


75

12. Hancock, R. D.; Martell, A. E. Ligand design for selective complexation of metal
ions in aqueous solution. Chem. Rev., 1989, 89, 1875-1914.

13. Amaud-Neu, F.; Schwing-Weill, M-J. Calixarenes, new selective molecular
receptors. Synthetic metals, 1997, 90, 157-164.

14. Shim, J. H.; Jeong, I. ร.; Lee, M. H.; Hong, H. p.; On, J. H.; Kim, K. ร.; Kim, H-
ร.; Kim, B. H.; Cha, G. ร.; Nam, H. Ion-selective electrodes based on 
molecular tweezer-type neutral carriers. Talanta, 2004, 63, 61-71.

15. Ludwig, R.; Dzung, N. T. K. Calixarene-based molecules for cation recognition.
Sensors, 2002, 2, 397-416.

16. Cobben, P. H. L. M.; Egberink, R. J. M.; Borner, J. G.; Bergvett, p.; Verboom,
บ.; Reinhoudt, D. N. Transduction of selective recognition of heavy metal 
ions by chemically modified field effect transistors (CHEMFETs). J. Am. 
Chem. Soc., 1992,114, 10573-10582.

17. Dasaradhi, L.; Huber, V. J.; Smith, p. H.; Jarvinen, G. D.; Gopalan, A. ร. 4-tert-
butylcalix[4]arene tetrahydroxamate chelators for the selective extraction of 
actinide ions: synthesis and preliminary metal ion extraction studies. J. 
Chem. Soc. Perkin Trans. 2 ,1997, 1187-1192.

18. Psychogios, N. and Regnouf-de-Vains, J-B. A new water-soluble calix[4]arene
podand incorporating p-phosphonate groups and 2,2’-bipyridine units. 
Tetrahedron Lett., 2002, 43, 7691-7693.

19. Lugtenberg, R. J. พ .; Egberink, R. J. M.; Engbersen, J. F. J.; Reinhoudt, D. N.
Pb2+ and Cd2+ selective chemically modified field effect transistors based on 
thioamide functionalized 1,3-altemated calix[4]arenes. J. Chem. Soc., 
Perkin Trans., 1997, 2, 1353-1357.

20. McNaught, A.D.; Wilkinson, A. Compendium of Chemical Technology: IUPAC
Recommendations 1997 [On line]. Available from 
http://www.chemsoc.org/chembvtes/goldbook/ [March, 2003]

21. Stradiotto, N. R.; Yamanaka, H.; Zanoni, M. V. B. Electrochemical sensors: A
powerful tool in analytical chemistry. J. Braz. Chem. Soc., 2003, 14, 1 so­
n s .

22. Thomas, J. D. R. Some highlights and perceptions of analytical chemistry.
Contribution to Science, 2002, 2, 257-267.

23. Bakker, E.; Pretch, E. The new waves of ion-selective electrode. Anal. Chem.
2002, 74, 421A-426A.

http://www.chemsoc.org/chembvtes/goldbook/


7 6

24. Pergel, E.; Gyurcsanyi, R. E.; Toth, K.; Lindner, E. Picomolar detection limits
with current-polarized Pb2+ ion-selective membranes. Anal. Chem., 2001, 73, 
4249-4253.

25. Ceresa, A.; Bakker, E.; Hattendorf, B.; Gunther, D.; Pretsch, E. Potentiometric
polymeric membrane electrodes for measurement of environmental samples 
at trace levels: new requirements for selectivities and measuring protocols, 
and comparison with ICPMS. Anal. Chem., 2001, 73, 343-351.

26. Brown, R. J. c.; Milton, M. J. T. Analytical techniques for trace element analysis:
an overview. TrAC, Trends. Anal. Chem., 2005, 24, 266-273.

27. Buck, R. p.; Lindner, E. Tracing the history of selective ion sensors. Anal. Chem.,
2001, 73, 88A-97A.

28. Uhlig, A.; Lindner, E.; Teutloff, c.; Schnakenberg, บ.; Hintsche, R. Miniaturized
ion-selective electrode for sensor application. Anal. Chem., 1997, 69, 4032- 
4038.

