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ABSTRACT: The synthesis and characterization of solution processable, semi-fluorinated perfluorocyclobutyl
(PFCB) aryl ether polymers possessing covalently bound pendant polyhedral oligomeric silsesquioxanes (POSS)
cages is reported. The synthesis of POSS aryl trifluorovinyl ether (TFVE) monomers was accomplished by the
condensation of commercial monosilanolalkyl-POSS with a TFVE-functionalized chlorosilane. POSS TFVE
monomers were elucidated Bi, 19F, 13C, and?°Si NMR spectroscopy, ATR-FTIR analysis, and elemental (C,

H, and F) combustion analysis. Bulk thermal copolymerization of POSS TFVE monomers afforded random and
block PFCB aryl ether copolymers functionalized with various POSS loadings. Quantitative monomer conversion
was monitored by°F NMR, which produced copolymer number-average molecular weilyhsaf (19.5-24.9)

x 10 (in CHCI; using polystyrene as standard) determined by gel permeation chromatography (GPC). Thermal
properties of POSS PFCB aryl ether copolymers were evaluated by differential scanning calorimetry (DSC) and
thermal gravimetric analysis (TGA). Transmission electron microscope (TEM) analysis of spin cast optically
transparent, flexible POSS PFCB aryl ether copolymer films revealed the presene@fnBn-sized POSS
agglomerates. Optical profilometer analysis of spin and drop cast film surfaces exhibited a modest increase in
surface roughness of POSS PFCB aryl ether copolymers as compared to PFCB aryl ether homopolymers without
POSS inclusion. The POSS copolymers exhibited a modest increase in hydrophobicity as measured by static
water contact angle analysis. Synthesis, characterization, thermal analysis, and unique surface features of POSS
PFCB aryl ether copolymers are discussed.

Introduction Scheme 1. [2-2] Thermal Polymerization of TFVE Monomers

. o Producing PFCB Aryl Ether Polymers
Fluoropolymers continue to be of global significance for a

broad range of advanced material applicatibriBhey are e R
chemically inert, thermally robust, and possess low surface i o o i A Fj.—.tp
energies. Because they are intrinsically highly crystalline, they FJ\F( had \F%\F—’ o AT o-
present costly processing challenges. On the other hand,
perfluorocyclobutyl (PFCB) aryl ether polymers are an emerging
class of next-generation processable, amorphous semi-fluori-
nated polymerd3 They are prepared by the condensate-free and o . .
radical-mediated [22] thermal cyclodimerization of aryl trif- Thermal polymerization of the TFVE-functionalized octa-
luorovinyl ether (TFVE) monomers to produce stereorandom (&minophenyl)silsesquioxane (OAPS) with PFCB aryl ether
PFCB aryl ether polymers (Scheme “1PFCB aryl ether ollgomer_s has been reported to p_rpduce_ cross_—ll_nked mate_rlals
polymer systems possess tunable refractive indices, controllableP0Ssessing excellent thermal stability while retaining the optical
glass transition temperatures, and are thermally robust. As alntegrity of the semi-fluorinated polymé?.PFCB aryl ether
consequence, they are of particular interest in a multitude of Polymer thermoplastics and thermosets possessing siloxane
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temperature, mechanical strength, thermal and chemical resis-
tance, and ease of processing.

material applications including high performance opfigio- linkages have also been prepared for high-temperature fluoro-
tonics® electro-optics, atomic oxygen resistant coatingand silicone application4? Cross-linkable silane-modified PFCB aryl
proton exchange membranes (PEMs) for fuel c&lls. ether polymers have been used as thermosets in the lithographic

patterning of electrodes for a gate dielectric in organic thin film
transistors (OTFTsY We recently reported the preparation of
POSS chain terminated PFCB aryl ether polymers with increased
thermal stability and excellent solution processability and which
afforded optically transparent, free-standing fikan this work,
we show the preparation of PFCB aryl ether copolymers
covalently bound to pendant POSS cages. The POSS PFCB aryl
ether copolymers possess excellent processability and were
easily solution spin and drop cast forming optically transparent,
| *To whgm correspondence should be addressed. E-mail: dwsmith@ fjexible films. The presence of POSS in the copolymer films
e S,Zﬁioﬁ'umve,sity, unexpectedly produced an increase in surface roughness over
* Air Force Research Laboratory. the PFCB aryl ether homopolymers. As a consequence, these

