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Inorganic Ion Pair Receptors 
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Synthetic receptors for the coordination and recognition of either anions or 
cations have been studied for several decades. Organic 1 and inorganic2 receptors have 
proven successful in binding ions for a variety of tasks, including electrochemical ion 
sensing3 and transport through membranes.4 Ion pair receptors, which bind a cation and 
anion simultaneously, build upon this base by allowing for the extraction, transport, and 
sensing of salts. 

Inorganic-based receptors potentially have several unique advantages not found in 
organic receptors. Electrostatic interaction between a positively charged metal center and 
an anion can increase the stability of the bound complex. Well-defined geometries 
around metal centers can be controlled to create enhanced binding selectivity as well as 
strength. Other uses for metal centers that can be envisioned include electrochemical 
sensing, recognition through color changes or fluorescence, and catalysis. 

Beer and coworkers5
• 

6
• 

7 have prepared a number of ion r.air receptors utilizing a 
bipyridyl anion binding site and a crown ether7 or calix[4]arene · 6• 

8 cation binding site. 
1H NMR titration experiments show these receptors to bind ion pairs in solution. X-ray 
cry"stal structure analysis (Figure 1) gives the structure of a bound complex in the solid 
state. 
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Figure 1. Crystal structure of the monomer unit of a rhenium(!) bipyridyl crown ether 
receptor with bound KCI.7 



26 

Reetz and coworkers srlnthesized ion pair receptors in which the metal center, 
either boron9 or an aluminum I , directly binds the anion whereas a crown ether moiety 
binds the cation. Reinhoudt and coworkers prepared receptors in which a uranyl (U02 +) 
center binds the anion with the help of hydrogen bonding from amido protons, and a 
crown ether or calix[4]arene moiety binds the cation.II, I6 

One of the striking features of ion pair reception is that the anion and cation bind 
with positive cooperativity, that is, binding of the cation enhances the strength with 
which the anion is bound. This effect may be due to electrostatic interactions-the anion 
is more tightly bound to a receptor with a higher positive charge-or to allosteric effects, 
where the binding of the cation causes the anion binding site to be preorganized in a 
favorable way. For example, a receptor with a 15-crown-5 cation binding site forms a 
pseudomacrocyclic sandwich complex with ;mtassiumI2

, arranging the bipyridyl site in a 
favorable conformation for anion binding. The magnitude of the cooperative effect 
varies with the identity of the bound ions and the distance between the ions. Anion 
binding enhancement up to sixtyfold6 due to selective cation binding has been observed. 

Ion pair receptors mimic biological systems in their ability to transport amino 
acids and salts across liquid membranes. Reetz and coworkersI 3 showed that a boron­
based receptor transported L-phenylalanine across water/chloroform phase boundaries 
with a transport rate of up to 352 relative ·to a system with no carrier. Reinhoudt and 
coworkers I4 used their uranyl-based receptors <o transport CsCl and CsN03 salts through 
a water/ether phase boundary, demonstrating the crucial role of ion pair binding in the 
transport of hydrophilic salts. · 

Receptors containing redox-active ferrocene centers can1be used to sense ion pair 
binding by electrochemical techniques. 5• I5 Beer and coworkers discovered that cyclic and 
square-wave voltammograms of receptors with bound ion pairs contained unique features 
relative to those found in the voltammograms of simple ferrocene, the plain receptor, or 
the receptor with just a cation or anion bound. In one specific case5 cathodic shift in 
oxidation potential induced by bromide coordination to a ferrocene-containing moiety 
was greatly amplified by the presence of lithium. 

In future work on inorganic ion pair receptors, one can anticipate an increased 
focus on their transport and electrochemical properties. In a recent study, Coucouvanis 
and coworkersI7 demonstrated the ability of manganese and nickel-based receptors to 
transport tryptophan and serotonin across a water/chloroform phase boundary. Anion 
receptors have been shown to sense ions through their electrochemical response to 
binding,3b.IB and initial studies on ion pair receptors indicate a high potential for similar 
success. 

References 

1. Schmidtchen, F. P.; Berger, M. "Artificial Organic Host Molecules for Anions," 
Chem. Rev. 1997, 97, 1609-1646. 

2. Beer, P. D.; Smith, D. K. "Anion Binding and Recognition by Inorganic Based 
Receptors," Prog. Inorg. Chem. 1997, 46, 1-96. 



27 

3. (a) Boulas, P. L.; Gomez-Kaifer, M.; Echegoyen, L. "Electrochemistry of 
Supramolecular Systems," Angew. Chem. Int. Ed. Engl. 1998, 37, 216-247. (b) Beer, 
P. D.; Gale, P. A.; Chen, G. Z. "Electrochemical Molecular Recognition: Pathways 
Between Complexation and Signaling," J. Chem. Soc., Dalton Trans. 1999, 1897-
1909. 