29. Guenat, O. T.; Dufour, J. -F.; van der Wal, P. D.; Morf, พ . E.; de Rooij, N. F.;
Koudelka-Hep, M. Microfabrication and characterization of an ion-selective 
microelectrode array platform. Sens. Actuators B: Chemical, 2005, 105, 65- 
73.

30. Plaza, ร.; Szigeti, Z.; Geisler, M.; Martinoia, E.; Aeschlimann, B.; Günther, D.;
Pretch, E. Potentiometric sensor for the measurement of Cd2+ transport in 
yeast and plants. Anal. Biochem., 2005, 347, 10-16.

31. Suzuki, K.; Aruga, H.; Shirai, T. Determination of monovalent cations by ion
chromatography with ion-selective electrode detection. Anal. Chem., 1983, 
55, 2011-2013.

32. Imato, T. Development of chemical sensors and their application to flow analysis
system. Bunseki Kagaku, 2005, 54, 1123-1136.

33. da Silva, I. ร.; Richter, E. M.; do Lago, c . L.; Gutz, I. G. R.; Tanaka, A. A.;
Angnes, L. FIA-potentiometry in the sub-Nemstian response region for rapid 
and direct chloride assays in milk and in coconut water. Talanta, 2005, 67, 
651-657.

34. Li, Y-S.; Xing, C-X.; Yang, L-L. Determination of trace sodium in the water-
steam system of power plants using an FIA/ISE method with an automatic 
penetration and alkalization apparatus. Anal. Sci., 2005, 21, 273-279.



77

35. Adhikari, B.; Majumdar, ร. Polymer in sensor applications. Prog. Polym. Sci.,
2004, 29, 699-766.

36. Qin, Y.; Peper, ร.; Radu, A.; Ceresa, A.; Bakker, E. Plasticizer-free polymer
containing a covalently immobilized Ca2+-selective ionophore for 
potentiometric and optical sensors. Anal. Chem., 2003, 75, 3038-3045.

37. Martin, ร. M.; Ha, J.; Kim, J. พ.; Strong, T. D.; Cha, G. ร.; Brown, R. B. ISE
arrays with improved dynamic response and lifetime. Solid state sensor, 
actuators and microsystem workshop, 2004, Hilton head island, South 
Carolina, June 6-10, 396-399.

38. Yoon, I. J.; Lee, D. K.; Nam, H.; Cha, G. ร.; Strong, T. D.; Brown, R. B. Ion
sensors using one-component room temperature vulcanized silicone rubber 
matrices. J. Electroanal. Chem., 1999, 464, 135-142.

39. Gupta, K. c.; D’Arc, M. J. Effect of concentration of ion exchanger, plasticizer
and molecular weight of cyanocopolymers on selectivity and sensitivity of 
Cu(II) ion selective electrodes. Anal. Chim. Acta., 2001, 437, 199-216.

40. Bakker, E.; Pretch, E. Lipophilicity of tetraphenylborate derivatives as an ionic
sites in neutral carrier-based solvent polymeric membranes and lifetime of 
corresponding ion-selective electrochemical and optical sensors. Anal. Chim. 
Acta., 1995, 309, 7-17.

41. Spichiger-Keller, บ. E. Ionophores, ligands and reactands. Anal. Chim. Acta.,
1999, 400, 65-72.

42. Umezawa, Y.; Bühlmann, P.; Umezawa, K.; Tohda, K.; Amemiya, ร.
Potentiometric selectivity coefficients of ion-selective electrodes Part I. 
Inorganic cations. Pure Appl. Chem., 2000, 72, 1851-2082.

43. Buck, R. p.; Lindner, E. Recommendations for nomenclature of ion-selective
electrodes (IUPAC recommendation 1994). Pure & Appl. Chem., 1994, 66, 
2527-2536.

44. Bakker, E.; Bühlmann, p.; Pretch, E. Carrier-based ion-selective electrodes and
bulk optodes. 2. Ionophores for potentiometric and optical sensors. Chem. 
Rev., 1998,98, 1593-1687.

45. Alizadeh, N.; Ershad , ร.; Naeimi, H.; Sharghi, H.; Shamsipur, M. Copper(II)-
selective membrane electrode based on a recently synthesized naphthol- 
derivative Schiff ร base. Frezenius Anal. Chem., 1999, 365, 511-515.



