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ABSTRACT: We prepared controlled-polydispersity poly(ethylattepropylene)b-poly(pL-lactide) (PL) and
polystyreneb-polyisoprene (SI) block copolymers to study the effects of the molecular weight distribution on
the order-disorder transition at controlled composition and overall molecular weight. Small-angle X-ray scattering
and rheological measurements were carried out to characterize the changes in thelistider transition in

these self-assembled materials as a function of their composition and polydispersity index. We determined that
in both asymmetric PL and S| systems increasing polydispersity in the minority component resulted in a decrease
in the segregation strength at the orddisorder transition, whereas increasing polydispersity in the majority
component results in an increase in the segregation strength at the-disteder transition. We speculate that
increasing PDI in the majority domain weakens the effective potential holding the phase-separated microdomains
ordered on a lattice.

Introduction the general prediction that as PDI increases, the segregation
strength required at the ODTyN)opr, decreases. For example,
using the RPA710 at f, = 0.5, ¢N)opr ~ 10.5 in the
monodisperse limit, at a PRI= 2.0 (PDk = 1), (¢N)opT ~
7.447710For typical block copolymersy(00 T-1) this decrease

in (yN)opr would lead to an increase in the temperature required

Immiscible polymers engaged by a covalent bond at their
termini form the basis for a versatile class of self-assembling
materials: block copolymers. Much attention has been focused
both experimentally and theoretically on elucidating the full
complexity and underlying physical phenomena that dictate their . : ; .
self-assembly. To date, most of those efforts have utilized or to bring about a disordered state, the magnitude of which would
focused on materials with narrow distributions in their molecular depend on the exact temperature dependenge of

weight, i.e., as manifest by polydispersity indices (RDMy/ The effects of PDI on the ODT have potential implications
M,,) that approach 1. on the processability of block copolymers. In general, processing

K is best carried out above the ODTthe tuning of the block
copolymer PDI could serve as a convenient means to change
the location of the ODT, potentially to bring a block copolymer
system under more favorable processing conditions. From a
more fundamental viewpoint, experiments examining the ODT
are of utmost interest since this is the region believed most likely
to disagree with these mean-field theory predicti&sarticu-

The effects of polydispersity on the self-assembly of dibloc
copolymers have received little experimental attentiohThis
is in contrast to the numerous notable theoretical treatments
spanning the past two decades beginning with Leibler and
Benoit* and Hong and Noolandiwho treated disordered block
copolymer melts. Most recently, Cooke and Stineated both
disordered and ordered diblock copolymer melts at low levels

of polydispersity by approximating observable quantities as a |2y @s the molecular weights of the block copolymers are
Taylor series expansion about the average molecular Weight.decreaseéﬁ Utilizing two different controlled-polydispersity

this efficient technique allowed for examination of the effects block copolymer systemspoly(ethylenealt-propylene)e-poly-
of PDI increasing asymmetrically in one block in a similar (PL-lactide) (PL) and polystyrene-polyisoprene (SI), we
manner to Sides and Fredrickd®ror symmetrically in both systematically explore the effects of polydispersity on the erder

