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ABSTRACT: Small-angle neutron scattering can be used to separate intramolecular and intermolecular 
contributions to scattering in polymer solutions. This has been carried through for the polystyrene-toluene 
system over a wide concentration range. The apparent homogeneity of the solution is a function of wave vector, 
and this is evident in this study. Also, the experiments are used to provide a critical evaluation of theoretical 
equations that have been proposed by Benoit and Benmouna and others. 

Introduction 
The scattering of radiation from a polymer solution 

arises from both intramolecular and intermolecular 
sources, which normally are inextricably mixed in an ex- 
periment. However, if some of the macromolecules are 
labeled such that their scattering cross sections are changed 
and their other physical and chemical properties are not, 
the intramolecular and intermolecular parts of the scat- 
tering function may be unscrambled. This is achieved by 
isotopic substitution in neutron scattering experiments. 
The replacement of hydrogen by deuterium on the polymer 
chain provides a practical procedure for achieving this goal. 

Recently, we performed some small-angle neutron 
scattering studies on polystyrene in toluene from which 
radii of gyration and screening lengths were determined 
over a wide concentration range.’ A great deal of addi- 
tional information is contained in those scattering exper- 
iments, and it is our objective here to derive further insight 
from that investigation. 

In 1948, Zimm2 proposed an equation for light scattering 
from a polymer solution in which a “single-contact” ap- 
proximation was used to obtain the primary influence of 
intermolecular interferences. The equation reads 

(1) 

I(0)  is the intensity of light scattered at  an angle 0, K is 
a constant that includes a contrast factor and other con- 
stants, c is concentration in g/mL, M is molecular weight, 
P(0) is a particle scattering factor, and A2 is a second virial 
coefficient. This equation is correct, at best, to the order 
of c2 and was based only on a limited class of polymer 
interactions. 

If eq 1 is written in reciprocal form and higher powers 
of concentration are ignored, one obtains 

( 2 )  

In an analysis based on a random-phase approximation, 
a result akin to eq 2 was obtained by Jannink and de 
G e n n e ~ . ~  Their result differs from eq 2 in that i t  is de- 
signed for solutions of high concentration. In their result, 
A2 of eq 2 is replaced by a covolume, which is a measure 
of the strength of the interaction between two monomer 
units on different molecules. 

More recently, Benoit and Benmouna4 reanalyzed the 
problem. They arrived at eq 2 in two different ways: (a) 
by considering a large class of diagrams of molecular in- 
teractions, and (b) by invoking the Ornstein-Zernike 

I (0 )  = KcM[P(O) - 2AzMcP2(0)] 

Kc/I (O)  = 1/MP(0) + 2A2c 
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equation, which relates the direct and indirect correlation 
functions. As in the Jannink-de Gennes analysis, it is valid 
a t  high concentration, but it is also clear that it applies 
in the semidilute region as well. In ref 3 and 4 A2 is re- 
placed by an excluded volume quantity. 

In our neutron scattering measurements of polystyrene 
in toluene, both I(0) and P(0) are measured. Consequently, 
it can be determined whether eq 2 is consistent with those 
results. 

The range of correlated fluctuations in a polymer solu- 
tion is determinable by a comparison of I (0)  and P(t9) as 
a function of both 0 and concentration. There is no strict 
definition of fluctuation range that we apply, but since the 
total scattering intensity measures concentration fluctua- 
tions in a polymer solution, the relative magnitudes of I(0) 
and P(0) provide an estimate of local homogeneity of the 
solution on a molecular scale. 

Equations of Neutron Scattering 
In neutron scattering, the actual intensities measured 

are elastic and inelastic, incoherent and coherent. In ref 
1, much effort was paid to the extraction of the coherent 
elastic scattering of the polymer from the total scattering. 
Here, only that coherent elastic scattering is discussed. 

The theory of coherent scattering of neutrons from a 
polymer solution is identical with that of light scattering, 
but owing to the additional importance of fluctuations in 
isotopic composition, it is more convenient to adopt a 
slightly different language. We specify that the system 
contains a solvent plus protonated and deuterated polymer 
molecules. I t  is assumed that both protonated and deu- 
terated molecules have the same degree of polymerization. 

