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ABSTRACT

Nanostructured polymeric materials have attracted the interest of researchers in recent
years for their use in a vast array of technologically relevant applications. One common method
of creating nanostructured polymer materials is through diblock copok@ifeassembly, which
occurs due to the microphase separation of two chemically distinct polymers covalently attached
ata single pointThe phase behavior of linear diblock copolymers has been exhaustively
researched, yet less well understood is howcBeepolymer grafting from one block of a
diblock copolymer effects thmesoscale orderingf the system. The work presented in this
thesis illustrates how polymerizati@mduced nanostructural transitions can be achi&iaeth
situ polymer grafting fronthe diblock copolymer poly(styrengjock-poly(butadiene) (PS
PBD). Emphasis will be placed on the determination of the resultant static morphology after
removal of residual monomer and annealing, the dominant grafting mechanism at play, and the
in situ dharacterization of these nanostructural transitions. Through this in situ grafting process
lamellar, hexagonally packed cylinders, and disorder speateturehave been achieved as
the final static dried and annealed morphology, as determined byamyédl Xray scattering
(SAXS) and transmission electron microscopy (TEM)addition to the static phase behavior,
the phase behavior of blends of diblock copolymer and monomer was monitored via in situ
SAXS and rheologgxperimentsluring polymerizationThe in situ measurements revealed a
interesting and unexpected phase trajectoryhf®@60% PSPBD and 40%styrene monomer by
volumeblend This thesis outlines our current knowledge regarding the phase behavior of these
nanostructured polymeric matdsanade via in situ polymer grafting, as well as the limitations

of this method and future work in this arena of research
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Chapter 1: Introduction

1.1 Motivation

Polymerizationinduced structural transitions have recently gained attention due to the
ease with which one can create materials with controlled morphologies and length scales.
Materials made via polymerizationduced transitions are ubiquitous and spaess multiple
technological applications, including but not limited to polymersomes for drug detitagi
modulus batterieand structural materials, such as higipact poly(styrene) (HIPS) and
acrylonitrile-butadienestyrene (ABS) plastics® HIPSand ABS differ from other common
polymerizatiorinduced structural transitions, namely polymerizaiimiuced seHassembly
(PISA) and polymerizaticinduced microphase separation (PIMS), in that HIPS and ABS
leverage grafting of monomer from poly(butatk¢ (PBD) to induce the phase separation that
leads to their intricate phase behaviér.

Molecular architecture is an important parameter that dictates the final
morphology of selassembled macromolecules. Wedifined complex polymer architectures
suchas graft, bottlebrush, and miktoarm star polymers exhibit fascinating phase behavior that
depend on several parameters; however, less well established is the exploitation of in situ
polymer grafting to tune the resultant nanostructure of a material.ilByngtin situ grafting,
linear block copolymers can be converted into polymers with complex architectures, allowing

one to access a plethora of thermodynamic structures from a single block copolymer. From a

scientific standpoint, the abilitytoesseritial At uneo t he standard thernm
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linear block copolymers to resemble the more intricate phase space of multiblock polymers with

complex architectures opens the door to an array of new and exciting fundamental studies on the
relationshipbetween molecular architecture and mesoscale assembly that are not currently
possible. In addition to being scientifically interesting, polymerizaitioluced structural

transitions are industrially practical, as polymers with graft architectures are cdyrfiound in
commercial applications. Since the properties of polymeric systems are intimately tied to their
underlying structuré understanding how grafting effects the underlying morphology is

paramount to creating new soft materials with novel pragerti

1.2 Background

The bulk of the work presented in this thesis is concerned with the phase separation of
multiblock polymer systems with complex molecular architecture. It is useful, however, to first
understand the thermodynamic origins of phase setijpaga the simplest cagemixing of two
chemically distinct homopolymers. FleHuggins solution theory adequately describes the
Gibbs free energy of mixingl{ &) of two chemically distinct homopolymers (A and B) by
accounting for their volume fraction$, degree of polymerizatiolN, their FloryHuggins
interaction parameteg, and the Boltzmann constant and absolute temper&tanel T,
respectively. Negative free energies of mixing correspond to spontaneous and favorable mixing
while positive valies correspond to unfavorable mixing, and therefore phase sepd@rkatianl

