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trategies  to  harvest  the  unique  properties  of  laser-generated
anomaterials  in  biomedical  and  energy  applications
Size matters. After decades of intensive nanoresearch, nanopar-
icles are widely implemented as functional elements on surfaces,
nto volumes and as nanohybrids, with application prospects
s bioactive nanoparticle–polymer-composites and nanoparticle-
ioconjugates. However, nowadays only a limited variety of
aterials that may  be integrated into advanced functional prod-

cts are available: Nanoparticles synthesized by conventional gas
hase processes are often agglomerated to micropowders that are
ardly re-dispersible into functional matrices, and chemical meth-
ds often lead to impurities of the nanoparticle colloids caused by
dditives and precursor reaction products. As alternative synthesis
oute, pulsed laser ablation in liquids (PLAL) has proven its capabil-
ty to generate and conjugate elemental, nanoalloy, semiconductor
r ceramic nanoparticles [1–4]. The working principle of the laser
blation process are depicted in Fig. 1.

Fabrication of nanoparticles using laser technology allows a
apid nanomaterial design with unique properties not accessible
y any other synthesis route. Firstly, laser-generated nanomateri-
ls in liquid are safe. In contrast to dry nanopowders, nanoparticle
olloids cannot be inhaled during processing which leads to an
mproved occupational safety during product handling. Secondly
anomaterials from laser processes are known for their high purity
s chemical precursors are not required by this physical synthe-
is route and thus the aqueous colloids are 100 percent pure and
igand free. In addition, laser-synthesised nanoparticles possess

 unique surface chemistry attributed to partially oxidized sur-
ace atoms [8,9], which renders them stable in aqueous solutions
y purely electrostatic forces. Finally, this method can be applied
niversally with almost unlimited variety of materials and sol-
ents, giving access to metal, metal oxide, alloy, and semiconductor
anoparticles.

However, the field of laser ablation in liquids is still confronted
ith a number of challenges, which includes understanding the

undamentals of nanoparticle formation, the control of the parti-
les’ size and polydispersity and finally the productivity of the laser
rocess. The mechanism of nanoparticle formation by laser ablation

n liquid is still under vivid debate and entails plasma formation
s well as cavitation processes [10]. Recent findings have revealed
hat crystaline nanoparticles of 2 different size regimes are already

resent within the cavitation bubble [11], though how they form
uring cavitation or in the plasma plume is not yet fully under-
tood. As to size control many approaches have been developed
ncluding size quenching by organic ligands [9] and inorganic salts

ttp://dx.doi.org/10.1016/j.apsusc.2015.04.104
169-4332/© 2015 Published by Elsevier B.V.
[12] as well as delayed conjugation in liquid flow [13]. Even though
these techniques allow fabrication of monodisperse colloids at a
size regime of 6–20 nm the size range is still limited compared to
e.g. particles from chemical synthesis. To this end complementary
laser post-irradiation processes namely pulsed laser fragmentation
in liquids (PLFL) [14,15] and pulsed laser melting in liquids (PLML)
[16,17] have been established to expand the particle size regime
available by laser based methods to 4–400 nm (Fig. 2) [13]. Another
recent approach entails the in situ grafting of small nanoparticles on
catalyst supports [18]. However, synergetic effects between the dif-
ferent methods have not yet been fully explored and the presented
size regime was  predominantly examined for the model gold [13],
while deviations may occur for other materials.

Finally cost-efficient upscaling of the productivity is a major
issue as it would allow utilization of laser ablation in liquids in
industrial processes. Here, application of flow through setups [19]
as well as variations of laser parameters [20] and target geome-
try [5] were shown to significantly boost productivity and allow
fabrication of these materials on a gram scale [21].

