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PEO Temporary Network in PEO/PMMA Blends: NMR Approach
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ABSTRACT: Transverse magnetic relaxation properties of protons attached to PEO chains were
investigated in compatible blends of hydrogenated PEO and deuterated PMMA by varying the PEO
concentration and the temperature. The onset of segmental fluctuations is observed for samples that do
not crystallize (¢ < 0.31); it occurs above T4(PEO) but below the blend glass transition temperature,
To(¢). At higher temperatures, for all concentrations, relaxation curves exhibit a solid-like behavior typical
of a residual dipolar interaction due to the presence of a temporary network. The associated relaxation
time obeys a linear temperature dependence with a reference at Ty(¢) + To and a linear variation with
the mean segmental spacing between two consecutive entanglements along PEO chains, as calculated
from the model proposed by Tsenoglou. This study extends the relationship between NMR properties
and the network mesh size already observed in permanent gels and entangled homopolymers to miscible

heteropolymers.

1. Introduction

The concept of entanglement is currently used to
analyze the property of temporary elasticity in poly-
mers.l How can it be applied to polymer blends? In
miscible blends, each species brings to the blend a
separate dynamic behavior governed by its own intrinsic
properties, mainly the monomeric friction factor and the
molecular weight between entanglements. The changes
that occur in the local environment of each blend
component may modify their fractional free volume and
thermal expansion coefficient, as well as the glass
transition temperature, which is concentration depend-
ent. In various compatible blends, a single but broad
glass transition is observed,; it is often analyzed in terms
of dynamic microheterogeneities;2=* the role played by
local concentration fluctuations and/or by differences in
the monomeric friction coefficients has been addressed.*°
Complex temperature and concentration dependences
of the individual local dynamic properties have been
shown:*~14 the thermal behavior has been described
using an effective glass transition temperature for each
species, T§¢), instead of the DSC glass transition
temperature of the blend;*6-8 a failure of the time-
temperature equivalence of the viscoelastic properties
has been reported.568-10 At a large spatial scale,
because there is no direct measurement of the entangle-
ment mesh size, the blending effect on the temporary
network in blends remains an open question. Is there
a single network or is there a network for each compo-
nent, and how is it influenced by the presence of the
second component? The amplitude of the dynamic
modulus of each blend component has been estimated
from rheological measurements combined with birefrin-
gence and IR dichroism for blends of 1,4-polyisoprene
and 1,2-polybutadiene; from these values, the entangle-
ment spacing per chain, the tube diameter, and the
monomeric friction coefficients, &g, calculated for each
species within the framework of the reptation model
have been shown to be concentration dependent.56 In
this particular blend, a similar concentration depen-
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dence of the entanglement molecular weight has been
found for both components (which does not allow a
precise determination of the effect of blending on the
entanglements), while strong temperature and concen-
tration variations have been shown for g, the high-T,
component (1,2-PB) being more sensitive to the addition
of 1,4P1 and also more sensitive to increasing temper-
ature. Here, we have attempted to determine the
concentration dependence of the entanglement spacing
in PEO/PMMA blends by using proton NMR and selec-
tive deuterium labeling of one component.

NMR is a suitable tool for investigating both the chain
segmental fluctuations and the statistical structure of
permanent or temporary polymer networks. On the one
hand, fast random motions are characterized from the
longitudinal relaxation of the magnetization. On the
other hand, the transverse magnetic relaxation is sensi-
tive to long range constraints distributed along a
polymer chain, which may be pictured as being due to
interchain coupling junctions. They create an anisot-
ropy of the random local motions along chain segments,
giving rise to solid-like NMR properties that are related
to the mean segmental spacing between entanglements
or cross-links.15-18

