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Abstract: In this study the exploitation of anionic polymerization for the synthesis of living
poly(dimethylsiloxane) or PDMS as well as poly(2-vinylpyridine) or P2VP homopolymers and the
subsequent use of chlorosilane chemistry in order to be covalently joined leading to PDMS-b-P2VP
copolymers is proposed. The thorough manipulations under high vacuum conditions using highly
rinsed apparatuses and reagents enabled the synthesis of well-defined materials in terms of mo-
lecular as well as compositional homogeneity. The number average molecular weights, dispersity
indices and thermal transitions were determined through size exclusion chromatography (SEC),
proton nuclear magnetic resonance spectroscopy (‘H NMR) and differential scanning calorimetry
(DSC), respectively. The morphological characterization results suggested that for common com-
position ratios lamellar, cylindrical and spherical phases with domain periodicities ranging from
approximately 15 to 39 nm are formed. A post polymerization chemical modification reaction to
quaternize some of the pyridine rings in the copolymer with the highest P2VP content is also re-
ported. Additional characterizations on the modified copolymer including 'H NMR, infrared
spectroscopy, DSC and contact angle were conducted. The synthesis, characterization and intro-
duction of positive charged groups into the copolymer structure are important findings towards
the preparation of functional materials for various applications.

Keywords: high x copolymers; anionic polymerization; chlorosilane chemistry; PDMS; P2VP;
divergent Tgs; self-assembly behavior; quaternization

1. Introduction

To obtain well-defined and stable nanostructures with extremely low dimensions
for nanotechnology purposes highly immiscible copolymers should be designed [1,2].
Inherent properties including thermal stability, etching selectivity, post-polymerization
chemical modification capability and high-throughput synthesis are of great significance
[1-4].

Silicon-containing copolymers have a leading role in various applications because
they showcase the aforementioned characteristics [2]. This fact has motivated the scien-
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tific community towards the synthesis of versatile copolymer combinations which in-
clude at least one inorganic segment. Several poly(dimethylsiloxane) or PDMS-based
copolymers such as PS-b-PDMS [5,6], PDMS-b-P2VP [7], PDMS-b-P4VP [8], PDMS-b-PLA
[9], PDMS-b-PMMA [10], P3HS-b-PDMS [11] and PDMS-b-PEO [12] [where PS: polysty-
rene, P2VP: poly(2-vinylpyridine), P4VP: poly(4-vinylpyridine), PLA: poly(lactid acid),
PMMA: poly(methyl methacrylate), P3HS: poly(3-hydroxystyrene) and  PEO:
poly(ethylene oxide] have been synthesized using living anionic, control radical polym-
erization techniques, ring opening polymerization or azide-alkyne “click” reactions.

Poly(vinylpyridine)-based copolymers are highly versatile materials due to the
chemical modification capability of the pyridinyl nitrogen atoms in the —ortho or —para
positions [13-15]. Significant studies have shed light on the properties afforded after the
reactions which induce an electron-rich backbone and electron-poor pyridiniums for
different quaternization degrees. It is straightforward that the properties and therefore
the targeted application are dependent on the percentage of quaternization [13-15].