and water)
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The FloryHuggins interaction parameter reflects émhalpic nature of the interactions

between polymer chaipand to some extent an excess entropy of mixihg FloryHuggins
parameter can be approximated using classical solution theory, but that approximation is often
rough and fails to allow for nege¢ values of. Instead, the empirical relation shown in Eq 1.2

is oftenemployed whereUandb are experimentally determined parameters

Nonetheless; is typically a small positive number, indicating that for most polymer
polymer mktures the enthalpic interactions are unfavorable and thus a barrier to homogenous
mixing. For spontaneous mixing to occur, the entropic contributions (represented by the
logarithmic terms in Eq 1.1) must drive the free energy to be negative. Thesecetetnmsi are
always negative, as p andct e i, however, they are confounded by their inverse
relationship to the degree of polymerization for each respective polymer species. Degrees of
polymerization frequently range from2fr modest polymerto 1 for larger ones, and thus
the magnitude of the entropy of mixing is appreciably diminished even for relatively small
polymers. Therefore, the tendency for polymer blends to macrophase separademinantlya
consequence of the entropic penal$gociated with mixing large, chdike molecules.

The tendency for phase separation is both a blessing and a curse as it complicates recycling and
polymer processing, yet has profound implications for technological applications, particularly in
the fieds of nanotechnology. Block copolymers (BCPs), which are two chemically distinct
polymers tethered together via a covalent bond, leverage similar physics to homopolymer phase

separation, but they are topologically connected and are therefore unable letelyppase



separatérom one another. BCPs instead undemgorophase separatiomto an arrayf
thermodynamimanoscale morphologies, as showirigure 1 The morphology of the BCP is
dictated by the competition between the enthalpic driving force to geaseatand the
entropic penalty associated with chains stretching away from their equilibrium ramalém

conformation andhe local alignment of bloeklock connections at an interfate.

Figure1L.Ther modynami ¢ phases of BCPs, with incr
to right. Bodycentered spheres (BCC), hexagonalcked cylinders (HEX), gyroid (GYR), and
lamellar (LAM) phases are shown (left to right), though otloenglex phases exist

The thermodynamic morphologies displayedFigure 1 which aretypically
characterized via small angleray scattering (SAXS) and transmission electrooroscopy
(TEM), are all accessible by varying three parameters: volume fraction of bldgk ¢ total
volumetric degree of polymerizatioN), and the FloryHuggins interaction parametet
Microphase separation in these systems is quantifiedeogrdduct of the FlorHuggins
interaction parameter and the degree of polymerizatiddand leads to the construction of the
somewhat universal phase diagram showriguire 2 Forc Nc< 10.5 entropy drives neat
volumetrically symmetric BCP systems tawdomogeneity, where no periodic structure exists.
Whenc M 10.5, entropic and en allowngthd ocderéfdact or s b a
mesophases displayedkigure 1begin to formFore N>> 10.5,energetidactors dominatand
ordered morphologiesith sharp interfaces begin to arigégure 2also shows that ds deviates
away from volumetric symmetrya= 50%), therequisitec Nor phase segregation increases and

the curvature at the BCP interface incredses.
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Figure 2. Universal phase diagram for AB diblock copolym®rs

While the physics described above explains the microphase separation behavior of
diblock copolymers, a similar explanation can be used to describe PISA and PIMS. In these two
methods, starting reagents, macro clieansfer agents (maci©TA), monomer and solvent are
initially homogenously dispersed in solution. As the polymerization progresses through the
macreCTA chain extension process, the nascent polymer chain becoroegpiatible with the
initial polymer segment and/or solvent, thus producing well defined nanoscale domains. With
these methods a variety of other ordered structures can be accessed, ranging from polymersomes
to disordeedco-continuous nanochannels. Thes#edent structures are targeted depending on
their desired applications and can be achieved by precise control over monomer chemistry and
polymerization conditions.

