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The copolymer of starch grafted with polystyrene (starch-g-PS) was synthesized with high grafting per-
centage by utilizing the ionic liquid 1-ethyl-3-methylimidazolium acetate ([EMIM]Ac) as solvent and
potassium persulfate as initiator. The effect of various parameters upon the polymerization were studied
including: initiator concentration, styrene:starch weight ratio, the reaction time and temperature. Graft-
ing percentages were calculated using an FT-IR calibration method, with values up to 114%. The resulting
copolymer was characterized using FT-IR, SEM, WAXD and TGA, which demonstrated that polystyrene
side chains were evenly distributed on the starch backbone. Our results indicate that ionic liquid disso-
lution of starch, prior to polystyrene grafting, is a versatile methodology for the synthesis of amphiphilic,
polysaccharide-based graft copolymers, having high grafting percent.

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

Starch is one of the most cost-effective renewable materials that
is used industrially in the production of paper, textiles and food
additives, as well being a commonly used biotemplate and car-
bon precursor in materials research (BeMiller & Whistler, 2009;
Brun, Wohlgemuth, Osiceanu, & Titirici, 2013; Hu et al.,2010; Wang
et al,, 2014; Xia, Cui, He, & Li, 2012; Xia, He, & Li, 2013; Xia, Wang,
He, Cui, & Li, 2012). Starch is nontoxic, biodegradable, and can be
blended with plastics to prepare bioplastics (Janssen & Moscicki,
2010). However, the mechanical properties of thermoplastic poly-
mer/starch blends are very poor due to the hydrophilic nature of
starch. One way to improve the mechanical strength of such mate-
rials is by covalently combining the starch and polymer chains,
which can be accomplished through graft copolymerization of a
thermoplastic polymer onto starch. Various methods have been
reported for the production of starch-based graft copolymers, such
as reactive extrusion (de Graaf & Janssen, 2000), bulk polymer-
ization (Chen et al., 2005), suspension polymerization (Kadokawa,
Murakami, Takegawa, & Kaneko, 2009), emulsion polymerization
(Cho & Lee, 2002), and atom transfer free radical polymerization
(Liu & Su, 2005; Nurmi, Holappa, Mikkonen, & Seppala, 2007).
Starch solubility remains an unresolved problem, when using
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common solvents, due to the presence of strong inter and intra-
molecular hydrogen bonding, resulting in poor control and yield
in the grafting reaction. To overcome such difficulties a solvent is
needed that can fully dissolve the starch, and act as an effective
reaction medium.

Room temperature ionic liquids, have been utilized as ‘green
solvents’ in a wide range of applications owing to their effica-
cious dissolution of polysaccharides (Dou & Liu, 2012; Esposito,
Kirchhecker, & Antonietti, 2013; Fu & Liu, 2008; Li, Zhang,
& Liu, 2006; Men, Kuzmicz, & Yuan, 2014; Men, Schlaad, &
Yuan, 2013; Men, Siebenburger, Qiu, Antonietti, & Yuan, 2013;
Wang & Liu, 2012, 2013; Zakrzewska, Bogel-Lukasik, & Bogel-
Lukasik, 2010). Over the last decade, much research has been
conducted into the application of ionic liquids as a solvent for
cellulose, displaying good solubility (Swatloski, Spear, Holbrey,
& Rogers, 2002), reactivity (Feng & Chen, 2008; Sui et al,
2008; Yan et al., 2009), and control over the resulting material
(Amarasekara & Owereh, 2009). Recently, it has been found that
starch can also be dissolved in ionic liquids. For example, 1-butyl-3-
methylimidazolium chloride ([BMIM]CI) can dissolve corn starch at
15 wt% when heated to 80°C (Biswas, Shogren, Stevenson, Willett,
& Bhowmik, 2006), although a decrease in molecular weight was
observed (Stevenson, Biswas, Jane, & Inglett, 2007). 1-Ethyl-3-
methylimidazolium acetate ([EMIM]Ac) is another well-known
solvent for starch. Interestingly, water is capable of acting as a good
co-solvent, alongside [EMIM]ACc, to further improve the dissolution
of starch, whereas the opposite is observed when using cellulose.
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Scheme 1. Synthesis procedure of starch-g-PS.

(Komulainen, Verlackt, Pursiainen, & Lajunen, 2013; Lappalainen,
Kdrkkdinen, & Lajunen, 2013; Liu & Budtova, 2013; Mateyawa et al.,
2013).

Using ionic liquids as a reaction media to modify native starch
was first reported by Biswas et al. (2006), who prepared acetylated
starch with degree of substitution (DS) from 0.3 to 2.6 in 1-butyl-
3-methylimidazolium dicyanimide ([BMIM]dca). It was also found
that the acetylation substitution preferred at C2 position to C3 and
C6 positions when using [BMIM]dca, while there was a more uni-
form distribution between at C2, C3 and C6 positions when using
[BMIM]Ac (Shogren & Biswas, 2010). Lehmann and Volkert (2009)
demonstrated that the reactivity order of different hydroxyl groups
towards esterification was C6 > C2 > C3 in [BMIM]CI. Other modifi-
cation reaction of starch, like esterification with succinic anhydride,
acetic anhydride (Lu, Luo, Yu, & Fu, 2012; Luo & Zhou, 2012;
Xie, Shao, & Liu, 2010) and phosphorylation (Xie & Shao, 2009)
have also been studied in ionic liquids. Moreover, biodegradable
starch-g-polylactic acid and starch-g-polycaprolactone have been
prepared through ring opening graft polymerization in 1-allyl-3-
methylimidazolium chloride ([AMIM]CI), with grafting efficiencies
up to 30.0% and 24.4%, respectively; marked improvements over
the equivalent reactions in common (poor) solvents (Xu, Kennedy,
& Liu, 2008; Xu, Wang, & Liu, 2008). However, reports describing
the utilization of ionic liquids for grafting of hydrophobic polymers
onto starch are scarce in the literature. Moreover, all available pro-
tocols suffer from low grafting efficiencies, the graft percentage of
starch-g-PS was hardly over 46% (Cho & Lee, 2002), likely due to
inhomogeneity in the reaction mixture.