Polyhedral oligomeric silsesquioxanes (POSS) are thermally
robust, discreetly nanometer-sized building blocks for the
development of high performance materials in aerospase
well as commercial market8.Numerous examples show that
POSS can be either blended or covalently linked into a
polymerl!? These materials produce hybrid “ceramic-like”
composites improving bulk properties including glass transition
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copolymers showed enhanced water repellency due to POSS

surface roughening in addition to increasing the hydrophobic

hydrocarbon character of the POSS cages. Solution processable
POSS PFCB aryl ether copolymers possessing this unique Poly

surface morphology were not known previously.

Experimental Section

General Procedures and Materials.Chemicals and solvents
were purchased through Aldrich or Gelest and used without
purification unless otherwise stated. HPLC grade THF was dried

and deoxygenated using a Pure-Solv solvent purification system poly5
from Innovative Technologies. Flasks and syringes were flamed-

dried under vacuum and allowed to cool in a desiccator prior to
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Table 1. Selected Properties of Polymers

wt %
(mol %)  Mp x 1073

POS3 GPQ Mw/My  Tg(°CF T4 (°C)
daco5  20(7.1) 21.5 5.2 134 447 (439)
4b-co5 10 (3.3) 24.9 1.4 133 452 (442)
4b-co5 20 (6.6) 20.5 3.2 127 440 (438)
poly4a 100 6.6 35 131
poly4b 100 6.3 2.5 138
4bb-5 10 (3.4) 21.9 3.4 149 450 (445)
4bb5  20(6.7) 19.5 45 142 462 (444)

0 25.0 2.1 141 450 (446)

apercent of POSS monoméa or 4b. ® GPC in CHC4 using polystyrene
as standard: DSC (10°C min™?) in nitrogen determined by third heating

use. All reactions and solvent transfers were carried out under ancycle.? TGA onset (10°C min?) of chain extended polymers in nitrogen

atmosphere of nitrogen. 4-Bromo(trifluorovinyloxy)benzefe)(
4,4-bis(4-trifluorovinyloxy)biphenyl %), and PFCB aryl ether
homopolymer goly5) were donated and are also commercially
available from Tetramer Technologies, L.L.C. and distributed
through Oakwood Chemicals, Inc. Analytical data fmly5 are
reported elsewhe®.Monosilanolcyclopentyl-POS24§), monosi-
lanolisobutyl-POSS2b), and octaisobutyl-POSS (used for blending
with poly5 and entitledblend) were donated by the Air Force
Research Laboratory (Edwards AFB, CA) and are also com-
mercially available through Hybrid Plastics. TFVE-functionalized
chlorosilane 8) was prepared according to a previously published
proceduré$

Instrumentation. ™H, BC{1H}, 1%F, and?°Si NMR data were
obtained on a JEOL Eclip$800, and chemical shifts were reported
in part per million ¢ ppm).*H NMR was internally referenced to
tetramethylsilane ( 0.0), 13C{1H} NMR chemical shifts were
reported relative to the center peak of the multiplet for CPD@I
77.0 (1)), and®F NMR was referenced to CFLPSi NMR was
referenced to tetramethylsilané Q.0) and was recorded with
inverse-gated proton decoupling tvia 6 spulse delay.

Attenuated total reflectance Fourier transform infrared (ATR-

and air.

um thick and were measured by the Zygo NewView 6300 3D white
light optical profiling system.