The intensity may be written as a function of q, the wave 
vector, in two different useful ways. The magnitude of q 
equals (47r/X) sin (e ) ,  where X is the wavelength of the 
neutrons and 0 is the scattering angle. The intensity is5v6 

I ( q )  = @[A,S,(q)  + BSdq)l ( 3 4  
I ( q )  = Q[A&’,(q) + BSp(4)1 (3b) 

In these equations, @ is a constant that takes both detector 
efficiency and instrumental geometry into consideration. 
S,(q) is a single-chain scattering function defined by 

Ss(q) = 1/n2C(exp[iqrij1 ) ( 4 4  
ij 

where rj, is the vector connecting monomer i with mono- 
mer j ,  n is the degree of polymerization, and the angular 
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Table I 
s,(q) and sT(q ) / s . (q )  from Experiment B1' as a Function of q (A-l) and c (g/mL) 

C 

0.04 
0.04 
0.06 
0.06 
0.08 
0.08 
0.12 
0.12 
0.16 
0.16 
0.22 
0.22 

4 
0.00758 0.01557 0.02379 0.03065 0.03996 
0.790 0.448 0.231 0.139 0.0858 
0.160 0.234 0.399 0.585 0.792 
0.837 0.464 0.248 0.144 0.0897 
0.103 0.160 0.270 0.388 0.510 
0.837 0.471 0.255 0.164 0.101 
0.0759 0.114 0.189 0.279 0.388 
0.824 0.493 0.276 0.173 0.103 
0.0416 0.0589 0.103 0.157 0.239 
0.801 0.489 0.271 0.175 0.103 
0.0275 0.0476 0.0658 0.0951 0.158 
0.793 0.496 0.285 0.179 0.104 
0.0195 0.0238 0.0401 0.0626 0.108 

Calculated from measurements at x = 0.5 and x = 0. 

Table I1 
s,(q) and sT(q)/s,(q) from Experiment B2' as a Function of q (A-1) and c (g/mL) 

C 0.00700 0.01558 0.02319 0.03066 0.04040 
4 

0.02 
0.02 
0.03 
0.03 
0.04 
0.04 
0.06 
0.06 
0.16 
0.16 
0.22 
0.22 

0.855 
0.307 
0.814 
0.207 
0.813 
0.149 
0.805 
0.0951 
0.824 
0.0307 
0.814 
0.0132 

0.403 
0.499 
0.403 
0.352 
0.418 
0.249 
0.420 
0.158 
0.466 
0.0366 
0.481 
0.0192 

DCalculated from measurements at x = 0.5 and x = 0. 

brackets signify an average over all internal chain con- 
formations. The pair Scattering function is defined by 

Sp(q) = (1/n2N) C ( (exp[iq.ri,(M,M')I) ) (4b) 

ri,(M,M') is the vector that connects monomer i on mol- 
ecule M with monomer j on molecule M', there are N 
polymer molecules in the sample, and the double angular 
brackets represent an average over both the internal chain 
conformation and the intermolecular distribution. The 
total scattering function s T ( q )  is given by 

(4c) 

which takes into account both intramolecular and inter- 
molecular interactions. In the limit of low concentration 
Sp(q) vanishes and s T ( q )  = S,(q). The inclusion of the 
factor 1/N in the definition of Sp(q) is designed so that 
S,(q), Sp(q), and sT(q)  are all of comparable magnitude. 

A ,  = (NACM/MO')(CZH - aD)'x(l - x) (5a) 

(5b) 

h J  
M # M  

sT(q)  = ss(q) + s p ( q )  

The constants Al, A2, and B are 

A2 = (N,cM/M~~)[(uD - u,*)'x + (a, - a,*)'(l - x ) ]  

B = ( N A c M / M o 2 ) ( ~ ,  - as*)' = A2 - A1 ( 5 ~ )  
NA is Avogadro's number, c is concentration in g/mL, M 
is the molecular weight of the polymer, and M ,  is the 
molecular weight of the monomer. The scattering lengths 

and uD are for the styrene and deuteriostyrene mono- 
mers, a,* is the scattering length of deuteriotoluene ad- 
justed for the difference between the volume of a toluene 
molecule and the volume of a monomer unit in the poly- 
mer, and x is the mole fraction of polymer that is deu- 
terated. up is the mean scattering length of the polymer, 

0.212 
0.697 
0.220 
0.501 
0.223 
0.388 
0.229 
0.267 
0.269 
0.0580 
0.273 
0.0287 

0.128 
0.778 
0.122 
0.726 
0.133 
0.553 
0.134 
0.383 
0.165 
0.101 
0.167 
0.0464 

0.0803 
0.860 
0.0751 
0.830 
0.0801 
0.681 
0.0825 
0.544 
0.0900 
0.176 
0.0982 
0.0901 

defined by up = a@ + x). At x = 0 or 1, Al vanishes 
and the scattering is proportional to sT(q) .  Similarly, if 
the H/D ratio is chosen such that up = a,*, B = 0, and the 
scattering is proportional to the single-chain contribution, 
Ss(q), only. 

