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A  series  of  synthesized  small  organic  molecules  based  on  the  4H-1,2,6-thiadiazine  moiety  are  studied
using  electrochemistry,  to probe  their  potential  as comonomer  building  blocks  for  solar-absorbing  poly-
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heterocycles.  Structure–physical  property  relationships  are  identified  that  can  guide  future  synthetic
efforts.  Parameters  that  can  influence  the  properties  of  the final  copolymer  such  as  the  choice  of  electron
donor  comonomer  and  the  energy  level  of  the  fullerene  adduct  acceptor  are  factored-in  and  discussed
and  the  thiadiazines  that can  meet  the  requirements  are  singled-out.

© 2013 Elsevier Ltd. All rights reserved.
. Introduction

Material science, although a fairly new standalone branch,
ncompasses many traits from parent scientific fields such as chem-
stry, physics, mechanical engineering and electrical engineering.
he quest for novel materials is more intense than ever before as
he ideas for practical applications and devices require an increas-
ng pool of readily available materials and substances. Apart from
ovel materials with interesting properties, that are being discov-
red from time to time, such as carbon nanostructures [1–4] and
oron-nitride tubes [5] the bulk of the scientific effort for new mate-
ials stems from chemical tailoring and the modification of existing
roperties. It has been shown that such chemical tailoring can be
ery efficient and there are examples where relatively small chem-
cal variations result in new or largely modified material properties
6,7].

The area of organic electronics and polymer:fullerene pho-
ovoltaic cells, in particular, is a field with rapid advancements
uring the last decade. Along with considerable progress in the

evice design, geometry and fabrication i.e.,  the demonstration of
tate-of-the-art inverted [8–10] and tandem [11–13] solar cells
nd advances in the understanding of fundamental properties of
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013-4686/$ – see front matter ©  2013 Elsevier Ltd. All rights reserved.
ttp://dx.doi.org/10.1016/j.electacta.2013.06.038
existing reference systems [14], new materials are being synthe-
sized at an unprecedented rate. To effectively guide the synthetic
efforts for novel polymers as light absorbers, several publications
have emerged qualitatively laying down some fundamental rules
for the design and synthesis of new copolymers [15–17]. The state
of the art today in light harvesting p-type polymers is dominated
by copolymers based on the donor–acceptor “push–pull” synthetic
approach. The bulk of the copolymers synthesized, are predomi-
nantly based on such moieties as cyclopentadithiophene [18], and
its Si [19] or Ge [20,21] derivatives, fluorene [22,23], carbazole
[24,25], and benzodithiophene [9,26–32]. These moieties are not
only suitable for donor-type comonomers but are also common
building blocks for highly efficient soluble small-molecule based
photovoltaic devices [33,34].

Compounds based on the 1,2,6-thiadiazine moiety have been
employed in medicinal [35], material [36] and agrochemical [37]
science. Polymers incorporating the moiety remain largely unex-
plored although possibilities of interesting properties stemming
from such an approach were hinted by Woodward [38].

Due to its electron withdrawing character the 1,2,6-thiadiazine
moiety is more suitable as a “pull-molecule” in low-bandgap
copolymers. As such, this study focuses on the structural–physical
property relationships of the thiadiazines examined using electro-

chemistry, with a view of identifying prime candidate materials
for copolymerization with the various “push-molecules” currently
used by synthetic chemists. Moreover the role of alkyl chains
on enhancing the molecules solubility is discussed as they affect

dx.doi.org/10.1016/j.electacta.2013.06.038
http://www.sciencedirect.com/science/journal/00134686
http://www.elsevier.com/locate/electacta
http://crossmark.crossref.org/dialog/?doi=10.1016/j.electacta.2013.06.038&domain=pdf
mailto:solon.economopoulos@cut.ac.cy
mailto:economop@eie.gr
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ritically the blending of the materials, with established electron
onors and acceptors. Several papers exist in the literature deal-

ng with the fine-tuning of the side chains in polymers influencing
rocessing conditions (mixed solvents), optoelectronic properties
nd ultimately improved morphology and power conversion effi-
iencies in the resulting solar cells [30,39,40]. Side chains can
e fine-tuned either on the donor comonomer or on the accep-
or. Although not of extreme importance when studying the bulk
hysicochemical properties of these materials, these consider-
tions should be taken into account when solidifying the selection
f the materials either as standalone soluble small molecules or
uilding blocks for copolymers.

. Experimental

.1. Instrumentation

Electrochemical studies were performed using a standard three-
lectrode cell under argon atmosphere. All measurements were
erformed with Ar bubbling into the electrochemical cell for 5 min
nd 10 s prior to measurements; the Ar was turned to “blanket-
ode”. Platinum wire (99.99%) was used as working electrode and

latinum gauze (55 mesh, 99.9%) as counter electrode. Silver/silver
hloride was used as a reference electrode. Tetrabutylammonium
exafluorophosphate (TBAPF6, 98%) was used as supporting elec-
rolyte. Measurements were recorded using an EG&G Princeton
pplied Research potensiostat/galvanostat Model Verstastat 4 con-
ected to a personal computer running VersaStudio software. In all
he measurements, either during cyclic voltammetry or in differen-
ial pulse voltammetry, the variation of the scan rate did not yield
ny appreciable shifting of the peak potentials that would affect

ur results. All samples were studied in dichloromethane (DCM)
olution and the results were calibrated using ferrocene as inter-
al standard. To calculate the higher occupied molecular orbital
HOMO) and lower unoccupied molecular orbital (LUMO) levels,

Scheme 1. Structures of the studied 
ica Acta 107 (2013) 448– 453 449

using the onsets of the peak potentials obtained, the following
equations [41] were used.

EHOMO = −
(

Eox
[

vs
Fc

Fc+

]
+ 5.1

)
(eV)

ELUMO = −
(

Ered
[

vs
Fc

Fc+

]
+ 5.1

)
(eV)

2.2. Materials

All the reagents were purchased from Aldrich SA. CH2Cl2
was dried before electrochemistry measurements, ferrocene was
purified through sublimation and the supporting electrolyte tetra-
butylammonium hexafluorophosphate (TBAPF6) was  recrystallized
from acetone 3 times and dried in vacuum at 100 ◦C before each
experiment.

All the thiadiazine compounds discussed in this publication
have been synthesized according to literature procedures [42–50]
and characterized using 1H and 13C NMR, to ascertain the purity of
the synthesized materials.

3. Results and discussion

3.1. Electrochemistry

The thiadiazines examined are summarized in Scheme 1, their
optical and electrochemical data are depicted in Table 1 and all the
voltammograms of the materials studied, obtained either through
cyclic voltammetry or differential pulse voltammetry are included

as Supporting Information. All the thiadiazines were studied in
dichloromethane solution (0.1 M TBAPF6 as supporting electrolyte).
To the best of our knowledge this family of molecules has never
been probed using electrochemistry.

thiadiazine-based compounds.
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Table 1
Optical and electrochemical characteristics of the studied thiadiazines in solution. Where available, the E1/2 redox potentials of the compounds are mentioned. If not, the
peak  maxima are mentioned. Values with a * denote that the energy levels have been obtained by adding the LUMO level from the optical bandgap.

