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ABSTRACT: An anionically polymerized polystyrer®deckpoly(n-pentyl methacrylate) (PB-PnPMA) was
fractionated by interaction chromatography (IC), and the closed-loop phase behavior of the mother block copolymer
and its fractions with different chemical compositions was investigated by depolarized light scattering and polarized
optical microscopy. With increasing elution time the average chain size (or the average molecular weight) of the
block copolymer decreased slightly, and the average chemical composition changed steadily from a PS volume
fraction of 0.583 to 0.403, thereby producing five fractions collected over the different ranges of elution time.
This is caused by the difference of relative interaction strength between the stationary phase and the PnPMA
chains of PS-PnPMA, in which PnPMA chains tend to be adsorbed onto the stationary phase while PS chains
behave oppositely. Over the range of accessible temperatures studie@BDIT) a variety of phase transitions

were observed, including fully ordered state, a closed-loop (consisting of the lower disorder-to-order transition
and upper order-to-disorder transition), and fully disordered state. The original, unfractionated block copolymer
was disordered over the entire temperature range. The variety of observed phase transitions obtained from the
fractionated block copolymers is assumed to be governed by the sensitivity of the closed-loop phase behavior to
average chain size, average chemical composition, and the compositional broadness.

Introduction been used to describe LCST and LDOT behavior. A compress-

Block copolymers have drawn attention due to their ability ible, regular solution theory has also been proposed to depict
to self-assemble into nanostructures, showing the rich array ofthe complex phase behaviors in reasonable agreement with the
microdomains whose morphologies depend on the relative chainexperimental result¥.26
sizes of the block component8.To take advantage of these Recently, it has been reported that both polystyreloek
properties, it is necessary to fully understand the phase behaviorpoly(n-pentyl methacrylate) copolymer (RSPnPMA) and
of block copolymers as well as polymer blends, and this has polymer mixture (PS/PnPMA) showed two transitions: a LDOT
been the SubJeCt of extensive theoretical and experimental at |ower temperature and a UoDT at h|gher tempera‘ture' Wh|Ch
treatment$** In general, two types of phase transitions are s referred to as closed-loop phase beha%o# This phase
observed upon heating block copolymers: an upper order-to- pehavior is caused by the delicate balance between the weak
disorder transition (UODF)® and a lower disorder-to-order  intermolecular interaction and the entropy by disparity in the
transition (LDOT)"*¢ which are analogous to the upper critical - ¢ompressibility as well as by the chain conformation. With
solution transition (UCST) and lower critical solution transition increasing temperature, the compressibility difference would
(LCST), respectively, found in polymer blenés?*®In the case  ain more entropy due to the increased volume when they

mixed state by prevailing over the compressibility difference
and unfavorable interactions from dissimilar monomer segments,
resulting in a UODT. It should be pointed out that these weak

by an increase in entropy through a negative volume change
on mixing. This behavior has been successfully described by
equation-of-state (EOS) arguments that incorporate the differ- . : - ; . .
ence in the thermal expansion coefficients of the two compo- mteracnons arise from dipole of phenyl ring and the mtggced
nents, causing an increasing difference in the pure componentdeOIe .qf the polar estgr group akpentyl methacr.ylate@
volumes.20-24 Many theories based on the equations of state In addmon, this behavior was more rece_ntly elucidated by the
and lattice cluster concept with structured monorh&#shave compressible random phase appro?qmatlon (RPA) theor_y_s_ug-
gested by Ché%12Such an observation leads to the possibility
*To whom correspondence should be addressed: e-mail Of the existence of closed-loop phase behavior in other systems
dyryu@yonsei.ac.kr. such as PS/Poly(vinyl methyl ether), yet it has not been observed
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due to the limitation of the experimentally accessible temperature Table 1. Molecular Characteristics of the Fractions Used in This

window between the glass transitiofiy and thermal decom- Study
position temperaturer(). sample code M2 Mw/Mp2  Opd staté
Particularly, the closed-loop phase behavior verified in PS- Fm 53 700 1.01 0.466  disordered
b-PnPMA was found to be significantly dependent on the F1 62 400 1.02 0.583  ordered
average chain size; thus, the closed-loop was subsequently — F2 57200 1.01 0526  ordered
observed within narrow range of molecular weight® How- F3 53500 1.01 0.480 Ué%?gﬁ%%%
ever, it is difficult to investigate how small changes both in the E4 52 900 1.01 0441  disordered
chain size and chemical composition have influence on the F5 52 600 1.01 0.403  disordered