So PLAL and related laser-based techniques allow fabrica-
tion of multiple size-controlled materials with high purity and
a unique surface chemistry. There is a broad variety of applica-
tions e.g. from the fields of biomedicine or energy technology
which particularly profit from these unique properties. Firstly,
high purity and ligand free surfaces are highly useful in biocon-
jugation experiments where laser generated gold nanoparticles
were shown to possess a 5 times higher surface coverage com-
pared to chemical counterparts [22], which could give these
materials a significant edge in sensitivity during bioassays. Further-
more, ligand-free nanoparticles proved to be particularly suitable
for deposition on support materials [23] for catalysis [30] as
ligand shells which tend to hinder adsorption are completely
absent. This allowed facile electrodeposition of laser-generated
metal and alloy nanoparticles on the surface of electrodes [24]
in order to alter their impedance and improve their biocompati-
bility in medical applications like deep brain stimulation for the
treatment of neurological disorders. In addition, coupling of laser-
synthesized ligand-free metal and alloy nanoparticles to oxide
supports yields highly potent catalysts [25,26] profiting from the

fact that calcination for ligand removal and hence heat-induced
aggregation can be avoided. Another approach entails embed-
ding laser-fabricated nanoparticles into polymer matrices. When
this is done via an in situ process performing laser ablation in
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Fig. 1. Left: sketch of laser ablation in liquid using a wire-shaped target allowing both 100%
from  the PCCP Owner Societies. Right: widely applied, unoptimized setup for laser ablat
pictures were taken from one of the laser ablation in liquid videos [6], and the images we

Fig. 2. Size control of gold nanoparticles by laser based methods pulsed laser
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elting in liquids (PLML), delayed conjugation, size quenching and pulsed laser
ragmentation in liquids (PLFL) (adapted from [13]). The arrows indicate gradients
f the respective variables.

he presence of monomer or polymer solutions a very uniform
article distribution in the composite as well as a very efficient
atrix coupling may  be achieved [27]. Nanocomposites based

n laser-generated nanoparticles were successfully applied in
ntimicrobial medical instruments and wound dressings releasing
etal ions [28], as well as in medical implants where embedded

anoparticles stimulated the growth of endothelial cells and hence
nhanced biocompatibility [29].

Pulsed laser ablation in liquid (PLAL) has proven to be an emerg-
ng field and a vivid community has formed, whose progress is
reatly stimulated during the biannual ANGEL conference.1 PLAL
articularly excels in fabricating a large variety of nanomaterials
ith unique properties. Research in this field has taken big leaps

orward during the last decade as to the fundamental understand-
ng of the laser ablation process as well as concerning the design of
nnovative materials. New research fields like pulsed laser melting
r laser-induced chemical reduction methods have been success-
ully integrated which widened the scope of available materials and
echniques. Furthermore, the number of contributions devoted to
pplication e.g. in medicine, biology and chemistry has significantly
ncreased. This development directed at real world applications
hows that the unique properties of materials only matter when
hey can be harvested for a special purpose. Hence it is highly proba-
le that successful nanointegration will be the key discipline meant
o shape the future of this research field.

eferences
[1] V. Amendola, M.  Meneghetti, Laser ablation synthesis in solution and size
manipulation of noble metal nanoparticles, Phys. Chem. Chem. Phys. 11 (2009)
3805–3821.

1 Conference series on “Advanced Nanoparticle Generation and Excitation by
aser in Liquids (ANGEL)” (http://www.angel-conference.org).

[

[

[

 material yield of increased ablation efficiency reproduced from [5] with permission
ion in liquid batch using vertical beam focused on target below a high liquid level
re previously published in [7].

[2] V. Amendola, M.  Meneghetti, What controls the composition and the structure
of  nanomaterials generated by laser ablation in liquid solution? Phys. Chem.
Chem. Phys. 15 (2013) 3027–3046.

[3] S. Barcikowski, F. Devesa, K. Moldenhauer, Impact and structure of literature on
nanoparticle generation by laser ablation in liquids, J. Nanopart. Res. 11 (2009)
1883–1893.

[4] H. Zeng, X.-W. Du, S.C. Singh, S.A. Kulinich, S. Yang, J. He, W.  Cai, Nanomaterials
via  laser ablation/irradiation in liquid: a review, Adv. Funct. Mater. 22 (2012)
1333–1353.

[5] G.C. Messina, P. Wagener, R. Streubel, A. De Giacomo, A. Santagata, G. Com-
pagnini, S. Barcikowski, Pulsed laser ablation of a continuously-fed wire in
liquid flow for high-yield production of silver nanoparticles, Phys. Chem. Chem.
Phys. 15 (2013) 3093–3098.

[6] Published under Creative Commons, YouTube Channel: http://youtube.com/
nanofunction

[7] P. Wagener, S. Barcikowski, N. Bärsch, Fabrication of nanoparticles and nano-
materials using laser ablation in liquids, Photonik Int. (2011) 20–24.

