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ABSTRACT: The molecular weight dependence of the proton transverse nuclear magnetic relaxation rate 
of poly(ethy1ene oxide) (PEO) blended with deuterated poly(methy1 methacrylate) (PMMA) of molecular 
weight 5.1 X l(r is reported. Two domains of chain dynamics are observed in the molten state. For PEO 
molecular weights M, less than 2.5 X lo4, the chain length dependence of the relaxation rate 1/T2 scales as 
Mw@ with B = 0.9. For higher molecular weights (2.5 X 104 < M ,  < 6.5 X lo4) the data are analyzed by assuming 
a partition of each chain into submolecules. These submolecules have a molecular weight which is close to  
that of the submolecule, Me = 7 X lo3, derived from the plateau modulus measurement of this mixture at 
the same concentration and already reported in the literature. 

I. Introduction 
Since the pioneering work of Slichter and Davis, i t  is 

now well established that NMR is sensitive to the presence 
of entanglementa in high molecular weight polymer melts.' 
The magnetic relaxation of nuclei can be used both to 
characterize temporary network structures formed by 
entanglements and to probe semilocal properties of chain 

Transverse relaxation processes of protons, 
13C nuclei, and deuterium nuclei attached to polymers 
exhibit a behavior specific to the presence of transient 
network structures whereas the spin-lattice relaxation 
demonstrates the existence of fast local motions of 
~egmente.49~ 

This work deals with the observation of the dynamics 
of poly(ethy1ene oxide) (PEO) chains moving in a molten 
blend formed with deuterated poly(methy1 methacrylate) 
(PMMA) chains. Two main questions arise from studies 
of chain dynamics in polymer blends. 

(i) The first one concerns the definition of a temporary 
network structure. This key property is now well char- 
acterized in any simple high molecular weight polymeric 
liquid; it gives rise to the effect of temporary elasticity 
represented by a plateau of the relaxation modulus G(t). 
The value of the plateau G'N is specific to each polymer. 
Although this effect is well defined experimentally, it has 
not been given any quantitative description except for a 
recent model proposed by Iwata and Edwards.6 The 
description of polymer dynamics is based on the partition 
of one chain into submolecules. The mean molecular 
weight Me of one submolecule is given by 

p being the pure polymer density and R = 8.31 J K-l mol-'. 
The migration process of one chain arises from the 

collective motions of these submolecules while it is 
considered that long-range fluctuations are screened within 
submolecules. In other words, segmental motions are not 
chain length dependent. The definition of a transient 
network in a blend made from A and B polymers 
characterized by their own transient network structures 
has not been given any quantitative description, although 
a modulus of elasticity Go~(A,B) can be determined 
experimentally. It varies continuously from G"N(A), cor- 

Me = pRT/G"N (1) 

t Laboratoire associ6 au CNRS. 

responding to the pure A polymer, to G"N(B), correspond- 
ing to the pure B polymer. It is of interest to know whether 
each chain participates in a single transient network 
structure of A and B submolecules characterized by a single 
mean molecular weighk7 

(2) 

Then, this partition of polymers should underly the long- 
range dynamics of chains. Another possibility is to assume 
the existence of two temporary network structures in a 
blend. It has been suggested that the appearance of 
entanglements of A chains occurs when their chain mo- 
lecular weight is higher than the characteristic mass 
defined by M c A / 4 ~ ,  where McA is the characteristic mass 
of the pure A polymer and 4~ is its volume fraction in a 
blend AB.* However, this empirical law has not yet been 
given any theoretical support. 

(ii) The second question concerns the nature of chain 
dynamics. It is now well-known that the Rouse model 
accounts for dynamical properties of short chains in a melt; 
the chain molecular weight M must be less than the 
characteristic mass M,. Then the zero shear rate viscosity 
qo is expressed as 

M,(A,B) = PR T/ G"N(A,B) 

90 = PRTT,/M (3) 
T,  being the terminal relaxation time of a single chain in 
a melt; T, is a function of the molecular weight: 

(3') 
where {odefines a local friction coefficient which is sensitive 
to free volume variations in the polymeric liquid. When 
the molecular weight is higher than M,, the tube concept 
is introduced to account for the hindrance that affects the 
lateral diffusion of one chain, i.e., the diffusion perpen- 
dicular to the direction of the chain ba~kbone .~  The 
terminal relaxation time T, is predicted to be proportional 
to iW while the translational diffusion coefficient D, 
exhibits an M-2 dependence. 