closed-!oop. phase Fransi?ior! because .ther.e has stiII. been the aWeight- and number-average molecular weight, (and M) and
synthetic difficulty in anionic polymerization to delicately  polydispersity ¥,/M,) measured by size-exclusion chromatography with
control them. The interaction chromatography (IC) technique, multiangle laser light scattering (SEC-MALLS)Volume fraction of PS
nevertheless, uniquely provides us with fractionation to separate"’fﬁzuéﬁﬂ]ggﬂeQ;JSC'&&(SSW;?%“%% Lefi?nﬁaﬁéeaﬁﬁhéﬁﬁa&vﬁh rf;;f:ctci’%‘l;i)ties
a mother block copolymer into the different chain sizes (or ° y : h ' :
molecular weights) and chemical compositions by virtue of the *Observed phase states over the entire temperature range.
difference of interaction strength between one component of
the block copolymer and stationary phd$es®

In this study, the phase transitions for a unfractionated mother
PSb-PnPMA and five fractions (sequentially denoted as Fm,
F1, F2, F3, F4, and F5) separated by using IC were investigated
by depolarized light scattering measurement and polarized
optical microscopy to elucidate the sensitivity of closed-loop
phase behavior to the average chain size, average chemical

——F2
composition, and the compositional broadness. 3 / AN

Experimental Section F4

A, (au)
i

PSb-PnPMA was synthesized by the sequential, anionic po- L 1 1 L L
lymerization of styrene and-pentyl methacrylate in tetrahydrofuran 0 10 20 30 40 50 60
at —78 °C under purified argon usingeebutyllithium as an Elution time (min)
initiator. The weight- and number-average molecular weights (
and M;)) and polydispersity NI,/M,) were measured by size- -
exclusion chromatography (SEC) with the multiangle laser light 1 : F1
scattering (MALLS), yielding more exact and typically smaller :
polydispersity value comparing with that value obtained from :
standard calibration method due to the band broadening effect in 2 : F2
SEC3%40For the fractionation of PB-PnPMA, a high-performance
liquid chromatography (HPLC) system was used, which consists
of a solvent delivery pump (Polymer Lab. LC 1150), a six-port
sample injector (Rheodyne, 7125) equipped with adl0tjection
loop, and a variable wavelength UV/vis absorption detector 4 F4
(Spectra-Series, UV 100). For the reversed phase liquid chroma- :
tography (RPLC) separation of the BPSPnPMA, a Gg (octade- 5 Fs : Fm (b)
cylsilane) column (70x 22 mm i.d.) and CBCI/CH:CN eluent — f =~ | . -/. o
respeciively. The sample concentration was 160 mgimi, and the | % ©® 05 om ess o os
flow rate of the mobile phase was 1.2 mL/min. The temperature of Volume Fraction of PS (®,)
the column was set to 3%C by circulating fluid from a program-  Figure 1. (a) Isothermal IC chromatograms for the mother RS-
mable bath/circulator through a homemade column jacket. The PnPMA (Fm) and the fractions. The fractions were collected at the
chromatograms were recorded with a UV absorption detector elution time interval indicated with dashed lines. Only the uncoupled
operating at a wavelength of 260 nm. PS homopolymer (eluted before 11 min of elution time) was removed

The mother P$-PnPMA (denoted as Fm) was fractionated into  for Fm. (b) The volume fraction of PSIg) for each fraction.
five fractions by using this IC technique. The PS volume fraction
(Ppg in the mother and five fractions of ASPnPMA was for the samples. In addition, equilibrium experiment by temperature

Fractions
w
ey
W

determined byH nuclear magnetic resonanéel(NMR) with mass increment showed the similar results for BnPMA elsewheré!
densities of two components (1.05 and 1.03 g/dor PS and An Advanced Rheometric Expansion System (Rheometrics Co.)
PnPMA, respectively). The molecular characteristics for the samples with 25 mm diameter parallel plates was used to determine the
are given in Table 1. shear modulus®' (Pa),G" (Pa)) of the mother P8-PnPMA (Fm)

The transition temperatures for the mother and five fractions of from 110 to 250°C at a heating rate of 0.3/min under nitrogen
the PSb-PnPMA were measured by depolarized light scattering flow. A strain amplitude of 0.05 and angular frequency of 0.1 rad/
and polarized optical microscopy. The samples were prepared bys, which lie in linear viscoelasticity, were used.
compression-molding at 1 and then placed between two cover
glasses in the heating cell, followed by thermal annealing at 110 Results and Discussion

