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Structural and dynamic single chain
behaviour in a binary blend of low molecular
mass poly(siloxanes) as studied by small
angle neutron scattering and neutron spin

echo spectroscopy

Abstract Elastic and quasi elastic
neutron scattering investigations,
using the small angle neutron scat-
tering (SANS) and neutron spin
echo (NSE) techniques, respectively,
were performed in order to study the
static and dynamic single chain
behaviour in a binary blend of low
molecular mass deuterated
poly(dimethylsiloxane) (d-PDMS)
and protonated poly(ethyl-
methylsiloxane) (p-PEMS) at the
critical composition ¢.. Since the
single chain observation requires
that only a small amount of one

of both components is labelled, the
d-PDMS/p-PEMS system was
modified in such a way that the
major part of the protonated PEMS
component was replaced by the
corresponding deuterated material.
Although the de-mixing of the
PEMS isotopes occurs far below the
de-mixing of the PDMS/PEMS
system the resulting chemically
binary d-PDMS/d-PEMS/p-PEMS
blend with the volume composition
0.5/0.425/0.075 is strictly speaking a
ternary system. This complication
had to be taken into account, in
particular with respect to the correct
evaluation of the SANS data.The
careful analysis of the SANS curves
allows one to determine all three
thermodynamic interaction parame-
ters with reasonable reliability and

gives evidence that the radii of
gyration agree with those, which
were determined in corresponding
isotopic PDMS and PEMS blends.
This is in contrast to the observation
on real binary PDMS/PEMS blends
at ¢., where the collective confor-
mational properties exhibit a con-
siderable chain expansion. The NSE
data of the ternary system follow
completely the predictions of the
Rouse model, which describes the
dynamics of a dense low molecular
mass polymeric system in a single
chain approximation. The experi-
mental observations are also in
contrast to the results of former
NSE measurements on binary
PDMS/PEMS blends, where a
transition from Rouse behaviour at
short times to a much weaker
relaxation at longer times became
obvious.The results of the static and
dynamic single chain behaviour
presented here confirm the results of
a computer simulation on a low
molecular mass binary blend at the
critical concentration, where explic-
itly the pure single chain behaviour
was probed and no indications for
chain expansion and deviations from
the Rouse dynamics were found.

Keywords Polymer blends -
Neutron scattering - Single chain
behaviour
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Introduction

When the statics and dynamics of low molecular mass
isotopic poly(dimethylsiloxane) (PDMS) and poly(eth-
ylmethylsiloxane) (PEMS) blends were studied by small
angle neutron scattering (SANS) and neutron spin echo
(NSE) spectroscopy in the homogenous regime at the
critical composition ¢.=0.5, it was found that the elastic
and quasi elastic scattering intensity are well described
on the basis of unperturbed chain dimensions and
Rouse dynamics [1]. The same is true for corresponding
systems, where the volume content of the protonated
and deuterated material is shifted from equal distribu-
tion to a strong minority of one component. As is well
known, this procedure increases the weight of the
minor component in the elastic and quasi elastic scat-
tering intensity and is commonly used to study the
single chain behaviour of the diluted component.
Contrary, in corresponding binary PDMS/PEMS
blends at ¢.=0.5, where any of both components was
completely deuterated whereas the other being pro-
tonated, strong deviations from the behaviour observed
in isotopic blends occur [2]. These deviations manifest
itself in a considerable increase of the radii of gyration
and a cross over from Rouse dynamics at short times to
a relaxation behaviour with a significantly weaker de-
cline at longer times. Both effects fit to the outcome of
a theoretical treatment presented some years ago [3, 4,
5], which predicts that chain expansion and chain lo-
calisation occur in the one phase regime of binary
blends, when approaching the critical point. Due to the
chain localisation the Rouse dynamics becomes re-
stricted in space.

On the basis of these findings it is challenging to ex-
plore whether these deviations are a typical collective
phenomenon or whether they are also apparent when
predominantly the single chain behaviour is probed in
these binary blends. With neutron scattering techniques
in principle this can be done easily. One has to modify
the sample in such a way that only a small amount of the
originally completely protonated component remains as
it is, whereas the rest is replaced by the corresponding
deuterated material.