Using proton magnetic relaxation, we investigated the
dynamics of hydrogenated PEO chains embedded in a
matrix of deuterated PMMA chains for a series of
entangled PEO/PMMA blends with various composi-
tions. Among binary blends, one peculiarity of the PEO/
PMMA system lies in the large difference between the
glass transition temperature of the two components,
almost 200 K. Miscibility of PEO and PMMA has been
demonstrated.>1%20 Small values of the interaction
parameter y were reported,?°=24 indicating only weak
interactions. In a previous study, we investigated the
properties of local random motions of PEO chain seg-
ments obtained from the analysis of the spin—Ilattice
relaxation rate.l® In this work, we report on the
properties of the transverse magnetic relaxation of
protons attached to PEO chains. First, we characterize
the nature of the relaxation curve as a function of
concentration through its thermal behavior. The exist-
ence of a residual dipolar interaction due to that of a
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temporary network is shown from the so-called pseu-
dosolid properties of the transverse relaxation. Sec-
ondly, we attempt to perform a quantitative character-
ization of the PEO network in the blends as a function
of concentration from the temperature dependence of
the relaxation rate associated to the residual interac-
tion. Results are compared to those obtained for
entangled polybutadiene (PB) chains?® and for cali-
brated networks of poly(propylene oxide) (PPG) chains.1®
The discussion is based on the concentration dependence
of the mean spacing between PEO entanglements
calculated from the properties of each blend component
using the model proposed by Tsenoglou.26

2. Experimental Section

Sample Preparation and Characterization. Hydroge-
nated PEO-h (M,, = 150000, I, = 1.07) and deuterated
PMMA-d (M, = 262000, I, = 1.08, deuteration > 99%)
components were both obtained from Polymer Laboratories.
The PMMA tacticity was determined by high-resolution
NMR: it contains 9 &+ 2% isotactic, 45 + 5% heterotactic, and
46 + 5% syndiotactic triads. Blends were prepared from 1%
benzene solutions maintained for 2—3 days at 40 °C. Progres-
sive evaporation of the solvent was carefully monitored over
1 day by raising the temperature slowly to 75 °C, i.e., slightly
above the PEO melting point, T, ~ 343 K.2 Subsequent
annealing was done under vacuum at 120 °C for 2 h in order
to remove any traces of solvent. Blends with a PEO volume
fraction ¢ of 20%, 31%, 41%, 51%, and 71% as well as pure
PEO samples were prepared in the same way.

Miscibility of the two components was checked from mea-
surements of the glass transition temperature using dif-
ferential scanning calorimetry (DSC) and from measurements
of the proton spin—lattice relaxation time T, using NMR. The
observation of a single Ty or T; and their concentration
dependence guarantee that no large-scale heterogeneities occur
in the samples. The glass transition temperature was found
to obey a Fox equation, 1/Tg(w) = W/T4(PEO) + (1 — w)/Ty-
(PMMA), with T4(PEO) = 221 + 5 K and T¢(PMMA) = 399 +
5 K, w being the PEO weight fraction.*®

Crystallization of PEO takes place at temperatures close to
the PEO melting point but only for PEO volume fractions
higher than 31%; at lower concentrations, samples remain
amorphous.

Further details regarding the preparation and the charac-
terization of samples may be found in ref 19.

NMR Measurements. NMR experiments were performed
at 60 MHz using a Bruker MSL100 spectrometer. Transverse
magnetic relaxation curves were determined by using a
modified Carr—Purcell spin-echo sequence including the phase
cycling (X, —x, —X, X) of the (180°), pulses; at low temperatures,
relaxation curves were directly obtained from the free induc-
tion decay (FID) following the (90°) rotation pulse. Pseudo-
solid spin echoes were recorded using the following pulse
sequence:?’

(90°),—[r—(180°),—27—(180°)_,—2t—(180°)_,—27—(180°),—
7] —(90°)y— [z,—(180°),—27,—(180°)_,—27,—(180°)_,—27,—
(1800)X_T1]n

Relaxation curves of protons attached to PEO chains in
PMMA-d/PEO-h blends were measured as a function of tem-
perature and PEO concentration. All samples were kept in
glass tubes sealed under vacuum; the sample temperature was
controlled to within +1 K. The temperature was varied from
170 to 430 K; at higher temperatures, there is a risk of sample
degradation.