°C for 24 h to thermally equilibrate. Measurements were performed . o
using a polarized beam from a Hele laser at a wavelength of Figure 1a shows the chromatograms in isothermal IC, detected

632.8 nm. The detector intensity at photodiode through A/D &t @ wavelength of 260 nm, as a function of elution time for
converter is recorded as a function of temperature at the heatinghomopolymer-free mother PSPnPMA (Fm) and five fractions

rate of 0.3°C /min from 110 to 250 C under nitrogen flow, which of PSb-PnPMA (F1, F2, F3, F4, and F5) obtained by the
is as slow as accessible to thermally quasi-equilibrated condition sequential fractionation from Fm. Fm shows the broader
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Figure 2. SEC chromatograms detected by refractive index for each (Gg’]’ (Pa)) mOdLE)IUS for the r?wother ASPRPMA (Fﬁ),.(gar)gllel plates

fraction. Dashed line corresponds M, (peak molecular weight) of with 25 mm di : h
; ameter were set to a strain amplitude of 0.05, angular
the mother P&-PnPMA (Fm) for comparison. frequency of 0.1 rad/s, and at a heating rate of @Anin.

distribution as a statistically averaged summation of whole gashed line), decreased from F1 to F2 but remained similar to
fractionated samples with no homopolymer. It should be noted Fm for F3, F4, and F5, in accordance with the average molecular
that although uncoupled PS homopolymer was successfully eights of these three fractions. The variation of the average
removed in Fm in this study, there may be as much as 5 wt % molecular weight and chemical composition with elution time
of uncoupled PS homopolymers in PS-based block copolymers,in the IC can be explained by the attractive interaction strength
which can be sensitively detected in the interaction chromato- of the PnPMA block proportional to the PnPMA chain size and
gram. This is due to impurities such as water or oxygen that the screening of the attractive interaction by the PS block
act as terminating agents for the active anions during poly- increasing with the PS chain size, where PS block is not
merization, described elsewhéfewhen Fm was put through  jnteractive with the stationary phase and uncoupled PS ho-
to RPLC separation at 34 (elution after solvent peak position mopolymer elutes by the SEC mechanism. Consequently, the
of 13 min), it was completely resolved and separated into five fraction having the shortest PnPMA block and the longest PS
fractions (F1, F2, F3, F4, and F5) having different chain sizes pock length (F1) elutes first and vice versa. The fractions with
of PNPMA in the PS-PnPMA, as shown in Figure 1a. The higher molecular weight are also excluded from the pores of
dashed lines illustrate the time zones over which each fraction the column packing materials, which keep them from the
was collected, resulting in the corresponding fractionated gffective interaction. This screening and exclusion effects are
samples. The narrow distribution of each fraction is shown in more significant for the fractions with longer PS block and
the chromatogram series given in Figure 1a. higher molecular weight which seems to result in a relatively

Isothermal IC separation of RSPnPMA is effective since  large variation for early eluting fractions in the molecular weight
it allows us to fractionate Fm by the differences in the interaction and chemical composition.
strengths of the PnPMA chains with the stationary phase, which  The temperature dependence on shear storage and loss moduli
have stronger interaction than PS chains in the IC regime. As (G’ (Pa),G" (Pa)) for Fm is shown in Figure 3. With increasing
a result, the interaction strength depends on the chain size oftemperatur&’ andG" decrease rapidly past the glass transition
the PnPMA block in P&-PnPMA. Additionally, the chain size  temperature Tg) and then begin to deviate out of the torque
of PS in PSk-PnPMA influences the elution position of the regime at temperatures greater thar180 °C. This is a
block copolymer, since the eluent used in this experiment is characteristic of homogeneous block copolymers melt as indica-
also good solvent for PS in the SEC regime and it partially tive of the disordered state. If the materials were ordezed
prevents interaction of PnPMA chains with the stationary andG" would be much higher due to the flow resistance caused
phase® Thus, fractions having relatively longer PnPMA chains by the microphase separation of block copolymers. The
will be eluted out at delayed times due to stronger interactions disordered state in Fm was again verified over this temperature
with the stationary phase, while REPNPMA having shorter  range using depolarized light scattering, as shown in Figure 4.
PnPMA chains experience at shorter elution time, despite weakSince the amount of all the fractions was limited, the phase
interactions that might exist between the PS chains and thepehavior of each fraction could be only measured by depolarized
stationary phase. In this way, Fm was fractionated into the light scattering and confirmed by polarized optical microscopy
different average chain sizes (or average molecular weights) provided that they form the lamella or cylinder microdomain
and the different chemical compositions as given in Figure 1b. in the ordered state.

