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Abstract: Dielectric spectroscopy (107! Hz to 107 Hz) has been employed to
study the molecular dynamics of a series of cyclic and linear polydimethylsilo-
xanes (PDMS) of various molecular weights ranging from 300 to 10000 g/mol
in the temperature range above the glass transition (from 130 K to 190 K). The
observed a-relaxation depends strongly on both molecular weight and structure
of the samples. For linear PDMS oligomers, the a-relaxation shifts towards
lower temperatures with decreasing molecular weight in good accordance with
the Fox—Flory-model. Cyclic PDMS reveals a qualitatively different molecular
weight dependence: for a given temperature the a-relaxation time increases with
decreasing ring length, but has a maximum for small oligomers (degree of
polymerization n ~ 6). The shape of relaxation curves and, with it, the relaxa-
tion time distribution is independent from length and architecture of the chains.
The observed experimental findings are in qualitative agreement with dynamic
Monte-Carlo simulations.

Key words: Dielectric spectroscopy — molecular dynamics — polydimethyl-
siloxane — cyclic polymers — glas transition — dynamic Monte-Carlo simulation

1. Introduction molecular dynamics. Especially, dielectric spec-

troscopy supplies this information over a broad

The effect of a linear or ring-shaped architec-
ture of polymers on their molecular dynamics has
‘been studied both experimentally [1, 2, 9, 10, 11,
6] and theoretically [7, 8]. For linear polymers,
Fox and Flory found a linear relationship be-
tween the glass transition temperature and the
inverse molecular mass [1]. The opposite trend
was observed for cyclic polymers [2]. Differences
due to topology arise from three facts: i) the
mobility of end-groups in linear chains, ii) frustra-
tion of segmental rotational diffusion in small
rings, and most important iii) the much smaller
configurational entropy of cyclic chains compared
to that of linear molecules.

Besides viscosity [9], diffusion coefficient [10],

and glass transition temperature [2, 11, 12], the
dielectric relaxation reveals information about

CPS 448

frequency- and temperature range. In the present
work, it is employed to study the o-relaxation
(dynamic glass transition) of linear and cyclic
PDMS. PDMS was chosen as a well known
polymeric system with segmental dipole moments
perpendicular to the chain contour.

The results are compared with dynamic
Monte—Carlo simulations based on the coopera-
tive motion algorithm [13].

2. Experimental

2.1 Preparation of the samples

Fractions of linear Poly(dimethylsiloxanes)
(CH.,),SiO[(CH,),Si0],Si(CH,);) and the cyclic
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Table 1. Characterization of the samples and the Havriliak—Negami-fit parameters of the a-relaxation for linear and cyclic
PDMS-chains, respectively. 7 is the average number of repeat units, M, the number average molecular weight and M,,/M,, the
polydispersity. The value of A¢ is extrapolated from the measured spectra to a temperature of 298 K. For the fit-parameters o

and y the temperature dependence is negligible.

S
3

Sample Number of # M, Ag a ¥y
bonds (g/mol) M,

LINOS 8 3 310 1.00 0.442 0.89 047
LIN11 11 4.5 420 1.02 0.516 0.86 0.47
LIN17 17 7.5 640 1.01 0.565 0.86 047
LIN20 20 9 750 1.02 0.573 0.86 047
LIN22 22 10 830 1.01 0.569 0.87 047
LIN24 24 11 900 1.02 0.579 0.87 0.48
LIN30 30 14 1120 1.02 0.571 0.86 047
LINS6 56 27 2080 © 1.03 0.622 0.86 047
LINS7 57 27.5 2120 1.05 0.636 0.86 047
LINS6 86 425 3230 111 0.622 0.86 047
LIN112 112 55 4160 1.15 0.633 0.86 047
LIN187 187 92.5 6930 1.17 0.640 0.86 047
LIN280 280 139 10370 1.15 0.633 0.83 0.49
CYCo08 8 4 296 1.00 - - -