blocks in a similar manner to Burger et’at weak segregation. ~ disorder transition.
However, Cooke and Shi were only able to calculate relevant
observables at modest levels of polydispersity (PRI 1.2).
Nonetheless, qualitative agreement was found where experi- Synthesis of Controlled P0|ydispersity Block Copo|ymer
mental data were availabté.Domain spacing increased as the  Materials. The synthesis of controlled-polydispersity PL ma-
PDI was increased, and PDI increases in one block of anterials has been discussed in detail elsewBéteS| was
asymmetric diblock copolymer resulted in transitions to mor- synthesized using anionic polymerization to yield materials with
phologies with increased mean interfacial curvature toward that yariable polydispersity indices (PDIs) in the polystyrene block.
block. This was accomplished through the metered addition of a dilute
Theoretical treatment of polydispersity effects in diblock solution of secbutyllithium initiator by syringe pump to a
copolymer melts near the ordedisorder transition (ODP)have rapidly stirring solution of styrene monomer in cylcohexane at
been accomplished using the random-phase approximation30—45 °C. Initiation by this method has the effect of simulating
(RPA) and self-consistent mean-field thedry.102429To date, a slow rate of initiation relative to propagation, thus increasing
there has been no experimental evidence to support or refutethe PDI of the polystyrene. The PDI of the polydisperse block
was fine-tuned by altering the reaction temperature; a higher
* To whom correspondence should be addressed. E-mail: hillmyer@ réaction temperature resulted in a larger PDI. PDI can be related
chem.umn.edu. to the ratio of the propagation and initiation rate constakys (
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Table 1. Molecular and Morphological Characteristics of the Diblock Copolymers

sample ID Nootaf feplP PDI° PDId morphology Toor (K)f or (xN)opr9

PL(0.34,1.18)-1 37.2 0.344 1.18 1.08 L 487 1.3 10.1
PL(0.34,1.37)-1 36.9 0.339 1.37 1.15 G 493 1.4 9.65
PL(0.33,1.43)-1 36.2 0.326 1.43 1.17 C 500 1.6 9.07
PL(0.31,1.89)-1 355 0.313 1.89 1.17 C 499 15 8.97
PL(0.31,2.05)-1 35.5 0.313 2.05 1.20 C 495 1.7 9.15
PL(0.50,1.36)-2 25.9 0.494 1.36 1.15 L 442 0.2 9.04
PL(0.48,1.35)-2 25.1 0.478 1.35 1.14 L 440 0.3 8.89
PL(0.47,1.45)-2 24.8 0.472 1.45 1.17 L 438 0.3 8.85
PL(0.49,1.49)-2 25.5 0.486 1.49 1.19 L 444 0.1 8.81
PL(0.47,1.61)-2 24.6 0.467 1.61 1.22 L 436 0.4 8.86
PL(0.46,1.82)-2 24.1 0.459 1.82 1.28 L 441 0.1 8.51
PL(0.46,1.82)-2 24.2 0.459 1.82 1.28 L 443 0.3 8.42
PL(0.54,1.22)-3 26.1 0.498 1.22 1.11 L 448 1.3 9.63
PL(0.55,1.32)-3 26.7 0.509 1.32 1.15 L 449 1.7 9.82
PL(0.55,1.35)-3 26.5 0.506 1.35 1.16 L 440 1.6 10.2
PL(0.55,1.45)-3 26.8 0.511 1.45 1.20 L 450 0.8 9.78
PL(0.54,1.72)-3 26.3 0.502 1.72 1.31 L 453 1.7 9.43
PL(0.53,2.00)-3 25.6 0.488 2.00 1.41 L 451 1.7 9.27
PL(0.59,1.20)-4 31.9 0.589 1.20 1.11 G 439 0.6 11.3
PL(0.58,1.23)-4 315 0.584 1.23 1.12 G 439 4.3 11.2
PL(0.59,1.73)-4 32.1 0.592 1.73 1.36 L 442 0.6 11.2
PL(0.59,1.85)-4 31.9 0.589 1.85 1.41 L 446 1.3 10.9
PL(0.62,1.30)-5 34.4 0.619 1.30 1.16 G 441 1.4 12.1
PL(0.61,1.32)-5 33.1 0.604 1.32 1.17 G 444 3.2 11.4
PL(0.61,1.33)-5 33.5 0.609 1.33 1.17 G 442 3.0 11.7
PL(0.62,1.39)-5 34.2 0.617 1.39 1.21 G 449 0.3 11.5
PL(0.62,1.62)-5 34.3 0.618 1.62 1.32 L 438 0.4 12.2
PL(0.63,1.42)-6 35.6 0.632 1.42 1.23 C 447 15 12.1
PL(0.64,1.42)-6 36.8 0.644 1.42 1.23 C 455 0.2 12.0
PL(0.63,1.57)-6 35.6 0.632 1.57 1.30 G 427 0.8 13.5
PL(0.64,1.67)-6 36.7 0.643 1.67 1.36 G 424 0.2 141
SI1(0.29,1.07)-7 291 0.287 1.07 1.05 C 420 0.6 24.6
S1(0.29,1.13)-7 239 0.288 1.13 1.05 C 398 0.1 22.4
S1(0.30,1.15)-7 240 0.295 1.15 1.07 C 411 1.4 21.1
SI1(0.52,1.21)-8 365 0.516 1.21 1.21 L 523 0.7 18.6
SI1(0.51,1.29)-8 345 0.507 1.29 1.16 L 524 0.1 17.4
SI1(0.50,1.34)-8 369 0.501 1.34 1.19 L 546 3.1 16.6
S1(0.64,1.04)-9 223 0.640 1.04 1.06 G 433 0.6 17.7
S1(0.64,1.12)-9 238 0.643 1.12 1.10 15p 441 0.6 18.2
SI1(0.65,1.25)-9 217 0.649 1.25 1.14 L 421 0.0 18.3