It is seen thatPpsin F1 is the largest (0.583) and gradually  For these morphologies the existence of static birefringence
decreases with increasing the elution time down to 0.403 in should correspond to the ordered state, whereas total extinction
F5. The resolved individual fractions were collected again and indicates the disordered state for the block copolymers in this
their absolute molecular weights were determined by SEC- range of chemical compositid&.44 These are summarized in
MALLS separately, based on the method reported previolisly. Table 1.

Figure 2 displays the chromatograms of SEC for Fm and five  Figure 4 shows depolarized light intensity as a function of
fractions separated by RPLC. It is seen that all samples show atemperature for Fm and all fractions studied. All data were taken
narrow single peak, although the block copolymers are com- at 0.1°C intervals from 110 to 250C at a heating rate of 0.3
posed of the different PNPMA chain size in B®nPMA. As °C/min, chosen to lie between the glass transitidg 100
a result, the total hydrodynamic volume of the fractions, as an °C) of PS and degradation temperatufig { 250 °C). Over
average chain size estimated by peak times (deviation from thethe entire temperature range, depolarized light intensity was not
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Figure 4. Depolarized light scattering intensity for fractions as a

function of temperature from 110 to 25C at a heating rate of 0.3
°C/min.

observed for Fm, indicating that it is in the disordered state,
consistent with the rheological measurement. For F1 and F2,
however, depolarized light intensity remained very high, which
is a characteristic of the ordered st&e*4 F1, taken at earliest
elution time, has the highest average molecular weiiyh, (

62 400 g/mol) and F2 has highkt, (57 200 g/mol) than that

of Fm (53 700 g/mol). The ordered state is present over the
entire experimentally accessible temperature range in both F1

and F2, presumably accounted for by largdy, despite Figure 5. Polarized optical microscopy (POM) images for F3 as taken
symmetry effects that can result in the disordered state in the during 0.1°C interval from 110 to 250C at a heating rate of 0.3
weak segregation regime. C/min.

Interestingly, depolarized light intensity for F3 begins to scattering results as shown in Figure 5. With increasing
increase at 176C with increasing temperature and then reaches temperature, dark images representing the disordered state are
a maximum, followed by a rapid decrease at nearly 2000 observed up to 169C, birefringence from 170 to 20Z, and
zero, where it remains with further increasing temperature up dark images again at higher temperature, which is another
to 250 °C. The abrupt increase and decrease in the intensity identification of the closed-loop phase transition for F3. The
correspond to LDOT and UODT, respectively, characterized POM observations were consistent with the results from
as a closed-loop phase transition. Whereas Fm showed a fullydepolarized light scattering over the experimentally accessible
disordered state, in whickl,, and chemical composition were  temperature range within experimental error rangé ¢C).
similar to those of F3. It should be emphasized that composi-  According to the governing rule for the general phase
tional distribution has an influence on the dramatic difference behavior of the block copolymers, the compositional asymmetry
in the phase transition between Fm and F3 due to the delicateincreases thgN for microphase separation, wher@ndN are
energetic variations between two block components fobPS-  the interaction parameter between two block components and
PnPMA. This effect would require a detailed theoretical the average chain size, respectivEFhis simple approach could
evaluation for the closed-loop phase behavior, incorporating a be used in this study to rationalize the various phase transitions
parameter for compositional distribution into the interaction for the mother and five fractions because the microphase
parameter, which is beyond the scope of this report. Conse-separation at the different chemical composition demands for
quently, the closed-loop phase transition was only observed forthe different average chain size on the basis of the sane
F3, which has a very narrow compositional distribution. In the addition, the phase transition of BSPnPMA was also affected
case of F4 and F5, which have much longer PnPMA chains of by the compositional broadness, leading to the closed-loop phase
PSHb-PnPMA and similar molecular weight as F3, the total transition for F3 exclusively. Thus, the disordered mother PS-
extinction indicates the disordered state of the block copolymers. b-PnPMA (Fm) in a vicinity of phase boundary taken as a model
This can be presumably attributed to more asymmetric chemicalsystem was successfully fractionated into five fractions using
compositions, leading to the disordered regime out of the phase|C technology depending on the chain size of the PnPMA block
boundary. in PSb-PnPMA, caused by the attractive interaction of the

