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Many materials, ranging from covalent solids such as the jl-aluminas [(Na20)x· l lA1203] 
[I] to soft ionic crystals such as Agl [2], act as solid electrolytes in which the ion conductivity, 
a, is much greater than that of tvoical ionic solids such as NaCl. These solid electrolytes exhibit 
conductivities in the range (10-6 to 10-1 S cm-1) comparable to dilute ionic aqueous solutions 
[3]. The need for softer more compliant solid electrolytes bas resulted in polymer-salt complexes 
being among the most recent solid electrolytes to be investigated [4]. The properties of polymer 
electrolytes such as their good adherence to electrodes and their ability to be cast as thin films are 
attractive for their use in high energy density batteries (15]. Other potential applications are as 
electrochromic displays and electrochemical transistors [16]. 

Two of the most studied solid polymer electrolytes are the linear polymer, poly-
( ethylene oxide) [PEO], and the comb polymer, methoxyethoxyethoxy poly(phosphazene) 
[MEEP], complexed with alkali metal salts (Figure 1) (5]. The formation of the metal salt 
complexes is usually accomplished by dissolving or suspending both the salt and the host 
polymer in a common solvent (usually acetonitrile or methanol) and then removing the solvent, 
producing the solvent-free polymer electrolyte in either bulk or thin fihns [6]. 

~o-l-l-L 
PEO 

Figure I 

The polymer-cation interaction has been established by vibrational spectroscopy as a 
cation in an etherial cage. Far-IR and Raman spectroscopic smdies show bands at about 400 
and 860-870 cm-1 respectively. These bands are similar to the bands assigned to crown ether 
alkali metal salt complexes [7]. The ion pairing between the cation and polyatomic anions has 
also been established from such vibrational spectroscopy. It was found that strong ion pairing 
leads to low ion conduction (4]. 

In the characterization of the electrical properties of a solid electrolyte the most useful 
information is the conductivity of the bulk electrolyte. The conductivity of the polymer electro­
lytes occurs by the migration of ions from one polymer segment to another. Impedance spec­
troscopy [8] revealed that the ion conductivity increased dramatically above the polymer's glass 
transition temperature, T g [9]. 

The temperature dependance of the conductivity can be described in ternlS of the chain 
segment mobility of the polymer host (10]. Central to such discussions is the Williams­
Landel-Ferry (WLF) relationship [ 11] which relates the polymer chain viscosity to the glass 
transition temperature. The WLF relationship is an empirical generalization which has lead to 
theoretical models that describe ion transport in polymers such as the free volume model (12], 
excess entropy model [13], and ultimately the dynamic percolation model. The latter is a mi­
croscopic model that describes the cationic motion in tenns of "jumps" which correspond to a 
complete exchange of one ligand (Figure 2) (14]. 

50 



Figure2 

References 

1. Yao, Y. Y.; Kummer, J. T., "Ion Exchange Properties and Ionic Diffusion in Beta­
Alumina," J. lnorg. Nucl. Chem. 1967, 29, 2453-2475. 

2. Shriver, D. F.; Farrington, G. C., "Solid Ionic Conductors," Chem. Eng. News 
1985, 63(20), 42-44 + 50-57. 

3. Annand, M. B.; Chabango, J.M., Duclot, M. J., "Polyethers as Solid Electrolytes," 
Fast Ion Transport in Solids, Vashista, P.; Mundy, J. N.; Shenoy, G. K., Eds.; 
North-Holland: Amsterdam, 1979, pp. 131-136. 

4. Ratner, M. A.; Shriver, D. F., " Ion Transport in Solvent Free Polymers," Chem. 
Rev. 1988, 88, 109-124. 

5. (a) Papke, B. L.; Ratner, M.A.; Shriver, D. F.," Conformation and Ion Trans­
port Models for the Structure and Ionic Conductivity in complexes of Poly­
ethers with Alkali Metal Salts," J. Electrochem. Soc. 1982, 129(8), 1694-
1701. 

(b) Blonsky, P. M.; Shriver, D. F.; Austin, P.; Allcock, H.R., "Polyphosphazene 
Solid Electrolytes," J. Am. Chem. Soc. 1984, 106, 6854-6855. 

