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Introduction

Transient crosslinks of polymer electrolytes, in which metal slats are dissolved in a polymeric solvent, are formed from the coordinative interaction of polymer chains with metal cations or metal cation-anion-cation bridges.1-4 In this paper, we have found that the transport of ethylene was significantly retarded in the POZ/AgClO4 complex film compared to the one in the POZ/AgBF4, whereas both silver polymer electrolytes showed somewhat similar selectivity on the ethylene/ethane separation. Although AgClO4 and AgBF4 salts have similar anion sizes, 2.36 and 2.28Å, and comparable lattice energies, 677 and 680 kJ/mol, respectively, their transport properties are significantly different. Such distinct transport property will be interpreted here by the structure of silver polymer electrolytes. Raman and IR spectroscopies are employed to investigate the interactions of silver ions with matrix polymer and to characterize their stoichiometry and the coordination number of the silver cation in POZ with AgBF4 and AgClO4. Measurement of glass transition temperature and d-spacing of polymer electrolytes would also help elucidate the structure of silver polymer electrolytes. In addition, the model structure of silver polymer electrolytes is calculated by the ab initio method to confirm the interaction of silver salts with polymers. Thus, the relationship between the characteristics of polymer electrolytes and the transport properties has been investigated.

Experimental

Poly (2-ethyl-2-oxazoline) (POZ) (Mw = 5(105), silver tetrafluoroborate (AgBF4) and silver percholate (AgClO4) were purchased from Aldrich Chemical Co. and were used without further purification. Mixed gas (50:50 vol % of ethylene/ethane mixture) separation properties of the films were evaluated by gas chromatography (Hewlett Packard G1530A, MA) equipped with a TCD detector. IR measurements were performed on a Mattson Galaxy 6030 spectrometer; 64-200 scans were signal-averaged at a resolution 1cm-1. Raman spectra for POZ/Ag salt electrolytes were recorded at room temperature using with a Perkin Elmer System 2000 NIR FT-Raman at a resolution 1cm-1. Perkin-Elmer DSC-7 was used to measure glass transition temperatures of POZ/Ag salt electrolytes at a heating rate of 20(C/min under N2 environment. Wide angle X-ray Diffraction was utilized with Cu K( radiation to determine the value of d-spacing in silver polymer electrolytes at a scanning speed of 10(/min. 

Results and Discussion

Preliminary FT-IR and Raman spectroscopic experiments demonstrated that silver salts of AgBF4 are dissolved in polymer matrices (POZ) because of the coordination interaction of silver ions and carbonyl oxygens. The uncomplexed carbonyl band was evident up to 2:1 POZ:AgBF4 but disappeared completely at the 1:1 POZ:AgBF4.5 The results suggest that the coordination number of silver ions with carbonyl oxygen of POZ is close to unity, implying unusually high solubility of silver ions in the POZ matrix. 

The values of glass transition temperature (Tg) in the complexes of POZ with AgClO4 and AgBF4 for various mole ratios of [C=O]:[Ag] are presented in Figure 2. The Tg of pure POZ film was 343 K. In the presence of Ag salts, the values of Tg in both systems increase gradually and reached the maximum with increasing amount of silver salts and decrease slightly at a high salt composition, which is a common observation in the solid polymer electrolytes.6,7 The extent of the increase in the Tg with increasing the silver salt concentration is greater for POZ/AgClO4 than for POZ/AgBF4, implying a significant structural difference between them. 
First is a transient crosslink created by the coordination bond between C=O and silver ions. Metal cations, coordinated with electron donor groups of polymer, are believed to act as a crosslinker and thereby alter the dynamics of polymer electrolytes.8 The transient crosslink make the glass transition temperature higher and the d-spacing smaller as demonstrated previously. The extent of crosslink would be higher in the POZ/AgClO4 complex than in POZ/AgBF4 complex because the former has higher coordination number than the latter. Consequently, low gas permeances were obtained from the POZ/AgClO4 complex compared to that from the POZ/AgBF4 complex. Second is the effect of counter anion, which would be located close to the silver ions. Two anions of the POZ/AgClO4 and POZ/AgBF4 complexes are similar in size and lattice energy, but different in weight and density. Therefore, the ClO4- group would hinder the main chain mobility more effectively than the BF4- group resulting in higher Tg and lower d-spacing of the POZ/AgClO4 complex than the one of the POZ/AgBF4. 

In summary, the transient crosslinking as well as the heavy neighbor anion restrict the polymer chain mobility in the POZ/AgClO4 much more than in the POZ/AgBF4. Consequently the former exhibits an extremely lower gas permeance than the latter. 
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Figure 2. Glass transition temperature with increasing salt concentration in POZ electrolytes containing AgClO4 and AgBF4. 





� EMBED SigmaPlotGraphicObject.3  ���























� EMBED Origin50.Graph  ���





Figure 1. FT-IR spectra of POZ complexes with AgClO4 and AgBF4 at 1:1 [C=O]:[Ag] mole ratio.
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