In the present work, we demonstrate a method to disperse
starch at the molecular level using [EMIM]Ac, followed by grafting
with polystyrene to generate starch-g-polystyrene (starch-g-PS).
The effect of a number of factors upon the grafting efficiency
are presented, including: initiator concentration, styrene:starch
weight ratio, the reaction time and temperature. The structure,
composition and physical characteristics of the reaction mixture
and resulting graft copolymer have been characterized using FT-IR,
SEM, WAXD and TGA.

2. Material and methods
2.1. Material

Corn starch (from Aladdin; 25 wt% amylose, AR) was used after
drying in vacuum (60 °C, 100 Pa) for 48 h. Styrene and bromoethane
were purchased from Beijing Chemical Engineering Plant, and were
distilled under reduced pressure before usage. 1-Methylimidazole

was used after drying over CaH, for 2 days, and then was dis-
tilled under reduced pressure. Other reagents were purchased from
Aladdin, and were used as received.

2.2. Preparation of [EMIM]Ac

The two steps synthesis of [EMIM]Ac was modified from
literature (Bonhote, Dias, Papageorgiou, Kalyanasundaram, &
Gratzel, 1996). The first step was preparation of 1-ethyl-3-
methylimidazolium bromide [EMIM]Br. 1-Methylimidazole
(41.06g, 0.50mol) and bromoethane (65.35g, 0.60mol) were
added into a three-neck flask fitted with reflux condenser and
stirrer for 8 h at 60°C under an argon atmosphere. After washing
with diethyl ether, the obtained yellow liquid was transferred to a
crystallizing dish filled with ethanol/acetone (2/1 v/v). Transparent
crystal ([EMIM]Br) was obtained after 3 days followed by drying in
a vacuum oven at 60°C for 12 h.

The second stage was conversion to the acetate salt: [EMIM|Br
(0.50 mol) was dissolved in water (150 mL) and added slowly into
Ag(CH3COO0) aqueous solution (0.50 mol in 250 mL). The mixture
was stirred at room temperature for 6 h, followed by filtration to
remove AgBr. Charcoal was added to the filtrate in order to remove
any impurities (indicated by color), then refrigerated overnight.
After filtering off the charcoal, water was removed from the filtrate
through rotary evaporation under vacuum at 70°C. The obtained
light yellow liquid was dried in a vacuum oven for 48 h at 80°C.
The synthesized [EMIM]Ac (100 mg) dissolved in D50 (0.5 mL) for
TH NMR measurement. Multiplicities are reported as s (singlet), d
(doublet), t (triplet) and m (multiplet). 'H NMR (400 MHz, D-0,
o ppm): 1.38 (t, 3H, —CH3), 1.77 (s, 3H, —CH,CH3), 3.78 (s, 3H,
0OO0CH;,CH3), 4.13 (m, 2H, OOCH,CH3), 7.33 (s, 1H, —N—CH = CH—),
7.39 (s, 1H,—N—CH=CH—), 8.63 (s, 1H,—N = CH—N—).

2.3. Starch dispersion in [EMIM], Ac

Starch (0.25 g) was dispersed in [EMIM]Ac (4 g) with stirring at
80°C until a transparent solution was formed. The dissolving pro-
cedure was observed in-situ through polarized light microscope
(PLM) equipped with a heating stage. The heating rate was set as
20°C/min, and the final temperature was maintained until 95% of
starch granules disappeared from the view-window.

Regenerated starch was precipitated out using 100% ethanol,
collected by filtration and then dried in a vacuum oven for 24 h at
50°C. The final products were characterized by scanning electron
microscope (SEM) and nuclear magnetic resonance (NMR).
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Fig. 1. (A) FT-IR spectra of various ratios of PS to starch, (B) standard curve of GP %
to the adjusted intensities of signals of PS (1600 cm~1).

2.4. Grafting procedure

Starch-g-PS was synthesized according to the procedure of
Scheme 1. Starch (0.25 g) was dissolved in [EMIM]Ac (4 g)ina 10 mL
three-neck flask under argon and stirred at 80 °C for 2 h. The initia-
tor, potassium peroxydisulfate (KPS, 0.03 g, 4 wt%), was added into
the flask and stirred for 10 min before the styrene was added into
reaction, which was heated to the desired temperature and stirred

40 jm

t=65 min

t=25 min

t=85 min

under argon. Although the specific weight ratio of styrene to starch
varied, the total weight of reactant was maintained at 0.75g.

