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For the modeling of chain dynamics in binary polymer
melts, it has been found that, in addition to reptational
motion,! the effects of constraint release?~% and orien-
tational coupling® 8 need to be considered. Orienta-
tional coupling is the presence of segmental orientation
of short chains after the release of macroscopic stress
imposed on this species. In a recent paper,® we reported
a study of the relaxation behavior of bidisperse tempo-
rary networks using simultaneous measurement of IR
birefringence and dichroism. Chemical moieties capable
of forming binary hydrogen bond complexes (phenyl-
urazole units, PU; Figure 1) were attached randomly,
and the orientational coupling coefficient ¢%'2 became
a function of temperature and sample composition
(which is not the case in simple miscible binary blends®#).

Thus, orientational coupling may be described as a
sum of two contributions, one of them being the intrinsic
coupling also found in other binary blends (which is a
function of neither temperature nor sample composition)
and the other being attributed to the binary interchain
complexes which are formed by the interaction of PU
groups.

To further explore this phenomenon, samples with
higher fractions of stickers were prepared in order to
establish a relation between the numbers of stickers per
chain and the coupling coefficient.

Materials and Methods

A detailed description of the rheooptical technique has been
published.’® The polybutadienes, their chemical modification,
composition of the binary mixtures, and the experimental
procedure are identical to the ones reported® except that
samples with degrees of modification of 2, 3, and 4% were
investigated here (e.g., 2, 3, and 4% of the repeating units
bearing urazole groups, respectively). The terminal relaxation
times of the single blend components at the two experimental
temperatures are listed in Table 1.1!

In all experiments, data were collected for 10 s and normal-
ized to the first data point after the strain step. For the
determination of the coupling coefficient, ¢, only the data points
collected well after complete relaxation of the pure short
component were taken into account.

Results and Discussion

The orientational coupling coefficients ¢, as obtained
by the graphical determination method described ear-
lier,%12 are listed in Table 2. Each value represents a
mean of six to eight independent experiments. The
experimental errors of these mean values are smaller
than +£0.05. For comparison, the results for 1% modi-
fication taken from previous work® are included.

The data agree with our previous finding that the
polar stickers increase orientational coupling. In ad-
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Figure 1. Formation of hydrogen bonds between urazole
units.

Table 1. Terminal Relaxation Times of the Single-Blend
Components at the Two Experimental Procedures
(PBxy—PUz; xy Indicates Molecular Weight x 1000, 2
Indicates Percentage of Repeating Units Bearing
Stickers; in dPBxy, 70% of the CH; Groups Are

Deuterated)
polymer 79 at —2 °C (s) 73 at —20 °C (s)
PB28—-PU1/dPB29—-PU1 0.1 2
PB28—-PU2/dPB29—-PU2 0.25 2.5
PB28-PU3/dPB29-PU3 0.45 3.5
PB28—-PU4/dPB29-PU4 1.5 5
PB109-PU1,2,3,4 =250 =500

Table 2. Orientational Coupling Coefficients for
PB109—PU/PB28—PU Blends at Different Degrees of
Modification, Temperatures, and Sample Compositions

PB109/ 1% PU 2% PU 3% PU 4% PU
PB28 (%) ~2°C ~20°C —-2°C —-20°C —2°C —20°C ~-2°C —-20°C
70/30 070 072 070 0.81 0.84 097 0.87 097
50/50 066 070 069 076 081 092 084 1.0
30/70 060 064 061 0.68 068 076 076 1.01
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Figure 2. Determination of ¢ for PB109—PU4/PB28—PU4 50/
50 at —20 °C (the straight line represents the linear regression
of the data points in order to obtain ¢).

dition, the increase in ¢ for increasing fraction of long
chains has been reconfirmed as well as the increase in
¢ with decreasing temperature. Therefore, the proposed
relationship € = €jntrinsic + €excess'> Seems to be valid.
Furthermore, the data listed in the table show a
significant dependence on the degree of modification
(e.g., the number of stickers per chain). This depen-
dence leads up to the coupling coefficient of 1 for 4%
modification at —20 °C, indicating complete coupling of
segmental orientation of the short-chain species (probe)
to the segmental orientation of the long-chain species
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Figure 3. Orientational coupling coefficients versus degree
of modification at —20 °C (the line at ¢ = 1 represents complete

coupling of the segmental orientation of the probe to that of
the matrix; x = degree of modification).
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Figure 4. Orientational coupling coefficients versus degree
of modification at —2 °C (the line at ¢ = 1 represents complete
coupling of segmental orientation of the probe to that of the
matrix; x = degree of modification).

(matrix). A typical example for this is shown in Figure
2.

Figures 3 and 4 show plots of the orientational
coupling coefficient versus degree of modification for
—20 and -2 °C, respectively. A line at ¢ = 1 indicates
complete coupling.

These plots together with results of Ylitalo et al.,}¢
Jacobi et al.,'® and Sotta et al.!® may lead to a possible
explanation of the nature of the observed increase in
orientational coupling. In the cited publications,!4~16
the authors independently found coupling coefficients
of ¢ = 1 for different systems whenever the shorter
species in their bimodal samples was below the en-
tanglement molecular weight (M.). Ylitalo et al.l* found
that the coupling coefficient then decreases as soon as
the molecular weight of the shorter component is close
to the entanglement molecular weight and then reaches
a final value independent of the molecular weight as
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both chain species are longer than M,. This result is
important for the interpretation of our data. The
polybutadiene components used in this study (M, =
109 000 and M,, = 28 000) are both well above the
entanglement molecular weight for 1,4-polybutadiene
(M. ~ 190017). IR spectroscopy demonstrated that only
a certain percentage of urazole groups is incorporated
in binary hydrogen bond complexes. From the IR data
(taken at 20—100 °C) the fraction of polar stickers which
is not included in complexes may be estimated to be 0.21
at —20 °C. At about 3.3% modification of the polybuta-
diene chains there is one bound urazole group (and thus
one effective contact) per entanglement spacing on
average. Figure 3 shows that this is exactly the lowest
degree of modification where a coupling coefficient of ¢
= 1 would be obtianed. This demonstrates that with
one effective interchain contact per entanglement the
same degree of coupling, as is the case of oligomers in
entangled matrices, is present.
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