Macromolecular architecture is yet another parameter that profoundly effects the resultant
nanoscale morphology of block copolymers. Nonlinear architectures such as graft, bottlebrush,
and miktoarm star exhibit remarkably intricate phase behavior that, like standard BCPs, can be

tuned via independerbntrol overg, N, andf. In these complearchitecture block copolymer



systems, well defined polymers are typically studied and lessiefiied (and in turn,

synthetically simplistic) procedures are jettisoned for more controlled methods. In situ polymer
grafting has the potential to control theal morphology, and thus properties, of a tpaymer
systembut is currently not well studied or understood. The most common example of exploiting
in situ polymer grafting to control morphology arises in HIPS production, in which

polybutadiene (PBD)sidissolved in styrene monomer with initiator. Upon thermal initiation,
polystyrene grafts from the PBD and leads to a final complex morphology of rubbery PBD
droplets in a PS matrix. The remarkable impact resistance of HIPS is derived from the properties
of both PBD and PS, as well as the final morphology of the system, which is determined by graft
number, graft length, and graft density.

In this thesis, the phase behavior of ternary blends of PS, PBD and polydilreke
polybutadiene (P®BD) block copolymers is presented along with the phase behavior-of PS
PBD-graft-PS (PSPBD-g-PS) made via in situ polymer grafting from the PBD block of PS
PBD. SAXS and TEM data are presented and reveal a complex phase space and interesting
orderorder and gsorderorder transitions. The chemical mechanism by which grafting occurs is
hypothesized and discussed in the context of PBD microstructure. Future work to further

elucidate the dominant chemical grafting mechanism is proposed.

Chapter 2: Synthesis and Garacterization of Materials and Blends

2.1 Living Anionic Polymerization and Characterization of PSPBD, PBD, and PS

Living anionic polymerization is a living chain growth synthesis method capable of

producing a diverse array of polymers with increditdyrow molecular weight dispersitias )
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The low dispersityn B isattributedtothesc al | ed Al i vi ngd nature

polymer chain. After the rapid initiation of the polymerization with a hot nucleophile, such as
organalithium compoundspropagation takes place and continues until all monomer in solution
has been exhausted or a terminating agent, such as methanol, has been added to the reaction
mixture.

The polystyrendlockpolybutadiene (P$BD) diblock copolymer used in this thesis
was synthesized via sequential living anionic polymerization. Monomer purificatitneactor
set up have been previously reported and areesgdiblished procedurdStyrene and 1;3
butadiene monomer were purified twice ovendiutylmagnesium ang-butyllithium,

respectively, before initiation witbecbutyllithium. Solvents used for anionic polymerizations,

tetrahydrofuran (THF) and cyclohexane (CHX), were purified using solvent columns (JC Myer).

Methanol (Fischer Scientific) and benzene (Fis@®entific) were used for precipitation and

freezedrying of the polymerization prodyaespectivelyPSPBD with a 1,2 microstructural

T

Intensity (a.u.)

1 1 I
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Figure 3. SEC chromatograms of the homopolymer PS aligbtdined prior
to addition of 1,3utadiene and the resulting#8D diblock copolymer.

of
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content of roughly 90% was targeted by adding a $e¢ldutyllithium molar ratio of 104, as

established in previougisthetic proceduresStyrene was first polymerized in pure cyclohexane
at 40C for 4/h, after which an aliquot was taken to determine the nuianiage molecular

weight M ) andn of the PS blocksHigure 3.

