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ABSTRACT: Amphiphilic hyperbranched fluorohomopolyméd (= 9.06 kDa,M,,/M, = 1.90) and fluoroco-
polymer M, = 17.2 kDa,M,/M,, = 2.50) with tri(ethylene glycol) units incorporated at the molecular level were
synthesized by atom transfer radical self-condensing vinyl homopolymerization of an inimer, 4-[oxy(tri(ethylene
glycol))bromoisobutyryl]-2,3,5,6-tetrafluorostyrene, and copolymerization of the inimer with 2,3,4,5,6-pentafluo-
rostyrene (1:3, inimer:monomer), using 2@pyridine together with CuCl/Cughs the ligand/catalyst/deactivator
system. The structure and composition of the fluoropolymers were characterizéd, BSC, and°F NMR
spectroscopies. As detected by thermogravimetric analyses, the homopolymer and the copolymer had thermal
stability up to 175 and 218C, respectively. Differential scanning calorimetry revealed a glass transition temperature
of —19 °C for the homopolymer and 2T for the copolymer. Solubility tests indicated that both polymers were
soluble in a broad range of organic solvents, and the presence of tri(ethylene glycol) units resulted in the formation
of water-dispersible micelles from each of the polymers.

Introduction the structures of the comonomer(s) and inimer(s), their feed

Investigations of the theory, design, preparation, and applica- ratios, and the copolymerization conditions.

tions of highly branched macromolecules, including dendri- ~We have a long-standing interest in hyperbranched fluo-
merd-12 and hyperbranched polymers (HBP%)23 have been  ropolymers (HBFPsj)/ based upon their unique properties,
widespread over the past two decades due to the specialincluding low coefficient of friction, low surface energy, low
architectures and properties of these polymers relative to linearViscosity, enhanced solubility, and their facile production as
polymers?4-28 HBPs are highly branched polymers with lower compared with the production of their linear fluoropolymer
structural regularity than dendrimers. Although many types of counterpart$? Initially, our studies involved the design, syn-
HBPs have been prepared by various synthetic pathways,thesis, characterization, and applications of our first type
polycondensation of ABmonomers X > 2) has remained as  hyperbranched fluoropolymer, HBER prepared by the poly-
the traditional and most common methodology for the prepara- condensation of a bis(pentafluorobenzyl) ether of 3,5-dihy-
tion of HBPs?0:2° droxybenzyl alcohol in the presence of elemental soditifi#°

In 1995, Ffehet et al. reported self-condensing vinyl po- HBFPY had perfluoroaromatic rings and ether linkages through-
|ymerization (SCVP) of bifunctional AB monomers, called out its Structure, with pentaﬂuorobenzy| chain ends that can
inimers3°3Inimers were so named because they possessed botiindergo nucleophilic aromatic substitution reactions for post-
a monomer group (A) and an initiator functionality*(B These modification and derivatization. Furthermore, amphiphilic cross-
seminal studies led to a new approach in the production of linked networks were prepared from HB¥Pand diamine-
HBPs. Although only a handful of suitable inimers were used terminated poly(ethylene glycol) (DA-PEG), and their surface
in early studies? this methodology has been extended by characteristics could be mediated by the mass ratio of HBFP to
constituting charge-transfer complexes (CTCs) as new inimers DA-PEG%41 The amphiphilic cross-linked networks possessed
or by copolymerization of inimers with comonomers. In 2003, enhanced anti-biofouling abilit}2 unusual sequestration and
Wang et al. reported a copolymerizationpthloromethylsty- release behavior for a variety of small molecule guésend
rene (CMS) and chlorotrifluoroethylene (CTFE) following the atypical mechanical performané®eWe also recently reported
atom transfer radical-SCVP (ATR-SCVP) mechanism, to give the synthesis of our second type hyperbranched fluorocopolymer
a fluorinated HBP with controlled structuré&sThe electron- material, HBFB), by the ATR-SCVCP of inimer CMS with
rich CMS was believed to assemble with electron-deficient 2,3,4,5,6-pentafluorostyrene (PF3)In contrast to HBFP
CTFE to form a CTC that served as an inimer for the SCVP obtained by multistep reactions under severe reaction conditions,
system. Self-condensing vinyl copolymerization (SCVCP) of HBFF!) were prepared by a one-pot synthesis using com-
AB* inimers with comonomers has also significantly expanded mercially available reactants under mild reaction conditions. The
the synthetic methodologies for the preparation of HBPs and ATR-SCVCP method also allowed for ready control of fluo-
has provided a broad range of HBPs with diverse compo- rocarbon content, molecular weights, and DBs for the resulting
sition16:34-36 HBPs by SCVCP possess stabl€—C— back- HBFF". Moreover, HBF®)-DA-PEG amphiphilic cross-linked
bones and have structural units that can be derived from networks were synthesized economically, and their surfaces
commercially available monomers. Their structural features, possessed tunable structural features, with topographical, mor-
such as degrees of branching (DBs), can be controlled throughphological, and compositional heterogeneities similar to the

