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Abstract: The synthesis and characterization of terminal multiple hydrogen-bonded (MHB) polymers, such
as poly(styrene) (PS), poly(isoprene) (Pl), and microphase separated PS-b-Pl block copolymers, possessing
controlled molecular weights and narrow molecular distributions are described. Hydroxyl-terminated
polymeric precursors were prepared using living anionic polymerization and subsequent quantitative
termination with ethylene oxide. MHB polymers were synthesized in a controlled fashion via end-group
modification of these well-defined macromolecular alcohols with excess isophorone diisocyanate and
subsequent derivatization of the isocyanate-terminated polymeric intermediate with methyl isocytosine. The
glass transition temperatures of the terminal MHB polymers were reproducibly higher than both
nonfunctionalized and hydroxyl-terminated polymers at nearly equivalent number average molecular weights.
Thin-layer chromatography analysis indicated that the interaction of terminal MHB polymers with silica
was stronger as compared to both nonfunctionalized and hydroxyl-terminated polymers. Rheological
characterization indicated that the melt viscosity at constant shear rate for various MHB polymers was
more than 100 times higher than those for nonfunctionalized and hydroxyl-terminated polymers. Interestingly,
the melt viscosity of MHB polymers was higher than those of nonfunctionalized polymers with twice the
number average molecular weight. In addition, DSC and rheological characterization also suggested that
terminal MHB polymers formed aggregates and not simple dimers in the melt state, and the aggregates

were observed to completely dissociate at 80 °C.

Introduction

unique combinations of thermal reversibility, melt processability,

Synthetic methodologies for the preparation of high perfor- recyclability, interfacia!.adhesion, and enhanced compg?ibility
mance macromolecules have traditionally focused on macro-in Polymer blends. Meijer et al. recently reported the utility of
molecules that are constructed using irreversible covalent Multiple hydrogen bonding between 2-ureido-4{1H]-pyrimidone
bonding. However, noncovalent bonding, such as multiple (UPY) units attached to a hexamethylene spét&mn-xylylene
hydrogen and ionic bonding, has recently received renewed SPacer® oligo(ethylene glycol}**" oligo(ethylene glycoko-

significant attentio2 Noncovalent bonding in macromol-

propylene glycol) copolyméft1”and poly(dimethylsiloxanél:

ecules will result in new supramolecular structures that have These noncovalent bonded molecules resulted in polymer-like

properties including shear thinning, viscoelastic behavior, and
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Jean-Marie Lehn et al. have also focused on the selective Scheme 1. Reaction Scheme for End-Group Modification

formation of discrete supramolecules from complementary |~ CHNCO H SH3
| . : — 4 NCO N7
receptor-substrate hydrogen bonding pairs. Molecular recogni- f A L 1
A : ; o o HN N0
tion induced aggregation, and fusion was reported between oH NCo o O N ,
vesicles containing complementary lipids bearing bartituric acid CHC,, 23 °C H Pyridine, 120 °C
and triaminopyrimidine units as headgroups through the forma- CH, NH O
tion of three hydrogen bonds:26 Self-organized molecules AR ‘U T
.. . . . . - . - O o]
consisting of alternating 2,6-diaminopyridine and 2,6-pyridinedi- /L Ao
carbonyl units were prepared, and the helical conformation in 0 N NPII E
the solid state was thoroughly characterize¢f. H oo o
Stadler et al. reported microphase separated poly(isoprene)- N\H/N\(;N O e 1 se0-Bu -
blockpoly(1,3-butadiene) diblock copolymers with random ji J[j__ozn/Ng "
hydrogen bonds based on phenyluraZdli. was shown that R S CHs

hydrogen bonding induced microphase separation in an origi-
nally miscible block copolymer and resulted in the formation ¢ the MHB polymers, and the potential synergy of microphase
of a thermoreversible network structure. Stadler also reported separation and noncovalent multiple hydrogen bonding.
DSC, dielectric, and dynamic mechanical analysis of telechelic

hydrogen-bonded poly(isobutylene) containing 4-urazoylbenzoic Results and Discussion

acid?8 The melting temperature of the ordered aggregates ranged
from 380 to 390 K using DSC analysis, and distortions were
monitored below the melting temperature using dielectric

mechanical measurements. ; . L - D
The versatility of “plug and play” polymers that are accessible which were synthesized via living anionic polymerization,
followed by an end-capping reaction with EO. In the second

using complementary hydrogen bonds was reported recently bystep terminaMHB polymers were synthesized via the end-