[8] H. Muto, K. Yamada, K. Miyajima, F. Mafune, Estimation of surface oxide on
surfactant-free gold nanoparticles laser-ablated in water, J. Phys. Chem. C 111
(2007) 17221–17226.

[9] J.P. Sylvestre, A.V. Kabashin, E. Sacher, M.  Meunier, J.H.T. Luong, Stabiliza-
tion and size control of gold nanoparticles during laser ablation in aqueous
cyclodextrins, J. Am. Chem. Soc. 126 (2004) 7176–7177.

10] K. Sasaki, T. Nakano, W.  Soliman, N. Takada, Effect of pressurization on the
dynamics of a cavitation bubble induced by liquid-phase laser ablation, Appl.
Phys. Express 2 (2009).

11] P. Wagener, S. Ibrahimkutty, A. Menzel, A. Plech, S. Barcikowski, Dynamics of
silver nanoparticle formation and agglomeration inside the cavitation bub-
ble after pulsed laser ablation in liquid, Phys. Chem. Chem. Phys. 15 (2013)
3068–3074.

12] C. Rehbock, V. Merk, L. Gamrad, R. Streubel, S. Barcikowski, Size control of
laser-fabricated surfactant-free gold nanoparticles with highly diluted elec-
trolytes and their subsequent bioconjugation, Phys. Chem. Chem. Phys. 15
(2013) 3057–3067.

13] C. Rehbock, J. Jakobi, L. Gamrad, S. van der Meer, D. Tiedemann, U. Taylor, W.
Kues, D. Rath, S. Barcikowski, Current state of laser synthesis of metal and alloy
nanoparticles as ligand-free reference materials for nano-toxicological assays,
Beilstein J. Nanotechnol. 5 (2014) 1523–1541.

14] V. Amendola, M.  Meneghetti, Controlled size manipulation of free gold
nanoparticles by laser irradiation and their facile bioconjugation, J. Mater.
Chem. 17 (2007) 4705–4710.

15] S. Hashimoto, D. Werner, T. Uwada, Studies on the interaction of pulsed lasers
with plasmonic gold nanoparticles toward light manipulation, heat manage-
ment, and nanofabrication, J. Photochem. Photobiol. C: Photochem. Rev. 13
(2012) 28–54.

16] A. Pyatenko, H.Q. Wang, N. Koshizaki, T. Tsuji, Mechanism of pulse laser
interaction with colloidal nanoparticles, Laser Photonics Rev. 7 (2013)
596–604.

17] H. Wang, A. Pyatenko, K. Kawaguchi, X. Li, Z. Swiatkowska-Warkocka, N.
Koshizaki, Selective pulsed heating for the synthesis of semiconductor and
metal submicrometer spheres, Angew. Chem. Int. Ed. 49 (2010) 6361–6364.

18] F. Mafune, T. Okamoto, M.  Ito, Surfactant-free small Ni nanoparticles trapped
on  silica nanoparticles prepared by pulsed laser ablation in liquid, Chem. Phys.
Lett. 591 (2014) 193–196.

19] S. Barcikowski, A. Menendez-Manjon, B. Chichkov, M. Brikas, G. Raciukaitis,
Generation of nanoparticle colloids by picosecond and femtosecond laser abla-
tions in liquid flow, Appl. Phys. Lett. 91 (2007).

20] C.L. Sajti, R. Sattari, B. Chichkov, S. Barcikowski, Ablation efficiency of alpha-
Al2O3 in liquid phase and ambient air by nanosecond laser irradiation, Appl.
Phys. A: Mater. Sci. Process. 100 (2010) 203–206.

21] C.L. Sajti, R. Sattari, B.N. Chichkov, S. Barcikowski, Gram scale synthesis of pure
ceramic nanoparticles by laser ablation in liquid, J. Phys. Chem. C 114 (2010)
2421–2427.

22] S. Petersen, S. Barcikowski, Conjugation efficiency of laser-based bioconju-
gation of gold nanoparticles with nucleic acids, J. Phys. Chem. C 113 (2009)

19830–19835.

23] P. Wagener, A. Schwenke, S. Barcikowski, How citrate ligands affect nanopar-
ticle adsorption to microparticle supports, Langmuir 28 (2012) 6132–6140.