Experimental Materials and Procedures 
The details are described in ref 1. The polymers were anion- 

ically prepared polystyrenes; the protonated sample had a 
weight-average molecular weight of 1.14 X lo5, the deuterated 
polymer, 1.11 X lo5. Both had M,/M,, indices close to 1.05. The 
solvent in all cases was deuteriotoluene containing 99.6%+ D. 
The scattering experiment was performed on the 30-m SANS 
spectrometer at Oak Ridge National Labora t~ry ;~~~ the neutron 
wavelength was 4.75 A. All measurements were corrected for 
incoherent scattering and instrumental variations. 

Scattering experiments were carried out over a wide range of 
concentration between 0.02 g/mL and 100% polymer. The q range 
covered was from 0.007 to 0.07 ST(q) was determined from 
H-polymer in D-toluene; S,(q) was obtained from experiments 
with x = 0.8, where ap = as*, and by a linear combination of 
experiments at x = 0.5 and x = 0. 

Qualitative Considerations 
It is instructive to compare the relative magnitudes of 

S,(q) and S&). Recall that these functions are normalized 
such that Ss(q)  is the intramolecular fraction of ST(q). In 
Tables I and 11, a list of values of ss(q) and sT(q)/s,(q) 
at several values of q and over a wide concentration range 
is provided. It is important to bear in mind that s T ( q )  
becomes small as the concentration increases, and, con- 
sequently, the relative errors in s T ( q )  become large. The 
data in Tables I and I1 include experiments at x = 0.5 and 
x = 0. The results at x = 0.8 are essentially the same. 

Figure 1 contains plots of sT(q)/s,(q) vs. concentration 
at several values of q. sT(q)/s,(q) decreases rapidly with 
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Table 111 
Slopes and Intercepts from Plots of (ST(q))- '  vs. (S&q))-' 

error in error in 
c, a/mL x slope slope intercept intercept 

0.04 
0.04 
0.06 
0.06 
0.08 
0.12 
0.12 
0.16 
0.16 
0.22 
0.22 

0.02 
0.02 
0.03 
0.03 
0.04 
0.04 
0.06 
0.06 
0.16 
0.16 
0.22 
0.22 

B1 Experiments: 0.011 5 q 5 0.050 
0.5 0.56 0.014 8.20 
0.8 0.65 0.014 7.91 
0.5 0.79 0.015 12.14" 
0.8 0.82 0.014 12.12" 
0.5 0.74 0.017 17.66O 
0.5 0.88 0.038 32.32" 
0.8 0.90 0.037 32.19" 
0.5 0.79 0.094 53.73" 
0.8 0.82 0.096 53.63" 
0.5 1.32 0.190 81.36 
0.8 1.38 0.196 81.25 

B2 Experiments: 0.011 I q 5 0.047 
0.5 0.92 0.020 2.72 
0.8 1.17 0.037 2.05 
0.5 0.80 0.015 5.23" 
0.8 0.83 0.017 5.05" 
0.5 0.88 0.010 7.41" 
0.8 0.98 0.019 7.16O 
0.5 0.76 0.015 13.17" 
0.8 0.83 0.019 12.95" 
0.5 0.92 0.11 56.3" 
0.8 0.92 0.11 56.4" 
0.5 1.37 0.41 105 
0.8 1.41 0.41 104 

0.14 
0.13 
0.13 
0.13 
0.14 
0.31 
0.30 
0.77 
0.77 
1.48 
1.48 

0.19 
0.29 
0.15 
0.17 
0.09 
0.17 
0.14 
0.17 
0.92 
0.91 
3.14 
3.07 

"Points used for calculating the "best" line in Figure 9. 

The quantity u is an excluded volume interaction param- 
eter that vanishes in the 0 state and is positive in a good 
solvent. In reciprocal form, eq 6a becomes 

(ST(q))-' = (Ss(q))-' + (N.&fc/Mo2)u (6b) 

The form of eq 6b is identical with that of eq 2. However, 
it is developed for use over a wide range of concentrations 
and not only at low concentration, to which eq 2 was re- 
stricted, according to Zimm's derivation. 