3. NMR Approach

The NMR investigation of the statistical structure of
molten polymeric systems at a semilocal space scale
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involves a two-step motional averaging process of the
anisotropic spin interactions. The method has been
described in detail elsewhere'® and is briefly sum-
marized here. We consider only dipole—dipole interac-
tions between protons that belong to a given chain
segment. The static dipole—dipole interaction observed
in the solid state becomes time-dependent with increas-
ing temperature due to the progressive onset of fast
isomerization processes. It leads to an averaging of the
interaction over configurational changes known as the
motional narrowing process and which may occur in two
steps for polymers. Indeed, for entangled or cross-linked
chains, even at temperatures well above the glass
transition temperature, this averaging process is not
complete owing to a slight anisotropy of random rota-
tions of monomeric units that belong to chain segments
defined by coupling junctions, such as entanglements
or cross-links. It yields a residual dipolar interaction
and a so-called pseudosolid behavior of the correspond-
ing transverse relaxation of the nuclear magnetization.
Its existence can be revealed using various specific NMR
experiments;16:2829 in this work, it will be detected from
the presence of pseudosolid echoes.

For polymer networks, whether they are permanent
or temporary, the characteristic relaxation time 7 of the
transverse magnetic relaxation, when governed by the
residual dipolar interaction, has been shown to obey a
linear dependence on both the temperature and the
mean segmental spacing between cross-links or en-
tanglements. For calibrated gels of end-linked poly-
(propylene oxide) chains, the following equation has
been established:1®

7= [ysMy £ Sol[T = Ty(Mp) — To) (1)

where 7 is the inverse of the so-called NMR structural
parameter y.'® M, is the molecular weight of the
polymer precursor, and Ty(M,) is the glass transition
temperature of the gel, a decreasing function of its mesh
size; ys, So, and Ty, are numerical constants.

A similar relationship has been found for the relax-
ation time of protons attached to entangled polybuta-
diene chains in a melt or in concentrated solutions:?®

B
. A’l e (w)] M-T,x)-Td (@

where x is the 1,2 vinyl content, which controls the
polymer microstructure, ¢ is the polymer volume frac-
tion, and G&(x,¢) is the viscoelastic plateau modulus;
A, B, and Ty, are numerical constants. Gﬁ,(x,qb) is
inversely proportional to Mq(x,¢), the average molecular
weight between entanglements of the polymer in solu-
tion; it has been found to be equal to GR¢?2, which
shows the widening of the polybutadiene entanglement
network upon dilution.

In both cases, PPG networks and entangled PB
chains, the glass transition temperature of the system
appears as a reference temperature of the thermal
behavior of the magnetic relaxation time, but with a
temperature shift Ty that is slightly dependent on the
system, 42 and 50 K, respectively. On the other hand,
the slope of this linear thermal dependence varies
linearly with the mesh size of the statistical structure
defined by interchain coupling junctions. It must be
noted that such a correlation between NMR properties
and the statistical structure of polymer network has also
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Figure 1. Thermal evolution of the transverse magnetic
relaxation (in-phase component of the FID) of protons attached
to PEO chains in the PEO/PMMA blend with ¢ = 0.20.

been demonstrated using transverse 2H quadrupolar
relaxation,*® or *H—13C couplings.1"30

In the case of long polymer chains in a melt or in
concentrated solutions, a temporary network structure
is perceived because the interchain coupling junctions
dissociate sufficiently slowly so that they can be pictured
as temporarily fixed points. But, for lower molecular
weight or dilute solutions, and with increasing temper-
ature, fluctuations of orientation of the coupling junc-
tions may become fast enough to yield a complete
averaging of the dipolar interaction.®132 This process
is the second step of the motional narrowing.16 At this
stage, the transverse magnetic relaxation has a liquid-
like behavior; it may be used to characterize the whole
chain dynamics.31-33

4. Characterization of the Relaxation Function

From the noncrystalline samples, i.e., at a PEO
volume fraction ¢ < 0.31, we will show the progressive
effect of the motional averaging of dipole—dipole inter-
actions when the temperature is raised starting from
below T4(PEO). Then, for all concentrations and above
the PEO melting point, we will examine the tempera-
ture dependence of the properties of the relaxation
curves.