Synthesis of Monomer 4a4,4-Bis(4-trifluorovinyloxy)biphe-
nyl(methyl)chlorosilane3) (510 mg, 1.20 mmol) in THF (2 mL)
was added dropwise to monosilanolcyclopentyl-POZE$ (1.0 g,
1.09 mmol) and triethylamine (BY) (184xL, 1.32 mmol) in THF
(10 mL) at room temperature. After 24 h, the solution was filtered
and concentrated under vacuum. The solid was then dispersed in
methanol (100 mL), filtered, and dried under vacuum. Purification
of the residue by flash chromatography on silica gel using 1% ethyl
acetate-99% hexanes (v/v) for elution afforded the title compound
as a white solid (410 mg, 29%). Mp 23C; ATR-FTIR (neat)v
2949 (m), 1591 (w), 1497 (w), 1280 (m), 1079 (vs), 791 (w)&m
IH NMR (CDCls, 300 MHz) 6 7.64 (d,J = 8.9 Hz, 4H), 7.12 (d,

J = 8.9 Hz, 4H), 1.79-1.41 (m, 56H), 1.140.82 (m, 7H), 0.68
(s, 3H);*3C NMR (CDCk, 75 MHz) 6 156.5, 135.9, 133.5, 115.5,
27.4, 27.0, 22.3-0.79; 1%F NMR (CDCk, 283 MHz) 6 —119.5
(dd,J = 95.5, 55.4 Hz¢is CF=CF,, 2F),—126.4 (ddJ = 111.9,
95.5 Hz,transCF=CF,, 2F), —133.8 (dd,J = 111.9, 52.4 Hz,

FTIR) analysis of neat samples was performed on a ThermoNicolet CF—CF2 2F); #*Si NMR (CDCk, 59 MHz) 6 —9.8,-65.3,65.9,

Magna IR 550 FTIR spectrophotometer. Combustion analysis was

obtained from Atlantic Microlab, Inc.

Gel permeation chromatography (GPC) data were collected in
CHCI; using polystyrene as a standard (Polymer Labs Easical PS-

2) using a Waters 2690 Alliance System with BVis detection at

35 °C. GPC samples were eluted in series through Polymer Labs

PLGel 5 mm Mixed-D and Mixed-E columns.

Differential scanning calorimetry (DSC) analysis and thermal
gravimetric analysis (TGA) were performed on a TA Q1000
instrument and Mettler-Toledo 851 instrument, respectively. Melting

points were determined using a Mel-Temp melting point apparatus.

Contact angle measurements were performed using a-Riame
100-00 115 goniometer; deionized water drops-18 uL) were
manually dispensed from a 5Q syringe. Contact angle measure-

—-107.9 (1341) Anal. Calcd for @"74F6015Sig: C, 47.83; H,
5.71; F, 8.73. Found: C, 48.68; H, 6.11; F, 6.89. GPC in GHCI
relative to polystyrene gave a monomodal distribution vith=
717 My/M,, = 1.0).

Synthesis of Monomer 4bMonosilanolisobutyl-POSSp) (1.5
g, 1.80 mmol) was used following the procedure outline for the
preparation oflato afford the title compound as a white solid (600
mg, 28%). Mp 6163 °C; ATR-FTIR (neaty 2954 (m), 1591 (w),
1497 (w), 1280 (m), 1084 (vs), 791 (w) cth 'H NMR (CDCls,
300 MHz) 6 7.64 (d,J = 8.9 Hz, 4H), 7.14 (dJ = 8.9 Hz, 4H),
1.94-1.78 (m, 7H), 1.16-0.95 (m, 42H), 0.79:0.60 (s, 17H)13C
NMR (CDCls, 75 MHz) 6 156.5, 135.9, 133.4, 115.2, 25.7, 23.9,
22.4,—0.9;'% NMR (CDCk, 283 MHz)¢ —119.5 (dd,J = 95.5,
55.4 Hz,ciss CF=CF,, 2F),—126.4 (ddJ = 111.9, 95.5 Hzfrans
CF=CF,, 2F), —133.8 (dd,J = 111.9, 52.4 Hz, E=CF,, 2F);

ments were reported as an average of three areas on differentssj NMR (CDCh, 59 MHz) 6 —9.6, —66.3, —67.3, —109.0 (1:

portions of the film surface.
Transmission electron microscopy (TEM) micrographs and

3:4:1). Anal. Calcd for GsH74F015Sis: C, 44.24; H, 6.10; F, 9.33.
Found: C, 43.83; H, 6.33; F, 8.44. GPC in CHGQelative to

energy-dispersive X-ray spectroscopy (EDS) data were obtainedpolystyrene gave a monomodal distribution with = 948 M,/

from a Hitachi STEM HD-2000 200 kV at the CU Electron

M, = 1.0).

