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Abstract. A series of novel sensing materials with concurrent sensitivity, namely the porphyrins 
[free-base, Mn(III) and Fe(III) complexes], functionalized with crown-ether or aza-crown 
(cyclam) pendant groups, were synthesized and tested as ionophores for polymeric membrane 
electrodes. Several aspects were studied in order to evaluate the functionality and the desired 
sensitivity of resulting crown-porphyrins hyphenated ionophores, among them the nature and the 
size of crown fragment cavity, the length of the alkyl pendant incorporating the crown-ether unit, 
the presence and the nature of central metal ion both in porphyrin and crown macrocycles.  
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INTRODUCTION  

The design of new ionophores with analytically useful selectivity remains until 
now a formidable challenge. The use of ligands with the cavity of determined size, 
like has permitted to develop highly selective potentiometric sensors [1]. The 
combination of two sensitive compartments such as free-base porphyrin and crown-
ether in single ionophore molecule may significantly improve the resulting cationic 
sensor selectivity due to the synergetic complexing effect of the ionophore. On the 
other hand the metallation of the porphyrin unit of hyphenated crown-porphyrin 
composite, besides the possible improvement of anionic selectivity of the ionophore, 
may evoke the concurrent sensitivity towards both anionic and cationic species, Fig.1. 

RESULTS AND DISCUSSION  

Crown-porphyrins were recently applied mainly for optic sensors development, 
but their utility in potentiometric cross-sensitive sensors was not studied [2]. For this 
reason we have tested the performance of PVC/oNPOE membrane electrodes 
containing hyphenated crown-porphyrin ionophores. The electrodes doped with Mn-
porphyrin complex bearing the 4-hydroxybenzo-15-crown-5 fragment linked to the Olfaction and Electronic Nose: Proceedings of the 14th International Symposium on Olfaction and Electronic Nose

AIP Conf. Proc. 1362, 111-112 (2011); doi: 10.1063/1.3626325
©   2011 American Institute of Physics 978-0-7354-0920-0/$30.00

111



porphyrin via the rigid –N=N- bond exhibited a prevalent anionic sensitivity for all the 
tested analytes.  

  
FIGURE 1.  (A) An enhancing of cationic selectivity, (B) a schematic presentation of 

the concurrent complexation of cationic and anionic species by crown-porphyrins. 
 

When Mn was substituted with Fe ion, the concurrent complexation was reversed and 
the crown-Fe-porphyrin conjugates recognized the low concentrations of cations more 
efficiently, while the growth of the analyte concentration resulted in the switch from 
cationic to anionic sensitivity, as it is shown in Fig.2A. The incorporation of aza-
crown (cyclam) compartments in Mn and Fe porphyrins via more flexible amide link 
resulted again in a prevalent anionic selectivity of cyclam-(Mn-porphyrin) conjugates, 
while the well defined cationic response towards transition metal ions was detected for 
cyclam-(Fe-porphyrin) ionophore, Fig.2B. 

 
FIGURE 2.  (A) The repetitive potentiometric responses of 15-crown-5-funczionalized Fe-
porphyrin towards KBr aqueous solutions in range from 10-6 to 10-2 mol/L; Potentiometric 

responses of (B) cyclam, (C) cyclam-(Mn-porphyrin) and (D) cyclam-(Fe-porphyrin) 
containing polymeric membrane electrodes towards aqueous solutions of several salts. 
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