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Two new fluorescent sensors C1 and C2 with 4-aminoantipyrine unit have been prepared and charac-
terized. Their complexation behaviour and binding mode towards Al** and other metal ions have been
studied by UV-vis, fluorescence spectrometric and HRMS methods. The "H NMR titrations were carried
out to explore the nature of interaction between receptor and aluminum ion. These sensors are suc-
cessfully applied in highly acidic and neutral pH medium with the fastest response time (<5 sec). The

fluorescence color change could be easily detected by the naked eye under a UV lamp.
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1. Introduction

Aluminum is the most abundant element in the earth’s crust
after oxygen and silicon and is the second most widely used metal
after iron for the manufacture of electrical equipments, automo-
biles, packaging materials, water purification, clinical drug and
building construction etc. [1,2]. Recent studies are shown that the
deposition of aluminum in bone and the nervous system in human
body can cause neurotoxicity in high dosage [3]. It plays an impor-
tant role in the pathology of Parkinson’s, Alzheimer’s and dialysis
diseases [4-7]. In plants, higher concentration of aluminum affects
the growth of root and seed [8,9]. Thus, the monitoring of aluminum
is essential in environment, medicine, foodstuff, etc.

In recent years, many analytical methods have played a role
in the detection of AI** ion and others, including ion selective
electrodes [10-22], voltammetric [23-33] and colorimetric sensors
[34-38]. Recently, the fluorescent method has become popular due
to its operational simplicity, high selectivity and sensitivity, real-
time response and naked eye detection [39-48]. Due to its poor
coordination ability compared to transition metals [49], only a few
fluorescent sensors have been reported and on the other hand, most
of the AI3* sensors are difficult to synthesis and insoluble in aque-
ous solvents. Some of the antipyrine derivatives are detected as a
fluorescent chemosensor towards ions [50].
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In this paper, we designed and synthesized 4-aminoantipyrine
based compounds (C1 and C2) in a simple approach as fluorescent
sensors for AlI3* ion. The fluorescence intensities of the two sen-
sors C1 and C2 are enhanced by mixing Al3*, and show bright blue
and bright green color respectively, which can be easily detected
by the naked eye under UV lamp. The results indicated that the pre-
pared 4-aminoantipyrine based sensors can show high sensitivity
and selectivity towards AI3* over other metal ions.

2. Experimental
2.1. Reagents and apparatus

4-aminoantipyrine, salicylaldehyde, 2-hydroxy-1-naphthal-
dehyde and metal salts (from Merck and Aldrich, India). The IR
spectra were recorded on a Nexus FT-IR (Illinois, USA) spectrom-
eter in the range 4000-400cm~! with KBr. The NMR spectra
were recorded on a Bruker 500 MHz (USA), TMS as an internal
standard, CDCl3 and CD30D are taken as solvents. The mass spec-
tra were recorded using Bruker-micrOTOF II (USA). The UV-vis
absorption spectra were measured on a Shimadzu UV-2450
spectrophotometer (Japan) and the Fluorescent spectra were
recorded on a Shimadzu RF-5301PC spectrofluorophotometer
(Japan) instruments.

2.2. Synthesis and characterisation

The Schiff base ligands (C1 and C2) were prepared by the
reported method [51-64] with some modifications (Scheme 1). The
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Scheme 1. Synthetic routes to C1 and C2.
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Fig. 1. FT-IR Spectrum of C1 and C2.
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Fig. 2. "H NMR Spectrum of C1 and C2.



V.K. Gupta et al. / Electrochimica Acta 117 (2014) 405-412 407

35.67
7

VA% | U TS\

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 o 10 ppm 170

Fig. 3. 13C NMR Spectrum of C1 and C2.
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Fig. 4. HRMS Spectrum of C1 and C2.
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Fig. 5. UV-vis absorbance spectra of C1 (50 uM) (a) and C2 (50 wM) (b) in the presence of different metal ions (AI**, Ba?*, Ca?*, Cd?*, Co?*, Cr3*, Cs*, Cu?*, Fe?*, Fe3*, Hg?*, K*,
Li*, Mg?*, Mn?*, Na*, Nd3*, Ni?*, Pb?*, Sr?*, Zn?*) (50 M) in methanol solvent.
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Fig. 6. Fluorescence emission spectra of C1 (20 uM) (a) and C2 (20 wM) (b) in the presence of different metal ions (AI**, Ba%*, Ca?*, Cd?*, Co?*, Cr3*, Cs*, Cu?*, Fe?*, Fe3*, Hg?*,

K*, Li*, Mg?*, Mn?*, Na*, Nd3*, Ni?*, Pb?*, Sr?*, Zn?*) (20 uM) in methanol solvent.