surfaces of HBFf)-DA-PEG#° As a result of the thermody-

* Corresponding author: Tel (314) 935-7136, Fax (314) 935-9844, namically driven phase segregation of the hydrophobic HBFP
e-mail: klwooley@artsci.wustl.edu. and hydrophilic PEG segments, the 3-fold complexity (topog-
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Scheme 1. Syntheses of Hyperbranched Fluorohomopolymer 1 and Fluorocopolymer 2 by Atom Transfer Radical Vinyl
Self-Condensing Vinyl (Co)polymerization
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raphy, morphology, and composition) is hypothesized to be allowing4 to undergo reaction with 2-bromoisobutyryl bromide
responsible for the significant anti-biofouling behavior of the in THF at room temperature for 20 h, to gi&in 88% vyield,
amphiphilic cross-linked networks. Because we hypothesized after chromatographic purification.
that the small size of the heterogeneities is also an important Homopolymerization o8 was performed using CuCl/Cu|
factor to enhance the resistance of protein adsorption and marine2,2-bipyridine (BiPy) as the catalyst/deactivator/ligand system
organism adhesion, we have a keen interest in the synthesis o{[3]¢/[CuCl]o/[CuCl]¢/[BiPy]o = 1.0/0.1/0.01/0.22) in fluo-
amphiphilic structures with smaller surface domain sizes. robenzene (PhF) at 61, and the polymerization process was
In our current efforts to develop new types of hyperbranched monitored by*H NMR spectroscopy. As measured by NMR
fluorocopolymer materials, our goals are to improve the anti- spectroscopy, comparison of the vinylic proton resonances at
biofouling characteristics by increasing the PEG content while 5.62, 6.02, and 6.62 ppm with the proton resonances of
retaining nanoscale surface heterogeneities. However, increasmethylene units on the-positions to the ester oxygen and the
ingly larger surface domain sizes were observed in cross-linkedphenyl ether group at 4.284.35 ppm found that these reaction
networks of HBFBY-PEG with mass fractions of PEG greater conditions gave a 70% conversion of the vinylic groups at 10
than 50%. These findings necessitated the creation of a HBFPh, an 80% conversion at 20 h. Conversions of the alkyl halide
with improved PEG compatibility. Additionally, the successful initiating site were also observed on the basis of decreased
production of HBFP) by ATR-SCVCP indicates that more resonance intensities of the methyl protons of the alkyl halide
types of hyperbranched fluoropolymers might be prepared usinginitiating site of3 resonating at 2.05 ppm in comparison to the
the same synthetic methodology. With these concepts in mind, TEG proton signals, giving 40% and 49% conversions at 10
we have developed our third type hyperbranched fluoropoly- and 20 h, respectively. The polymerization was quenched at 24
mers, HBFB", by ATRR-SCVP or SCVCP using a tri(ethylene  h, and the polymerization mixture was diluted with THF and

glycol)-functionalized amphiphilic fluorinated inimer. passed through an alumina column. Concentration of the solution
) ) and repeated precipitations into hexanes then gave hyper-
Results and Discussion branched fluorohomopolymérin 64% yield (80% yield based

