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ABSTRACT: Dynamic heterogeneity in miscible blends was investigated by the use of dielectric relaxation
spectroscopy for blends composed of poly(vinylethylene) (PVE) and various polyethers, i.e., poly(butylene oxide)
(PBO), poly(isopropy! glycidyl ether) (PiPGE), pohybutyl glycidyl ether) (PnBGE), and poligrt-butyl glycidyl

ether) (PtBGE). All polyethers are type AB polymers and exhibit both the dielectric normal- and segmental-
mode relaxations, but PVE exhibits only the segmental relaxation. The data indicate that the loss curves for the
segmental relaxation of PVE/PBO blends are bimodal in the range of PBO content less than 0.25. Since the
dielectric relaxation strength of PBO is much higher than that of PVE, unimodal loss curves are seen at high
PBO content. The effective glass transition temperatures for the fast and slow modes estimated with the Lodge
McLeish model agree fairly well with the temperatures at which segmental relaxation times become ca. 100 s.
The ratio of the relaxation times for the normal and segmental modes/lagj{ncreases with increasing content

of PVE. The correlation length of concentration fluctuation has been deduced to be 1.0 nm from the behavior of
broadening of the relaxation spectra for the segmental and normal modes of PBO. In blends of polyethers such
as PnBGE/PtBGE, the loss curves for the segmental modes are unimodal but are asymmetrical when the fraction
of one componentis 0.25 or 0.75. The asymmetrical loss curve can be attributed to the bimodal relaxation spectrum
even though the loss curve is unimodal. The separation between the fast and slow modes in blends of the polyethers
has been estimated by utilizing laglts) as a tool to estimate the location of the segmental loss peaks of the
components.

Introduction system by using an adiabatic calorimeter. Sakaguchi®tdéo
Understanding of molecular dynamics in blends of miscible observed bimodal behavior for the glaSS transition in PI/PVE
polymers is an important issue of polymer physics. Until about blends. Thus, the dynamic heterogeneity can be also observed

10 years ago, it was believed that miscible polymer blends for glass transition of miscible blends.

exhibit single glass transition and a unimodal dielectric or  Dynamic heterogeneity in the terminal chain dynamics of the
mechanical loss cun? It has been also known that the components has been also investigated by measurements of
relaxation spectra of miscible blends become much broader thanrheology, diffusion, infrared dichroism, and dielectric relax-
those of the components and that the tirtemperature ation14.15.22.24,.3443 Hjrose et al. reported the dielectric normal
superposition principle does not héitP Although this criterion mode relaxation of the PI chains in blends of PI/P\H was

for judging miscibility of a blend was adopted long, Alegria et found that the shape of the loss curve for the normal mode is
al.” found that this criterion does not hold in miscible blends of independent of the composition, indicating the correlation length
cis-polyisoprene (PI) and poly(vinylethylene) (PVE) which of concentration fluctuation is less than the dimension of the
exhibit bimodal dielectric loss curves for the local segmental Pl chain. The data for PI/PVE also indicate that the ratio log-
relaxation @ relaxation). Similar dielectric behavior was (rJty) of the segmentalrf) and terminal chain dynamicasj is
observed for blends in which the difference of glass transition almost independent of the composititr-owever, the distinct

temperaturesTy of the components is larger than 708K temperature and composition dependences of the local and
Dynamic heterogeneity was investigated by using methods otherglobal motions are found in several blend systéA?4:3443 He
than dielectric spectroscopy, i.e., rheold§y/ NMR,18-24 et al?2224studied the monomeric friction coefficient for the global

ESR?5 neutron scattering?2® and thermally stimulated depo-  motions and the correlation time for the local segmental motions
larization curren’ In those studies, the fast and slow modes for PI/PS blends and found that the local segmental dynamics
due to the low- and higfly components, respectively, were is heterogeneous but the terminal dynamics is homogeneous.

observed. Such a behavior of distinct dynamics of the compo-  For pure polymers the temperatufedependences of the
nents has been also known for polymer/diluent systé#.  relaxation times for the segmentats( and terminal chain
However, Zhang et &R3! reported that blends in which  dynamics ¢,) have been examined for various polymers with
hydrogen bonds are formed between components exhibit uni-the dielectric methatt 47 and the rheological methdd. % The
modal o relaxation despite the large difference f of the results of those studies show that the temperature dependences
components. As is well-known, segmental dynamics is closely of segmental mode and terminal mode are different figar
related to glass transition. Recently, Taniguchi étabserved  However, log¢4z,) becomes almost independent of temperature
a double stepwise increase of the heat capacity for the PS/toluengyithin the deviation of£0.3 decades in th& range ofT > T,

+ 30 KA# 8|t is stressed that in the present study was made
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dynamics in blends is more complex than that in pure polymers.  Table 1. Weight-Average Molecular WeightM,,, Polydispersity
Several theories have been proposed to explain the dynamic ndex Mu/Mn, and Glass Transition TemperatureTq of Polymer

heterogeneity in miscible blend8%53 Zetsche and Fisch&r Samples

proposed a theory of the mechanism of broadening of the code 10°Mw Muw/Mn Tg

relaxation spectra of miscible blends considering Gaussian PVE-89 89 1.07 269

distribution of local concentration. Roland and Ngakplained PVE-31 31 1.07

the broad relaxation spectra of PS/PVME blends using the Egg:iz 12%, 1122% 199

coupling model. Kumar et &F extended the Zetschd~ischer PBO-20 205 1.08

model by considering cooperative volume. Chung et8al. PBO-50 50 1.31 199

proposed a self-concentration model to explain dynamic het- PiPGE-22 22 1.55 206

erogeneity of a miscible blend. This model was developed by ~ PnBGE-25 25 1.49 194

Lodge and Ml cisf nects o
The studies of dynamic heterogeneity so far reported indicate

that dynamic heterogeneity in miscible blends depends on the Table 2. Miscibility of Blends with 50/50 Compositior?

chemical structures of the components. Therefore, studies for  ¢ode PVE PBO PiPGE PRBGE PtBGE

more variety of miscible blends are needed. In this study we PVE — T o

report the dynamic heterogeneity on blends composed of two pgo _ T

polymers chosen from PVE and four kinds of polyethers, PiPGE -
namely, poly(butylene oxide) (PBO), poly(isopropyl glycidyl PnBGE

ether) (PiPGE), polytbutyl glycidyl ether) (PnBGE), and poly- PIBGE

(tert-butyl glycidyl ether) (PtBGE). These sample polymers have  20: opaque; T: transparent.
different Tgs ranging from 194 to 269 K, and our preliminary

| 4—0
I 4-4-0

experiments indicate that they are miscible. Recently, we have G DA PP ReA RS RRE
reported the dielectric behaviors of these polyethers in the pure [0 PtBGE-37/PBO-12
state?’ In this paper we report both the segmental dynamics 260 |4 PtBGE-37/PiPGE-22

| A PtBGE-37/PnBGE-22

and the terminal chain dynamics of the components in the
blends.