CYCi11 11 5.5 410 1.03 0.369 0.86 047
CYC12 12 6 440 1.03 0.366 0.86 047
CYCi4 14 7 520 1.03 0.450 0.87 0.44
CYC22 22 11 810 1.05 0.523 0.88 045
CYC30 30 15 1110 1.02 0.529 0.87 047
CYC33 33 16.5 1220 1.03 0.553 0.88 045
CYC57 56 28 2070 1.04 0.662 0.86 047
CYCT72 : 72 36 2660 1.05 0.646 0.86 048
CYC114 114 57 4220 1.03 0.642 0.85 0.45
CYC115 115 571.5 4250 1.05 0.628 0.86 047
CYC187 187 93.5 6920 1.04 0.610 0.86 047

chains ([CH3),Si0],) were obtained by methods
described previously [14, 15]. The linear trimeth-
yl-terminated fractions resulted from preparative
GPC starting from Dow Corning dimethicones.
The cyclic fractions were recovered from ring-
chain equilibrates in toluene at 383 K before be-
ing separated into fractions by preparative GPC.
Number-average molar masses M,, heterogeneity
M, /M,, number of skeletal bonds and of repeat
units, x and 7, respectively, and the glass temper-
atures (determined by DSC) are listed for all
samples in Table 1.

In the temperature range corresponding to the
dynamic regime of the dielectric measurement
systems (10”2 Hz—10"° Hz), the stable phase of
PDMS is semicrystalline. In order to observe the
a-relaxation of the amorphous melt the samples
were quenched in liquid nitrogen at a cooling rate

faster than 60 K/min in advance of the dielectric
experiments. This has been proven to be sufficient
to prevent crystallization during the cooling pro-
cess [2, 16, 17]. Being quenched, the samples were
reheated stepwise to the desired measuring tem-
peratures. After an equilibration time of 30 min
the dielectric spectra were taken. PDMS tends to
crystallize rapidly (both linear and cyclic samples)
when reheated above 7, (cold crystallization).
During crystallization the a-relaxation, which is
assigned to the amorphous bulk PDMS, is
replaced subsequently by the slower and weaker
o..-relaxation. When this crystallization was com-
pleted (which can be monitored by the vanishing
of the a-relaxation in the dielectric spectra), the
samples was remelted at ambient temperature and
the experiment was continued after another
quench.
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2.2 Dielectric measurement systems

The dielectric measurements in the frequency
range from 10~ 2 Hz to 107 Hz were carried out by
a Solartron-Schlumberger frequency response
analyzer FRA 1260 supplemented by a high-impe-
dance preamplifier of variable gain and by a
Hewlett-Packard 4291, both of them measuring
the complex impedance of a sample-filled capaci-
tor [18]. The relative accuracy of the measure-
ment systems for samples having a dielectric loss
of 107%is + 1% in¢ and + 3% in ¢”. The fluid
siloxanes were given between two gold-plated
brass plates (diameter 40 mm and 20 mm,
respectively). A sample thickness of 50 um deter-
mined with an accuracy of + 2 um was main-
tained by use of glass-fiber spacers. Taking into
account the errors in determination of the sample
thickness and errors in the dielectric measuring
system, the error of the absolute value of the
dielectric data is estimated to be less than 7%.

To describe quantitatively the dielectric spectra

the relaxation function of Havriliak Negami [19,

20] (HN) 1s used:

&t —

£= e T 4 (o)

(2.1)

In this notation ¢, describes the real part of the
dielectric function at wt > 1 and ¢, the corres-
ponding value for wt < 1. The dielectric strength
de is defined by 4s = &, — &,,. o characterizes the
logarithmic slope of the low-frequency wing and
the product -y that on the high-frequency side. t
is the characteristic relaxation time. The fre-
quency at maximum loss is denoted by f, ...