Synthesesln order to synthesize hyperbranched fluoropoly- upon an estimated 80% conversion 3)f As determined by
mers 1 and 2, having oligo(ethylene glycol) (OEG) chains size exclusion chromatography (SEC) equipped with both a
incorporated within their frameworks via the ATR-SCVCP differential refractometer and a dynamic light scattering detector,
methodology, an OEG-functionalized fluorinated inin3athat 1 had an absolut®,, of 9.06 kDa with aM,,/M,, value of 1.90
possesses a polymerizable vinylic group and an initiator (Figure 1a).
functionality for ATRP was prepared (Scheme 1). The formula-  Copolymerization of3 with PFS was performed to produce
tion of such a molecule began with the nucleophilic aromatic an amphiphilic hyperbranched fluorocopolymer that has struc-
substitution of 2,3,4,5,6-pentafluorostyrene (PFS) by tri(ethylene ture somewhat similar to HBFP34 but possesses TEG units
glycol) (TEG). In the presence of NaH in THF heated at reflux that were absent from HBEP. The feed ratio of PFS t8 was
for 1.5 h, the reaction of PFS with 7.5 equiv of TEG afforded 3:1 to dramatically alter the composition and structure relative
4 in 88% yield, after chromatographic purification. Both PFS to the homopolymed. This ratio was also selected to mimic
and TEG were selected on the basis of their commercial the feed ratio of [monomey]inimer]o of 3:1, which resulted
availability and laboratory convenience, in addition to their well- in the highest fluorocarbon content for HB®Pand for later
characterized and well-understood properties. Relative to PFS,comparisons of DA-PEG cross-linked networks and copolymer
an excess of TEG was required in the preparatiord db 2 with HBFPIN-DA-PEG cross-linked network$.The reaction
suppress the side product in which both of the hydroxyl groups was conducted with the initial feed ratios of [PE]o/[CuCl]o/
of TEG were arylated by PFS. Additionally, TEG, instead of [CuCly]¢/[BiPy]o of 3.0/1.0/0.1/0.01/0.22, in PhF at 6Q. The
longer EG segments, was chosen to maintain simplicity. copolymerization process was monitored'syNMR spectros-
Transformation of4 into the inimer,3, was accomplished by  copy. Because of structural similarityt3 and PFS have
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Figure 1. SEC traces for (a) homopolymerization ®&fatt = 10 h —
and (b) copolymerization a3 and PFS at = 8 h, with SEC traces of
the final purified polymersl and?2 (t = 24 h) included as insets.
backbone protons, (b) otho-Fof 3 nota Fof3and meaf of PFS

and CH, protons ,ﬂ, para-F of PFS
—
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(@ oree cH Figure 4. °F NMR (282 MHz, CDC}) spectra for (a) hyperbranched
% % —_— pmto‘;s fluorohomopolymerl and (b) hyperbranched fluorocopolyni&r
- 1] (after
ol §:§ i % ArCHBr initiation) NMR Spectroscopic Characterization.Both hyperbranched
S5 L 3o A C+HCI fluorohomopolymed and fluorocopolyme® were characterized
| 5 8EX h\k by 'H, 13C, and®F NMR spectroscopies. As shown in Figure
2, both of the polymers had simildH NMR spectra. Their
backbone methylene and methine protons, resulting from the
(b) . yle
conversion of vinylic groups, resonated at-1®%1 ppm as broad
resonances. Relative to homopolymiewith only backbone
protons from 3, copolymer 2 exhibited strongeH NMR
: 6 5 / 3 M 1 ppm resonances in this region because it possessed backbone protons

from both3 and PFS units. Before initiation, the methyl protons
of the residuabi-bromoisobutyrate groups frofiresonated at
1.9 ppm as a sharp singlet; after initiation, the methyl protons
resonated at 0-71.5 ppm as broad signals. The methylene
protons (G,0) of the TEG segment fror@ resonated at 3:2

4.5 ppm. Benzylic protons of the terminal benzylic chloride and
benzylic bromide functionalities, which were formed by initia-
o - tion from 3 with or without halogen exchange, resonated at-4.6
that c_>f_the original feed. Thus3 _and_ PFS po;;essed S|m|Iar_ 5.4 ppm as several broad peaks. Finally, the vinylic protons of
reactivity under_the copolymerization conditions, and thel_r the head groups, which resulted from units3afthose vinylic
percent conversions were equal to the total percent CONVErsiony 1 was not polymerized, resonated at 5.6, 6.0, and 6.6 ppm.
of all vinyl groups. As detected byH NMR analysis, the The3C NMR spectra for hyperbranched fluorohomopolymer
conversion of the vinylic groups was 65%@&h and 75% at 1 anq fluorocopolymee are shown in Figure 3. For both of

23 h. The copolymerization was quenched at 24 h, and the yhe polymers, their carbons resonated in four primary regions.
copolymerization mixture was diluted with THF and passed gq; the region from 20 to 63 ppm, tH&C NMR resonances
through an alumina column. Concentration of the solution and are from all backbone carbons, methyl carbons, and all
repeated precipitations into hexanes then gave hyperbrancheghzjogenated aliphatic carbons. The methylene carb®Hs@)
fluorocopolymer2 in 56% vyield (75% yield based upon 75%  of the TEG segments were observed from 63 to 75 ppm, and
conversion of PFS an8). As determined by SEC (Figure 1b),  the aromatic and vinylic carbons resonated over-1249 ppm.
hyperbranched fluorocopolymérhad an absolut¥, of 17.2 The3C NMR resonances from 171 to 181 ppm were assigned
kDa with aMw/M, value of 2.50. As illustrated by the SEC  to the ester carbons of the isobutyrate groups. Homopolymer
traces of Figure 1, relative to homopolymerization &f exhibited strond3C NMR resonances at 31.0, 55.7, and 171.5
copolymerization of3 with PFS actually gave polymers with  ppm for the methyl carbons, bromide carbons, and ester carbons
higher molecular weights in a shorter polymerization time, of the residuat-bromoisobutyrate groups from inim&rwhich
presumably due to the higher polymerizable group-to-initiator indicated thatl contained a significant portion of repeat units
site ratio for the copolymerization system. that had undergone vinylic group reaction for incorporation into