24] J. Jakobi, A. Menendez-Manjon, V.S.K. Chakravadhanula, L. Kienle, P. Wagener,
S.  Barcikowski, Stoichiometry of alloy nanoparticles from laser ablation of PtIr

http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0150
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0150
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0150
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0150
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0150
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0150
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0150
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0150
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0150
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0150
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0150
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0150
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0150
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0150
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0150
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0150
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0150
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0150
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0150
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0150
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0150
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0150
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0150
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0150
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0150
http://www.angel-conference.org
http://www.angel-conference.org
http://www.angel-conference.org
http://www.angel-conference.org
http://www.angel-conference.org
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0155
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0155
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0155
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0155
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0155
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0155
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0155
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0155
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0155
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0155
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0155
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0155
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0155
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0155
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0155
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0155
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0155
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0155
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0155
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0155
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0155
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0155
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0155
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0155
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0155
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0155
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0155
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0155
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0155
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0160
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0160
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0160
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0160
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0160
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0160
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0160
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0160
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0160
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0160
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0160
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0160
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0160
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0160
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0160
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0160
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0160
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0160
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0160
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0160
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0160
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0160
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0160
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0160
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0160
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0160
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0160
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0165
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0165
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0165
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0165
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0165
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0165
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0165
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0165
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0165
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0165
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0165
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0165
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0165
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0165
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0165
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0165
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0165
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0165
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0165
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0165
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0165
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0165
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0165
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0165
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0165
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0165
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0165
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0165
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0165
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0165
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0170
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0170
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0170
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0170
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0170
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0170
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0170
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0170
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0170
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0170
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0170
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0170
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0170
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0170
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0170
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0170
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0170
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0170
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0170
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0170
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0170
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0170
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0170
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0170
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0170
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0170
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0170
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0170
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0170
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0170
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0170
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0170
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0170
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0170
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0170
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0170
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0170
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0170
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0170
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0170
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0170
http://youtube.com/nanofunction
http://youtube.com/nanofunction
http://youtube.com/nanofunction
http://youtube.com/nanofunction
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0180
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0180
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0180
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0180
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0180
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0180
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0180
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0180
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0180
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0180
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0180
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0180
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0180
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0180
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0180
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0180
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0180
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0180
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0180
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0180
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0180
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0180
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0180
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0185
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0185
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0185
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0185
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0185
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0185
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0185
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0185
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0185
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0185
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0185
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0185
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0185
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0185
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0185
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0185
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0185
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0185
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0185
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0185
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0185
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0185
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0185
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0185
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0185
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0185
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0185
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0185
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0190
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0190
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0190
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0190
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0190
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0190
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0190
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0190
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0190
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0190
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0190
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0190
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0190
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0190
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0190
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0190
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0190
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0190
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0190
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0190
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0190
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0190
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0190
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0190
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0190
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0190
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0190
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0190
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0190
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0190
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0190
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0190
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0190
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0195
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0195
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0195
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0195
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0195
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0195
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0195
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0195
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0195
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0195
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0195
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0195
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0195
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0195
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0195
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0195
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0195
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0195
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0195
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0195
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0195
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0195
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0195
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0195
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0195
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0195
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0195
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0195
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0200
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0200
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0200
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0200
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0200
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0200
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0200
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0200
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0200
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0200
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0200
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0200
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0200
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0200
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0200
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0200
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0200
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0200
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0200
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0200
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0200
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0200
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0200
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0200
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0200
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0200
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0200
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0200
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0200
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0200
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0200
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0200
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0200
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0200
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0200
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0200
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0200
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0205
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0205
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0205
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0205
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0205
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0205
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0205
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0205
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0205
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0205
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0205
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0205
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0205
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0205
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0205
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0205
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0205
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0205
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0205
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0205
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0205
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0205
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0205
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0205
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0205
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0205
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0205
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0205
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0205
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0205
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0205
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0205
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0205
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0205
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0205
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0210
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0210
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0210
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0210
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0210
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0210