Blends used in this study are classified into two categories: v 240
one is the PVE/PBO system, and the other is the blends [:m [
composed of the above-mentioned polyethers. In the former the 220

dipole moment of PBO is much higher than that of PVE, and
hence the dielectric spectra reflect only the dynamics of one
component PBO in the range of weight fractiepgo of PBO
larger than 0.25. We have also investigated the behavior of so-

called dilute blends withwpgo < 0.25. In the blends of the teo b
second category, the dipole moments of the components are 0 02 04 06 08 I
similar butTgs are different. We will examine the effect o w

difference of the components on the segmental dynamics.  Figure 1. Dependences dfg on the contentv of PVE or PtBGE in
the blends. The solid lines are the KWegquation (eq 1).

Experimental Section

components were judged to be immiscible. The results are given
in Table 2 in which “T" and “O” indicate “transparent” and
A X . “opaque”, respectively. The blends judged to be miscible were
small amount of dipiperidinoethane (DPE) (DPE/BuLi molar ratio  her tested by DSC and confirmed that the blends exhibit a single

= 5/1) at 0°C.> The polymerization reaction was terminated with g3 transition. The DSC thermograms exhibit no peaks due to
methanol. All samples were precipitated by pouring heptane crystallization and melting. However, the data of the interaction
solutions in excess methanol and then dried under a vacuum. TOp a2 meters of these blends are not available at present.

prevent oxidation, the PVE samples were dissolved in benzene anop Glass Transition of Blends.Glass transition temperaturd
added a small amount (ca. 0.1%) of 2, Gefi-butyl-4-methylphenol *  of the plends of PVE/PBO, PnBGE/PBGE, PBO/PIPGE, and
as the stabilizer. Then the benzene solutions were freeze-dried. pipGE/PtBGE were measured by DSC (Seiko Instruments &
PBO, PIPGE, PnBGE, and PtBGE were prepared by ring-opening glectronics Ltd., DSC-20, Japan) at a heating rate of 10 K/min
polymerization of corresponding epoxides by using potassium 5 jisted in Table 1. The dependencesTobn the composition
hydride as the initiator and 18-crown-6 as the catalyst in tetrahy- 5.0 plotted in Figure 1. All DSC curves aroufig were single
drofuran®® All those reagents were purchased from Aldrich. Details sigmoid. A double-step increase of the heat capacif atas not

of synthesis and characterization were reported previdtSlgmple observed due to low sensitivity of the DS&22 The experimental

characteristics are shown in Table 1. All polyethers used in this Tys do not conform to the familiar Fox equatimhich predicts

study have structure represented-d€HR—CH,—0J,—, and the 7—9 K higherT, than the observed one at= 0.5. Therefore, we
chemical structures of the side group R are represented as followsiiyieq the data to the Kwef equation for blend composed of A
PBO, —CH,CHjs; PIPGE,—CH,OCH(CH),; PiPGE,—CH,OCH- and B:

(CHy),; PIPGE,—CH,OCH(CHg),; and PtBGE;—~CH,OCH(CH)s.

The samples are perfectly amorphous, and no crystallization was A B
observed by DSC. T = (A —w)Ty" + kwTg
Preparation of Blends and Their Miscibility. For all pairs of 9 1 —w) + kw

polymers listed in Table 1, the miscibility was tested by visual

observation. The blends having the 50/50 composition were wherew is the weight fraction of B an# andq are the parameters.
prepared by solution cast from THF solutions. We judged the The fitting parameters are listed in Table 3.

miscibility of a pair of polymers by testing whether the blend was Dielectric Measurements.Measurements of relative dielectric
transparent or opaque; i.e., when the blend was opaque, theconstante’ and dielectric loss factas” were made by using tW&DV

Materials. PVE was prepared by anionic polymerization of
butadiene withsecbutyllithium (BuLi) in n-heptane containing a

+aw(l —w) @
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Table 3. Parameters of Eq 1 for Blends 0015 a o 2507 K AL
blends k gK o 265.0

PVE-89/PBO-50 1.00 —46.3 m274.7

PtBGE-37/PBO-12 1.08 —47.0 4 280.5 ]

PtBGE-37/PiPGE-22 1.00 -217 0OTE 42907 1

PtBGE-37/PnBGE-25 1.00 —34.3 - s ]

L AT %
RLC meters (QuadTech, models 1693 and 7600) in the frequency ‘*:\.ﬁ‘ B P
range from 10 Hz to 2 MHz. Details of the method were reported 0,005 . —-—-—-—J*""h“j
previously4” The capacitance cell and cryostat for measurements ' 8 5 AR
of viscous liquids were reported previousfin some samples’ : /g“"‘“_.“ e,
increased in the low-frequency region due to the ionic conductivity . T vt ]
o. We corrected the contributiost’, = o/(2meof), whereeg is the ) o
absolute dielectric constant of vacuum drttie frequency in Hz. oo ‘1‘6100 ]64 T
First,o was estimated by assuming tldtat the lowest frequency 0.06 N . .
(10 Hz) was totally due to the ionic conduction. Then a slightly ‘b e 239 ]
smaller value than thus-estimatedvas used in calculation of eq 005 | o 251 1
1 to avoid overestimation af. L 1
C 4 265

Results and Discussion 004 SNeFS ]

1. Dielectric Relaxations of PVE/PBO BlendsThe dielec- t
tric behaviors of PVE/PBO blends were examined by using three
PBO samples having different molecular weights (MW). When
it was needed to erase the effect of the normal mode, a high-
MW sample of PBO-50 exhibiting the normal mode relaxation

in low-frequency/high-temperature regions was used. On the 8

other hand, when we needed the data of both the segmental LA

and normal modes, PBO-20 and PBO-4 were used. 0 100 1000 10* 10°
PVE-89/PBO-50 Blends.Figure 2 shows the temperature f/Hz

dependences of" for PVE-89/PBO-50 blends with various  gigyre 3. Frequency dependencesdfof (a) PVE-89/PBO-50 (90/
compositions. In this figure, the baselines are shifted upward 10) blend and (b) PVE-89/PBO-50 (75/25) blend.