Figure 2. *H NMR (300 MHz, CDC}) spectra for (a) hyperbranched
fluorohomopolymerl and (b) hyperbranched fluorocopolyni&r

similar positions for theH NMR resonances of their vinylic
protons. On the basis of quantitati® NMR analysis (vide
infra), it was determined that the structural units3aind PFS
were present in the final copolym@rin a ratio equivalent to
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the polymer but retained their noninitiatedbromoisobutyrate o r 0.4
groups. In thé3C NMR spectrum of copolyme?, resonances 1001 Quset Ty=175°C
at 171.5 ppm for the ester carbons of the residagdro- 80+

moisobutyrate groups from inime3 without initiation were

much weaker than the resonances at 176.6 ppm for the ester 601 g65°c

dm9%/dT (™1, dash)

carbons of extended chains, indicating that copoly@éad 2] (@)
only an insignificant amount of remainirgbromoisobutyrate
groups. 20+
The®F NMR spectra for hyperbranched fluorohomopolymer o4 ¥
1 and fluorocopolymer2 are shown in Figure 4. Thmeta . . —8sCc_ 108
fluorines and theortho-fluorines of 1 exhibited resonances Onset T, =210 °C - 04
concentrated at157.1 and—144.6 ppm, respectively (Figure 1007
4a). The ratio of®F NMR resonance intensities from these two ) S —

peaks were in excellent agreement with the expected fluorine )
number ratio of 2:2. In thé®F NMR spectrum of2 (Figure 3

4b), themetafluorines of the PFS units & showed resonances § 201 (b)
concentrated at161.1 ppm. Resonances of thara-fluorines 3

of its PFS units and thenetafluorines of its inimer3 units =
overlap around 156.6 ppm. Resonances ofdtiko-fluorines
of its PFS and3 units were observed at143.0 ppm. i i i . i
Integrations of thé%F NMR resonance intensities from these 100 200 300 400 500

three regions gave a ratio of 6:5:8, indicating a 3:1 molar ratio Temperature (*C)

of PFS units to units derived from inim& which was equal rfwiglr{ea?\d TSeﬁmomfaﬂrgﬁé%sffﬁgEﬁégyﬁ,’fm&&?ﬁf%gﬁﬁgﬂgﬂly’
tzoattir(])i Ir_‘#:zl rgslljlitrsfg?s?) rsaljlgggfs tz Zsthtitlglt:hslsaa%c:iejozmﬁg; with solid Ii(nés ):’:\?ld the first-derivative ?)Io)t/s are shown as dashed lines.
reactivities under the copolymerization conditions.

dm9%/dT (C™1, dash)

Elemental Analysis.Hyperbranched fluorohomopolymér @
and fluorocopolyme2 were also characterized by elemental
analysis. For both polymers, experimental elemental percentages S
of C, H, and F were close to the theoretical values, and such s
agreement fo also confirmed its composition of 3:1 molar 338 () T,=-19°C

ratio of PFS units to inimes units. However, for both polymers,

experimental elemental percentages of Br (9.85%f@r.22% N\

for 2) were significantly lower than the theoretical values Tg=20°C

(16.90% forl; 7.57% for2). Biradical coupling was considered T J T T T N

as the major reason for the lower-than-expected bromine -60 40 -20 0 20 40 60

percentages in the polymers. Furthermore, because CuCl and Temperature (°C)

CuClL were used as catalyst/deactivator for their synthetic Figure 6. DSC thermograms for (a) hyperbranched fluorohomopolymer

systems, the occurrences of halogen exchange during polymer- and (b) hyperbranched fluorocopolynr

izations were also confirmed by the presences of 0.58% of CI

in 1 and 0.78% of Cl ir2, as detected by element analysis. ~ for the second and third transitions bf from 275 to 340°C
and from 340 to 4258C, were 25% and 48%, respectively. The