Rotello et al. In particular, the synthesis of diaminotriazine- roun modification of well-defined hvdroxvl-terminated polv-
functionalized poly(styrene)s and molecular recognition of flavin group m Y y . poly
mers with an excess of IPDI and MIS to avoid undesirable

1
as a guest molecule were reporté! Rotello has shown that coupling during functionalization (Scheme 1).

the recognition efficiency between a polymer and guest is Svnthesis of ¢ ionalized PS (PS 4 Hvd |

controllable through the judicious choice of recognition element yr_1t es(ljs of Non unctlona||ze| P (F., hH) andHy Iroxyl-

and a tailored balance between intra- and intermolecular | €'Minated PS (PSOH). Molecular weights and molecular
weight distributions for PSH and PSOH are summarized in

interactions. - T
Our current efforts have focused on the synthesis of well- Table 1. The molecular weight distributions of PSH qnd PSOH
were narrow /M, = 1.01-1.05), and the theoretical mo-

defined terminal multiple hydrogen-bonded polymers, such as

- lecular weights, which were calculated from the ratio of
glassy poly(styrene) (PS), rubbery poly(isoprene) (PI), and . . .
microphase separated BRI block copolymers with well- ~ monomer to initiator ([MJ/[I]), were in good agreement with

defined molecular weights and narrow molecular weight dis- the molgcular weight measumd using GPC and MALDI. On
tributions. The relationship between end-group structure and the basis of a comparison 8H NMR spectra for PSH and
physical performance, such as thermal, rheological, and mor- PSOH, the hydroxyl end-group-CH,CH0H) was assigned
phological properties, was investigated. We report herein the at 3.3-3.5 ppm, and theseebutyl end-group (CBCH;CH-

unprecedented synthesis of terminal multiple hydrogen-bonded(CH3)2) was assigned at 0-6L.0 ppm. Number average mo-
block copolymers using living anionic polymerization to lecular weights were calculated from the relative integrals

fundamentally understand the behavior of well-defindHB associated with the repeating unit, such as the aromatic protons

polymers, especially aggregation state, dissociation temperatureat 6.3-7.5 ppm with the methylene in the hydroxyl end-group
—CHLH? . . > -
(—=CHCH,0H) at 3.3-3.5 ppm or thesecbutyl end-group at

(18) Hirschberg, J. H. K. K.; Beijer, F. H.; Aert, H. A.; Magusin, P. C. M. M; i
Sijbesma, R. P.; Meijer, E. WMacromoleculesl999 32, 2696. 0'6._1'0 ppm. The number averagg molecular WelghtS. as
(19) Beijer, F. H.: Sijbesma, R. P.; Kooijman, H.; Spek, A. J.; Meijer, EJw.  estimated fromtH NMR spectra were in good agreement with

Synthesis of terminal multiple hydrogen-bondelliHB)
polymers involved a two-step synthesis; the first step involved
the synthesis of well-defined hydroxyl-terminated polymers,

Am. Chem. Socdl99§ 120, 6761. i i
(20) Santjens, S. H. M.; Sijbesma, R. P.; Genderen, M. H. P.; Meijer, EJW. those obtained USI.n.g QPC'
Am. Chem. So@00Q 122, 7487. End-Group Modification of PSOH. MHB PS was synthe-

@) ,\sﬂg‘é{%r,lﬁagéﬂégdéls”gae%’gfé_R' P.; Genderen, M. H. P.; Meljer, B W. ;04 via the further modification of PSOH with IPDI and MIS

(22) Folmer, B. J. B.; Sijbesma, R. P.; Kooijmaan, H.; Spek, A. L.; Meijer, E. as shown in Scheme 1. Table 2 summarizes the molecular
W. J. Am. Chem. Sod 999 121, 9001.

