205
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0205
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0210
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0210
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0210
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0210
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0210
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0210
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0210
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0210
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0210
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0210
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0210
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0210
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0210
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0210
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0210
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0210
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0210
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0210
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0210
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0210
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0210
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0210
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0215
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0215
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0215
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0215
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0215
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0215
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0215
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0215
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0215
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0215
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0215
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0215
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0215
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0215
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0215
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0215
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0215
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0215
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0215
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0215
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0215
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0215
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0215
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0215
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0215
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0215
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0215
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0215
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0215
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0215
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0215
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0215
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0215
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0215
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0215
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0215
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0215
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0215
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0215
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0220
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0220
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0220
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0220
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0220
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0220
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0220
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0220
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0220
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0220
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0220
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0220
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0220
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0220
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0220
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0220
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0220
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0220
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0220
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0220
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0220
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0220
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0220
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0220
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0220
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0220
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0220
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0220
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0220
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0220
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0220
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0220
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0220
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0220
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0220
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0220
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0225
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0225
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0225
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0225
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0225
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0225
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0225
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0225
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0225
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0225
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0225
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0225
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0225
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0225
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0225
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0225
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0225
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0225
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0225
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0225
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0225
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0225
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0225
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0225
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0225
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0230
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0230
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0230
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0230
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0230
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0230
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0230
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0230
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0230
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0230
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0230
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0230
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0230
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0230


rface 

[

[

[

[

[

[

[

[

[
[

[

[

[

[

[

[

[

[

[

[

[

[

M.  Legesse et al. / Applied Su

47] G. Kresse, D. Joubert, From ultrasoft pseudopotentials to the projector
augmented-wave method, Phys. Rev. B 59 (3) (1999) 1758–1775.

48] G. Kresse, J. Furthmüller, Efficient iterative schemes for ab initio total-energy
calculations using a plane-wave basis set, Phys. Rev. B 54 (16) (1996)
11169–11186.

49] J.P. Perdew, K. Burke, M.  Ernzerhof, Generalized gradient approximation
made simple, Phys. Rev. Lett. 77 (18) (1996) 3865–3868.

50] H.J. Monkhorst, J.D. Pack, Special points for Brillouin-zone integrations, Phys.
Rev. B 13 (12) (1976) 5188–5192.

51] H. Rydberg, M.  Dion, N. Jacobson, E. Schröder, P. Hyldgaard, S.I. Simak, D.C.
Langreth, B.I. Lundqvist, Van der waals density functional for layered
structures, Phys. Rev. Lett. 91 (12) (2003) 126402.

52] M.  Dion, H. Rydberg, E. Schröder, D.C. Langreth, B.I. Lundqvist, Van der Waals
density functional for general geometries, Phys. Rev. Lett. 92 (24) (2004)
246401.

53] D.C. Langreth, M.  Dion, H. Rydberg, E. Schröder, P. Hyldgaard, B.I. Lundqvist,
Van der Waals density functional theory with applications, Int. J. Quantum
Chem. 101 (5) (2005) 599–610.

54] K. Lee, É.D. Murray, L. Kong, B.I. Lundqvist, D.C. Langreth, Higher-accuracy van
der  Waals density functional, Phys. Rev. B 82 (8) (2010) 081101.

55] C. Kittel, Introduction to Solid State Physics, Wiley, Hoboken, NJ, 2005.
56] S. Ryu, L. Liu, S. Berciaud, Y.-J. Yu, H. Liu, P. Kim, G.W. Flynn, L.E. Brus,

Atmospheric oxygen binding and hole doping in deformed graphene on a
SiO2 substrate, Nano Lett. 10 (12) (2010) 4944–4951.

57] J.-H. Kim, J.H. Hwang, J. Suh, S. Tongay, S. Kwon, C.C. Hwang, J. Wu,  J. Young

Park, Work function engineering of single layer graphene by
irradiation-induced defects, Appl. Phys. Lett. 103 (17) (2013) 171604.

58] E. Beheshti, A. Nojeh, P. Servati, A first-principles study of calcium-decorated,
boron-doped graphene for high capacity hydrogen storage, Carbon 49 (5)
(2011) 1561–1567.

[

Science 394 (2017) 98–107 107

59] D.W. Boukhvalov, C. Virojanadara, Penetration of alkali atoms throughout a
graphene membrane: theoretical modeling, Nanoscale 4 (5) (2012)
1749–1753.