After the initial 4 h polymerization of R$he reaction mixture was cooled to *Chising
an icewater bath. THF was then added to ensure ~90% 1,2 addition after the addition of 1,3
butadiene. The reaction proceeded for 4 additional h and was then terminated with degassed
methanol. Thévl,, volumefraction of PS blockffs), n, and 1,2/1,4 microstructural content was
determined to be 27.5 kg/mol, 0.58, 1.03, and 0.94, respectively. Volume fractions and molecular
weights were determined via muéthgle light scattering in tandem with sieclusion
chromatography (SE@nd room temperature densities of 1.04 g/mL and 0.86 g/mL for PS and
PBD homopolymers (densities from Siglrich). The fraction of 1,2 additioni( 2) in the
PBD block was determined using a Bruker AWHD 500 MHz'H NMR (Figure 3.

1,2 PBD homopolymemn = 20.33 kg/moln = 1.04,(i1 2= 0.9) was also synthesized
via living anionic polymerization at similar conditions used for the PBD block in tHeBTS
synthesis. A solution of THF and CHX was cooled t6€5n an icewater batrbefore charging
with secbutyllithium and purified 1,3utadiene, sequentially. The reaction was terminated after

4 h with degassed methanol and was characterized via SEC and 40GINUNR (Figure 5.
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Figure 4. 500 MHz 1HNMR spectra for P®BD synthesized via sequential living anionic
polymerization. Within the spectra is the equation used to determine fractional 1,2 conten
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Figure 5. 400 1H NMR spectra of PBD synthesized via livargonic polymerization
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PS homopolymerm\» = 6.1 kg/mol,n = 1.03) was synthesized via anionic

polymerization of styrene at 4C in CHX.

Small-angle Xray scattering (SAXS) measurements on the ned®BI3 diblock
copolymer were performed at the Penn State Materials Characterization Lab usiog Cu K
radiation source from a Xeuss 2.0 beamline (Xenocs) installed with a Pilatus3RA\2fétKctor
(Dectris). Incident xrays had a wavelength of 1.54 A and an energy of 8.05 keV. Calibration of
g, the scattering wavevector, was performed using powdered silver behenate.

The neat P$BD was scanned as a bulk film approximately 1.5 mm in thickregse
6 shows the resultant scattering pattern of the film at room temperature. The scattering pattern
indicates that the film has a lamellar morphology dug/doindexing to integer whole numbers.
The presence of evenly indexed pealg' (= & 4 a n desi@ th& the lameliqegare
asymmetrical, a result that is expected for a lamellar block copolymer with volumetrically
asymmetrical blocksfgs = 0.58). Higher order reflectiong/¢ = 416 and &25) indic
range order in the bulk film. The domain sppey was found to be approximately 25 nm using

Egn. 2.1.
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Figure 6. Room temperature SAXS pattern for the neaiB® after annealing
under vacuum at 100 °C overnight.

Q - ¢

2.2 Nitroxide-Mediated Polymerization of Styrene

Nitroxide-mediated radical polymerizations (NMP) are a form of controlled living radical
polymerization utilizing stable radical alkoxyamines to control the kinetics of the reaction.
Controlled living radical polymerizationancluding but not limited to NMP operate on the
establishment of a dynamic equilibrium between a dormant radical species that cannot propagate
and a free radical which can propagate. NMP reactions specifically rely on the addition of an
alkoxyamine to a maoradical, which renders the nascent chain dormant, and subsequent
homolytic cleavage of the bond yielding a propagating chain. For the reaction to be controlled
the equilibrium of the reaction must favor the dormant state, thus allowing only a few mmenome

to add to the chain at a time and slowing the overall rate of polymeriz&tion.
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PS homopolymer was synthesized in bulk using NMP with toitisystems consisting of

(i) benzoyl peroxide (BPO, Sigmal dr i ¢ h, 9 8 -#obisé2methylpropionitrile2 , 2 6
(AIBN, SigmaAldrich, 98%) with4-hydroxy-2,2,6,6tetramethylpiperidine (OHEMPO,
SigmaAldrich, 9799. Inhibitor was removed from styren@onomer (SigmaAldrich, >99%) by
flowing through a column packed with basic alumina (Al(@tgmaAldrich) A typical PS
reaction procedure consisted of dissolving 14.2 mg of BPO (0.058 mmol) and 6.7 mg of OH

TEMPO (0.0389 mmol) with 1 mL of styrene analymerizing for 3 h at 128C. The reaction
mixture was then dissolved in THF, precipitated in methanol, and dried in vacuurfCat 80

overnight Mn = 14.1 kg/moln = 1.34, ~ 70% yield). AIBN PS was synthesized using the same
molar values as described abok € 8.62 kg/moln = 1.54). SEC traces for both

polymerization procedures are showrfigure 7

I I I | I

- PS (BPO)
- PS (AIBN)

Intensity (a.u.)