Notwithstanding the fact that the advent of new synthetic approaches has enabled
the fabrication of different systems, the synthesis of PDMS-b-P2VP remains largely un-
explored. Lee et al. [16] proposed certain synthetic protocols for the synthesis of linear
diblock and triblock copolymers of the AB and ABA types (where A: P2VP and B: PDMS)
that involved the use of an organolithium compound as initiator or a reagent with com-
bined alkylating and acetal functional groups. Fragouli et al [17] reported the synthesis of
tetrablock quarterpolymers of the PS-b-PI-b-PDMS-b-P2VP [PI: poly(isoprene)] through
anionic polymerization followed by coupling with a selective heterofunctional linking
chlorosilane agent (chloromethylphenylethylenedimethylchlorosilane). Reversible addi-
tion fragmentation chain transfer (RAFT) polymerization was employed quite recently
by Hur et al. [18] for the synthesis of low molecular weight copolymers of the specific
type. Only limited research works report the synthesis of the specific sequence but its
great potential is displayed in a work by Jeong et al. [7] in which the self-assembly be-
havior in thin films after exposure to different solvents, in a process widely established as
solvent vapor annealing, was studied. Also, the self-assembly behavior of a
PDMS-b-P2VP copolymer in thin films using pre-patterned substrates coated with dif-
ferent brushes was studied to evaluate the minimum value of line edge and/or width
roughness [19]. A different research involved the fabrication of silicon oxide dots and the
incorporation of gold nanoparticles in the polymeric matrix [20]. The bulk phase behav-
ior prior and after blending with 1-pyrenebutyric acid towards the formation of com-
plexes through non-covalent interactions between the nitrogen of P2VP monomeric units
and the butyric acid functional group as the temperature varied was examined by Shi et
al [21].

In our work an alternative synthetic approach for the preparation of linear
PDMS-b-P2VP copolymers is proposed. Living anionic polymerization was utilized for
the synthesis of both PDMS and P2VP homopolymers which were then coupled using an
appropriate reagent through chlorosilane chemistry. To combine the specific segments is
rather challenging due to the quite different synthetic protocols followed during the
polymerization. Restrictions related to electron affinity and weak nucleophilicity in con-
junction with the strict purification protocols should be taken under consideration. The
molecular characteristics of the involved segments including the dispersity indices and
total number average molecular weights as well as the successful synthesis were deter-
mined using size exclusion chromatography (SEC). The mass as well as the volume frac-
tion ratios were calculated using '"H NMR (proton nuclear magnetic resonance spectros-
copy) experiments, while the thermal behavior was studied using differential scanning
calorimetry (DSC). Two distinct glass transition temperatures corresponding to the
PDMS and P2VP blocks were recorded indicating the strong repelling forces between
them. Lamellar, cylindrical and spherical phases with dimensions ranging from ap-
proximately 15 to 39 nm were formed in bulk as indicated by the morphological charac-
terization through transmission electron microscopy (TEM) and small angle X-ray scat-
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101 tering (SAXS). Also, a post polymerization chemical modification reaction towards the
102 formation of a quaternized copolymer derivative was carried out to the sample with the
103 highest P2VP content. The molecular, thermal and wetting properties after the
104 quaternization were determined to map any alternation induced due to the existence of
105 positive charge in some monomeric units of the P2VP segment.

106 2. Materials and Methods

107 2.1 Materials

108 The solvents (benzene, tetrahydrofuran, methanol, chloroform and n-hexanes),
109 monomers [1,1-diphenylethylene, 2-vinyl pyridine (2-VP) and
110 hexamethylcyclotrisiloxane (Ds)], coupling agent [dichlorodimethylsilane], initiators
111 [normal-BuLi (n-BuLi), secondary-BulLi (sec-BuLi)] and drying agents (calcium hydride and
112 triethylaluminum) have been provided by Sigma-Aldrich (Sigma-Aldrich Co., St. Louis,
113 MO, USA) as well as the alkyl halide used in the quaternization (bromoethane) reaction.
114 The purification procedures of all solvents and coupling agent were performed according
115 to the demanding protocols of anionic polymerization, already described in the relative
116 literature [22]. The apparatuses were meticulously rinsed with n-BuLi to eliminate any
117 contaminants prior to any reaction. 2-VP was purified twice by calcium hydride prior to
118 distillation to sodium mirror and finally to triethylaluminum [22,23]. D3 was dissolved in
119 benzene, then was purified over calcium hydride as well as over living polystyrene lith-
120 ium [PSOLi® at least twice] chains and stored to pre-calibrated ampoules [5,22].