by 0.06, 0.04, and 0.02 for the' curves of blends with PVE

contents of 50, 75, and 90 wt %, respectively. As mentioned and PBO, respectively. It is noted tha@y difference (AT)
above, PBO-50 exhibits the normal mode relaxation at high between PVE and PBO is 70 K, which is similar to that of PVE/
temperature, and hence the observ€dpeak is due to the Pl blends. However, in PVE/PI blends, the bimodal loss peak
segmental mode relaxation of PBO and PVE. The gradual is observed in the PI (loWy component) rich region, in contrast
increase ot" in the range above 300 K is due to both the normal to PVE/PBO blendg.

mode of PBO and ionic conduction. It is seen thatdheurves Figure 3a shows the frequency dependences’ dbr PVE-
of blends with weight fraction of PVEveve = 0.75 and 0.90  89/PBO-50(90/10). Unfortunately, the noise level is high since
are bimodal as indicated by the arrows, but in the ramgg- the intensity ofe” is low. Therefore, the data points obtained

< 0.75 thee” curves are unimodal. Since the dielectric relaxation in the range from 100 Hz to 100 kHz where the S/N ratio is
strength of PBO is much stronger than that of PVE, we can relatively high were used. In this figure we can see the loss
observe bimodal loss peaks only in the region wheses > peak due to the fast mode wh&n< 250 K. At T = 275 K the
0.75. The relaxation processes corresponding to the high- andother loss peak due to the slow mode appears around 100 Hz
low-temperature loss peaks are designated the slow and fastind moves to high frequency with increasifigThee”” curves
modes, respectively. From the composition dependences of theof the PVE-89/PBO-50 (75/25) blend also exhibit the bimodal
intensities, the slow and fast modes can be assigned to PVEloss peak composed of the fast and slow modes, as indicated
by the arrows shown in Figure 3b. The relative intensity of the
slow mode becomes low due to the increase of PBO content.
In Figures 2 and 3 the relative intensities of the fast and slow
modes change with composition, supporting the assignments
of the modes. The assignments have been confirmed from the
relaxation strengthée of the components which have been
calculated by fitting the frequency dependence curves to the
Havriliak—Negami (HN) equatiof? The relaxation strengths
for the fast and slow modes are proportional to the content of
PBO and PVE, respectively, indicating that the fast and slow
modes are due to PBO and PVE.
The Arrhenius plot of the loss maximum frequerfgy for
the fast mode and thdt s for the slow mode for 90/10 and
350 75/25 blends are shown in Figure 4. The separationflgg(
7K f'mg of the fast and slow modes in the 90/10 blend is 3.5
Figure 2. Temperature dependences:bffor PVE-89/PBO-50 blends decades at 1000/= 3.7. Thus, the segmental dynamics of the

at 1 kHz. The baselines are shifted upward by 0.06, 0.04, and 0.02 for S :
the ¢ curves of blends with PVE contents of 50, 75, and 90 wt %, PBO chains is much faster than that of the PVE chains. We

respectively. The dashed line indicates the temperature of loss peak of@ttempted to estimate the dielectric glass transition temperature

pure PBO at 1 kHz. Tp, which is defined as the temperature at whiﬁ:.rbecomesCDV
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Figure 4. Arrhenius plots of the loss maximum frequendig$or the Figure 5. Normalizede" curves for PVE-89/PBO-4 blends. The arrows
bimodal loss peaks of PVE-89/PBO-50 with compositions of 90/10 indicate the loss maximum frequencies of the normal mode of PBO-4
and 75/25. in the blends.

Table 4. Dielectric Glass Transition TemperatureTp and the 0.44. It is noted thaps and Ty of cis-polyisoprene (PI) are 0.45

Effective Glass Transition Temperature Tq—erf 0f PVE/PBO Blends : .
— and 200 K, respectively. Therefore, the PVE/PBO system is
composition To To Tg-e(PBO)  Ty-er(PVE) similar to the PVE/PI system. For the PVE/PI system, it is
90/10 228+ 4 256+ 4 221 258 difficult to observe the dynamics of PI in the PVE-rich region
75/25 221+4  248+4 216 247 by the dielectric method, saypve > 0.5. This disadvantage

1072 Hz. As is well-known,Ty corresponds to the temperature may be COV‘?red by PVE/P.ETO blends.
at which the segmental relaxation time becomes the time scale The effective glass transition temperatu'ﬂ'g_seﬁ atthe PBO
of DSC measurements, namely 100fs € 1/(277) ~ 10°9). content of 0.1 and 0.25 have been determined and compared
We extrapolated the Arrhenius plots with the aid of the Vegel Wlth the dielectric glass transition temperatures. The results are
Fulcher equatiofi®6! listed in Table 4. For 90/10 and 75/25 blends, the valuesef
have been calculated with eq 3, and tlggn is converted into
B the weight fraction. Thus, the values Tf-ef at ¢err Were read
T-T, ) from Figure 1. Here we assumed that the density of the blends
was given by the weighted average of 0.89 géror PVES?

whereA, B, and T, are the parameters. Since data points are and 0.98 g cm® for PBO* As is seen in Table 4, the Lodge
scattered in Figure 4, it is difficult to determine the reliable McLeish model explains fairly well the present experimental
values of the parameters. TherefokeandB are assumed to be ~ results. Lodge and McLei8hcalculatedTy-eir Using the Fox
equal to those for the fast mode of the PVE-31/PBO-20 blend equatiorr? If the Fox equation is used to calcul@ifeer without
(75/25) which will be described later (see Figure 6), ie= using the experimental data_l given in Figu_re_l, the calculated
11.9 andB = 566 K. OnlyTy is assumed to be adjustable. Thus, Values ofTg—e agree well withTp and T'p within £1 K.
estimated Arrhenius plots are represented by the solid lines in  Relationship between Normal and Segmental Modes in
Figure 4.Tp for the fast mode and@’p, for the slow mode are PVE/PBO Blends. Since the dielectric response of PBO is
listed in Table 4Tp andT'p correspond to the temperatures at dominant in PVE/PBO blends witlvpgo > 0.25, we can
which segmental motions of the PBO and PVE chains are frozen€xamine the effect of blending on the relationship between the
in. Although the PBO chains are mostly surrounded by the PVE relaxation time of the normal mods and that of segmental
chains in the 90/10 blend, the PBO chains move much faster modes for the one component namely PBO. The dynamical
than the PVE chains. In the ran@ig < T < T'p, the segmental ~ behavior of PVE is invisible.
motions of PBO are not frozen in, but the PVE chains are in ~ Figure 5 shows the"" curves of PVE-89/PBO-4 blends. The
the glassy state. Dynamics in such the nonequilibrium state hascurves are normalized by the maximum vakiax and loss-
been reported for blends of poly(methyl methacrylate) (PMMA)/ Maximum frequencyms for the segmental mode. As indicated
poly(ethylene oxide) (PE@}233%nd PS/PVME blendgl0.1213 by the arrows, the separation I6g{fmn) of the loss-maximum
Lodge and McLeis? explained the dynamic heterogeneity frequencies between the segmental and normal modes increases
on the basis of the concept of self-concentration. The model With increasing PVE content. The difference of gffmn)
assumes that the friction for the A chains in a miscible blend between pure PBO-4 and the 50/50 blend is 0.50 decade.
composed of A and B is determined by the local concentration A similar test was also made for PVE-31/PBO-20 blends. In