Reaction products were precipitated by the addition of 50 mL
methanol/H,0 (3/2 v/v). The precipitate was washed for 3 times,
and then dried under vacuum at 60 °C for 12 h. The obtained prod-
uct was a mixture of the grafted copolymer (starch-g-PS), and
polystyrene homopolymer (homo-PS). Homo-PS was isolated from
the products by Soxhlet extraction with tetrahydrofuran (THF) for
24 . The residue was starch-g-PS, which was dried in vacuum at
60 °C for 12 h before characterization.

2.5. Measurements

Fourier transform infrared (FT-IR) spectra were obtained with
an Avatar 360 spectrometer made by Nicolet Instruments Corp.
(Madison, WI) in transmittance mode using pressed KBr discs. 'H
and 13C NMR spectra were recorded in CDCl; or DMSO-dg solu-
tion using tetramethylsilane as an internal standard on a Bruker
Advance DRX-400 NMR spectrometer.

Polarized light microscope (PLM) observation of starch dissolu-
tion in [EMIM]Ac was performed on a Leitz Laborlux 12 microscope
with a Leitz 350 hot stage.

Scan electron microscope (SEM) images were obtained using a
Hitachi S-4800 SEM (Tokyo, Japan) after the sputter coating of gold
on the specimen surface.

Wide-angle X-ray diffraction (WAXD) patterns were performed
on an X'Pert PRO MPD diffractometer with Cu Ko radiation
(A=1.5418A) at 25°C (scan range: 10-40°).

Thermal gravimetric analysis (TGA) measurement was per-
formed on METTLER TOLEDO TGA-SDA 851e analyzer with a
heating rate of 10°C/min from 50 to 600°C under nitrogen with
Al,03 crucible.

2.6. Calculation of the grafting percent of PS

The grafting percent was defined by following equation (Xu
et al., 2008b):

grafting percent (GP) = weight of grafting PS

x 100% (1)

weight of total starch

40 pm

t=45 min

40 pm

t=115min

Fig. 2. Dissolving process of starch in [EMIM]Ac at 80°C in-situ traced by a PLM.
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Fig. 3. 13C NMR spectra of recovered starch from DMSO (a) and [EMIM]Ac (b) in DMSO-ds,

A series of FT-IR spectra (Fig. 1A) were obtained using a
fixed amount of KBr and different weight ratios of starch and
polystyrene (5mg) in the pellet. After baseline correction, keep-
ing the intensities of signal at 1648 cm~! (starch) as a constant,
the adjusted intensities of the signal at 1600cm~! (PS) was
obtained. A graph was plotted of the weight ratios of starch
and polystyrene against adjusted intensities (T) of the signal
at 1600cm~! (Fig. 1B) from which, a regression equation was
obtained.
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3. Results and discussion
3.1. Dissolution of starch in [EMIM]Ac

The dissolution of starch in [EMIM]Ac (6.25 wt%) at different
temperatures was monitored in real via PLM equipped with a heat-
ing stage. When the temperature was below 60 °C, starch granules
could not be dissolved by [EMIM]Ac without applying a shear-
ing force. At 70°C, however, slow dissolution occurred, taking
12 h. With increasing temperature, the starch was dissolved more
rapidly. At 80, 90, 100, and 120°C, the dissolution rate greatly
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Fig. 4. Influence of (A) initiator concentration, (B) reaction time, (C) the weight ratio of styrene to starch, and (D) reaction temperature on the grafting polymerization [KPS
4wt%, 70°C, 2 h, styrene/starch (wt/wt)=2:1, when changing one infector, other variables as constants].
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Table 1

Dissolving time of starch in [EMIM]Ac at different temperatures.
Temp. (°C) 60 70 80 90 100 120
Time (min) - 720 115 24 7 3

increased and the corresponding dissolution times were 115, 24, 7
and 3 min, respectively (Table 1). A temperature of 80 °C was cho-
sen for further investigation, being a good compromise between
speed and cost. As shown in Fig. 2, PLM was effective in identifying
semi-crystalline starch granules by the presence of characteristic
Maltese cross patterns due to the birefringence of particles with a
high degree of molecular orientation. In the first 25 min about half
of the starch granules disappeared from view-window, whilst the
sizes of any remaining starch particles decreased with time. Such
observations indicate that the dissolving process starts from out-
layer of starch to the inside, which is different from gelatinization
of starch in water that is associated with a swelling process.

13C NMR was employed here to study on the chemical structure
changes of corn starch after dissolution in [EMIM]Ac (Fig. 3). The
six characteristic signals of the unmodified anhydroglucose units
appeared clearly at 99.99 (C-1), 78.7 (C-4), 73.1 (C-5), 71.8 (C-3),
71.5(C-2),and 60.4 ppm (C-6), in accordance with starch dissolved
inDMSO and [AMIM]CI (Xu et al.,2008a). These results demonstrate
that [EMIM]Ac is a non-derivatizing and efficient solvent for starch.

3.2. Grafting of polystyrene onto starch in [EMIM]Ac at molecular
level

Knowing that corn starch can be homogenously dispersed in
[EMIM]ACc, a high graft percent with polystyrene was expected to
be obtained due to the increased surface area of starch. A systematic
investigation was conducted into the effect of initiator concentra-
tion, the reaction time styrene:starch weight ratio, and the reaction
temperature upon the GP. The influence of initiator concentration
on grafting percent is presented in Fig. 4A, which shows that the
GP increased sharply from 32% to 62% when [KPS] < 2 wt% and then
decreased slightly when the KPS concentration was over 4 wt%. The
increase of GP may be ascribed to greater number of free radicals
generated on the glucose unit of starch by increasing levels of KPS
(Cho & Lee, 2002). Decrease in the GP when the KPS concentration
was over 4wt% was due to the concentration of persulfate radi-
cals being too high, causing a high chance of quenching between
adjacent free radicals and a large amount of homo-PS.