In the case of A and B polymers in a blend, it is of 
importance to determine the nature of chain dynamics of 
each species. According to the recent experimental 
approach reported by Compost0 et al.,lOthe tracer diffusion 
coefficient of deuterated polystyrene in protonated blends 
of this polymer and poly(2,6-dimethyl-l,4-phenylene ox- 
ide), also named poly(xyleny1 ether), was measured using 
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forward-recoil spectrometry and was found to vary as M-2 
for M > 1.9 X lo4 (where M is the tracer molecular weight) 
independent of the matrix molecular weights investigated, 
suggesting that the tracer diffusion occurs by reptation. 

In this work, properties of PEO/PMMA blends are 
probed from PEO chains by observing the proton trans- 
verse relaxation of PEO; PMMA chains are deuterated to 
eliminate any ambiguity in the interpretation of NMR 
results. A single concentration of PEO is used. The 
purpose of this study is twofold. (i) It is first attempted 
to determine whether PEO chains participate in any 
transient network structure. (ii) It is then attempted to 
determine the nature of the dynamics of PEO chains by 
varying the polymer molecular weight from 0.4 X lo4 to 
6.5 X lo4 while the PMMA molecular weight is kept 
constant ( M  = 5.1 X lo4). All NMR measurements were 
performed at temperatures well above the glass transition 
temperature of the blends. 

11. Principle of the  NMR Approach 

The principle of the NMR approach is based upon the 
search for a pseudosolid behavior of the transverse 
magnetic relaxation of protons attached to polymer chains. 

(i) In the case of long polymer chains (M, > lo5) observed 
well above the glass transition in a melt, the transverse 
magnetization behaves as in a permanent gel because of 
the existence of a temporary network structure. Entan- 
glements induce temporary topological constraints that 
hinder the rotational diffusion of monomeric units. The 
relaxation time of these topological constraints has the 
same order of magnitude as the terminal time T,, which 
is proportional to W .  During time intervals shorter than 
T,, monomeric units undergo nonisotropic motions which 
give rise to a nonzero average of dipole-dipole interactions 
of spins ( 7 f ~ ) ~ .  The effect of anisotropy is relaxed over 
time intervals longer than T,; the terminal time T, is also 
a measure of the lifetime of the residual interaction of 
spins ( 7 f ~ ) ~ . ' l  According to the description of the 
motional averaging effect which applies to any nuclear 
spin system in a liquid, the residual interaction is observed 
whenever the following condition is fulfilled: ( H T ) R  T, 
> 1. Then the magnetization dynamics is fully governed 
by the residual interaction ( %T)R. The dynamics of mon- 
omeric unit motions is not detected; NMR is only sensitive 
to the degree of asymmetry of local motions. This 
relaxation process specific to long polymer chains is well 
described elsewhere.12 They arise from a pulse sequence 
90" (y)-r-18Oo (y)-r-90° ( - x ) .  They exhibit several char- 
acteristic properties which permit one to disclose the 
presence of a residual interaction of spins without any 
ambiguity. 

(ii) A motional averaging effect of the residual interaction 
( %T)R starts being observed when ( %;CT)R and the terminal 
relaxation rate T1-l are such that ( %T)R < TI-1. 

(iii) Finally, a full motional averaging effect is observed 
in the case of short polymer chains. This situation is 
analyzed in the following way. The estimate of the residual 
interaction of spins associated with one short chain which 
contains Nskeletal bonds is given bY)7fTI/N. The terminal 
relaxation time T,  is derived from eq 3. Then a full 
motional averaging effect is observed when the following 
condition is fulfilled: 

l%Tb?&b/pRT < (4) 
Mb being the molecular weight of one skeletal bond. This 
gives the limiting value of the viscosity 70: 70 < pRT/ 
l%f~(Mb; i.e., 70 < 500 Pws. The relaxation rate of the 

Table I 
Physical Parameters Characterizing PEO and PMMA. 