(23) Artzner, V. M.; Jullien, L.; Gulik-Krzywicki, T.; Lehn. J.-MChem. Weig.hts an_d molecular WEigh'F (.jistr.ibutionsMHBPS that Wer?
Commun.1997, 117. _ , _ obtained via end-group modification of PS-OH. A comparison
(24) Russel, K. C.; Lehn, J.-M.; Kyritsakas, N.; DeCian, A.; FischeNelv J. 1 .
Chem.1998 22(2), 123. of the *H NMR spectra for the precursor and corresponding
(25) ?%Ig V.; Hug, 1.; Khoury, R. G.; Lehn, J.-MChem:Eur. J. 2001, 7(13), reaction product revealed that the signal at:33% ppm, which
(26) Berl, V.; Huc, I.; Khoury, R. G.; Lehn, J.-MChem-Eur. J. 2001, 7(13), was assigned te-CH,CH,OH, disappeared, and new reaso-
0 nances, such asCH,CH,0— (3.5-3.9 ppm),—CH,CH,NH—

2 itas, L. L.; Jacobi, M. M.; Goatves, G.; Stadl lecul i,
@n Eglstsagfsa%?aco M- M Ganbves, ©.; Stadler, Rlacromolectles (3.0—-3.2 ppm), and-CH=C— (5.8 ppm), appeared. In addition,

(28) Mtller, M.; Dardin, A.; Seidel, U.; Balsamo, V.; Iva B.; Spiess, H. W.; H _ _ _ _
Stadier, R Macromoloculed 996 29, 2577, three NH signals{ CH,NH—CO—, —CHNH—CO—NH-—, 10.0

(29) IIDrsans, R, I:han, F.; Rotello, V. Wacromoleculelsll.QQQ 32, 4956ﬁ ppm (overlapped);-NH—C=N—, 12.0 ppm;—NH—C(CHg)=

30) llhan, F.; Galow, T. H.; Gray, M.; Clavier, G.; Rotello, V. N.. Am. Chem. H

(30) Soc 3000 122 £895. 4 , 13.0 ppm) were obse_rved. A comparison of FTIR spectra of
(31) llhan, F.; Gray, M.; Rotello, V. MMacromolecule001, 34, 2597. PSOH-2 and the reaction produdtiB PS-2) revealed that a
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Table 1. Molecular Weights and Molecular Weight Distributions for PSH and PSOH
Mo
SEC DRI SEC MALLS estimated estimated MALDI
sample? M, Mw/M, M, Muw/M, from sec-Bu from CH,CH,OH M, Mw/M, T (°C)
PSH-1 2500 1.07 2950 1.05 2900 65
PSH-2 4140 1.04 5240 1.02 4700 5380 1.03 75
PSH-3 9850 1.03 10 200 1.03 10 000 86
PSH-4 22100 1.03 25800 1.01 25500 88
PSOH-? 2400 1.05 2890 1.04 2400 2100 2620 1.08 72
PSOH-2 4700 1.04 5960 1.02 5700 5000 5050 1.03 84
PSOH-3 22000 1.03 24900 1.01 24500 25200 91

210 wt % monomer solution usingecBuLi at 23 °C for 2 h.PEO in 10 times excess as compared to the initiator concentration was used for the

end-capping reactiorf.Estimated from 400 MH2H NMR spectrumd Measured by DSC, mid-point of the second heat.

Table 2. Molecular Weights and Molecular Weight Distributions for MHB PS

M°
SEC DRI SEC MALLS estimated estimated MALDI
sample? M, Mu/M, Mn My/M, from sec-Bu from MHB unit® M, My/M, T (°C)
MHB PS-1 2790 1.05 3320 1.04 2800 2400 2880 1.04 92
MHB PS-2 4840 1.04 5700 1.03 5200 5200 5180 1.03 92
MHB PS-3 22 200 1.04 30900 1.03 31800 30000 99

aPSOH was reacted with 1.2 times excess of IPDI as compared to hydroxyl in@HE5 °C/24 h, evaporated, followed by reaction with 21 times
excess of MIS as compared to hydroxyl at 18024 h.P Estimated from 400 MHZH NMR. ¢ Calculated from the relative intensities of reasonances
associated with the repeating units such-a&%Hs, —NH—, —C=CH—, —CH,NH—, —CH,OCO-. 4 Measured by DSC, mid-point of the second heat.