60] R. Quhe, J. Ma,  Z. Zeng, K. Tang, J. Zheng, Y. Wang, Z. Ni, L. Wang, Z. Gao, J. Shi,
J.  Lu, Tunable band gap in few-layer graphene by surface adsorption, Sci. Rep.
3  (2013) 1794.

61] A. Ishii, M. Yamamoto, H. Asano, K. Fujiwara, DFT calculation for adatom
adsorption on graphene sheet as a prototype of carbon nanotube
functionalization, J. Phys. Conf. Ser. 100 (5) (2008) 052087.

62] E. Ziambaras, J. Kleis, E. Schröder, P. Hyldgaard, Potassium intercalation in
graphite: a van der Waals density-functional study, Phys. Rev. B 76 (15)
(2007) 155425.

63] H.H. Gürel, S. Ciraci, Enhanced reduction of graphene oxide by means of
charging and electric fields applied to hydroxyl groups, J. Phys. Condens.
Matter 25 (43) (2013) 435304.

64] P.A. Denis, F. Iribarne, Theoretical investigation on the interaction between
beryllium, magnesium and calcium with benzene, coronene, cirumcoronene
and graphene, Chem. Phys. 430 (2014) 1–6.

65] E.J. Duplock, M.  Scheffler, P.J.D. Lindan, Hallmark of perfect graphene, Phys.
Rev. Lett. 92 (22) (2004).

66] X. Liu, C.-Z. Wang, M.  Hupalo, H.-Q. Lin, K.-M. Ho, M.  Tringides, Metals on
graphene: interactions growth morphology, and thermal stability, Crystals 3
(1) (2013) 79.

67] E. Aktürk, C. Ataca, S. Ciraci, Effects of silicon and germanium adsorbed on
graphene, Appl. Phys. Lett. 96 (12) (2010) 123112.

68] T.A. Manz, D.S. Sholl, Chemically meaningful atomic charges that reproduce
the electrostatic potential in periodic and nonperiodic materials, J. Chem.

Theory Comput. 6 (8) (2010) 2455–2468.

69] T.A. Manz, D.S. Sholl, Improved atoms-in-molecule charge partitioning
functional for simultaneously reproducing the electrostatic potential and
chemical states in periodic and nonperiodic materials, J. Chem. Theory
Comput. 8 (8) (2012) 2844–2867.