PEO PMMA 
M,b 3600 31000 
M ,  2200 9100 
G o ~ b  (lo7 dyn cm-*) 
C a b  3.8 8.7 
Tg (K) 218 378 
pb ( cm 3, 1.08 1.14 
I* (1) - 1.49 1.54 

1.8 (453 K) 0.48 (473 K),  0.62 (423 K) 

(I M, is the characteristic molecular weight, Me is the mean mo- 
lecular weight between entanglements, GN' is the viscoelastic plateau 
modulus, C, is the characteristic ratio, Tg is the glass transition tem- 
perature, p is the density, and 1 is the mean bond length. Values 
are taken from ref 18. 

transverse magnetization of protons is defined from the 
correlation function of the spin dipolar interaction:" 

u t )  = 3((2z2(o) - x2(o) - y2(o))(2z2(t) - 
X 2 ( t )  - P(t)))/4(R2)' (5) 

r(t)  = 9((Z2(0) Z2( t ) )  - (Z2(t))2)/2(R2)2 (6) 
X, Y, and 2 are the coordinates of the end-to-end vector 
R and I'(0) = 1. The correlation function is simply 
expressed as the square of the end-bend vector corre- 
lation:" r(t)  = C2(t), 

For the Rouse model13 the relaxation time T~ is given by 

rp = (R2)N{o/6a2kTp2 p = 1 ,2 ,  ... and p << N 
(R2) being the mean square end-to-end distance of the 
chain. 

The friction coefficient may exhibit a molecular weight 
dependence induced by the free volume associated with 
the chain ends. The magnetic relaxation rate of protons 
reads 

or 

The series expansion is dominated by the first term cor- 
responding to p = 1 and q = 1, yielding 

(9') 

with r1 = T,, or 

1 N 17fT)2(R2)(J6~2kTN (10) 
T2 

It is seen from the above equation that for a Gaussian 
chain the molecular weight dependence of the relaxation 
rate 1/T2 arises only from the friction coefficient fo. 
111. Experimental Section 

Information about the polymers used in this work is 
provided in Table I. Deuterated PMMA has a molecular 
weight equal to 5.1 X 104 with a polydispersity index of 
1.06. The value of the average molecular weight which 
defines the mean spacing between entanglements is 
estimated from the modulus of temporary elasticity G"N 
(from eq 1). The number of subchains is about 6. PEO 
has a molecular weight average ranging from 0.42 X lo4 
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Figure 1. (a, Top) Proton NMR relaxation rate 1/Tz (8-l) of 
pure PEO plotted against PEO molecular weight. T = 358 K (T 
- T = 140 K). (b, Bottom) Relaxation rate 1/Tz (8') of PEO in 
a P&O/PMMA(D) blend plotted against PEO molecular weight. 
The PEO concentration is 20% in weight, M,(PMMA) = 5.1 X 

to 6.5 X lo4 with polydispersity indexes of less than 1.10. 
M,(PEO), which defines the mean spacing between 
entanglements in a pure PEO melt, is equal to 2.2 X lo3. 
These polymers were purchased from Polymer Labora- 
tories. 

Samples containing 20 7% in mass of PEO were prepared 
according a procedure already described in detail.14 
Measurements on the blend were made at  426 K, corre- 
sponding to the glass transition temperature14 of these 
blends shifted upward of 100 K. The mixture is in the 
single-phase regime since recent small-angle neutron 
scattering measurements by Russell and co-workers15 
reveal that this blend exhibits a lower critical solution 
temperature at  500 K. Measurements on pure PEO were 
made at  T = 358 K ( Tg + 140 K), which is above the melting 
temperature T, = 338 K. 

The nuclear transverse relaxation functions M,(t)  were 
measured by spin-echo sequences. In according with the 
purpose put forward in section 11, a pseudosolid eacho 
(denoted E ( ~ , T ) )  sequence as described elsewhere12 was 
also employed to probe the motional averaging of the 
residual dipolar interaction by chain dynamics. The 
experiments depicted in this study were carried out on a 
pulsed CXP Bruker spectrometer operating at 36 MHz. 

IV. Proton Transverse Relaxation in Pure PEO 
It is worth illustrating properties of the transverse 

relaxation in pure PEO before analyzing the behavior of 
the proton magnetization observed on PEO in blends. 
Starting from short chains, two main domains can be 
defined. This behavior is illustrated in Figure l a  without 
entering into details of analysis. Within the first domain, 
hereafter called I, no pseudosolid spin echoes are observed. 
The magnetic relaxation rate exhibits a weak molecular 
weight dependence. In the second domain, hereafter called 

104, and T =  426 K (T- Tg = 100 K). 

