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ABSTRACT: The local and cooperative dynamics in atactic (a-PS) and syndiotactic (s-PS) polystyrene were
studied by broadband dielectric spectroscopy. Besides the koewlaxation, two additional relaxation processes
p1andf, were revealed in various samples of a-PS and s-PS films cast from solvent solutions. These new dynamic
processes show Arrhenius behavior, a common activation energy around 80 kJ/mol, and coossldkation

region without merging, indicating a molecular origin being phase-separated from the amorphous PS fraction.
By Fourier transform infrared spectroscopy (FTIR) measurements, a clear link between the existes@g of T
helix conformation and the occurrence of {hg and f3,-processes was established. Symmetry arguments and
systematic differences in the relaxation parameters between a-PS and s-PS favor the assignment gfithe fast,
process to a helix defect mechanism (helix inversion), while the slow nfiadékely originates from cooperative

helix inversion events that would point to spatially organized aggregates of helices, as suggested earlier for PS
gels. The occurrence of such solvent-induced structures and their dynamics might have important implication for
the interpretation offy reductions found in ultrathin PS films.

1. Introduction Because of its lack of stereoregularity, a-PS is believed not

In the past four decades, atactic PS had been studied by 4° crystallize, and it is considered an amorphous polymer.
large number of authors, and it becomes the model system for iOWever, it has been shown by NMRthat a-PS usually
many research topics and particularly, in the past decade, forcontains a high fraction of syndiotactic sequences in its
research on polymers confinement in ultrathin filn3. molecule, and results obtained with model compounds suggest

While atactic PS represents a purely amorphous polymer, thethat_a-PS_ is better descrl_bed by a prevalhng _ syndiotactic
two stereoregular variants, isotactic (i-PS) and syndiotactic configuration of at least eight aliphatic bonds in the trans
polystyrene, were extensively studied especially for understand- conformation’ Moreover, studies of the supramolecular struc-
ing their crystalline properties. The various methods involved tUre involved in the gelation mechanism of a-PS combined with
in the studies such as Fourier transform infrared spectroscopyStudies of a-PS in solution with different solvents showed that
(FTIR)4-6 X-ray diffractions~11 electron diffractiort21% and this polymer forms the same type of complexes with the solvent
solid-state nuclear magnetic resondfic¥ led to the conclusion ~ Molecules as the one known for s-P8:3243 _
that both i-PS and s-PS molecules assume different crystalline SO far, dielectric relaxations spectroscopy was used in
forms showing a complicated polymorphigi8.10.11,1724 studying a-PS only, and '.[he measurements proved to be difficult

The essential feature of s-PS is its ability to form stable crystal due to the weak relaxation strength of a47§:5
structures based on two regular chain conformations: the all- !N this paper we report the first study, to the best knowledge

trans, planar zigzag conformation that gives rise to the high- Of the authors, of s-PS using dielectric spectroscopy, and the
temperature crystalline forme. and 192325 and the G, results are compared with a-PS samples prepared under similar

conformation leading to a helical chain structure contained in conditions. _ .

the & andy forms®10 _The structural evidence for conformational state probed by
Actually, the form is a clathrate structure represented by dielectric spectroscopy is further provided by FTIR.

complexes formed by the solvent molec§ie#s0.23.25yith the

polymer chains existing in a s(2/1)2G; helix conformation.

This form can be obtained by solution cast me#{é42627or 2.1. Broadband Dielectric Relaxation Spectroscopy (BDRS).

by solvent vapor sorption by the amorphous polyRiéPFTIR Sample PreparatiorAtactic polymer was received from Shell (PS,

results showed that annealing at FZDinduced full desorption ~ Shell N7000M,, = 371 000, PDI= 3.3) and was purified by triple

of the solvent but resulted in an imperfectorm containing precipitation from dichloromethane/methanol. To obtain sheetlike

many nanopores between the polymer chains of the mesophasesamples for dielectric measurements, the precipitate was heated and

compression-molded at 20C (sampleD1, cf. Table 1). The same
It was concluded that the samples annealed at lower temperature arial was used to prepare a PS samp® (doped” with 0.1%

exhibited conformatipnal order, but lack of crystalline regularity ¢ the fluorescent probe DBANS by melt mixing in a batch mixer.
and the reorganization from to  form may occur perfectly  More details can be found in ref 46.
by annealing at 178C indicated by the decrease in the number  syndiotactic polystyrene was received in highly crystalline form
of micropores® (Polymer Source IncM,, = 250 kg/mol). From this material, sheets
with a typical thickness between 2 and a2t were prepared by
t Delft University of Technology. compression-molding at about 27Q, which were subsequently
* Katholieke Universiteit Leuven. processed further by three different sample preparation routes.
* Corresponding author. E-mail: Michael.Wubbenhorst@fys.kuleuven.be. Amorphous sample$@) were obtained by heating the sheets again