1 1 1
7.5 8.0 8.5 9.0 9.5 10.0 10.5

Elution Time (min)

Figure 7. SEC traces for NMP polymerizations of PS using AIBN
(blue) and BPO (red)
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Polymerizations were run using microwave heating and comrexitheating processes.

Both procedures produced polymers that were indistinguishable from one another and were thus
used interchangeably. Microwave induced polymerizations werasing a Discover LabMate
with IntelliVent pressure and infrared temperataontrol system (CEM Co.) in dynamic power

mode at 100 W, 125 °C, with a 20 °C/min temperature ramp.

2.3 PSPBD/ Styrene Preparation

PSPBD/styrene, 1,2PBD/styrene, and PS/styrene blends were prepared by dissolving the
polymer of interest in atyrene solution containing the same molar ratios of BPO tdf BMPO
to styrene outlined in sectidh2 A typical blending procedure for a 60% volumePBD and
40% volume styrene solution consisted of combining 0.522 g -¢1BL3with 0.4 mL of
styrene/B®/TEMPO solution. Blends were then heated to 65 °C for approximately 15 min and
agitated to promote homogeneous mixing. Reaction conditions f&\BEstyrene,
PBD/styrene, and PS/styrene blends were identical to the conditions used for microwave PS

homopdymer synthesis.

Chapter 3: Polymerization-Induced Nanostructural Transitions

3.1 Order-Order and Disorder-Order Transitions

Orderorder (OOT) and ordeattisorder (ODT) transitions commonly occur in diblock
copolymers'! These transitions are generallygoned by changing the prodwctiNvia

temperature or pressutéferences, which leads to crossing of a phase bounBaifgrencing
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the phase diagram Figure 2for a LAM forming diblock copolymer di = 0.5, increasing

temperature will decreasgEq.1.2) and cause N< 10.5, thus leading to a disordered diblock
copolymer melt via an ODT. Similarly, for a diblock copolymefof 0.65 ands N 20,
increasing temperature will lead to an OOT from GYR to HEX.

ODTs and OOTs have also been observed w?BB/Styrene blends upon
polymerization Figure 8illustrates OOT and ODT in 60/40 and 40/60-PED/Styrene blends,
respectivelyln addition to the LAMto-HEX and DISto-HEX transitions observed hpspep =
60% and pspep = 40% blends, transitions from DIS to disordered spheres has also been
observed. The DKo-DIS spheres transitions occurred for blends consistihgizp = 20%,
shown inFigure9. For each of the observed polymerizations, approximately 70% conversion

was obtained.

a J b.
Lamellar | | * Hexagonal| Disordered "1 Hexagonal
e / (
| == a g
;, | ‘ E ;; /’,\\ ;;
£ \ 2z 2z \ 2
g \,J B : g 8 7
2 8 ) r N 3]
E 1 z E \\ =
\:
I M
0.01 q(A") 0.1 0.01 q(A") 0.1 0.01 q(A") 0.1 0.01 q(A'1) 0.1

Figure 8. Room temperature-D SAXS patterns for the polymerization induced morphology transiti
Red arrows lead to the morphology after polymerization. (a) LanteHaexagonal'(psrep = 60%) and
(b) disordetto-hexagonal'(psrep = 40%) transitions werelbserved.
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Figure 9. DIS-to-Spheres transition observed feisprep= 20%. The pospolymerization

SAXS pattern right of theed arrow is characteristic of scattering in a disordered spr
system.

