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Summary 

Ionic conductivity of various polymeric hybrid complexes made from the 

polyelectrolytes carboxymethylated poly(vlnyl alcohol) (PVAC), poly(vinyl 

alcohol) acetallzed with glyoxylic acid (PVAG) and poly(vinyl alcohol) ace- 

talized with iodine N-methyl-4-pyridyladehyde (PVAP) were investigated. It 

was found that when the content of carboxyl group in PVAC reaches 5.3% and 

the content of carboxyl group in PVAG is more than 9.7%, the ion conductivi- 

ty of polymeric hybrid complexes rises sharply. These polymer--Li + complex 

hybrids gave the ionic conductivity of 10 -6 Scm -I at room temperature. 

Introduction 

Complexes consisted of the polymer and electrolyte exhibit high ionic 

conductivity and possess the advantages of small size and light mass, struc- 

tural stability and low volatility (TSUCHIDA,1982). Polymeric electrolytes 

may also have flexibility which greatly facilitates the design of an all- 

solid-state rechargeable battery. Hence they have been widely used for solid 

batteries, big volume container, ionic concentration sensors and long cell 

etc. The polymer materials having the ionic conductivities, organic lithi- 

um ion conductors, in particular, are currently attracting considerable in- 

terest. 

It is well known that the most promising examples of solid electrolytes 

to date are based on the poly(ethylene oxide) (LEE,1982), polyacrylonitrile 
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(WATANABE,1982) and poly(vinylidene fluoride) (TSUN~I,1983) doped with al- 

kali metal salts. MIKAWA et al. synthesized poly(sodium acrylate), polybreme 

and poly(2-acrylamino-2-methylpropane sulfonate)--Li + complexes. Their ionic 

conductivity varied 10-3--10 -8 Scm -I at lOOm200~ (MIKAWA,1984). 

Recently, in order to get a hybrid film of higher mechanical strength, 

various polycation and polyanion based on poly(vinyl alcohol) were prepared 

in our laboratory and their properties were examined. In the present paper, 

the ionic conductivity of polyelectrolyte derivatives of poly(vinyl alcohol) 

--Lithium ion complex films was studied. 

Experimental 

Material s 

The polyelectrolyte derivatives of poly(vlnyl alcohol) (PVA) such as 

carboxymethylated PVA (HOSONO,1977) and acetalized PVA with glyoxylic acid 

(NAKAJIMA,1957) were prepared according to the literatures. The polymers ob- 

tained were purified by reprecipitation from water-acetone system and throu- 

gh cation and anion ionic exchange resin. 

Preparation of lodine N-methyl-4-pyridylaldehyde 

28.6g of 4-pyridylaldehyde (0.27moi) and 25mi of ether were placed in a 

flask equipped with a thermometer reflux condenser and dropping funnel. The 

87 ml of iodomethane was added dropwise at room temperature and the solution 

was stirred for 7 h in the dark. The sediments were filtered and dried under 

vacuum to give a red powder (62.5g, 93~). 

Preparation of PVAP 

To a 50Oml of three-necked flask equipped with a reflux condenser, sti- 

rrier and thermometer was added 5g of PVA, 19Oral of water and 21.5mi of sul- 

furic acid (95-98%) and heated to dissolve at 65~ Then 12.5g of iodine N- 

methyl-4-pyridylaldehyde was added with stirring. The reaction was kept at 

65~ for 4 h and the colour of the reaction mixture changed to deep blue. 
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17011 of water was added and the mixture poured into acetone. The polymer 

was dried to give a white product (12.~g). The degree of acetalization is 

22.0 mul% by elemental analysis. 

The polymer obtained was purified through ionic exchange resin. 

~reparation of the pol~meric hybrid films 

The ionless aqueous solution of polyelectrolyte was mixed with the ion- 

less aqueous solution of LiCIO 4. After complete homogenization, the solu- 

tion was evaporated and poured into a silicone mould of 3 cm in diameter. 