Thiadiazine compounds �sol
max (nm) Eopt

g (eV) Eox (V) EHOMO (eV) Ered (V) ELUMO (eV) Eechem.
g (eV)

1 325 3.57 1.30 6.22 −1.52 3.66 2.56
2  261, 403, 431 2.75 1.11 6.11 −1.76 3.42 2.69
3  292, 479 2.30 0.61 5.76 −1.64 3.53 2.23
4  265, 415, 440 2.69 0.97, 1.25 6.02 −1.78 3.38 2.64
5  261, 376, 436 2.62 0.58 5.70 −1.89 3.25 2.45
6  232, 381, 412 2.81 – 7.19* −0.78 4.38 –
7  281, 426, 475 2.32 1.23 6.24 −1.14 4.01 2.23
8  231, 321, 592 1.84 0.29 5.29 −1.31 3.89 1.40
9  320 3.31 – 7.27* −1.24 3.96 –

10  271, 381 2.70 – 6.49* −1.41 3.79 –
11  281, 380, 400 2.54 0.74 5.95 −1.70 3.40 2.55
12  268, 385, 475, 504 2.29 – 6.02* −1.41 3.73 –
13  270, 412, 492, 518 2.24 0.74 5.79 −1.61 3.66 2.13
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14  230, 308 3.79 1
15  277, 354, 431 2.47 0

For ease of reading, the thiadiazines examined can be cat-
gorized into four families according to the substituents of
he thiadiazine ring and the number of thiadiazine rings in
he small molecule. The single-ring carbonyl substituted ones
thiadiazinones 1–5), the dicyanomethylene-substituted ones (yli-
enemalononitriles 6–8), the ones incorporating two thiadiazinone
ings (9–13), and finally, the methylene substituted thiadiazines
14 and 15).

Before continuing with the examination of these compounds
he optical characteristics of these molecules are a useful aid that
ill allow potential matching of the optical and electrochemical

andgap of the molecules thus, providing additional confirmation
n the accuracy of our measurements. The optical data, along with
ll the electrochemical data are summarized in Table 1. As a gen-
ral remark, the electrochemical studies performed show excellent
atching of the electrochemical and optical bandgaps, with very

ew exceptions.
Starting from the thiadiazinone 1 voltammogram (Scheme 1)

e can clearly see a reversible reduction at −1.52 V and a non-
eversible oxidation signal at 1.30 V. Upon examination of this
parent” molecule, the characteristic reversible reduction should
rovide a signature-type signal that will facilitate direct compari-
on with the other thiadiazine compounds.

Sandwiching the thiadiazinone moiety between two  thiophenes
ffords thiadiazinone 2. The substitution of chlorine by thiophene
s expected to influence the oxidation of the molecule. A cathodic
hift of almost 200 mV  is observed for the oxidation along with
n, approximately 240 mV,  cathodic shift of the reversible reduc-
ion. Besides the shift, it is observed that, while in the parent
hiadiazinone 1 there is a large discrepancy between the electro-
hemical and the optical energy bandgap values (the largest in
his study), with the addition of the thiophene moiety, the two
alculated bandgap values coincide rather well. Concerning the
ormer we are unsure on the origin of the discrepancy between
he optical and electrochemical bandgap for parent molecule 1.
n our case, a critical factor would be the method of pinpointing
he optical bandgap which can be estimated through photoelectro-
hemical spectra, whereas our estimation of the optical bandgap
as based on the UV–vis absorption spectra. Given that the scope

f this manuscript is not only to study this thiadiazine family from a
trictly electrochemical standpoint but to extract trends useful for
aterial scientists involved in polymer optoelectronics it is worth

oting that the discrepancies between optically and electrochemi-

ally pinpointed energy bandgaps are still a matter of debate among
he community [51]. In our case, the estimated optical bandgap of
he aforementioned material 1, is so large (<3.5 eV) that if this value
s closer to the truth, the window within which we can confidently
6.32 −2.17 3.07 3.25
56 5.80 −2.11 3.11 2.69

run electrochemistry is exceeded, as one can easily deduce that
with a reduction signal situated at −1.52 V a possible matching of
the two  bangap values, would place the oxidation of the monomer
at around +2 V.

Adding a second thiophene moiety along the backbone of the
small molecule, further increases the thiophene character of com-
pound 3. As expected, there is now a clear reversible oxidation at
0.61 V as well as the reversible reduction attributed to the thiadi-
azine moiety at −1.64 V.

Finally, the incorporation of the dodecyl substituted thiophenes,
shifts the reversible reduction of the thiadiazine moiety towards
more negative potentials, at −1.78 V, while two distinct oxidation
peaks are observed at 0.97 and 1.25 V. While not directly compara-
ble to standard alkyl substituted oligothiophenes, this multitude
of oxidation peaks can be partly explained by the formation of
multiple cations on the thiophene moiety [52,53]. However, the
same behaviour is observed in non-substituted oligothiophene
analogues [54]. In Fig. 1 the voltammograms of the 4 thiadiazines
are presented for ease of comparison. It is worth outlining the com-
parison of the thiadiazines 2 and 4 where the presence of a flexible
alkyl side chain (even in solution) on the thiophene moiety, causes
significant alterations to the oxidation of the molecule facilitating
the formation of the thiophene cation.

When replacing the thiophene moiety with N-methylpyrrole
to give the thiadiazinone 5 (Figure S5), the reduction of the thia-
diazine is cathodically shifted to −1.89 V while in the positive
potential region, a reversible oxidation attributed to the pyrrole
moiety is clearly evident at 0.58 V. These values provide an excel-
lent agreement between the electrochemical and optical bandgap
of compound 5.

Moving on to the ylidenemalononitrile 6 (Figure S6) where the
carboxyl substituent is replaced by the dicyanomethylene group, a
profound shift of the reversible reduction is observed owed, pre-
sumably, to the introduction of the electronegative C N groups.
The reversible reduction is anodically shifted by more than 700 mV,
compared to the thiadiazinone 1. We  can calculate the LUMO of the
ylidenemalononitrile 6 at 4.38 eV making it a highly electroneg-
ative molecule. When the chlorine substituents are replaced by
thiophenes to give the ylidenemalononitrile 7 a sharp oxidation
peak is present at 1.23 V (Figure S7) attributed to the thiophenes,
since no signal is seen in this region on the parent ylidenemalonon-
itrile 6. The reversible reduction compared to the thiadiazinone 2,
again shows a profound shift of 620 mV  towards positive potentials

(−1.14 V for 7 vs −1.76 V) for thiadiazinone 2. Finally, the intro-
duction of pyrrolidine rings to the ylidenemalononitrile affords
compound 8 with the lowest energy bandgap of this group. A
reversible oxidation at 0.29 V and a reversible reduction at −1.31 V
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Fig. 1. Cyclic voltammograms of thiadiazine compounds 1–4. The chemical struc-
ture of each one is shown on the right for ease of reference. All voltammograms
w
5

(
l
i
t
t
w
t
v

e
c
v
t
c
(
p
o
r
d
i
t
s
3
d
a
t
t

ere run in CH2Cl2 solution using 0.1 M TBAPF6 as supporting electrolyte. Scan rate:
0  mV/s.

Figure S8) yield an electrochemical bandgap of 1.40 eV. In a pre-
iminary attempt to extract a structure–property relationship, it
s clear that the pyrrole ring has a lower oxidation potential than
hiophene. Even in small organic molecules it is possible to control
he energy levels of the resulting system by combining a moiety
ith a low oxidation potential with a moiety with a low reduc-

ion potential, yielding a compound with strong absorption in the
isible spectrum.