ethanol containing the mixture of 4-aminoantipyrine (10 mmol)
and aldehyde (10 mmol) was stirred at room temperature about
2-3hours, the obtained solid was filtered, washed with cold
ethanol, dried under vacuum and characterised by FT-IR, NMR and
HRMS (Figs. 1-4).
1-phenyl-2,3-dimethyl-4-(N-2-hydroxybenzylidene)-3-
pyrazolin-5-one (C1): Yield: 2.76 g (90%); color: light yellow solid;
m.p. 218-220°C; FT-IR (KBr), v, cm~!: 3448 (O —H), 2929, 759
(C—H), 1653 (C=0), 1593 (C=N), 1490 (C=C), 1139 (N—N); 'H
NMR (CDCl3), §, ppm (J, Hz): 2.42 (s, 3H), 3.18 (s, 3H), 6.89 (t,]=7.5,
1H), 6.96 (d, J=8.5, 1H), 7.29 (dt, J=1.5, 7.5, 1H), 7.33 - 7.37 (m,
2H), 7.39 (d, J=2.5, 2H), 7.49 (t, J=8.0, 2H), 9.82 (s, 1H); 13C NMR
(CDCl3), 8, ppm: 10.3,35.7,116.3,116.7,119.1, 120.2, 124.7,127.3,
129.3, 131.9, 132.0, 134.4, 149.9, 160.3, 160.5, 160.7; HRMS calcd
for C;gH17N30, (M +Na)*: 330.1218, found: 330.1211.
1-phenyl-2,3-dimethyl-4-(N-2-hydroxynaphthylidene)-3-

pyrazolin-5-one (C2): Yield: 3.11 g (80%); color: yellow solid; m.p.
210-212°C; FT-IR (KBr), v, cm~1: 3427 (0 —H), 3018, 2925, 746
(C—H), 1638 (C=0), 1588 (C=N), 1479 (C=C), 1145 (N—N); 'H
NMR (CHCl3), 8, ppm (J, Hz): 2.46 (s, 3H), 3.20 (s, 3H), 7.17 (d,
J=9.0, 1H), 7.34 (m, 2H), 7.43 (d, J=7.5, 2H), 7.47 (dt, J=1.0, 7.5,
1H),7.51 (t,J=8.0, 2H), 7.74 (d, J=8.0, 1H), 7.79 (d, J= 9.0, 1H), 8.25
(d,J=8.5, 1H), 10.84 (s, 1H); 13C NMR (CDCl3), §, ppm: 10.3, 35.7,
110.6, 116.4, 119.5, 120.6, 123.4, 124.7, 127.4, 127.6, 127.9, 128.8,
129.4, 132.9, 133.8, 134.4, 149.0, 156.8, 160.5, 162.2; HRMS calcd
for C;oH19N30, (M+Na)*: 380.1375, found: 380.1375.

2.3. UV-vis and Fluorescent measurements

UV-vis absorption and fluorescence emission spectra of sensors
measured in 1.0cm path length quartz cuvettes were measured
using a Shimadzu UV-2450 spectrophotometer and a Shimadzu
RF-5301PC spectrofluorophotometer. Absorption and emission
spectra of the sensor (C1 and C2) in the presence of various metal
ions (AI3*, Ba2*, Ca2*, Cd2*, Co?*, Cr3*, Cs*, Cu?*, FeZ*, Fe3*, Hg?*, K¥,
Li*, Mg2* Mn2*, Na*, Nd3*, Ni2*, Pb2*,Sr2* and Zn2*) were measured
in methanol solvent in the concentration of 50 wM and 20 wM,
respectively.

3. Results and discussion

The binding ability and mode of sensors (C1 and C2) towards
AI?* and other metal ions was measured through UV-vis, fluo-
rescent spectrometry, naked-eye observation, HRMS and 'H NMR
experiments.

3.1. UV-vis spectral studies

The chemosensors (C1 and C2) were investigated by UV-vis
absorption spectral behaviour in the presence of various metals in
the 50 wM concentration of each component in methanol solvent.
The free ligands C1 and C2 exhibited a main absorption band at
about 345 nm and 380 nm, respectively. On the addition of metal
ions to sensors, a new broad absorption band (mainly for Cu%*, NiZ*,
Co?* and AI?* ions) was observed at 350-480 nm region (Fig. 5). At
the same time the absorption band at 300-390 nm and 340-430 nm
of receptors C1 and C2 respectively, have also been shifted to
low intensity. It means these two sensors are responding to the
above mentioned metal ions, there is no significant changes were
observed when mixed with other metal ions such as Ba2*, Ca?*,
CdZ*, Cr3*, Cs*, Fe2* Fe3* Hg2*, K*, Li*, Mg2*, Mn2*, Na*, Nd3*, Pb2*,
Sr2* and Zn?*.