The dielectric relaxation strength is related to
the dipole moment via the Kirkwood—-Frohlich
equation [27, 28], which can be approximated by

Agoc gong- u? (2.2)
with n, being the number density of dipoles and
the Kirkwood—Frohlich correlation factor g = 1

+ {cos B; ;>. 0;; denotes the angle of the i-th
dipole to the j-th dipole in its neighbourhood. A
strong destructive correlation between dipoles
(Ccos 8, ;> = — 1, ie. g = 0) causes dielectric in-
activity.

A conductivity contribution was observed at
frequencies below 10* Hz. It can be described by

the power law
(2.3)

where o, is the static conductivity of the sample,
&, denotes the permittivity of free space and sis a
fitting parameters [21]. From the fitted para-
meters (z, « and y) the mean logarithmic relaxa-
tion times as well as the maximum frequencies
and the widths of the single relaxation processes
were calculated.

The temperature dependence of relaxation pro-
cesses which are related to the glass transition is
generally accepted to be well describable by the
Williams-Landel-Ferry (WLF) equation [22]
within the region T,< T < T,+ 100K [23].

. 1 .. .

With f= = this 1s written as
g/ (D _ Cir(T=1T)

f(Ts) C2+T—Ts’

where T, can be a reference temperature like
T, psc- On the other hand, it can be defined by a
reference relaxation frequency. In this paper it is
defined by the relaxation w(T,) = 2nf=1Hz
This temperature can be determined by inter-
polation of relaxation time vs. temperature curves
over a whole series of -dielectric experiments, a
method by which errors can be minimized. Usu-
ally, this dielectrically determined T differs by a

few degrees from the calorimetric T,.

(2.4)

3. Experimental results and discussion

Dicelectric spectra of amorphous PDMS at tem-
peratures some degrees Kelvin above the calori-
metric glass transition show the a-relaxation as
plotted in Fig. 1 for the sample LIN24. In this
temperature range the stable phase of PDMS is
semicrystalline, and the quenched amorphous
PDMS undergoes a cold crystallization process
when reheated from the glassy state [16, 24, 25,
26]. In comsequence, a continuous decrease in
dielectric strength of the a-relaxation can be seen
in the spectra above a temperature of 158 K given
in Fig. 1. The decrease of the a-relaxation, which
leads to its complete vanishing, is accompanied by
the growth of a second slower relaxation [24],
called o -relaxation, the strength of which is
much smaller than that of the a-relaxation. It
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corresponds to fluctuations in the remaining

amorphous regions of the semicrystalline poly-
mer. These relaxations are assigned to identical
dipole moments. For the comparative discussion
of the dynamic glass transition in linear and cyclic
PDMS the a -relaxation is of no relevance.

The dielectric spectra are well describable by
Havriliak—Negami-fits. The exponents « and y are
temperature-independent in the observed temper-
ature range. For different samples (see Table 1)
their variations are small and cannot be con-
sidered significantly correlated, neither to weight
not structure of the molecules. This implies an
identical relaxation time distribution for all sam-
ples. In contrast the relaxation strength As (extra-
polated to the value at 298 K) shows a distinct
dependence on both features (Fig. 2). For the
wider rings, 4e,,.(n) joins the asymptotic values of
Agy;a(n), but the decrease towards smaller molecu-
lar weights is much more pronounced than with
linear chains. It leads to complete dielectric in-
activity of the a-relaxation for the smallest rings of
this study (CYCS).