logf,=A—

¢ in the local region of the cube of the Kuhn |enw those blends the value of |d&€/fmn) becomes wider than our
surrounding the A-segment. The effective local concentration €xperimental window, and hence lég{fm)) has been deter-
(volume fraction)gest of the A-chains is given by mined by extrapolation of the Arrhenius plot (Figure 6).
The solid lines in Figure 6 show the fitting curves to the VF
Do = O+ (L — ) 3) equation. First, the parameteks B, and Ty for the segmental

modes were determined as listed in Table 5. Second, the
wheregs is the volume fraction of the A-chain in the volume parameter® andT, for the normal mode were assumed to be
of 42 and¢ is the average concentration of A. The valuepgf the same as those of the segmental modes, and Ankas
for PVE is reported to be 0.23.For PBO, the unperturbed assumed to be adjustable. Thus, the solid lines for the normal
dimension was reported by Matsushima €@ddrom their data, and segmental modes for each composition change keeping log-
the characteristic rati6., and of the PBO chain are calculated  (fmdfmn) constant. To minimize the error due to extrapolation,
to be 5.23 and 0.784 nm, respectively. Thisof PBO becomes the values of loddfmn) have been determined at 256 K, Whi&kbv
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(fndfmn) increases slightly with increasing PVE content. The
difference of logindfmn) between pure PBO and the 50/50 blend

. is 0.5 decade. It is stressed that and fn, change several
decades with temperature and composition, but the temperature

E 51 1 and composition dependences of lpgfmn) are very weak.

> F The relationship between the terminal chain dynamics and
NI 9 local segmental motions was investigated by Verdier and
2 Stockmayer, who performed a computer simulation for a chain

1 consisting ofN beads placed on the lattice points of a cubic
lattice 5 Each bead jumps randomly to one of the neighboring
9 lattice points. The successive occurrence of random local jumps
of the beads results in fluctuation of the end-to-end distance.
1 They found that although the model is quite different from the
bead-spring model, the terminal relaxation timeis propor-
tional to N2 conforming to the Rouse theof:

25 3 35 4 45 5

10007 /K 7, = K(N — 1Yr, 4)
Figure 6. Arrhenius plots of the loss maximum frequendig$or the

segmental mode (closed keys) and the normal modes (open keys) foryhereK is the constant close to unity amglis the correlation

PVE-31/PBO-20. The compositions (w/w): circle, 0/100; triangle, 25/ . - . . -
75; quadrangle, 50/50; and inverted triangle, 75/25. The solid curved t|me2for lO(.:al jump of the beads._ Sinbe>1, 7. is proportional
lines represent the VogeFulcher equation (Table 5). The straight line 10 N °7o. It is reasonable to consider that one bead of the theory

indicates the Arrhenius plot for the process of the 50/50 blend. corresponds to average unit of segmental dynamics consisting
of several monomer units and that the experimentally observed
70 (=1/(2nfny) and s (=1/(27fng correspond tor; and 7o,
8 ] respectively. This equation explains well the present experi-
PVE-31/PBO-20 . : i
b . ] mental results, i.e., although changes rapidly with temperature
* * and compositionf,dfmn remains almost constant. The dielectric
data for PI/PVE blends indicate th&tdfnn for Pl is almost
4L ] independent of composition, and therefore the result can be also
explained by eq 4. We expect that the size of the segment
changes with composition depending on the intermolecular
PVE-80/PBO-4 ) ;
3F - ] interactions between the components. In such a dédepends
. - on the composition and hené&g/f,, depends on the composi-
tion.
24 02 04 o6 08 ] The VerdierStockmayer approach may work for the case
W where the differences between the composition and temperature
Figure 7. Composition dependences of the separation offlggnd dependence of the segmental and normal-mode frequencies are
log fmn in PVE/PBO blendsw denotes the weight fraction of PVE. apparently small. Several cases whigrg#m, depends strongly
it 21
Table 5. Dependence of_Parameters of the VogeFulcher Equation an lthe C(()jrrll_p(()jsgofn hadvteh btetehn :fggﬁéﬁo LUtf le(tj al: a_nd
on Weight Fraction w of PBO for PVE-31/PBO-20 aley and Lo g 0_un atthe segmenta Ynam'cs ar_e
almost composition independent, whereas the terminal dynamics

6 T T T

(f /f )
ms~ mn

log

segmental mode normal mode are dramatically reduced by the presence of PMMA. He et al.
w A B T A B To observed the strong composition dependencg®T in PI/PS
1 11.4 531 158.2 7.0 531 158.2 and polybutadiene/PVE blends whéris the friction coefficient