3.2 Phase Behavior of Dried Blends

Once polymerized, blends were dried and annealed under vacuum at 125 °C for 36 to 48
h. This was done to ensure that the structures observed were not swollen with stgidual
monomer and that the observed struetwas thermodynamically stabRoom temperature

SAXS patterns are displayed below in FiglifeA-F.

A V1 ¢ps_pap = 30% F B V1 Pps—pap = 35% 7 L C V1 ®ps—pap = 40% |
3 = 3
S & S
7} @ 7}
= c =
Q () Q
—t b -
= = =
A 0.01 A A
q(A ") q(A ")
D V1 ] F /
— 4 $ps-ppp =50%f —
3 3 3
= = =
[72] [} [72]
c c c
2 2z s
£ £ £
0.01 0.1 0.1 0.01 0.1

q(A7) (A g(A™)
Figure 10. Annealed SAXS patterns for ordered blends post polymerizations¢Apo = 30%, (B)
L pspep = 35%, (C) pspep = 40%, (D) pspep = 50%, (E)- psprep = 55%, and (F) pspep = 60%.
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Indexing of the SAXS patterns in Figure 10 suggest that DIS spheres, HEX, and LAM
mictrostructures were obtained after polymerization oPB®/ Styrene blends. These

nanostructures are summarizedrigure 11
Morphology of PS-PBD/Styrene Blends

>
—
-’
-
20/80 30/70, 35/65, 40/60, 45/55, & 50/50 55/45 & 60/40
DIS HEX LAM
20/80 30/70 50/50 60/40

Figure 11. Phase behavior for polymerized blends of D and Styrene after drying
and annealing

TEM images were taken for select blends to confirm their mesoscale strirGtune (
12). Darkregions are Os{Xstained PBD, which selectively stains the double bonds in PBD but

not the aromatic rings in PS. The LAM, HEX, and DIS morphologies shown in the TEM images

AT N BN b 4 - i ,
| \ '\\?'\\?(Q:“ ) ;_ ] \:;. ’ " "[:// " - ¢ :
Figure 12. TEM images of dried (A) pspep = 60%, (B)! pspep = 40%, and (C) pspep = 20% blends
Samples were cryosectioned intoi790 nm films (Leica UC6 ultramicrotome w/ FC6 cryo

attachment) and stained with OsO4 for 15 min. Imaging performé#Ed Tecnai G2 Spirit BioTwin

TEM
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Next, the static mrphology of the dried blends was compared to blends of similar

compositions of P#BD and PS. A ternary phase diagram of PS, PBD, aréBEbSwas

generated by freeze drying blends of anionically synthesized diblock and homopolymers in
varying volume fracbns figure 13. The right leg of the diagram illustrates the resultant
morphology of binary blends of PEBD and PS, with 100 vol % FEBD at the top of the

diagram and 100 vol % PS at the bottom right. butylated hydroxytoluene (BHT) was added to
these k@nds to prevent thermally crosslinking samples. Comparing the phase behavior of these

two different systems, 30/70 through 60/40 blends have drastically different nanostructures.

‘ ‘ Diblock
3 % ® Lamellar
RO AN Hexagonally Packed Cylinders
¥ N S ® Microemulsion
S
2 %
* ‘ @
o K
w0 \ / 0
[ > X @
)'\ ’ 7\ / A v .’(
p0|ybutadiene\';ll”'l"."Il:'"]l"I.I;:':"I"'l'.‘;"cll"llf"";:lj""|‘Y'I"’."j‘ll'"I"‘;‘(I"fl?"1;[)7‘”"'1':";)'!'{'HI'»‘(H"IH"‘_:;: Polystyrene

Figure 13. Blends of PSPBD (diblock), PS, and PBD. All polymers were synthesized via
anionic polymerization and blended by freeze drying in benzene, pressing into films, ar
annealing overnight under dynamic vaculviicroemulsion is DIS spheres.