I I r -=----- 
O ! , J ' I l  1l1l1il1ii1 

0 5 10 15 
t (ms) 

Figure 2. Relaxation function MAt) (0) and pseudosolid echoes 
E(t,7) (+) observed from pure PEO. M, = 6.5 x lo.', T = 358 
K. Solid and dashed lines are guides to the eyes. 

" 1 '  
0 5 1 0  1 5  2 0  2 5  30  
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Figure 3. Semilogarithmic plot of the relaxation functions of 
PEO/PMMA(D) blend. Weight concentration of PEO is 20% , 
T = 426 K, and M,(PMMA) = 5.1 X 104. (+) M,(PEO) * 4.3 

(PEO) = 6.5 X 104. Solid lines indicate exponential fib. 
x 103; (A) M,(PEO) = io"; (01 M,(PEO) = 3.7 x i(r; (0) M,- 

11, pseudosolid echoes start being observed although they 
have weak amplitudes. This can be seen in Figure 2, where 
pseudosolid echoes have been drawn at  two fixed time 
values (T = 0.5 me and T = 2 ms). The motional narrowing 
effect induced by chain motion becomes only partial 
because of the presence of a temporary network structure. 
A strong molecular weight dependence is observed; it is 
associated with the lifetime T, of entanglements. An 
analysis of this typical molecular weight dependence of 
the transverse relaxation rate observed for other polymers 
has been already p r~posed .~  

V. Proton Transverse Relaxation of PEO in 
Blends 

In this section it is shown that the proton transverse 
relaxation of PEO in molten blends is very contrasted to 
that of PEO in a pure melt. 

1. Characteristic Features. Three main features 
characterize the proton transverse relaxation process 
observed from PEO chains in blends. 

(a) Exponential Relaxation. To detect the possible 
effect of the presence of entanglements upon the proton 
transverse relaxation, the PEO molecular weight was varied 
from 0.4 X 104 to 6.5 X 104. The irreversible dynamics of 
the transverse magnetization can be represented by a 
single-exponential time function (see Figure 3; for the sake 
of clarity only four curves have been drawn) characterized 
by a spin-spin relaxation time TZ which varies from 11 to 
61 ms. 
(b) No Peeudosolid Behavior. No pseudosolid be- 

havior of the magnetization was detected by applying pseu- 
dosolid echo sequences. These sequences were found to 
give rise to a spin-system response in coincidence with the 
relaxation function observed from usual Hahn spin echoes. 
This surprising property shows that spin-spin interactions 
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Figure 4. (a, Top) Relaxation function M,(t) (0) for a PEO- 
(H)/PMMA(H) blend (PEO weight concentration of 20%). T = 
426 K (T - Tg = 100 K), Mw(PMMA) = 6 X lo4, and Mw(PEO) 
= 2.2 x lo4. (b, Bottom) pseudosolid echoes E(t,7) (+) corre- 
sponding to PMMA(H). Solid and dashed lines are guides to the 
eyes. 

of PEO protons are fully averaged by chain motions in 
this blend. This experimental result holds even for chain 
molecular weights where pseudosolid echoes are obtained 
in a pure PEO melt. Consequently, PEO relaxation 
functions in blends yield information about properties of 
pure chain dynamics. 

The temperature and molecular weight dependences of 
the PEO pseudosolid behavior were further appreciated 
in an earlier work:I4 T = 426 K corresponds to the lowest 
temperature for which no pseudosolid echoes are detected 
for the highest molecular weight investigated here. There- 
fore, at this step of the analysis of the experimental results 
two hypotheses may be considered. Either PEO chains 
do not participate in any temporary network structure or 
they form entanglements but have a lifetime which is too 
short to be observed from NMR. 

This contrasts with the NMR properties of PMMA 
investigated in a PEO(H)/PMMA(H) blend (M,(PEO) = 
2.2 X lo4) at  426 K. The long decay of the relaxation 
function displayed in Figure 4acorresponds to the protons 
of PEO chains. The short decay associated with the 
protons of PMMA chains is characterized by well-shaped 
pseudosolid echoes (Figure 4b): this indicates that the 
PMMA chains participate in a network structure. 