3.2. Fluorescence emission studies

The fluorescence response of sensors C1 and C2 (20 wM) upon
addition of various metal ions (20 M) have been investigated in
methanol. Receptor C1 and C2 alone displayed a very weak sin-
gle fluorescence emission band at 498 nm and 484 nm respectively,
with an excitation of 360 nm. Upon addition of various metals (Ba2",
Ca?*, Cd?*,Co%*, Cr3*, Cs*, Cu?t, Fe2* Fe3* Hg2* K*, Li*, Mg2*, Mn2",
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Fig. 7. The variation in fluorescence intensity with the pH of receptor (C1 and C2)
(20 wM) in the presence of AI** (1.0 eq.) at 466 nm.
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Fig. 8. Fluorescence emission spectra of (a) C1 (20 wM) and (b) C2 (20 wM) in methanol upon the addition of AI** ion (0.0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1.0, 2.0, 5.0
and 10.0 eq.) with an excitation of 360 nm. Inset shows the fluorescence change at 466 nm as a function of the amount of AI** ions.

1a
7004 700
- o
600+ ! 6004
]
"% 500- | "%\
8 500+ ! &
= ] ) = 500
2 400 | z
g M X S 400
= 1 1S
]
3 3004 3
o ] o
SR I £ 300+
o I 5}
3 200 | ]
5] | | S 2004
= =]
T 1004 X i
I N | 100
I
04 |
— 0
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
[Host)/([Host+[A’]) [Host)/([Host+[AI])
Fig. 9. Job’s plot for C1 (a) and C2 (b) by fluorescence method. Total concentration of receptor and metal is 20 WM.
|me[n_/si +MS, 0.9-1.1min #{56-66)| In(enz. 4SS, 0.8min #(53)|
L 395.0907 CitiaAn s 11301 b 445.1084 CyaH35AIN,O5
a Exact Mass: 395.0936 [Exact Mass: 445.1093
\ N\
80 80
60- 60
40- 40
568.0811
20- 20
518.0651
538.1615
350.1044 532.0799 400.1198
364.1196 488.1440 563.0522 347'9&[5 { \ 687.0581
PR | O FPRTRIOON Wl POV PO L OO DO O TR TS R I 00 2 L N it
350 400 450 500 550 miz 200 300 400 500 600 700 miz

Fig. 10. HRMS spectrum of (a) C1 and (b) C2 upon addition of Al(N03)3.9H,0 (1 eq.) in MeOH.
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Fig. 11. Selectivity of the C1 (a) and C2 (b) toward AI** and other metal ions. In these experiments, the fluorescence measurement was taken for 20 uM concentration of C1
(a) and C2 (b) at A¢y =360 nm in methanol at room temperature with various metal ions (1.0 eq.) and in the absence (black bars) and presence (red bars) of 1.0 eq. AI** ion.

Na*, Nd3*, Ni2*, Pb%*, Sr2* and Zn2*) no significant changes were
observed (Fig. 6). But on addition of AI3*, receptors C1 and C2 exhib-
ited a prominent fluorescence enhancement accompanied by a blue
shift of 32 nm from 498 to 466 nm and 18 nm from 484 to 466 nm,
respectively, indicating, that the receptors C1 and C2 exhibit “off-
on” mode with high sensitivity towards Al3* over other metal ions
which are used. Using a UV lamp, the receptors C1 and C2 in the
presence of Al3* showed a dramatic colour changes from colour-
less to bright blue and bright green respectively, within 5 seconds,
which could easily be detected by the naked-eye. At the same time,
the addition of other metal ions did not show any significant colour
change.

The interaction between receptor (C1 and C2) and AI?* ion was
investigated at a pH range from 2.0 to 10.0. This experiment was
carried out at a fixed concentration of receptor-Al3* is 20 uM in

methanol. As shown in Fig. 7, the fluorescence intensity at 466 nm
almost did not change with the pH value at acidic and neutral con-
ditions (pH <7.0). However, the fluorescence intensity decreased
gradually from pH 7.0-10.0, due to the formation of salt. For further
studies, the pH of solvent kept constant at 6.5.

Furthermore, the fluorescence response of receptors (C1 and
C2) to various concentrations of AI3* (0-10 eq.) was investigated.
Upon addition of AI3*, the fluorescence intensity centred at 466 nm
of receptor gradually increased and remained steady when 1 eq.
AI3* was added, indicating the formation of a 1:1 bonding mode
between chemosensor and AI3* (Fig. 8). In addition, a Job plot
obtained from the emission data showed the 1:1 stoichiometric
complexation (Fig. 9). Also, the high resolution mass spectrum of
receptors upon addition of 1 eq. of Al 3* indicated the formation of
the receptor-Al** complex with 1:1 ratio (Fig. 10).
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Fig. 12. The fluorescence emission changes of sensors C1 (a) and C2 (b) (20 wM) with 1.0 eq. of AI**, and in the presence of other metal ions (Cu?*, Ni%*, Co?*) excited by a

commercially available UV lamp (Ax =365 nm).
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Fig. 13. 'H NMR (500 MHz) spectra of receptor (a) C1 and (b) C2 with AI** (0.0-1.0 eq.) in CD30D.