Table 3. Molecular Weights and Molecular Weight Distributions of PIH, PIOH, and MHB PI

M2
SECDRI SEC MALLS estimated estimated

sample? M, Mw/M, M, Mw/M, from sec-Bu from MHB unit® TS (°C)
PIH-1 4710 1.05 3430 1.02 2500 —68
PIOH-1 3960 1.10 3050 1.08 2600 2600 —65
MHB PI-1 4090 1.07 3780 1.12 3300 3400 —61
PIH-2 6670 1.04 5700 1.02 5500 —67
PIOH-2 7220 1.11 6790 1.12 5200 5600 —62
MHB PI-2 7450 1.12 6850 1.25 5800 6200 —61
PIH-3 31500 1.02 21 200 1.01 22 300 —66
PIOH-3 31 600 1.02 20900 1.01 21500 21 000 —65
MHB PI-3 30900 1.03 22700 1.02 23000 21500 —61
PIH-4 12 900 1.03 9300 1.02 9500 —66

a10 wt % monomer solution usirggeBuLi at 23°C for 2 h.? Estimated from 400 MH2H NMR. ¢ Calculated from the relative intensities of reasonances
associated with the repeating units such-a&%Hs, —-NH—, —C=CH—, —CH,NH—, —CH,OCO-. 4 Measured by DSC, mid-point of the second heat.

new peak at 1720 cm, which was assigned te-NH—C-

however, the interaction of PSOH with silica was stronger than
(=0)—0—, and a second peak at 1680 Tmwhich was

that of PSH presumably because of the interaction of the
assigned to—-NH—C(=0)—NH—, were observed after end- hydroxyl end-group with silicaMHB PS did not transcend the
group modification. TLC plate in chloroform. This suggested that the interaction of
A comparison of molecular weight data for precursors and MHB polymer with silica was stronger than that of PSH and
the reaction products are summarized in Tables 1 and 2. GPCPSOH in chloroform. In a polar solvent, such as THF or ethyl
confirmed that molecular weights did not appreciably change acetate, all polymers moved to the top of the plate, indicating
upon end-group modification. In addition, number average thatMHB PS did not interact with silica in the presence of a
molecular weights that were calculated from the integration ratio polar solvent. Thus, end-group modification proceeded in a
of phenyl ((H=) at 6.3-7.5 ppm and methylene nCH,CH- guantitative yield in the absence of undesirable side reactions.
NH— (3.0—3.2 ppm),—CH,CH,0— (3.5-3.9 ppm), three NH In addition, GPC measurements in THF at 4D suggested
signals (CH,NH—CO—, —CHNH—CO—NH—, 10.0 ppm complete dissociation at typical analysis concentrations (1 mg/1
(overlapped):"NH—C=N-—, 12.0 ppm;—NH—C(CHg)=, 13.0 mL).
ppm), andsecbutyl (0.6-1.0 ppm) were in good agreement Molecular weights and molecular weight distributions for PI
with GPC values. with various end-groups are summarized in Table 3. The
Thin-layer chromatography (TLC) in different solvents such molecular weight distributions of PIH and PIOH were narrow
as chloroform, THF, and ethyl acetate did not detect either the (My/M, = 1.01-1.12), and the calculated molecular weights
PS-H homopolymer or the PSOH precursor. Therefore, end- were in good agreement with molecular weights measured using
group modification proceeded in a quantitative yield. TLC isa GPC with MALLS. On the basis of a comparison of thé
simple method to examine the interaction of a polymer with NMR spectra of PIOH antMHB PI, the signal at 3.53.7 ppm,
silica. In chloroform, PSH moved to the top of the plate; which was assigned to-CH,CH,OH, disappeared, and a

J. AM. CHEM. SOC. = VOL. 124, NO. 29, 2002 8601
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Table 4. Molecular Weights and Molecular Weight Distributions of PS-b-PI-H, PS-b-PI-OH, MHB-PS-b-PI, and PS-b-PI-b-PS Block
Copolymers