When examining systems with two thiadiazinone rings the
xpectation from the optical data is that the conjugation of the
ompound will increase but not considerably. The differential pulse
oltammetry (DPV) data of 9 (Figure S9) show a reversible reduc-
ion at −1.24 V, while no oxidation process is observed. As is the
ase with previous thiadiazines, the fairly large optical bandgap
Table 1) of 3.31 eV for this molecule places the expected oxidation
rocess at potentials of over +2 V, beyond the measuring window
f our experimental process. The addition of a second thiadiazine
ing yields an anodic shift of ∼300 mV  compared to thiadiazinone 1
enoting that extending the thiadiazinone conjugation length facil-

tates reduction strengthening the electron accepting character of
he produced material. Further addition of two thiophene rings,
imilar to 2, causes a shift of the reversible reduction by more than
00 mV  (Figure S10) compared to the compound with one thia-
iazine ring. The pyrrole ring (11) causes a reversible oxidation to

ppear at 0.74 V but the reduction is shifted to more negative poten-
ials at −1.70 V (Figure S11). Comparing the compounds 1, 2, and 5
o their double thiadiazine analogues 9, 10 and 11,  respectively, we
Fig. 2. Schematic representation of the evolution of the energy levels
(HOMO/LUMO) of the thiadiazines with different substituents.

can see that there is a direct trend: In all the cases incorporation
of an electron rich moiety such as thiophene or pyrrole, shifts the
reduction by ∼200–350 mV  to more negative potentials (i.e., the
compound becomes more difficult to reduce).

As we move to the more complex structure 12 where a thio-
phene is used as a “spacer” between the two  thiadiazinones we  see
that the reversible reduction (Figure S12) is virtually unaffected
compared to compound 10 which bears the closest resemblance.
Roughly the same trend is followed when we compare compounds
11 and 13, as the oxidation attributed to the pyrrole remains at
0.74 V (Figure S13) but much less pronounced and the reduction is
observed slightly shifted, by ∼90 mV at −1.61 V, compared to 11.

Finally the methylene substituted thiadiazines 14 (Figure S14)
and 15 (Figure S15) show, in both instances, a considerably cathod-
ically shifted reduction at −2.17 and −2.11 V, respectively. This
represents a ∼700 mV  cathodic shift of compound 14 compared
to the thiadiazinone 1 and an almost 400 mV shift for 15 compared
to compound 2.

In Fig. 2, all the major trends, shifts and evolutions, discussed
previously, for the HOMO and LUMO levels of the thiadiazine com-
pounds, depending on the substituent, are schematically presented.

3.2. Energy levels of the compounds and their potential as
building blocks

When discussing the option of utilizing these compounds either
as standalone moieties or in conjunction with another comonomer
for polymerization it is useful to point out the most prominent
materials for these purposes. The bulk of the copolymers used for
optoelectronics comprise of fluorene, carbazole, cyclopentadithio-
phene and benzodithiophene. There are a few prerequisites that
lead to a high efficiency copolymer. The resulting polymer, must
possess a broad absorption, ideally, covering most of the visible
spectrum and extending to the near-IR [55], sufficiently high hole
mobilities for efficient charge transport and appropriate levelling
of energy states of donor, acceptor and electrode materials allow-
ing for efficient charge separation and collection. According to the
“push–pull” synthetic approach the orbital interaction between
donor and acceptor units lowers the band gap of conjugated poly-
mers by the creation of an intramolecular charge transfer state (ICT)
[56,57]. The fluorene [58] and carbazole [59] moieties have rela-
tively high optical bandgaps and HOMO/LUMO levels around the
areas of 6.0 and 2.4 eV, respectively. Owing to this fact, they tend
to produce low bandgap copolymers with low-lying HOMO levels.
Cyclopentadithiophene [60] and benzodithiophene [61] moieties,
generally tend to produce copolymers with slightly elevated ion-

ization potentials, in the area of 5.0–5.5 eV.

Therefore when trying to screen for suitable comonomers for
low bandgap polymers the LUMO levels of choice should be around
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–5 eV, while the HOMO levels should be located, depending on the
hosen “donor comonomer” below 5.5 or, ideally, 6.0 eV.

All of the studied thiadiazines, match well with the “LUMO-
imitation” of below 3.0 eV, but only a handful of compounds have
ufficiently low HOMO levels to allow for a D–A copolymerization
pproach.

Specifically compounds 1, 2, 4, 6, 7, 9, 10,  12 and 14 have
eported HOMO levels below 6.0 eV. Compound 14,  however has

 relatively high LUMO, so it may  not be suitable as a potential
andidate for copolymerization. Of the remaining six compounds,
hiadiazines 6, 7 and possibly 10 and 12,  have a relatively low LUMO
evel around 4 ± 0.3 eV, so assuming that the D–A approach is suc-
essful, the resulting copolymer is expected to have an electron
ffinity of the same order. In light of this, when we take into account
xciton binding energy phenomena [62,63], this would, potentially,
inder efficient charge separation to the electron acceptor (assum-

ng the well-established phenyl butyric acid methyl ester fullerene
dducts PC60BM [6,64] or PC70BM [65] are used) since they exhibit
UMO levels ranging from 3.7 to 4.3 eV. Of the three remaining thia-
iazines, thiadiazinone 1 has the lowest LUMO, which means that

t would, theoretically, yield the copolymer with the lowest energy
andgap and therefore the better solar absorption. At this point we
ave to point out that this simple comparison does not factor in
he other parameters affecting the energy bandgap of the copoly-

er  such as planarity and solubilizing chains. The latter, depending
n the comonomer used, could favour the use of thiadiazine 4 due
o the added dodecyl chains. As for the planarity, compound 6, for
xample, has been shown to have a non-planar shallow boat con-
rmation [45]. Similar advantages and disadvantages may  promote
he uses of other thiadiazines.

. Conclusions

A series of fifteen thiadiazine compounds has been studied
sing cyclic voltammetry and differential pulse voltammetry to
etermine their ionization potential and electron affinity. Of the
tudied compounds, several trends emerge, as the decoration of
he thiadiazine core on the 3, 5 position with thiophenes or pyr-
ole and pyrrolidine rings raises the HOMO level and reduces the
nergy bandgap. Similarly, alteration of the carboxyl moiety in
he 4-position with dicyanomethylene, significantly lowers the
UMO level. Taking the electrochemical data into account, the most
romising thiadiazine compound to be used for copolymerization
ith various prominent comonomers to produce solar harvesting
olymers, is dichlorothiadiazinone 1. From the library of examined
ompounds, thiadiazines 6 and 8, both with dicyanomethylene sub-
titution, exhibited the lowest LUMO level and the lowest energy
andgap, respectively. It should be noted that when decorated with
lkyl chains to enhance solubility and promote thin film process-
bility, they can act as basic building blocks for stand-alone electron
onating or electron accepting small organic molecules.

cknowledgements

This work was co-funded by the European Regional Devel-
pment Fund and the Republic of Cyprus through the Research
romotion Foundation (Strategic Infrastructure Project NEA∏

O�OMH/�TPATH/0308/06). We  would like to thank Dr. Grig-
rios Itskos and Felix Hermerschmidt for fruitful discussions.
ppendix A. Supplementary data

Supplementary data associated with this article can be found, in
he online version, at doi:10.1016/j.electacta.2013.06.038.

[

ica Acta 107 (2013) 448– 453

References

[1] H.W. Kroto, J.R. Heath, S.C. O‘Brien, R.F. Curl, R.E. Smalley, C60: buckminster-
fullerene, Nature 318 (1985) 162–163.

[2] S. Iijima, Helical microtubules of graphitic carbon, Nature 354 (1991) 56–
58.