The selectivity of C1 and C2 (20 uM) for AI3* over other metal
ions (1.0 eq.), was investigated by the competition experiments. As
shown in Fig. 11, the fluorescence response of C1 and C2 toward
AI3* in the presence of various metal ions was investigated, and
the results indicated that Cu®*, Ni%* and Co?* could interfere in the
interaction between receptor (C1 and C2) and Al**. Indicating that
the binding abilities of Cu2*, Ni*and Co2* are stronger than that
of AI3* toward Schiff bases. Upon addition of 1.0 eq. of AI3* in the
presence of other metal ions (Ba2*, Ca2*, Cd2*, Cr3*, Cs*, Fe2*, Fe3*,
Hg?*, K*, Li*, MgZ*, Mn2*, Na*, Nd3*, Pb%*, Sr2* and Zn?*), 11-fold
enhancement of the fluorescence intensity was observed, which is
large enough to determine AI3* from other metal ions. We could
also directly observe the fluorescence changes of receptors (C1 and
C2) before and after addition of AI3*, with and without other sensed
metal ions under UV lamp. As depicted in Fig. 12, by addition of
other metal ions (Cu?*, Ni%* and Co?*) quenches the fluorescence of
the receptor-Al3* complex, due to the more binding ability towards
Cu2*, NiZ* and Co?* ions. It means, the reported sensors provide
simultaneous detection of AI3* and other metal ions (Cu?*, NiZ*,
Co?%).

3.3. TH NMR titration

The binding mode of receptor (C1 and C2) towards AlI** was
confirmed by the 'H NMR titrations using CD30D as a solvent. As
depicted in Fig. 13, the proton of imine moiety at about 9.68 ppm
(of C1) and 10.62 ppm (of C2) was shifted up field to 8.87 ppm
and 9.67 ppm, respectively, followed the addition of Al3*, due to
interrupt the intramolecular hydrogen bonding between the phe-
nolic hydroxyl group and the nitrogen of the imine moiety by the
addition of AI3*. The imine proton signal at § 10.62 almost com-
pletely disappeared, when 1.0 eq. of AI** was added to receptor
C2, indicating that the receptor interacts with AI3* and form stable
complex with 1:1 stoichiometry. On the other hand, the protons
of phenylene were shifted downfield with the addition of AI**,
which indicated that the structure of receptors became more rigid
after coordination with AI3*. It indicated that the phenolic hydroxyl
group and nitrogen atom of the imine moiety participated in com-
plexing with AI?*.

4. Conclusion

The proposed sensors (C1 and C2) exhibit good selectivity and
sensitivity toward AI3* ion over other tested metal ions. Moreover,
the sensory system in methanol as well as in water shows bright
blue (for C1) and bright green (C2) colour with AI** under a UV
lamp, which can be easily identified by the naked eye. Thus, the

reported sensors have the ability to serve as a practical sensor for
detection of AI3* ion in both environment and biological samples.

Acknowledgements

Naveen thanks to the Ministry of Human resource and Develop-
ment (MHRD), New Delhi, India for financial support.