4.1. Thermal Behavior: Partial Motional Aver-
aging. For low PEO concentration blends that do not
crystallize, the thermal behavior of the relaxation curve
was investigated from 170 up to 430 K, i.e., from well
below T4(PEO) up to well above Tgy(blend). For ¢ =0.20,
at 170 and 185 K, the decay of the relaxation is very
rapid, as shown in Figure 1: the transverse magnetiza-
tion presents a damped oscillation with a minimum at
30 us. Such a rapid relaxation is typical of a solid state.
For comparison, we have calculated the relaxation
function for one single pair of protons imbedded in a
solid matrix:3* it is characterized by a first minimum
that occurs at 35 us when the distance between the two
spins is set equal to the interproton distance in a CH,
group (1.78 A).

With increasing temperature, the duration of the
decay increases continuously and the shape of the curve
is qualitatively modified. A pseudosolid behavior is
detected from the presence of pseudosolid echoes at any
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Figure 2. Pseudo-solid spin echoes recorded at 343K in the
PEO/PMMA blend with ¢ = 0.20; (O): normalized relaxation
function; (@) echoes formed at 0.32, 0.72, and 1.44 ms.

temperature up to 430 K; an example is given in Figure
2 at 343 K ~ Ty4(¢ = 0.20). It indicates that the
relaxation mechanism is dominated by the residual
dipolar spin—spin interaction of protons. The transition
from the solid to a pseudosolid behavior results from
the increased rate of the segmental fluctuations.

The same properties of the relaxation function were
found for ¢ = 0.31, with the rigid state of PEO chains
again observed below Ty(PEO).

There are two striking features of the thermal de-
pendence of these NMR relaxation curves: firstly, the
solid state of PEO chains in PEO/PMMA blends (ob-
servable only at low PEO concentration) is perceived
below T4(PEO); secondly, the first step of the motional
averaging takes place below the glass transition tem-
perature of the blend. This is in qualitative agreement
with our previous study of the properties of the spin—
lattice relaxation rate of protons in the same blends:
the thermal behavior of the local PEO dynamics was
already found to be related to T¢(PEO) at any concen-
tration, while molecular motion rates were found to be
strongly influenced by the presence of PMMA chains.®

At higher PEO concentrations, ¢ > 0.40, measure-
ments were performed only on molten blends (i.e., above
the PEO melting temperature). For these blends,
pseudosolid echoes were also observed at any temper-
ature in the range 343 K < T =< 430 K.

4.2. Property of Time—Temperature Super-
position: Concentration Dependence. The effect
of diluting PEO chains in a matrix of PMMA shortens
the time scale of the relaxation of protons attached to
PEO chains at a given temperature. An example is
shown in the pseudosolid regime, at 343 K, in Figure 3:
a reduction factor of 5 in time is observed for the blend
containing 20% PEO compared to the homopolymer
PEO. When the temperature is raised, the difference
becomes less pronounced. However, the shape of the
relaxation curves measured as a function of PEO
concentration is qualitatively different at any temper-
ature within the range of observation (T < 430 K).