For linear oligomers, the number density n,
decreases parallel to the molecular weight of the
chains. This can be explained by an increase of the
volume fraction and number density n; of end
groups, the dipole moments of which are negli-
gible, and a decrease of the number density
of polar segments with decreasing chain length.
This observation is opposite to results of

Fig. 1. Dielectric spectra for the sample
LIN24 at temperatures in the range from
142 K to 161 K. The lines represent HN-fit
curves

In(n)

Fig. 2. The dielectric relaxation strength Ae for linear (open
symbols) and cyclic PDMS (solid symbols) vs. natural
logarithm of the degree of polymerization. Since the
relaxations are observed at different temperatures, for the
sake of comparability, the plotted values are extrapolated for

1
a temperature of 300 K by the relation Ag oc T

Ikada et al. [29] on low-molecular-weight pro-
pylene glycols. This contrast is due to the fact
that with  propylene glycol oligomers
HO-[CH(CH;)CH,0],-H the terminal OH-
groups, the number density of which increases
with decreasing molecular weight, are strong di-
poles. Thus, the number density development of
end groups has the opposite effect for the relaxa-
tion strength.
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For cyclic chains, the decrease of relaxation
strength with decreasing molecular weight can be
assigned to a partial neutralization of dipole mo-
ments around the rings, or it can be discussed in
terms of the Kirkwood—Frohlich correlation fac-
tor. The latter is reduced, because the correlation
of segmental dipoles of one ring becomes destruc-
tive and segmental librations become increasingly
restricted. For a ring of four segments the dipole
vectors are assumed to be arranged in the plane of
the ring cancelling each other in pairs. This effect
was detected by Beevers et al. [30] as a vanishing
of the medium square dipole moment {u?) for
small rings. The effect of molecular mass and
structure on the temperature dependence of the
relaxation times is given in activation-plots (Figs.
3 and 4 for linear and ringshaped chains, respect-
ively). In both cases the WLF-curves for samples
of different chain length spread out like a fan. At
high frequencies they seem to joint to a common
asymptotic high-temperature behavior (revealing
the local dynamics without cooperative effects),
while at lower frequencies the curves are drawn as
under due to the different glass transition temper-
atures of the samples. With linear chains the
relaxation rate 1/7y for a given temperature in-
creases with decreasing chain length, or vice versa,
shorter chains show relaxation of a given rate at
lower temperatures. For longer chains a conver-
gence even at low frequencies is observed. In
contrast, for cyclic chains the spreading of the
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Fig. 3. Activation plot for linear PDMS samples. The lines
are WLF-fits

activation curves has an opposite molecular
weight dependence.

All activation curves can be fitted properly by
WLF-functions. The temperature T, an originally
arbitrary temperature, which often is chosen as a
reference temperature identical to the calorimetric
glass transition temperature T, j5c, is determined
in this analysis by the condition T, = T(tgy

- = 15s). For PDMS this temperature T is close to
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Fig. 4. Activation plot for cyclic samples with WLF-fits

Table 2. Havriliak—Negami-parameters of the a-relaxation
of the sample LIN24 for different temperatures

T(K) Ade o y TN

149.27 0.535 0.857 0.480 341-10
150.82 0.535 0.849 0.485 249
151.76 0.535 0.877 0.452 6.24-1071
152.44 0.535 0.862 0451 2.03-1071
153.29 0.527 0.845 0.445 6.14-1072
154.17 0.520 0.852 0.476 2.13-1072
155.35 0.520 0.860 0.468 6.02-1073
156.19 0.504 0.839 0.466 6.02-1073
157.54 0.517 0.845 0.450 8.09-1074
158.93 0.488 0.888 0.448 240-107*
160.86 0.434 0.863 0.466 6.01-107°
162.58 0.471 0.876 0.461 2.07-107°
164.85 0.462 0.876 0.460 529-10"°¢
166.28 0.441 0.866 0.472 2761075
168.76 0.401 0.847 0.434 7.32-1077
169.97 0.331 0.851 0.486 5.05-1077
171.66 0.250 0.872 0.465 2.83-1077
173.35 0.161 0.871 0.464 1.95-1077
175.49 0.094 0.876 0.486 1.25-1077
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Table 3. WLF fit parameters obtained with a reference relaxation time ©(7T) = 1/w(T,) of 1s. C; and C, are‘WLF-
fitparameters from which the free volume fraction f=v,/v=1/[(In(10)-C,] and its thermal expansion coefficient «,