8';(5) ﬁ-g ggg igg-g g-g ggg igg-g for the terminal chain dynami@3:24Thus, there are two groups
: : : : : of blends: one is blends in which the composition and
0-25 119 °66 1665 70 566 166.5 temperature dependencef@ffnnis weak, and the other is those
exhibiting a strong dependence. We notice a strange coincidence
that in the former the segmental dynamics was measured by
dielectric spectroscopy, but in the latter NMR was used. This
difference in the technique of measurements might be the origin
of difference of the two groups. We speculate that the length
) scale of the segmental dynamics detected by NMR is shorter
The Arrhenius plot for thgg processes of the PVE/PBO (50/  tnan that detected by the dielectric method.
50) blend is shown in Figure 6. In our previous paper on the Broadening of Relaxation Spectra of PBO in PVE/PBO
dielectric relaxation of pure polyethet§we found that thex Blends.Parts a and b of Figure 8 show the normalizédurves
and relaxations of PiPGE and PtBGE merge at abodittif) for the segmental and normal modes of the PBO chains in blends
The f relaxation in the present blend occurs at much higher of pyE-31/PBO-20, respectively. It is seen in Figure 8a that
frequencies than the segmental relaxation, and hencgthe the ¢ curve for the segmental mode broadens markedly with
process in PVE/PBO blends does not affect much the segmentalncreasing PVE content, while that of the normal mode broadens
dynamics. As will be shown later, similar behavior was observed [iile. Since the observed’ is due to only PBO, the results
for the5 process in blends of PIPGE/PtBGE and PNBGE/PtBGE ¢annot be explained in terms of the distinct segmental dynamics
(see Figures 19 and 20). as proposed by the Lodgé/cLeish model (eq 3}2 The present
Thus, determined values of Idg¢fmn) are plotted in Figure result indicates that the distribution of segmental relaxation times
7 together with the results for PVE-89/PBO-4. We see that log- for one component broadens in blends due to local concentr&tg\r)

corresponds to 1000~ 3.8 (dashed line in Figure 6). In Figure
6 we notice that the Arrhenius plots for the normal modes in
the range of 2.8< 1000 < 3.2 deviate slightly upward from
the VF equation. Therefore, ldgk/fn,) depends slightly on
temperature.
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the normal mode of PVE-31/PBO-20 blends. A E
fluctuation. Zetsche and Fischéranalyzed the dynamic be- Ty R T T~ R
haviors of blends assuming a Gaussian distribution of local f/Hz

concentration. The results shown in Figure 8a,b indicate that Figure 10. Frequency dependence of for PBO-12/PtBGE (50/50).
the correlation lengtlg of concentration fluctuation is longer

than the relevant length of segmental motions but shorter thanpeak due to the normal mode of PBO-12(PBO)] is observed

the end-to-end distance of PBO-ZB(32 = 3.14 nm)®2 Similar around 270 K. The main peak is due to the segmental mode
behavior was observed for PI/PVE blerdslere it is interesting (ag) due to local segmental motions of PBO-12 and PtBGE-37.
to examine the'" curve of PVE-89/PBO-4 in which the end- In contrast to the PVE/PBO blends thgloss peak is unimodal
to-end distance of PBO-4 is 1.42 nm. In Figure 5 we see that at all composition. Th@ relaxation occurs around 150 K. Since
the ¢ curve for the normal mode of PBO-4 broadens with MW of PtBGE-37 is higher than that of PBO-12, the normal
increasing PVE content, in contrast to PBO-20. However, the mode relaxation of PtBGE-37 is expected to occur above 310
extent of broadening is not so large compared with the segmentalk at 1 kHz from the dielectric data of pure PtBGE-37 reported
mode, and henc@?¥? of the PBO-4 chains is close ®but previously*” Unfortunately, the ionic conductivity was too high
slightly longer thans. It is reminded that the Kuhn length of  to detect the normal mode of PtBGE-37.

PBO is 0.78 nm, which is assumed to be the size of segmental Figure 10 shows the frequency dependence'dfor PBO-
motions in the Lodge McLeish modeP3 From those dat&; in 12/PtBGE-37. The low-frequency peaks are the normal mode
PVE/PBO blends is estimated to be H#00.3 nm. A similar of PBO-12, and the increase df with increasing frequency is
value of the relevant length of the segmental dynamics was due to the segmental modes of PBO and PtBGE. Sirailaif
obtained for PI/PB blend.Since both of the bimodal behavior  curves were observed for the 75/25 blend. The normal mode of
and the broadening of th& curve of the component have been the 25/75 blend was very weak due to low content of PBO,
observed, the present results indicate that the dynamic hetero-and the reliable loss curve was not obtained for this blend. The
geneity arises at least from two origins namely the difference normal mode relaxation of PtBGE-37 is expected to occur
of intrinsic mobility of the components and concentration around 1 Hz at 265.8 K but was not observed clearly at all
fluctuation. compositions due to the ionic conduction.

2. Dielectric Relaxation in Blends of Polyethersin the Figure 11 compares th€' curves for the normalized'—f
previous section the bimodal segmental mode has been observedurves for the segmental mode of PBO-12/PtBGE-37. As
for PVE/PBO with the content of PBO less than 25 wt %. In mentioned above, the segmental mode is unimodal. We see that
PVE/PBO,ATy of the components is 70 K, and the intensity of thee€" curve of the 75/25 blend is broad in the low-frequency
PBO is much higher than that of PVE. In this section we side, but conversely, thé' curve of the 25/75 blend is broad
examine the behavior of blends in whitfTy is less than 70 K, in the high-frequency side. Th&' curve of the 50/50 blend is
but the components exhibit similar dielectric intensity. The high- broad and almost symmetrical. These behaviors suggest that
Ty component is PtBGE-37, and the Ioly-component is PBO-  the relaxation spectra of the blends consist of two relaxation
12, PiPGE-22, or PNBGE-25. Among these polyeth@gsof regions with intensities proportional to the contents of the
PtBGE is the highest (249 K) and that of PnBGE(194K) is the components. In other words, th& curves due to PBO and
lowest. Thus, the effect akTy ranging from 55 to 43 K onthe  PtBGE locate respectively at slightly higher and lower frequen-
dynamic heterogeneity has been investigated. cies than the loss-maximum frequerfeys of the blends. Since

PBO-12/PtBGE-37.Figure 9 shows the temperature depend- the relaxation times of the components are close¢thaurves
ences of¢'" at 1 and 10 kHz for the PBO-12/PtBGB7 (50/ become apparently unimodal.

50) blend. Unfortunately, the ionic conductivity was high as From those results for blends of PBO/PtBGE, ¢He-f curve
shown for thes” vs T curve at 1 kHz, and hence the correction of a miscible blend composed of type AB polymers | and Il is
of the ionic conduction was made. After the correction, the loss schematically drawn as shown in Figure 12. Here we consb&ﬁ\r/
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Figure 11. Normalizede" curves for the segmental mode of PBO-
12/PtBGE-37. Compositions are indicated in the figure.