aDetermined by'H NMR spectroscopy, the densities at room temperafusgrE& 0.85616 ppia = 1.26517 pps = 1.05, pp; = 0.9¢*), and with reference
to a segment volumers = 144 A3). b The composition of the polydisperse componés, = Nep/(Nepi + Nuwono), whereNpp, is the number of segments
in the polydisperse block ardvono is the number of segments in the monodisperse bloBklydispersity index of the PLA as calculateat PS block as
measured by RI-SEC using THF as the mobile phase &C4@lative to PS standard$Polydispersity index of the PEFPLA or PS-PI block copolymer
as measured by RI-SEC using THF as the mobile phase a€4@lative to PS standardsMorphology immediately before disordering as identified by
SAXS (L = lamellar, G= gyroid, C = hexagonally packed cylinders, ® perforated lamellaej.Measured by DMA. For the PL samples this value
represents the average of six measurements (three heating, three coalifig/tin) of the ODT; the errordy) is the standard deviation of those measurements.
For the S| samples, this value represents the average of three heating measurer®f@tiin); the error is the standard deviatidnlopt converted to
(xN)oor using literature temperature-dependent expressions for the interaction parameter per segmentandyps-pi, and the number of segments with
respect to the appropriate segment voluiRgi{). The error §,n) was calculated by,n = a/Topr?or with oo = 71.4 for PS-PI ando. = 333.3 for PEP-
PLA; these parameters are from the temperature-dependent expression for the interaction parameter per segment (eqs 1 and 2)oln all @&ses,

k), and if the activation energy for initiation is lower than that diblock copolymers, each in a different composition window.
for propagation, thetiy/k will decrease with increasing tem-  The composition range for a particular series is generally narrow
peraturet* Thus, in general one would expect a higher PDI at (ca. 0.01).
higher temperature. Once the styrene monomer was consumed, Size-exclusion chromatographs of the polystyrene blocks of
isoprene monomer was added to the reaction at once resultings|(0.64,1.04)-9, §D.64,1.12)-9, and SI(0.65,1.25)-9 are shown
in PS—PI with low PDIs in the PI block? in Figure 1. SI(0.64,1.04)-9 was polymerized by addingsbe

