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Abstract

:

A series of fluorescent sensors based on 8-hydroxyquinoline dansylate as core and dendritic PAMAM as shell were synthesized. Their fluorescence characteristic and fluorescent sensing behavior toward metal ions were studied in water/methanol (1: 1, v/v). The sensors exhibit good selectivity and sensitivity for Fe3+ ion and to some extent for Cr3+ ion. The third generation dendrimer has the better sensitivity than the first and second generations.
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1. Introduction


Dendrimers are a class of macromolecules that have been attracting a lot of attention and extensively studied in recent years [1,2,3]. They have well-defined three-dimensional structures and different functional groups that allow the creation of molecules with desired properties. Nowadays, dendrimers are applied in different fields, ranging from materials and synthetic chemistry to biological and physical chemistry and so on [4,5,6,7,8,9,10,11].



Bonding a dye into the dendrimer structure contributes new properties and applications [12]. Dendrimers with fluorescent groups have found applications as components in different sensors. Also, the introduction of different types of chromophores to dendrimer macromolecules enables them to be photoactive with potential applications in photochemical molecular devices [13,14,15,16,17,18,19,20,21]. Some of these compounds have also been investigated for use as biosensors [22,23]. Over the years, many dendrimers with a fluorophore core have been synthesized in our laboratory. After dendritic modification, their fluorescent properties have been greatly altered [24,25,26,27].



Fe3+ ion plays important role in all living cells. It is present in the structure of many enzymes and proteins and therefore essential for cellular metabolism; however, exceeding concentrations of Fe3+ ion can also be detrimental. Thus, detection of Fe3+ ion is essential for monitoring the environment and human health. At present, there are only a few of Fe3+ ion fluorescence probes reported [28,29,30,31,32,33,34].



In our laboratory, 8-hydroxyquinoline dansylate of G0 (Figure 1) [35], as an effective Fe3+ ion fluorescent sensor, was synthesized. Its applications, however, were limited in three aspects: (a) it only dissolved in methanol, whereas many measurements were developed in water; (b) its low fluorescence sensitivity can rarely meet the requirement of detection in environment and biological fields; (c) as a Fe3+ ion fluorescence probe, it interfered with Cr3+ ion, and the quenching ratio of Fe3+/ Cr3+ was 1: 0.58. In this paper, three generations of dendritic fluorescent sensors based on 8-hydroxyquinoline dansylate as fluorophore core and PAMAM as shell were synthesized. With a number of amido linking to the dendrimer skeleton, their fluorescence sensitivity was enhanced and their water-solubility was improved significantly, which to some extent enlarged their applications in the measurement of Fe3+ ion. Furthermore, for G3.0, although Cr3+ ion still interfered with the measurement of Fe3+ ion, the quenching ratio of Fe3+/ Cr3+ was increased to 1: 0.50.
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Figure 1. 8-hydroxyquinoline dansylate of G0. 
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2. Results and Discussion


2.1. Synthesis of dendrimers


The synthesis of G3.0 started from amine 1 and utilized six steps, as outlined in Scheme 1. Amine 1 was prepared by the Gabriel reaction according to the reported procedure [36]. Exhaustive Michael reaction of amine 1 with methyl acrylate was carried out in methanol to give diester 2. The resulting diester 2 was then treated with 1.0 equiv of 1-(dimethylamino)-5-naphthalenesulfonyl chloride and 5.0 equiv of NaOH in TMF, to yield G1.0. The Michael reaction of G1.0 with a large excess of ethylenediamine was carried out in methanol to yield G1.5. The ester-terminated dendritic ligand G2.0 was prepared from G1.5 by the previous procedure. G2.5 and G3.0 were obtained through the previous PAMAM dendrimer iterative procedures. The structures have been identified by 1H-NMR, 13C-NMR, ESI-MS and elemental analysis.
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Scheme 1. Synthesis of PAMAM dendrimers with 8-hydroxyquinoline dansylate as core. 
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2.2. Fluorescence emission properties


In order to get clearer insight into the fluorescence of the different generations, the fluorescence behavior of each generation dendrimer was measured and shown in Figure 2. It is evident that the fluorescence intensity strengthened remarkably as the generation increased. The intensity of G3.0 and G2.0 was 2.5 times and 1.7 times greater than G1.0 respectively. With the increasing of the generation of the dendritic fluorescent sensors, their rate of self-quenching, as a result of site isolation of the chromophore, was reduced, which resulted in the remarkably improvement of the fluorescence efficiency and sensitivity.