121 2.2 Synthesis Protocols

122 The procedure is realized by polymerizing the hexamethylcyclotrisiloxane (6.0 g,
123 0.08 mol) with sec-BuLi (1.13 mmol) in the presence of non-polar solvent (benzene ~200
124 ml) followed by the addition of a polar solvent (tetrahydrofuran ~200 ml) in a 1:1 ratio
125 after seven days at cryogenic conditions (—20 °C) as thoroughly elaborated in the litera-
126 ture [5,6]. Through this protocol the conversion of monomer approaches 100% with
127 minimum side reactions, which is critical for the effective coupling of the living PDMS
128 homopolymer with the dimethyldichlorosilane.

129 The molar ratio of coupling agent towards the PDMS-Li* is in significant excess (at
130 least 500-fold, 0.57 mol) to ensure the substitution of only one chlorine atom [22, 24,25].
131 The excess of coupling agent was removed under high vacuum and the intermediate
132 PDMS-Si(CHs)Cl  product was washed with purified benzene, dissolved in
133 tetrahydrofuran and kept at low temperature. The P2VP homopolymer was prepared in a
134 different apparatus which was meticulously rinsed with a bis phenyl hexyl lithium solu-
135 tion. 2-vinyl pyridine (6.0 g 0.06 mol) and sec-BuLi reacted in presence of
136 tetrahydrofuran at -78 °C for 1 hour using a nitrogen/isopropyl alcohol bath. The final
137 step involved the coupling of the intermediate PDMS-5i(CHs)2Cl product and the living
138 P2VP block. To control the instability of the materials at increased temperatures the new
139 apparatus with the attached vessels containing the two different segments is placed for
140 approximately 15 minutes at —20 °C and subsequently the break-seal is ruptured towards
141 the coupling of the macromolecular chains. The solution was left under stirring for ap-
142 proximately two weeks where the gradual discoloration of the solution was apparent
143 prior to the precipitation to cold stabilized methanol. The details concerning the purifi-
144 cation protocols and synthesis protocols are ascribed to the DVP-1 (see Table 1). Manip-
145 ulating the monomers and/or initiator quantities but keeping coherent synthetic proto-
146 cols the remaining samples were synthesized. Note that after the completion of each
147 synthetic step aliquots were retrieved to determine the molecular characteristics and jus-
148 tify the successful reactions. Figure 1 summarizes all the reactions that took place for

149 clarification reasons.
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Figure 1. Synthesis reactions for the preparation of PDMS-b-P2VP copolymers involving different
steps, meaning the polymerization of Ds towards the formation of living PDMS chains, the cou-
pling of PDMSLi* with dichlorodimethylsilane, the polymerization of 2-VP towards the formation

of living P2VP chains and finally the coupling of the chlorosilane terminated PDMS homopolymer
with the active P2VP chains.

Concerning the post-polymerization chemical modification reaction towards the
formation of PDMS-b-[P2VP-r-poly(1-ethyl-2-vinylpyridinium bromide)] 1.0 g of DVP-3
(see Table 1) was vigorously stirred with excess (with respect to the concentration of the
pyridine units) of bromoethane (3.2 mL) under reflux for 16 hours prior to purification
based on a previous study conducted by our research group [15].

2.3 Methods

A fully Integrated GPC System (PL-GPC 50) from Agilent Technologies (Agilent
Technologies/Polymer Labs, St. Clara, CA, USA), with an isocratic pump (1.0 ml/min), a
three-column [three columns in series (PLgel 5 mm Mixed-C, 300 x 7.5 mm) capacity oven
(LabAlliance) operating at 35 °C, refractive index (RI, Shodex RI-101) and ultraviolet ab-
sorbance (UV, SpectraSystem UV1000) detectors was used. The eluent was stabilized (2%
v/v triethylamine) THF and the calibration took place using eight PS standards (Mj: 4,830
to 3,242,000 g/mol)].

H NMR spectra were recorded in deuterated chloroform at 25 °C using Bruker
AVANCE II spectrometers (Bruker GmbH, Berlin, Germany) operating at 250 MHz. An
UXNMR (Bruker) software was used in the data analysis. The quaternized sample was
recorded in deuterated dimethyl sulfoxide (DMSO-ds) at 25°C.