Although this modification seems to produce no
serious alteration of the mixture—at least from a
chemical point of view, physically the system has be-
come much more complicated, since the binary blend is
changed to a ternary system with three interaction
parameters instead of one. With respect to the scattering
this enhanced complexity is not reduced, when the
scattering contrast between both deuterated components
is zero or negligible compared to the both contributions
from the protonated and the deuterated components.

In this paper we will present the results of SANS and
NSE investigations on a low molecular mass d-PDMS/

d-PEMS/p-PEMS ternary blend, the volume content of
the different components being 0.5, 0.425 and 0.075,
respectively, and show that the static and dynamic
properties are completely different from the related d-
PDMS/p-PEMS binary blend of volume composition
0.5/0.5. No indications for any chain expansion and
chain localisation can be detected. These observations
are in agreement with the results of a computer simu-
lation on a binary blend [6], where explicitly the pure
single chain behaviour was probed, and no deviations
from unperturbed chain dimensions and spatially non-
restricted Rouse dynamics could be observed.

Theoretical section

Theoretical background for the evaluation
of the small angle neutron scattering (SANS) data

In the framework of the random phase approximation
(RPA), extended to multi-component polymer mixtures
[7, 8, 9], the coherent neutron scattering intensity 1(Q) of
an incompressible ternary blend, where the different
components i=1, 2, 3 are characterized by the volume
content ¢; , the degree of polymerisation N; and the molar
volume v;, can be written in a highly symmetric form as[9]

K783 + K381 + K318,
I = 1
©) 8182 + 8583 + 838 m
(la)

=112(0) + I3(0) + 151 (Q)
with

§i=8i(0)=1/57(0) - z;and §(Q) =Niwi;P(Q) i=1,2,3
(2)

Q= (4n/A)sinf is the magnitude of the scattering vector
Q, with the wavelength of the scattering radiation /A, the
scattering angle 20 and

b b\
Kij = Kji = Ny (—_—j>

the scattering contrast between the components i and
j (b; scattering length, N, Avogadro’s number).
I;(Q) =I;(Q) are the partial scattering intensities result-
ing from the scattering contrast Kj;.

The thermodynamic interaction in pairs (Flory
Huggins parameter) are put together as

(3)

xi= X[j/(Uin)l/z + xik/(v,-vk)l/z - xjk/(vjvk) / (4)
with
Lt 2= 2Xij/("ﬂ)./‘)l/2 (5)
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P;(Q) is the Debye structure factor of a Gaussian coil

2
-7 (6)
with 7 = 0*(R2,) and R(0 — 0) = 1({R2,) = Nig} /6
mean square radius of gyration, 67 mean square segment
length).

Equation (1) is equivalent with other formulae used
in the literature [10, 11, 12, 13, 14] to calculate the
neutron scattering intensity of incompressible ternary
blends. However, the formula of Benoit, Benmouna and
Wu [9] has the great advantage that the contributions of
all three components enter explicitly in a similar manner,
which makes it very clear.

In the case that there are no thermodynamic inter-
actions present between the different components,
Eq. (1) becomes very simple:

P(Z) (% —1+27)

_ KnSYS) + K3 $3S3 + K338}

I =
=10 SO+ 59+ 89

(7)

On the other hand, Eq. (1) leads directly to the well
known RPA formula [15] for a related binary system
with thermodynamic interactions, when components 2
and 3 are considered as being identical (K;,=Kj3,

Ko3=0; 2 =85 z12= 713, 123=0 and $s+ 3= 1—¢h)):

K12 o 1 o 1 1 2}(12
100) 50 $oiSN0) (1= §)mS20)  (0r0m) 2
— 51(0) + 5(0)
(8)

where S(Q) is known as the structure factor of the binary
blend.

For the ternary system the analogous relation for the
partial structure factor S5(Q) is

I Kp
S1(0Q)  112(0)

=51(0) + 5:(0) + 51(0)$:(0)/S3(0)
)

S,3(Q) and S5;(Q) are obtained by cyclic exchange of
the indices and lead to similar expressions. The com-
parison between Egs. (5) and (6) provides a good
opportunity to see the influence of the additional third
component on the scattering behaviour of both the
others.