Segmental mode

f’ms fms ]0 g f

Figure 12. Schematic representation of te-f curve of a 50/50 blend
composed of polymers | and Il which exhibit both the segmental and
normal modes.

the case that | and Il are low- and high-components,
respectively, and the composition is 50/50. The loss peaks 1
and 3 are due to the normal and segmental modes of the
component |, and the peaks 2 and 4 are due to the componen
Il'in the blend. On account of the distinct segmental dynamics
of I and Il, the locations of the loss peaks 3 and 4 are different.
The separations between the peaks 1 and 3 or between the peal
2 and 4 are determined fundamentally by the molecular weights
of the components: th& dependence of the separation is
governed by either the Rouse the®rgr the 3.4 power law
depending on the characteristic molecular wef§hthe data

of PVE/PBO in which only peaks 2 and 4 are observable
indicate that the separation increasesobf= ca. 0.5 decades

at 50/50 composition) with increasing content of PVE (see
Figure 7). We denote the loss-maximum frequencies for the
peaks 1, 2, 3, and 4 &S, fmn, T 'ms @ndfyg respectively. We
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Figure 13. Comparison of the frequency dependenceg dbetween

PBO-12/PtBGE-37 (50/50) and pure PBO-12. The curves are shifted

so that the peaks for the normal modes coincide. The solid line indicates

the loss maximum frequencies of the segmental mode of pure PBO.

The arrows indicaté&ns and the estimatefi,s of PBO-12 (fast mode)
in the 50/50 blend.
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li—slgure 14. Arrhenius plots of s andfy, for PBO-12/PtBGE-37 (50/

50).

peak frequencies for the segmental mode for the blend and pure
PBO is denoted a4, as shown in Figure 13. The present result
indicates that the components move at different rates even
though the loss curve of the blend is unimodal. Only whéi
of the components is large, the bimodal loss curve is dielectri-
cally observed.

Figure 14 shows the Arrhenius plots of the loss-maximum

also denote the loss-maximum frequency for the segmental modefrequencies for the 50/50 blend. It is noted that the Arrhenius

of the blend a$ s
Returning to the dielectric data of PBO/PtBGE, we attempt
to estimate the location of the PBO peak in #ie-f curve of

plots for the segmental mode of PVE/PBO (Figure 6) and those
for PBO/PtBGE (Figure 12) have different physical meanings:
in the formerfy,s for the fast mode is plotted but in the latter

the 50/50 blend. We assume that the separation of the segmentdF,s, which is a weighted average &fs andf'ns On the other

and normal modes lofyd/fnn) of PBO-12 in the 50/50 blend
(Figure 10) is 0.5 decade wider than that in the pure state. It is
noted that logindfmn) in PI/PVE blends is almost independent
of compositiont* However, this assumption is not harmony with
the results reported in refs 340. Thus, the assumption used
in the following discussion is a tentative working hypothesis.
Figure 13 shows the comparison of #ie-f curves between
PBO-12/PtBGE-37(50/50) and pure PBO-12. Hiecurve of
pure PBO has been shifted so that the peaks for the normal
modes of the blend and pure PBO coincide. As is seen in this
figure, the separation of the segmental and normal modes of
pure PBO provides a measure to estimate the peak posifion
of the segmental mode of PBO in the blend. Here we have

hand,fmn for the normal mode is due to only the PBO-12 chains
in the blend (see Figure 12). The plotskfs have been fitted

to the VF equation withA = 10.5,B = 367, andT, = 187.3 as
represented by the solid line. Fi, we have used the same
values ofB and Ty as those forys, and onlyA (=7.2) has
been changed. Thus, the solid lines in Figure 14 change keeping
log(fmdfmn) constant with temperature. We see that the data
points locate close to these lines. Since the VF equation conform
well to the Arrhenius plots for the segmental mode, extrapolation
on the basis of the VF equation is reliable. This behavior is
similar to that of homopolymers; i.€ydfmn is independent of
temperature in the range> Ty + 30 KA445We conclude that

in the range of audio frequency the separation between the

assumed that the separation of the segmental and normal modesormal mode of the component and the average of the segmental

of PBO in the blend is wider than that of pure PBO&{=0.5)

decade. For the sake of later discussion, the difference of theperature.

relaxation frequencies does not change appreciably with tem-
Cbv
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Figure 16. Frequency dependencedfof PNnBGE-25/PtBGE-37 (50/
50) in the temperature region where the segmental mode is observed.

Temperatures are given in the figure.
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Figure 15. Temperature dependencescbtffor (a) PIPGE-22/PtBGE-

37 and (b) PNBGE-25/PtBGE-37 blends at 1 kHz. The baselines are
shifted upward by 1, 0.75, 0.5, and 0.25 for #lecurves of the blends
with PtBGE contents of 0, 25, 50, and 75 wt %, respectively.

Blends of PIPGE/PtBGE and PnBGE/PtBGE.Figure 15
shows thes"—T curves for blends of PIPGE-22/PtBGE-37 and
PnBGE-25/PtBGE-37. Both blends exhibit unimodalpeaks
for the segmental mode at all compositions. Comparing these
blends, we see that the composition dependences of 'thé
curves for the segmental modes are similar; i.e.¢therl curves
for the blends with 75/25 and 25/75 compositions are broad in
the high-temperature side and low-temperature side, respectively
Especially thes”" —T curves of the blends with 25/75 composi-

of the components are simil&fthe behaviors seen in Figure

as observed for PBO/PtBGE blends.
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Figure 17. Normalizede” curves for the segmental mode of (a) PiPGE-
22/PtBGE-37 and (b) PNBGE-25/PtBGE-37. Compositions are indicated

in the figure.

pendence of the width of the loss curve for the segmental mode
tion exhibit the asymmetrical shapes. Since the dipole momentsis due to concentration fluctuation although the broadening is
due to both the distinct mobilities of the components and

15 indicate the distinct segmental dynamics of the componentsconcentration fluctuation. We consider that the ratid,pfor

the fast and slow modes is almost independent of temperature.

So far we have discussed the composition dependence of thé=or concentrated toluene solutions of poly(vinyl acetate), we
€' curves for the segmental mode of blends. Here we examinefound that the half-width of the loss curve of the segmental
the temperature dependence of the segmental mode. Figure 16node is proportional toT — To) 2, where Ty is the Vogel

shows the representativ€ curves for PNnBGE-25/PtBGE-37

temperaturé’ This dependence can be derived by assuming a

(50/50) in the temperature region of the segmental mode. It is Gaussian distribution of local concentratitn.