= 1/[(In(10)- C,C,] can be calculated

Sample n Topsc % C, G Y o
K K K v
100 -10°K
LINS 3 129.1 129.9 13.68 18.18 3.174 1.75
LINI11 45 1359 136.5 11.46 14.01 3.789 27
LIN17 7.5 1384 138.8 13.26 18.85 3.275 1.74
LIN20 9 140.3 139.9 13.8 22.26 3.146 1.41
LIN22 10 141.2 141.1 13.48 20.03 3221 161
LIN24 11 143.6 1413 14.11 22.34 3.077 1.38
LIN30 14 144.8 142.8 13.65 21.95 3.181 1.45
LINS56 27 147.5 1438 14.32 23.37 3.032 1.3
LINS57 27.5 147.7 144.1 14.01 22.51 3.099 1.38
LINS86 42 148.8 © 1453 14.12 23.06 3.075 1.33
LIN112 55 149.3 145.5 14.22 23.84 3.054 1.28
LIN187 92.5 1494 147 12.59 19.15 3.449 1.8
LIN280 139 149.5 147 104 14.24 4.175 293
CYC8 4 - - - - - -
cycii 5.5 - 153 13.53 18.05 3.209 178
CYC12 6 - 153.2 1149 14.55 3.779 2.6
CYCl14 7 156.8 1527 12.49 16.59 3477 21
CYC22 11 154.9 150.8 12.03 17.27 3.609 2.09
CYC30 15 153.5 149.2 13.45 20.81 3.228 1.55
CYC33 16.5 1525 148.8 13.1 20.86 3.315 1.59
CYC57 28.5 151.6 148.2 14.03 23.86 3.095 1.3
CYC72 36 150.9 148.2 12.72 204 3414 1.67
CYC114 57 150.3 1484 13.1 20.09 3315 1.65
CYC115 57.5 150.3 148.5 12.73 20.05 3411 1.7
CYC187 93.5 150.3 149 11.48 15 3.782 2.52
the calorimetric glass transition temperature 155
Tg,DSC [24]. 1 i
Besides the WLF-parameters and the temper- 150 Cyclic PDMSW
atures T, Table 3 resembles the free volume ] o o
fraction f = (v,/v)(T,) and its thermal expansion 1454
coefficient a ;. For the sake of graphical resolution Tg/K |
the WLF-temperatures T, are plotted in Fig. 5 140 _
versus the logarithm of the number of repeat : linear PDMS
units. A representation of the data versus the 135 Fox-Flory curve
inverse molecular weight is added in Fig. 6. The . T=T ..-K/M
line fitting the data for linear samples obeys the 130 s sinf n
Fox-Flory equation: y . - T - . .
5064 g K 1 2 ’ ) °
- _ g 8 In(n
T, =1470K M mol - (3.5) )

After a slight minimum at CYC57 and CYC72,
the temperature 7,(n} for cyclic chains shows an
increase with decreasing ring length and the hint
of a maximum around n = 6. Generally, T ,.(n)

Fig. 5. The WLF-temperatures (with o(T,) =1Hz) for
linear (filled symbols) and cyclic PDMS (open symbols) vs.
natural logarithm of the degree of polymerisation. The lower
curve represents a Fox—Flory—fit, the upper one is a spline
serving as guide for the eye
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Fig. 6. The WLF-reference temperatures (wtih w(T) = 1 Hz)

for linear (filled symbols) and cyclic PDMS (open symbols) -

vs. inverse molecular weight

J

is higher than that of linear samples, as well as the
free volume fraction f and its expansion coefli-
cient. Variations of the latter are not observed due
to the small temperature range.

