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our experiment has low molecular weight, which does not
satisfy the condition assumed in the theory.

Conclusion

1. In dilute blends, the high molecular weight compo-
nent has an expanded conformation, and the expansion
factor o? is proportional to P,/5P,"2/%, where P, and P,
are the degree of polymerization of the low molecular
weight and high molecular weight components, respec-
tively.

2. In semidilute blends, P,'/*a? is independent of P,.
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ABSTRACT: The dielectric behavior was studied on binary blends through observation of the normal
mode relaxation time r, of a small amount of a test chain component blended with a matrix component,
both of which were narrow molecular weight cis-polyisoprenes (cis-PIs). The test chain was a low molecu-
lar weight component (Imc) and the matrix a high molecular weight component (hme) and vice versa. The
7, of the Imc test chain was somewhat increased from that of its pure undiluted state: when the molecular
weight M,, of the lme test chain was higher than 3000, the 7, was proportional to M, 3°, The behavior is
in agreement with the original tube theory proposed by de Gennes. For the binary blends composed of an
hme test chain and an Imc matrix, the 7, of the hme test chain was first corrected for the excluded volume
effect by using the data of the expansion factor reported in part 1. The slope of the resulting double log-
arithmic plot of r,, vs M,, of the hmc test chain was 1.9 in the Imc matrix of M,, = 1600, while the slope
decreased to 1.6 for the Imc matrix with M, < 1000. The results suggest that the hydrodynamic nondrain-
ing effect becomes significant in the Imc matrix of M, < 1000. The widths of the loss curves reflecting the
distribution of relaxation times of the test components were almost the same among the two types of the

blends as well as those of the corresponding monodisperse cis-Pls.

Introduction

In part 1 of this series,! the preceding paper in this
issue, we reported the effect of excluded volume in binary
blends of narrow distribution cis-polyisoprenes (cis-PIs)
by observing the end-to-end distance of high molecular
weight (hme) cis-PI in a matrix of low molecular weight
(Imc) cis-PL. In this article, we study the dynamic behav-
ior of the same blends by observing the dielectric nor-
mal mode relaxation time of the test component that can
be either an hmc or Imec.

For monodisperse cis-PIs, we reported®™* that when the
molecular weight M is less than the characteristic molec-
ular weight M, of cis-PI (=~10 000), the dielectric nor-
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mal mode relaxation time 7,, is proportional to M2, while
in the range M > M, 7, is proportional to M37-M*9,
While the former behavior is in accordance with the
theory of Rouse,® which describes the dynamics of unen-
tangled free-draining linear chains, the latter behavior
of entangled linear chains is explained on the basis of
the tube theory proposed by de Gennes® and developed
later by Doi and Edwards.”® The original tube theory
predicted the longest (viscoelastic) relaxation time 7 being
proportional to M3°, which is obviously too low to explain
the experimental results of both viscoelastic and the dielec-
tric normal mode relaxation times. The original theory
has thus been modified by Doi and others incorporating
various other factors such as the contour length fluctuation®
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and the constraint release through tube renewal'®* reflect-
ing a possibility that the tube itself deforms as the sur-
rounding chains move.

To clarify these features, many authors including
ourselves studied viscoelastic relaxation behavior of binary
blends of narrow molecular weight distribution poly-
mers.}*'® Usually in such experiments, a small amount
of high molecular weight component (hmc) was dis-
solved as the test chain in a medium of low molecular
weight component (Imc). The idea is that since the tube-
like constraint imposed by the matrix lmc disintegrates
much faster than the tube disengagement or reptation
time of the hme test chain, the tube renewal effect rather
than repetation becomes the rate-determining mecha-
nism of the dynamics of the test chain in such blends as
long as their molecular weights are well separated. In
the corresponding monodisperse system of the hmc alone,
this is not necessarily the case. On the other hand, in
the dynamics of the lmc test chain in an hmc matrix the
reverse is expected: reptation rather than tube renewal
should overwhelm the dynamics of the lmc test chain.