2. Experimental Section
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Table 1. Sample Overview

(a) DRS Samples

[1/-processes

polymer sample code present? preparation details
a-PS D1 weak/weak precipitated from DCM solution in methanol, compression-
molded at 200C
a-PS+ 0.1% DBANS D2 weak/weak precipitated from DCM solution in methanol, melt mixing of DBANS atZD0
compression-molding at 2046
s-PS D3 not present compression-molded at 2@) remelted at 270C for
>1 min, then quenched in ice water
s-PS D4 weak/? compression-molded at 20, remelted at 270C for ~10 s,
then quenched to RT
s-PS D5 strong/strong spin-cast from CHChnnealing at 80C for 2 h
(b) FTIR Samples
polymer sample code solvent preparation details
a-PS F1 toluene spin-cast from 5% solution in toluene on KBr crystal window,
no annealing
s-PS F2 amorphous s-PS measured as freely standing film
(same preparation history as D3)
s-PS F3 toluene 3 days solvent uptake by amorphous sheets, dried for 30 min
at 80°C mixed with KBr powder and prepared
as round crystal windows
s-PS F4 CHCl3 3 days solvent uptake by amorphous sheets, dried for 30 min

above the melting point (27€C) and subsequently quenching them
in ice water. Sampl®4 was prepared in a similar way; however,
the sample was kept at 27Q only for about 10 s, and the cooling
rate was slower (quenched on a precooled metal plafe=at-20
°C).

at 80°C mixed with KBr powder and prepared
as round crystal windows

2.2. Fourier Transform Infrared Spectroscopy (FTIR). Sample
Preparation and FTIR Setu-TIR measurements were performed
on four different samples (cf. Table 1b), which were chosen to
match the morphology of the DRS sampl&sl{-D5) as much as
possible. Amorphous s-P&2) was prepared in the same way as

For dielectric measurements, samples from the sheet materialsthe DRS equivalent¥3) and was measured as a freely standing

D1—D4 were provided with circular-shapeB & 2 cm) electrodes
by evaporation o~50 nm aluminum layer on both sides. After

film. A sample of atactic PSK1) was obtained as follows. A
solution of 5 wt % PS in toluene was spin-coated (3000 rpm for

that, samples were clamped between the massive electrodes of 80 s) on KBr round crystal windows (diameter25 mm, thickness

dielectric sample cell and subjected to individual heating and
cooling cycles within the temperature range frerh20 to 270°C.

SampleD5 was prepared in a very different way. A part of the
amorphous materiaD3) was again dissolved in chloroform. Thin
films (115 nm) were prepared by spin-coating (at 1000 rpm for 30
s) on aluminum-coated glass slides. After annealing2ftr at 80

= 2 mm) and measured after drying at room temperature. For the
preparation of these samples, atactic polystyrene (Pressure Chemical
Co.) with an intermediate molecular mass,(= 160 000 g/mol)
and low polydispersity €1.06) was used.

To compare the helix formation in both syndioactic and atactic
PS, two other samples were prepared as follows: very small (couple

°C, samples were provided with a second electrode by depositing of millimeters in diameter) fragments from the amorphous sheets
aluminum in a “flash” evaporation process, i.e., ultrafast deposition of syndiotactic PS were immersed in two different solvents: toluene
with the maximum available evaporation ratel0 nm/s}’ that (sampleF3) and chloroform (samplE4). At room temperature none

ensures both a sharp and smooth polymer/metal interface. The filmof the solvents dissolves the polymer completely; however, it is
prepared from solution was measured during heating with a known from the literature that the solvent uptake is sufficient to

temperature range from15 to 270°C.
Dielectric Measurements and Data Analyd€iselectric measure-

ments were performed using a high-precision dielectric analyzer

(ALPHA analyzer, Novocontrol Technologies) in combination with
a Novocontrol Quatro temperature system providing control of the
sample temperature with high stabilityx@.05 K). Temperature-

dependent experiments were performed by consecutive isothermal

frequency sweeps (16-10" Hz) in the temperature range from
+200 to—120°C in steps of 5 K, which resulted in an effective
(mean) cooling rate of about 0.5 K/min. For an accurate determi-
nation of the relaxation time(T) and other relaxation parameters
we fitted the dielectric loss specteé(w) to the imaginary part of
the empirical Havriliak-Negami (HN) relaxation function (eq 1):