78

46. Shamsipur, M.; Rouhani, ร.; Ganjali, M. R.; Eshghi, H.; Sharghi, H.; Copper(II)-
selective membrane electrode based on a recently synthesized macrocyclic 
diamide., Microchem. J., 1999, 63, 202-210.

47. Park , ร. J.; Shon, o. J.; Rim, J. A.; Lee, J. K.; Kim, J. ร.; Nam, H.; Kim, H.
Calixazacrown ethers for copper(II) ion-selective electrode. Talanta, 2001, 
55, 297-304.

48. Gholivand, M.B.; Nozari, N. Copper(II)-selective electrode using 2,2 -
dithiodianiline as neutral carrier. Talanta, 2001, 54, 597-602.

49. Ganjali,M. R.; Emami, M.; Salavati-Niasari, M. Novel copper(II)-selective
sensor based on a new hexadentates Schiff ร base. Bull. Kor. Chem. Soc., 
2002, 23, 1394-1398.

50. Mashhadizadeh, M. H.; Mostafavi, A.; Razavi, R.; Shamsipur, M. Highly
selective Cu(II) membrane electrode based on 3.6.9.14-
tetrathiabicyclo[9.2.l]tetradeca-l 1,13-diene as a suitable ionophore. Sens. 
Actuators B, 2002, 86, 222-228.

51. Shamsipur, M.; Avanes, A.; Javanbakht, M.; Ganjali, M. R. A 9,10-anthraquinone
derivative having two propenyl arms as a neutral ionophore for highly 
selective and sensitive membrane sensors for Cu(II) ion. Anal. Sci., 2002,18, 
875-879.

52. Abbaspour, A.; Kamyabi, M. A. Copper(II)-selective electrode based on
dithioacetal. Anal. Chim. Acta., 2002, 455, 225-231.

53. Yoshimoto, ร.; Mukaib, H.; Kitano, T.; Sohrin, Y. Copper(II)-selective
membrane electrode based on hydrotris(3-isopropylpyrazolyl) methane in a 
poly(vinyl chloride) matrix. Anal. Chim. Acta., 2003, 494, 207-213.

54. Ganjali, M. R.; Gomohammadi, M.; Yousefi, M.; Norouzi, p.; Salavati-Niasari,
M.; Javanbakht, M. Novel PVC-based copper(II) membrane sensor based on 
2-( 1 '-(4'-1 "-hydroxy-2"-naphthyl)methyleneamino) butyliminomethyl)-1 -
naphthol. Anal. Sci., 2003,19, 223-227.

55. Singh, L. P.; Bhatnagar , J. M. Copper(II) selective electrochemical sensor based
on Schiff Base complexes. Talanta, 2004, 64, 313-319.

56. Fakhari, A. R.; Raji, T. A.; Naeimi, H. Copper-selective PVC membrane
electrodes based on salens as carriers. Sens. Actuators B, 2005, 104, 317- 
323.



79

57. Zamani, H. A.; Rajabzadeh, G.; Firouz, A.; Ariaii-Rad, A. A. Synthesis of 4-
amino-6-methyl-l,2,4-triazin-5-one-3-thione and its application in 
construction of a highly copper(II) ion-selective electrochemical sensor. J. 
Braz. Chem. Soc., 2005, 16, 1061-1067.

58. Jain, A. K.; Gupta, V. K.; Singh, L. p. Chelating ionophore based membrane
sensors for copper(II) ions. Talanta, 2005, 66, 1355-1361.

59. Gupta, V. K.; Goyal, V. K.; Singh, L. p.; Agarwal, ร. A copper-selective
electrode based on bis(acetylacetone)propylenediimine. Talanta, 2005, 68, 
193-197.

60. Gupta, V. K.; Jain, A. K.; Maheshwari, G.; Lang, H.; Ishtaiwi, z. Copper(II)-
selective potentiometric sensors based on porphyrins in PVC matrix. Sens. 
Actuators B., 2005, In press.

61. Gutsche, c. D.; Iqbal, M.; Stewart, D. Calixarenes 18. Synthesis procedures for p-
tert-butylcalix[4]arene. J. Org. Chem., 1986, 51, 742-745.