However, the reverse case is difficult to examine through
viscoelastic spectroscopy, because the contribution of the
Imc test chain to the viscoelastic functions is over-
whelmed by the contribution of the Rouse mode® of the
hmec matrix. Such systems thus have been studied only
through measuring diffusion coefficient’®! or more
recently through infrared dichroism.?? We expect that
through dielectric normal-mode spectroscopy we can clearly
resolve the dielectric loss curves of the two components
in either type of the blends, if the molecular weights of
the hmec and Imc are well separated. Thus, one of the
objectives of this study is to examine in detail the relax-
ation behavior of the Imc test chain in the hmc matrix
through the dielectric normal mode spectroscopy on such
binary blends of cis-Pls.

The second objective is to clarify whether or not the
hydrodynamic effect of the Imc matrix chains does exert
influence on the dynamics of the hmc test chain. Obvi-
ously, if the Imc matrix chains have M close to that of
the monomer, they may act as an ordinary solvent in dilute
solution, in which the non-free-draining model proposed
by Zimm?® prevails over the Rouse free draining model.
However, with increasing M of the lmc matrix chains,
the dynamics of the hme test chain tends to be governed
by the free-draining model.® Thus the M dependence of
the relaxation time changes from the M to M%° power
law dependence with increasing molecular weight of the
Imc matrix. To test this expectation, we study here the
dynamic behavior of narrow molecular weight distribu-
tion cis-PI binary blends composed of the hmc test chain
in the lmc matrix as well.

15-18

Theory

Relaxation Time in Nonentangled Matrix. When
the molecular weight of matrix chains is lower than the
characteristic molecular weight M, (~2M,), they are not
entangled with each other. Here M, is the molecular
weight between entanglements. The dynamics of a test
chain in such a matrix is described by the Rouse and
Zimm theories,®2® which assume the unperturbed con-
formation of the test chain. However, as reported in part
1, the hmc molecules in a blend have an expanded con-
formation when the molecular weight of the matrix is
low.! Thus, it is necessary to extend the Rouse and Zimm
theories to those including the excluded volume effect.

For this purpose, Doi and Edwards proposed a dynam-
ical scaling law.® This law assumes that if the number
of beads N is changed into N/\ and at the same time
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the separation of the beads b is changed into A*b, a dynam-
ical quantity A becomes A*A, where v is the exponent
characterizing the molecular weight dependence of the
dimension of the polymer molecule. On the basis of the
scaling arguments, we expect that the excluded volume
effect causes increase of the relaxation time rg for the
Rouse model and increase of 7; for the Zimm model by
o? and o® times, respectively, where « is the expansion
factor of the test chain.

Combining the result of the dynamical scaling law and
the free draining model,® we write the relaxation time 75
for the first normal mode of the Rouse model as

g = o’ (N*b?/ (37kgT) (1)

where ¢ is the friction constant per bead, N the number
of beads of the test chain, b the average distance between
the beads, and k5T the thermal energy.

Similarly, the relaxation time r; for the first mode of
the Zimm model® is given by

15 = ®r%/ I bN?/? [ (12 2kg T,) (2)

where 5, is the viscosity of matrix and A; the first
eigenvalue.?*

Relaxation Time in Entangled Matrix. When the
molecular weight of matrix chains is higher than M,
(~2M,), the dielectric relaxation time r, for the normal
mode process may be described by the tube theory.®®
We consider the case where a test chain with molecular
weight M, is dissolved in matrix chains with molecular
weight M, >M,).

The original tube theory predicts that 7, is equal to
the relaxation time 74 for the tube disengagement
process:”®

74 = (N°b*/ (x%a’kgT)
= 3rg (M) M3 /M3 (3)

where a is the diameter of the tube, M, the molecular
weight between entanglements, and 7x(M,) the Rouse
relaxation time of the chain with M = M,. The second
equation is derived from the assumption that the diam-
eter of the tube, a, is equal to the average end-to-end
distance of the chain with M = M,

Theories of constraint release predict that the time scale
of the constraint release is proportional to the third power
of the matrix molecular weight. Therefore, when the
molecular weight of a test chain is lower than that of
matrix chains, the effect of the constraint release is neg-
ligibly small.