Fig. 4B displays the effect of reaction time on GP. It was observed
that GP increased gradually in the first 2 h, but leveled off after-
wards, which demonstrates that the grafting reaction was very
efficient during the first 2h but ceased thereafter. The reaction
leveled off after 2 h due to the reduction in the concentration of
monomers and free radicals in the reaction system.

Fig. 4C shows the effect of the styrene:starch weight ratio on
the grafting reaction, which was varied from 1/3 to 5, while keep-
ing other reaction variables constant. It was observed that the
GP increases as the weight ratio of styrene is increased up to a
maximum at styrene:starch =3, with further increase in the ratio
resulting in a reduction of GP. The increase in GP was ascribed
to higher local concentration of styrene monomers around the
starch backbone, giving rise to an increased reaction probabil-
ity. However, when the concentration of monomer was too high
it presumably became more favorable to form homo-PS, which
are 0.012g, 0.048¢g, 0.128¢g, 0.185¢g, 0.283 g, 0.372¢g and 0.401¢g,
respectively, corresponding to the styrene:starch=1/3 to 5, leading
to a decreased GP.

The influence of temperature on grafting parameters is shown
in Fig. 4D, which presents a gradual increase of the GP as the tem-
perature was increased from 40°C to 80°C and a sharp reduction
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Fig. 5. (A) FT-IR spectra of PS, starch, starch-g-PS and starch-g-PS composed homo-
PS, (B) WAXD patterns of PS, starch and starch-g-PS, (C) TGA curves of PS, starch,
starch-g-PS.

at elevated temperature. At lower temperatures, generally below
60°C, KPS did not decompose at a short induction time, thus no
enough free radicals were generated to react with the hydroxyl
groups of starch, whereas at elevated temperature KPS radicals
could react with the starch to generate increasing amounts of
macroradicals to initiate the graft copolymerization of PS. However,
when temperature was increased above 90 °C the reaction seemed
to become unstable, which was observed in the color changing of
the solution, from yellow to crimson, and lead to a sharp reduction
of GP.

3.3. Characterization of starch-g-PS

FT-IR spectra of starch, PS and starch-g-PS products before and
after removing homo-PS are represented in Fig. 5A. The charac-
teristic peaks of corn starch at 980-1250cm~! were attribute to
the C—O stretching vibration. After grafting copolymerization, the
peaks from PS (1600, 760, 700 cm~1), due to the C—H stretching of
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Fig. 6. Scanning electron micrographs of native corn starch (a), starch dispersion in [EMIM]Ac (b) starch-g-PS (GP =32.0%) before (c) and after extraction (d).

aromatic ring, appeared in the spectra. The intensities of PS peaks
are diminished, but still existed after removing of homo-PS by
Soxhlet extraction, which demonstrated that PS was successfully
grafted onto starch.

The WXAD patterns illustrate the changes in crystallinity of
starch, PS, starch-g-PS (Fig. 5B). For comparison, PS was synthe-
sized in [EMIM]Ac using the same conditions as starch-g-PS. No
sharp peaks were observed in the diffractogram of PS, indicative
of a low crystallinity in the synthesized mono-PS. Native starch
has five peaks at 20=15.1, 17.2, 17.9, 19.8 and 23.1°, according
to literature. After the grafting reaction, only a broad dispersive
peak around 26=19.5° existed in the starch-g-PS pattern, which
demonstrated that the prepared starch-g-PS was amorphous, and
also indicated [EMIM]Ac could effectively disrupt the crystalline
structure of starch.

TGA thermograms of polymers are shown in Fig. 5C. Starch
exhibited a lower thermal stability than PS; the degradation tem-
perature of corn starch is about 300°C, 100°C lower than that of
PS. Grafted starch presented two-step degradation, including the
characteristics of both starch and PS. The grafting percent was also
be calculated from TGA curves, yielding 34% and 72%, which was
similar to the values obtained by FT-IR spectra (32%, 68%).

SEM was also used to compare the structure and morphological
changes in the polymer before and after PS grafting. The diam-
eters of native starch granules were more than 10 wm (Fig. 6a).
After dispersion in [EMIM]Ac, starch granules were dispersed into
small particles with sizes less than 500 nm (Fig. 6b). The grafted
starch (GP =32%) before Soxhlet extraction was covered by spher-
ical particles of PS with diameters about 100 nm (Fig. 6¢). After
Soxhlet extraction, however, the homo-PS molecules and particles
were removed by hot THF, leaving numerous cavities in starch-g-PS
(Fig. 6d).

4. Conclusion

In summary, [EMIM]Ac was found to be an effective solvent
for starch, which could disperse starch granules to molecular level
without derivatization. Starch-g-PS was successfully prepared by

homogeneous grafting copolymerization in [EMIM]Ac. The GP of PS,
which was calculated according to a standard curve created by FT-
IR method, reached to 114%, when the weight concentration of KPS
was 4% and the weight ratio of styrene to starch was 2:1 at 80 °C for
2 h. The results obtained from WAXD, TGA and SEM demonstrated
that the morphology and crystallinity of native starch were signif-
icantly altered after grafting reaction. This method is expected to
be used commonly to prepare starch graft hydrophobic monomers
with high GP.