g two major thermal transitions of copolym@iranged from 210

Thermal Analysis. Thermogravimetric analyses were con-
ducted to evaluate the thermal stabilities of hyperbranche S .
fluorohomopolymerl and fluorocopolyme® (Figure 5). Ho- to 345°C with a massoloss of 22% and from 345 to 425
mopolymerl showed an early mass loss at ca. 200 which with a mass loss of 56%.
was most likely due to water evaporation, an indication of the ~ Differential scanning calorimetry (DSC) experiments were
homopolymer’s affinity for water swelling. For copolym@y performed to evaluate the possible glass transition temperatures
no thermal transition for water was observed, which suggests a(Tg) and melting transition temperaturésj of 1 and2 (Figure
diminished capacity for water swelling, with the presence of a 6). Homopolymetl displayed a lowTg at —19 °C, presumably
high molar fraction of hydrophobic PFS units. Homopolymer due to its high OEG content (Figure 6a). With a high fraction
1 exhibited an initial decomposition onset temperat(fg &t of PFS units, sampl@ exhibited aTy at 20°C, significantly
175°C, followed by three distinct thermal decomposition ranges higher than that of sample However, this value is much lower
with midpoints at 260, 302, and 38€ (Figure 5a). Interest-  than that observed at 1EC for the HBFR" copolymer based
ing|y, Cop0|ymer samplé (Figure 5b’ So||d) showed a less upon PFS and CMS. Addltlona”y, no meltlng endotherm was
heterogeneous thermolytic profile with an initRjonset at 210 ~ observed forl or 2 on heating up to 150C (not shown), a
°C, indicative of greater thermal stability, and only two major Sign of the absence of PEG domains within the polymer
thermal transitions with midpoints at 310 and 473 (Figure materials, in contrast to the amphiphilic networks of HB¥P
5b, dashed). The transition from 175 to ZT&in homopolymer ~ and DA-PEG that allowed for phase segregation and crystal-
1 accounted for 10 mass % loss and was attributed to thermallization of the PEG component, givingTa, onset at 30C.*
degradation of terminal halide functionalities. The reduction of  Solubility. Similar to that observed for HBFP, solubility
the intensity of this transition in copolym@mwas expected due  studies of hyperbranched fluorohomopolynieand fluoroco-
to the relative decrease in terminal halides with the incorporation polymer 2 were performed at room temperature, and it was
of PFS units. Each of these results was in good agreement withfound thatl and 2 were soluble in a broad range of organic
the data from elemental analyses. The percentages of mass lossolvents, including tetrahydrofuran, chloroform, methylene
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chloride, benzene, toluene, and acetone. Nonsolvents based upoBExperimental Section

direct precipitation for Fhese pon_mers were h?xa“es’ meth_anol, Materials. 2,3,4,5,6-Pentafluorostyrene (PFS) was distilled over
and water. Thus, the incorporation of TEG did not result in & caH, and stored under argon at #£@. All other chemicals and
significant improvement in the water solubility of eithieor 2, reagents were purchased from Aldrich Chemical Co. and used as
although both polymers showed evidence of water swelling. We received.

attribute these results to the significant hydrophobic composi-  Characterization Methods. 'H NMR spectra were recorded at
tions in1 and2. However, the presence of TEG did modify the 300 MHz on solutions in CDGlon a Varian Mercury 300
characteristics of the polymers. For instance, upon the slow spectrometer, with the solvent proton signal as stand&CdNMR
addition of nanopure water to a dilute solutionladr 2 in THF spectra were recorded at 150.8 MHz on solutions in Glv@la

(20 mg/mL), followed by dialysis of the THF against distilled Varian Unity 600 spectrometer with the solvent carbon signal as

. - . standard!*F NMR spectra were recorded at 282.2 MHz on solutions
water, water-dispersible micelles were formed. As detected by in CDCl on a Varian Mercury 300 spectrometer with external

dynamic light scattering (DLS) measurements, the micelles of crcy, as standard. IR spectra were recorded on a Perkin-Elmer
1 had a number-average hydrodynamic diamebgry) of 170 Spectrum BX FT-IR system as thin films on KBr disks and were
+ 20 nm and a volume-average hydrodynamic diamedgx) analyzed using FT-IR Spectrum v2.00 software (Perkin-Elmer
of 190+ 10 nm, and the micelles &had aDy,, of 210+ 20 Corp., Beaconsfield, Bucks, England).

nm and aDp, of 240 +£ 20 nm. These encouraging results Size exclusion chromatography (SEC) was conducted on a
suggest that hyperbranched fluorocopolymers produced with Waters 1515 HPLC (Waters Chromatography, Inc.) equipped with
inimers containing longer EG chains may display appreciably a Waters 2414 differential refractometer, a PD2026 dual-angfe (15
greater water solubility. Further evaluation of the aqueous and 90) light scattering detector (Precision Detectors, Inc.), and a