On the other hand, the contour length fluctuation is
expected to occur irrespective of the matrix molecular
weight. Doi® expressed the longest relaxation time 7,
assuming that the contour length of a test chain in the
tube fluctuates according to the Rouse model. An approx-
imate expression is

7 =~ 7g[1 - LAT(M,/ M)V (4)

Effect of constraint release on the dynamic behavior
in binary blends was studied theoretically by Daoud and
de Gennes'® and Doi et al.! for reverse cases where a
test chain has higher molecular weight than the matrix.

Constraint Release in Monodisperse System. To
compare the relaxation times in the blends and those in
the monodisperse system, we review the theory in the
monodisperse system. Klein'® first modified eq 3 by con-
sidering constraint release. For the monodisperse sys-
tem, the longest relaxation time 7, is given by

=g+ —Me2/W)Td 5)
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Figure 1. Frequency dependence of dielectric loss factor of
blends consisting of 10% low molecular weight components and
PI-174. Open circle indicates the ¢’ curve for monodisperse
PI-174.

where M, is the molecular weight between entangle-
ments.

Graessley'! developed another theory of constraint
release: the relaxation time 7, for motions of a chain
due to the constraint release is given by

T = (2AM2/1T2Me2)Td (6)

A =~ (7%/12)*/2 (7)

where z is the number of the constraints per cell. The
longest relaxation time 7, is determined as a competi-
tion between the reptation and the constraint release:

= ]'/(Td_1 + Tcr—l) (8)
=1l + 71'2Me2/(2AM42)]'1 (9)

Recently, Watanabe and Tirrell'? also proposed a the-
ory of constraint release assuming that the rate of tube
deformation depends on its configuration. Their results
indicate that 7, is given by eq 9, but the distribution of
relaxation times is different from that calculated on the
Graessley model.!!

So far no theory has been proposed to consider both
the constraint release and the contour length fluctua-
tion at the same time.

Experimental Section

Details of the sample preparation and characterization were
described in part 1.! The number in the sample codes repre-
sents the weight-average molecular weight M., in units of kg/mol.
The methods of dielectric measurements were also described
in part 1 and elsewhere. The error in determination of the relax-
ation time is estimated to be less than 10%.

Results and Discussion

Dielectric Loss Curves of cis-PI Binary Blends.
Figure 1 shows representative master curves of dielec-
tric loss factor ¢ at 273 K for the blends containing 10%
Imc cis-Pls in PI-174 matrix. The increase of ¢’ with
decreasing frequency f is due to the normal mode of hme
PI-174 matrix, while the small bumps seen in the audio
frequency range are due to the Imc cis-PIs. Examples of
the ¢ curves for the blends consisting of a small amount
of hme test chain and a lmc matrix were shown in part
1.! The contribution of the minor components was deter-
mined with a simple additivity law as described in part
1.