To obtain insight into the ability of G3.0 to sense selectively metal ions, we first investigated fluorescence changes upon the addition of various metal ions in H2O/CH3OH (1:1, v/v) and the results are shown in Figure 3. Without cations, G3.0 shows strong fluorescence. As Fe3+ ion was added to the solvent of G3.0, no shift of the fluorescence maximum was observed. The fluorescence, however, was almost quenched and remained 7.1% of its initial intensity. In contrast, addition of other metal cations (Na+, Fe2+, Zn2+, Co2+, Cd2+, Ni2+, Mg2+, Ca2+, Hg2+, Mn2+, K+, Ba2+, Cu2+, Pb2+, Ni2+and Al3+) scarcely showed fluorescence quenching, except for Cr3+, which has notable quenching. This phenomenon indicated a high selectivity in its fluorescence quenching response of G3.0 toward Fe3+ ion against other metal ions.
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Figure 2. Fluorescent spectra of 5×10-5 mol/L G3.0, G2.0, G1.0 in H2O/CH3OH (1:1, v/v). Excitation wavelength is 320 nm. Emission wavelength is 490 nm. 
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Figure 3. Quenching percentage [(I0-I)/I0] × 100% of fluorescence intensity of G3.0 (5 × 10-5 mol/L) upon the addition of 1.0 equiv metal ions in H2O/CH3OH (1:1, v/v). Excitation wavelength is 320 nm. Emission wavelength is 490 nm. 
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The selectivity and tolerance of G3.0 for Fe3+ ion over other metal ions was examined by competition experiments (Figure 4). When 1 equiv of Fe3+ ion was added into the solution of G3.0 in the presence of 10 equiv of other ions (Na+, Fe2+, Zn2+, Co2+, Cd2+, Ni2+, Mg2+, Ca2+, Hg2+, Mn2+, K+, Ba2+, Cu2+, Pb2+, Ni2+ and Al3+), respectively, the emission spectra displayed a similar quenching at near 490 nm to that of Fe3+ only. The excellent selectivity indicated that the fluorescence quenching by Fe3+ ion was scarcely affected by the co-existence of other metal ions. To further demonstrate the practical application of the probe, these metal ions were tested with higher concentrations, equivalent to the biological concentrations. Similarly, the fluorescence intensity of G3.0 in the presence of Fe3+ ion remained unchanged in the presence of other metals. This result clearly demonstrated the high selectivity of G3.0 towards Fe3+ ion, which is vital to investigate environmental and biological samples.
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Figure 4. Fluorescence quenching percentage [(I0-I)/I0] × 100% of G3.0 (5 × 10-5 mol/L) upon the addition of 1.0 equiv Fe3+ ion and 10.0 equiv background in H2O/CH3OH (1:1, v/v). Excitation wavelength is 320 nm. Emission wavelength is 490 nm. 
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The fluorescence spectra of G3.0 (5 × 10-5 mol/L) at various concentrations of Fe3+ ion are depicted in Figure 5a and 5b. As can be seen, the fluorescence intensity of G3.0 gradually decreased with the addition of Fe3+ ion. A well-defined titration break around 1 equiv of Fe3+ ion suggested a 1:1 stoichiometry of the G3.0-Fe3+ ion complex system [37].This phenomenon indicated that Fe3+ ion was coordinated with fluorophore core rather than the dendritic skeleton.
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Figure 5. (a) The fluorescence spectra changes of G3.0 (5 × 10-5 mol/L) upon addition of Fe3+ ion in H2O/CH3OH (1:1, v/v); (b) The fluorescence spectra changes of G3.0 (5 × 10-5 mol/L) upon different ratio of [Fe3+]/[G3.0] in H2O/CH3OH (1:1, v/v). 