Microscope Facility. Surface analysis and roughness measurements General Polymerization. In a vacuum-sealed glass ampule, a

(rms) were performed on a Zygo NewView 6300 3D white light
optical profiling system.

Film Preparation. Two methods were used to prepare polymer
films. For spin cast films, the dried polymer is initially applied in

specified amount ofla, 4b, and/or5 were heated to 180C and

for 48 h. After 48 h, the ampule was allowed to cool to room
temperature, and the crude polymer was dissolved in a minimal
amount of THF, then precipitated in methanol, filtered, washed

a minimal amount of THF onto a glass substrate and then spin repeatedly with methanol, and dried under vacuum to afford a pale

coated at 25003000 rpm using a Chemat KW-4A spin coater.
The polymer-coated substrate is dried in a vacuum oven 4€60
for 24 h. For drop cast films, the polymer dissolved in a minimal

yellow fibrous solid in nearly quantitative yield. For block
copolymersdb-b-5, a weighed amount of prepolymeoly4b is
heated with monomes using the same procedure described above.

amount of THF was dispensed onto a glass plate via a glass pipet,Selected polymer properties (DSC, TGA, and GPC) data are
and a doctor blade was used to uniformly coat the surface. The reported in Table 1.

polymer solution was allowed to evaporate in a glass enclosure for

48 h and then finally dried in an oven at 80 for an additional 24
h. Spin and drop cast film thicknesses were approximatel 1

Analytical Data for Copolymer 4a-co-5. ATR-FTIR (neat)v
2930 (w), 1495 (s), 1301 (s), 1194 (s), 1112 (s), 952 (vs), 821 (S)
cm%; 'H NMR (CDCl;, 300 MHz) ¢ 7.48-7.40 (m, 8H), 7.26-
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Scheme 2. Preparation of POSS TFVE Monomers (4a and 4b)
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Scheme 3. Preparation of POSS PFCB Aryl Ether Copolymers and Block Copolymers
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7.10 (m, 8H), 1.721.30 (m, 56H), 1.060.85 (m, 7H), 0.61 (s,
3H); % NMR (CDCk, 283 MHz) 6 —126.5 to —136.7 (m,
cyclobutyl-F).

Analytical Data for Copolymer 4b-co-5. ATR-FTIR (neat)v

2930 (m), 1728 (vs), 1601 (w), 1490 (vs), 1288 (vs), 1200 (vs),

962 (vs), 825 (m), 742 (w) cni; *H NMR (CDCls, 300 MHz) 6
7.52-7.40 (m, 8H), 7.26-7.10 (m, 8H), 1.86-1.81 (m, 7H), 0.95
0.89 (m, 42H), 0.66-0.53 (s, 17H)1°F NMR (CDChk, 283 MHz)
0 —126.5 t0—136.7 (m, cyclobutyl-F).

Analytical Data for Homopolymer poly4a. ATR-FTIR (neat)
v 2955 (m), 1593 (w), 1229 (m), 1115 (vs), 963 (m), 744 (m)&m
1H NMR (CDCls, 300 MHz)d 7.64 (m, 4H), 7.11 (m, 4H), 1.76
1.41 (m, 56H), 1.150.81 (m, 7H), 0.67 (s, 3H}?F NMR (CDCl,
283 MHz) 6 —119.4 (dd,J = 95.5, 55.4 Hzcis:CF=CF,, 2F),
—126.2 (dd,J = 111.9, 95.5 Hztrans CF=CF,, 2F), —126.5 to
—136.7 (m, cyclobutyl-g), —133.8 (ddJ = 111.9, 52.4 Hz, €=
CFk, 2F).