The relevant molecular and morphological details of the PL butyllithium solution rapidly, thus essentially initiating all chains
and S| materials are summarized in Table 1. Each sample isSimultaneously at 40C. SI(0.64,1.12)-9 and SI(0.65,1.25)-9
identified by its sample name beginning with PL or Sl for PEP ~ were prepared by adding tleecbutyllithium solution over a
PLA or PS-PI, respectively, followed by the fractional com- 31 min time period at a linearly increasing rate of addition at
position of the polydisperse component (the PLA block for the 38.5 and 45°C, respectively; these two protocols resulted in
PL samples and the PS block for the SI samples) and its differing breadths in their molecular weight distributions.
polydispersity in parentheses. This code is followed by an Effects of Increased Polydispersity on the ODT.The
integer to indicate to which series the sample belongs, e.g., Sl-order—disorder transitions of all samples were measured rheo-
(0.64,1.04)-9 denotes a P®I block copolymer witHps= 0.64 logically by dynamic temperature sweeps in the linear vis-
and PDps= 1.04, which belongs to series 9. There are six series coelastic regime and verified by small-angle X-ray scattering,
of PEP-PLA diblock copolymers and three series of P4 as shown in Figure 2. The ordedisorder temperaturel§pr)
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Figure 1. RI-SEC traces of the PS blocks of SI(0.64,1.04)-9 (solid),

SI1(0.64,1.12)-9 (dashed), and SI(0.65,1.25)-9 (dotted) With =
13010, 13 930, and 12 580 g mél respectively.

L
5
0

10

G'(Pa)

160 °C

L PR
Arbitrary Log Intensity Scale
L L L

1 180°C

T T T T
0.00 0.02 0.04 0.06 0.08 0.10

g(nm-)
102 T T T T T T
156 158 160 162 164 166 168 170
T(°C)

Figure 2. Measurement of the ordedisorder transition was carried
out by rheological and small-angle X-ray scattering measurements. The
method of locating the ODT of SI(0.64,1.12)-9 is depicted in this figure
as the intersection of the two extrapolated lin€kspr = 168 °C

(1 °C/min). The inset shows the corresponding SAXS data at 160 and

180°C.
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Figure 3. (xN)oor vs PDI of the polydisperse PLA block. Data are fit
to a line as a guide to the eye. (a) Seriesfad:a = 0.33; all samples
were C immediately before the ODT except where noted. One point
lies outside the boundary of the plot but is included in the fit. (b) Series
2: fpia = 0.47; all samples L. (c) Series 3p 4 = 0.54; all samples

. (d) Series 4:fp . = 0.59; morphologies indicated on plot. (e) Series

. fpa = 0.61; morphologies indicated on plot. (f) SeriesfGia =

.64; morphologies indicated on plot; one point lies outside the
boundary of the plot but is included in the fit.
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Figure 4. SAXS profiles at 160°C (yN ~ 13.2) of series 6fpa =
0.64. PDI of the PLA block is indicated to the right of each scattering

was identified by a precipitous drop in low-frequency storage profile. The sequence of profiles highlights the decrease in scattered

modulus @) over a small temperature increméhSpecifically,
the Topt was identified by a double extrapolation as shown in
Figure 2 and recorded as the intersection of the two extrapolated
lines; this method has proven very reproducible (sem Table
1). As evidence that the change in modulus was due to the loss
of microstructural order in the sample, SAXS profiles of the
principal scattering peak at 160 and 18D are also shown for
this specific sample. The loss of order upon heating above the
Topr is evident by the disappearance of higher order reflections
and a discontinuous decrease in the intensity of the primary
reflection?®

The Topr values could be converted tgN)opT, the segrega-
tion strength at the ODT, using previously determined, tem-
perature-dependent expressions for the segrssgment in-
teraction parameters for PEPLAZ® and PS-PI2L22 with
respect to a reference volume of 144: A

333

Xpep-pLa(T) = T~ 0.44

@

71.4

Xps-p(T) = —— — 0.086 )

(xN)opt vs PDI of the PLA block for the PEPPLA diblock
copolymers, series-16 in Table 1, are shown in Figure 3. Each

intensity as the PDI is increased.

plot (a—f) is a depiction of the trend for a series of diblock
copolymers that possess approximately equivalent composition
and overalN (molecular weight) (see Table 1). Each data point

is the average of six measurementsTghr, and the error bars
represent the standard deviation about the mean (see Table 1).