46

where Ae corresponds to the relaxation strength, while the two
“shape parametersd andb represent the logarithmic slope of the
low-frequency loss taild) and the high-frequency loss tait-ab).
The second term in eq 1 accounts for Ohmic conduction.

A comprehensive description of analysis methods for dielectric
data can be found in the refs 48 and 49.

o
€,0

Ae
1+ (iwr)a)b} @

promote the coil to helix transformation of the polymer chains inside
the swollen PS sheet§?®

After 3 days, the s-PS sheets were taken out of the solvent and
were dried for 30 min at 80C, subsequently mixed with KBr
powder, and prepared as round crystal windows by means of a
hydraulic press.
For the FTIR measurements a Perkin-Elmer Spectrum One FTIR
spectrometer was used in single-beam mode. Data were collected
over a range of 4000450 cnt?! with a resolution of 0.5 crmt.

3. Results

3.1. Dielectric Relaxations.Dielectric relaxation spectros-
copy was applied to study the molecular dynamics of the various
PS samples in a wide temperature range covering the glassy,
semicrystalline, or amorphous liquid state. Figure 1 shows a
3D representation of the dielectric losen(f,T) of a-PS sample
(D1). Like in previous work!8:5051we have used the “conduc-
tion-free” dielectric lossd’ 4eriy), cOmputed from the real part
of the dielectric spectrurd (f ),*8in order to eliminate excessive
contributions from (Ohmic) conduction in the loss speéfra?

The resulting “loss" geriv (f, T) Spectra reveal the dominant main
o relaxation process, well-known from the literat@es well
as a second process that “passes” thprocess at abou&DV



5154 Lupagu et al. Macromolecules, Vol. 39, No. 15, 2006

a)

1t
w”
XA
XN sty
s 1w N
0‘0‘0:::*%’ £ £ 45 3 RN
:0’0'::‘ S 10?
8 3‘0, o, il
e
S0 o
Tty -
LD 7 "
Q,::':"c 10
Frequency [Hz]

0.0 Temperature [°C]
Frequency

]
(a2}

' R

L
\t‘a:,' “‘\:‘t:o !

log( [s])
&

!
E-Y

]
[2%]

3.0 35 40 .
1000/T [K] i e

Figure 1. First observation of an additional high-temperature Arrhenius
process f§1-process) in a-P1). Top: three-dimensional representa-
tion of the “conduction-free” dielectric l0s&" ger(f,T). Bottom:
activation plot logf) vs inverse temperature.
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Figure 2. Three-dimensional representation of the “conduction-free”
dielectric loss" enidf,T) for two differently prepared samples of s-PS:
(a) amorphous samp@3; (b) cast sample¥5) from CHCE solution.

100 Hz. This peculiar effect, the coexistence of two crossing, the amorphous sampl@3 reveals a single relaxation process
obviously independent dynamic processes, is also seen in the(a), the solvent prepared samplb exhibits two additional
activation plot (Figure 1b). relaxation modes, the fast one of which resembles the previously
The o-relaxation is generally attributed to the dielectric describeds;-relaxation. Despite this difference, both samples
manifestation of the dynamic glass transition, and such a show crystallization upon heating-atL20°C, indicated by the
relaxation process crossing therelaxation has not been discontinuous change in therelaxation peak at this temper-
reported for a-PS previously. Instead, below the glass transitionature. Interestingly, this crystallization affects therocess in
temperature, three other relaxation processes have been dethe same way for the two samples without interfering with the
scribed in the literature, which were assigned to local molecular ;-relaxation inD5. The strong dielectric dispersion of sample
motions, some of them related to specific structural features of D3 just belowTy is due to the strong nonequilibrium state of
the polymer chain: around 5@ (f = 100 Hz), occasionally a  the sample after quenching, an effect that vanishes immediately
p proces®® has been observed for a-PS having bulky substitutes after passing the “equilibriumTy.
at the chain ends or for a-PS with very low molecular mass. At For comparison of the relaxation behavior of a-PS and s-PS,
much lower temperatures—020 °C atf = 100 Hz), they the dielectric loss spectra of various samples measured at 150
relaxation shows up, which has been assigned to local motions°C are displayed in Figure 3. Three dielectric processes can be
involving head-to-head irregularities in the polymer ch&in.  distinguished, though some differences exist in the strength of
Sinnott at al. reported an additional)(process located around  the individual relaxation processes. Tdeg@rocess visible around
40 K38 and attributed this to phenyl group motions. f=100 kHz is present for all samples. In the medium-frequency
To assign the new relaxation mode, which we further refer range (106-1000 Hz), thef;-relaxation can be seen for all
to as theBi-process, and since it is obvious that the relaxation samples except for the amorphous sample containing £8)S (
behavior of polystyrene is very sensitive to the microstructure, At low frequencies, a third relaxation modg) shows up,
particularly the stereoregularity, we studied syndiotactic PS for which is missing as well for sampl23. Despite the variation
comparison. Although s-PS was extensively investigated regard-in the peak intensity among the different samples, we can note
ing its complex phase behavior and morphology, no measure-that both news-processes have a generally narrow peak width,
ments of the dielectric relaxation dynamics have been reportedwhich is not typical for common secondary relaxations in