Figure 5. (a) The fluorescence spectra changes of G3.0 (5 × 10-5 mol/L) upon addition of Fe3+ ion in H2O/CH3OH (1:1, v/v); (b) The fluorescence spectra changes of G3.0 (5 × 10-5 mol/L) upon different ratio of [Fe3+]/[G3.0] in H2O/CH3OH (1:1, v/v).



[image: Molecules 15 02962 g005]





As the fluorescence intensity increased from G1.0 to G3.0, it is evident that the fluorescence quenching ratio to Fe3+ also increased. For G1.0, G2.0 and G3.0, these quenching ratio were 34.3%, 59.3% and 92.9% respectively, which was shown in Figure 6. This finding indicated that G3.0 behaved as a higher sensitive fluorescent Fe3+ ion sensor than G2.0 and G1.0.
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Figure 6. Fluorescence Quenching percentage [(I0-I)/I0] × 100% of G3.0, G2.0 and G1.0 (5 × 10-5 mol/L) upon the addition of 1.0 equiv Fe3+ ion in water/methanol (1:1, v/v). Excitation wavelength is 320 nm. Emission wavelength is 490 nm. 
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3. Experimental


3.1. Materials and instruments


All solvents and reagents were purchased from Alfa Aesar, TCI, or Aldrich and used without further purification. 1H-NMR and 13C-NMR spectra were recorded as solutions in CDCl3 on a Jeol JNM ECA-300 (300 MHz) spectrometer with TMS as the internal standard. ESI-MS were recorded with a Perkin-Elmer ESQUIRE in the positive ion mode. Elemental analyses of carbon, hydrogen, and nitrogen were performed on a Carlo Erba-1106 microanalyzer. Fluorescence intensity was measured on a Bio-Tek synergy TM4.




3.2. Synthesis of G1.0


5-Aminomethyl-8-hydroxyquinoline (amine 1) was prepared according to the reported procedure. Methyl acrylate (3.44 g, 40 mmol) was added to a solution of amine 1 (0.70 g, 4 mmol) in methanol (50 mL) at room temperature and the resulting mixture was stirred for 24 hours to give crude product of diester 2. Then, the mixture was evaporated under vacuum and the crude product of diester 2 (0.69 g, 2 mmol) was dissolved in THF (50 mL). Sodium hydroxide (0.4 g, 10 mmol) was added in the solution and stirred for 5 minutes. Then a solution of dansyl chloride (0.54 g, 2 mmol) in THF (10 mL) was added drop wise at 0 °C in 10 minutes. The reaction was kept at room temperature for further 15 minutes and then filtrated. The filtrate was evaporated in vacuo and the crude product was purified by silica gel column chromatography (ethyl acetate:petroleum = 1:2). The product, G1.0, was obtained as yellow oil (64% yield). 1H-NMR (300 MHz, CDCl3): δ 8.74-8.71 (m, 2H), 8.60 (d, 1H, J = 8.61), 8.52 (d, 1H, J = 8.58), 8.18 (d, 1H, J = 7.20), 7.63 (t, 1H, J = 7.56), 7.46 (t, 1H, J = 7.20), 7.33–7.28 (m, 2H), 7.24–7.19 (m, 2H), 3.90 (s, 2H), 3.48 (s, 6H), 2.89 (s, 6H), 2.81 (m, 4H), 2.41 (m, 4H); 13C-NMR (75 MHz, CDCl3) δ172.5, ,151.5, 150.3, 145.5, 142.0, 134.2, 133.0, 132.3, 131.6, 130.5, 130.3, 129.7, 128.7, 128.6, 126.8, 122.8, 121.2, 120.8, 120.2, 115.4, 56.8, 51.4, 49.1, 45.4, 32.1; ESI-MS: calcd. for (M+H)/z: 580.2. Found: (M+H)/z: 580.3; Anal. calcd for C30H33N3O7S: C 62.16, H 5.74, N 7.25, S 5.53; Found C 62.09, H 5.81, N 7.29, S 5.42.