One method of verification of the validity of eq 6a and 
6b is to plot ( sT(q ) ) - '  vs. (SS(q ) ) - ' .  We have done this for 
many samples, and the slopes and intercepts are set down 
in Table 111. Included in the table are estimates of the 
errors in the slopes and intercepts based on the distribution 
of the points about the best line. 

The largest errors, both random and systematic, are in 
(ST(q))-', especially at  the higher concentrations and also 
at  higher q. The reliability of the results can be estimated 
by comparing numerical values of the slopes of the B1 and 
B2 experiments a t  the same concentration. The experi- 
ments carried out at  c = 0.04 g/mL in the B1 series appear 
to be exceptional. This can be traced to slightly high 
values of ST(q) in the B1 experiment, the origin of which 
is unclear. In Figures 3-5, sample graphs of ( s T ( q ) ) - '  vs. 
(S , (q ) ) - '  are presented. While experiments were also 
performed at  c = 0.35 and 0.50 g/mL, the fluctuations in 
s T ( q )  were too great for the results to be useful. 

The validity of eq 6b can also be tested by plotting u(q)  
(defined as ( S T ( q ) - ' -  Ss(q)-')/(NAMc/Mo2)) vs. q .  If eq 
6b were correct, the graph would be a line parallel to the 
abscissa. Figures 6-8 present typical examples. A devia- 
tion from the predicted result is clearly evident in Figure 
6, though agreement between experiment and theory is 
satisfactory in Figures 7 and 8. A useful way to look at  
the data is to calculate an average value of u (eq 6b), which 
is designated by 8, to measure the change in u between the 
lower and upper values of q from the best lines shown in 
the graphs and to calculate the relative change in u over 
the region of q used for the calculation. This relative 
change (u(qz)  - u(ql))/u, ( A u / D ) )  together with 0 is pres- 
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Figure 4. ( sT(q) ) - '  vs. (SS(q))-': B1 experiment; c = 0.12 g/mL; 
x = 0.5. 
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Figure 5. (ST(q))-' vs. (S&(q))% B2 experiment; c = 0.22 g/mL; 
x = 0.5. 

ented in Table IV for both the B1 and B2 series of ex- 
periments. 
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Figure 6. u (A3/monomer) vs. q: B1 experiment; c = 0.06 g/mL; 
x = 0.5. 
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Figure 7. u (A3/monomer) vs. q: B1 experiment; c = 0.12 g/mL; 
x = 0.5. 
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Figure 8. u (A3/monomer) vs. q: B2 experiment; c = 0.16 g/mL; 
x = 0.5. 

Discussion 
In this investigation, the scattering from the solution has 

been separated into single-chain and pair contributions. 
In Tables I and 11, it is shown that, while the single-chain 
scattering changes only modestly with concentration, re- 
flecting small changes in molecular size, the total scattering 
decreases rapidly. It follows that the pair scattering is 
negative and approaches the single-chain term in magni- 
tude as concentration increases. The intermingling of 
polymer chains washes out concentration fluctuations, 
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Table IV 
Excluded Volume Parameter v and Its Apparent Variation 

with Concentration' 
series B1 series B2 

c ,  g/mL x B Av/D D Av/D 
0.02 0.5 20.9 -0.63 
0.02 0.8 
0.03 0.5 
0.03 0.8 
0.04 0.5 24.5 
0.04 0.8 28.0 
0.06 0.5 37.2b 
0.06 0.8 38.1b 
0.08 0.5 42.0b 
0.12 0.5 55.6b 
0.12 0.8 E15.5~ 
0.16 0.5 70.5b 
0.16 0.8 69.0b 
0.22 0.5 79.4 
0.22 0.8 79.6 

-1.70 
-1.08 
-0.33 
-0.26 
-0.24 
-0.049 
-0.044 
-0.040 
-0.035 
-0.067 
-0.073 

33.0 
23.86 
24.7b 
33.26 
35.76 
38.36 
39.76 

70.26 
70.3b 
97.1 
97.2 

0.71 
-0.99 
-0.76 
-0.29 
-0.04 
-0.33 
-0.20 

-0.012 
-0.011 
0.051 
0.052 

"For series B1 q1 = 0.01105 and qz = 0.05047. For series B2 q1 = 
0.01135 and q2 = 0.04789. The data analysis is based upon mea- 
surements over a range of wave vector beginning at q1 and ending 
at q2. bPoints used for calculating the "best" line in Figure 10. 

causing the system to be nearly homogeneous on the scale 
of 4-l at higher concentrations. This is also evident in the 
increase of sT(q)/ss(q)  with q at  constant concentration. 
Stated in another way, when viewed on a small scale 
(smaller q-l, larger q), the concentration fluctuations be- 
come visible. The data in Tables I and I1 and Figure l 
assign numbers to its magnitude. The interaction length 
Li provides a parametric measure of the effect. 