yet.

An illustration of this complex phase behavior of s-PS is given

by Figure 2, which displays the dielectric loss data of a fully
amorphous sampl®3 (Figure 2a), in comparison with the
sampleD5 prepared from CHGlsolution (Figure 2b). While

polymers.

To determine the detailed relaxation parameters including the
thermal activation parameters, the dielectric data were analyzed
by fitting isothermal spectra’(f) to eq 1, which yielded the
temperature dependence of the relaxation ¢ and the otherCDV
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1 Table 2. Various IR Absorption Bands of Ring, Amorphous, and
. T=150°C o T,G2 Modes According to the Literature
log(e deriv) e . o
0 a wavenumber (cmt) system assignment ref
v 502 s-PS G2 28
535 s-PS/CGl TGz 62
-1 541 s-PS/CGl amorphous 62
548 s-PS/CGl TG, m=7-12 62
2 571 s-PS/CGl T2Gz, m= 20-30 62
a-PS/CS 41
1069 s-PS/CGI ring mode of s-PS 62

74,(T) data from a-PS and s-P®1, D2, D4) show a unique

4 s . . . behavior within the experimental error, the only exception being
0 2 4 6 sampleD5, which we will discuss later in this paper.
log(frequency [Hz]) The relaxation strengthe(T) of the 81 and 3, relaxation as
Figure 3. Dielectric loss spectrurd’qen(f) at T = 150°C for various a function of the temperature for four different PS samples is

samples of atactic and syndiotactic 8 (a-PS compression-molded  presented in Figure 5. The two processes have about the same

at 200°C) (O), D2 (a-PS compression-molded at 280 + DBANS . . .
(®), D3 (a)ngozphoug sPS, fastpquenched),(D4 (s-PS slow quencht)ad) relaxation strength with values ranging between 0.01 and 0.08.

(a), andD5 (s-PS solvent preparedy}. However, there is an exception presented by the relaxation
strength of the3,-process of the sample5 (syndiotactic PS
-8 cast from chloroform), which is much higher compared with
z 0 the other samples. For this particular sampleytlaeis indicated
§ in Figure 5 by the arrow is depicted on the right side of the

graph.
Itis clearly seen that the stronggkst andf,-processes belong
to the samplé5, which contains solvent prepared syndiotactic
PS, while the sampled1 andD2 show the weakest processes.
The relaxation strength for thg;-process Aeg,) shows a
slight decrease with the increasing temperature for all samples
presented. Relaxation strength values forh@rocess Aeg,),
though being a bit more scattered, reveal the same type of
' : temperature dependence for the sanipe while for samples
5 20 1ooor2f5[K-1] 3.0 35 D1 andD2 a reverse trend can be noticed.
3.2. FT-IR Spectra. The existence of specific molecular

Figure 4. Activation diagram showing the peak relaxation ti . L :
angdrﬁ2 for four various Pg sampleD1 %a_Psgompression_mO&fﬁ at conformations of the polymer chains inside the films prepared

200 °C) (0), D2 (a-PS compression-molded at 260 + DBANS) from solvent solutions is confirmed by FTIR measurements. It
(a), D4 (s-PS quenched slowlj, and D5 (s-PS solvent prepared) is well-known that the infrared spectrum of s-PS is very sensitive
(v). to the local conformations of the chaiff! FTIR spectra

contain absorption bands that are specific to bots;Tand
TTTT conformations, while other bands (ring modes) show no
conformation sensitivity and thus provide an internal reference.
A summary of some relevant IR absorption bands and their
assignment is given in Table 2.