Parts a and b of Figure 17 show the normalizeef curves

This behavior was observed for all blends examined in this for PiPGE-22/PtBGE-37 and PnBGE-25/PtBGE-37 blends,
study. One may attribute this behavior to the distinct temperature respectively. The' curves which exhibit maxima at about 1
dependences of the fast and slow modes: the temperaturekHz have been used for this comparison. Althouhcurves
dependence of the slow mode is stronger than the fast mode broaden with decreasing temperature, the asymmetrical shapes
However, this view may be ruled out because even in the caseare almost independent of temperature. The composition de-
where only the fast mode is observable, the loss curve broadengpendences of the shapes of #ie-f curves are similar to the
much with decreasing temperature, as shown in Figure 8a.PBO/PtBGE blends (Figure 11), indicating that theseurves
Similar behavior is seen in blends of poly(vinyl methyl ether) are also composed of the fast and slow modes although the loss
(PVME)/PS, in which PS is dielectrically almost inactive, but curves are unimodal. It is noted that the ordinafycurve is

the dielectric loss curves of PS/PVME blends broaden much expressed by the HavliriakNegami equatiot? and is normally

with decreasing temperatutelherefore, the temperature de- broad in the high-frequency side. If this is taken into acco&rBV

seen that the" curve broadens with decreasing temperature.
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Figure 18. Comparison of the' curves of pure PNBGE-25 and the
blend of PNBGE-25/PtBGE-37 with the composition of 50/50 (w/w).

we consider that the almost symmetriedlcurve seen in Figure
17 has a broader distribution of relaxation times in the low-
frequency side.

Estimation of Relaxation Frequency of LowTy Compo-

log (fm/Hz)

1

”35“ ‘4 ”I4.5”“5
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nent. On the basis of the same procedure as applied to the PBO/process of the blend with 50/50 composition.

PtBGE blends, the"—f curve of PnBGE-25/PtBGE-37 (50/
50) has been analyzed. Figure 18 shows comparison of'the
curves between pure PnBGE-25 and the blend of PnBGE-25/
PtBGE-37 (50/50). The master curve &f has been used for
the blend to extend the frequency range. Usually the time
temperature superposition (tTS) is not applicable to blénds.
However, as seen in Figure 8b and also known for the PI/PVE
blendthe tTS principle holds for the normal mode if the MW

is high. Therefore, tTS has been applied only in the normal
mode region. Separation of the normal and segmental modes
of the blend has been determined by extrapolation of the
Arrhenius plot for the normal mode (Figure 20). In Figure 18
the €' curve for pure PNnBGE is shifted so that the peaks for
the normal modes of PNBGE and the blend coincide. We again
define the separations andd as shown in Figure 18 as defined
for the PBO/PtBGE blend (see Figure 13). Thus, we estimate
that f,s of the PNBGE chains locates around Ibg- 5.9, as
indicated by the arrow. Here we have assumed ¢hat 0.5
decade.

log (fm/Hz)

10007 '/K”!

Figure 19. Arrhenius plots for PIPGE-22/PtBGE-37 blends. The solid
and open keys indicate the segmental mdee)(of the blend and the
normal mode f,) of PiPGE, respectively. The compositions (w/w):
circle, 100/0; triangle, 75/25; quadrangle, 50/50; and inverted triangle,
25/75. The curved lines represent the Vogelilicher equation (Table

6). The straight line indicates the loss maximum frequency forsthe

Figure 20. Arrhenius plots for PnBGE-25/PtBGE-37 blends. The solid
and open keys indicatEnys of the blends andy,, of PNBGE in the

To determine the separation of the normal and segmentalblends, respectively. The compositions (w/w): circle, 100/0; triangle,
modes, the Arrhenius plots are needed as mentioned above75/25; quadrangle, 50/50; and inverted triangle, 25/75. The solid lines

Figures 19 and 20 show the Arrhenius plots of loss maximum
frequencies s (filled keys) andfmn (open keys) of the lovik,
component for blends of PIPGE-22/PtBGE-37 and PnBGE-25/

represent the VogelFulcher equation (Table 6). The straight line
indicates the loss maximum frequency for {hig@rocess of the blend
with 50/50 composition.

PtBGE-37, respectively. At 25/75 composition, the intensity of Table 6. Parameters of the VogetFulcher Equation for PiPGE-22/

the normal mode was too weak to determifg and therefore

PtBGE-37 (PiP) and PnBGE-25/PtBGE-37(PnB)

only the values ofns have been plotted. From these plots the segmental normal mode
separation lodtmdfmn) between the segmental and normal modes  code w A B T A B To
has peen determined by extrapolqtlng the plots. For this purpose p;p 1 139 729 1610 7.2 455 1810
we fitted the plots to the VF equation (eq 2), and the parameters pjp 075 139 781 1644 91 781  164.4
of the VF equation are listed in Table 6. To minimize the error ~ PiP 050 139 827 1703 9.0 827 1703
of extrapolation of the Arrhenius plots, Idgfdfnn) has been pip- 025 116 484 2018
determined at a temperature at which the extrapolations for botn 28 1 112421 1620 7.2 458 162.0
P polatio PnB 075 121 562 1571 7.6 562  157.1
of the normal and segmental modes become minimum. For png 050 133 769 157.6 9.3 1049 122.0
example, logtmdfmn) of PNBGE-25/PtBGE-37 (50/50) has been  PnB 025 132 677  188.0

determined at 1T = 3.8.

Figure 21 shows the composition dependence oHgaglnn).
The value ofFs at 75/25 composition is given approximately

aw denotes weight fraction of either PIPGE or PnBGE.

Dynamic Heterogeneity. In this final section we aim to

by the weighted average of 3:1 of the contributions of the low- estimate the magnitude of dynamic heterogeneity defined by

Ty and highTq components. Thus, l0Bfdfmn) for the 75/25
blends is intermediate of lofy(/fmn) of the pure lowTy
component and lo§{d/fmn) of the 50/50 blends.

log(fmdf 'mg for the 50/50 blends wherk,s and f'ns are the
loss-maximum frequencies of the peak 4 and peak 3 in Figure

12, respectively. Since the loss pddk, for the normal mode.

Cbv
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Figure 21. Dependence of lomd/fmn) On the weight fractiorw of
the low-Tg component in blends of PiPGE-22/PtBGE-37 and PnBGE-
25/PtBGE-37.

of PtBGE-37 could not be observed for blends, we have
estimated ' s of the PtBGE-37 chains in the blend as follows.
As shown in Figures 13 and 18, I&gs for the low-Tg component
is equal to logFms + A + d. A similar definition for the high-
Ty component is written as 0§/ ms = log Fns + A" + 0. As
mentioned above, information o' andd’ is not available.