4. Comparison with dynamic Monte—Carlo
simulations

4.1 Simulations

Various molecular model systems with chains
and rings comparable in length (N = 4, 8, 16, 32,
64) to the PDMS-samples under experimental
investigation were generated on a lattice. The
molecular dynamics of these systems were simu-
lated by dynamic Monte—Carlo calculations. The
applied algorithm uses dense systems in which the
free volume fraction is not represented explicitly.
Temperature and time are not determined
on absolute scales They can be shifted by multipli-
cation with some factors. In order to compare
simulated and experimental results, a simulated
activation curve must be shifted both in time and
temperature and thus be fitted to experimental
data. Henceforth, the relations between different
simulated data and the shape of the activation
curve have to be considered as the information
obtained by the simulations.

The autocorrelation function of a dipole vector
of a linear model chain of 16 repeat units is
plotted for several temperatures in Fig. 7. Accor-

1,04
o8, T N=16
0.0 Linean
_m 0,64° 0.1
o . 82 C) o
04+ O e A 4
v 07 I‘.\. “‘%9 v '.f.'.
0,24* 09 Y
e 11 \s ’\‘
0,0+ s
2 2 6
log t

Fig. 7. Simulated autocorrelation-funtions of vectors
representing a transversal dipole moment of linear chains
having 16 bonds for several reduced temperatures

I I T T

0,5 1.0 15
1T

Fig. 8. Activation plot for the two relaxation components
observed in simulations of linear chains with vaious lengths
(T is the reduced temperature and time is expressed by a
number of Monte-Carlo steps per monomer)

2,0

ding to the simulations, this vector undergoes two
relaxation processes, denoted with o and f. The f-

process consists of local cooperative rearrange-

ments appearing only in some places of the system
with a suitable local configuration and does not
lead to a global mobility. The global mobility, i.e.,
the a-process is achieved by a diffusive-like mo-
tion of the mobile areas throughout the whole
system. The development of the two relaxation
times with temperature is given in Fig. 8 for model
systems of different chain length. The f-relaxation
shows Arrhenius-behavior and is not dependent
on chain length. In contrast, the activation curves
of the a-relaxation are best and strongly depen-
dent on the molecular mass.
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Fig. 9. Comparison of the simulated and experimental di-
electric relaxation. The solid lines are WLF-fits to the
experimental results. Bu multiplication of time and
temperature with suitable factors {(4log{1/7) and Alog{1/T)},
the simulated data can be brought in good accordance with
the experiments, e.g., for the chain with eight bonds (8 lin and
LINS, respectively)

In Fig. 9 the simulated data is compared with
the experimental results. By shifting the former in
time and temperature as necessary with the ap-
plied simulation algorithm, good accordance is
obtained, for example, for linear chains with eight
bonds. The same shift results in stronger dis-
crepancies for the cyclic pendants (sample CYC8
and simulation 8cyc). Obviously, the frequency
range of the simulations and the dielectric ex-
periments do not overlap due to limitations in
calculation time. The spreading upward of the
simulated WLF-curves is stronger than that of the
experimentally determined curves.

In order to consider the molecular weight de-
pendence of the simulated a-relaxation, Fig. 10
shows the temperature T, connected to a fixed
reference relaxation time. The simulations result
in a Fox—Flory-function for linear chains, where-
as for rings they give a maximum in T, around
n=8§.

Thus, the qualitative accordance of the simu-
lations with experimental is astonishing. Discre-
pancies in detail may be due to two reasons: i) the
model chain is an oversimplified picture of the
real polymer chain, or ii) the temperature depend-
ence of the free volume fraction is neglected in the
simulations.