X three-column series PL gel:Bn Mixed C, 500 A, and 10A, 300
solution-based assembly of these polymérand2 and others x 7.5 mm columns (Polymer Laboratories, Inc.). The system was

having greater OEG content, are underway and will be reported gqyjliprated at 35°C in anhydrous THF, which served as the

elsewhere. polymer solvent and eluent with a flow rate of 1.0 mL/min. Polymer
solutions were prepared at a known concentration3aag/mL),
Conclusions and an injection volume of 200L was used. Data collection and

o analysis were performed respectively with Precision Acquire
Amphiphilic hyperbranched fluorohomopolymer and fluoro-  software and Discovery 32 software (Precision Detectors, Inc.).
copolymer have been prepared by ATR-SCVP of an amphiphilic Interdetector delay volume and the light scattering detector calibra-
fluorinated inimer and SCVCP of the inimer with a comonomer. tion constant were determined by calibration using a nearly
The presence of covalently attached TEG units was found to monodispersed polystyrene standard (Pressure ChemicaMgo.,
have a significant effect on the observed spectroscopic, thermal,~ 90 kDa, Mw/M, < 1.04). The differential refractometer was
and solution-state properties of the polymers. NMR spectro- calibrated with standard polystyrene reference material (SRM 706

scopic characterization confirmed the structure and composition NIST), of known specific refractive index incremenv/dc (0.184
P P mL/g). The dv/dc values of the analyzed polymers were then

of both polymers, while thermal analyses revealed a decreaseyetermined from the differential refractometer response.

in thermal_ stability forl but a similar the_rmal degradgtlon profile Thermogravimetric analysis (TGA) was performed on a TGA/
for 2 relative to HBFE). Both 1 and2 displayed a single glass  SpTA85% instrument (Mettler-Toledo, Inc.) measuring the total
transition temperature, each havingavalue that was lower  mass loss on-5 mg samples from 25 to 55T at a heating rate
than that expected for a styrenyl-based backbone, which wasof 10 °C/min in a nitrogen flow of 50 mL/min. Glass transition
an indication of well-incorporated TEG units. Moreover, the temperatureTg) and/or melting transition temperatur®j deter-

T, for 1 was lower than that o due in part to a lower molecular minations were meaSL_Jred by differential scanning calo_rlmetry
weight value as well as an increased TEG content. Polymers (PSC) on a DSC822instrument (Mettler-Toledo, Inc.) in a

and 2 were both soluble in a broad range of organic solvents temperature range 6f75 to 150°C with a heating rate of 16C/
9 9 " min under nitrogen. For both TGA and DSC, data were acquired

Neither polymer possessed appreciable water solubilit_y; how- gng analyzed with STARsoftware (Mettler-Toledo, Inc.). THE,

ever, they underwent aggregation to afford nanoscale, intermo-yajues were taken at the midpoint of the inflection tangent Bnd
lecular, complex micelles. The formation d&f and 2 with values were taken as the onset, upon the third heating scans.
increasingly larger ethylene glycol chains is currently under  Hydrodynamic diameter), D,) and size distributions for the
investigation, and these materials are being developed asmicellar aggregates in agueous solutions were determined by
potential'®F MRI agents. BotH and2 possess secondary and dynamic light scattering (DLS). The DLS instrumentation consisted
tertiary bromides and chlorides as well as a tetrafluorophenyl Of @ Brookhaven Instruments Limited (Holtsville, NY) system,
moiety, and2 also has pentafluorophenyl groups that contain J0Plus. Measurements were made at room temperature. Scattered
para-fluorine reactive sites. The secondary and tertiary bromides light was collected at a fixed angle of §Mnly measurements in

d fluori d to be of . .~ which the measured and calculated baselines of the intensity
andpara-fiuorines are expected to be of great importance N 5 ocorrelation function agreed to within 0.1% were used to

future studies, as they may be utilized for polymer postmodi- calculate particle size. The calculations of the particle size distribu-
fication through atom transfer radical, substitution, or nucleo- tions and distribution averages were performed with the ISDA
philic aromatic substitution reactions. Relative to HEF&nd software package (Brookhaven Instruments Co.), which employed
HBFP), HBFA!" is expected to have greater miscibility with  CONTIN analysis, and non-negatively constrained least-squares
DA-PEG to lead to decreased domain sizes for their resulting Particle size distribution analysis routines. _ _
cross-linked networks. These materials are also expected to Elemental analysis was performed by Galbraith Laboratories,
exhibit increased surface wettability and improved mechanical ¢+ Knoxville, TN. ,

robustness, without the loss of fluorocarbon content, architectural _ Synthesis of 4-[Oxy(tri(ethylene glycol))]-2,3,5,6-tetrafluo-