Figure 6 presents the normalized mid-infrared (MIR) FTIR

HN parameters of each relaxation process. The relaxation time
data are plotted in the Arrhenius diagram shown in Figure 4.
As expected, the-process, characterized by its typical curvature
in the temperature dependence of the relaxation tufig, can

be fitted to the VFT law

E, absorption spectra of four PS samples. The samples used in
T=T,€X ﬁ (2 this experiment, their name, and preparation procedure are listed
v in Table 1b.
whereEy and Ty are the “Vogel activation energy” and the ~ Within the spectral region from 500 to 600 cfna broad
Vogel temperaturé’-5° The other two parameteRandz., have peak with a maximum at 540 crhis seen that is characteristic
the usual meaning. of the amorphous part of the polymer here measured for the

In contrast, all the other data obey the Arrhenius equation S&mpleF2. SampleF2 (amorphous syndiotactic PS) has the

(eq 3) being indicative for “simple” thermally activated behavior: Same preparation history as the sampld. Some of the
characteristic infrared bands of PS are influenced by the type
Ea

of conformation as well as by its sequential lengttfnumber
T=To &N gyy 3) of monomer units they contain), and the sensitivity to the length
of a particular conformation differs from band to band. The
The activation parameteis, and logf.,) for all samples and bands in the 500600 cnt! region are due to out of plan
processes are listed in Table 3. From Figure 4 we see that alldeformation of the phenyl ring, and they are conformational
relaxation datar(T) have virtually the same slope, indicating sensitive to the 3G, helix sequence¥-62For comparison, two
an unique activation energy around 80 kJ/mol. For the slow solvent prepared s-PS sampk3andF4 were measured, and
PBo-process, there is only little dependence of the relaxation time the spectra are shown in Figure 6 by interrupted lines. Here the
on the sample material; i.e., th@>-relaxation shows no  strong peak at 540 cm, characteristic of a random conforma-
sensitivity to the tacticity of the polymer. The relaxation time tion, is absent, and two new absorption peaks at 535 and 548
values for thep-relaxation reveal similar behavior though cm™ being indicative for the 3G, helix conformation are
shifted in frequency by about 3 decades. Again, most of the clearly visible. Chloroform and toluene were chosen as solv%{'&,/



5156 Lupagu et al. Macromolecules, Vol. 39, No. 15, 2006

Table 3. Activation Parameters for the f1- and f»-Relaxations Found in a-PS and s-PS

p1-process Po-process
sample Ea [kJ/mol] log (T« [S]) Ae (150°C) Ea [kJ/mol] log (T« [S]) Ae (150°C) AepAep,
a-PS D1 7942 —13.740.4  0.012+0.001 76+ 2 —10.2+0.5  0.027+ 0.002 2.4
a-PS+0.1% DBANS D2 83+2 —-14.3+ 04  0.013+0.001 78+ 2 —10.0+0.5  0.050+ 0.003 4.0
s-PS D3
s-PS D4 7742 —13.4+0.4  0.030+ 0.002
s-PS D5 8242 —12.940.4  0.065+ 0.004 83+ 2 —10.740.5  2.6+0.1 40.2
0.10 paper) of pure a-PS. From Figure 6 it is clear that populations
00s B-process of long and short helices are present in all samples.
v v ° D1
0.06 w\"'"'\vi'v""‘"".?,!' Lo 4. Discussion
Ae ooal A The discovery of two, yet unknown relaxation processes in
' ‘M polystyrene, a polymer that is well established as both engineer-
0.02F N ing material and as a model system in polymer science, is
W somewhat surprising. There are some possible explanations for
0.00, 100 200 300 the fact that these processes where not reported previously. First
Temperature [C] of all, the d|eleqtr|c losses in PS are gengrally low compared to
other, well-studied polar polymers, and this has hampered broad
0.10 5 -process 4.0 systematic studies on such a low-loss system in the past.
oosl - P Furthermore, to reveal the very sl@wprocess unambiguously,
LA w 3.0 advanced fit strategies or the alternati/gey technique are
0.06 NI s necessary to eliminate strong loss contributions due to Ohmic
“ ol PRy |20 4 conductivity.
' oo Second, syndiotactic PS would have been a better candidate
0.02 * 10 to detect these relaxation modes due to the higher strength of
the ;- and f>-processes in this polymer. However, no DRS
0.00, 100 200 3030 study has been reported so far on s-PS despite the large number