6. Cheradame, H.; LeNest, J. F., Abstracts. First International Symposium on 
Polymer Electrolytes, St. Andrews, Scotland, 1987. 

7. (a) Papke, B. L.; Ratner, M.A.; Shriver, D. F., 11 Vibrational Spectroscopic De­
termination of Structure and Ion Pairing in Complexes of Poly( ethylene oxide) 
with Lithium Salts," J. Electrochem. Soc. 1982, 129, 1434-1438. 

(b) Dapon, R.; Papke, B. L.; Whitmore, D.H.; Shriver, D. F., 11 Influence of Ion 
Pairing on Cation Transport in the Polymer Electrolytes Formed by Poly( ethy­
lene oxide) with Sodium Tetrafluoroborate and Sodium Tetrahydroborate, 11 

J. Am. Chem. Soc. 1982, 104, 6247-6251. 

8. Cole, K. S.; Cole, R.H., 11 Dispersion and Absorption in Dielectrics," J. Chem. 
Phys. 1941, 9, 341-351. 

9. (a) Chadwick, A. V.; Strange, J. H.; Worboys, M. R., "Ionic Transport in Poly­
ether Electrolytes:• Solid State Ionics 1983, 9&10, 1155-1160. 

51 



(b) Fontanella, J. J.; Wintersgill, M. C.; Smith, M. K.; Semancik, J., " Effect of 
High Pressure on Electrical Relaxation in Poly (propylene oxide) and Electrical 
Conductivity in Poly (propylene oxide) complexed with Lithium salts," J . Appl. 
Phys. 1986, 60, 2665-2671. . 

10. Killis, A.; Lenest, J. F.; Gandini, A.; Cheradame, H., "Dynamic Mechanical Proper­
ties of Crosslinked Polyurethanes Containing Sodium Tetraphenylborate,"J. Polym. 
Sci., Polym. Phys. Ed. 1981, 19, 1073-1080. 

11. Williams, M. L.; Lande!, R. F.; Ferry, J. D., " The Temperature Dependence of Relax­
ation Mechanisms in Amorphous Polymers and Other Glass-forming Liquids, "J. Am . 
Chem. Soc. 1955, 77, 3701-3707. 

12. (a) Cohen, M. H.; Turnbull, D., " Molecular Transport in Liquids and Glasses, ti 
J. Chem. Phys. 1959, 31, 1164-1169. 

(b) Grest, G. S.; Cohen, M. H., " Liquid-Glass Transition: Dependence of the 
Glass Transition On Heating and Cooling Curves," Phys. Rev. B. 1980, 21, 
4113-4117. 

13. Adam, G.; Gibbs, J. H., ti On the Temperature Dependence of Cooperative Relaxation 
Properties in Glass-Forming Liquids," I.Chem. Phys. 1965, 43, 139-146. 

14. Druger, S. D.; Ratner, M. A.; Nitzan, A.," Polymeric Electrolytes: Dynamic Bond 
Percolation and Free Volume Models for Diffusion," Solid State Ionics 1983, 9&10, 
1115-1120. 

15. (a) Gauthier, M.; Fautteux, D.; Vassort, G.; Belanger, A.; Duval, M.; Ricoux, 
P.; Chabango, J.-M.; Muller, D.; Rigaud, P.; Armand, M. B.; Deroo, D., 
" Assessment of Polymer-Electrolyte Batteries for EV and Ambient Temperature 
Applications," J. Electrochem. Soc. 1985, 132, 1333-1340. 

(b) Shriver, D. F.; Farrington, G. C., "Solid Ionic Conductors," Chem. Eng. 

16. (a) 

News 1985, 63(20), 42-44 + 50-57. 

Honda, K.; Kuwano, A., "Solid-State Electrochromic Device Using Poly­
nuclear Metal Complex-Containing Solid Polymer Electrolyte,"]. Electrochem. 
Soc. 1986, 133, 855-856. 

(b) Chao, S.; Wrighton, M. S., "Electrical Characteristics of a Solid-State Micro­
electrical Transistor Based on Poly (3-methylthiophene)," J. Am. Chem. Soc. 
1987, 109, 2197- 2199. 

52 


	1991-1992 53
	1991-1992 54
	1991-1992 55