) . . rostyrene (4). 2,3,4,5,6-Pentafluorostyrene (1.96 g, 10.0 mmol),
advar?taggs, 3 f.OId .comEIexny, or eas;a ngerd.uﬁ“(?n' Thus, we tri(ethylene glycol) (11.3 g, 75 mmol), and NaH (0.380 g, 15.0
are also investigating the reaction dfand 2 with diamine- mmol) were allowed to react in the presence of THF (80.0 mL) at

terminated poly(ethylene glycol) in the preparation of complex, reflux for 1.5 h. The residue was partitioned betweenCliand
amphiphilic networks for anti-biofouling applications, among  saturated ammonium chloride solution. The combined organic layers
others. were concentrated, and the product was isolated by silica gel column
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chromatography with hexane:GEl, (1:1) as eluent and increasing
polarity to 3% MeOH in CHCI,. Yield = 88%. IR: 36006-3200,
3050-2820, 1666-1620, 1536-1400, 1350, 1290, 1250, 1180
1060, 980-960, 940, 890, 860, 670 crth IH NMR (CDCl): o
2.32 (t,J = 6.0 Hz, 1H, MH), 3.59 (t,J = 4.5 Hz, 2H, HOG®),),
3.63-3.75 (m, 6H, OCl,), 3.83 (t,J = 4.5 Hz, 2H, OC,), 4.38
(t, J= 4.5 Hz, 2H, O®1,), 5.62 (d,J = 12.0 Hz, 1H,cis CHH=
CHAr), 6.02 (d,J = 18.0 Hz, 1H,trans CHH=CHAr), 6.62 ppm
(dd,J = 12.0 and 18.0 Hz, 1H, Ci4=CHAr). 13C NMR (CDCh):

0 61.9, 70.3, 70.5, 71.1, 72.6, 74.3, 111.1, 122.2, 122.3, 122.4,
1225, 136.2, 139.6, 143.0, 143.5, 146.9 pptR.NMR (CDCh):

0 —158.5 (m, 2FmetaF), —145.5 ppm (m, 2Fprtho-F). Anal.
Calcd G4H1604F4 (324.27 Da): C, 51.86; H, 4.97; F, 23.44%.
Found: C, 51.28; H, 4.97; F, 22.10%.

Synthesis of 4-[Oxy(tri(ethylene glycol))bromoisobutyryl]-
2,3,5,6-tetrafluorostyrene (3).To a reaction flask containing
(11.8 g, 36.3 mmol), pyridine (11.5 g, 145 mmol), and THF (80.0
mL) was added 2-bromoisobutyryl bromide (25.1 g, 109 mmol)
dropwise. The mixture was allowed to react at room temperature
for 20 h. The residue was partitioned between,ChHl and HO,
and the aqueous layer was extracted with,Clsl(x 3). The organic
layers were combined, dried over Mgi@nd filtered, and the

solvent was evaporated in vacuo. The product was isolated by silica

gel column chromatography with hexane:{H (1:1) as eluent
and increasing polarity to 3% MeOH in GEl,. Yield = 88%.

IR: 3050-2820, 1756-1720, 1666-1620, 1536-1400, 1390,
1370, 1355, 1280, 11801060, 1030, 986960, 940, 860, 760, 645
cm L. 'H NMR (CDCl): 6 1.93 (s, 6H, CEl3), 3.63-3.76 (m,
6H, OCH,), 3.83 (t,J = 4.5 Hz, 2H, O®,); 4.32 (br t,J = 4.5

Hz, 2H, OMH,); 4.37 (br t,J = 4.5 Hz, 2H, O®1y); 5.62 (d,J =
12.0 Hz, 1H,cis CHH=CHAr), 6.02 (d,J = 18.0 Hz, 1H,trans
CHH=CHAr), 6.62 ppm (ddJ = 12.0 and 18.0 Hz, 1H, Ci+
CHAr). 13C NMR (CDCk): ¢ 30.5, 55.6, 64.9, 70.1, 70.6, 74.1,
77.0, 77.3, 77.5, 110.6, 121.8, 122.0, 136.4, 140.2, 141.8, 144.0,
145.7, 171.3 ppm'°F NMR (CDCk): 6 —158.7 (m, 2FmetaF),
—145.9 ppm (m, 2Fortho-F). Anal. Calcd for GgH210sF,Br
(473.26 Da): C, 45.69; H, 4.47; F, 16.06; Br, 16.90%. Found: C,
44.63; H, 4.35; F, 15.56; Br, 19.07%.