of publications on this material in the last years, though a recent

£ H 3 . _ .
Figure 5. Relaxation strengthhe(T) of the 5:- and S -relaxation as a paper by d'Aniello et aF.. .showed Ithat dyk?.amlk(]: mechanl_cgl
function of the temperature for four different PS sampl&st(a-PS measurements are sensitive to polymorphic phase transitions-
compression-molded at 20@) (O), D2 (a-PS compression-molded at (@, ¥, 9, and clathrate) of s-PS.

Temperature [°C]

200°C + DBANS) (a), D4 (s-PS quenched slowlj, andD5 (s-PS The third but not less important explanation is that the results
solvent prepared)¥). so far show that th;- andf2-processes were exclusively found
amorphous in samples that have a solvent history. Melt prepared samples
J' et amoros P from both s-PSD3 in this study, and a-PS, not presented here,
! P show no such processes, which led us to the conclusion that
04 ' SARseES senerom the two processes are indicative for specific solvent-induced
';:l short helices structures.
-E- : In view of the rich literature dealing with conformation
g transitions from coil to helix (rod) in solutions of s-PS and a-PS,
8 long helices together with spectroscopic evidence from FTIR (cf. Figure 6),
o 02 ;’/ L . . R . A
2 ; i it is quite evident that the new dielectric relaxation processes
< STTTHRREEON AT are related to the existence of helical structures involving

""" ) syndiotactic sequencé$3>41.60Tg identify the molecular mech-
= anism that links the specific dielectric relaxatighisand 3, to
the conformational regular, helical structure, we have to revisit
500 520 540 560 580 the main finding from the previous section: (1) Though the
relaxation strength for the8;- and S-processes is slightly
different for a-PS and s-PS, the fact that they have the same
activation energy points to a common inter- or intramolecular
potential involved in both fluctuations. (2) The ultimate higher
relaxation strengths found for the syndiotactic samples are in
line with a potentially larger volume fraction of helical
i . sequences in s-PS than in a-PS. (3) For a given microstructure,
Table 2 presents the corresponding length of the helices 10 gxpressed by the tacticity, a systematic variation of preparation
the specific infrared bands in this region. conditions allows the variation of the helical fraction, and this
The last spectrum in Figure 6, depicted by a thin continuous can be seen from the relaxation strength variation for different
line, represents the IR response from the sarfplatactic PS samples presented in this paper in Figure 5.
prepared from toluene. The two peaks at 548 and 572'cm The assignment of the two dielectric relaxation modes to
known to be characteristic of helix conformation for both a-PS specific fluctuations of helical rods is less straightforward.
and s-PS appear in the spectrum as pronounced shoulders t&luctuations of entire helices around the long axis (rotations)
the broad amorphous peak (540 ¢y*162 These particular of the short axis (librations) should not have a manifestation as
peaks are absent in an amorphous sample (not presented in thia dielectric relaxation process sincgsp helices exhibit neithe&DV

0.0

Wavenumber [cm™]

Figure 6. Normalized MIR FTIR of four samples of PS: details about
the samples are given in the figure caption.

and there are no visible differences between the two spectra in
the region presented.
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a net longitudinal or transversal dipole moment, for symmetry is likely a general issue for PS samples obtained by spin-coating,
reasons. Consequently, the observed dynamic processes mustnd further consideration is needed in all studies dealing with
be related to a well-defined defect mechanism being an intrinsic solvent prepared PS samples.

feature of helical structures. Such a plausible mechanism is the

helix inversionwhich takes plays at the interconnection between  Acknowledgment. Veronica Lupasu gratefully acknowl-
left-handed and right-handed PS-helices and which has beeredges the Dutch Organization for Fundamental Research on
described in detail by Biakner et af* Matter (FOM) for funding this research project, Piet Droppert

The dynamics okink (or helix) inversionis likely responsible  for his lab assistance, and Otto van der Berg for his valuable
for the fast process, which sets in at temperatures much lowerhelp with the preparation of s-PS samples.
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