DSC measurements were carried out on a Q20 TA instrument (TA Instruments Ltd.,
Leatherhead, UK) from -140 °C to 140 °C at a 10 °C/min heating rate. From the three cy-
cles (two heating and one cooling) conducted, the presented thermographs correspond to
the second heating and were processed using Advantage v5.4.0 (TA instruments) soft-
ware.

A Nicolet Nexus 670 (Wake Forest, NC, USA) infrared spectrometer equipped with
a single horizontal golden gate attenuated total reflectance (ATR) cell was used for the
FT-IR measurements. Spectra were recorded by averaging 64 scans between 4000 and 400
cm™! with a resolution of 2 cm™ under ambient conditions.

A contact angle instrument (OCA 25, DataPhysics Instruments GmbH, Filderstadt,
Germany) was used to study the wetting properties. Samples were initially dissolved in
chloroform (3 wt% solution) and were spin casted onto silicon wafers [treated with pi-
ranha solution (sulfuric acid/hydrogen peroxide: 3/1)] at ambient conditions using 3700
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188 rpm for 30 s to obtain films with ~50 nm thickness. Five separate measurements in five
189 different regions were conducted and the average value was calculated and presented.
190 The deviation was +2°.
191 A JEOL JEM 2100-HR, 200 KeV electron microscope (JEOL Ltd., Tokyo, Japan) was
192 utilized for the TEM studies. Prior to TEM experiments, samples were cast from a dilute 5
193 wt% solution in chloroform and the solvent evaporation was completed after 7 days. The
194 obtained ultra-thin sections (ca. 50 nm thick) from a Leica EM UC7 ultramicrotome (Leica
195 EM UC? from Leica Microsystems, Wetzlar, Germany) at -140 °C, were placed on 600
196 mesh copper grids.
197 Small angle x-ray scattering (SAXS) experiments were performed on a Xenocs Xeuss
198 SAXS/WAXS system equipped with a GeniX3D copper microfocus tube operating at 60
199 kV and 0.59 mA. All samples were placed in an evacuated chamber and illuminated with
200 monochromatic X-rays in transmission geometry. The scattered intensity was recorded
201 using a Dectris Pilatus 300k detector located 2.2 m downstream the sample position.
202 Small-angle X-ray scattering experiments were also conducted at the BM26 beamline of
203 the ESRF (Grenoble).
204 3. Results and Discussion
205 Through anionic polymerization and chlorosilane chemistry, segments which are
206 weak nucleophiles and not prone to sequential monomer addition can be synthesized.
207 The linking of the living PDMS homopolymer with the appropriate chlorosilane com-
208 pound followed by the reaction with the living P2VP chains enabled the synthesis of
209 PDMS-b-P2VP copolymers with targeted molecular weight values and well-defined
210 characteristics. This platform methodology constitutes a significant synthetic advance
211 that can be further applied to segments with similar nucleophilicity-related issues. We
212 demonstrate an additional route to synthesize the PDMS-b-P2VP copolymers that are
213 desirable for diverse applications not only due to the high immiscibility they present but
214 also because of the ability of the pyridine moiety to be chemically modified leading to
215 novel functional materials.
216 The molecular and thermal characteristics were determined using size exclusion
217 chromatography as well as proton nuclear magnetic resonance spectroscopy and differ-
218 ential scanning calorimetry, respectively. Table 1 summarizes the molecular as well as
219 the thermal characteristics of the copolymers (the samples are abbreviated as DVP) as
220 directly calculated through the above mentioned techniques.
221
222 Table 1. Molecular and thermal characteristics of PDMS-b-P2VP copolymers including
223 number average molecular weight (M,,), dispersity indices (D), mass fraction and volume
224 fraction of PDMS (froms and ¢rpums respectively) as well as the glass transition tempera-
225 tures of the constituents.
MnPDMS (a) Mnmw’ (a) Mntotal (a)
Sample  (g/mol) (g/mol) (g/mol) DR frows® ) T T
P & & & sec Mg O C) C)
SEC SEC SEC