For ¢ = 0.20, the shape of relaxation functions is
found to be invariant over a large temperature range
starting at 274 K, as shown in Figure 4a: the complete
relaxation curves are superimposed on each other by
applying suitable factors to the time scale of measure-
ments. The property of superposition shows that the
nature of the mechanism of magnetic relaxation does
not change in the temperature range of observation (150
degrees at this concentration). The shift factor increases
rapidly, which accounts for the change of the time scale
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Figure 3. Transverse magnetic relaxation of protons attached
to PEO chains in PEO/PMMA blends as a function of the PEO
volume fraction (T = 343 K).
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Figure 4. Time—temperature superposition (see text) at
reference temperature To = 343 K: (a) ¢ = 0.20 [(®) 274 K;
(x) 294 K; (O) 313 K; () 343 K; (2) 363 K; (+) 389 K; (a) 402
K; (O) 417 K; (v) 426 K]; (b) ¢ = 1.0 [(+) 343 K; (®) 384 K; (x)
414 K]. Each insert displays the temperature dependence of
the shift factor.

of the relaxation with increasing temperature (see insert
Figure 4a). For ¢ = 0.31, the shape of relaxation curves
was also found to be invariant from T = 274 K. This is
the temperature at which the pseudosolid behavior of
the relaxation is established and it is equal to T4(PEO)
+ 50 K, a typical value already observed for several
homopolymers.1® With increasing PEO concentration,
the property of invariance no longer holds along the
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Figure 5. Temperature dependence of the time interval tos-
(¢) corresponding to 80% of the amplitude of the relaxation
curves as a function of the PEO volume fraction. Lines are
linear fits to the data for T — Ty(¢) = 50 K.

whole relaxation function: the part of the relaxation
curves that is superposed decreases progressively. The
observed change of shape of the relaxation curve with
increasing temperature reveals a change in the nature
of the mechanism of relaxation. For ¢ = 1.0 and 343 K
< T < 430 K, a good superposition is obtained for My(t)
> 0.75, as shown in Figure 4b; the shift factor varies
linearly with temperature (see insert Figure 4b). At
lower amplitudes, the relaxation curve is slightly length-
ened toward longer times.

This latter behavior is typical for entangled polymer
melts: heating leads to an increase of the fluctuation
rate of the coupling junctions, which is first detected in
the long time part of the relaxation curve. Itillustrates
the progressive onset of the second step of the motional
averaging process. However, the lengthening observed
in the pure PEO relaxation curves between the two
extreme temperatures is small compared to the applied
shift factor (see Figure 4b) and pseudosolid echoes are
still observed at any temperature: it implies that
relaxation functions remain mainly governed, at any
temperature, by the residual dipolar interaction. At low
PEO concentration, the invariance of the shape of the
relaxation curves in the observed temperature range
indicates that the fluctuation rate of the coupling
junctions becomes too slow to be detected. In the
following, we will concentrate our analysis on the upper
part of the relaxation curves where fluctuations of the
intercoupling junctions vector are not experimentally
detected: this part is representative of the statistical
structure of the temporary network at any concentra-
tion.

5. Discussion: Concentration Dependence of
the PEO Network in PEO/PMMA Blends

Following the above conclusions, we investigated the
concentration dependence of the PEO temporary net-
work structure through the temperature dependence of
the characteristic time tgg, the time required for the
transverse magnetization to decay to 80% of its initial
value. Its variation is plotted as a function of T — Tg-
(¢) in Figure 5. A linear dependence is found in the
range restricted to T — Ty(¢) = 50 K; lines are extrapo-
lated to zero when the temperature interval T — Tgy(¢)
is equal to To where To = 17 + 5 K independent of the
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concentration. This leads to the expression
tog(T.@) =s(@) [T — Ty(¢) — Tol ®3)

The reference temperature defined by Tgy(¢) + To is
strongly concentration dependent due to Ty4(¢). The
temperature dependence expressed in eq 3 is similar to
that of PPG (eq 1) and PB networks (eq 2), in which
s(¢) has been shown to vary linearly with M, and Me-
(x,9) respectively. To proceed further with the compari-
son of PEO/PMMA blends and PPG or PB networks, an
estimation of the average molecular weight between
entanglements along PEO chains is required.