Acknowledgements

The authors acknowledge financial support from the National
Natural Science Foundation of China (No. 51173019). We thank
David Williams for the language improvement, the Analytical and
Testing Center of Beijing Normal University for SEM measurement
and Xinghe Fan from Peking University for the help of PLM mea-
surement.

References

Amarasekara, A. S., & Owereh, 0. S. (2009). Homogeneous phase synthesis of cel-
lulose carbamate silica hybrid materials using 1-n-butyl-3-methylimidazolium
chloride ionic liquid medium. Carbohydrate Polymers, 78(3), 635-638.

BeMiller, J. N., & Whistler, R. L. (Eds.). (2009). Starch: Chemistry and technology.
Amsterdam: Elsevier.

Biswas, A., Shogren, R. L., Stevenson, D. G., Willett, J. L., & Bhowmik, P. K. (2006).
Ionic liquids as solvents for biopolymers: Acylation of starch and zein protein.
Carbohydrate Polymers, 66(4), 546-550.

Bonhote, P., Dias, A.-P., Papageorgiou, N., Kalyanasundaram, K., & Gratzel, M. (1996).
Hydrophobic, highly conductive ambient-temperature molten salts. Inorganic
Chemistry, 35(5), 1168-1178.

Brun, N., Wohlgemuth, S. A., Osiceanu, P., & Titirici, M. M. (2013). Original design
of nitrogen-doped carbon aerogels from sustainable precursors: Application as
metal-free oxygen reduction catalysts. Green Chemistry, 15(9), 2514-2524.

Chen, L., Ni, Y. S,, Bian, X. C, Qiu, X. Y., Zhuang, X. L., Chen, X. S, et al. (2005). A
novel approach to grafting polymerization of epsilon-caprolactone onto starch
granules. Carbohydrate Polymers, 60(1), 103-109.

Cho, C. G., & Lee, K. (2002). Preparation of starch-g-polystyrene copolymer by emul-
sion polymerization. Carbohydrate Polymers, 48(2), 125-130.

de Graaf, R. A, & Janssen, L. (2000). The production of a new partially biodegrad-
able starch plastic by reactive extrusion. Polymer Engineering and Science, 40(9),
2086-2094.


http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0005
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0005
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0005
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0005
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0005
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0005
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0005
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0005
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0005
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0005
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0005
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0005
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0005
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0005
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0005
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0005
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0005
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0005
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0005
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0005
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0005
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0005
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0005
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0005
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0005
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0005
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0010
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0010
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0010
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0010
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0010
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0010
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0010
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0015
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0015
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0015
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0015
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0015
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0015
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0015
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0015
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0015
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0015
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0015
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0015
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0015
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0015
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0015
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0015
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0015
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0015
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0015
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0015
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0020
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0020
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0020
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0020
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0020
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0020
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0020
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0020
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0020
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0020
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0020
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0020
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0020
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0020
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0025
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0025
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0025
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0025
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0025
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0025
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0025
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0025
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0025
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0025
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0025
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0025
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0025
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0025
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0025
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0025
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0025
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0025
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0025
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0025
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0025
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0025
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0025
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0030
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0030
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0030
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0030
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0030
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0030
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0030
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0030
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0030
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0030
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0030
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0030
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0030
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0030
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0030
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0030
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0030
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0030
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0030
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0035
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0035
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0035
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0035
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0035
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0035
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0035
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0035
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0035
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0035
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0035
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0035
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0035
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0035
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0035
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0035
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0035
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0035
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0040
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0040
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0040
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0040
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0040
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0040
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0040
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0040
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0040
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0040
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0040
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0040
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0040
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0040
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0040
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0040
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0040
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0040
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0040
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0040
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0040
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0040
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0040

354 Y. Men et al. / Carbohydrate Polymers 121 (2015) 348-354

Dou, J., & Liu, Z. (2012). A simple and efficient synthetic method for poly(ethylene
terephthalate): Phenylalkyl pyrrolidinium ionic liquid as polycondensation
medium. Green Chemistry, 14(8), 2305-2313.

Esposito, D., Kirchhecker, S., & Antonietti, M. (2013). A sustainable route towards
imidazolium building blocks based on biomass molecules. Chemistry—A Euro-
pean Journal, 19(45), 15097-15100.

Feng, L., & Chen, Z. 1. (2008). Research progress on dissolution and functional modi-
fication of cellulose in ionic liquids. Journal of Molecular Liquids, 142(1-3), 1-5.

Fu, C,, & Liu, Z. (2008). Syntheses of high molecular weight aliphatic polyesters in
1-alkyl-3-methylimidazolium ionic liquids. Polymer, 49(2), 461-466.

Huy, B., Wang, K., Wu, L., Yu, S.-H., Antonietti, M., & Titirici, M.-M. (2010). Engineer-
ing carbon materials from the hydrothermal carbonization process of biomass.
Advanced Materials, 22(7), 813-828.

Janssen, L. P. B. M., & Moscicki, L. (Eds.). (2010). Thermoplastic starch: A green material
for various industries. Weinheim: Verlag GmbH & Co. KGaA: Wiley-VCH.