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0210
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0210
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0210
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0210
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0210
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0210
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0210
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0210
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0210
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0210
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0210
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0210
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0210
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0210
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0210
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0210
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0210
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0210
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0210
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0210
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0210
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0210
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0210
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0210
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0210
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0210
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0210
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0210
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0210
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0210
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0210
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0210
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0210
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0210
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0210
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0210
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0210
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0210
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0210
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0215
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0215
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0215
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0215
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0215
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0215
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0215
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0215
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0215
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0215
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0215
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0215
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0215
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0215
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0215
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0215
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0215
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0215
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0215
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0215
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0215
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0215
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0215
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0215
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0215
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0215
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0220
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0220
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0220
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0220
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0220
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0220
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0220
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0220
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0220
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0220
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0220
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0220
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0220
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0220
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0220
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0220
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0220
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0220
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0220
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0220
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0220
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0220
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0220
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0220
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0220
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0220
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0220
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0220
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0220
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0220
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0220
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0220
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0220
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0220
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0220
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0220
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0225
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0225
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0225
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0225
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0225
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0225
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0225
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0225
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0225
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0225
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0225
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0225
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0225
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0225
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0225
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0225
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0225
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0225
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0225
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0225
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0225
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0225
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0225
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0225
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0230
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0230
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0230
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0230
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0230
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0230
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0230
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0230
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0230
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0230
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0230
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0230
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0230
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0230
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0230
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0230
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0230
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0230
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0230
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0230
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0230
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0230
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0230
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0230
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0230
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0230
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0230
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0230
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0230
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0230
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0230
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0230
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0230
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0235
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0235
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0235
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0235
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0235
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0235
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0235
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0235
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0235
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0235
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0235
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0235
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0235
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0235
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0235
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0235
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0235
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0235
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0235
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0235
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0235
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0235
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0235
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0235
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0235
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0235
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0235
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0235
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0235
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0240
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0240
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0240
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0240
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0240
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0240
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0240
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0240
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0240
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0240
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0240
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0240
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0240
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0240
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0240
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0240
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0240
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0240
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0240
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0240
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0240
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0240
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0240
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0240
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0240
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0240
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0240
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0240
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0240
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0245
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0245
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0245
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0245
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0245
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0245
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0245
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0245
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0245
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0245
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0245
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0245
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0245
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0245
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0245
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0245
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0245
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0245
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0245
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0245
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0245
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0245
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0245
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0245
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0245
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0245
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0245
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0245
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0245
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0245
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0245
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0245
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0245
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0245
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0245
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0245
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0245
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0250
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0250
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0250
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0250
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0250
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0250
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0250
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0250
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0250
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0250
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0250
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0250
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0250
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0250
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0250
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0250
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0250
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0250
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0250
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0250
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0250
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0250
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0250
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0250
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0250
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0250
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0250
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0250
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0250
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0255
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0255
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0255
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0255
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0255
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0255
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0255
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0255
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0255
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0255
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0255
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0255
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0255
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0255
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0255
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0255
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0255
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0255
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0255
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0255
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0255
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0255
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0255
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0255
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0255
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0260
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0260
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0260
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0260
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0260
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0260
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0260
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0260
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0260
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0260
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0260
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0260
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0260
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0260
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0260
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0260
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0260
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0260
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0260
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0260
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0260
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0260
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0265
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0265
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0265
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0265
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0265
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0265
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0265
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0265
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0265
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0265
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0265
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0265
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0265
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0265
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0265
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0265
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0265
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0265
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0265
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0265
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0265