The normal mode relaxation time 7, of the test com-
ponents was evaluated with 7, = 1/(2xf,) from the loss
maximum frequency f,,. If the distribution of relax-
ation times is given by either the Rouse theory® or the
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Table I
Relaxation Time 7 of Minor Component in Blends of cis-PI
blend system concn? log = log (r/a®
PI-12/P1-0.5 5.0 -5.15 -5.26
PI-32/P1-0.5 5.0 -4.40 -4.65
PI1-53/PI-0.5 5.0 -3.80 -4.03
PI-174/PI-0.5 5.0 -2.70 ~2.93
PI-12/PI-01 5.0 -4.50 -4.44
PI-53/PI-01 5.0 -3.28 -3.45
PI-174/P1-01 5.0 -2.32 -2.50
PI-12/P1-02 5.0 -3.70 -3.60
PI-32/P1-02 5.0 -3.08 -3.13
PI-53/PI-02 5.0 -2.40 -2.48
PI-101/PI-02 0.50 -2.13
PI-101/PI-02 1.3 -2.10
PI-101/PI-02 2.5 -2.04
PI-101/PI-02 5.0 -1.93
PI-02/PI-174 10.0 -4.90
P1-03/PI-174 10.0 -4.37
PI1-05/PI-174 10.0 -3.60
PI-14/PI-174 10.0 -2.60
P1-02/P1-234 5.0 -4.85
PI-03/PI-174 5.0 -4.30
PI-05/PI-174 5.0 -3.55
PI1-06/PI-234 5.0 -3.45
PI-12/P1-234 5.0 -2.55
PI1-32/PI-234 5.0 -1.20
¢ Volume concentration of hmc in percent.
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Figure 2. Molecular weight dependence of relaxation time in
the isofriction state at 273 K. Closed symbols indicate the relax-
ation time of low molecular weight component in PI-174 and
PI1-234. Open circle indicates the relaxation time of monodis-
perse cis-PI. Dashed line represents the theoretical value cal-
culated with the tube theory (eq 3) with M, = 5000.

original tube theory of de Gennes,® the theoretical loss
curve exhibits the loss maximum at a frequency equal to
1.03/(2n7,), where , is 7g or 74 given in the theoretical
section. We therefore regard that 7, thus determined
corresponds approximately to 0.977,. The results are sum-
marized in Table I.

Short Chains in Long-Chain Matrix. Molecular
Weight Dependence of Relaxation Time. Figure 2
shows the relaxation time 7,(lmc) of the lmc test chain
plotted against its molecular weight M, for the blends
containing 5% or 10% lmc in PI-174 or PI-234 matrix.
For the sake of comparison, the r,, for monodisperse cis-
PIs was also plotted against their own M,,.

As reported previously,®* the friction coefficient { of
eqs 1 and 3 for the monodisperse cis-Pl is independent
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of M,, in the range M, > 4000. However, it decreases in
the range M, < 4000 since the chain ends create more
free volume with decreasing M,,. Assuming the friction
coefficient { is proportional to the segmental mode relax-
ation time 7,, we reduced 7, of the Imc cis-PI to the val-
ues 7, of the isofriction state, in which ¢{ is equal to that
of hmc cis-Pls.

Before discussing the data in more detail, we note that
the relaxation time of an Imc in the blends depends only
slightly on the matrix molecular weights of 174 000 and
234 000. We also note that the difference in 7, between
5% and 10% blends is also small. In the following dis-
cussion, we thus neglect these factors.

In Figure 2, we see that the 7,,; of Imc in the blends is
longer than that of the corresponding monodisperse cis-
PI. Qualitatively, this behavior may be explained as a
result of constraint release. In these blends, the hmc
matrix chains surround the Imc test chain, and hence
the constraint release (due to reptation of the hme matrix)
hardly occurs during the time span of 74 for the lmc. On
the other hand, in the monodisperse systems, the con-
straint release may occur at a rate much faster than in
the blend. Thus the relaxation time of Imc in the blends
approximately corresponds to the relaxation time in a
fixed network.

As is seen in Figure 2, the slope of 7, (Imc) vs M changes
at M, = 3000. The results may imply that the short chains
are already entangled with the matrix chains in the range
3000 < M,. The slope in this range is 3.0 in contrast to
3.7 for the monodisperse cis-PI. On the other hand, in
the range M, < 3000, the slope is ca. 2.0 and agrees with
the Rouse theory.®

The original Doi-Edwards’ theory predicts that 7 is
given by eq 3. The dashed line represents eq 3 calcu-
lated by using the experimental value of 4 given in the
same figure and M, = 5000. The slope and the absolute
values of the 7, of the Imc test chains agree well with
this simple theory. As far as the present data are con-
cerned, we thus conclude that in the 7, = M relation for
entangled monodisperse systems the dominant factor lead-
ing to the power {8 of 3.5-4.0 higher than 3.0 of the orig-
inal tube model is presumably a manifestation of the con-
straint release effect.