Analytical Data for Homopolymer poly4b. ATR-FTIR (neat)
v 2955 (m), 1595 (w), 1231 (m), 1118 (vs), 967 (m), 746 (M) &m
1H NMR (CDCl;, 300 MHz)6 7.59-7.55 (m, 4H), 7.2+7.08 (m,
4H), 1.871.78 (m, 7H), 0.96-0.85 (m, 42H), 0.630.53 (s, 17H);
1% NMR (CDCk, 283 MHz) 0 —119.3 (dd,J = 95.5, 55.4 Hz,
cis-CF=CF,, 2F), —125.9 (dd,J = 111.9, 95.5 HztransCF=
CF,, 2F),—127.7 t0o—131.2 (m, cyclobutyl-f), —131.7 (dd,J =
111.9, 52.4 Hz, €E=CF,, 2F).

Analytical Data for Block Copolymer 4b-b-5. ATR-FTIR

180 °C

——

F
e

F

oo

Copolymers
/o Os| \ .R 4a-co-5
R-5107" ~q /S' ab-co-5
o/\ R O\ O
R,Si O\S\i/ /S]~R Block Copolymers

% e 4a-b-5
S 4b-b-5

l

R

(vs), 760 (w) cml; IH NMR (CDCls, 300 MHz)6 7.59-7.55 (m),
7.21-7.08 (m), 1.871.76 (m, 7H), 0.99-0.84 (m, 42H), 0.6%
0.55 (s, 17H)F NMR (CDCk, 283 MHz) ¢ —126.6 to—131.2
(m, cyclobutyl-F).

Results and Discussion

Monomer Synthesis POSS-functionalized monometa (R
= cyclopentyl) and4b (R = iso-butyl) were prepared by
condensation of commercial monosilanolalkyl-PCG%&&nd2b
with TFVE-functionalized chlorosilanes) (Scheme 2). Silane
(3) was prepared by a metahalogen exchange with commercial
4-bromo(trifluorovinyloxy)benzenel §).16 The aryl bromide of
lawas initially transmetalated with an equivalentteft-butyl
lithium in a solution of diethyl ether at79 °C and produced
guantitative conversion of the lithiated aryl trifluorovinyl ether
intermediate 1b). (Caution! When warmed ah@ —20 °C, the
aryl lithium intermediatelb primarily adds to the aryl trifluo-
rovinyl ether and results in highly exothermic expulsion of LiF
to re-form fluoroolefin specieg’ The lithiated intermediate was
then reacted in situ with one-half equivalent of trichloromethyl-
silane affording3. Monomers4a and 4b structures were
elucidated by'H, °F, 13C, and 2°Si NMR, and purity was
confirmed by elemental combustion analysis (see Experimental
Section). The melting point of the cyclopentyl POSS-function-

(neat)v 2956 (w), 1606 (m), 1496 (s), 1304 (vs), 1199 (vs), 937 alized monome#ashowed a significantly higher melting point
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of 230°C as compared to thiso-butyl POSS monometb with
melting range of 6363 °C. The trifluorovinyl ether moieties
are typically thermally polymerized from 150 to 18G.% The
introduction of rigid cyclopentyl groups appended to the POSS
cages ofla suppresses monomer melting; however, the mono-
mer still undergoes thermal cyclodimerization in the bulk solid
state forming PFCB aryl ether homopolymppoly4a after
heating for 48 h at 180C.

Polymer Synthesis and CharacterizationCopolymers 4a-
co-5and4b-co-5) were prepared from the respective monomers
by bulk polymerization at 180C producing POSS PFCB aryl
ether copolymers (Scheme 3). The advantage of bulk polym-
erization is realized because monorhéras a reported melting
point at 44-46 °C% and essentially serves as the solvent. In
particular, monomer5 easily dissolved the high melting
(230°C) cyclopentyl-functionalized POSS TFVE monorer
POSS PFCB aryl homopolymers were also prepared by thermal
polymerization with monomerda and 4b, producingpoly4a
and poly4b, respectively, with an average of five POSS
molecules in each chain segment£ 5). POSS homopolymer
polydb was used to prepare block copolymeth{p-5) by
thermal polymerization with monomér The preparation of a
multiblock copolymer usingpoly4a and monomer5, by
oligomerization of 4a followed by copolymerization with
monomer5, produced insoluble material that was difficult to
characterize. DSC, TGA, and GPC analyses were performed
on all polymers, and their selected properties are shown in
Table 1.