Though the volume fractions of polystyrene for the in situ samples ardyslggs than the
initial volume fractions of styrene present, as the reaction goes to approximately 70% yield, the
phase behavior differs greatly and suggests that another factor is changing the phase behavior of

PSPBD/PS blends.



18
3.3 Grafting in Polymerized PSPBD/ Styrene Blends

SEC was run for all polymerizatianduced samples to determine if the in situ
polymerization method had caused amgrostructurathanges to the initial RBBD diblock
copolymer.Figure 14shows representative SEC chromatograms for all blends syntheBns=d
PSPBD inFigure 14was reprecipitated from pressed films and shows a high molecular weight
hump. This large molecular weight species is attributed to some crosslinking and has been shown
to have no measurable effect on the nanostructures achietiee jpylymerizationinduced
method. After polymerization of the FEBD/Styrene blends, a perceptible shift in theHBED
SEC trace can be seen toward lower elution times, thus indicating an increase in the molecular
weight of the diblock copolymer. Thisdrease in molecular weight was hypothesized to be

caused by grafting of styrene onto-PBD, yielding PSPBD-g-PS.

—— Reprecipitated PS-PBD
—— 20 PS-PBD | 80 Styrene
—— 30 PS-PBD | 70 Styrene
— 35 PS-PBD | 65 Styrene
—— 40 PS-PBD | 60 Styrene']|
—— 50 PS-PBD | 50 Styrene
—— 55 PS-PBD | 45 Styrene
—— 60 PS-PBD | 40 Styrene

Intensity (a.u)

L |
4 6 8 10 12
Elution Time (min)

Figure 14. SEC chromatograms for polymerized-PBD/Styrene blends
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To ascertain the reason for this increase in molecular weight-BBEGafter

polymerization, PS homopolymer was blended with the styrene/BPOEMPO solution and

polymerized under identical conditions.

-~ Microwave PS
—— Anionic PS
— ®ps = 40% (BPO)

Intensity (a.u.)

8 € 10 11
Elution Time (min)
Figure 15. SEC trace for polymerized PS/Styrene blend-at 40%

No perceptible shift in elution time was observed for the anionically polymerized PS
peak inFigure 15 This suggests that no grafting takes place on the PS block of tABIPS
diblock copolymer, and thus grafting can only occur on the PBD containing block

The chemical mechanisms proposed for the grafting of PS on the PBD blocie®PS
are illustrated below ifrigure 16 Polystyrene can graft to PBD by either (i) direct attack of a
nascent polystyrl chain, (ii) direct attack of an initiator radicaljigprapstraction of hydrogen
leading to an allylic radical. To determine which chemical mechanism was most dominant in the
BPO/OHTEMPO/Styrene system, PBD with approximately 93% 1,2 conként(20.3
kg/mol) was blended at 40 vol% with styrene. This wtduraction was chosen because it

mimicked the volume fraction of PBD present in 66GFED/40 Styrene blends.



20

Figure 16. Proposed grafting mechanisms for PBD. From top to bottom are (i) direct fattack
polystyrene, (ii) direct attack from a primary radical, and (iii) grafting from an allylic radical.
Mechanisms on the left and right are for 1,2PBD andBP

Two different initiators, BPO and AIBN, were chosen because BPO can directly attack
the PBD backbone or undergo hydrogen abstraction, whereas AIBN can only undergo direct
attack of the backborléIf the predominant mechanism is gefiftm by hydrogen abstraction,
then only the blend containing BPO should undergo appreciable amounts of giidigrgeC
trace inFigurel7 highlights the results of the grafting experiment performed with AIBN and
BPO.

FromFigure 17 a significant shift toward lower elution times occurs for the BPO
containing PBD/styrene blend. On the other hand, a very mininfeirsblution time is
observed for the blend containing AIBN as the initiator. Since both AIBN and BPO can undergo
primary radical attack and direct attack of nascent polystyrene, the larger shift in elution time for
the BPO containing blend can be attitded to mechanism (iii) in which BPO abstracts a

hydrogen atom, yielding an allylic radical tiwan initiate and propagate styréfi@hough






















