This view is, however, not in harmony with our previ-
ous data of the normal mode relaxation times of c¢is-Pls
trapped in cross-linked natural rubber and polybutadi-
ene networks.?"?" In those systems, the slope of the dou-
ble logarithmic plot of the 7, of the guest cis-PI vs M,
was, depending on the cross-link density of the net-
works, 3.6-4.2, which is much higher than 3.0. It is nat-
ural to expect that the cross-linked networks and the hme
matrix polymers both act as a similar obstacle against
short test chains. Since the networks were cross-linked
by y-ray irradiation,?®2® one may consider that irregular
distribution of cross-links and the irregular structure of
the resulting networks greatly differing from an ideal model
network might be a reason for this discrepancy between
the two systems. In this connection, Ferry et al. previ-
ously reported viscoelastic relaxation times of guest mol-
ecules in networks prepared from telechelic polymers with
narrow molecular weight distribution®®?® (MWD). Their
data, however, also exhibited a power higher than 3.0.%"
Consequently, we tentatively conclude that the dynam-
ics of Imc test chains in binary blends and in networks
are quite different. We cannot explain these puzzling
results on 3 in the 7, vs M relations at present time.

As to the problem of the extent of enhancement in the
terminal relaxation times of the lmc test chain in an hme
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matrix, Kornfield et al.? recently reported observation
of relaxation behavior of Imc in binary blends composed
of polyisoprene and hydrogenated polyisoprene by a
rheooptical method. They found that with decreasing
Imc content in the blends the terminal relaxation time
of the Imc increased by as much as ca. 1 decade. This
behavior is qualitatively similar to, but does not agree
quantitatively with, our present data. In their experi-
ments, an Imc with M,, = 5.3 X 10* was used. As is seen
in Figure 2, the present data indicate that the difference
of the relaxation time between the blend and monodis-
perse cis-PI in only 0.1-0.2 decades, which is much smaller
than their result. They suggested that the prolonged relax-
ation time is due to nematic-like interactions proposed
by Jarry and Monnerie.3%3!

In the range 3000 < M,, < 10 000, the monodisperse
systems exhibit Rouse behavior with a power law index
of 2, but surprisingly, for the lmc in the blends, the ideal
tube model behavior has an index of 3. An additional
question arising here is why is this so? According to the
Doi-Edwards theory,” the motions of a chain confined
in tube are governed by wiggling motions of the chain
described by the Rouse theory. Thus, the chain cannot
move faster than the characteristic rate given by the Rouse
theory. For the monodisperse systems in the range M,,
<10 000, the (hypothetical) tube reptation time with con-
straint release might become shorter than the intrinsic
Rouse relaxation time rg, implying that the monodis-
perse cis-Pls with M,, < M, are forced to conform the
Rouse relaxation mode. On the other hand, even for the
Imec test chain with M, as low as 3000-10 000 in the blends,
the ideal tube reptation mode is still prevailing because
of the absence of the constraint release mode.

Now we turn our attention to the effect of contour length
fluctuation and whether it exerts influence on the relax-
ation time of an Imc test chain in an hmc matrix of the
blends. In our previous paper, we compared eq 4 with
the M,, dependence of 7, for monodisperse cis-PIs* and
suggested that eq 4 explains qualitatively the observed
exponent 8. We expect that contour length fluctuation
should appear in the blends as well. However, the present
blend data show no such tendency as far as the observed
power-law index of the M, dependence of 7, is con-
cerned.