DVP-1 5,300 4,500 9,800 1.06 0.55 0.54 -125.75 84.55

DVP-2 15,500 7,000 22,500 1.05 0.68 0.67 -123.97 87.07

DVP-3 6,000 30,000 36,000 1.04 0.16 0.15 -121.98 102.41
226
227 @SEC in THF at 35 °C. ®'H NMR measurements in CDCls at 25 °C. The mass fraction ratio was
228 calculated as follows:

integration valueg1_¢s

229 =
fPDMS contributing protons (or 6)
integration valueg o

230 fPZVP = contributing protons (or 1)
231 Consequently the volume fraction is estimated through the following equations:

x monomeric unit molecular weight (or 74),

x monomeric unit molecular weight (or 105).
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232 Pravp = fPZVPPPD]:fIz"/"P(i}:l}::VP)pPzVP, Proms = fPDMSPPzﬁD*I'VI(SlF:I;;VD;s)PPDMS’ where QPZVP:O.975 g/cm3 and
233 oroms=0.970 g/cm?.

234 ©DSC experiments.

235

236 As showcased in the relative chromatographs (Figure 2a), monomodal distributions
237 were received for the final copolymers in the three different cases indicating the absence
238 of any undesired by-product prior to the self-assembly studies. The 'H NMR spectra
239 further revealed the blocks’ composition through the integration of the characteristic
240 proton signals of each monomeric unit. Specifically at o: 0.1-0.5 ppm, the chemical shifts
241 are assigned to the six protons of the siloxane side methyl groups (C-Hs) while the peak
242 area at 0: 8.2 ppm (Ar-H) corresponds to the proton of the aromatic ring of the pyridine
243 moiety as indicated in Figure 2b. The targeted integrations in all spectra through which
244 the mass and therefore the volume fraction ratios can be calculated, are presented as well.
245 The thermal characterization of the copolymers through DSC indicated two different
246 glass transition temperatures at values similar to those of the relative homopolymers. The
247 significant difference between the two Tgs, which is approximately 200 °C (lower than
248 -121 °C and 100 °C for the PDMS and P2VP respectively), suggest the quite dissimilar
249 properties of the components and therefore the strong repulsion between them. Any ad-
250 ditional transitions are allocated to the melting and cold crystallization of the PDMS
251 crystals. To calculate the degree of crystallinity of the PDMS crystals during melting in
252 the DVP-1 and DVP-2, the enthalpy of fully crystallized PDMS was considered equal to
253 37.4 J/g based on the literature [26,27], leading to 19% and 25% of crystalline chains re-
254 spectively. The thermographs with the different thermal transitions are presented in

255 Figure 2c.
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Figure 2. (a) Chromatographs, (b) 'H NMR spectra and (c) thermographs of all synthesized co-
polymers as taken from the corresponding characterization techniques.

To establish a relationship between molecular characteristics and self-assembly be-
havior, TEM and SAXS experiments were conducted. The samples were cast in chloro-
form which is more selective for the P2VP block if one takes into consideration the solu-
bility parameters (chloroform: 18.7 MPa'?, PDMS: 15.5 MPa'? and P2VP: 20.6 MPa'?)
[7,13,28] and left to evaporate at ambient conditions. The contrast obtained by silicon
atoms in PDMS and carbon atoms in P2VP allowed for TEM observations without selec-
tive staining with iodine. All as-cast samples were studied without being submitted to
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thermal annealing since copolymers showcase the highest repulsion at lower tempera-
tures. The results are summarized in Figure 3.

(@)

— DVP-1
—— DVP-2
——DVP-3

Log Intensity (a.u.)

00 05 10 15 20

g (nm™)

Figure 3. (a) 1D SAXS profiles of DVP-1 (blue), DVP-2 (red) and DVP-3 (black). TEM micrographs
of (b) DVP-1, (c) DVP-2 and (d) DVP-3 demonstrating alternating lamellae, hexagonal packed cyl-
inders and a spherical phase respectively. The dark domains correspond to the PDMS and
white/grey to the P2VP in all cases.