At the critical temperature T, the total scattering
intensity 1(Q) is expected to diverge for Q — 0[12]. As a
consequence the stability criterion can be immediately
derived from Eq. (1):

S157 + 8,8 + 5351 =0 (10)

or in detail:
L,
S57(0)$3(0) ~ $9(0) 59(0)

T S0)57(0)

= Xs
(1 + 73)/S3(0) + (12 + 13) /S (0)

+(n + Xz)/Sg(O) — X1X2 = X2X3 — X3X1

(11)

= Xoff

The stability limit (Eq. 11) is in agreement with the
outcome of a thermodynamic treatment based on the
Flory-Huggins lattice theory, where the difference of free
energy of mixing AG per kgT of the three component
system is given by

3
AG = Z(l’)i/(vi]vi)ln o +%(X1 +202)P192
=1

1 1
+§(12+X3)¢2¢3 +§(X3 +11) P31 (12)
and the spinodal line follows from [16]
PAGPAG ( 9°AG )2 0 13)
o¢7 0¢;  \0¢0¢,

Equation (13) is identical with Eq. (11), when the S;°(0)
are replaced by Eq. (2).

When the volume fraction ¢; of one of the different
species in the ternary blend is small, one can see from
Egs. (1) and (7) that the scattering intensity is mainly
determined by the single chain structure factor of the
component with the small volume content. This effect
becomes enhanced for systems where the scattering
contrast between both components with the major
content is zero or at least small compared to that of the
other two.

Theoretical background for the evaluation
of the neutron spin echo (NSE) data

Since the influence of the yj-parameters becomes less
important at spatial dimensions Q R,>1, which are
probed by the NSE technique, the analysis of the NSE
data can start from the assumption that in non-entan-
gled polymer blends the internal relaxation is deter-
mined by the single chain Rouse behaviour at all
compositions of the protonated and deuterated material
as long as the degrees of polymerisation are almost the
same.
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The normalized dynamic structure factor (S(Q.t)/
S(Q,0) for a single chain with Rouse dynamics [17] and
superimposed centre of mass diffusion (diffusion coeffi-
cient D) is given by [18]

S, t)> =exp {—Dsz}/OOC due™

S(0,0
X exp {—(QRt)l/zh (u(QRt)*l/z) } (14)
with
2 [ cosxy 2
h(y)-;/o = <1—e ) (15)
and the adjustable parameter
_ _ L kT 5y 1 4
Q= 0(Q) = 15700} = 3 W0 (16)

where W =3 kT/({o?) ({ monomeric friction coefficient)
is the elementary relaxation rate of the Rouse motion. W
and D are related by

D=wd[(18(R2))

For D — 0 the dynamic structure factor for pure
Rouse relaxation is a universal function of (QRt)l/ 2,
With finite D the same is true for Sg(Q,t)/Sr(Q,0), which
is defined as S(Q,t)/S(Q,0) divided by the centre of mass
contribution exp{-DQ?t}.

The influence of the Flory-Huggins interaction on the
internal dynamics of single chains can only be treated in
the short time limit [19], where the characteristic fre-
quency Q(Q) is derived as the initial slope or the first
cumulant of S(Q,t)

(17)

Q(Q) = —lim glnS(Q, 1) (18)

t—oo Ot

In the framework of this approach Qgr(Q,y> # 0) is
given by

(0,712 7 0) = () (1= ¢, (1 = 6,) 11212/ (00)?)
(19)
with Qr(Q) as introduced in Eq. (16).

Experimental section
Sample preparation and characterisation

Up to a molecular weight of about 50,000 g/mol nar-
rowly distributed deuterated and protonated PEMS are
obtained with nearly total conversion by anionic living
ring-opening polymerization of the corresponding
deuterated and protonated cyclic trimer in the solvent
and promoter tetrahydrofurane (THF) with sec-butyl
lithium as initiator. So the desired molecular weights
were achieved with an accuracy better than 10% [20,
21]. The deuterated monomers were prepared in nine
reaction steps starting from deuterated ethanol and
methanol; the protonated monomers were synthesized
from commercially available ethylmethyldichlorosilane
[22].

Narrowly distributed protonated and deuterated
PDMS were synthesized from the related protonated
and deuterated cyclic trimers in two reaction steps [23].
First 10% of the monomers reacted in benzene with the
initiator butyl lithium to form a prepolymer; then the
rest of the monomers, dissolved in the solvent and
promoter THF, was added. The protonated cyclic tri-
mers were commercially available, the deuterated can be
prepared in six reaction steps, starting from deuterated
methanol.