Constraint Release in Monodisperse System. Fig-
ure 3 shows a double logarithmic plot of the ratio of the
relaxation time of the Imc test chain r, (Imc) in the blends
to that, r,(mono), in the matrix of itself (the monodis-
perse cis-PI) against the number of entanglements N
(=M/M,) per test chain. Here we used M, = 5000,
although the present data suggest that M, might be lower
than 5000. The data points indicate the ratio of =, (lmc)
determined from the smoothed line shown in Figure 2 to
the corresponding 7, (mono) values. If constraint release
is prevailing in the monodisperse system but does not
occur in the blend, r,(Imc) and r,(mono) should corre-
spond respectively to the theoretical relaxation times 74
and r, given by Graessley (eq 9) or by Klein (eq 5). The
solid line shows 74/, calculated from eq 9 with z = 4.0,
and the dashed line eq 5. We see that the observed ratios
of 7a(lmc)/7n(mono) agree fairly well with the Graessley
theory'! but not with the Klein theory.'°

Long Chain in Short Chain Matrix. Hydrody-
namic Effect of the Low Molecular Weight cis-PI.
In this section, we analyze the relaxation time 7,(hmc)
of hmc test chains of molecular weight M, in the lmc
matrices of M,. The M, of all the Imc is less than the
molecular weight between entanglement M, (~5000 for
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Figure 3. Ratio of the relaxation time of the low molecular
weight component in PI-174 or in P1-234 to that of monodis-
perse cis-PI. N represents the number of entanglements per
chain and is equal to M,,/M,. Solid and dashed lines show the
Graessley theory (eq 9) With'z = 4 and the Klein theory (eq 5),
respectively.
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Figure 4. Molecular weight M, dependence of relaxation time
of high molecular weight component in the matrix of low molec-
ular weight component (PI1-02, PI-01, and P1-0.5) at 273 K. Dash-
dot line indicates the relaxation time of monodisperse cis-PIL.
The dashed line shows the relaxation time of monodisperse cis-PI
reduced to isofriction state. The solid symbols indicate the relax-
ation time reduced to the unperturbed state.

cis-Pls), and hence the dynamics of the hmc is expected
to obey the Rouse®~Zimm?? theory.

Figure 4 shows the double logarithmic plot of 7,(hmc)
vs M, for the blends consisting of 5% hmc and 95% PI-02,
PI-01, or PI-0.5 as the matrix lmc. The dash-dot line
represents the relaxation times for monodisperse cis-Pls
plotted without reduction to the isofriction state. On the
other hand, the dashed line with the slope 2 show the
relaxation time reduced to the isofriction state.

The plots of log 7,,(hmc) vs log M, shift to the short-
time side with decreasing M, of the Imc matrix. This
indicates that the friction coefficient decreases with
decreasing the matrix molecular weight M;. The fric-
tion coefficient for hmc in the blends of the same matrix
cis-P1 is expected to be the same since the hme content
is fixed to 5%.

As reported in part 1, the hmc chains in these blends
have an expanded conformation. We reduced the observed
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Figure 6. Contribution of low molecular weight component
(Imc) to dielectric loss ¢’ of blends consisting of the imc (5%)
and PI-174 or PI-234.

relaxation times into those in unperturbed state using
eqs 1 and 2. Equation 1 for the free draining model indi-
cates that 7y is proportional to o?, but eq 2 for the non-
draining model predicts 7, « a®. Slnce the behavior of
the blends is expected to be close to the free- drammg
behav1or, we corrected the relaxation time assumlng the
a? dependence of 7,(hmc) with the data of o? reported
in the part 1. The values of 7 o(hmc)/a? are listed in Table
I and plotted in Figure 4 w1th solid symbols.

As shown in Figure 4 the values of 7,(hmc)/a? at the
highest molecular weight (PI-174) deviate upward This
is probably due to the entanglement effect, since M, of
5% solutions of cis-PI is estimated to be 1 X 10° w1th an
empirical relation M, « C™. Thus, we omitted the data
of PI-174 to determine the slope of the log 7, vs log M,
plots. The slopes thus determined for the blends of Imc
matrices of P1-02, PI-01, and PI-0.5 are 1.9 + 0.1, 1.7 +
0.2, and 1.7 % 0.1, respectively. If we correct the relax-
ation time assuming the o® dependence, the slope for the
PI-0.5 blends becomes 1.5 + 0.1.