GPC analysis revealed copolymers possessed similar number
average molecular weights with higher polydispersity indices
(PDIs) as compared to the PFCB aryl ether homopolymer
(poly5) at the same bulk, step-growth thermal polymerization
conditions. In all copolymers prepared, the highest achievable
POSS loading was 20 wt %; loadings higher than this produced
phase separated, insoluble gels. Copolydeco-5 function-
alized with 20 wt % POSS showed the highest polydispersity
of 5.2. This may be likely due to the decreasing mobility of
growing POSS PFCB aryl ether polymer chains causing a higher
incidence of chain length fractionation. Because PFCB aryl ether
thermal polymerizations are dependent on the rate of diffusion
of aryl TFVEs, molecular weights are limited by melt viscosity.
No POSS PFCB aryl ether macrocycles were observed via the
intramolecular cyclodimerization of monome#sa(r 4b) based
on GPC analysis.

Polymer conversions were monitored usitf§ NMR and
GPC analysis (Figure 13%F NMR of copolymer4b-co-5 with
20 wt % POSS exhibited the expected multipte130.0 to
—135.5 ppm of the PFCB aryl ether ring from the thermal
cyclodimerization with no evidence of residual aryl TFVE peaks
of monomeraor 5. These are typically represented by an AMX
pattern at—119.5 ppm (k), —126.4 ppm (), and —133.8
ppm ().

Thermal Properties. Differential scanning calorimetry (DSC)
revealed a plasticizing effect demonstrated by lowered glass
transition temperatureT§) upon increased weight percent
incorporation of POSS as expected and previously repétted.
The decrease was most notable for copolym#yso-5 pos-
sessing POSBo-butyl groups and further decreased with higher
POSS loadings. As shown in Figure 2, there was a°C4
decrease iy with POSS loading of 20 wt % in copolymer
4b-co-5 as compared t@oly5. On the other hand, the rigid
nature cyclopentyl-functionalized copolyméa-co-5 demon-
strated a slight decreaseTgwith 20 wt % POSS loading. The
block copolymers oftb-b-5 showed an initial 8C increase in

Macromolecules, Vol. 40, No. 26, 2007
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Figure 1. 1% NMR spectrum in CDGlshowing the conversion of
POSS monometb (top) to 20 wt % POSS PFCB aryl ether copolymer
4b-co-5 (bottom).
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Figure 2. Third heating DSC scans in nitrogen (10/min) overlay
of (a) PFCB aryl ether homopolymepdly5) as compared to (b) 10
and (c) 20 wt % POSS PFCB aryl ether copolyrbrco-5.

Ty for 10 wt % POSS, which then decreased upon 20 wt %
POSS incorporation. The resulting dropTg from the incor-
poration of 20 wt % POSS may be due to the higher fraction of
lower molecular weight chains observed by increased polydis-
persity. The thermal decomposition temperatdig ¢f the dried
polymers was recorded using TGA in air and nitrogen. Their
Tqwas determined by initial mass loss at the onset temperature.
Overall, high molecular weight POSS PFCB aryl ether copoly-
mers 4a-c-5 and 4b-c-5 showed little deviation at onset in
nitrogen and air as compared to PFCB aryl homopolypodys.
The decomposition temperatures for homopolynmty4a-b
are not reported because they were only oligomerized to use as
blocks in copolymerization and would not provide a reasonable
comparison to the copolymers.