In plots a-d, the slope of a line fit to the data is negative. It

should be noted that this is in qualitative agreement with mean-
field theory predictions that as the PDI increasgh)pr should

decreasé. "19This infers that the ordered state is stabilized with
respect to the disordered state as PDI is increased at these
compositions. In plots e and f the trend reverses; as the PDI
increases, yN)opr appears to increase. This is in qualitative
disagreement with previous self-consistent mean-field theory
(SCFT) calculations which predict that although the decrease
in (xN)opt as PDl is increased in the majority block should be
less pronounced than when the PDI increased in the minority
block, it should nevertheless decrease as PDI is incréa$ed.
Morphological transitions often occurred within a single series;
i.e., within each series, the ODT does not always occur between
asinglemorphology and the disordered state. The morphologies
of the ordered states prior to disorder are indicated in Figure 3.
Figure 4 shows the small-angle X-ray scattering at 160
(xN ~ 13.2) for three samples of series 6 shown in Figure 3f.
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25012 = 2007, = 20.0 = In asymmetric diblock copolymers where the PDI is increased
fos =0.29 fos = 0.51 ¢ fs=0.64 . L .
L2401 19.0 19.04 in the majority component, the opposite effect on the ODT was
22301 18.0 18.01 «E observeq. As the PDI increases in .the maJorlty.component,
= P (xN)opr increases (Figure 3e,f and Figure 5c). This represents
220 17.01 17.01 a destabilization of the ordered state relative to the disordered
21.0 o 16.0 ; ' 16.0 state as the PDI of the majority block is increased. Contrary to
1.00 1.20 1.40 1.00 1.20 1.40 1.00 1.20 1.40

the previous case, this is in disagreement with prior self-
consistent mean-field theory (SCFT) calculatid¥swhich

f': ig“’% g-g (X'ﬁ‘)ODT ve PDI ?]fgy:.ethpogdisperﬁel PS block. d(.a)t Sle’ge? 7 predict that gN)opr decreases as PDI is increased for all
ps = 0.29; all samples exhibit the C morphology immediately before s .
the ODT. (b) Series 8fps= 0.54; all samples exhibit the L morphology compositions of the polydisperse component.

immediately before the ODT. (c) Series Bs= 0.64; samples exhibit We believe this discrepancy between thédrifand experi-
the indicated morphology prior to the ODT. ment can be accounted for by considering a self-assembled
mesophase to consist of block copolymer micelles ordered on
a lattice. Increased polydispersity of the corona blocks decreases
Ythe entropic penalty of moving a micelle from its equilibrium
position due to the greater number of chain lengths in the corona
available to accommodate a random displacement. Thus, the
Free energy penalty of moving micelles from their equilibrium
lattice positions is reduced. This represents an effective
decrease in the strength of the potential holding these micelles
in their equilibrium lattice positions, bringing the system closer
to an entropically favored disordered micellar state. Consistent
with this hypothesis, Bendejacq et al. observed that highly
asymmetric and polydisperse polystyrdmpoly(acrylic acid)
diblock copolymers in the melt state were characterized by
disordered micellar arrangements of microdomains whereas the
more symmetrical samples formed ordered assemblite
posit that stabilization of the ordered state over the disordered
state due to the entropic gain associated with increased poly-
dispersity in the majority domain is overwhelmed by the effects
of effectively decreasing the strength of the interaction potential
between the ordered micelles. High-resolution synchrotron
SAXS experiments could be used to support this by exploring
the nature of the disordered state near the ODT and potentially
observe lattice melting occurring at the OBfT28 As well,
guantitative mechanical measurements may be able to detect
any change in the modulus of the mesophase as polydispersity
_isincreased provided that the samples exhibit the same ordered
'state morphology.