Synthesis of Hyperbranched Fluorohomopolymer (1)To a
reaction flask with a magnetic stirring ba,(1.42 g, 1.0 equiv),
BiPy (0.103 g, 0.22 equiv), CuCl (0.0296 g, 0.1 equiv), GuCl
(0.004 g, 0.01 equiv), and PhF (4.0 mL, 80 vol %) were added.
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Synthesis of Hyperbranched Fluorocopolymer (2).To a
reaction flask with a magnetic stirring bar, 2,3,4,5,6-pentafluo-
rostyrene (1.23 g, 3.0 equiv3,(1.00 g, 1.0 equiv), BiPy (0.217 g,
0.66 equiv), CuCl (0.0627 g, 0.3 equiv), CyGD.009 g, 0.03
equiv), and PhF (5.0 mL, 70 v%) were added. The reaction mixture
was degassed by at least three cycles of frepmenp—thaw and
then heated with an oil bath at 8G. During polymerization, small
aliquots of polymerization were withdrawn with syringe and were
analyzed byH NMR spectroscopy for the determination of
conversion of vinylic bonds based on the remaining vinylic proton
resonances at 5.62, 6.02, and 6.62 ppm. Finally, the polymerization
was quenched, by being allowed to cool to room temperature, and
then opening of the flask to air and dilution of the reaction mixture
by addition of THF, at a polymerization time of 24 h, with an
estimated conversion of vinylic bonds of 75%. The polymerization
solution was passed through an alumina column, eluted with THF,
precipitated three times into hexanes, and dried in vacuo to give
1.24 g of crystalline, white solid. Yiele&s 56%.M, sec= 17.2 kDa,
Mw/M, = 2.48;Tqg= 20.4°C. TGA in N,: 210-345°C, 22% mass
loss, 345-425°C, 56% mass loss. IR: 3032850, 1746-1720,
1650, 1546-1410, 1390, 1370, 1300, 1215, 1175065, 1085,
1000-930, 880, 760 cmt. *H NMR (CDCl): 6 0.70-1.50 (br
m, CCH3), 1.50-3.10 (br m, aliphatic backbone protons), 1.92 (s,
CCH3), 3.20-4.40 (br m, ®&,0 protons of OEG units), 4.60
5.40 (br m, ArGHiBr and ArCHCI), 5.65 ¢is CHH=CHAr), 6.02
(trans CHH=CHAr), 6.60 ppm (CH=CHAr). 13C NMR
(CDCly): 6 24.7, 29.730.7, 32.1+41.7, 63.6, 68.8, 70:070.8,
74.3, 114.7, 122.2, 137.6, 140.7, 144.7, 176.6 ppiR. NMR
(CDCl): 6 —162 (m,metaF (PFS)),—157 (m,para-F (PFS) and
metaF (TFS)),—143 ppm (mortho-F (PFS and TFS). Anal. Calcd
for CyoH300sF19Br (3:1 PFS3): C, 47.79; H, 2.86; F, 34.20; Br,
7.57%. Found: C, 48.97; H, 3.04; F, 33.06; Br, 4.22%; Cl, 0.78%.
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freeze-pump-thaw and then heated with an oil bath at 8D.
During polymerization, small aliquots of polymerization were
withdrawn with syringe and were analyzed By NMR spectros-
copy for the determination of conversion of vinylic bonds based
on the remaining vinylic proton resonances at 5.62, 6.02, and 6.62
ppm. Finally, the polymerization was quenched, by being allowed
to cool to room temperature, and then opening of the flask to air
and dilution of the reaction mixture by addition of THF, at a
polymerization time of 24 h, with an estimated conversion of vinylic
bonds of 80%. The polymerization solution was passed through an
alumina column, eluted with THF, precipitated three times into
hexanes, and dried in vacuo to give 0.91 g of viscous, pale yellow
oil. Yield = 64%. M,, sec= 9.06 kDa,M,,/M, = 1.99; Ty = —19

°C. TGA in Ny: 175-275°C, 10% mass loss, 27840°C, 25%
mass loss, 340425°C, 48% mass loss. IR: 3032850, 1745
1725, 1650, 15161410, 1390, 1370, 1353, 1280, 1180065,
1040, 986-950, 885, 765, 645 cm. 'H NMR (CDClg): 6 0.70-

1.50 (br m, C®3), 1.50-3.10 (br m, aliphatic backbone protons),
1.92 (s, C®i3), 3.20-4.40 (br m, ¢1,0 protons of OEG units),
4.60-5.40 (br m, ArGHBr and ArCHCI), 5.65 ¢is CHH=CHA),

6.02 trans CHH=CHAr), 6.60 ppm (CH=CHAr). 3C NMR
(CDCly): 6 22.9-28.3, 31.0, 35.747.9, 55.7, 63.1£63.8, 65.1,
68.7, 70.+-71.1, 74.2, 110+116.5, 122.0, 137.2, 141.0, 144.6,
171.5, 176.6-177.6, 181.1 ppmi®F NMR (CDCk): ¢ —157 (m,
metaF), —144 ppm (m,ortho-F). Anal. Calcd for GgH,;0sF4Br-
(473.26 Da): C, 45.69; H, 4.47; F, 16.06; Br, 16.90%. Found: C,
46.80; H, 4.73; F, 15.52; Br, 9.85; Cl, 0.58%.
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