The transition temperatures are confirmed with polarized PnPMA chains with stationary phase. The results presented in
optical microscopy (POM). For reproducibility, all experiments this study indicate the simple approach to investigate the
were performed from 110 to 25T at a heating rate of 0.3  sensitivity of the closed-loop phase behavior to average chain
°C/min, chosen to coincide with the in-situ depolarized light size, average chemical composition, and the compositional
scattering measurements. The POM images at selected temperroadness.
atures display visual states of the fractions with increasing In summary, the closed-loop phase behavior for the mother
temperature. In F1 and F2, as an example, the birefringenceand fractionated P8-PnPMAs, prepared by IC, was investi-
from the grain anisotropy of microdomains remains over the gated. The mother PBPnPMA (Fm) was successfully frac-
entire temperature range, indicative of the ordered state of thetionated into five fractions by collecting at different elution
block copolymers. F3, however, shows the different images times. With increasing elution time, the average chain size of
depending on temperature, consistent with the depolarized lightthe block copolymer decreased slightly, and the average
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chemical composition changed steadily from a PS volume (16) Pollard, M.; Russell, T. P.; Ruzette, A. V.; Mayes, A. M.; Gallot, Y.
fraction of 0.583 to 0.403. Compared with the disordered state | '://Ivagé?sn::ﬂle;qles?:ra?n O ot DLW Amold. M. Budde. He
for F.m over the entire temperature range, the.ordered state wag Horing, S.Macromolecule1999 32, 3405, R T
obtained for F1 and F2 dominantly due to the increased average(s) Hasegawa, H.; Sakamoto, N.; Takeno, H.; Jinnai, H.; Hashimoto, T.;
chain sizes, and the disordered state was observed in F4 and  Schwahn, D.; Frielinghaus, H.; Janben, S.; Imai, M.; Mortensen, K.
F5 due to more asymmetric chemical compositions at nearly __J- Phys. Chem. Solid999 60, 1307.

. . . (19) Paul, D. R., Newman, S., EdBolymer BlendsAcademic Press: New
same average chain sizes with Fm. However, the fraction taken York. 1978: pp 15-115.

at intermediate elution time (F3), having a similar molecular (20) sanchez, I. C. IPolymer Compatibility and IncompatibilifySolc,
weight and chemical composition as Fm, possessed a closed- K., Ed.; MMI Press: New York, 1982; pp 596.

loop phase transition, implying the significant sensitivity of the (21) Koningsveld, R.; Stockmayer, W. H.; Nies, Polymer Phase
closed-loop phase behavior on the broadness of the composi-, . Diagram Oxford University Press: New York, 2001; pp 165.

. TR (22) McMaster, L. PMacromoleculesl973 6, 760.

t|onal_ _d|str|but|0n. We co_nclude that _the closed-loop phase (23) Patterson, D.: Robard, Aacromolecule<978 11, 690.
transition of PSs-PnPMA is very sensitive to average chain (24) Sanchez, I. C.; Lacombe, R. Macromolecules978§ 11, 1145.
size (or average molecular weight), average chemical composi-(25) Dudowicz, J.; Freed, K. Aviacromolecules1991 24, 5076.

tion, and compositional broadness presumably due to the delicate26) Ruzette, A. V. G.; Banerjee, P.; Mayes, A. M.; Russell, T1.RChem.

; r : . Phys.2001 114, 8205.
energetic variations between two block components in the PS (27) Ryu, D. Y.. Jeong, U.; Kim, J. K.: Russell, T. Rat. Mater.2002 1,

b-PnPMA. 114.
) (28) Ryu, D. Y.; Jeong, U.; Lee, D. H.; Kim, J.; Youn, H. S.; Kim, J. K.
Acknowledgment. This work was supported by Seoul Macromolecule2003 36, 2894.

Research and Business Development Program (10816 ICBIN),(29) Ryu,D.Y.;Lee, D.J.; Kim, J. K.; Lavery, K. A.; Russell, T. P.; Han,
Ministry of Commerce, Industry and Energy (MOCIE, 10024135~ 7-,,52010. B- S-iLee, C. H.; ThiyagarajanFys. Re. Lett. 2003
2005-11), and the Nuclear R&D Programs funded by the (30) R)',u’ D. Y.;' Lee, D. H.; Jeong, U.; Yun, S.-H.; Park, S.; Kwon, K.;
Ministry of Science & Technology (MOST), Korea. J.K.K. Sohn, B.-H.; Chang, T.; Kim, J. K.; Russell, T. Macromolecules
acknowledges the National Creative Research Initiative Program 2004 37, 3717.