Kadokawa, ]. I, Murakami, M. A., Takegawa, A., & Kaneko, Y. (2009). Preparation
of cellulose-starch composite gel and fibrous material from a mixture of the
polysaccharides in ionic liquid. Carbohydrate Polymers, 75(1), 180-183.

Komulainen, S., Verlackt, C., Pursiainen, J., & Lajunen, M. (2013). Oxidation and degra-
dation of native wheat starch by acidic bromate in water at room temperature.
Carbohydrate Polymers, 93(1), 73-80.

Lappalainen, K., Karkkdinen, ]J., & Lajunen, M. (2013). Dissolution and depolymer-
ization of barley starch in selected ionic liquids. Carbohydrate Polymers, 93(1),
89-94.

Lehmann, A, & Volkert, B. (2009). Investigations on esterification reactions of
starches in 1-N-butyl-3-methylimidazolium chloride and resulting substituent
distribution. Journal of Applied Polymer Science, 114(1), 369-376.

Li, J.,, Zhang, ], & Liu, Z. (2006). Bimodal molecular weight distribution of
poly(styrene-co-acrylonitrile) formed by conventional free-radical copolymer-
ization of acrylonitrile and styrene in room temperature ionic liquids. Journal of
Polymer Science, A: Polymer Chemistry, 44(15), 4420-4427.

Liu, P., & Su, Z. X. (2005). Surface-initiated atom transfer radical polymerization (SI-
ATRP) of n-butyl acrylate from starch granules. Carbohydrate Polymers, 62(2),
159-163.

Liu, W., & Budtova, T. (2013). Dissolution of unmodified waxy starch in ionic liquid
and solution rheological properties. Carbohydrate Polymers, 93(1), 199-206.

Ly, X., Luo, Z, Yu, S., & Fu, X. (2012). Lipase-catalyzed synthesis of starch palmi-
tate in mixed ionic liquids. Journal of Agricultural and Food Chemistry, 60(36),
9273-9279.

Luo, Z.,, & Zhou, Z. (2012). Homogeneous synthesis and characterization of starch
acetates in ionic liquid without catalysts. Starch—Stdrke, 64(1), 37-44.

Mateyawa, S., Xie, D. F,, Truss, R. W., Halley, P. ]., Nicholson, T. M., Shamshina, J.
L., et al. (2013). Effect of the ionic liquid 1-ethyl-3-methylimidazolium acetate
on the phase transition of starch: Dissolution or gelatinization? Carbohydrate
Polymers, 94(1), 520-530.

Men, Y., Kuzmicz, D., & Yuan, J. (2014). Poly(ionic liquid) colloidal particles. Current
Opinion in Colloid & Interface Science, 19(2), 76-83.

Men, Y., Schlaad, H., & Yuan, J. (2013). Cationic poly(ionic liquid) with tunable
lower critical solution temperature-type phase transition. ACS Macro Letters,
2(5), 456-459.

Men, Y., Siebenburger, M., Qiu, X., Antonietti, M., & Yuan, J. (2013). Low fractions
of ionic liquid or poly(ionic liquid) can activate polysaccharide biomass into

shaped, flexible and fire-retardant porous carbons. Journal of Materials Chemistry
A, 1(38),11887-11893.

Nurmi, L., Holappa, S., Mikkonen, H., & Seppala, J. (2007). Controlled grafting of acety-
lated starch by atom transfer radical polymerization of MMA. European Polymer
Journal, 43(4), 1372-1382.

Shogren, R. L., & Biswas, A. (2010). Acetylation of starch with vinyl acetate in imid-
azolium ionic liquids and characterization of acetate distribution. Carbohydrate
Polymers, 81(1), 149-151.

Stevenson, D. G., Biswas, A, Jane, J. L., & Inglett, G. E. (2007). Changes in struc-
ture and properties of starch of four botanical sources dispersed in the ionic
liquid, 1-butyl-3-methylimidazolium chloride. Carbohydrate Polymers, 67(1),
21-31.

Sui, X., Yuan, J., Zhou, M., Zhang, ]., Yang, H., Yuan, W., et al. (2008). Synthesis of
cellulose-graft-poly(N,N-dimethylamino-2-ethyl methacrylate) copolymers via
homogeneous atrp and their aggregates in aqueous media. Biomacromolecules,
9(10), 2615-2620.

Swatloski, R. P., Spear, S. K., Holbrey, ]J. D., & Rogers, R. D. (2002). Dissolution of
cellose with ionic liquids. Journal of the American Chemical Society, 124(18),
4974-4975.

Wang, H., Yan, X, Li, G. L,, Pilz-Allen, C., Mohwald, H., & Shchukin, D. (2014). Sono-
assembly of highly biocompatible polysaccharide capsules for hydrophobic drug
delivery. Advanced Healthcare Materials, 3(6), 825-831.

Wang, J., & Liu, Z. (2012). An efficient synthetic strategy for high performance poly-
sulfone: Ionic liquid/zwitterion as reaction medium. Green Chemistry, 14(11),
3204-3210.

Wang, J., & Liu, Z. (2013). Ionic liquids as green reaction media for synthesis of
poly(aryl ether ketone)s. Chinese Science Bulletin, 58(11), 1262-1266.