3.3. Synthesis of G2.0


Ethylenediamine (6.0 g, 100 mmol) was added to a solution of G1.0 (0.66 g, 1.1 mmol) in methanol (50 mL) at room temperature and the resulting mixture was stirred for 5 days to give crude product of G1.5. Then, the mixture was evaporated under vacuum and the crude product of G1.5 (0.83 g, 1.3 mmol) was stirred with methyl acrylate (1.29 g, 15 mmol) in methanol (50 mL) for two days at room temperature. The crude product was purified by silica gel column chromatography (ethyl acetate:methanol = 7:1) to yield a yellow oil, G2.0 (78% yield). 1H-NMR (300 MHz, CDCl3): δ 8.74–8.69 (m, 2H), 8.63-8.55 (m, 2H), 8.19 (d, 1H, J = 7.20), 7.64 (t, 1H, J = 7.56), 7.49 (t, 1H, J = 7.56), 7.40–7.33(m, 2H), 7.27–7.21 (m, 2H), 6.71 (s, 2H), 3.99 (s, 2H), 3.61 (s, 12H), 3.18–3.16 (m, 4H), 2.91–2.86 (m, 14H), 2.70–2.66 (m, 8H), 2.42–2.32 (m, 12H); 13C-NMR (75 MHz, CDCl3) δ173.6, 172.5, 151.6, 150.2, 145.6, 141.9, 134.2, 132.7, 132.3, 131.6, 130.5, 130.3, 129.7, 128.6, 128.5, 126.7, 122.3, 121.2, 120.8, 120.2, 115.8, 56.8, 52.7, 51.4, 49.9, 49.1, 45.4, 37.3, 33.2, 33.1; ESI-MS: calcd. for (M+H)/z: 980.4. Found: (M+H)/z: 980.4; Anal. Calcd. for C48H65N7O13S: C 58.82, H 6.68, N 10.00, S 3.27; Found C 58.99, H 6.78, N 10.29, S 3.48.




3.4. Synthesis of G3.0


Ethylenediamine (5.4 g, 90 mmol) was added to a solution of G2.0 (0.88 g, 0.9 mmol) in methanol (50 mL) at room temperature and the resulting mixture was stirred for seven days to give crude product of G2.5. Then, the mixture was evaporated under vacuum and the crude product of G2.5 (1.05 g, 0.96 mmol) was stirred with methyl acrylate (0.86 g, 10 mmol) in methanol (50 mL) for three days at room temperature. The crude product was purified by silica gel column chromatography (ethyl acetate:methanol = 4:1) to yield a yellow oil, G3.0 (76% yield). 1H-NMR (300 MHz, CDCl3): δ 8.75–8.73 (m, 1H), 8.69 (d, 1H, J = 8.58), 8.60 (t, 2H, J = 8.58), 8.20–8.17 (m, 1H), 787.67–7.61 (m, 1H), 7.53–7.47 (m, 3H), 7.42–7.38 (m, 2H), 7.25–7.17 (m, 2H), 7.00–6.97 (m, 4H), 3.99 (s, 2H), 3.64 (s, 24H), 3.25–3.17 (m, 12H), 2.91 (s, 6H), 2.78–2.70 (m, 28H), 2.50–2.31 (m, 40H); 13C-NMR (75 MHz, CDCl3) δ172.7, 172.0, 171.8, 151.3, 150.0, 145.0, 141.7, 134.5, 132.9, 132.1, 131.5, 130.2, 130.0, 129.5, 128.4, 128.3, 126.8, 122.6, 121.2, 120.7, 119.9, 115.3, 55.9, 53.3, 52.5, 52.1, 51.3, 49.6, 48.9, 45.2, 37.3, 36.8, 33.5, 33.1, 32.4; ESI-MS: calcd for (M+H)/z: 1781.1. Found: (M+H)/z: 1781.6; Anal. calcd for C84H129N15O25S: C 56.65, H 7.30, N 11.80, S 1.80; Found C 56.51, H 7.18, N 11.96, S 1.66.





4. Conclusions


A series of new PAMAM dendrimers with 8-hydroxyquinoine dansylate as the fluorescence core have been synthesized. As fluorescent sensors, with the increasing generation, their sensitivity and selectivity toward Fe3+ ion were remarkably improved. Furthermore, the water solubility of dendrimers was developed to some extent, which could dissolve in the mixture of water and methanol.








	
Sample Availability: Samples of the compounds including G0, G1.0 and G3.0 are available from the authors.