038

0.6 ./

—@ —rings
0.4 m linear

T =A+B/N
(]

A=0.679, B=-1.85
0.2+ T T T

A2y 2 K

Fig. 10. The effect of the model chain length on a
temperature T, defined by a reference frequency for the
simulated relaxation. For linear chains a Fox—Flory-function
is observed (solid ling)

4.2 Discussion

There are two major observations which ap-
pear in former investigations of the glass transi-
tion temperature for linear and cyclic chains and
which are reproduced in our results, as well: 1) for
chains of the same length the glass transition for
rings is always at higher temperatures than
for linear chains, and 2) the chain length depen-
dencies for the glass transition temperature for the
two kinds converge to the same asymptotic value
of T, for long chains. These two major trends,
which are found in a similar way for the activation
energy E; . of the bulk viscosity [9], the density
and the refractive index of PMPS [6], are repro-
duced also in the simulation results reported in
this paper and are predicted by the only theore-
tical treatment of this problem [7, 8], based on the
considerations of differences in the configura-
tional entropy between the two kinds of chains.
This agreement, however only qualitative, sug-
gests that the main effect in different behavior of
rings and linear chains is caused by the fact that
the configurational entropy of rings is generally
much smaller than that of the linear chains.
Qualitatively, the variation of the experimental
glass transition temperature for both linear and
cyclic chains is smaller than predicted by the
theory or than observed in the simulation. Since
the range of variation of 7, has been observed to
be dependent on details of the chemical structure
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of polymers, the discrepancies between experi-
ments, on the one hand, and the theory or simu-
lation, on the other hand, can be attributed to the
fact that in both latter the structure of chains is
oversimplified.

The results presented here have shown, how-
ever, that there are some features of behavior of
ring which are not reflected even qualitatively in
the theory considering only the configurational
entropy of Gaussian chains. According to such
theoretical treatment the glass transition for small
rings should continuously shift to higher temper-
atures with decreasing length of chains. What we
observe, both in the experimental and simulation
results, is that there is a maximum in the chain
length dependence appearing for rings consisting
of several segments. This effect has also been
observed in calorimetric DSC-T, studies on
poly(methyl-phenyl-siloxane)(PMPS) [11]. The
fact that this effect is observed for different poly-
mers as well as for the simplest chains considered
in the simulation suggests its universality and the
lack of this effect in theoretical predictions shows
that there are some important factors in the con-
siderations which are disregarded. This might be,
for example, the deviations of rings in the melt
from the Gaussian statistics, which was studied by
Cates and Deutsch [32] and was demonstrated in
the simulated melts of noncatenated rings [33].
Topological problems of packing of cyclic chains
in such systems result in a scaling of ring dimen-
sions with their polymerization degree (R* oc N”
with v &~ 0.8) which is intermediate between those
for collapsed and Gaussian chains. This must
remarkably affect the entropy of such systems and
consequently influence the chain length depen-
dence of the glass transition. There are certainly
additional polymer specific effects, like, for ex-
ample, chain stiffness or thermal expansion, which
should be considered in the theory and in the
simulation in order to attempt a quantitative
description of the experimental results.

5. Conclusion

The dynamic glass transition (x-relaxation) of
PDMS was studied in a 25 K wide temperature
interval starting from T p,qc by dielectric spectro-
scopy. For this investigation samples of rings and
linear chains of various molecular weight were

used. The activation curves of this relaxation are
in good accordance with the WLF-function. The
dielectrically determined temperature 7T, =
T(z = 1s)is up to 4 K beneath the DSC — T,.

The relaxation rates and the values for T, de-
pend strongly on molecular structure and weight,
whereas the shape of the relaxation time distribu-
tion seems not to be affected. While the relaxation
of linear chains is shifted towards lower temper-
atures with decreasing molecular weight accord-
ing to the Fox—Flory-equation, rings show the
opposite trend having a maximum in T, for rings
of about six segments. Dynamic Monte—Carlo
simulations of linear and cyclic model chains
showed, besides a local Arrhenius-activated f-
relaxation, an a-relaxation with WLF-type activa-
tion curves. The molecular weight dependence of
this simulated a-relaxation is in a good qualitative
agreement with the experimental observation for
both linear and cyclic chains. Thus, the applied
simulation method (CMA) has proven to be suc-
cessful in the description of the molecular dynam-
ics in dense polymeric systems.
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