The solution was allowed to slowly evaporated in dry atmosphere to leave a 

film about 0.01 cm thick. The film was peeled off from the silicone subs, 

trate and dried over P205 for 3 days. 

Measurement of the ionic conductivity 

A disc of hybrid membrane of 2 cm in diameter was placed between two 

polished stainless-steel cylindrical electrodes in a apparatus. This appara- 

tus provided an inert atmosphere, a controlled temperature, and a pressure 

loading to ensure good contact between the sample and electrodes. The ionic 

conductivity of the hybrid films was determined using TR-IOC dielectric Loss 

Measuring Set and QF-2790 RCL Bridge at room temperature under vacuum and 

inert atmosphere by I KHz frequency. 

Measurement of DSC 

Differential scanning calorimetry (DSC) was measured with a Du Pout 

Instruments 1090 Thermal Analyzer at a heating rate of lO~ 

Results and Discussion 

The PVAC, PVAG and PVAP were shown as follows: 

Varying the molar ratio of the PVA with the glyoxylic acid or the mono- 

chloroacetic acid, the PVAG (or PVAC) containing different carboxyl group 

content were prepared (Table i, 2). And the degree of acetalization for PVAP 
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The LiCIO A was used as charge carrier. 

Characteristics of PVAG 

Glyoxylic acid/PVA 
Sample (mol./mol.) 

Degree of acetalization for PVA 
(reel.) 

PVAG-I 0.7 7.1 

PVAG-2 I . 0 9.7 

PVAG-3 I. 4 15.2 

PVAG-4 2.0 22.0 

The degree of polymerization for PVA is 1700. 

Table 2 Characteristics of PVAC 

Sample Degree of carboxymethylation for PVA 
(mol.~) 

PVAC-I O. 8 

PVAC-2 2.5 

PVAC-3 4.5 

PVAC-4 5.3 

PVAC-5 5.9 

*The degree of polymerization for PVA is 1700. 

The relation between 

the ionic conductivity(~) 

and the composition of 

PVAC-PVAP-Li + hybrid film 

is shown in Fig.l. It was 

found that the ratio of 

polyanion to polycation 

was about i:i, the ionic conductivity of the hybrid film exhibited the maxi- 

mum value. It indicated that the interpolymeric cooperative efficiency el- 

fects on the ionic conductivity of polymeric hybrid complex. 

Fig.2 shows the relation between ~ and Li + content, in this figure, 

the highest value of the ionic conductivity was observed at about IO wt% of 
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The effect of the degree of carboxymethylation and degree of acetaliza- 

tion for PVA on the ionic conductivity of the hybrid film was studied (Fig.3 

and Fig.4). As this figure, in PVAC-Li+-PVAP system the ionic conductivity 

increased sharply, when the degree of carboxymethylation for PVA was more 
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than 5.3 molt. And in PVAG-Li+-PVAP system the ionic conductivity also in- 
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creased sharply, when the degree 

of acetalization for PVA with 

glyoxylic acid was more than 9.7%. 
o 

It is clear that the ionic conduc- 

tivity of the polyelectrolyte de- 
o 

rivatives of PVA-Li + hybrid film 

is closely related to the content 

of carboxyl group in the PVA de- 
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rivatives. And the polyelectrolyte derivatives of PVA-Li § hybrid f i lm have 

a high ionic conductivity at room temperature ( 10 -6 Scm -I ). 

The Tg of PVAC-5, PVAG-4and PVAP were measured as 28.2, 29.9 and 21.7 

~ respectively. The all are lower than that of PVA and the increase of mo- 

dification degree cause Tg drop down gradually, while the Tg of PVAC--PVAP 

complex drop down to 20.i~ This clearly show that the ionic conductivity 

of the polymer is badly affected by the motion of the chain segments. 

Fig. 5 gives the ionic conductivity in an Arrhenius plot. In the exeri- 

mental temperature range, the relation between log~and I/T close to linear. 
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