Xia, B., Cui, Q., He, F., & Li, L. (2012). Preparation of hybrid hydrogel contain-
ing Ag nanoparticles by a green in situ reduction method. Langmuir, 28(30),
11188-11194.

Xia, B, He, F., & Li, L. (2013). Preparation of bimetallic nanoparticles using
a facile green synthesis method and their application. Langmuir, 29(15),
4901-4907.

Xia, B., Wang, X., He, F., Cui, Q., & Li, L. (2012). Self-assembly of conjugated polymer
on hybrid nanospheres for cellular imaging applications. ACS Applied Materials
& Interfaces, 4(11), 6332-6337.

Xie, W. L., & Shao, L. (2009). Phosphorylation of corn starch in an ionic liquid. Starch,
61(12),702-708.

Xie, W. L, Shao, L., & Liu, Y. W. (2010). Synthesis of starch esters in ionic liquids.
Journal of Applied Polymer Science, 116(1), 218-224.

Xu, Q., Kennedy, J. F., & Liy, L. J. (2008). An ionic liquid as reaction media in the
ring opening graft polymerization of epsilon-caprolactone onto starch granules.
Carbohydrate Polymers, 72(1), 113-121.

Xu, Q,, Wang, Q. R,, & Liu, L. J. (2008). Ring-opening graft polymerization of L-lactide
onto starch granules in an ionic liquid. Journal of Applied Polymer Science, 107(4),
2704-2713.

Yan, Q., Yuan, J., Zhang, F., Sui, X,, Xie, X,, Yin, Y., et al. (2009). Cellulose-based dual
graft molecular brushes as potential drug nanocarriers: Stimulus-responsive
micelles, self-assembled phase transition behavior, and tunable crystalline mor-
phologies. Biomacromolecules, 10(8), 2033-2042.

Zakrzewska, M. E., Bogel-Lukasik, E., & Bogel-Lukasik, R. (2010). Solubility of carbo-
hydrates in ionic liquids. Energy & Fuels, 24, 737-745.