It is expected thal\' is negative and approximately equal to

Macromolecules, Vol. 39, No. 5, 2006
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Figure 22. Dependence of the separation of the segmental relaxation
frequencies lodgdf 'mg Of the components in miscible blends with 50/
50 composition (see Figure 12) on the differedck of glass transition
temperatures of the components. 1, PBO-12/PtBGE-37; 2, APIPGE-
22/PtBGE-37; 3, BPnBGE-25/PtBGE-37; 4, CPI/PVES5, DPVME/
PS106, EPVME/P2CS:? For the plots 4-6, the separation has been
determined al = Ty + 30 K. The error bars for the plots-B indicate

the upper and lower bounds in estimation of the separation (see text).

—A since we are considering the symmetrical 50/50 blend. From Conclusion

the shape of the'' curves this is rationalized. What is the value
of 6'? It is known thatd’ becomes negative when a diluent (low-
Ty component) is added to a polymer (highc€omponent) for
the polyisoprene/toluene systéfnTherefore, we expect that
o' in the blends of polyethers is also negative.

This can be explained by the Verdiestockmayer model (eq
4) which predicts that the value of Idg{/fmn) depends on the

Dynamic heterogeneity in blends of PVE/poly(butylene oxide)
(PBO), PBO/polyiert-butyl glycidyl ether) (PtBGE), poly-
(isopropyl glycidyl ether) (PiPGE)/PtBGE, and patytfutyl
glycidyl ether) (PnBGE)/PtBGE has been investigated by means
of dielectric relaxation spectroscopy. Dielectric data of those
miscible blends provide us new information on the dynamic
heterogeneity of segmental dynamics and the relationship

relevant size of segmental dynamics. When a polymer chain is between local segmental dynamics and terminal chain dynamics.

surrounded by a lovil; component, segmental motions of a

In PVE/PBO blends, bimodal’ curves for the segmental mode

larger size are allowed, and hence the relevant size increaseshave been observed. The fast and slow modes can be assigned

resulting in a negativé'. Contrary, when a lovl; component
is surrounded by higfiy polymer chains, the reverse shift occurs
resulting in the positive.

to PBO and PVE, respectively. The separation figgf('ms) of
the fast and slow modes in the 90/10 blend is determined to be
3.5 decades. The dielectric glass transition temperaiiy ésr

From those considerations we estimate roughly the valuesthe fast mode and'p for the slow mode of the 90/10 and 75/

of log(fmdf 'mg t0 be A < log(fmdf'mg < 2A + 20. For the
upper and lower bounds, we have assumed ¢hat —6 and
o' = 9, respectively. The other method for estimation of log-
(fndf 'm9) is the curve fitting. We have obtained a result that
log(fmdf 'mg) is close to 24 + ) for the blends of PBO/PtBGE,
PiPGE/PtBGE, and PnBGE/PtBGE.

Figure 22 shows the plots of ldgg/f 'ms) vs ATg for blends

25 blends agree fairly well with the effective glass transition
temperature3y-o proposed by Lodge and McLeish. Since the
intensity of PBO is much higher than that of PVE, the dielectric
data are due to PBO in the blends. Thus, in the range of the
PBO content higher than 25 wt %, the composition dependences
of the loss-maximum frequency for the segmental migdand

that for the normal modg,, of PBO have been investigated. It

of polyethers examined in this study and those reported sois found that the separation Idg{fmn) for the 50/50 blend is

far10.1314The data points in the rang&Ty > 70 are those for
blends which exhibit bimodal" curve, and the values of log-
(fndf 'mg) are read directly from the' curves. It is seen that
log(fmdf 'me) is approximately proportional tATy but scatters
appreciably from linearity. This is considered to be due to the
different kind of intermolecular interactions between the
components. In the blends of PVE/PI and PVME/R&ly van

der Waals interactions prevail, but in P2CS/PVNIEnd
polyethers/PtBGE blends the dipeldipole interactions act as

wider than that of pure PBO by 0.5 decade. EHecurve for
the segmental mode broadens markedly with decreasing tem-
perature, while that of the normal mode broadens little. This
result can be ascribed to local concentration fluctuation. The
correlation lengtlg of concentration fluctuation is estimated to
be 1.0+ 0.3 nm. From these results we conclude that the
dynamic heterogeneity is due to both the distinct segmental
dynamics of the components and concentration fluctuation.
The blends of polyethers, i.e., PBO-12/PtBGE-37, PiPGE-

well as van der Waals interactions. In those plots systematic 22/PtBGE-37, and PNnBGE-25/PtBGE-37 exhibit unimodal

deviation of the latter from the former is not seen. Therefore,
the dipole-dipole interactions do not affect strongly the dynamic
heterogeneity. However, Zhang ef&f!reported that miscible
polymer blends in which intermolecular hydrogen bonds are
formed exhibit unimodak” curves for the segmental mode
despite largeATy. Thus, the intermolecular interactions are
important factor for dynamic heterogeneity.

curves for the segmental mode. In these blends, PBO, PiPGE,
and PnBGE are the lowy component (I) and PtBGE is the
high-Tg component (I1). The dielectric intensities of components

I and Il are similar, and the differences of the glass transition
temperatured Ty between | and Il are less than 55 K. THé
curves of the blends with the composition of I#H 75/25 are
broad in the low-frequency side. Conversely, #lecurves OfCDV
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the blends with I/ll= 25/75 are broad in the high-frequency
side, indicating that the loss maximum frequeriigydue to |
and that 'ms due to Il locate respectively at slightly higher and
lower frequencies than the loss-maximum frequeRgyof the
blends. To estimate lofy{f'ng for the 50/50 blends, the
separation between the normal and segmental mode&,Jog(
fmn) for | is assumed to increase By(=0.5 decade) by blending
on the basis of the data for the blends of PBO/PVE. On the
basis of this assumption, Idgsis given by logFmns + A + 6,
whereA is the difference of logtmdfmn) between pure lovilg

component and the 50/50 blend. Thus, we estimate roughly the

values of loglndf 'mg) with 2A < log(fmdf 'mg < 2A + 26. The
values of log{ndf 'mg for blends of polyethers examined in this

study and those reported previously are approximately propor-

tional to ATg.

The analyses have been made on the basis of severa
assumptions which are not in harmony with the observations
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for the other blend systems. However, we see that the present3s) Hayakawa, T.; Adachi, KMacromolecule200Q 33, 6840.

procedure works well for three blends, i.e., PBO/PtBGE, PiPGE/
PtBGE, and PnBGE/PtBGE, resulting in a reasonahik
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