References

[1] N.W. Baylor, W. Egan, P. Richman, Vaccine 20 (2002) S18-S23.
[2] M.G. Soni, S.M. White, W.G. Flamm, G.A. Burdock, Regul. Toxicol. Pharm. 33
(2001) 66-79.
[3] W.A. Banks, AJ. Kastin, Neurosci. Biobehav. Rev. 13 (1989) 47-53.
[4] M.Kawahara, K. Muramoto, K. Kobayashi, H. Mori, Y. Kuroda, Biochem. Biophys.
Res. Commun. 198 (1994) 531-535.
[5] P.F. Good, C.W. Olanow, D.P. Perl, Brain Res. 593 (1992) 343-346.
[6] J.L. Lin, M.T. Kou, M.L. Leu, Nephron 74 (1996) 33-38.
[7] S.R. Paik, J.H. Lee, D.H. Kim, C.S. Chang, J. Kim, Arch. Biochem. Biophys. 344
(1997) 325-334.
[8] M.N. Alvim, F.T. Ramos, D.C. Oliveira, R.M.S. Isaias, M.G.C. Franca, ]. Biosci. 37
(2012) 1079-1088.
[9] A.N.M. Alamgir, S. Akhter, Bangladesh ]J. Bot. 38 (2009) 1-6.
[10] V.K. Gupta, AK. Jain, G. Maheshwari, Talanta 72 (2007) 1469-1473.
[11] V.K. Gupta, R.N. Goyal, AK. Jain, RA. Sharma, Electrochim. Acta 54 (2009)
3218-3224.
[12] V.K. Gupta, AK. Jain, M.A. Khayat, S.K. Bhargava, ].R. Raisoni, Electrochim. Acta
53 (2008) 5409-5414.
[13] A.S-. Dezaki, M. Shamsipur, M. Akhond, H. Sharghi, M.M. Doroodmand, Elec-
trochim. Acta 62 (2012) 84-90.
[14] M. Shamsipur, T. Poursaberi, M. Hassanisadi, M. Rezapour, F. Nourmohamma-
dian, K. Alizadeh, Sens. Actuators B 161 (2012) 1080-1087.
[15] V.K. Gupta, AK. Jain, G. Maheshwari, H. Lang, Z. Ishtaiwi, Sens. Actuators B 117
(2006) 99-106.
[16] V.K. Gupta, S. Chandra, R. Mangla, Electrochim. Acta 47 (2002) 1579-1586.
[17] V.K. Gupta, S. Chandra, H. Lang, Talanta 66 (2005) 575-580.
[18] V.K. Gupta, R. Prasad, A. Kumar, Talanta 60 (2003) 149-160.
[19] V.K. Gupta, AK. Jain, P. Kumar, S. Agarwal, G. Maheshwari, Sens. Actuators B
113 (2006) 182-186.
[20] V.K. Gupta, AK. Jain, P. Kumar, Sens. Actuators B 120 (2006) 259-265.
[21] V.K.Gupta, A.K.Singh, M.A. Khayat, B. Gupta, Anal. Chim. Acta 590 (2007)81-90.
[22] V.K. Gupta, A.K. Singh, S. Mehtab, B. Gupta, Anal. Chim. Acta 566 (2006) 5-10.
[23] B.J. Sanghavi, A.K. Srivastava, Electrochim. Acta 55 (2010) 8638-8648.
[24] BJ. Sanghavi, AK. Srivastava, Electrochim. Acta 56 (2011) 4188-4196.
[25] BJ. Sanghavi, A.K. Srivastava, Anal. Chim. Acta 706 (2011) 246-254.
[26] B.J. Sanghavi, S.M. Mobin, P. Mathur, G.K. Lahiri, A.K. Srivastava, Biosens. Bio-
electron. 39 (2013) 124-132.
[27] B.J.Sanghavi, G. Hirsch, S.P. Karna, A.K. Srivastava, Anal. Chim. Acta 735 (2012)
37-45.
[28] S.M. Mobin, B.J. Sanghavi, A.K. Srivastava, P. Mathur, G.K. Lahiri, Anal. Chem. 82
(2010) 5983-5992.
[29] B.J. Sanghavi, A.K. Srivastava, Analyst 138 (2013) 1395-1404.
[30] R.N.Goyal, V.K. Gupta, S. Chatterjee, Biosens. Bioelectron. 24 (2009) 3562-3568.
[31] R.N. Goyal, V.K. Gupta, N. Bachheti, Anal. Chim. Acta 597 (2007) 82-89.
[32] V.K. Gupta, R. Jain, K. Radhapyari, N. Jadon, S. Agarwal, Anal. Biochem. 408
(2011) 179-196.
[33] R.N. Goyal, V.K. Gupta, S. Chatterjee, Electrochim. Acta 53 (2008) 5354-5360.
[34] Y.S.Jang, B. Yoon, J.-M. Kim, Macromol. Res. 19 (2011) 97-99.
[35] S.Chen, Y.-M. Fang, Q. Xiao, ]. Li, S.-B. Li, H.-]. Chen, ].-J. Sun, H.-H. Yang, Analyst
137 (2012) 2021-2023.