[3] S. Iijima, M.  Yudasaka, R. Yamada, S. Bandow, K. Suenaga, F. Kokai, K. Takahashi,
Nano-aggregates of single-walled graphitic carbon nano-horns, Chemical
Physics Letters 309 (1999) 165–170.

[4] 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, Sci-
ence 306 (2004) 666–669.

[5] N.G. Chopra, R.J. Luyken, K. Cherrey, V.H. Crespi, M.L. Cohen, S.G. Louie, A. Zettl,
Boron nitride nanotubes, Science 269 (1995) 966–967.

[6] J.C. Hummelen, B.W. Knight, F. LePeq, F. Wudl, J. Yao, C.L. Wilkins, Prepara-
tion, Characterization of fulleroid and methanofullerene derivatives, Journal of
Organic Chemistry 60 (1995) 532–538.

[7] J. Tumpane, N. Karousis, N. Tagmatarchis, B. Nordén, Alignment of carbon nano-
tubes in weak magnetic fields, Angewandte Chemie International Edition 47
(2008) 5148–5152.

[8] L.-M. Chen, Z. Hong, G. Li, Y. Yang, Recent progress in polymer solar cells:
manipulation of polymer:fullerene morphology and the formation of efficient
inverted polymer solar cells, Advanced Materials 21 (2009) 1434–1449.

[9] N. Zhou, X. Guo, R.P. Ortiz, S. Li, S. Zhang, R.P.H. Chang, A. Facchetti,
T.J. Marks, Polymer solar cells: bithiophene imide and benzodithiophene
copolymers for efficient inverted polymer solar cells, Adv. Mater. 24 (2012)
2242–2248.

10] C. Waldauf, M.  Morana, P. Denk, P. Schilinsky, K. Coakley, S.A. Choulis, C.J.
Brabec, Highly efficient inverted organic photovoltaics using solution based
titanium oxide as electron selective contact, Applied Physics Letters 89 (2006)
233517-3.

11] O. Inganäs, F. Zhang, M.R. Andersson, Alternating polyfluorenes collect solar
light in polymer photovoltaics, Accounts of Chemical Research 42 (2009)
1731–1739.

12] T. Ameri, G. Dennler, C. Lungenschmied, C.J. Brabec, Organic tandem solar cells:
a  review, Energy & Environmental Science 2 (2009) 347–363.

13] L. Dou, J. Gao, E. Richard, J. You, C.-C. Chen, K.C. Cha, Y. He, G. Li, Y. Yang, Sys-
tematic investigation of benzodithiophene- and diketopyrrolopyrrole-based
low-bandgap polymers designed for single junction and tandem polymer solar
cells, Journal of the American Chemical Society 134 (2012) 10071–10079.

14] Y. Kim, S. Cook, S.M. Tuladhar, S.A. Choulis, J. Nelson, J.R. Durrant, D.D.C.
Bradley, M. Giles, I. McCulloch, C.-S. Ha,  M. Ree, A strong regioregularity
effect in self-organizing conjugated polymer films and high-efficiency poly-
thiophene:fullerene solar cells, Nature Materials 5 (2006) 197–203.

15] A. Facchetti, �-Conjugated polymers for organic electronics and photovoltaic
cell applications†, Chemistry of Materials 23 (2010) 733–758.

16] Y.-J. Cheng, S.-H. Yang, C.-S. Hsu, Synthesis of conjugated polymers for organic
solar cell applications, Chemical Reviews 109 (2009) 5868–5923 (Washington,
DC, U.S.).

17] M.C. Scharber, D. Mühlbacher, M.  Koppe, P. Denk, C. Waldauf, A.J. Heeger, C.J.
Brabec, Design rules for donors in bulk-heterojunction solar cells – towards
10% energy-conversion efficiency, Advanced Materials 18 (2006) 789–794.

18] A.J. Moulé, A. Tsami, T.W. Bünnagel, M.  Forster, N.M. Kronenberg, M.  Schar-
ber, M. Koppe, M.  Morana, C.J. Brabec, K. Meerholz, U. Scherf, Two  novel
cyclopentadithiophene-based alternating copolymers as potential donor com-
ponents for high-efficiency bulk-heterojunction-type solar cells, Chemistry of
Materials 20 (2008) 4045–4050.

19] T.-Y. Chu, J. Lu, S. Beaupreı̌, Y. Zhang, J.-R. Pouliot, S. Wakim, J. Zhou, M.
Leclerc, Z. Li, J. Ding, Y. Tao, Bulk heterojunction solar cells using thieno[3,4-
c]pyrrole-4,6-dione and dithieno[3,2-b:2′ ,3′-d]silole copolymer with a power
conversion efficiency of 7.3%, Journal of the American Chemical Society 133
(2011) 4250–4253.

20] D. Gendron, P.-O. Morin, P. Berrouard, N. Allard, B.R. Aïch, C.N. Garon, Y.
Tao,  M.  Leclerc, Synthesis, Photovoltaic properties of poly(dithieno[3,2-b:2′ ,3′-
d]germole) derivatives, Macromolecules 44 (2011) 7188–7193.

21] C.M. Amb, S. Chen, K.R. Graham, J. Subbiah, C.E. Small, F. So, J.R. Reynolds,
Dithienogermole as a fused electron donor in bulk heterojunction solar cells,
Journal of the American Chemical Society 133 (2011) 10062–10065.

22] P. Wang, A. Abrusci, H.M.P. Wong, M.  Svensson, M.R. Andersson, N.C. Greenham,
Photoinduced charge transfer and efficient solar energy conversion in a blend
of  a red polyfluorene copolymer with CdSe nanoparticles, Nano Letters 6 (2006)
1789–1793.

23] A. Gadisa, W.  Mammo, L.M. Andersson, S. Admassie, F. Zhang, M.R. Anders-
son, O. Inganäs, A new donor–acceptor–donor polyfluorene copolymer with
balanced electron and hole mobility, Advanced Functional Materials 17 (2007)
3836–3842.

24] N. Blouin, A. Michaud, D. Gendron, S. Wakim, E. Blair, R. Neagu-Plesu, M.
Belletête, G. Durocher, Y. Tao, M.  Leclerc, Toward a rational design of poly(2,7-
carbazole) derivatives for solar cells, Journal of the American Chemical Society
130  (2007) 732–742.

25] S.H. Park, A. Roy, S. Beaupre, S. Cho, N. Coates, J.S. Moon, D. Moses, M.  Leclerc,

K. Lee, A.J. Heeger, Bulk heterojunction solar cells with internal quantum effi-
ciency approaching 100%, Nature Photonics 3 (2009) 297–302.