(c) Two Chain Dynamics Domaim. It is clearly seen 
from Figure l b  that two domains of chain dynamics can 
be determined. The crossover between the two domains 
occurs when the chain molecular weight is about 2.5 X lo4. 
Within the first domain, the relaxation rates measured in 
pure PEO and in blends take a similar molecular weight 
dependence (Figure 5). On the contrary, as shown in 
Figure 1, the relaxation rates in domains I1 and 11' behave 
very differently. 

2. Short-Chain Dynamics. Within domain 1', the 
apparent chain molecular weight dependence of the 
relaxation rate is well represented by 1ITz X W.86*0.06 

i 3 c  

- 

3 -  I I 
0 1 0  2 0  3 0  4 0  5 0  6 0  7 3  

10 3 M w  (g mole ) 

Figure 5. Relaxation rates 1/Tz (8-l) of pure PEO (0) and PEO 
in PEO/PMMA(D) blend (0) plotted at a constant shift from 
the glass transition temperature (2' - Tg = 140 K). Solid line 
represents a power law fit iW 86*0 O6 of the data in the domain 1'. 

(Figure 5) .  In this figure, the relaxation rates of pure PEO 
and of PEO blended with PMMA are compared at T - Tg 
= 140 K. This temperature correction was computed by 
using the WLF law, which governs the transverse relaxation 
rate of PEO in the molten PEO/PMMA(D) blend.I4 Let 
us note that at T - Tg = 140 K the value of the relaxation 
rate of PEO in the blend is close to that measured in pure 
PEO. This remark agrees with the fact that for a constant 
value of T - Tg the fractional free volume of PEO is slightly 
affected when PEO is blended with PMMA.14J6 

This molecular weight dependence agrees with the recent 
experimental study reported by Cheng et showing 
that the self-diffusion coefficient D, of PEO chains 
decreases as D, N M-1.85*o.02 for similar chain lengths. 
Correspondingly, the terminal relaxation time is expected 
to vary as W.g5 instead of W .  The discrepancy between 
the experimental value of the exponent and the value 
predicted from the Rouse model has been ascribed to a 
free volume effect induced by chain ends.17 Substituting 
the dependence TI  N IP@jinto eq Ygives 1ITz - IH+#IP"5, 
in accordance with experimental results within the un- 
certainty of measurements (Figure 5) .  

In the case of pure PEO, an estimate of the relaxation 
rate 1/ TZ can be calculated from eq 9' with ~HTI = lo5 s-l. 
The correlation time 71 was derived from measurements 
of the diffusion coefficient D: 71 = (R2)/6D, with fR2) = 
&"I2, where j denotes the number of skeletal bonds per 
monomer 0' = 3), and 1 and C m  are given in Table I. Then 
from the results of ref 17, we found that 71 = 1.2 X 10-5 
s and 1/Tz = 5 s-l at 358 K (Le., T - Tg 140 K) and for 
M, = 9 X lo3; this estimate is in good accordance with the 
experimental data (Figure 5) .  

The observed chain length dependence implies that long- 
range chain properties are involved in the relaxation 
process of the transverse magnetization. 

3. Submolecule Dynamics. The slow variation of the 
relaxation rate 1/Tz in domain 11' (M > 2.5 X 104) implies 
the partition of any chain into submolecules. This is shown 
in the following way. Each submolecule is formed from 
N, skeletal bonds. The residual interaction of spins must 
be calculated over one submolecule; its estimate is given 
by 17f~I/N,. It is postulated that these submolecules have 
a physical evidence like the mean spacing between 
entanglements in a pure melt for instance. Submolecules 
introduced in the Rouse model have no physical existence 
but they help to estabilsh the description of low-frequency 
fluctuations in one chain. Once the partition of one chain 
is postulated, a framework of description of collective 
motions of submolecules must be usedto relate long-range 
fluctuations in one chain to the mechanisms of transverse 
magnetic relaxation.ll 
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Figure 6. Theoretical dependence of the magnetic relaxation 
rate 1/T2 as a function of the number N,, of the Rouse submol- 
ecules according to eq 12. In the numerical calculations, we have 
set 1 % ~ 1 ~  = 1 s - ~ .  

Two spectra of chain relaxation have been used until 
now to interpret NMR results. One of them is associated 
with the Rouse model while the other one is derived from 
the reptation motion of one chain in its tube.9 In this 
work, the magnetic relaxation is related to the Rouse model, 
according to which the following equation applies in the 
case of a full motional averaging effect:" 

with Ngr = N / N ,  denoting the number of Rouse submol- 
ecules. 