The osmotic pressure of a solution can be written in a 
virial expansion 

ll = ( R T / M ) c  + Azc2 + A3c3 + ... ( 7 4  
The virial expansion does not converge at  high concen- 
tration, and in semidilute solution, according to des 
Cloizeauxg 

(7b) n ,., c(3u/ (3~1))  

where v is the exponent in the relation between molecular 
dimensions and molecular weight R, - h4", R, being a 
radius of gyration. A classical result of scattering theory 
states that ST(0) is proportional to ( a l I / a~ ) - ' ,~~~"  which, 
together with eq 7a, yields 

(sT(o))- '  = 
(XS(O))-l + 2(A,M/RT)c + 3(A3M/RT)c2 + ... (8a) 

des Cloizeaux's law (eq 7b) applies strictly in the limit 
of high molecular weight where the first term on the right 
of eq 7a is vanishingly small. This is not correct for the 
polymer used in these experiments, particularly a t  low 
concentration. S,(O) is unity by definition; (ST(0))-l, at 
each concentration, is listed as the intercept in Table 111. 
In view of eq 8a, a modified form of des Cloizeaux's law 
for a polymer of finite molecular weight takes the form 

(sT(O))-' = 1 + KC1/(3P1) (8b) 

K is a constant of proportionality. By comparing eq 6b 
in the limit q = 0 with eq 8b, one arrives a t  

(9) 
The classical excluded volume theoryI2 predicts that v = 
0.6, and a renormalization calculation13 arrives at v = 0.588. 
Einaga et al.14 performed intrinsic viscosity experiments 
on polystyrene solutions in cyclohexane and benzene. 
Analysis of those results led to a value of v = 0.57 (see ref 
1 )  for polystyrene of molecular weight lo5. Using these 

"(0) - c ( 2 - 3 u ) / ( 3 ~ 1 )  

l o o k  

I O  
01 02 03 04 06 08 I 12 16 2 3 4 5 6 7 8 5  

C ( g / m l  1 
I 

Figure 9. u(0)  vs. c: (0) B1 experiment, x = 0.5; (0) B1 ex- 
periment, x = 0.8; (A) B2 experiment, x = 0.5; (V) B2 experiment, 
x = 0.8. 

1000 c I 

l o o k  I 

I I I I I I I I  I I I I I I 1 1 1 1  

01 02 03 04 06 08 I 12 16 2 3 4 5 6 8 I 
C ( g / m l )  

Figure 10. 0 vs. c: (0) B1 experiment, x = 0.5; (0) B1 experiment, 
x = 0.8; (A) B2 experiment, x = 0.5; (v) B2 experiment, x = 0.8. 

three results in eq 9 yields u(0)  - c0.25, 
respectively. The experimental determination, obtained 
from a fit to a log-log plot in Figure 9, yields u(0 )  = 
1 5 2 ~ ~ ~ ~ ~ ~ ~ ~ ~ ,  roughly consistent with the value of v extracted 
from the experiments in ref 14. 

The quantity D, presented as a function of concentration 
in Table IV, is similar to, but not identical with, u(0). It  
obeys a similar power law: D - c ~ . ~ ~ ~ ~  03. The results are 
exhibited in Figure 10. 

Equations 6a and 6b, which relate s T ( q )  to Ss(q), were 
derived for solutions in which molecular overlap is sub- 
~ t a n t i a l . ~ ~ ~  The criterion on substantial overlap is not met 
by the more dilute solutions studied here, and some of the 
difference between experiment and theory may be due to 
questionable applicability of the theory over the entire 
range. Of course, there are, in addition, experimental 
errors, which are large at both the high- and low-concen- 
tration limits. Some idea of the magnitude of these errors 
can be obtained by observation of Figures 3-8 and from 
the estimated statistical errors of the slopes and intercepts 
in Table 111. Systematic experimental errors undoubtedly 

and 
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exist and are difficult to identify, but to our knowledge 
these are not large enough to account for differences be- 
tween theory and experiment. 