http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0045
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0045
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0045
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0045
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0045
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0045
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0045
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0045
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0045
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0045
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0045
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0045
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0045
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0045
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0045
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0045
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0045
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0045
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0045
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0045
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0045
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0045
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0045
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0045
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0050
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0050
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0050
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0050
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0050
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0050
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0050
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0050
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0050
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0050
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0050
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0050
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0050
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0050
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0050
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0050
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0050
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0050
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0050
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0050
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0050
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0050
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0050
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0055
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0055
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0055
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0055
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0055
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0055
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0055
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0055
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0055
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0055
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0055
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0055
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0055
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0055
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0055
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0055
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0055
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0055
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0055
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0055
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0055
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0055
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0055
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0060
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0060
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0060
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0060
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0060
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0060
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0060
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0060
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0060
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0060
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0060
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0060
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0060
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0060
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0060
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0060
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0060
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0060
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0065
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0065
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0065
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0065
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0065
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0065
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0065
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0065
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0065
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0065
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0065
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0065
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0065
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0065
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0065
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0065
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0065
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0065
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0065
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0070
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0070
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0070
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0070
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0070
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0070
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0070
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0070
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0070
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0070
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0070
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0070
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0070
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0070
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0070
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0070
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0075
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0075
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0075
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0075
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0075
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0075
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0075
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0075
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0075
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0075
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0075
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0075
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0075
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0075
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0075
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0075
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0075
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0075
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0075
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0075
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0075
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0075
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0075
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0075
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0075
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0080
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0080
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0080
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0080
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0080
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0080
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0080
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0080
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0080
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0080
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0080
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0080
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0080
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0080
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0080
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0080
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0080
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0080
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0080
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0080
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0080
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0080
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0080
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0080
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0085
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0085
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0085
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0085
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0085
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0085
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0085
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0085
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0085
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0085
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0085
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0085
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0085
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0085
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0085
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0085
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0085
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0085
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0085
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0500
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0500
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0500
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0500
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0500
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0500
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0500
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0500
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0500
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0500
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0500
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0500
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0500
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0500
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0500
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0500
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0500
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0500
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0500
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0500
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0500
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0500
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0500
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0500
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0090
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0090
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0090
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0090
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0090
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0090
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0090
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0090
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0090
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0090
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0090
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0090
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0090
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0090
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0090
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0090
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0090
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0090
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0090
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0090
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0090
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0090
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0090
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0090
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0090
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0090
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0090
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0090
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0090
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0090
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0090
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0090
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0090
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0090
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0090
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0090
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0095
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0095
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0095
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0095
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0095
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0095
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0095
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0095
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0095
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0095
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0095
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0095
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0095
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0095
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0095
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0095
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0095
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0095
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0095
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0095
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0095
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0095
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0100
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0100
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0100
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0100
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0100
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0100
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0100
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0100
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0100
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0100
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0100
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0100
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0100
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0100
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0100
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0100
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0100
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0100
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0100
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0100
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0105
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0105
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0105
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0105
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0105
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0105
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0105
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0105
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0105
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0105
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0105
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0105
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0105
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0105
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0105
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0105
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0105
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0105
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0105
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0105
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0105
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0105
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0110
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0110
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0110
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0110
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0110
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0110
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0110
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0110
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0110
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0110
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0110
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0110
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0110
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0110
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0110
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0110
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0110
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0110
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0110
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0110
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0110
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0115
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0115
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0115
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0115
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0115
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0115
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0115
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0115
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0115
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0115
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0115
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0115
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0115
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0115
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0115
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0115
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0115
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0115
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0115
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0115
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0115
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0115
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0115
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0115
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0120
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0120
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0120
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0120
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0120
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0120
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0120
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0120
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0120
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0120
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0120
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0120
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0120
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0120
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0120
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0120
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0120
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0125
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0125
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0125
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0125
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0125
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0125
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0125
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0125
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0125
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0125
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0125
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0125
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0125
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0125
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0125
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0125
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0125
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0125
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0125
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0125
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0130
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0130
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0130
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0130
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0130
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0130
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0130
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0130
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0130
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0130
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0130
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0130
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0130
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0130
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0130
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0130
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0130
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0130
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0130
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0130
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0130
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0130
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0130
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0130
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0130
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0130
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0130
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0130
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0130
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0130
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0135
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0135
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0135
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0135
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0135
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0135
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0135
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0135
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0135
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0135
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0135
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0135
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0135
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0135
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0135
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0135
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0135
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0135
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0135
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0135
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0135
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0135
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0140
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0140
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0140
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0140
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0140
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0140
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0140
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0140
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0140
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0140
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0140
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0140
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0140
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0140
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0140
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0140
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0140
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0140
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0140
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0140
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0140
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0140
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0140
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0140
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0145
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0145
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0145
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0145
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0145
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0145
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0145
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0145
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0145
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0145
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0145
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0145
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0145
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0145
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0145
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0145
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0145
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0145
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0145
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0145
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0145
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0145
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0145
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0145
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0145
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0145
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0145
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0150
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0150
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0150
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0150
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0150
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0150
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0150
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0150
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0150
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0150
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0150
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0150
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0150
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0150
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0150
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0150
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0150
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0150
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0150
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0150
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0150
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0150
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0150
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0150
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0150
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0155
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0155
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0155
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0155
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0155
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0155
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0155
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0155
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0155
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0155
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0155
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0155
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0155
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0155
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0155
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0155
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0155
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0155
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0160
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0160
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0160
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0160
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0160
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0160
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0160
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0160
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0160
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0160
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0160
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0160
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0160
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0160
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0160
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0160
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0160
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0160
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0160
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0160
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0165
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0165
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0165
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0165
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0165
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0165
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0165
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0165
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0165
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0165
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0165
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0165
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0165
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0165
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0165
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0165
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0165
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0165
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0165
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0165
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0165
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0165
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0170
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0170
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0170
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0170
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0170
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0170
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0170
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0170
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0170
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0170
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0170
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0170
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0170
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0170
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0170
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0170
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0170
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0170
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0170
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0170
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0170
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0175
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0175
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0175
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0175
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0175
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0175
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0175
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0175
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0175
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0175
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0175
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0175
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0175
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0175
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0175
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0175
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0175
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0175
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0175
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0175
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0175
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0175
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0180
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0180
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0180
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0180
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0180
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0180
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0180
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0180
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0180
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0180
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0180
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0180
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0180
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0180
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0180
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0180
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0180
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0180
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0180
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0180
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0185
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0185
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0185
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0185
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0185
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0185
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0185
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0185
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0185
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0185
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0185
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0185
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0185
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0185
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0185
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0185
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0185
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0185
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0185
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0185
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0185
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0185
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0190
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0190
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0190
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0190
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0190
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0190
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0190
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0190
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0190
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0190
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0190
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0190
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0190
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0190
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0190
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0195
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0195
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0195
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0195
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0195
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0195
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0195
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0195
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0195
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0195
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0195
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0195
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0195
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0195
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0195
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0195
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0195
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0195
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0200
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0200
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0200
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0200
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0200
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0200
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0200
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0200
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0200
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0200
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0200
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0200
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0200
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0200
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0200
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0200
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0200
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0200
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0200
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0200
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0200
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0200
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0200
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0200
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0200
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0205
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0205
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0205
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0205
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0205
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0205
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0205
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0205
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0205
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0205
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0205
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0205
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0205
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0205
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0205
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0205
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0205
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0205
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0205
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0205
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0205
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0205
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0205
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0205
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0210
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0210
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0210
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0210
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0210
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0210
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0210
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0210
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0210
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0210
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0210
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0210
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0210
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0210
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0210
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0210
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0210
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0210
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0210
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0210
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0210
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0210
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0210
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0210
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0210
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0210
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0210
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0215
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0215
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0215
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0215
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0215
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0215
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0215
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0215
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0215
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0215
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0215
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0215
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0215
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0215
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0215
http://refhub.elsevier.com/S0144-8617(14)01271-5/sbref0215

	Preparation of corn starch-g-polystyrene copolymer in ionic liquid: 1-Ethyl-3-methylimidazolium acetate
	1 Introduction
	2 Material and methods
	2.1 Material
	2.2 Preparation of [EMIM]Ac
	2.3 Starch dispersion in [EMIM], Ac
	2.4 Grafting procedure
	2.5 Measurements
	2.6 Calculation of the grafting percent of PS

	3 Results and discussion
	3.1 Dissolution of starch in [EMIM]Ac
	3.2 Grafting of polystyrene onto starch in [EMIM]Ac at molecular level
	3.3 Characterization of starch-g-PS

	4 Conclusion
	Acknowledgements
	References