Recent SCFT calculations by Matsen present a more refined
picture of the phase diagram for polydisperse block copolymers

PDlps

The system undergoes a transition from an ordered hexagonall
packed cylindrical state at Pt 1.42 of the polydisperse block
to a disordered state at PB11.57. Upon a further PDI increase
the disordered state scattering intensity appears to decrease
the system moves farther from its ordering transition. This is
in qualitative contradiction with mean-field theory predictions
for the disordered state scattering that as PDI independently
increases in the majority block, the system should near its
ordering transition which would be accompanied by an increase
in the scattering intensity.710

The effects of PDI on the ODT utilizing PSPI, a block
copolymer of a different chemical identity and higher overall
molecular weight than the PL system, were also investigated.
The ODT measurements for the nine SI samples in Table 1 are
shown in Figure 5, plots -ac. The plots are presented in
increasing fractional composition of the PS blockfA¢= 0.29
(plot @) a strongly decreasing trend is observed over a small
range in PDI. Atfps= 0.54 (plot b) a decreasing trend is also
observed however with a smaller dependence on PDI. Finally,
at fps = 0.64 (plot c), the trend appears to reverse itself and
(xN)opr increases slightly as PDI is increased. These changes
in the dependence ofN)opr on PDI are consistent with the
behavior observed in the PEIPLA system. The samples in
this series exhibit different morphologies as well in a manner
that is consistent with theory and previous experimental results
i.e., increasing PDI in the majority component of an asymmetric
diblock copolymer promotes transitions toward morphologies
with decreased mean interfacial curvatifdt should be noted X . -
that one of the samples (S1(0.64,1,12)-9) exhibited a morphology by '”C'“f{"r!g the close-packed sphericaldS3norphology and
most consistent with the metastable perforated lamellar structurethe possibility of macrophase separat?éfr.h(_e Zp morpholo_gy_ i
upon cooling from the disordered stafe. encompasses a large region qf the phase diagram, and S|gn|f|c_ant

two-phase regions are predicted as the PDI of one block is
Discussion increased to 1.5. Furthermore, Matsen predicts ordered state
destabilization in highly asymmetric polydisperse diblock
copolymers. On the basis of this phase diagram, further
experimentation may reveal that increasing the PDI at composi-
Stions less thafip.a = 0.33 (orfps= 0.29) causes destabilization
of the ordered state as it does fega (or fp9 = 0.64.

Increasing PDI asymmetrically in a diblock copolymer yields
changes in the ODT that depend on the diblock copolymer
composition. This offers some freedom is changing the erder
disorder transition temperature above which block copolymer
materials are processét.Specifically, the orderdisorder
transition temperature may be increased by increasing PDI in

The changes in the ODT as polydispersity is changed have
been measured in two different block copolymer systems: PL
and Sl. A consistent trend between these two sets of molecule
has emerged. In asymmetric diblock copolymers of PL and S,
increasing PDI in the minority block leads to decreas@d)¢pr-
(Figure 3a,b and Figure 5a). We attribute this stabilization of
the ordered state relative to the disordered state as PDI is
increased to a decreased entropic cost associated with filling
space uniformly in the minority domains by the polydisperse
component?* In a microphase-separated domain the wider

distribution of chain lengths available at increased PDI leads S . .
the minority component of a diblock copolymer; alternatively,

to an overall decrease in the entropic stretching penalty, thusth derdisorder t ition t i be d ib
decreasing the free energy of the ordered state relative to the € order-disorger transition lemperature may be decreased by
ncreasing PDI in the majority component.

homogeneous disordered state. As shown before, increasing PDI
in the minority component also favors transitions toward
morphologies with increased interfacial curvature toward the
polydisperse block.For symmetric PL and SI, increasing PDI The effects of increasing polydispersity on the oreldisorder
also led to decreasegN)opr (Figure 3b,c and Figure 5b). transition were investigated in poly(ethyleak-propylene)b-