The protonated and deuterated PDMS and PEMS
polymers detailed in Table 1, carefully characterized by
size exclusion chromatography (SEC) with toluene as
solvent and PDMS or PEMS calibration curves, were
used as components of the ternary blend d-PDMS/

Table 1 Characteristics of the deuterated and protonated PDMS and PEMS

Label in ternary system M,,/g mol™ My/M, Ny T/K 10(300 K)/poise
p-PDMS - 20,000 1.03 270 149 2.0
d-PDMS 1 19,700 1.04 250 148
d-PEMS 2 21,500 1.07 225 141
p-PEMS 3 23,700 1.04 270 142 44

M,, =mass average molar mass
M, =number average molar mass
N,, =degree of polymerisation

T, =glass transition temperature, as obtained from differential thermal analysis (DTA)

1o = Newtonian viscosity

The labels 1, 2, 3 are used as indices to identify the different components of the ternary blend
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d-PEMS/p-PEMS (volume composition 0.5/0.425/0.075)
to be studied by neutron scattering.

Neutron scattering

SANS The samples were kept under nitrogen in quartz
cells (sample thickness: 1 mm) and mounted in brass cell
holders. SEC before and after the SANS experiments
showed no evidence of sample degradation. The exper-
iments were performed with the instrument KWS II at
the cold source of the research reactor FRIJ-2 at the
Forschungszentrum Jiilich, Germany [24]. The wave-
length A of the neutrons amounted to A=7.9 A; the
wavelength width, transmitted by a helical slit selector,
was 04/A=18%. The chosen distances between the two-
dimensional He-detector and the samples were 2 m and
8 m, providing a usable span of scattering vector mag-
nitudes in the range 0.007 A™'<Q<0.12 A™'. Mea-
surements were performed at 462, 416, 379 and 369 K
with an accuracy of +£2 K, always in a descending se-
quence. The scattering data were corrected for empty
cell scattering and scaled to absolute units by compari-
son to the scattering from a secondary standard sample
(Lupolen). The latter had been calibrated at the same
wavelength with a 0.1 mm thick, out-gassed and surface-
polished vanadium single crystal. Corrections for mul-
tiple scattering and the effect of wavelength spread were
found to be negligible. The scattering of the matrix
samples d-PDMS, d-PEMS and p-PEMS were measured
at 48 and 199 °C. After interpolation the scattering of
the matrices were subtracted from the scattering inten-
sity of each isotopic blend sample according to its
volume fraction.

NSE The samples were kept under nitrogen in niobium
containers (sample thickness: 2 mm) and a thermostat
enclosure with 5 mm thick aluminium beam windows.
Temperature control was better than 0.5 °C. SEC before
and after the NSE experiments proved that no sample
degradation occurred.

The experiments were performed with the NSE
spectrometer at the cold source of the research reactor
FRJ-2 at the Forschungszentrum Jiilich, Germany [25].
The neutrons left the velocity selector with A=8 A and
04/2=10%. The chosen scattering vectors Q=0.05,
0.08, 0.10, 0.14 and 0.20 A" allowed one to observe the
segmental dynamics; the span of the Fourier times t was
in the range 0.1 <t<22 ns. The experiments were per-
formed at 200, 150 and 100 °C, always in a descending
order. The coherent scattering of the deuterated matri-
ces, determined for each temperature, as well as the
background and empty cell scattering were subtracted
from the measured intensities. Additionally, a correction
for losses in polarisation was performed by division of
the measured intensities through the resolution function
of the spectrometer Sgp.(Q,t), the latter being deter-
mined from the elastic scattering of a magnesium oxide
sample.