http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0005
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0005
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0005
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0005
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0005
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0005
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0005
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0005
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0005
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0005
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0005
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0005
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0010
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0010
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0010
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0010
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0010
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0010
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0010
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0010
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0010
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0010
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0010
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0010
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0010
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0010
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0010
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0010
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0015
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0015
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0015
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0015
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0015
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0015
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0015
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0015
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0015
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0015
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0015
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0015
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0020
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0020
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0020
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0020
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0020
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0020
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0020
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0020
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0020
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0020
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0020
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0020
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0020
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0020
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0020
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0020
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0020
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0020
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0020
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0025
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0025
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0025
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0025
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0025
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0025
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0025
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0025
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0025
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0025
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0025
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0025
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0025
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0030
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0030
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0030
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0030
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0030
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0030
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0030
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0030
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0030
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0030
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0030
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0030
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0035
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0035
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0035
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0035
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0035
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0035
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0035
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0035
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0035
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0035
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0035
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0035
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0035
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0035
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0035
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0035
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0035
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0035
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0040
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0040
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0040
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0040
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0040
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0040
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0040
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0040
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0040
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0040
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0040
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0040
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0040
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0040
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0040
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0040
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0040
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0045
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0045
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0045
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0045
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0045
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0045
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0045
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0045
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0045
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0045
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0045
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0045
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0050
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0050
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0050
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0050
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0050
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0050
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0050
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0050
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0050
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0050
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0050
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0050
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0055
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0055
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0055
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0055
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0055
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0055
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0055
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0055
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0055
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0055
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0055
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0055
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0055
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0055
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0055
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0060
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0060
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0060
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0060
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0060
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0060
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0060
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0060
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0060
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0060
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0060
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0060
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0060
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0060
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0060
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0060
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0060
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0065
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0065
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0065
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0065
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0065
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0065
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0065
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0065
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0065
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0065
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0065
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0065
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0065
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0065
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0065
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0065
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0065
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0065
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0070
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0070
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0070
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0070
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0070
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0070
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0070
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0070
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0070
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0070
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0070
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0070
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0070
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0070
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0070
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0070
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0070
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0070
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0070
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0070
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0070
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0075
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0075
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0075
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0075
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0075
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0075
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0075
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0075
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0075
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0075
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0075
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0075
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0075
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0075
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0075
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0075
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0075
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0075
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0080
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0080
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0080
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0080
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0080
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0080
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0080
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0080
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0080
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0080
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0080
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0080
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0080
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0085
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0085
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0085
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0085
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0085
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0085
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0085
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0085
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0085
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0085
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0085
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0085
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0090
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0090
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0090
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0090
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0090
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0090
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0090
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0090
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0090
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0090
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0090
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0090
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0095
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0095
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0095
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0095
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0095
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0095
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0095
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0095
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0095
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0095
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0095
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0095
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0095
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0095
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0095
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0095
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0095
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0095
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0100
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0100
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0100
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0100
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0100
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0100
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0100
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0100
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0100
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0100
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0100
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0100
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0100
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0100
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0105
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0105
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0105
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0105
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0105
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0105
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0105
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0105
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0105
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0105
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0105
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0105
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0105
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0105
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0105
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0105
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0110
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0110
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0110
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0110
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0110
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0110
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0110
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0110
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0110
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0110
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0110
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0110
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0110
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0110
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0110
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0110
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0115
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0115
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0115
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0115
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0115
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0115
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0115
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0115
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0115
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0115
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0115
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0120
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0120
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0120
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0120
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0120
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0120
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0120
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0120
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0120
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0120
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0120
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0125
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0125
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0125
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0125
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0125
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0125
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0125
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0125
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0125
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0125
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0125
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0125
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0130
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0130
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0130
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0130
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0130
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0130
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0130
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0130
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0130
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0130
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0130
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0130
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0130
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0130
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0130
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0130
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0130
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0130
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0135
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0135
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0135
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0135
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0135
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0135
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0135
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0135
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0135
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0135
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0135
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0135
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0135
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0135
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0135
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0135
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0140
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0140
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0140
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0140
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0140
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0140
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0140
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0140
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0140
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0140
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0140
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0140
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0140
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0140
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0140
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0140
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0140
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0150
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0150
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0150
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0150
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0150
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0150
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0150
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0150
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0150
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0150
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0150
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0150
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0150
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0155
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0155
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0155
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0155
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0155
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0155
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0155
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0155
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0155
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0155
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0155
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0155
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0155
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0155
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0160
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0160
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0160
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0160
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0160
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0160
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0160
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0160
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0160
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0160
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0160
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0160
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0160
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0160
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0160
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0160
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0160
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0165
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0165
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0165
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0165
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0165
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0165
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0165
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0165
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0165
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0165
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0165
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0165
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0165
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0170
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0170
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0170
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0170
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0170
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0170
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0170
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0170
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0170
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0170
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0170
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0170
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0170
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0175
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0175
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0175
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0175
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0175
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0175
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0175
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0175
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0175
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0175
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0175
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0175
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0175
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0175
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0175
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0175
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0175
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0175
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0175
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0175
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0175
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0175

412 V.K. Gupta et al. / Electrochimica Acta 117 (2014) 405-412

[36] V.K. Gupta, AK. Singh, M.R. Ganjali, P. Norouzi, F. Faridbod, N. Mergu, Sens.
Actuators B 182 (2013) 642-651.

[37] L. Wang, D. Ye, D. Cao, Spectrochim. Acta A 90 (2012) 40-44.

[38] K. Farhadi, M. Forough, R. Molaei, S. Hajizadeh, A. Rafipour, Sens. Actuators B
161 (2012) 880-885.

[39] Y.-P. Li, X.-M. Liu, Y.-H. Zhang, Z. Chang, Inorg. Chem. Commun. 33 (2013)
6-9.

[40] C.-H. Chen, D.-]. Liao, C.-F. Wan, A.-T. Wu, Analyst 138 (2013) 2527
-2530.

[41] S. Guha, S. Lohar, A. Sahana, A. Banerjee, D.A. Safin, M.G. Babashkina, M.P.
Mitoraj, M. Bolte, Y. Garcia, S.K. Mukhopadhyay, D. Das, Dalton Trans. 42 (2013)
10198-10207.