Conclusion
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poly(pL-lactide) and polystyrenb-polyisoprene by increasing  beamline. Cu I& X-rays ¢ = 1.542 A) were generated by a Rigaku
the PDI in the polyL-lactide) and polystyrene blocks, while RU-200BVH rotating anode fitted with a 02 2 mn? microfocus
keeping the PDI constant in the poly(ethylealepropylene) cathode and Franks mirror optics. Temperature control inside the
and polyisoprene block8. Typically, increasing PDI decreases evacuated_sample ch_amber was accomplished with water cooling
(xN)opt except when the PDI is increased in a block comprising @1d électrically heating the brass-block sample holder. Two-
the majority of the diblock copolymer, whergN)opr increases dimensional diffraction images were recorded using a Siemens area

. . . . . detector located at the end of a 2.30 or 1.04 m evacuated flight
with increasing PDI. We account for this behavior by speculating e and corrected for detector response before analysis. SAXS

that increasing PDI in the majority domain weakens the effective measurements for the P®I samples were further carried out at
potential holding the phase-separated microdomains ordered orthe Advanced Photon Source (APS) on beamline 5 ID-D, which is

a lattice. maintained by the DuPont-Northwestern-Dow Collaborative Access
Team (DND-CAT). The X-ray source operated at a wavelength of
Experimental Section 0.83 A with a sample-to-detector distance of 6.03 m calibrated with

a laboratory standard. The scattered intensity was measured on a

Materials. All materials were used as received unless otherwise \,-. 165 mm ccD X-ray detector at a resolution of 2042048
specified. Styrene (Aldrich) was degassed and stirred over,CaH The two-dimensional images were azimuthally integrated and

(Aldrich) fo_r _several hours fo_llowed by vacuum distillation_ toa reduced to the one-dimensional form of scattered intensity vs the
flask containing butylmagnesium chloride (Aldrich) where it was spatial frequencyy

further degassed and allowed to stir for several hours’@tiefore Dynamic Mech éni cal Analysis.Dynamic strain, frequency, and
being transferred to a flame-dried and tared buret. Isoprene (Aldrich) temperature sweeps were carried out in a TA Instruments ARES
was distilled twice fromm-butyllithium (Aldrich, 2.5Min hexanes) theometer with 25 or 8 mm parallel plate geometries using a 1
at 0 °C before being transferred to a flame-dried and tared buret. mm gap. Dynamic strain sweeps were carried out to identify the
Cyclohexane was purified by passage through an activated alumlnaIinear viscoelastic regime (0-11% strain). Dynamic temperature

(LaRoche) column to remove protic impurities and a supported ramp tests were performed between 1 af€B8nin at a frequency
copperafatalyst (Q-5 Engehardt) to remove trace amounts of of 1.0 rad/s. The elastic¥) and loss G'"") moduli were recorded
oxygen: ) . as a function of temperature. The ordelisorder temperaturdépr)
Synthesis of Poly(ethylenealt-propylene)-b-poly (oL -lactide). was identified by a precipitous drop in storage modul@9 over
The materials, reagents, conditions, and specific methods used t0; smga|l temperature increment and determined by the double-
synthesize controlled-polydispersity PEPLA materials used in extrapolation method shown in Figure 2. The standard deviation
this study have been described in detail elsewRéte. in Topr was less than 4.3 K in all measurements (Table 1). This
Synthesis of Controlled-Polydispersity Polystyrends-poly- standard deviation is in part due to the hystereisis between heating
isoprene.To a flame-dried reactor fitted with Ace threads, a septum, and cooling temperature ramps in the PL samples and not actual
and a Teflon-coated stir bar was attached a buret of purified styrene,error in the measurement.
isoprene, and cyclohexane under positive Ar(g) flow. The reactor
was evacuated and filled with Ar(g) five times. Under static positive Acknow|edgment_ This work was Supported primar”y by
Ar(g) pressure, cyclohexane and styrene were added and warmeqne MRSEC Program of the National Science Foundation under
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The polydispersity of the polystyrene block was changed by P
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