Results and discussion

As a representative example, in Fig. 1 the SANS data
measured at T=462 K are shown together with the
result of fitting the theoretical scattering law of a ternary
system (Eq. 1) to the experimental data. In addition
some important details, which concern the related non
interacting ternary blend as well as the contributions of

Fig. 1 SANS curve of the 10 1
d-PDMS/d-PEMS/p-PEMS -
ternary blend at T=462 K and A \-\ d-PDMS/d-PEMS/p-PEMS
fit of the experimental data 8 \ T=462 K
with Eq. (1); partial scattering
intensities I,, I3 and I3; related )
to the three different scattering 6 - .
contrasts and scattering curve Fit (parameter see Tgble 2) .
Io(Q) ignoring all thermody- - = =-1,(Q) (no thermodyn. interaction)
namic interactions 4 === (Q)
7 R @
=21
c
: -"-'h—..__. ,"------.---.-~.-’-’Inm_
04 ’,:"" ..........................................................
'2 hn ",’
-4 T T T T T T T T 1
000 002 o004 006 008 010 012 014 0,16 0,18

QA"
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1/2
Table 2 Input parameters (molar volumes v;, radii of gyration <R§> , neutron scattering contrasts K;j) used for the fitting procedure
1

and final values of the adjustable parameters (background correction, interaction parameters y;j)

1/2 1/2

T v, Va=V3 <R2> <R2> K> Kos K;, Background correction Y12 123 %31

I/ 972 s 3 3 3 3 3

) ) 10 10 10° o 10 10° 10

[K] [em®/mol] [em?/mol] [A] [A] [mol/cm®] [mol/em*] [mol/cm?] [em™"] (from Q>0.10 A™)
462 90.1 100.7 419 404 9.29 4.12 2.97 0.076 1.564+2.1 —2.48+0.8 8.34+0.3
416 86.2 97.5 404 402 8.64 4.38 3.24 0.071 527+0.8 —0.13£0.5 9.25+0.04
379 833 95.3 392 40.0 7.75 4.59 3.47 0.071 712403 0.274+0.35 9.64+0.04
369 825 94.7 389 397 7.55 4.66 3.55 0.056 6.91+0.2 —0.98+0.24 9.39+0.03

each of the three scattering contrasts, are included. All
the curves base on the parameters given in Table 2.

Comparing the experimental data and the curve,
calculated according to Eq. (7) for the corresponding
non interacting ternary system, one can see that the
total thermodynamic interactions have no influence on
the scattering curve at Q-values beyond 0.04-0.05 A™".
On the other hand the behaviour of the scattering
curve at larger Q-values (Q>0.10 A™") requires either a
reduce of the R, below the values, observed in the
related isotopic blend systems [1], or to add a small
Q-independent background to compensate possible
errors in the correction of the incoherent background.
An increase of the R, values, as found in the binary
d-PDMS/p-PEMS and d-PEMS/p-PDMS blends [2]
would make the discrepancies at large Q even more
worse. Thus, a coil expansion beyond the ideal
behaviour can be definitely excluded. As a consequence
the R, values of PDMS and PEMS [I] and this later
Q-independent background correction, obtained at the
different temperatures in the Q- range between 0.105
and 0.175 A™!, were used as fixed parameters for this
and all the other fitting procedures and for the detail
calculations shown in Fig. 1.

The contributions of the different Kj; to the total
scattering intensity show that the part of both deuter-
ated components (I;2(Q)) is not zero but significantly
smaller than both other partial intensities and that the d-
PDMS/p-PEMS (15,(Q)) and the d-PEMS/ p-PEMS
(I3(Q)) parts have opposite signs at small Q-values. As
can be seen from Eq. (2), the sign of S;(Q) depends di-
rectly on the sign of 7; and on the scale of 1/S;°(Q) and
1i- For ;<0 S;(Q) is always positive, whereas for y;>0 a
change from S;(Q) <0 at small Q to S;(Q)>0 may occur
depending on the scale of 1/S,%(Q) and y;.

The criteria for the final fixing of the three interaction
parameters were both the quality of the fits and the
physical plausibility of the numerical values, used for
and created by the adjustments. In a first approximation
713(T) and y»3(T) were taken from the related binary
d-PDMS/p-PEMS [2] and isotopic d-PEMS/p-PEMS
blends [1] of volume content 0.5/0.5, respectively, being
aware that this choice may be imperfect due to a prob-
able composition dependence [26, 27, 28]. As expected,

when y;, is used as the only adjustable parameter, the
data description in the low Q-range is non-satisfying, in
particular with respect to the scattering curves measured
at 379 and 369 K. In addition the majority of the
11o-values is negative, which is not reasonable when the
y-values derived from light scattering investigations on a
related binary p-PDMS/p-PEMS blend [28] are taken as
a reference.