62. Gutsche, c. D.; Lin, L-G. Calixarenes 12. The synthesis of functionalized
calixarenes. Tetrahedron Lett., 2001, 42, 8105-8109.

63. Vetrogen, V. I.; Lukyanenko, N. G.; Schwing-Weill, M. J.; Amaud-Neu, F. A PC
compatible computer program for the calculation of equilibrium constants by 
simultaneous processing of different sets of experimental results. Talanta, 
1994, 41, 2105-2112.

64. Craggs, A.; Moody, G. J.; Thomas, J. D. R. PVC matrix membrane ion-selective
electrodes: Construction and laboratory experiments. J. Chem. Educ., 1974, 
51, 541-544.

65. Charles, R. G. and Freiser, H. Structure and behavior of organic analytical
reagents IV chelates of 2-(o-hydroxyphenyl)-benzoxazole, 2-(o- 
hydroxyphenyl)-benzothiazole and 2-(o-hydroxyphenyl)-benzothiazoline, 
Anal. Chim. Acta., 1954,11, 1-11.

66. Angulo-Comejo, J.; Lino-Pachecho, M.; Richter, R.; Hennig, L.; Hallmeier, K-
FL; Beyer, L. Metal chelates of V-benzothiazol-2-yl-, V-benzoxazol-2-yl- and 
V-(l-//benzimidazol-2-yl)-benzamide. Inorg. Chim. Acta., 2000, 305, 38-45.

67. Tsukube, H.; Minatogawa, H.; Munakata, M.; Toda, M.; Matsumoto, K. High-
pressure functionalization of diaza-crown ethers: New synthesis of Ag+ ion- 
specific binders. J. Org. Chem., 1992, 57, 542-547.



80

68. Morrison, G. H. and Freiser, H. Solvent extraction in analytical chemistry, New
York: John Wiley & Sons, 1962, p. 183.

69. Mazloum, M, Amini, M. K, Mohammadpoor-Baltork, I. Mercury selective
membrane electrodes using 2-mercaptobenzo benzimidazole, 2- 
mercaptobenzobenzothiazole, and hexathiacyclooctadecane carriers, Sens. 
Actuators B, 2000, 63, 80-85.

70. Zeng, X.; Weng, L.; Chen, L.; Xu, F.; Li, Q.; Leng, X.; He, X.; Zang, Z. Z. The
syntheses and Ag+-selective electrode properties of benzothiazolylthiaalkoxy 
functionalized calix[4]arenes: an investigation of the structure-selectivity 
relationship in the ionophore-based ISEs, Tetrahedron, 2002, 58, 2647-2658.

71. Aeungmaitrepirom, พ.; Hagège. A.; Asfari, Z.; Bennouna, L.; Vicens, J.; Leroy,
M. Selenium spéciation and preconcentration by a novel 
diammoniumcalix[4]arene. Tetrahedron Lett., 1999, 40, 6389-6392.

72. Allen, c. F. H.; van Allen, J. Salicyl-o-toluide. Organic Syntheses, 1946, 26, 92-
93.

73. Abbotto, A.; Bradamante, ร.; Facchetti, A.; Pagani, G. A. Metal chelation
aptitudes of bis(o-azaheteroaryl)metanes as tuned by heterocycle charge 
demands. J. Org. Chem., 2002, 67, 5753-5772.

74. Molard, Y.; Bureau, c.; Parrot-Lopez, H.; Lamartine, R.; Regnouf-de-Vains, J.-B.
Synthesis of calix[4]arene podands bearing two and four histidine or glycine 
groups at the lower rim. Complexation properties towards cobalt(II) chloride. 
Tetrahedron Lett., 1999, 40, 6383-6387.

75. Salem, A. B.; Regnouf-de-Vains, J.-B. Synthesis and characterization of a new
podand based on a calixarene and a p-lactam. Tetrahedron lett., 2001, 42, 
7033-7036.

76. Zhang, W-C.; Huang, Z-T. Synthesis of 4-terr-butylcalix[4]arenes bearing two
Schiff-base units at the lower rim. Synthesis, 1997, 1073-1076.