Tsenoglou has proposed a model to predict the com-
position dependence of entanglements for miscible het-
eropolymer blends,26 which we briefly summarize. The
model assumes complete randomness in the formation
of entanglements. In the pure state, each chain i is
characterized by its molecular weight M;, its density p;
and its molecular weight between entanglements Mgio.
In the blend, let N;; be the number of segments along a
chain of type i which are determined by entanglements
of this chain with two chains of type j (Njj > 1) and Mgjj
the average molecular weight of such segments. The
total number of entanglements per chain i is given by
the sum over entanglements with all species in the
blend:

m m Mi
N; = ZNij ~ Z_ (4)
= F1Mgjj

The entanglement probability between two different
species is shown to be proportional to the geometric
average of the entanglement probabilities between
similar chains. On this basis, the molecular weight
between two successive entanglements of the same
polymer j along a chain i can be evaluated:

M. = l('\/leiolvlejo)l/2 (5)
AR

where ¢; is the volume fraction of the jth component.

Finally, in a binary blend, the mean molecular weight

between entanglements along a chain i of volume

fraction ¢; in the blend is

Meio 1— ¢,
Mei(¢) ¢i(1 - ?; k) ©)

with k = (pjMeio /0iMejo)2. This model yields separate
entanglement molecular weights for each blend compo-
nent, Me; and Mgy, both of which depend on the blend
composition.

However, eq 6 does not account for specific interac-
tions between dissimilar species, which may modify the
probability of entangling in blends. Tsenoglou has
developed an extended theory by adding two param-
eters: ¢, which represents the relative strength of these
interactions, and n, which is set to +1 or —1 depending
on their attractive or repulsive character. In the case
of a binary blend, ¢, and ¢,;1 are set equal to a single
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Figure 6. (a) Molecular weight between entanglements Me;-
(¢) for PEO in PEO/PMMA blends calculated from the model
of Tsenoglou (eq 7): (continuous line) e = 0; (dotted line) € =
0.17. (b) PEO volume fraction dependence of the slope of lines
drawn in Figure 5, s(¢). (c) s(¢) versus Mei(¢) calculated for ¢
=0.17. The dotted line in (b) and (c) is the best fit of eq 8 with
so = 0 and Mei(¢) calculated from eq 7 with e = 0.17 and n =
—1.

value € and eq 6 now becomes
Meio 1-—¢; \"
——=¢|1+ k] +
Mei(#3) ¢'( € b )
1—¢ o 1\

which reduces to eq 6 for the special case of € and n
equal to zero.

For PEO/PMMA blends, Tsenoglou estimated ¢ and
n using the concentration dependence of the viscoelastic
plateau modulus measured by Wu3® and he obtained ¢
=0.17 and n = —1. The PEO network mesh size, Me1-
(¢), is then easily calculated from eq 7 where the
subscripts 1 and 2 refer to PEO and PMMA, respec-
tively, and where we have taken the following values
also from Wu:3 p;= 1.064 g-cm=3, p, = 1.095 g-cm~3,
Me10 = 2230 g/mol, and Mgz = 9130 g/mol. Its concen-
tration dependence is plotted in Figure 6a for the two
cases, e = 0and € = 0.17. In the range of concentration
investigated, Me1(¢) increases from 2230 for PEO to
3700 at ¢ = 0.20 with € = 0, but to 4600 with ¢ = 0.17,;
that is a difference of 25% in Me1(¢) at ¢ = 0.20. It
shows the effect of the polymer—polymer interactions
as taken into account via € and n: the PEO network
mesh size increases faster with increasing PMMA
content. More generally, the analysis of Tsenoglou
shows that the statistical structure of each component
network in blends is influenced by the polymer—polymer
interactions, even when they are weak, as is the case
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for PEO/PMMA blends. In the following, we use the
concentration dependence of the PEO entanglement
spacing in the blends PEO/PMMA calculated with eq 7
and € = 0.17.