M,°
SECDRI SECMALLS estimated estimated
sample? M, My/M, M, Mw/M, from sec-Bu from MHB unit® [St:0PP T (°C)
PSbH-PI-H1 9900 1.03 8290 1.01 8100 25.7:74.3 —56
PSbH-PI-OH1 9150 1.10 8780 1.03 8300 8500 25.6:74.4 —52
MHB PSb-PI1 9740 1.07 8400 1.03 8500 8500 25.6:74.4 —47
PSb-Pl-b-PS1 16 200 1.04 12 800 1.03 12 400 26.1:73.9 —57
PSbH-PI-H2 68 200 1.05 59 400 1.04 56 200 42.3:57.7 —57
PSbH-PI-OH2 60 500 1.03 46 900 1.02 45 200 41 500 40.1:59.9 —60
MHB PSb-PI2 50 600 1.10 52 900 1.07 48 300 50 200 40.1:59.9 —60
PSb-Pl-b-PS2 150 000 1.04 101 000 1.09 117 900 40.1:59.9 —60

210 wt % monomer solution usingecBulLi at 23 °C for 2 h.? Estimated from 400 MH2H NMR spectrum¢ Calculated from the relative intensities
of reasonances associated with the repeating units suetCeds, —NH—, —C=CH—, —CH,NH—, —CH,OCO-. 9 Measured by DSC, mid-point of the
second heat Ty of PS was not detected.

resonance assigned to thdHB unit appeared. The number 27 200 °C PSH
average molecular weight did not appreciably change after end- 100: ' / MHEB PS2
group modification. Consequently, end-group modification i
proceeded in a quantitative manner. In addition, GPC analysis ¢ 1
of MHB PI in THF suggested thaMHB Pl completely _
dissociated in THF at GPC analysis concentrations (1 mg/1 mL). g
Synthesis of Nonfunctionalized, Hydroxyl, andVIHB PS- 5
b-PI Block Copolymers. Nonfunctionalized (P%®-PI-H), hy- 2

(7.0 % wt loss )
(14.0 % wt loss)

'
'
'
1
P
IR
i h
v
1
v
v
1

PSOH End Group(wt%)=
droxyl-terminated (P®-PI-OH), and MHB PSb-PI block i [73591{(4%;5?‘0;025500)]:
copolymers were synthesized using methodologies similar to | e
those of PS and PI. PI$PI-b-PS triblock copolymers (P5- o
PI-b-PS) were also synthesized to ascertain the end-group effect _
on rheological and morphological properties. 20 R ‘ : ,

Table 4 summarizes PISPI block copolymers with three 0 200 400 600 800
Temperature (°C)