26] Z. Ma,  E. Wang, M.E. Jarvid, P. Henriksson, O. Inganas, F. Zhang, M.R. Anders-
son,  Synthesis and characterization of benzodithiophene-isoindigo polymers
for  solar cells, Journal of Materials Chemistry 22 (2012) 2306–2314.

http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0005
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0005
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0005
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0005
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0005
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0005
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0005
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0005
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0005
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0005
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0005
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0005
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0005
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0005
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0005
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0005
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0005
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0005
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0005
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0010
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0010
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0010
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0010
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0010
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0010
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0010
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0010
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0010
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0010
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0010
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0010
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0010
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0015
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0015
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0015
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0015
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0015
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0015
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0015
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0015
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0015
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0015
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0015
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0015
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0015
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0015
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0015
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0015
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0015
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0015
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0015
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0015
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0015
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0015
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0015
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0015
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0015
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0015
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0015
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0015
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0020
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0020
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0020
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0020
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0020
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0020
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0020
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0020
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0020
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0020
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0020
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0020
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0020
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0020
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0020
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0020
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0020
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0020
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0020
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0020
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0020
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0020
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0020
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0020
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0020
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0020
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0020
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0020
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0020
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0020
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0020
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0025
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0025
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0025
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0025
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0025
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0025
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0025
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0025
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0025
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0025
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0025
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0025
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0025
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0025
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0025
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0025
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0025
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0025
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0025
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0025
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0025
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0025
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0025
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0030
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0030
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0030
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0030
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0030
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0030
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0030
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0030
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0030
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0030
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0030
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0030
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0030
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0030
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0030
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0030
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0030
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0030
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0030
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0030
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0030
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0030
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0030
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0030
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0030
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0030
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0030
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0030
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0030
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0035
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0035
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0035
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0035
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0035
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0035
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0035
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0035
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0035
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0035
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0035
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0035
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0035
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0035
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0035
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0035
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0035
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0035
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0035
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0035
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0035
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0035
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0035
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0035
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0035
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0035
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0040
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0040
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0040
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0040
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0040
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0040
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0040
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0040
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0040
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0040
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0040
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0040
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0040
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0040
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0040
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0040
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0040
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0040
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0040
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0040
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0040
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0040
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0040
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0040
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0040
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0040
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0040
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0040
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0040
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0040
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0040
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0040
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0040
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0040
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0045
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0045
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0045
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0045
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0045
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0045
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0045
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0045
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0045
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0045
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0045
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0045
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0045
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0045
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0045
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0045
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0045
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0045
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0045
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0045
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0045
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0045
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0045
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0045
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0045
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0045
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0045
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0045
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0045
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0045
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0045
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0045
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0045
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0045
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0045
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0045
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0045
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0050
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0050
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0050
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0050
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0050
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0050
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0050
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0050
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0050
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0050
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0050
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0050
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0050
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0050
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0050
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0050
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0050
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0050
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0050
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0050
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0050
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0050
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0050
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0050
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0050
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0050
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0050
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0050
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0050
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0050
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0050
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0050
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0050
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0050
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0055
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0055
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0055
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0055
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0055
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0055
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0055
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0055
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0055
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0055
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0055
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0055
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0055
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0055
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0055
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0055
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0055
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0055
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0055
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0055
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0055
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0055
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0055
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0060
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0060
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0060
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0060
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0060
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0060
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0060
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0060
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0060
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0060
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0060
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0060
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0060
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0060
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0060
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0060
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0060
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0060
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0060
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0060
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0060
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0060
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0060
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0065
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0065
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0065
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0065
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0065
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0065
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0065
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0065
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0065
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0065
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0065
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0065
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0065
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0065
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0065
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0065
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0065
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0065
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0065
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0065
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0065
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0065
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0065
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0065
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0065
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0065
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0065
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0065
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0065
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0065
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0065
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0065
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0065
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0065
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0065
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0065
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0065
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0065
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0065
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0065
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0065
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0065
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0065
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0065
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0065
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0065
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0065
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0070
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0070
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0070
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0070
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0070
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0070
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0070
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0070
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0070
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0070
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0070
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0070
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0070
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0070
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0070
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0070
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0070
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0070
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0070
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0070
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0070
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0070
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0070
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0070
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0070
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0070
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0070
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0070
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0070
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0070
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0070
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0070
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0070
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0070
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0070
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0070
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0070
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0070
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0070
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0070
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0070
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0070
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0070
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0070
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0075
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0075
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0075
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0075
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0075
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0075
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0075
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0075
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0075
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0075
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0075
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0075
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0075
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0075
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0075
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0075
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0075
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0075
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0075
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0075
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0075
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0075
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0080
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0080
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0080
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0080
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0080
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0080
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0080
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0080
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0080
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0080
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0080
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0080
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0080
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0080
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0080
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0080
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0080
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0080
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0080
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0080
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0080
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0080
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0080
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0080
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0080
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0085
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0085
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0085
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0085
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0085
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0085
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0085
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0085
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0085
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0085
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0085
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0085
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0085
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0085
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0085
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0085
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0085
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0085
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0085
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0085
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0085
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0085
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0085
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0085
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0085
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0085
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0085
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0085
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0085
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0085
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0085
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0085
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0085
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0085
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0090
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0090
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0090
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0090
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0090
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0090
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0090
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0090
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0090
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0090
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0090
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0090
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0090
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0090
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0090
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0090
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0090
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0090
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0090
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0090
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0090
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0090
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0090
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0090
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0090
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0090
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0090
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0090
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0090
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0090
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0090
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0090
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0090
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0090
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0090
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0090
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0090
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0090
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0090
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0090
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0090
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0090
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0090
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0090
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0090
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0090
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0095
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0095
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0095
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0095
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0095
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0095
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0095
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0095
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0095
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0095
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0095
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0095
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0095
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0095
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0095
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0095
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0095
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0095
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0095
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0095
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0095
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0095
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0095
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0095
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0095
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0095
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0095
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0095
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0095
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0095
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0095
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0095
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0095
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0095
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0095
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0095
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0095
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0095
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0095
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0095
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0095
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0095
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0095
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0095
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0095
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0095
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0095
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0095
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0095
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0095
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0095
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0095
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0095
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0095
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0095
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0095
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0100
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0100
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0100
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0100
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0100
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0100
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0100
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0100
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0100
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0100
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0100
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0100
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0100
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0100
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0100
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0100
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0100
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0100
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0100
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0100
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0100
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0100
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0100
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0100
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0100
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0100
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0100
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0100
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0100
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0100
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0100
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0100
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0100
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0105
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0105
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0105
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0105
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0105
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0105
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0105
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0105
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0105
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0105
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0105
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0105
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0105
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0105
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0105
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0105
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0105
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0105
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0105
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0105
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0105
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0105
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0105
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0105
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0105
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0105
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0105
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0105
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0105
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0105
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0105
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0105
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0105
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0105
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0105
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0105
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0110
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0110
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0110
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0110
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0110
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0110
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0110
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0110
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0110
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0110
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0110
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0110
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0110
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0110
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0110
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0110
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0110
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0110
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0110
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0110
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0110
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0110
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0110
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0110
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0110
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0110
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0110
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0110
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0110
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0110
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0110
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0110
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0110
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0110
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0110
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0110
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0110
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0110
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0115
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0115
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0115
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0115
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0115
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0115
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0115
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0115
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0115
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0115
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0115
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0115
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0115
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0115
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0115
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0115
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0115
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0115
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0115
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0115
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0115
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0115
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0115
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0115
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0115
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0115
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0115
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0115
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0115
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0115
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0115
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0115
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0115
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0115
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0115
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0115
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0115
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0115
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0120
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0120
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0120
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0120
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0120
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0120
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0120
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0120
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0120
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0120
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0120
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0120
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0120
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0120
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0120
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0120
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0120
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0120
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0120
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0120
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0120
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0120
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0120
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0120
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0120
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0120
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0120
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0120
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0120
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0120
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0120
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0120
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0120
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0120
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0120
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0120
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0120
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0120
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0120
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0120
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0120
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0120
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0125
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0125
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0125
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0125
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0125
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0125
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0125
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0125
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0125
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0125
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0125
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0125
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0125
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0125
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0125
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0125
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0125
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0125
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0125
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0125
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0125
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0125
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0125
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0125
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0125
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0125
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0125
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0125
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0125
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0125
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0125
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0125
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0125
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0125
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0125
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0125
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0125
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0125
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0130
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0130
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0130
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0130
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0130
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0130
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0130
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0130
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0130
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0130
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0130
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0130
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0130
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0130
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0130
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0130
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0130
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0130
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0130
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0130
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0130
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0130
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0130
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0130
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0130
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0130
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0130
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0130
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0130
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0130
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0130
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0130
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0130


rochim

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

S.P. Economopoulos et al. / Elect

27] Y. Zhang, S.K. Hau, H.-L. Yip, Y. Sun, O. Acton, A.K.Y. Jen, Efficient polymer solar
cells based on the copolymers of benzodithiophene and thienopyrroledione,
Chemistry of Materials 22 (2010) 2696–2698.