The concentration dependence of the slope s(¢) char-
acterizing the linear thermal behavior of the relaxation
time tog(T,p) for PEO (eq 3) is shown in Figure 6b.
Following the results for PPG (eq 1) and PB networks
(eq 2), we analyze s(¢) according to the linear equation

8(#) = yMe1(¢) + S (8)

where values of Mei(¢) are calculated as above. In
Figure 6c¢, s(¢) is plotted versus Mei(¢): it is found to
be directly proportional to Mei(¢). The temperature and
concentration dependence of the NMR relaxation time
is then

tos(T.¢) = yMey ()T — Ty(¢) — Tl 9)

where y = 4.11(3) x 107% ms-K~1 (g/mol)~2.

The main point here is the analogy established with
PPG networks and entangled polymers: the conclusions
of refs 15 and 25 for homopolymer systems are extended
to one component of a compatible binary polymer blend.
At first, the transverse magnetic relaxation is directly
related to the chain segment length between interchain
junctions (egs 1, 2, and 9). Secondly, the temperature
factor that controls the thermal behavior of the relax-
ation rate is referred to the glass transition temperature
of the polymer system; it is supposed to be related to
the chain stiffness on which depends the residual
dipole—dipole interaction determined by the degree of
anisotropy of random rotations of monomeric units.16

For PEO in PEO/PMMA blends, the relationship
between the NMR relaxation time and the network
mesh size (eq 9) could only be obtained by using a
predictive model for the composition dependence of the
entanglement spacing. We have used the model of
Tsenoglou, which predicts separate entanglement mo-
lecular weights for each blend component (eq 7). Within
experimental error, we demonstrate that the predictions
of Tsenoglou are consistent with the analysis of NMR
properties of PEO. A further check of the validity of
the model for PEO/PMMA blends would require a
similar study of the NMR properties of the PMMA
component. Finally, it is noteworthy that for blends of
1,4-polyisoprene and 1,2-polybutadiene, the analysis of
the amplitude of the viscoelastic modulus measured for
each blend component shows that each component has
a different mean entanglement spacing, which is found
in agreement with the predictions of Tsenoglou.®

6. Conclusion

In this work, we investigate the properties of the
transverse magnetic relaxation of protons attached to
PEO chains in a series of entangled hydrogenated-PEO/
deuterated-PMMA blends with varying composition and
temperature.

For low PEO concentration samples that do not
crystallize (¢ = 0.20 and 0.31), the solid state of the
polymer is observed from the shape of the relaxation
curve: it occurs at temperatures lower than the glass
transition temperature of PEO itself, T4(PEO) ~ 221 K.
With increasing temperature, the onset of the fast
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isomerization process is perceived already at tempera-
tures well below the glass transition temperature of the
blends.

The existence of a temporary entanglement network
is detected from the pseudosolid behavior of the mag-
netization relaxation due to a local anisotropy of the
rotational isomerizations. Above the glass transition
temperature of the blend, which increases with decreas-
ing PEO concentration, the transverse relaxation time
associated with the PEO temporary network follows
the same thermal dependence, whatever the blend
composition: it increases linearly with the temperature
interval (T — Tgy(¢) — To), where Ty is independent of
the blend composition. This behavior resembles that
which characterizes a network structure, as was dem-
onstrated for calibrated end-linked poly(propylene oxide)
chains?® and entangled polybutadiene melts.2> But it
reflects only one aspect of this characteristic behavior.
The second aspect is a direct dependence of the relax-
ation time with the mean segmental spacing between
cross-links or entanglements. For the PEO/PMMA
binary polymer blend, we calculate this latter parameter
from the predictions of Tsenoglou. The NMR relaxation
time is shown to follow the concentration dependence
predicted by Tsenoglou for the network mesh size of one
blend component in miscible heteropolymer blends.

This work contributes to extend the relationship that
exists between NMR and network properties for ho-
mopolymer systems to compatible binary polymer blends.
It supports the Tsenoglou entanglement theory that
predicts individual entanglement spacings for each
species.
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