Polymer Film Surface Properties.Copolymers with up to
20 wt % iso-butyl-functionalized POSS produced optically
transparent, creasable films. POSS loadings greater than 20 wt
% produced polymers that were difficult to solution process.
All polymers prepared can be solution processed either as spin
cast films (SCF) or drop cast films (DCF) using common
organics solvents such as THF or cyclopentanone.

The POSS PFCB aryl ether polymer films were studied using
electron microscopy. Scanning electron microscopy (SEM)
showed no evidence of micrometer-sized POSS aggregation.



Macromolecules, Vol. 40, No. 26, 2007 Pendant POSS PFCB Aryl Ether Copolymer8521

ﬂ‘ v—:f i i Cu

Intensity (a.u.)
[=]

r L L L L L I L)
012 3 456 7 8 9 10 mm

Figure 3. TEM micrograph on Cu/Al grid (left) of 20 wt % POSS
PFCB aryl ether copolymetb-co-5 exposing nanometer-sized POSS
aggregates, shown as dark areas. EDS (right) results of the TEM cross
hair, confirming the enriched presence of silicon.
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polyS  poss  poss poss Dblend Figure 5. 3D surface projections gfoly5 (a) and copolyme#b-co-5
4b-co-5 4b-b-§ (b) obtained from white light optical profilometry.

Figure 4. Water contact angle and surface roughness (rms) measure- .
ments of spin cast polymer films (SCF). for 4b-co-5 and 17.0 nm fompoly5. As a further comparison,

20 wt % of fully condensed octaisobutyl-POSB(sTs POSS)
However, transmission electron microscopy (TEM) (Figure 3) was solvent blended (THF) witpoly5 and spin cast as a film
revealed nanometer-sized POSS clusters with varying sizes(denotecblend in Figure 4). The resulting film's water contact
ranging from 5 to 20 nm examined on various areas of the film angle was 15% lower as compared to PFCB aryl homopolymer
surface, which were confirmed by energy dispersive X-ray PolyS and produced a white opaque, phase separated film.
spectroscopy (EDS) analysis. The observation also shows theTherefore, as compared to the POSS PFCB aryl ether copoly-

discreetly sized POSS cage aggregates are well dispersed withiriners, it is evident the covalently bound POSS demonstrated
the bulk PFCB aryl ether polymer. better compatibility over the POSS blended material.

The hydrophobicity of the copolymer films @b-co-5 was It was recently shown that POSS covalently bound into
tested using water drop shape analysis and measured for théolyurethanes improves dewetting, due to the increase in the
corresponding contact anglé)((Figure 4). The relationship of ~ Nanometer surface roughness as well as hydrophobic alkyl
contact angle and surface energy is governed by Young's 9roups on the POSS structuf8d-urthermore, the existence of
equation that relates interfacial tensions between the surface offanometer surface roughness has been shown to theoretically

the liquid and gas phase of waférFurthermore, it is well and experimentally contribute analogous hydrophobic behavior
known that surface roughness imparts increased hydrophobicitySimilar to that caused by the micrometer relief texture of the
as demonstrated by Cassie and WedZel. lotus leaf, albeit with less magnitudé.

Our results are consistent with this observation in that the

showed modest increases in water contact angle with increasingsUIfaceé roughening due to the presence of hydrophobic, na-
POSS content. The highest increase in water repellency Wasnometer-smed POSS molecules attributes a modest increase in

16% for 20 wt % POSS copolymetb-co-5 with an average hydrophobicity. The hydrophobicity can be further influenced

contact angle of 104°7(+0.6°) as compared to homopolymer by the §ubstitutjon of the alkyll substif[uents on the POSS
poly5 that averaged 91°3+1.2°). Furthermore, block copoly- ~ 29€S Wllth fluorlngted alkyl chams,.whl(':h has been demon-
mer 4b-b-5 showed no deviation in water contact angle within strated with 3,3,3-trifluoropropyl-functionalized POSS encapped
error as compared to that pbly5. Using 3D white light optical  POlY(methylmethacrylates}.