To overcome this situation in the next steps a
simultaneous variation of y;, and y;3 or %> and y,3; was
performed keeping only the third y-parameter fixed as
before. With y;3 fixed the situation is not improved.
Except for the scattering curve for T=369 K the fit
produces for the three other scattering curves still
stronger negative yj,-values than before. The additional
clear decrease of the y,3-values is in contrast to theo-
retical predictions on the composition dependence of the
y-parameter [29] and related experimental observations
on isotopic blends of UCST (upper critical solution
temperature) type [14, 30]. On the other hand a general
good data description becomes first possible, when y»; is
kept fixed instead of ;3. The results of the adjustment fit
nearly perfect to all four experimental scattering curves.
This agreement can also be seen from the mean square
deviations between the experimental and calculated
scattering curves, which are considerably decreased
compared to the both previous attempts described
above. With respect to the adjusted y»- and ys-
parameters the partially strong negative values of y;, are
shifted in the positive direction and the y;3-values are
generally increased compared to the findings from the
corresponding d-PDMS/p-PEMS blend of 0.5/0.5 com-
position. This increase varies between 15 and 20% and
seems to indicate a qualitatively similar composition
dependence of the interaction parameter as observed in
isotopic blends.

Taking the results of this fit together with the fixed
%3 as starting values, finally Eq. (1) was also fitted to the
scattering curves using simultaneously all three y; as
adjustable parameters. It is not surprising that this
produces the best agreement between the experimental
and theoretical scattering curves. However the fit results
can be taken as a later confirmation of the permissibility
of this kind of proceeding.
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Fig. 2 y-parameters (chi = y),
obtained from fitting Eq. (1) to
the experimental SANS curves,
as a function of the inverse
absolute temperature T. For
comparison the y-values of the
corresponding isotopic
d-PEMS/p-PEMS and binary
d-PDMS/p-PEMS blends [1, 2]
and of a similar p-PDMS/
p-PEMS blend [28] are also
shown. The open symbols are
the values for y;, ((J) and y3;
(inverted open triangles), which
are obtained with y,3 fixed as
derived from the isotopic 0
d-PEMS/p-PEMS blend of
the composition 0.5/0.5

-

chi, (0.5/0.075)
_____________ chi, (0.5/0.5) [2]

chi, (0.5/0.425)
| |

Chlp-PDMS/p-PEMS

" (0.5/0.5) [28]

A
- chi,,(0.425/0.075)

chi,,(0.5/0.5) [1]

T T
0,0022

Fig. 3 SANS curves of a
ternary d-PDMS/d-PEMS/
p-PEMS blend of volume
composition 0.5/0.425/0.075 at 4

four different temperatures: 12
experimental data and results of 1 R
fitting Eq. (1) to the curves J
using simultaneously all three 10 4

thermodynamic interaction
parameters as adjustable. The
fixed input parameters and the
finally adjusted parameters are
summarized in Table 2. For
the sake of clarity the curves
following one after the other are
vertically shifted by 1 intensity
unit

v ]
0,0023

T Y T ™

T 1
0,0027  0,0028

1T K]

T T T T
0,0024 0,0025 0,0026

d-PDMS/d-PEMS/p-PEMS

o T=462K
a T=416K
o T=379K
x T=369K

The temperature dependence of all the y;; follows
the relation y;;=A+B/T with B>0 as typical for
UCST systems [31]; see Fig. 2. Compared to the
related binary blends of equal volume content the y»;3
as well as the y;3 are increased as expected for blends,
where the different species have a strongly different
volume content [29]. Most of the y»3; are <0, in
agreement with earlier findings on low molar mass
isotopic blends, for which negative interaction para-
meters are characteristic [1, 32]. The magnitude of all

y13-parameters is only slightly altered in comparison to
the fits with fixed y»3-values. Since the y;,-values
become very similar to the interaction parameters of a
corresponding p-PDMS/p-PEMS blend [28], it seems
to be reasonable to take the results of the three-
parameter fits, which are collected in Table 2 and
plotted in Fig. 2, as the basis for the data description
presented here.