References


	



Baars, M.W.P.L.; Meijer, E.W. Host-guest chemistry of dendritic molecules. Top. Curr. Chem. 2000, 210, 131–182. [Google Scholar] [CrossRef]

	



Inoue, K. Functional dendrimers, hyperbranched and star polymers. Prog. Polym. Sci. 2000, 25, 453–571. [Google Scholar] [CrossRef]

	



Newkome, G.R.; Shreiner, C.D. Poly(amidoamine), polypropylenimine, and related dendrimers and dendrons possessing different 1→2 branching motifs: An overview of the divergent procedures. Polymer 2008, 49, 1–173. [Google Scholar] [CrossRef]

	



Esfand, R.; Tomalia, D.A. Poly(amidoamine) (PAMAM) dendrimers: From biomimicry to drug delivery and biomedical applications. Drug Discov. Today 2001, 6, 427–436. [Google Scholar] [CrossRef]

	



Liu, M.; Kono, K.; Fréchet, J.M.J. Water-soluble dendritic unimolecular micelles: Their potential as drug delivery agents. J. Control. Release 2000, 65, 121–131. [Google Scholar] [CrossRef]

	



Liu, M.; Fréchet, J.M.J. Preparation of Water-soluble dendritic unimolecular micelles as potential drug delivery agents. Polym. Mater. Sci. Eng. 1999, 80, 167–168. [Google Scholar]

	



Twyman, L.J.; Beezer, A.E.; Esfand, R.; Hardy, M.J.; Mitchell, J.C. The Synthesis of water soluble dendrimers, and their application as possible drug delivery systems. Tetrahedron Lett. 1999, 40, 1743–1746. [Google Scholar] [CrossRef]

	



Pillai, O.; Panchagnula, R. Polymers in drug delivery. Curr. Opin. Chem. Biol. 2001, 5, 447–451. [Google Scholar] [CrossRef]

	



Liu, M.; Fréchet, J.M.J. Designing dendrimers for drug delivery. Pharm. Sci. Tech. Today 1999, 2, 393–401. [Google Scholar] [CrossRef]

	



Smith, D.K.; Diederich, F. Functional Dendrimers: Unique Biological Mimics. Chem. Eur. J. 1998, 4, 1353–1361. [Google Scholar] [CrossRef]

	



Bosman, A.W.; Janssen, H.M.; Meijer, E.W. About dendrimers: Structure, physical properties, and applications. Chem. Rev. 1999, 99, 1665–1688. [Google Scholar] [CrossRef]

	



Froehling, P.E. Dendrimers and dyes-a review. Dyes Pigments 2001, 48, 187–195. [Google Scholar] [CrossRef]

	



Weil, T.; Wiesler, U.M.; Herrmann, A.; Bauer, R.; Hofkens, J.; De Schryver, F.C.; Mullen, K. Polyphenylene dendrimers with different fluorescent chromophores asymmetrically distributed at the periphery. J. Am. Chem. Soc. 2001, 123, 8101–8108. [Google Scholar]

	



Gilat, S.L.; Adronov, A.; Fréchet, J.M.J. Modular Approach to the accelerated convergent growth of laser dye-labeled poly(aryl ether) dendrimers using a novel hypermonomer. JOrg. Chem. 1999, 64, 7474–7484. [Google Scholar] [CrossRef]

	



Gilat, S.L.; Adronov, A.; Fréchet, J.M.J. Light harvesting and energy transfer in novel convergently constructed dendrimers. Angew. Chem. Int. Ed. 1999, 38, 1422–1427. [Google Scholar]

	



Adronov, A.; Fréchet, J.M.J. Light-harvesting dendrimers. Chem. Commun. 2000, 18, 1701–1710. [Google Scholar]

	



Jungle, D.M.; McGrath, D.V. Photoresponsive azobenzene-containing dendrimers with multiple discrete states. J. Am. Chem. Soc. 1999, 121, 4912–4913. [Google Scholar]

	



Fomie, S.; Rivera, E.; Fomina, L.; Ortiz, A.; Ogawa, T. Polymers from coumarines: 4. Design and synthesis of novel hyperbranched and comb-like coumarin-containing polymers. Polymer 1998, 39, 3551–3558. [Google Scholar] [CrossRef]