77. Liu, Y.; Chen, Y.; Li, Y.; Huang, G.; You, C-C.; Zhang, H-Y.; Wada, T.; Inoue,
Y. Cooperative multiple recognition by novel calix[4]arene-tethered เ3- 
cyclodextrin and calix[4]arene bridged bis(/?-cyclodextrin). J. Org. Chem., 
2001, 66, 7209-7215.

78. Amaud-Neu, F.; Collins, E. M.; Deasy, M.; Ferguson, G.; Harris, ร. J.; Kaithner,
B.; Lough, A. J.; McKervy, A.; Marques, E.; Ruhl, B. L.; Schwing-Weill, J.



81

ร.; Seward, E. M. Synthesis, X-Ray crystal structures, and cation-binding 
properties of alkyl calixaryl esters and ketones, a new family of macrocyclic 
molecular receptors. J. Am. Chem. Soc., 1989, 111, 8681-8691.

79. Pavia, D. L.; Lampman, G. M.; Kriz, G. ร. Introduction to spectroscopy: A guide
to students o f organic chemistry. 3rd. ed., Fort Worth: Harcourt college 
publishers, 2001, p. 359.

80. Sigel, H.; Martin, R. B. Coordinating properties of the amide bond. Stability and
structure of metal ion complexes of peptides and related ligands. Chem. Rev., 
1982, 82, 385-426.

81. de Namor, A. F.; Cleverly, R. M.; Zapata-Ormachea, M. L. Thermodynamics of
calixarene chemistry. Chem. Rev. 1998, 98, 2495-2525.

82. Seangprasertkij, R.; Asfari, Z.; Arnaud, F.; Vicens, J. Schiff base p-tert-
butylcalix[4]arenes. Synthesis and metal ion complexation. J. Org. Chem., 
1994, 59, 1741-1744.

83. Halouani, H.; Dumazet-Bonnamour, I.; Perrin, M.; Larmatine, R. First synthesis
and structure of p-ketoimine calix[4]arenes: complexation and extraction 
studies. J. Org. Chem., 2004, 69, 6521-6527.

84. Inczédy, J. Analytical applications o f complex equilibria. New York: Ellis
Horwood, 1976.

85. Schneider, H-J.; Yatsimirsky, A. K. Principles and methods in supramolecular
chemistry. Chichester: John Wiley & Sons, 2000.

86. Skoog, D. A.; West, D. M.; Holler, F. J. Fundamentals o f analytical chemistry.
7 th. ed. Fort Worth: Saunders College Publishing, 1996.

87. Kimura, K.; Yajima, ร.; Tatsumi, K.;Yokoyama, M.; Oue, M. Silver ion-selective
electrodes using ^-coordinate calix[4]arene derivatives as soft neutral 
carriers. Anal. Chem., 2000, 72, 5290-5294.



APPENDICES



83

O

นา

to

CO

03

Figure A .lะ 'H - N M R  s p e c t ru m  (4 0 0  M H z , C D C I 3) o f  5 ,1 1 ,1 7 ,2 3  te t ra - /? - te r /-b u ty l
2 5 ,2 7 - b is ( c y a n o p r o p o x y ) c a l ix  [4] a r e n e  (3)