Now inserting the molecular weight dependence of rp  
and the estimate of ( %T)R into eq 11, it follows 

with l / rp  - N c 2  sin2 [ ~ p / ( 2 N s r  + l)] From eq 12, the Nsr 
dependence of the magnetic relaxation rate is depicted in 
Figure 6. The molecular weight dependence of 1/T2 
observed in domain 11' is now compared to Figure 6 
according to the following procedure. We first adjusted 
the actual increase in domain 11' with the variation 
predicted in Figure 6 for a ratio of Nsr equal to the ratio 
of M, corresponding to domain 11'. Moreover, the 
computed values of the relaxation rate are referred to the 
experimental value at  M, = 2.5 X lo4 which separates 
domains I' and 11'. The experimental data are well 
described by the assumption of chain partition as expressed 
by eq 12 and a value of N ,  yielding a molecular weight Ma 
of the submolecule larger than 2 X lo3 (dashed line in 
Figure 7). A better representation is obtained by taking 
Ma = lo4 (solid line). This partition implies that the 
average number of submolecules is about 2 at the frontier 
between domains I' and 11'. This low value agrees with 
the analysis of the relaxation rate in the short-chain domain 
I' for which the motional averaging condition originates 
from the terminal relaxation mode of the entire chain. 

VI. Discussion and Concluding Remarks 
Now returning to the two purposes of this work, two 

comments are in order. 
(1) The chain partition evidenced in domain 11' yields 

a submolecule of molecular weight M, having a typical 
value of the molecular weight Me of a viscoelastic sub- 
chain. Moreover, the experimental data are better de- 

c '  10 ' 30 5c ' 4 
10-3 MW (gmole-1) 

Figure 7. Relaxation rate 1/Tz of PEO in a PEO/PMMA(D) 
blend. The lines are fits of the data in domain 11' according to 
eq 12 with M, = l o 4  (solid line) and M, = 2 X lo3 (dashed line). 

scribed (Figure 7) with M, close toM,(PMMA) instead of 
Me(PEO). Pseudosolid echoes observed on PMMA(H) in 
protonated blends (Figure 4b) indicate the existence of a 
temporary network. These observations lead one to 
associate the chain partition ME with this network in the 
blend. On the basis of viscoelastic plateau measurements, 
Wu7 and Tsenogloulg have computed the molecular weight 
Me characterizing the network of PEO/PMMA blends as 
a function of the concentration and found respectively Me 
= 7.4 X lo3 and Me = 6.25 X lo3 for 4 (PEO) = 0.20. The 
value of Wu was computed thanks to eq 1 assuming that 
G'N is given by 

G',(A,B) 4AGoN(A) + 4BGoN(B) + 
4 ~ 4 ~ ( h ~  - l)[GoN(A) + G0,(B)I (13) 

with 4j c j  = A, B) the volume fraction of the jth component 
and A, = 0.512 for the PEO/PMMA couple.' That of Tse- 
noglou was derived from eq 1 taking G'N as 

[Go,(A,B)1'/2 = 

with t = 0.17 for the PEO/PMMA c0up1e.l~ 
(2) The last issue we will discuss concerns the mono- 

meric friction coefficient. Figure 4a indicates that l/Tz- 
(PEO) is much different from l/Tz(PMMA) for that 
concentration and at  the temperature explored. This 
reflects a higher mobility of the PEO chains than the 
PMMA chains in that homogeneous blend. Measurements 
of T1,(lH) in the same blends20 have shown that this effect 
is due to a large difference of segmental motion rates of 
these two polymers in the high-frequency range (Le., 
around 52 kHz). This means that even in the single-phase 
regime, components of a binary blend may keep their 
dynamical characteristics. This is a similar result to that 
reported by Composto et al.l0 in miscible PS/PXE blends 
by determining the monomeric friction coefficients through 
measurements of self-diffusion coefficients. They found 
that {o(PS) << {o(PXE) for each concentration and that 
the rate at  which a PS molecule moves is much greater 
than that of a PXE molecule, even though both chains are 
diffusing in identical surroundings. I t  would be interesting 
to measure the monomeric friction coefficients in high 
molecular weight blends of PEO/PMMA in like fashion 
as was done by Composto et al.1° to see whether this blend 
possesses the same behavior as PWPXE. 
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