4. Lamb, J. D.; Christensen, J. J.; Izatt, S. R.; Bedke, K.; Astin, M. S.; Izatt, R. M. 
"Effects of Salt Concentration and Anion on the Rate of Carrier-Facilitated Transport 
of Metal Cations through Bulk Liquid Membranes Containing Crown Ethers," J. Am. 
Chem. Soc. 1980, 102, 3399-3403. 

5. Cooper, J. B.; Drew, M. G. B.; Beer, P. D. "Alkali metal cation cooperative anion 
recognition by heteroditopic bis(calix[4]arene) rhenium(!) bipyridyl and ferrocene 
receptor molecules," J. Chem. Soc., Dalton Trans. 2000, 2721-2728. 

6. Cooper, J. B.; Drew, M. G. B.; Beer, P. D. "Heteroditopic rhenium(!) and 
ruthenium(Il) calix[4]arene receptors for binding cation-anion ion pairs," J. Chem. 
Soc., Dalton Trans. 2001, 392-401. 

7. Uppadine, L. H.; Redman, J. E.; Dent, S. W.; Drew, M. G. B.; Beer, P. D. "Ion Pair 
Cooperative Binding of Potassium Salts by New Rhenium(!) Bipyridine Crown Ether · 
Receptors," Inorg. Chem. 2001, 40, 2860-2869. 

8. Arnaud-Neu, F.; Collins, E. M.; Deasy, M.; Ferguson, G.; Harris, S. J.; Kaitner, B.; 
Lough, A. J.; McKervey, M. A.; Marques, E.; Ruhl, B. L.; Schwing-Weill, M. J.; 
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. 

9. (a) Reetz, M. T.; Niemeyer, C. M.; Harms, K. "Crown Ethers with a Lewis Acidic 
Center: A New Class of Heterotopic Host Molecules," Angew. Chem. Int. Ed. Engl. 
1991, 30, 1472-1474. (b) Reetz, M. T.; Niemeyer, C. M.; Harms, K. "Heterotopic 
Host Molecules for Binding Two Different Guests," Angew. Chem. Int. Ed. Engl. 
1991,30, 1474-1476. 

10. Reetz, M. T.; Johnson, B. M.; Harms, K. "A Novel Receptor for Ditopic Binding of 
Alkali Metal Halides," Tetrahedron Lett. 1994, 35, 2525-2528. 

11. Rudkevich, D. M.; Brzozka, Z.; Palys, M.; Visser, H. C.; Verboom, W.; Reinhoudt, 
D. N. "A Difunctional Receptor for the Simultaneous Complexation of Anions and 
Cations; Recognition of KH2P04" Angew. Chem. Int. Ed. Engl. 1994, 33, 467-468. 

12. Shinkai, S.; Nakaji, T.; Ogawa, T.; Shigematsu, K.; Manabe, 0. "Photoresponsive 
crown ethers. 2. Photocontrol of ion extraction and ion transport by a bis( crown 
ether) with a butterfly-like motion.," J. Am. Chem. Soc. 1981, 103, 111-115. 



28 

13. Reetz, M. T.; Huff, J.; Rudolph, J.; Tollner, K.; Deege, A.; Goddard, R. "Highly 
Efficient Transport of Amino Acids through Liquid Membranes via Three­
Component Supramolecules," J. Am. Chem. Soc. 1994, 116, 115~8-11589. 

14. Rudkevich, D. M.; Mercer-Chalmer, J. D.; Verboom, W.; Ungaro, R.; de Jong, F.; 
Reinhoudt, D. N. "Bifunctional Recognition: Simultaneous Transport of cations 
and Anions through a Supported Liquid Membrane," J. Am. Chem. Soc. 1995, 
117, 6124-6125. 

15. Beer, P. D.; Chen, Z.; Ogden, M. I. "Voltammetric and NMR Studies of a 
Bis(ferrocenecarboxamide )-substituted Diaza 18-Crown-6 Receptor that 
Simultaneously Complexes and Electrochemically Recognises both Cations and 
Anions," J. Chem. Soc .. Faraday Trans. 1995, 91, 295-302. 

16. Antonisse, M. M. G.; Reinhoudt, D. N. "Neutral anion receptors: design and 
application," Chem. Commun. 1998, 443-448. 

17. Pike, J. D.; Rosa, D. T.; Coucouvanis, D. "Lipophilic Metal Salicylidene--Crown 
Ether Hybrids-Ditopic Carriers in the Facilitated Transport of Amphiphilic 
Molecules Across Bulk Liquid Memb:anes," Eur. J. Inorg. Chem. 2001, 761-777. 

' 18. P. D. Beer, in Chemical Sensors, T. E. Edmonds, Ed., Blackie, London and 
Glasgow, 1988. 


	2001-2002 inorganic 32
	2001-2002 inorganic 33
	2001-2002 inorganic 34
	2001-2002 inorganic 35