pp
m



84

Figure A.2: ‘H - N M R  s p e c t ru m  ( 4 0 0  M H z , C D C 1 3) o f  5 ,1 1 ,1 7 ,2 3  te t ra - /? - /e r /-b u ty l
2 5 ,2 7 - b i s ( c y a n o a c e ta m id o b u to x y ) c a l ix [ 4 ] a r e n e  ( 5 )
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Figure A.3: 'H - N M R  s p e c t ru m  ( 4 0 0  M H z , C D C I 3) o f  2 5 ,2 7 - b is ( c y a n o p r o p o x y ) -
2 6 ° 2 8 -d ih y d r o x y c a l ix [ 4 ] a re n e  (6 )
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Figure A.4: 'H - N M R  s p e c t ru m  ( 4 0 0  M H z , C D C I 3) o f  2 5 ,2 7 - b is ( c y a n o a c e ta m id o
b u to x y ) - 2 6 ,2 8 - d ih y d r o x y c a l ix [4 ]a r e n e  ( 8 )
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Figure A.5: 'H - N M R  s p e c t ru m  (4 0 0  M H z , C D C I3) o f  5 ,1 1 ,1 7 ,2 3 - te t r a - /? - te r / -b u ty l-
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Figure A.6: ‘H - N M R  s p e c t ru m  (4 0 0  M H z , C D C I 3) o f  5 ,1 1 ,1 7 ,2 3 - te tr a - /? - te r t-b u ty l-
2 5 ,2 7 -  b i s ( a c e ta m id o e th o x y ) c a l ix [ 4 ] a r e n e  (11)
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Figure A.7: * H -N M R  s p e c t ru m  ( 4 0 0  M H z , C D C I 3) o f  2 5 ,2 7 - b is ( c y a n o m e th o x y ) -
2 6 ,2 8 - d ih y d r o x y c a l ix [ 4 ] a r e n e  (12)
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F i g u r e  A .8 : H - N M R  s p e c t ru m  ( 4 0 0  M H z , C D C I 3) o f  2 5 ,2 7 - b is ( c y a n o a c e ta m id o
e th o x y ) - 2 6 ,2 8 - d ih y d r o x y c a l ix a r e n e  (14)
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Figure A.9: ะ H-NMR s p e c t ru m  ( 4 0 0  MHz, C D C I 3) o f  5 ,1 1 ,1 7 ,2 3 - te t r a - /? - te r t-b u ty l-
2 5 ,2 7 - b is ( b e n z o th ia z o ly la c e ta m id o b u to x y ) c a l ix [ 4 ] a r e n e  (15)
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Figure A.10: ESI-MS spectrum of 5,1 l,17,23-tetra-/?-tert-butyl-25,27- 
bis(benzothiazolylacetamidobutoxy)calix[4]arene (15)
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Figure A .ll:  'H - N M R  s p e c t ru m  (4 0 0  M H z , C D C I 3) o f  2 5 ,2 7 - b is ( b e n z o th ia z o ly l
a c e ta m id o b u to x y ) - 2 6 ,2 8 - d ih y d r o x y c a l ix [ 4 ] a r e n e  (16)
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Figure A.12: E S I-M S  s p e c t r u m  o f  o f  2 5 ,2 7 - b i s ( b e n z o th ia z o ly la c e ta m id o b u to x y ) -
2 6 ~ 2 8 -d ih y d ro x y c a lix [4 ]a re n e  (16)
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Figure A.13: ’H - N M R  s p e c t ru m  (4 0 0  M H z , C D C I 3) o f  5 ,1 1 ,1 7 ,2 3 - te t r a - /? - /e r /-b u ty l-
2 5 ,2 7 -b is ( b e n z o th ia z o ly la c e ta m id o e th o x y ) c a l ix [ 4 ] a r e n e  (17)
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Figure A.14: ESI-MS spectrum of 5,ll,17,23-tetra-/?-ter/-butyl-25,27- 
bis(benzothiazolylacetamidoethoxy)calix[4]arene (17)
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Figure A.15: 'H - N M R  s p e c t ru m  ( 4 0 0  M H z , C D C I 3) o f  2 5 ,2 7 - b is ( b e n z o th ia z o ly l
a c e ta m id o e th o x y ) - 2 6 ,2 8 - d ih y d r o x y c a l ix [ 4 ] a r e n e  (18)
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Figure A .1 6 :  E S I - M S  s p e c t ru m  o f  s p e c t r u m  o f  2 5 ,2 7 - b is ( b e n z o th ia z o ly l
a c e ta m id o e th o x y ) - 2 6 ,2 8 - d ih y d r o x y c a l ix [ 4 ] a r e n e  (1 8 )
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Figure A.17: ‘H-NMR spectrum (400 MHz, CDCI3) of cyanoacetic acid active ester 
(5-(l,3-benzothiazol-2-yl-2-hydroxyl)aminobenzene) (19)
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Figure A.18: 'H-NMR spectrum (400 MHz, CDCI3) of A-butyl-2-cyanoacetamide
(20)
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Figure A.19: ’H-NMR spectrum (400 MHz, CDCI3) of 2-(l,3-benzothiazol-2-yl)-N- 
butylacetamide (2 1 )
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