; f . . (31) Ryu, D. Y.; Lee, D. H.; Jang, J.; Kim, J. K.; Lavery, K. A.; Russell,
supported by the Korea Science and Engineering Foundation T.P. Macromolecule004 37, 5851.

(KOSEF). (32) Kim, H. J.; Kim, S. B.; Kim, J. K.; Jung, Y. MJ. Phys. Chem. B
2006 110 23123.
References and Notes (33) Kim, H. J.; Kim, S. B.; Kim, J. K.; Jung, Y. M.; Ryu, D. Y.; Lavery,

K. A.; Russell, T. PMacromolecule2006 39, 408.
(1) Hashimoto, T. InThermoplastic Elastomerséegge, N. R., Holden, (34) Park, S.; Cho, D.; Ryu, J.; Kwon, K.; Chang, T.; Park,JJ.

G., Schroeder, H. E., Eds.; Hanser: New York, 1987. Chromatogr. A2002 958 183.
2) 5B§ées, F. S.; Fredrickson, G. Annu. Re. Phys. Chem199Q 41, (35) Cho, D.; Park, S.; Chang, T.; Ute, K.; Fukuda, I.; KitayamaAfal.
: Chem.2002 74, 1928.
(3) Leibler, L. Macromolecules 980 13, 1602. (36) Park, S.: gark ; Chang, T.; Ryu, C. ¥. Am. Chem. S0@004
(4) Bates, F. S.; Rosedale, J. H.; Fredrickson, Gl.HChem. Phys199Q 126, 8906 T v LT ’ ’
92, 6255. :

. 37) Chang, TJ. Polym. Sci., Polym. Phys. EA005 43, 1591.
5) Matsen, M. W.; Bates, F. $34acromolecules 996 29, 1091. ( ; -
EG; Han, C. D.; Baek, D. M.; Kim, J. K.; Ogawa, T.; Hashimoto, T. (38) Kim, W.; Han, J.; Ryu, C. Y.; Yang, H. Polym. Sci., Part B: Polym.

Macromolecules 995 28, 5043. Phys.2006 44, 3612.
(7) Dudowicz, J.; Freed, K. Macromolecules1993 26, 213. (39) Lee, W.; Lee, H,; Cha, J.; Chang, T.; Hanley, K. J.; Lodge, T. P.
(8) Hino, T.; Prausnitz, J. MMacromolecules.998 31, 2636. Macromolecule00Q 33, 5111.
(9) Dudowicz, J.; Freed, K. AMMacromolecule00Q 33, 5292. (40) Chang, TAdv. Polym. Sci2003 163 14.
(10) Ruzette, A. V. G.; Mayes, A. MMacromolecule2001 34, 1894. (41) Lavery, K. A,; Sievert, J. D.; Watkins, J. J.; Russell, T. P.; Ryu, D.
(11) Cho, JMacromolecule2004 37, 10101. Y.; Kim, J. K. Macromolecule2006 39, 6580.
(12) Cho, J.; Wang, Z.-GMlacromolecule2006 39, 4576. (42) Balsara, N. P.; Perahia, D.; Safinya, C. R.; Tirrell, M.; Lodge, T. P.
(13) Russell, T. P.; Karis, T. E.; Gallot, Y.; Mayes, A. Mature (London) Macromoleculesl 992 25, 3896.
1994 368 729. 43) Garetz, B. A.; Newstein, M. C.; Dai, H. J.; Jonnalagadda, S. V.;
(14) Hashimoto, T.; Hasegawa, H.; Hashimoto, T.; Katayama, H.; Kami- (43) Balsara, N. PMacromolecules993 26, 3151. 9
gaito, M.; Sawamoto, M., Imai, MMacromolecules997 30, 6819. (44) Wang, H.; Newstein, M. C.; Chang, M. Y.; Balsara, N. P.; Garetz, B.
(15) Ruzette, A. V. G.; Banerjee, P.; Mayes, A. M.; Pollard, M.; Russell, A. Macromolecule00Q 33, 3719.

T. P.; Jerome, R.; Slawecki, T.; Hjelm, R.; ThiyagarajanlVRAcro-
molecules1998 31, 8509. MAO71314A