types of end-groups and comparative triblock copolymers. The _ N o vsis of PS (PS so s
molecular weight distributions were narroM(/M, = 1.01— fgzu)'_e 1. Thermogravimetric analysis of PS (PSH-1, PSOHAHB PS-
1.09), and the calculated molecular weights were similar to the
molecular weights measured using GPC with MALLS detection T,(0)
and 'H NMR. The resonance for the hydroxyl end-group
(—CH,CH,0OH) was observed at 3:8.7 ppm in'H NMR
spectra of P®»-PI-OH. These spectra indicated that the
—CH,CH,0H signal at 3.53.7 ppm disappeared, and reso-
nances assigned to thdHB unit were observed. In addition,
number average molecular weights were calculated from the
integrations of resonances associated with the repeating unit such
as aromatic protons (CGH) at 6.3-7.5 ppm as compared to the
methylene in—CH,CH,NH— (3.0—3.2 ppm),—CH,CH,0O—
(3.5-3.9 ppm), three NH signals (10.0 ppmCH,NH—-CO—,
—CHNH—-CO—NH~- (overlapped)), 12.0 ppm-NH—C=N-— 20.00 2500 3000 50
), 13.0 ppm NH—C(CHs)=)), or secbutyl (0.6-1.0 ppm). Minutes M.x107
The n,umber average m0|eCUIa,r weight values all agreed within Figure 2. Relationship betweeM, and Ty (DSC measured from 30 to
experimental error. Therefore, it was concluded that end-group 180°c, 10°C/min) and DSC curve d¥iHB PS1 (Waters SEC with external
modification proceeded in a quantitative fashion. The molecular 410 RI detector, THF at 48C and 1.0 mL/min using polystyrene standards).
weights measured by GPC did not appreciably change upon  Glass Transition Temperature (Tg). Figure 2 illustrates the
end-group modification as shown in Table 4. relationship between the number average molecular weligt (
Thermogravimetric Analysis. Figure 1 depicts thermogravi-  andTg. As expected, th&, of PSH and PSOH increased as the
metric analysis (TGA) oMHB PS. TGA data indicated that molecular weight increased. Interestingly, at lower molecular
MHB PS exhibited an onset of weight loss at 2@ and the weights, theTy of MHB PS was much higher than that of PSOH,
mechanism appeared to involve two steps. The first degradationand the maximunTg at lower molecular weights was observed.
step corresponded to the elimination of the multiple hydrogen- Molecular weight changes during the DSC measurement may
bonded end-group because the weight loss of the first stepaffect theTy; however, Figure 2 also confirmed that molecular
was similar to the theoretical weight of th¢HB unit. PSOH weight did not change during the DSC measurement. This
was not as thermally stable as PSH presumably because ofndicated that the highefy of MHB PS was because of the
dehydration of the hydroxyl ethyl end-group followed by strong interaction amoniylHB units. If MHB PS aggregated
degradation. as a simple dimer as described in the earlier literatli?é;22
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Figure 3. Relationship betweeNl, and Ty (DSC measured from-100 to

30 °C, 10°C/min). Figure 4. Effect of the end-group structure on the melt viscosity:
rheological characterization of PIH-2, PIOH-2, avithB PI-2 (temperature

the MHB PS would exhibit aTg similar to that of PSH with 150—180°C, shear rate= 13.16 s, a parallel plate fixture with the plate

B . diameter= 25.0 mm and gap lengtk 1000um).
twice the molecular weight. However, thigof MHB PS-1 M,
= 2800, determined usingd NMR) was much higher than that
of PSH-3 M, = 10 000). The relationship between molecular
weight andTy suggested tha¥lHB polymers formed aggregates
in a multiple fashion in the melt state. However, because of the
possible proximity of the poly(styrene) glass transition temper-
ature with the hydrogen bond dissociation temperature, func-
tionalized poly(isoprenes) which have substantially lower glass
transition temperatures-@0 °C) were investigated.

The relationship betweeM,, andTg of Pl is shown in Figure
3. As observed for PS, tHig, of MHB Pl indicated a maximum PS-b-PI-H2 PS-b-PI-OH2 MHB PS-b-P12
value at lower molecular weight and was much higher than PIH M,= 56200 M,= 45200 M,= 48300
and PIOH. TheTg of MHB PI-1 (M, = 3300) orMHB PI-2 Figure 5. TEM micrographs of P®-PI-H2 (M, = 56 200) (left), PSb-
(M, = 5800) was higher than that of PIH-®1f = 5500) or PI-OH2 M, = 45 200) (center), anMHB PSb-PI12 (M, = 4830) (right).
PIH-3 (M, = 22 300). This suggested thsliHB polymers also ' "€ magnification is 172 500.
aggregated in the bulk state. Meijer reported that multiple
hydrogen-bonded molecules exhibited glass transition temper-
atures as evidence of polymer-like properfitlslowever, earlier

times higher than that of P&PI-H1 (M,, = 8100) and Phb-
PS-OH1 M, = 8300) possibly because of the aggregation of
reports did not discuss the effect MHB end-groups on the ~ MHB end-groups. In ad(ﬂtlorMHB PSb-PI1 was much higher
glass transition temperatures for narrow molecular weight han PSB-PI-b-PS1 My = 12 400) having a structure similar
distribution oligomers and polymers. DSC analysis clarified the t© that of a hypothetical PB-PI-H1 dimer. In addition, the melt
relationship between number average molecular weights andViScosity of MHB PSb-PI1 approached PB-PI-H1 and Pb-

T, for well-definedMHB polymers and suggested the presence PI-OH1 above 80C, and dissociation of the multiple aggregates
of multiple aggregates in the melt state. was confirmed at 80°C as observed forMHB PI. An

Rheological Characterization.To more fully understand the understanding of the relationship between number average

association ofMHB polymers in the melt state, rheological molecular weight for narrow molecular weight distribution
analysis of PIH-2, PIOH-2, anklHB PI-2 was performed, and samples and melt viscosity confirmed the multiple aggregation

the results are depicted in Figure 4. The melt viscositylbiB of the MHB functionalized polymers in the melt state.