	



Vogtle, F.; Gorka, M.; Hesse, R.; Ceroni, P.; Maestri, M.; Balzani, V. Photochemical and photophysical properties of poly(propylene amine) dendrimers with peripheral naphthalene and azobenzene groups. Photochem. Photobiol. Sci. 2002, 1, 45–51. [Google Scholar] [CrossRef]

	



Balzani, V.; Ceroni, P.; Gestermann, S.; Kauffmann, C.; Gorka, M.; Vogtle, F. Dendrimers as fluorescent sensors with signal amplification. Chem. Commun. 2000, 10, 853–854. [Google Scholar]

	



Balzani, V.; Ceroni, P.; Gestermann, S.; Kauffmann, C.; Gorka, M.; Vogtle, F. Effect of protons and metal ions on the fluorescence properties of a polylysin dendrimer containing twenty four dansyl units. J. Chem. Soc. Dalton Trans. 2000, 21, 3765–3771. [Google Scholar]

	



Wang, J.; Jiang, M. Dendritic nucleic acid probes for DNA biosensors. J. Am. Chem. Soc. 1998, 120, 8281–8282. [Google Scholar] [CrossRef]

	



Chang, A.C.; Gillespie, J.B.; Tabacco, M.B. Enhanced detection of live bacteria using a dendrimer thin film in an optical biosensor. Anal. Chem. 2001, 73, 467–470. [Google Scholar]

	



Shi, D.X.; Sha, Y.W.; Wang, F. Synthesis and Photophysical properties of poly(ester-amine) dendrimers with focal 4-amino-N-benzylphthalimide, as Sensitive media probes and switchable proton sensors. Macromolecules 2008, 41, 7478–7484. [Google Scholar] [CrossRef]

	



Wang, F.; Peng, R.G.; Sha, Y.W. Selective dendritic fluorescent sensors for Zn(II). Molecules 2008, 13, 922–930. [Google Scholar] [CrossRef]

	



Shen, L.; Li, F.Y.; Sha, Y.W. Synthesis of fluorescent dendritic 8-hydroxyquinoline ligands and investigation on their coordinated Zn(II) complexes. Tetrahedron Lett. 2004, 45, 3961–3964. [Google Scholar] [CrossRef]

	



Sha, Y.W.; Shen, L.; Hong, X.Y. A divergent synthesis of new aliphatic poly(ester-amine) dendrimers bearing peripheral hydroxyl or acrylate groups. Tetrahedron Lett. 2002, 43, 9417–9419. [Google Scholar]

	



Hu, S.L.; She, N.F.; Yin, G.D.; Guo, H.Z.; Wu, A.X.; Yang, C.L. Synthesis, structural characterization, and ﬂuorescent chemosensory properties of novel molecular clips based on diethoxycarbonyl glycoluril. Tetrahedron Lett. 2007, 48, 1591–1594. [Google Scholar]

	



Bricks, J.L.; Kovalchuk, A.; Trieﬂinger, C.; Nofz, M.; Buschel, M.; Tolmachev, A.I.; Daub, J.; Rurack, K. On the development of sensor molecules that display Fe(III)-amplified fluorescence. J. Am. Chem. Soc. 2005, 127, 13522–13529. [Google Scholar]

	



Ouchetto, H.; Dias, M.; Mornet, R.; Lesuisse, E.; Camadro, J.M. A new route to trihydroxamate-containing artificial siderophores and synthesis of a new fluorescent probe. Bioorg. Med. Chem. 2005, 13, 1799–1803. [Google Scholar] [CrossRef]

	



Tumambac, G.E.; Rosencrance, C.M.; Wolf, C. Selective metal ion recognition using a ﬂuorescent 1,8-diquinolylnaphthalene-derived sensor in aqueous solution. Tetrahedron 2004, 60, 11293–11297. [Google Scholar] [CrossRef]

	



Ma, Y.; Luo, W.; Quinn, P.J.; Liu, Z.; Hider, R.C. Design, synthesis, physicochemical properties, and evaluation of novel iron chelators with fluorescent sensors. J. Med. Chem. 2004, 47, 6349–6362. [Google Scholar]