28] Y. Liang, Z. Xu, J. Xia, S.-T. Tsai, Y. Wu,  G. Li, C. Ray, L. Yu, For the bright
future—bulk heterojunction polymer solar cells with power conversion effi-
ciency of 7.4%, Advanced Materials 22 (2010) E135–E138.

29] H.-Y. Chen, J. Hou, S. Zhang, Y. Liang, G. Yang, Y. Yang, L. Yu, Y. Wu,  G. Li, Polymer
solar cells with enhanced open-circuit voltage and efficiency, Nature Photonics
3  (2009) 649–653.

30] L. Huo, S. Zhang, X. Guo, F. Xu, Y. Li, J. Hou, Replacing alkoxy groups with alkylth-
ienyl groups: a feasible approach to improve the properties of photovoltaic
polymers, Angewandte Chemie International Edition 50 (2011) 9697–9702.

31] H. Zhou, L. Yang, A.C. Stuart, S.C. Price, S. Liu, W.  You, Development of fluorinated
benzothiadiazole as a structural unit for a polymer solar cell of 7% efficiency,
Angewandte Chemie International Edition 50 (2011) 2995–2998.

32] S.C. Price, A.C. Stuart, L. Yang, H. Zhou, W.  You, Fluorine substituted conjugated
polymer of medium band gap yields 7% efficiency in polymer–fullerene solar
cells, Journal of the American Chemical Society 133 (2011) 4625–4631.

33] Y. Sun, G.C. Welch, W.L. Leong, C.J. Takacs, G.C. Bazan, A.J. Heeger, Solution-
processed small-molecule solar cells with 6.7% efficiency, Nature Materials 11
(2012) 44–48.

34] J. Zhou, X. Wan, Y. Liu, G. Long, F. Wang, Z. Li, Y. Zuo, C. Li, Y. Chen, A planar
small molecule with dithienosilole core for high efficiency solution-processed
organic photovoltaic cells, Chemistry of Materials 23 (2011) 4666–4668.

35] T. Breining, A.R. Cimpoia, T.S. Mansour, N. Cammack, P. Hopewell, C. Ashman,
1′ ,2′ ,6′-Thiadiazine 1′ ,1′-dioxide and imidazo (4′ ,5′-c)(1′ ,2′ ,6′)-thiadiazine
2′ ,2′-dioxide 1,3-oxathiolane nucleoside analogues: synthesis and anti-HIV-1
activity, Heterocycles 41 (1995) 87–94.

36] R. Weigand, J.M. Guerra, Aminopyrido[2,3-c]-1,2,6-thiadiazine 2,2-dioxides as
laser  dyes, Journal of Photochemistry and Photobiology A: Chemistry 88 (1995)
35–38.

37] G. Hamprecht, K.-H. König, G. Stubenrauch, Alkylsulfamoyl, Chlorides as key
units in the synthesis of novel biologically active compounds for crop protec-
tion, Angewandte Chemie International Edition (English) 20 (1981) 151–164.

38] M.P. Cava, M.V. Lakshmikantham, R. Hoffmann, R.M. Williams R.B., Woodward’s
unfinished symphony: designing organic superconductors (1975–79), Tetrahe-
dron 67 (2011) 6771–6797.

39] Y. Liang, D. Feng, Y. Wu,  S.-T. Tsai, G. Li, C. Ray, L. Yu, Highly efficient solar
cell  polymers developed via fine-tuning of structural and electronic properties,
Journal of the American Chemical Society 131 (2009) 7792–7799.

40] L. Biniek, S. Fall, C.L. Chochos, D.V. Anokhin, D.A. Ivanov, N. Leclerc, P. Leı̌veque,
T.  Heiser, Impact of the alkyl side chains on the optoelectronic properties of
a  series of photovoltaic low-band-gap copolymers, Macromolecules 43 (2010)
9779–9786.

41] C.M. Cardona, W.  Li, A.E. Kaifer, D. Stockdale, G.C. Bazan, Electrochemical
considerations for determining absolute frontier orbital energy levels of con-
jugated polymers for solar cell applications, Advanced Materials 23 (2011)
2367–2371.

42] P.A. Koutentis, C.W. Rees, Chemistry of 4-dicyanomethylene-1,2,6-
thiadiazines, Journal of the Chemical Society, Perkin Transactions 1 (2000)
1081–1088.

43] P.A. Koutentis, C.W. Rees, Cyclisation chemistry of 4H-1,2,6-thiadiazines, Jour-
nal  of the Chemical Society, Perkin Transactions 1 (2000) 2601–2607.

44] H.A. Ioannidou, C. Kizas, P.A. Koutentis, Palladium catalyzed C C coupling

reactions of 3,5-dichloro-4H-1,2,6-thiadiazin-4-one, Organic Letters 13 (2011)
3466–3469.

45] P.A. Koutentis, C.W. Rees, A.J.P. White, D.J. Williams, Reaction of tetra-
cyanoethylene with SCl: new molecular rearrangements, Chem. Commun.
(Cambridge, U. K.) (2000) 303–304.

[

ica Acta 107 (2013) 448– 453 453

46] P.A. Koutentis, C.W. Rees, Reaction of tetracyanoethylene with SCl2; new
molecular rearrangements, Journal of the Chemical Society, Perkin Transac-
tions 1 (2000) 1089–1094.

47] H.A. Ioannidou, C. Kizas, P.A. Koutentis, Selective Stille coupling reactions of
3-Chloro-5-halo(pseudohalo)-4H-1,2,6-thiadiazin-4-ones, Organic Letters 13
(2011) 5886–5889.

48] H.A. Ioannidou, P.A. Koutentis, Substitution at C-4 in 3,5-disubstituted 4H-
1,2,6-thiadiazin-4-ones, Tetrahedron 68 (2012) 2590–2597.

49] A.S. Kalogirou, P.A. Koutentis, M.D. Rikkou, The synthesis of
pyrrolo[2,3-c][1,2,6]thiadiazine-5-carbonitriles from (4H-1,2,6-thiadiazin-4-
ylidene)malononitriles, Tetrahedron 66 (2010) 1817–1820.

50] H.A. Ioannidou, P.A. Koutentis, 3,5-Bis(4-dodecylthiophen-2-yl)-4H-1,2,6-
thiadiazin-4-one, Molbank 2012 (2012) M784.

51] B.M. Savoie, N.E. Jackson, T.J. Marks, M.A. Ratner, Reassessing the use of one-
electron energetics in the design and characterization of organic photovoltaics,
Physical Chemistry Chemical Physics 15 (2013) 4538–4547.

52] W.  Domagala, M.  Lapkowski, S. Guillerez, G. Bidan, Electrochemical studies of
selected regioregular oligooctylthiophenes in solution and in thin film solid
state, Electrochimica Acta 48 (2003) 2379–2388.