PI-2 (M, = 5800, determined usintH NMR) was 100 times Morphological Characterization. TEM micrographs of PS-
higher than that of PIH-2M, = 5500) and PIOH-2Nl, = b-PI block copolymers possessing three end-group types are
5200). In additionMHB PI-2 was much higher than PIH-#( shown in Figure 5. A well-defined lamellar structure consisting
= 9500). of PI (black) and PS (white) was observed in B8i-H, PS-

These data also suggested tHdHB polymers formed  P-PI-OH, andMHB PSb-Pl. In addition, hydroxyl andviHB
aggregates in a multiple fashion in the melt state, which was termination did not significantly affect the morphology of PS-
consistent with DSC measurements. The melt viscosiMIidB b-PI having high molecular weights in the spinodal composition
Pl approached PI-H and PI-OH at 8Q, and dissociation of  ([St]:[IP] = 40:60 mol %) range. It is proposed that thiB
the multiple aggregates was confirmed at“€Q Rheological did not appreciably affect the morphology because of low end-
characterization of the PSPl block copolymer with three  group concentrations at high number average molecular weights
different end-groups (PB-PI-H1, PSk-PI-OH1, MHB PSb- (>45 000) that are required for film formation. The effect of
P11) and comparative nonfunctionalized triblock copolymer (PS- block copolymer composition and block molecular weights on
b-Pl-b-PI1) was also investigated. As observed for PI, the melt the resulting microphase separated morphologies will be ad-
viscosity of MHB PSb-PI1 (M,, = 8500) was more than 100 dressed in detail in a future publication.
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Conclusions morphology in the spinodal composition range. The effect of
copolymer composition and block molecular weights on the
resulting morphology will be addressed in detail in a future
publication.

TerminalMHB polymers were synthesized via living anionic
polymerization and end-group modification of well-defined
hydroxyl-terminated polymers. Hydroxyl-terminated PS, PI, and
PSb-PI block copolymer as precursors were prepared using  Acknowledgment. The authors of this paper would like to
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stronger as compared to both nonfunctionalized and hydroxyl-
terminated polymers. Thermogravimetric analysis MHB
polymers exhibited an onset of weight loss at 2@ Rheo-
logical characterization indicated that the melt viscosity at
constant shear rate of termindHB polymers was more than
100 times higher than those of nonfunctionalized and hydroxyl-
terminated polymers. Intriguingly, the melt viscosity dHB
polymers was higher than those of nonfunctionalized polymers
with twice the number average molecular weight. DSC and
rheological characterization suggested that termikiiB
polymers formed multiple aggregates and not simple dimers in
the melt state as reported in earlier literature. On the basis of
the rheological characterization, complete dissociation of the
aggregates was confirmed at 80. TEM micrographs of PS-
b-PI block copolymers exhibited a well-defined lamellar struc-
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reaction scheme for synthesis of well-defined hydroxyl-
terminated polymers (PI, PS, BSPI block copolymer) (Scheme
S1), reaction scheme for synthesis of nonfunctionalized, hy-
droxyl-terminated P®-PI block copolymer (Scheme SZH
NMR spectra of PSOH-2 and the reaction prodiHB PS2)
(Figure S1), GPC trace of PSOH-2 and the reaction product
(MHB PS-2) (Figure S2)tH NMR spectra of PIOH-2 and the
reaction productNIHB PI-2) (Figure S3), GPC trace of PIOH-2
and the reaction producMHB PI-2) (Figure S4), rheological
characterization of PIH-2, PIOH-2, abHB PI-2 (Figure S5),
rheological characterization of R8PI-H, PSb-PI-OH, and
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