I t  is expected that mean field estimates of molecular 
interaction are inexact, and we regard the approximate 
concord between experiment and theory as quite satis- 
factory. It is not surprising that the parameter u depends 
slightly on q,  even though a strict application of the theory 
demands that it be independent of q. The results in the 
tables and figures provide a first estimate of the validity 
of this theoretical model. 

Summary and Conclusions 
1. Small-angle neutron scattering studies of polystyrene 

and its deuterated homologue in deuteriotoluene have been 
analyzed so that intermolecular and intramolecular con- 
tributions are clearly separated. The experiments were 
performed over a wide concentration range. 

2. sT(q) ,  the total scattering (in the absence of isotopic 
fluctuations), decreases rapidly with concentration. The 
ratio sT(q)/s,(q) also decreases with increasing concen- 
tration, and that decrease is more rapid at low q. The very 
low values of that ratio a t  low q are a consequence of the 
apparent homogeneity of the solution on a scale of q-'. 

3. An interaction length, Li, is defined as that value of 
q-' at which ST(q) = ISp(q)l. In these experiments, Li varies 
with c -O. '~ .  This variation is akin to that found for the 
screening length 5,  which varies as C - O . ~ O .  See ref 1. 
4. Agreement between the Benoit-Benmouna theory 

and these experiments is relatively good in the range 0.03 

c < 0.16. At  high concentration, experimental error in 
sT(q )  is too large to permit a serious test of the theory. At 
low concentration, discrepancies arise from experimental 
errors and, perhaps, because molecular overlap is insuf- 
ficient for the theory to apply. 

5. In the Benoit-Benmouna theory, the excluded vol- 
ume parameter varies with c". The experiments yield 0.5 
< n < 0.6. Scaling theory yields a value of n between 0.25 
and 0.41, depending on the parameter Y chosen for the 
relation R - M". 
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ABSTRACT: The effects of polymer structure and incorporated salt species on ionic conductivity were 
investigated in polymer complexes formed by aliphatic polyester and alkali metal thiocyanate (LiSCN, NaSCN, 
and KSCN). Poly(ethy1ene succinate) (PE-2,4) and poly(ethy1ene sebacate) (PE-2,10) were selected as the 
host polymers. The incorporated salts were dissolved in the amorphous region of the host polymers. The 
temperature dependence of the ionic conductivity did not show a single Arrhenius behavior but did show 
a Williams-Landel-Ferry type behavior. The ionic conductivity a t  a reduced temperature (T,  + 90 "C) was 
in the range of (0.49-2.1) X lo4 S cm-' for the PE-2,4 complexes, depending on the incorporated salt species. 
The ionic conductivity a t  this reduced temperature for the PE-2,10 complexes was considerably lower than 
that observed in the PE-2,4 complexes and was 2.2 X lo* S cm-' for the PE-2,lO-LiSCN complex, 6.5 X 
S cm-' for the PE-2,lO-NaSCN complex, and about S cm-l for the PE-2,lO-KSCN complex. The ionic 
mobility estimated from the transient ionic current method was 10-7-104 cm2 V-' s-l a t  this temperature and 
was not affected greatly by the polymer structure and the incorporated salt species, which suggested that 
the free volume theory is valid for the ion transport in the polymer complexes. The lower ionic conductivity 
for the PE-2,10 complexes could be attributed to the lower number of carrier ions. 

Introduction 
Ion-conducting behavior in synthetic polymers has re- 

mained unclairified for a long time because ionic con- 
ductivity of usual polymers was extremetly low and origin 
and kinds of carrier ions could not be exactly defined. 
However, relatively high ionic conductivity has recently 
been attained in certain kinds of ion-containing poly- 
mers.'-'O Most of these ion-containing polymers are 
polymer complexes formed by host polymers and alkali 
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metal salts. The investigation of the ionic conductivity 
has gradually revealed the structure-conductivity rela- 
tionships in these ion-containing polymers. 

We have developed the method of ionic conductivity 
determination by means of complex impedance measure- 
m e n t ~ , ~ ~ ~ , ~  based on an appropriate equivalent circuit to 
interpret complex impedance diagrams, and have inves- 
tigated structure-conductivity relationships in certain 
kinds of polymer complexes. Ionic conductivity, thus ob- 
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