53] J. Zak, M. Lapkowski, S. Guillerez, G. Bidan, Electrochemistry and spectroelectro-
chemistry of regioregular oligooctylthiophenes, Synthetic Metals 152 (2005)
185–188.

54] J. Casado, R.P. Ortiz, M.C. Ruiz Delgado, R. Azumi, R.T. Oakley, V. Hernández,
J.T. López Navarrete, Multidisciplinary physicochemical analysis of oligoth-
iophenes end-capped by nitriles: electrochemistry, UV–vis–near-IR, IR, and
Raman spectroscopies and quantum chemistry, Journal of Physical Chemistry
B  109 (2005) 10115–10125.

55] E.H. Sargent, Infrared photovoltaics made by solution processing, Nature Pho-
tonics 3 (2009) 325–331.

56] J. Chen, Y. Cao, Development of novel conjugated donor polymers for high-
efficiency bulk-heterojunction photovoltaic devices, Accounts of Chemical
Research 42 (2009) 1709–1718.

57] E. Bundgaard, F.C. Krebs, Low band gap polymers for organic photovoltaics,
Solar Energy Materials and Solar Cells 91 (2007) 954–985.

58] A.B. Nepomnyashchii, R.J. Ono, D.M. Lyons, C.W. Bielawski, J.L. Sessler, A.J. Bard,
Electrochemistry and electrogenerated chemiluminescence of thiophene and
fluorene oligomers. Benzoyl peroxide as a coreactant for oligomerization of
thiophene dimers, Chemical Science 3 (2012) 2628–2638.

59] J.F. Ambrose, R.F. Nelson, Anodic oxidation pathways of carbazoles, Journal of
the  Electrochemical Society 115 (1968) 1159–1164.

60] H. Cho Ko, J. Yom, B. Moon, H. Lee, Electrochemistry and electrochromism of
a  poly(cyclopentadithiophene) derivative with a viologen pendant, Electrochi-
mica Acta 48 (2003) 4127–4135.

61] L. Huo, J. Hou, S. Zhang, H.-Y. Chen, Y. Yang, A polybenzo[1,2-b:4,5-
b′]dithiophene derivative with deep HOMO level and its application in
high-performance polymer solar cells, Angewandte Chemie International Edi-
tion 49 (2010) 1500–1503.

62] M.  Knupfer, Exciton binding energies in organic semiconductors, Applied
Physics A 77 (2003) 623–626.

63] R. Koeppe, N.S. Sariciftci, Photoinduced charge and energy transfer involv-
ing fullerene derivatives, Photochemical & Photobiological Sciences 5 (2006)
1122–1131.

64] G. Yu, J. Gao, J.C. Hummelen, F. Wudl, A.J. Heeger, Polymer photovoltaic cells:
enhanced efficiencies via a network of internal donor–acceptor heterojunc-

tions, Science 270 (1995) 1789–1791.

65] M.M.  Wienk, J.M. Kroon, W.J.H. Verhees, J. Knol, J.C. Hummelen, P.A. van Hal,
R.A.J. Janssen, Efficient methano[70]fullerene/MDMO-PPV bulk heterojunc-
tion photovoltaic cells, Angewandte Chemie International Edition 42 (2003)
3371–3375.