In Fig. 3 all experimental scattering curves, measured
at temperatures between 462 and 369 K, are plotted
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Fig. 4 y and yeq (filled squares) 1
(chi = y) defined by Eq. (11) as 1 45107
dependent on the inverse abso- X hi
lute temperature 1/T. From the 4 c Ieff
point of intersection of both ; .
lines the critical temperature 1,2x10" chi
T.=365 K is derived ] :
1,0x107
_5 .
N o
G 80x10°
=3 1
o -8
6,0x10™
4,0x10°
2,0x10° 4
Y T v T v T d T v 1
0,0020 0,0022 0,0024 0,0026 0,0028 0,0030
1
1T K1
Fig. 5 Inverse scattering inten- 0,15

sities of the ternary d-PDMS/d- 4
PEMS/p-PEMS blend, extrap-
olated to Q — 0, as dependent
on the inverse absolute temper-
ature 1/T. Filled squares, 1
crosses: experimental data ob- 4
tained from the fits (see Fig. 3)
and Zimm plots (1/I(Q) vs Q?),
respectively. Solid line: 1/1(0)
behaviour expected from

Eq. (1) using the linear regres-
sion of the three adjusted inter-
action parameters as dependent
on 1/T (see Fig. 2); broken line:
1/1(0) behaviour expected from
Eq. (1) using the linear regres-
sion of the two adjusted inter- 4
action parameters y;, and y3; as J
before and changing the offset
and the slope of the linear
regression of y,3 by a factor

1/1(0) [cm]

0,00 T

0.95
0,0021

together with the outcome of the data fitting using
Eq. (1). The agreement is continuously excellent. For
each adjustment the three interaction parameters y», ¥23
and y3; were varied simultaneously as outlined above,
whereas the molar volumes v;, the radii of gyration

1/2 . .
<R§> , the scattering contrasts Kj; and the Q-inde-
1

pendent background correction were taken as fixed

T
0,0022

T T T

T T T

T
0,0023 0,0027

1T K

T T T
0,0024 0,0025 0,0026

input parameters. All the parameters are summarized in
Table 2.

In Fig. 4 the y.r,as defined in Eq. (8), is plotted vs 1/
T. The corresponding extrapolation to y leads to a T,-
value of 357+4 K, which is in reasonable agreement
with the findings of microscopic investigations [21], from
which a critical temperature T, of 36143 K is derived
for this system. Independent of the confirmation of the
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Fig. 6a,b NSE spectra of the
ternary d-PDMS/d-PEMS)/p-
PEMS blend. The solid lines
result from fitting the dynamic

structure factor of the Rouse
relaxation simultaneously to all
spectra, using at a given
temperature Wo* as the only
adjustable parameter: a —
T=373 K; b T=423 K. Filled o
squares Q=0.08 A" filled g
circles Q=0.10 A_ol;ﬁlled n
triangles Q=0.14 A™'; stars =
Q=020 A" g
(2]
1,0
A
; (b)
2 []
0,8 [ i
SR
4 " a
S 061 $
O" -
@ - ‘ - é i
5 044 Y
& x
: 1
0,2 1
0,0 T T T T v T 1
0 5 10 15 % 0 T 2
t[ns]

T.-value of this special composition it is interesting to
realize that in a PDMS/PEMS blend of equal content of
both polymers the T, can be enormously shifted by an
isotopic substitution, starting from T.=339 K for d-
PDMS/d-PEMS over T.=357 or 361 K for d-PDMS/d-
PEMS/p-PEMS (0.5/0.425/0.075) to T.=403 K for d-
PDMS/p-PEMS [2, 21].

In the framework of the mean field approximation
two component (isotopic or binary) polymer blends are
characterized by an almost linear dependence between 1/
1(Q — 0,T) and 1/T. The relation becomes completely

linear if the structure factor is considered instead of the
intensity. This fact provides a further simple possibility
to determine T, by extrapolating the inverse intensities
or structure factors vs 0. As can be seen from Fig. 5, in
the ternary system such a linear dependence does not
exist and the determination of the critical temperature
from the temperature dependence of the intensity at
Q — 0 requires measurements in the immediate vicinity
of T.. In the present case the expected 1/I(Q — 0,T)
behaviour was calculated using the linear regression of
the three adjusted interaction parameters as dependent
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Fig. 7 Arrhenius plot of the 31 2_'
Rouse rates Wa* of the single ]
chain relaxation, obtained from 31,04
an isotopic d-PEMS/p-PEMS 1
and a ternary d-PDMS/ 30,8 1
d-PEMS/p-PEMS blend 306 R
Z 30,4—:
'w 30,2
- 4
;b 30,0 4
E 29,8 4
29,6
29,4 <4
29,2 4
29,0 4