[42] S. Kim, ].Y. Noh, K.Y. Kim, J.H. Kim, H.K. Kang, S.-W. Nam, S.H. Kim, S. Park, C.
Kim, J. Kim, Inorg. Chem. 51 (2012) 3597-3602.

[43] M. Yan, T. Li, Z. Yang, Inorg. Chem. Commun. 14 (2011) 463-465.

[44] K. Viswanathan, Sens. Actuators A 175 (2012) 15-18.

[45] YJ.]Jang, Y.H. Yeon, H.Y. Yang, J.Y. Noh, L.H. Hwang, C. Kim, Inorg. Chem. Com-
mun. 33 (2013) 48-51.

[46] Y. Dong, X. Mao, X. Jiang, J. Hou, Y. Cheng, C. Zhu, Chem. Commun. 47 (2011)
9450-9452.

[47] Z.Chen, C. Xue, W. Shi, F.-T. Luo, S. Green, ]. Chen, H. Liu, Anal. Chem. 76 (2004)
6513-6518.

[48] J.Y. Kwon, YJ. Jang, Y.J. Lee, K.M. Kim, M.S. Seo, W. Nam, J. Yoon, J. Am. Chem.
Soc. 127 (2005) 10107-10111.

[49] K. Soroka, R.S. Vithanage, D.A. Phillips, B. Walker, P.K. Dasgupta, Anal. Chem.
59 (1987) 629-636.

[50] Q.-H.You, P.-S. Chan, W.-H. Chan, S.C.K. Hau, AAW.M. Lee, N.K. Mak, T.C.W. Mak,
R.N.S. Wong, RSC Adv. 2 (2012) 11078-11083.

[51] T. Rosu, S. Pasculescu, V. Lazar, C. Chifiriuc, R. Cernat, Molecules 11 (2006)
904-914.

[52] B. Caifeng, F. Yuhua, J. Radioanal. Nucl. Chem. 262 (2004) 497-500.

[53] V.K. Gupta, R. Jain, S. Sharma, S. Agarwal, A. Dwivedi, Int. ]. Electrochem. Sci. 7
(2012) 569-587.

[54] V.K. Gupta, R.N. Goyal, R.A. Sharma, Int. J. Electrochem. Sci. 4 (2009) 156-172.

[55] L. Ali, V.K. Gupta, T.A.Khan, M. Asim, Int. ]. Electrochem. Sci. 7 (2012) 1898-1907.

[56] M. Naushad, V.K. Gupta, S.M. Wabaidur, Z.A. Alothman, Int. ]. Electrochem. Sci.
8(2013)297-311.

[57] V.K. Gupta, R. Jain, M.M. Antonijevic, H. Khani, M.N. Siddiqui, A. Dwivedi, R.
Mishra, S. Agarwal, Int. ]. Electrochem. Sci. 6 (2011) 37-51.

[58] V.K. Gupta, S. Agarwal, B. Singhal, Int. J. Electrochem. Sci. 6 (2011) 3036-3056.

[59] V.K. Gupta, B. Sethi, N. Upadhyay, S. Kumar, R. Singh, L.P. Singh, Int. ]. Elec-
trochem. Sci. 6 (2011) 650-663.

[60] V.K. Gupta, L. Ali, S. Agarwal, Int. J. Electrochem. Sci. 6 (2011) 5639-5648.

[61] V.K. Gupta, R. Jain, M.K. Pal, Int. J. Electrochem. Sci. 5 (2010) 1164-1178.

[62] A.Mittal, V.K. Gupta, A. Malviya, J. Mittal, ]. Hazard. Mater. 151 (2008) 821-832.

[63] A. Mittal, ]. Mittal, A. Malviya, D. Kaur, V.K. Gupta, J. Colloid Interface Sci. 343
(2010) 463-473.

[64] AK.]Jain, V.K. Gupta, A. Bhatnagar, Suhas, Sep. Sci. Technol. 38 (2003) 463-481.