http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0235
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0235
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0235
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0235
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0235
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0235
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0235
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0235
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0235
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0235
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0235
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0235
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0235
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0235
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0235
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0235
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0235
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0235
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0235
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0235
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0235
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0240
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0240
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0240
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0240
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0240
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0240
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0240
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0240
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0240
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0240
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0240
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0240
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0240
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0240
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0240
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0240
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0240
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0240
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0240
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0240
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0240
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0240
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0240
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0240
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0240
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0240
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0245
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0245
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0245
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0245
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0245
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0245
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0245
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0245
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0245
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0245
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0245
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0245
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0245
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0245
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0245
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0245
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0245
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0245
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0245
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0245
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0250
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0250
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0250
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0250
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0250
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0250
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0250
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0250
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0250
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0250
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0250
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0250
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0250
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0250
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0250
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0250
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0250
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0250
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0255
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0255
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0255
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0255
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0255
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0255
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0255
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0255
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0255
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0255
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0255
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0255
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0255
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0255
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0255
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0255
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0255
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0255
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0255
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0255
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0255
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0255
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0255
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0255
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0255
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0255
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0255
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0255
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0255
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0255
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0255
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0260
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0260
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0260
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0260
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0260
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0260
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0260
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0260
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0260
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0260
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0260
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0260
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0260
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0260
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0260
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0260
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0260
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0260
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0260
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0260
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0260
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0260
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0260
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0260
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0260
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0265
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0265
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0265
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0265
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0265
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0265
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0265
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0265
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0265
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0265
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0265
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0265
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0265
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0265
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0265
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0265
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0265
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0265
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0265
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0265
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0265
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0265
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0265
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0265
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0265
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0265
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0265
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0265
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0265
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0265
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0270
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0270
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0270
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0270
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0270
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0270
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0270
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0270
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0270
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0270
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0270
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0270
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0270
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0270
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0270
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0270
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0270
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0270
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0270
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0270
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0270
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0270
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0270
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0275
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0275
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0275
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0275
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0275
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0275
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0275
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0275
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0275
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0275
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0275
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0280
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0280
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0280
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0280
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0280
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0280
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0280
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0280
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0280
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0280
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0280
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0280
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0280
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0280
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0280
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0280
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0280
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0280
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0280
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0280
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0280
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0280
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0280
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0280
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0280
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0280
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0280
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0280
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0280
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0280
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0280
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0280
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0280
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0280
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0280
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0280
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0280
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0285
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0285
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0285
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0285
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0285
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0285
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0285
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0285
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0285
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0285
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0285
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0285
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0285
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0285
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0285
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0285
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0285
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0285
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0285
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0285
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0285
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0285
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0285
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0285
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0285
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0285
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0285
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0285
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0285
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0285
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0285
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0285
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0285
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0285
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0290
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0290
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0290
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0290
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0290
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0290
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0290
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0290
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0290
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0290
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0290
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0290
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0290
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0290
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0290
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0290
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0290
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0290
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0290
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0290
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0290
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0290
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0290
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0290
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0290
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0295
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0295
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0295
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0295
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0295
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0295
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0295
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0295
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0295
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0295
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0295
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0295
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0295
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0295
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0295
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0295
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0295
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0295
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0295
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0295
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0295
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0300
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0300
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0300
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0300
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0300
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0300
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0300
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0300
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0300
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0300
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0300
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0300
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0300
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0300
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0300
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0300
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0300
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0300
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0300
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0300
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0300
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0300
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0300
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0300
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0300
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0300
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0300
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0300
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0300
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0300
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0300
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0300
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0300
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0300
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0300
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0300
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0305
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0305
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0305
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0305
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0305
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0305
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0305
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0305
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0305
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0305
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0305
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0305
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0305
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0305
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0305
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0305
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0305
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0305
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0305
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0305
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0305
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0305
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0305
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0305
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0305
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0305
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0305
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0305
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0305
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0305
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0305
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0310
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0310
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0310
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0310
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0310
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0310
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0310
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0310
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0310
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0310
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0310
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0310
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0310
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0310
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0310
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0310
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0310
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0310
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0310
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0310
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0310
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0310
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0310
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0310
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0310
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0315
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0315
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0315
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0315
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0315
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0315
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0315
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0315
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0315
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0315
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0315
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0315
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0315
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0315
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0315
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0315
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0315
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0315
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0315
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0315
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0315
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0315
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0315
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0315
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0315
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0315
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0315
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0315
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0320
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0320
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0320
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0320
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0320
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0320
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0320
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0320
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0320
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0320
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0320
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0320
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0320
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0320
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0320
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0320
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0320
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0320
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0320
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0320
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0320
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0320
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0320
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0320
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0320
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0320
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0320
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0325
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0325
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0325
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0325
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0325
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0325
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0325
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0325
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0325
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0325
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0325
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0325
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0325
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0325
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0325
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0325
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0330
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0330
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0330
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0330
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0330
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0330
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0330
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0330
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0330
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0330
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0330
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0330
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0330
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0330
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0330
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0330
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0330
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0330
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0330
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0330
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0330
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0330
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0330
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0330
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0330
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0330
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0335
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0335
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0335
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0335
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0335
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0335
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0335
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0335
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0335
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0335
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0335
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0335
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0335
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0335
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0335
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0335
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0335
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0335
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0335
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0335
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0335
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0340
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0340
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0340
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0340
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0340
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0340
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0340
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0340
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0340
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0340
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0340
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0340
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0340
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0340
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0340
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0340
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0340
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0340
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0340
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0340
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0340
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0340
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0340
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0340
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0340
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0340
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0340
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0340
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0345
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0345
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0345
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0345
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0345
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0345
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0345
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0345
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0345
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0345
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0345
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0345
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0345
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0345
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0345
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0345
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0345
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0345
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0345
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0345
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0345
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0345
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0345
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0345
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0345
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0345
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0345
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0345
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0345
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0345
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0345
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0345
http://refhub.elsevier.com/S0169-4332(16)32213-9/sbref0345

	Reduced work function of graphene by metal adatoms
	1 Introduction
	2 Computational details
	2.1 Work function and adsorption of graphene with adatoms
	2.2 Structural analysis of graphene with metal adatoms

	3 Results and discussion
	4 Conclusions
	Acknowledgements
	References