face Sc

[

[

[

[

[

[

Editorial / Applied Sur

in acetone and their electrophoretic deposition on PtIr electrodes, Nanotech-
nology 22 (2011).

25] V.L. Kumar, R.S.S. Siddhardha, A. Kaniyoor, R. Podila, M. Molli, S.M.V. Kumar, K.
Venkataramaniah, S. Ramaprabhu, A.M. Rao, S.S. Ramamurthy, Gold decorated
graphene by laser ablation for efficient electrocatalytic oxidation of methanol
and ethanol, Electroanalysis 26 (2014) 1850–1857.

26] J. Zhang, G. Chen, D. Guay, M.  Chaker, D. Ma,  Highly active PtAu alloy nanoparti-
cle catalysts for the reduction of 4-nitrophenol, Nanoscale 6 (2014) 2125–2130.

27] A. Hahn, T. Stover, G. Paasche, M.  Lobler, K. Sternberg, H. Rohm, S. Barcikowski,
Therapeutic window for bioactive nanocomposites fabricated by laser ablation
in  polymer-doped organic liquids, Adv. Eng. Mater. 12 (2010) B156–B162.

28] A. Hahn, S. Guenther, P. Wagener, S. Barcikowski, Electrochemistry-controlled
metal ion release from silicone elastomer nanocomposites through com-
bination of different metal nanoparticles, J. Mater. Chem. 21 (2011)
10287–10289.

29] C. Hess, A. Schwenke, P. Wagener, S. Franzka, C.L. Sajti, M. Pflaum, B. Wieg-
mann, A. Haverich, S. Barcikowski, Dose-dependent surface endothelialization
and biocompatibility of polyurethane noble metal nanocomposites, J. Biomed.
Mater. Res. A 102 (2014) 1909–1920.

30] G. Marzun, C. Streich, S. Jendrzej, S. Barcikowski, P. Wagener, Adsorption of
colloidal platinum nanoparticles to supports: charge transfer and effects of
electrostatic and steric interactions, Langmuir 30 (2014) 11928–11936.
Tsuyoshi Asahi ∗

Graduate School of Science and Engineering, Ehime
University, Matsuyama, Ehime 790-8577, Japan
ience 348 (2015) 1–3 3

Fumitake Mafuné ∗∗

Department of Basic Science, School of Arts and
Sciences, The University of Tokyo, Komaba, Meguro,

Tokyo 153-8902, Japan

Christoph Rehbock
Stephan Barcikowski ∗ ∗ ∗

Technical Chemistry I, University of Duisburg-Essen
and Center for Nanointegration Duisburg-Essen

(CENiDE), Universitaetsstr. 7, 45141 Essen, Germany

∗ Corresponding author.

∗∗ Corresponding author.

∗∗∗ Corresponding author.
E-mail addresses: asahi.tsuyoshi@eng.ehime-u.ac.jp

(T. Asahi), mafune@cluster.c.u-tokyo.ac.jp

(F. Mafuné), stephan.barcikowski@uni-due.de

(S. Barcikowski).

Available online 18 April 2015

http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0265
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0265
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0265
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0265
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0265
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0265
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0265
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0265
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0265
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0265
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0265
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0265
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0265
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0270
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0270
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0270
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0270
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0270
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0270
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0270
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0270
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0270
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0270
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0270
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0270
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0270
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0270
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0270
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0270
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0270
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0270
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0270
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0270
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0270
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0270
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0270
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0270
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0270
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0270
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0270
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0270
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0270
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0270
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0270
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0270
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0270
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0270
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0270
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0270
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0270
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0270
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0270
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0270
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0275
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0275
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0275
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0275
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0275
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0275
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0275
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0275
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0275
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0275
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0275
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0275
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0275
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0275
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0275
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0275
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0275
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0275
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0275
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0275
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0275
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0275
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0275
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0275
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0275
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0275
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0275
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0275
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0280
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0280
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0280
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0280
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0280
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0280
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0280
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0280
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0280
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0280
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0280
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0280
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0280
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0280
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0280
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0280
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0280
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0280
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0280
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0280
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0280
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0280
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0280
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0280
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0280
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0280
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0280
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0280
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0280
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0280
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0280
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0280
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0280
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0280
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0280
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0285
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0285
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0285
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0285
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0285
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0285
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0285
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0285
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0285
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0285
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0285
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0285
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0285
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0285
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0285
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0285
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0285
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0285
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0285
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0285
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0285
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0285
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0285
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0285
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0285
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0285
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0285
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0285
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0285
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0285
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0285
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0290
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0290
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0290
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0290
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0290
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0290
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0290
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0290
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0290
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0290
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0290
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0290
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0290
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0290
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0290
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0290
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0290
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0290
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0290
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0290
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0290
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0290
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0290
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0290
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0290
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0290
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0290
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0290
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0290
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0290
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0290
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0290
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0290
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0290
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0290
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0290
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0290
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0290
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref0290
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref295
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref295
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref295
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref295
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref295
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref295
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref295
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref295
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref295
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref295
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref295
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref295
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref295
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref295
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref295
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref295
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref295
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref295
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref295
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref295
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref295
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref295
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref295
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref295
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref295
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref295
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref295
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref295
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref295
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref295
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref295
http://refhub.elsevier.com/S0169-4332(15)00954-X/sbref295
mailto:asahi.tsuyoshi@eng.ehime-u.ac.jp
mailto:mafune@cluster.c.u-tokyo.ac.jp
mailto:stephan.barcikowski@uni-due.de