DVP-1 formed alternating lamellae sheets as indicated by the 1D SAXS profile and
the relative TEM micrograph after solution casting in chloroform (Figure 3a blue line and
3b respectively). The black periodic regions correspond to the PDMS domains while the
white stripes to the P2VP. The characteristic reflections at the relative g values of 1:2:3
further corroborated the real-space imaging results. The domain periodicity was calcu-
lated using the sharp primary reflection through Bragg’s law equal to 15.2 nm. The small
dimensions obtained demonstrate the ability of the specific sequence to self-assembly
despite the low degree of polymerization and therefore the strong immiscibility between
the divergent components is verified.

The self-assembly studies on the DVP-2 suggested the formation of hexagonal
packed cylinders of the minority component or P2VP (white areas) inside the black
PDMS matrix as indicated in the relative TEM micrograph (Figure 3b). The reciprocal
space results further confirmed the cylindrical morphology if one takes into considera-
tion the characteristic reflections at the relative q values of 1:v4:V7:v9. The domain
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290 spacing was calculated through the principal reflection equal to 21.9 nm (Figure 3a red
291 line).

292 DVP-3 showcases the highest asymmetry between the molecular characteristics of
293 the involved segments which is also depicted in the morphological characterization re-
294 sults. Specifically, the copolymer adopted the spherical morphology as it can be observed
295 in the respective micrograph (Figure 3c) but no long range order was accomplished as
296 indicated by the absence of sharp reflections in the corresponding 1D SAXS plot (Figure
297 3a black line). Besides the lack of ordered domains, no solid results concerning the
298 formed structure can be extracted due to the broad peaks which do not allow for the ap-
299 propriate peak assignment. The broad nanodomain boundaries are indicated from the
300 weak intensity of peaks and reveal that the copolymer is not strongly segregated. The
301 domain spacing was calculated equal to 39 nm using the first permitted reflection.

302 Taking into consideration the experimental results one can assume that the specific
303 copolymer sequence adopts hexagonal and lamellar phases for common volume fraction
304 ratios while the highest asymmetry between the compositions of the components in-
305 duced the formation of spherical morphology without long range order.

306

307 DVP-3, as already mentioned in a previous section, was submitted to a quaterniza-
308 tion reaction due to its higher content in P2VP (¢r2ve=0.85) comparing to the remaining
309 copolymers, leading to PDMS-b-[P2VP-r-poly(1-ethyl-2-vinylpyridinium bromide)] or
310 DVP-3q. The sample was further characterized at molecular level through infrared spec-
311 troscopy to map any alternation on the absorption bands prior and after the quaterniza-
312 tion. In the spectrum of the pristine copolymer, the absorption signals corresponding to
313 the characteristic P2VP and PDMS groups are evident. In particular, the signals at
314 3000-3100 cm™ indicate the presence of aromatic C-H stretching and at 1400 and 1450
315 cm the C=C stretching. The signals at 570 and 750 cm™ correspond to the deformation of
316 the aromatic ring. Also, at 1070-1340 cm™ C-N stretching vibrations can be identified.
317 PDMS exhibit IR peaks at approximately 700-796 cm™ due to the -CHs rocking and Si-C
318 stretching, at 1020-1074 cm™ because of the Si-O-Si stretching and finally at 1260-1259
319 cm™ as well as at 2950-2960 cm™ due to the -CHs deformation and asymmetric -CHs
320 stretching in Si-CHs group respectively. For the DVP-3q additional absorptions in the
321 range between 1070 and 1340 cm™ are emerging which are attributed to C-C stretching
322 vibrations in the ethyl group of bromoethane. The comparative spectra are presented in
323 Figure 4a.