http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0180
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0180
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0180
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0180
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0180
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0180
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0180
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0180
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0180
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0180
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0180
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0180
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0180
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0180
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0180
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0180
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0180
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0180
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0180
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0180
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0185
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0185
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0185
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0185
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0185
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0185
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0185
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0185
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0185
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0185
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0185
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0185
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0185
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0185
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0190
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0190
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0190
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0190
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0190
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0190
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0190
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0190
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0190
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0190
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0190
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0190
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0190
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0190
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0190
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0190
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0190
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0190
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0195
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0195
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0195
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0195
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0195
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0195
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0195
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0195
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0195
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0195
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0195
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0195
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0195
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0195
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0195
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0195
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0200
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0200
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0200
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0200
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0200
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0200
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0200
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0200
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0200
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0200
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0200
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0200
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0200
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0200
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0205
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0205
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0205
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0205
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0205
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0205
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0205
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0205
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0205
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0205
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0205
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0205
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0205
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0205
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0205
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0205
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0205
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0205
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0205
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0205
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0205
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0205
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0205
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0205
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0205
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0205
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0205
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0205
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0205
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0210
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0210
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0210
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0210
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0210
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0210
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0210
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0210
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0210
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0210
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0210
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0210
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0210
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0210
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0210
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0210
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0210
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0210
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0210
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0210
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0210
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0210
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0210
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0210
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0210
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0210
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0210
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0215
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0215
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0215
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0215
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0215
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0215
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0215
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0215
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0215
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0215
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0215
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0215
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0215
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0215
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0220
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0220
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0220
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0220
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0220
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0220
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0220
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0220
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0220
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0220
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0225
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0225
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0225
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0225
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0225
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0225
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0225
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0225
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0225
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0225
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0225
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0225
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0225
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0225
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0225
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0225
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0225
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0225
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0225
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0225
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0225
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0230
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0230
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0230
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0230
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0230
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0230
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0230
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0230
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0230
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0230
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0230
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0230
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0230
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0230
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0230
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0230
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0230
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0230
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0230
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0235
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0235
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0235
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0235
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0235
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0235
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0235
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0235
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0235
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0235
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0235
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0235
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0235
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0235
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0235
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0235
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0235
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0235
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0235
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0235
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0235
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0240
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0240
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0240
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0240
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0240
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0240
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0240
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0240
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0240
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0240
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0240
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0240
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0240
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0240
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0240
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0240
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0240
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0240
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0240
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0240
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0240
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0240
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0240
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0245
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0245
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0245
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0245
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0245
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0245
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0245
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0245
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0245
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0245
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0245
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0245
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0245
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0245
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0245
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0245
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0245
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0250
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0250
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0250
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0250
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0250
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0250
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0250
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0250
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0250
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0250
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0250
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0250
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0250
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0250
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0250
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0250
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0250
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0250
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0250
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0250
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0250
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0250
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0250
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0255
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0255
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0255
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0255
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0255
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0255
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0255
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0255
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0255
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0255
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0255
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0255
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0255
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0255
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0255
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0255
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0260
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0260
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0260
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0260
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0260
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0260
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0260
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0260
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0260
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0260
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0260
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0260
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0260
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0265
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0265
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0265
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0265
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0265
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0265
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0265
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0265
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0265
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0265
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0265
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0265
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0265
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0265
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0265
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0265
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0265
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0265
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0265
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0270
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0270
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0270
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0270
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0270
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0270
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0270
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0270
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0270
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0270
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0270
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0270
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0270
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0270
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0270
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0275
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0275
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0275
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0275
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0275
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0275
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0275
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0275
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0275
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0275
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0275
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0275
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0275
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0275
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0275
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0275
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0275
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0280
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0280
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0280
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0280
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0280
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0280
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0280
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0280
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0280
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0280
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0280
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0280
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0280
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0280
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0280
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0280
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0280
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0285
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0285
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0285
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0285
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0285
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0285
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0285
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0285
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0285
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0285
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0285
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0285
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0285
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0285
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0285
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0285
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0285
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0285
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0285
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0285
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0285
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0285
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0285
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0285
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0285
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0290
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0290
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0290
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0290
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0290
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0290
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0290
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0290
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0290
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0290
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0290
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0290
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0290
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0290
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0290
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0295
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0295
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0295
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0295
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0295
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0295
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0295
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0295
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0295
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0295
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0295
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0295
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0295
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0295
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0295
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0295
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0295
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0295
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0295
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0295
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0295
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0295
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0300
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0300
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0300
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0300
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0300
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0300
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0300
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0300
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0300
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0300
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0300
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0300
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0300
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0300
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0300
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0305
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0305
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0305
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0305
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0305
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0305
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0305
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0305
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0305
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0305
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0305
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0305
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0305
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0305
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0305
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0310
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0310
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0310
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0310
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0310
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0310
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0310
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0310
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0310
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0310
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0310
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0310
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0310
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0310
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0310
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0310
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0315
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0315
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0315
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0315
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0315
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0315
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0315
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0315
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0315
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0315
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0315
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0315
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0315
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0315
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0315
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0315
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0315
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0315
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0315
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0320
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0320
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0320
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0320
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0320
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0320
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0320
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0320
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0320
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0320
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0320
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0320
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0320
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0320
http://refhub.elsevier.com/S0013-4686(13)02378-5/sbref0320

	Antipyrine based Schiff bases as Turn-on Fluorescent sensors for Al (III) ion
	1 Introduction
	2 Experimental
	2.1 Reagents and apparatus
	2.2 Synthesis and characterisation
	2.3 UV–vis and Fluorescent measurements

	3 Results and discussion
	3.1 UV–vis spectral studies
	3.2 Fluorescence emission studies
	3.3 1H NMR titration

	4 Conclusion
	Acknowledgements
	References