profilometry, the degree of surface roughness showed good
correlation with increasing water contact angles. As shown in
Figure 5, images obtained from optical profilometry revealed = We have synthesized and characterized PFCB aryl ether
significant surface roughening of the 20 wt % POSS PFCB aryl copolymers and multiblock copolymers with pendant cyclobutyl-
ether copolyme#b-co-5 as compared to homopolympoly5 andiso-butyl-functionalized POSS cages. The facile preparation
with an average surface roughness (rms) of 4.2 and 0.4 nm,of the corresponding POSS TFVE monoméesand 4b was
respectively. The incorporation of POSS increased the surfaceachieved utilizing the aryl TFVE lithium intermediatéb
roughness up to 1219 times as compared to that of the followed by successive condensation with commercial monosi-
homopolymer films. The average sizes of the surface protrusionslanolalkyl POSS. These POSS PFCB aryl ether copolymers
were measured as the peak-to-valley ratio and were 38.0 nmdemonstrated excellent solution processability producing opti-

As compared to the homopolympoly5, copolymerdb-co-5

Conclusions
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cally transparent, flexible films. DSC analysis s revealed (5) (@) Spraul, B. K.; Suresh, S.; Glaser, S.; Perahia, D.; Ballato, J.; Smith,

a plasticizing effect upon incorporation of iso-butyl POSS as - W, Jr.J. Am. Chem. S02004 126, 12772. (b) Jiang, X, Liu, S.;
Liu, M. S.; Herguth, P.; Jen, A. K.-Y.; Fong, H.; Sarikaya, ®dy.

random PFCB aryl ether copolymers and block copolymers, Funct. Mater.2002 12, 745. (c) Ghim, J.; Lee, D.-S.; Shin, B. G.;

whereas the cyclopentyl POSS PFCB aryl ether copolymers Vak, D.; Yi, D. K.; Kim, M.-J.; Shim, H.-S.; Kim, J. J.; Kim, D.-Y.
showed negligible changes. Incorporation of POSS showed no = Macromolecule2004 37, 5724.

change in thermal stability as compared to the PFCB aryl ether © ﬁ;tlélrjoéojd;zl_llg' f%g'a(llf’)r',vl'\g';,_'['}'é'e‘; Va, Jjeﬁéﬁ;eﬁg“‘\sd.”-uu
homopolymer as demonstrated by TGA analysis. Furthermore, L. Kang, S. H.; Haller, M.; Sassa, T.; Dalton, L. R.; Jen, A. K.-Y.
POSS incorporation into the PFCB aryl ether fluoropolymer Adv. Funct. Mater.2002 12, 565.

produced unique surface features when cast as films showing (7) Jin. J.; Smith, D. W., Jr.; Topping, C.; Suresh, S.; Chen, S.; Foulger,

: . . S. H.; Rice, N.; Mojazza, BMacromolecule2003 36, 9000.
increased surface roughness that ultimately improved hydro- (8) (a) Perpall, M. W.: Smith, D. W., Jr.; DesMarteau, D. D.; Creager, S.

phobicity. We anticipate the functionalization of PFCB aryl ether E. J. Macromol. Sci., Part C: Polym. Re2006 46, 297. (b) Ford,
polymers with fluorinated POSS cages would further improve 'i-zé-%ggs'\/'a”eau' D. D.; Smith, D. W., Ji. Fluorine Chem2005
the water repellency. \_Ne find the ability to solution proce.ss 9) Gonzaleé, R. I.; Phillips, S. H.; Hoflund, G. B. Spacecraft Rockets
these POSS-functionalized fluoropolymers makes them particu- 200Q 37, 463.

larly attractive for a broad range of manufacturing techniques (10) Phillips, S. H.; Haddad, T. S.; Tomczak, SClur. Opin. Solid State
for potential hydrophobic material applications including fibers, Mater. Sci.2004 8, 21.

(11) (a) Laine, R. MJ. Mater. Chem2005 15, 3725. (b) Li, G.; Wang,
L.; Ni, H.; Pittman, C. U., JrJ. Inorg. Organomet. Polyn2001, 11,
123. (c) Provatas, J. G.; Matisons, J. Bends Polym. Scil997, 5,
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