324 Based on literature [15] the reaction of P2VP-containing copolymers with bro-
325 moethane yields a 20% quaternization extent. The close proximity of the nitrogen atom to
326 the backbone and therefore enlarged steric hindrance does not allow higher yields,
327 therefore unmodified and quaternized monomeric units coexist in the P2VP segment.
328 The results obtained from 'H NMR studies corroborated the ones mentioned in literature
329 [15]. Specifically, the DVP-3q was dissolved in DMSO-ds since quaternized pyridine
330 blocks demonstrate better solubility in a more polar solvent. In the relative spectrum
331 (Figure 4b) the emergence of an additional peak at approximately 8.95 pm is allocated to
332 the chemical shift of the proton corresponding to the quaternary ammonium group. The
333 quantitative analysis of the quaternized and non-quaternized peaks indeed revealed that
334 the yield of the reaction was equal to 20%.

335 DSC experiments on the modified copolymer indicated a slight increase on the Tgof
336 the P2VP segments. This phenomenon can be explained by the introduction of bro-
337 moethane compound into certain polymer chains, which possibly led to an enhancement
338 on intermolecular interactions. Also, the alternation on the thermal transition is not sig-
339 nificant due to the low extent of quaternization. The thermograph of the quaternized
340 copolymer is presented in Figure 4c.

341 The wetting properties of both DVP-3 and DVP-3q in thin films state were evaluated
342 using water contact angle measurements. The introduction of bromoethane in the pyri-

343 dine moiety increased the overall polarity of the sample even though the quaternization
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yield did not exceed 20%. Specifically, the contact angle of the neat copolymer was cal-
culated approximately 95° (+2°) while the modified sample exhibited decreased water
contact angle ca. 83° (+2°). The different surface properties of the DVP-3q are allocated to
the secondary interactions (such as hydrogen bonds and dipole-dipole interactions) be-
tween the O-H bonds of water and the quaternized groups in some of the P2VP mono-
meric units. The results are presented in Figure 4d.

(b)
@ | [—Dvp3
—DVP-3q 85 80 75 70 65 60
8 90 85 80 75 70 65 60 55 50 l_-:.?pp:..)(l 35 30 25 20 18 10 05 00
=]
= (©)
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Wavenumber (cm ) (d)
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Figure 4. (a) Comparative FT-IR spectra of DVP-3 (red) and DVP-3q (black). (b) "H NMR spectrum
of DVP-3q in DMSO-ds. The inlet in red corresponds to the 'TH NMR spectrum (in chloroform) of
the neat copolymer and is presented for comparison reasons (c) DSC thermograph of DVP-3q. The
inlet in purple corresponds to the thermograph of the neat copolymer to indicate the temperature
differentiation in the Tgs before and after quaternization (d) Water contact angle measurements of
DVP-3 [95° (+2°)] and DVP-3q [83° (2°)].

4. Conclusions

We propose a platform methodology to synthesize copolymers with segments pre-
senting nucleophilicity-related issues through anionic polymerization. In particular, the
living anionically synthesized homopolymer chains (i.e. PDMSLi* and P2VPLi*) are co-
valently joined via chlorosilane chemistry leading to narrow dispersed PDMS-b-P2VP
copolymers. Each step, during the different reactions, requires meticulous manipulations
in terms of purification and vacuum quality to avoid the deactivation of reagents and the
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appearance of side reactions. The samples were characterized molecularly and thermally
to determine the molecular weight values, dispersity indices, composition and thermal
transitions including glass transition temperatures as well as melting and crystallization
temperature of PDMS crystals, where evident. The solid state properties of the copoly-
mers were studied through TEM and SAXS showcasing the self-assembly capacity of the
specific system. The composition of the components allowed for the formation of lamel-
lar- and cylindrical- shaped structures with approximately 15 nm and 21 nm spacings
respectively. Also, the highest asymmetry with respect to the segment’s content gave rise
to a spherical morphology with d value equal to 39 nm. The materials are potential can-
didates for nanotechnology applications due to the enhanced immiscibility of the con-
stituents. The presence of nitrogen atom in the P2VP moiety may possible lead to the
preparation of functional materials simply by conducting post polymerization chemical
modification reactions.
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