	



Nudelman, R.; Ardon, O.; Hadar, Y.; Chen, Y.; Libman, J.; Shanzer, A. Modular fluorescent-labeled siderophore analogues. J. Med. Chem. 1998, 41, 1671–1678. [Google Scholar] [CrossRef]

	



Weizman, H.; Ardon, O.; Mester, B.; Libman, J.; Dwir, O.; Hadar, Y.; Chen, Y.; Shanzer, A. Fluorescently-labeled ferrichrome analogs as probes for receptor-mediated, microbial iron uptake. J. Am. Chem. Soc. 1996, 118, 12368–12375. [Google Scholar]

	



Peng, R.; Wang, F.; Sha, Y.W. Synthesis of 5-dialkyl(aryl)aminomethyl-8-hydroxyquinoline dansylates as selectivefluorescent sensors of Fe3+. Molecules 2007, 12, 1191–1201. [Google Scholar] [CrossRef]

	



Fan, L.; Zhu, W.; Li, J.; Tian, H. Novel red-light emitting metal complex based on asymmetric perylene bisimide and 8-hydroxyquinoline dyads. Synth. Met. 2004, 145, 203–210. [Google Scholar] [CrossRef]

	



Job, P. Studies on the formation of complex minerals in solution and on their stability. Ann. Chim. 1928, 9, 113–203. [Google Scholar]





© 2010 by the authors;







nav.xhtml


  molecules-15-02962


  
    		
      molecules-15-02962
    


  




  





media/file8.jpg
Quenching percentage (%)

80

60

40

20

Ni2+ Mg2+Ca2+ Hg2+Mr

4 K+ Ba2+ Cu2+t Ph2+

A3+





media/file11.png
Fluorescence intensity

30000-
25000;
20000;
15000:
10000;

5000;

(a)

AN

400 450 500 550 600 650 700
Wave length(nm)

Fluorescence intensity

30000
25000
200001
15000
10000

5000

(b)

I ! T

4 6
[Fe3+]/[G3.0]

10





media/file6.jpg
100

< 80
%
5 60
2
E 40
g 2
i=4

0 I

Nat Fe2+Zn2+Co2+Cd2+ Ni2 Mg24Ca2+F

+Hg2Mn2+ K+ Ba2+Cu2+Pb2+Ni2+Cr3+ A3+





media/file1.png





media/file13.png
100 -

o o o - o
o0 (e <t ()

(04) 28ejuooiad Juryouoan)

GIL.0

G2.0

(3.0





media/file10.jpg
(@ 25000 (b)

g

o
40 450 50 530 60 60 700
Wave length{m) [Fe3+)1G3.0]





media/file7.png
Quenching percentage (%)

100

80

60

40

20

Na+ Fe2+7Zn2+Co2+Cd2+Ni2Mg2+Ca2+Fe3+Hg2Mn2+ K+ Ba2+Cu2+Pb2+Ni2+Cr3+Al3+





media/file12.jpg
o =3 o o (=
@ © - 154

100

(%) 98ejusoiad Furyouandy

GlL.0

G2.0

G3.0





media/file9.png
uenching percentage (%
Q gp ge (%)

80

60

40

20

Nat+ Fe2+ Zn2+ Co2+ Cd2+ Ni2+Mg2+Ca2+ Hg2+Mn2+ K+ Ba2+ Cu2+ Pb2+ Ni2+ Al3+





media/file5.png
Fluorescence intensity

30000-
25000—-
20000—.
15000
10000—-

5000-

400

450 500
Wave length (nm)

550

600





media/file3.png





media/file4.jpg
Fluorescence intensity

30000
25000
20000
15000
10000

5000

400

450 500
Wave length (nm)

550

600





media/file0.jpg





media/file2.jpg
o
Ny
1
o
So
NGO
G20
e
o
So
LY
G2s

% 5 % o
- N
N 9 N
o pe
GLO
¢
o
0 NH
fo
N N
n
o
GLS S
1ico
o
o
o N
o
oci,
NH
o N
w
oc,
s Moo o
9 Ni
S0
N
i
° N O o
G3.0 oc,
~
o N
n
oci,
o
o N
o

Hco