Equations 1 and 2 indicate that at the limits of non-
draining and free-draining, r,, is proportional to M,'*®
and M_%°, respectively. The above results indicate that
in the matnces of PI-01 and PI-0.5 the slope is close to
the Zimm behavior. The slope decreases with decreas-
ing M, of the matrix as expected. We may say that in
the matrix of cis-PI with M,, = 1600 (PI-02) the hydro-
dynamic interactions are almost shielded, but in the matrix
of PI-0.5 with M, = 450 the effect is not shielded. Thus,
the critical molecular weight for the onset of hydrody-
namic shielding is estimated to be ca. 1000 for cis-PI.

Concentration Dependence of Relaxation Time. In
the above discussion, we neglected the concentration
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dependence of the relaxation times 7,(hme). Figure 5
shows the results on PI-101/P1-02. According to Muth-
ukumar and Freed,?3¢ the concentration (C) depen-
dence of the relaxation time r, of the pth normal mode
is

7, = 1,01 + CAp™) (10)

where rp° is the relaxation time at infinite dilution and
A and « are parameters depending on the molecular weight
and the excluded volume effect. In the present case, 7,
corresponds to 7,, and hence r,(hmec) is linear to CA.
The result shown in this figure is in good agreement with
eq 10. From Figure 5, we find that the logarithm of
7,(hmc) at C = 5% is longer than 7,° by 0.22 decade.
Since A is proportional to M®1, we can correct the relax-
ation times plotted in Figure 4 to the values at infinite
dilution, where v is the excluded volume parameter. How-
ever, the correction is small and unimportant for Imec with
M, < 50 000.

Previously, the value of A was determined to be 10.1
for solutions of PI-101 in moderately good solvents, and
for hexadecane and eicosene A was estimated to be 17.2
and 17.1, respectively.®® The value of A in the PI-02 blends
is smaller than those in moderately good solvents. This
is in harmony with the Freed—Muthukumar theory, which
predicts that A increases with the solvent quality.

Distribution of Relaxation Times. Figure 6 shows
representative loss curves for the Imc/hme blends. The
¢’ of the Imc is reduced to the value of the pure state.
The tails of the loss curves are somewhat ambiguous
because of unavoidable experimental errors. The half-
widths of these loss curves are in the range from 1.5 to
1.85 and are approximately the same as those for mono-
disperse samples of reasonably narrow molecular weight
distribution.* We conclude that the distribution of relax-
ation times may not be seriously affected by a change in
environment. Recently, Watanabe and Tirrell'? indi-
cated that the distribution of relaxation times g(r) is inde-
pendent of constraint release on the basis of their model
of configuration-dependent constraint release. The present
result is in harmony with their theory.

Conclusions

1. Inthe blends in which a small amount of short cis-PI
chains with M > M, is dissolved in matrices of long chains,
the normal mode relaxation time 7, of the short chains
is proportional to M3°, which conforms to the original
tube theory.

2. The relaxation times of the short chain in the matri-
ces of long chains are enhanced several times longer than
that for the corresponding monodisperse short-chain cis-
PI. This enhancement can be ascribed due mainly to
the absence of constraint release effect in such blends.
The Graessley theory approximately explains this behav-
ior, especially the increase in the relaxation times.

3. On the other hand, when a small amount of long-
chain cis-PI is blended with short-chain cis-PI with M
= M,, hydrodynamic interactions appear to prevail when
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M, < 1000. Otherwise, the long chains conform to the
Rouse behavior.

4. The distribution of relaxation times of a small amount
of short-chain cis-Pls in binary blends with long-chain
cis-Pls is almost the same as that for the monodisperse
cis-Pls.
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