28,8

=  d-PDMS/d-PEMS/p-PEMS
(0.5/0.425/0.075)

o d-PEMS/p-PEMS

(0.925/0.075)

on 1/T (see Fig. 2) and is shown as solid line. This leads
to T.=365 K. A better agreement with the four exper-
imental data points is obtained, using for the calculation
of 1/1(0) (broken line in Fig. 5) the linear regression of
the two adjusted interaction parameters y;, and y3; as
before and decreasing the offset and the slope of the
linear regression of y,3 by only 5%. As a consequence T,
is shifted slightly downwards by 2 K.

As examples of the NSE measurements the spectra
measured at 373 and 423 K and four Q-values between
0.08 and 0.20 A™'are plotted in Fig. 6. The solid lines
result from a common fit of the four spectra the scat-
tering law of the Rouse dynamics and superimposed
centre of mass diffusion (see Eq. 11). Using Rg2 as ob-
tained by SANS on the related isotopic blends [1], for
each of both temperatures Wo* is the only adjustable
parameter. It is quite obvious that the data follow per-
fectly the predictions of the Rouse model, which de-
scribes the dynamics of the dense low molecular mass
system by the single chain relaxation. This is not only
true far away from the critical temperature T, , but
particularly also in the immediate vicinity of T..

In agreement with the Rouse behaviour master curves
are obtained, when the scattering data reduced with re-
spect to the centre of mass diffusion are plotted in the
scaling representation, Q’*¢*(Wt)'/*being the scaling
variable.

Due to the higher mobility of the PDMS component,
which directly mirrors in the viscosities (see Table 1), the
Wa* values in the d-PDMS/d-PEMS/p-PEMS blend are
about 30% larger than those of a corresponding isotopic
PEMS blend. From the temperature dependence of Wa*
an activation energy Ea=18.6 kJ/mol is derived,

| IS L L LD L D L
0,0020 0,0021 0,0022 0,0023 0,0024 0,0025 0,0026 0,0027 0,0028

1UTIK"]

whereas for the d-PEMS/p-PEMS system with the same
amount of protonated material E, =20.3 kJ/mol was
obtained [21] (see Fig. 7). For a comparable p-PDMS/p-
PEMS system the temperature dependence of the coef-
ficient of interdiffusion in the regime, where the critical
slowing down is not yet visible, is characterized by an
activation energy of 18.6 kJ/mol, too, as gained from
photon correlation spectroscopy [28].

Conclusion

When the single chain behaviour in a binary blend of
low molecular mass poly(siloxanes) at the critical com-
position is probed by SANS and NSE techniques, one is
first confronted with the fact that the chemically binary
d-PDMS/d-PEMS/p-PEMS blend of the volume com-
position 0.5/0.425/0.075 is strictly speaking a ternary
system.

The careful analysis of the SANS data, based on the
application of a corresponding three component RPA
formalism, allows one to determine all three thermody-
namic interaction parameters with reasonable reliability
and gives evidence that no chain expansion occurs as
observed in a corresponding d-PDMS/p-PEMS blend of
0.5/0.5 volume content, where the collective behaviour is
probed.

The NSE spectra agree in the whole experimentally
accessible time window with the theoretical scattering
law, calculated for the Rouse relaxation of single chains.
This is in contrast to the observation of the collective
dynamics in the just mentioned d-PDMS/p-PEMS sys-
tem, which exhibits in the same time window a transition
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from Rouse behaviour at short times to a much weaker
relaxation at longer times.

The findings of the static and dynamic single chain
behaviour confirm the results of a computer simulation
on a low molecular mass binary blend at the critical
concentration, which do not show any deviations, nei-
ther from unperturbed chain dimensions nor from the
Rouse dynamics.

Moreover, from these investigations one may sup-
pose that isotope exchange in a binary low molecular
mass PDMS/PEMS blend with equal volume content of

both components offers the possibility to shift the criti-
cal temperature T, continuously in the limits of 339 K
(d-PDMS/d-PEMS) and 403 K (d-PDMS/p-PEMS).
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