http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0135
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0135
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0135
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0135
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0135
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0135
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0135
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0135
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0135
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0135
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0135
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0135
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0135
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0135
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0135
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0135
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0135
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0135
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0135
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0135
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0135
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0135
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0135
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0135
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0135
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0135
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0135
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0135
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0135
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0135
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0135
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0135
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0140
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0140
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0140
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0140
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0140
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0140
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0140
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0140
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0140
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0140
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0140
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0140
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0140
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0140
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0140
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0140
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0140
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0140
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0140
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0140
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0140
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0140
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0140
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0140
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0140
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0140
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0140
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0140
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0140
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0140
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0140
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0140
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0140
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0140
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0140
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0140
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0140
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0140
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0140
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0140
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0145
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0145
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0145
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0145
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0145
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0145
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0145
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0145
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0145
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0145
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0145
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0145
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0145
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0145
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0145
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0145
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0145
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0145
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0145
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0145
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0145
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0145
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0145
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0145
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0145
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0145
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0145
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0145
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0145
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0145
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0145
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0145
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0145
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0145
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0150
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0150
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0150
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0150
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0150
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0150
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0150
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0150
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0150
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0150
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0150
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0150
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0150
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0150
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0150
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0150
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0150
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0150
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0150
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0150
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0150
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0150
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0150
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0150
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0150
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0150
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0150
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0150
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0150
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0150
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0150
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0150
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0150
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0150
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0150
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0150
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0150
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0150
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0155
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0155
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0155
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0155
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0155
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0155
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0155
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0155
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0155
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0155
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0155
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0155
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0155
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0155
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0155
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0155
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0155
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0155
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0155
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0155
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0155
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0155
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0155
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0155
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0155
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0155
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0155
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0155
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0155
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0155
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0155
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0155
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0155
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0155
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0155
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0155
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0155
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0160
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0160
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0160
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0160
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0160
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0160
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0160
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0160
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0160
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0160
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0160
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0160
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0160
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0160
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0160
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0160
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0160
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0160
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0160
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0160
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0160
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0160
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0160
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0160
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0160
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0160
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0160
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0160
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0160
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0160
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0160
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0160
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0160
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0160
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0160
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0160
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0160
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0160
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0165
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0165
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0165
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0165
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0165
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0165
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0165
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0165
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0165
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0165
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0165
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0165
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0165
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0165
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0165
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0165
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0165
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0165
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0165
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0165
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0165
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0165
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0165
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0165
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0165
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0165
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0165
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0170
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0170
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0170
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0170
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0170
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0170
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0170
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0170
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0170
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0170
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0170
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0170
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0170
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0170
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0170
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0170
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0170
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0170
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0170
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0170
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0170
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0170
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0170
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0170
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0170
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0170
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0170
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0170
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0170
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0170
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0170
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0170
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0170
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0170
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0170
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0170
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0170
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0170
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0170
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0170
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0175
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0175
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0175
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0175
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0175
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0175
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0175
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0175
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0175
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0175
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0175
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0175
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0175
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0175
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0175
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0175
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0175
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0175
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0175
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0175
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0175
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0175
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0175
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0175
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0175
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0175
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0175
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0175
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0175
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0175
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0175
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0175
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0175
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0175
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0175
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0175
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0175
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0175
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0175
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0175
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0175
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0175
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0175
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0175
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0175
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0175
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0175
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0175
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0175
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0175
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0175
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0175
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0175
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0175
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0175
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0180
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0180
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0180
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0180
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0180
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0180
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0180
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0180
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0180
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0180
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0180
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0180
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0180
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0180
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0180
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0180
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0180
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0180
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0180
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0180
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0180
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0185
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0185
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0185
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0185
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0185
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0185
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0185
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0185
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0185
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0185
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0185
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0185
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0185
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0185
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0185
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0185
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0185
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0185
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0185
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0185
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0185
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0185
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0185
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0185
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0185
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0185
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0185
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0185
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0185
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0185
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0185
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0185
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0185
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0190
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0190
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0190
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0190
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0190
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0190
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0190
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0190
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0190
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0190
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0190
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0190
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0190
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0190
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0190
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0190
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0190
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0190
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0190
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0190
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0190
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0190
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0190
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0190
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0190
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0195
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0195
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0195
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0195
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0195
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0195
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0195
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0195
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0195
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0195
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0195
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0195
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0195
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0195
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0195
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0195
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0195
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0195
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0195
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0195
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0195
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0195
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0195
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0195
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0195
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0195
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0195
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0195
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0195
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0195
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0195
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0195
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0195
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0195
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0195
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0195
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0195
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0195
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0200
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0200
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0200
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0200
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0200
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0200
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0200
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0200
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0200
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0200
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0200
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0200
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0200
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0200
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0200
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0200
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0200
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0200
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0200
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0200
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0200
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0200
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0200
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0200
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0200
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0200
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0200
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0200
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0200
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0200
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0200
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0200
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0200
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0200
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0200
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0200
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0200
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0200
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0200
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0200
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0200
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0205
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0205
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0205
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0205
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0205
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0205
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0205
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0205
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0205
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0205
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0205
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0205
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0205
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0205
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0205
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0205
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0205
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0205
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0205
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0205
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0205
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0205
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0205
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0205
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0205
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0205
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0205
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0205
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0205
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0205
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0205
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0205
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0205
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0205
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0210
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0210
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0210
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0210
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0210
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0210
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0210
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0210
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0210
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0210
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0210
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0210
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0210
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0210
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0210
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0210
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0210
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0210
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0210
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0210
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0215
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0215
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0215
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0215
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0215
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0215
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0215
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0215
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0215
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0215
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0215
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0215
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0215
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0215
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0215
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0215
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0215
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0215
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0215
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0215
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0215
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0220
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0220
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0220
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0220
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0220
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0220
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0220
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0220
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0220
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0220
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0220
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0220
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0220
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0220
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0220
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0220
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0220
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0220
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0220
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0220
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0220
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0225
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0225
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0225
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0225
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0225
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0225
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0225
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0225
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0225
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0225
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0225
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0225
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0225
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0225
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0225
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0225
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0225
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0225
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0225
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0225
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0225
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0225
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0225
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0225
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0225
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0225
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0230
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0230
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0230
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0230
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0230
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0230
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0230
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0230
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0230
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0230
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0230
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0230
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0230
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0230
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0230
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0230
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0230
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0230
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0230
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0230
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0230
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0230
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0230
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0230
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0230
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0230
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0230
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0235
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0235
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0235
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0235
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0235
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0235
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0235
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0235
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0235
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0235
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0235
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0235
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0235
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0235
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0235
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0235
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0235
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0235
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0235
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0240
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0240
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0240
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0240
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0240
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0240
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0240
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0240
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0240
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0240
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0240
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0240
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0240
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0240
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0240
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0240
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0240
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0245
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0245
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0245
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0245
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0245
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0245
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0245
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0245
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0245
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0245
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0245
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0245
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0245
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0245
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0245
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0245
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0245
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0245
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0245
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0250
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0250
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0250
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0250
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0250
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0250
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0250
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0250
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0250
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0250
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0255
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0255
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0255
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0255
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0255
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0255
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0255
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0255
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0255
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0255
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0255
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0255
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0255
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0255
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0255
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0255
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0255
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0255
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0255
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0255
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0255
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0255
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0255
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0255
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0255
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0255
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0255
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0255
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0255
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0255
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0255
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0255
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0260
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0260
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0260
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0260
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0260
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0260
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0260
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0260
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0260
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0260
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0260
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0260
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0260
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0260
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0260
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0260
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0260
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0260
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0260
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0260
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0260
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0260
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0260
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0260
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0260
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0260
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0260
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0260
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0260
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0265
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0265
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0265
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0265
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0265
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0265
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0265
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0265
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0265
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0265
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0265
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0265
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0265
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0265
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0265
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0265
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0265
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0265
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0265
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0265
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0265
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0265
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0270
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0270
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0270
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0270
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0270
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0270
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0270
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0270
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0270
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0270
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0270
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0270
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0270
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0270
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0270
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0270
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0270
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0270
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0270
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0270
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0270
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0270
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0270
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0270
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0270
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0270
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0270
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0270
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0270
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0270
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0270
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0270
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0270
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0270
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0270
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0270
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0270
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0270
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0270
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0270
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0270
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0270
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0270
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0270
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0270
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0270
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0270
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0270
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0275
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0275
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0275
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0275
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0275
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0275
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0275
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0275
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0275
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0275
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0275
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0275
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0275
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0275
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0275
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0275
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0280
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0280
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0280
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0280
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0280
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0280
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0280
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0280
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0280
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0280
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0280
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0280
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0280
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0280
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0280
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0280
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0280
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0280
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0280
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0280
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0280
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0280
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0280
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0280
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0280
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0285
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0285
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0285
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0285
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0285
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0285
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0285
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0285
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0285
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0285
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0285
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0285
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0285
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0285
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0285
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0285
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0285
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0285
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0285
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0285
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0285
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0285
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0290
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0290
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0290
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0290
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0290
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0290
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0290
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0290
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0290
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0290
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0290
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0290
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0290
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0290
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0290
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0290
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0290
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0290
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0290
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0290
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0290
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0290
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0290
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0290
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0290
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0290
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0290
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0290
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0290
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0290
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0290
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0290
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0290
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0290
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0290
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0290
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0290
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0290
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0295
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0295
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0295
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0295
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0295
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0295
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0295
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0295
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0295
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0295
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0295
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0295
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0295
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0295
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0295
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0295
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0295
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0295
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0295
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0300
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0300
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0300
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0300
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0300
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0300
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0300
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0300
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0300
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0300
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0300
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0300
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0300
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0300
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0300
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0300
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0300
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0300
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0300
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0300
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0300
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0300
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0300
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0300
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0300
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0300
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0300
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0300
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0305
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0305
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0305
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0305
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0305
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0305
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0305
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0305
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0305
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0305
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0305
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0305
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0305
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0305
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0305
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0305
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0305
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0305
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0305
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0305
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0305
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0305
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0305
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0305
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0305
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0305
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0305
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0305
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0305
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0305
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0305
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0305
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0305
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0305
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0305
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0305
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0305
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0305
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0310
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0310
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0310
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0310
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0310
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0310
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0310
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0310
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0310
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0310
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0310
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0310
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0310
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0310
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0310
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0310
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0315
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0315
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0315
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0315
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0315
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0315
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0315
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0315
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0315
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0315
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0315
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0315
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0315
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0315
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0315
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0315
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0315
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0315
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0315
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0315
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0315
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0315
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0320
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0320
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0320
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0320
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0320
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0320
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0320
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0320
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0320
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0320
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0320
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0320
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0320
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0320
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0320
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0320
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0320
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0320
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0320
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0320
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0320
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0320
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0320
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0320
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0320
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0320
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0320
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0320
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0320
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0320
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0320
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0325
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0325
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0325
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0325
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0325
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0325
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0325
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0325
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0325
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0325
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0325
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0325
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0325
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0325
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0325
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0325
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0325
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0325
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0325
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0325
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0325
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0325
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0325
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0325
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0325
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0325
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0325
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0325
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0325
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0325
http://refhub.elsevier.com/S0013-4686(13)01144-4/sbref0325

	Identifying potential candidates for donor–acceptor copolymers on a series of 4H-1,2,6-thiadiazines: An electrochemical ap...
	1 Introduction
	2 Experimental
	2.1 Instrumentation
	2.2 Materials

	3 Results and discussion
	3.1 Electrochemistry
	3.2 Energy levels of the compounds and their potential as building blocks

	4 Conclusions
	Acknowledgements
	Appendix A Supplementary data
	Appendix A Supplementary data


